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Preface

This reprint gathers a set of recent studies on the theme of Health and Well-Being among Older

Adults: Current Trends and Future Challenges. It reflects ongoing efforts across several disciplines to

document and analyze the conditions shaping later life, with attention to physical, psychological,

social, and cultural dimensions of aging. The contributions address topics such as cognitive

functioning, emotional well-being, digital engagement, sexuality, spirituality, and experiences of

isolation, each offering focused evidence from specific national or community contexts.

The motivation for assembling this collection stems from demographic changes affecting

many societies and the need to better understand how older adults navigate evolving health

and social environments. Responding to the original call, the authors situate their work within

broader discussions linked to the Sustainable Development Goals and consider how various aspects

of resilience, mental health, community connectedness, care practices, and cultural perspectives

influence well-being in later life. Although the studies differ in design and scope, they share a

commitment to examining concrete challenges and opportunities encountered by older adults.

This reprint is intended for researchers, practitioners, educators, students, and policymakers

seeking up-to-date examples of empirical work in the field. While the contributions are necessarily

limited to their respective contexts and methodological choices, together they provide a useful

snapshot of current research directions and highlight areas that warrant further investigation.

We invite you to read the contributions closely and consider how each study illuminates

particular aspects of aging in contemporary contexts. The findings are not exhaustive, nor do they

settle the broader questions in the field. Still, they offer grounded observations and analyses that

can inform reflection, stimulate dialogue, and support the gradual development of more responsive

approaches to aging.

Paulo Santos-Costa, Manuela Vilar, and Liliana B. Sousa

Guest Editors
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Aging with Purpose and Justice: What Recent Evidence from the
Special Issue Tells Us and What It Leaves Unsaid

Paulo Santos-Costa 1,*, Liliana B. Sousa 2 and Manuela Vilar 2

1 The Health Sciences Research Unit: Nursing (UICISA: E), Nursing School of the University of Coimbra,
3004-011 Coimbra, Portugal

2 Neuropsychological Assessment and Ageing Processes (NAAP) Group, Center for Research in
Neuropsychology and Cognitive and Behavioral Intervention (CINEICC), Faculty of Psychology and
Educational Sciences, University of Coimbra, 3000-115 Coimbra, Portugal

* Correspondence: paulocosta@esenfc.pt

Introduction

While population aging may be celebrated as a public health and social progress
success story, it is a more nuanced experience than this, and aging without well-being is a
hollow victory. As the United Nations’ 2030 Agenda for Sustainable Development states,
“leaving no one behind” requires that older people are not simply included in health and
social systems; it refers to the recognition of older people as rights bearing citizens who can
contribute to society, make meaning, and grow.

Similarly, the Decade of Healthy Ageing (2021–2030) led by the World Health Orga-
nization (WHO, 2020) calls for courageous action in four areas: (i) transforming the way
we think about age and aging; (ii) creating communities that support and optimize the
unique contributions and capabilities of older persons; (iii) delivering integrated care; and
(iv) ensuring access to long term care when needed. This Special Issue, called “Health and
Well-Being among Older Adults: Current Trends and Future Challenges”, includes nine
contributions from over a dozen European and Asian countries and provides practical
accounts of both what has been achieved as well as questions still to be answered.

One clear contribution is the recognition that digital inclusion is now inseparable
from social inclusion. Eto and Yamatsu in Japan showed that eHealth literacy strengthens
older adults’ social activity, while Parra-Sánchez et al. in Spain revealed how geography
and gender shape the perceived benefits of technology among elders living with visual
impairment. Fernández-Piqueras et al., also in Spain, highlighted how uneven digital
competence generates new vulnerabilities and proposed intergenerational learning as a
pathway to inclusion. These studies speak directly to Sustainable Development Goal (SDG)
10 (Reduced Inequalities) by confronting a new form of inequity, the “digital divide”, and to
the WHO Decade’s call to foster environments that support older people’s abilities (WHO,
2020). However, one key issue still unanswered is the role of the digital infrastructure,
platform design, accessibility considerations, or affordability, in creating systematic exclu-
sion. For there to be equitable aging, future research and policy must work to support
older adults’ digital skills but also pay attention to the systemic biases embedded in the
technologies they are asked to use.

A second thread concerns cognitive health and prevention, aligning closely with
SDG 3 (Good Health and Well-Being). Bouhaben et al. in Spain provided evidence that
olfactory identification may serve as a cost-effective biomarker for early cognitive decline,
while Tsiakiri et al. in Greece demonstrated that computerized cognitive training can
stabilize decline in older adults with minor neurocognitive disorders. Tomás et al., drawing

Eur. J. Investig. Health Psychol. Educ. 2025, 15, 205 https://doi.org/10.3390/ejihpe15100205
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on data from more than 61,000 older adults, confirmed that loneliness, pain, and frailty
are decisive predictors of quality of life, with loneliness emerging as the most consistent
determinant. These studies contribute to the Decade’s call for integrated, person-centered
care (WHO, 2020) and align with the Global Coalition on Aging (GCOA, 2022) framework’s
insistence that age-related conditions, whether frailty or cognitive decline, should not
be passively accepted as inevitable, but proactively managed with preventive strategies.
Yet, here again, questions remain. How can low-cost biomarkers like olfactory testing be
embedded in public health systems that often underfund geriatric care? What forms of
cognitive training are scalable and culturally adaptable beyond research contexts? And
why do health systems continue to privilege frailty and pain over loneliness, despite robust
evidence of its corrosive effects within this cohort?

The Special Issue also insists that well-being in later life extends beyond health to
questions of sexuality, meaning, and spirituality. Von Humboldt et al. studying older
adults in Portugal and Spain, showed that sexual well-being remains diverse and culturally
shaped, challenging the persistent ageist assumption that sexuality fades into irrelevance
in later life. Cojocaru et al. in Romania highlighted the sources of meaning for institutional-
ized elders, from spirituality to intergenerational value transmission, underscoring that
existential and relational needs remain vital even in contexts of dependency. A study by
Volkos et al. conducted in Greece further demonstrated the links between loneliness, health
behaviors, and biological markers, reinforcing that emotional and physical dimensions of
aging cannot be separated. These contributions directly advance SDG 5 (Gender Equality)
by recognizing sexuality and intimacy as ongoing in later life, and they align with SDG 16
(Peace, Justice, and Strong Institutions) by exposing how institutional settings often neglect
the psychosocial dimensions of aging. Yet, they raise uncomfortable questions. If sexuality
and spirituality are empirically shown to matter, why are they absent from most health
and social care models? Are they taught in-depth during formal training of healthcare
professionals such as nurses and doctors? How long can policymakers and practitioners
ignore these dimensions without reproducing ageism in subtler forms?

Geographically, the scope of this Special Issue is notable. It encompasses local studies
from Japan, Greece, Spain, Portugal, and Romania, alongside cross-national analysis of
28 European countries and Israel conducted by Tomás et al. This diversity responds to
SDG 17 (Partnerships for the Goals) by demonstrating how comparative and collaborative
research can generate insights that no single country could produce alone. At the same time,
it underscores how unevenly the research map is populated. We hear little about aging in
Africa, Latin America, or the Global South, despite these regions experiencing some of the
fastest demographic transitions. If the 2030 Agenda is truly global, then scholarship must
urgently extend beyond high-income and European contexts to capture the plurality of
aging experiences.

Across themes, the contributions collected here affirm two central points. First, that
aging is irreducibly multidimensional, requiring integrated approaches across health,
psychology, education, and social policy. Second, that progress is possible, but only if
research findings are translated into bold policies that align with global agendas. Digital
literacy must be embedded as a citizenship right, cognitive health interventions must be
scaled and equitably funded, loneliness must be recognized as a health condition, and
sexuality and spirituality must be legitimized in care frameworks.

At the same time, this Special Issue reveals blind spots; namely, the economic di-
mensions of aging, the intersections of ethnicity and migration, and the voices of the
oldest-old remain underexplored. These omissions should not be seen as shortcomings but
as an invitation for further scholarship that continues to push the boundaries of how we
understand aging.

2
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Finally, the contributions to this Special Issue are not only empirical studies but
responses to the global call for action on aging. They align with specific Sustainable
Development Goals, advance the priorities of the WHO Decade of Healthy Ageing (WHO,
2020), and reinforce the International Council on Active Aging (ICAA, 2016) and GCOA
(2022) insistence that ageism, neglect, and inequity cannot be tolerated in aging societies.

They also leave us with critical challenges; namely, to broaden the geographies of re-
search, to take seriously the non-biomedical dimensions of aging, and to build policies that
match the complexity of older adults lived experiences. In highlighting both contributions
and unanswered questions, this Special Issue demonstrates that healthy aging is not simply
a technical or clinical challenge, but a profound societal project, and one that demands
courage, imagination, and above all, justice.

Author Contributions: Conceptualization, P.S.-C.; validation, P.S.-C., L.B.S. and M.V.; writing—
original draft preparation, P.S.-C., L.B.S. and M.V.; writing—review and editing, P.S.-C., L.B.S. and
M.V.; project administration, P.S.-C., L.B.S. and M.V. All authors have read and agreed to the published
version of the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.
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Digital Divides in Older People: Assessment of Digital
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Abstract

Background: Currently, population aging and the growing incorporation of digital tech-
nologies into everyday life highlight the need to ensure the digital inclusion of older
adults. This is due to the existence of a significant digital divide that affects this population
group, limiting not only their access to services and opportunities but also their emotional
well-being and quality of life. The lack of digital skills can generate feelings of exclusion,
frustration, and dependence, negatively impacting their mental health and autonomy.
Methods: The objective of this study is to assess the level of basic digital competence in 404
older adults using the Scale of Basic Digital Competence in Older Adults (DigCompB_PM)
in order to identify existing digital divides and provide empirical evidence for the design
of educational interventions that promote the digital inclusion of this population group. To
this end, we start with the following research question: Are older adults prepared to face the
digital and knowledge society, taking into account personal variables such as age, gender,
geographical location, place of residence, and type of cohabitation? Results: The findings
reveal that participants scored highest in the dimension related to safety and digital device
usage while scoring lowest in online collaboration, indicating a disparity between basic
digital skills and collaborative competencies. Cluster analysis further demonstrates that age
and previous occupational experience significantly influence digital literacy levels. These
results highlight the heterogeneity of digital competence among older adults. Conclusions:
The study concludes by emphasising the importance of implementing tailored policies that
enhance digital literacy in this population. Key factors such as accessibility, training, and
motivation should guide such efforts. Additionally, intergenerational learning emerges
as a promising strategy, facilitating the development of digital skills through knowledge
exchange and sustained support from younger cohorts.

Keywords: digital inclusion; older people; digital literacy; digital competence; digital
divide; technological literacy

1. Introduction

Population ageing is a global phenomenon that is reshaping our societies. Increasing
life expectancy, together with advances in medicine and improved living conditions, have
led to a significant increase in the number of older people worldwide. As the United
Nations (2017) points out, by 2050, a quarter or more of the world’s population, except in
Africa, will belong to this age group. This demographic shift poses new challenges and

Eur. J. Investig. Health Psychol. Educ. 2025, 15, 196 https://doi.org/10.3390/ejihpe15100196
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opportunities and requires an adaptation of our social and political structures. However, it
is important to remember that ageing is not just a statistical fact but a biological and social
process that implies new demands, relationships and interests, as Urrutia (2018) argues.

In this context, life satisfaction is a multifactorial construct that is influenced by
various aspects, from individual characteristics to socio-environmental factors. Numerous
studies have shown that life satisfaction is influenced by a wide range of factors, such
as educational level, physical or mental health, economic status and psychosocial factors
(Papi & Cheraghi, 2021; Phulkerd et al., 2021; Zhang et al., 2022; Banjare et al., 2015). Social
support also emerges as a key factor. The presence of a partner or a strong family network is
related to higher levels of life satisfaction. According to Chen (2022), geographical context
significantly influences levels of well-being, finding significant differences between urban
and rural areas and even within apparently homogeneous environments.

In this sense, in the case of older people, digital competence, understood as the
ability to effectively use digital technologies to access information, communicate, carry
out procedures and participate in the digital society, could emerge as a relevant factor in
improving their overall well-being by facilitating access to information, fostering social
connection and allowing greater autonomy in daily life. However, the digital divide, or
the difficulty this group faces in accessing, using and benefiting from digital technologies
compared to younger generations has been associated with inequalities in various aspects
of life, such as fear and distrust of lack of digital skills, social isolation, limited access to
essential services, communication opportunities or digital citizen participation, among
others (Vizconde et al., 2025).

In the ageing process, the transition to retirement, children leaving home and the
gradual reduction in interpersonal support networks often lead to substantial changes
in the relational sphere of older people. These changes in the social structure increase
the likelihood of experiencing adverse emotional states, such as loneliness, depression or
anxiety, which are risk factors for overall well-being at this stage of life. The specialised
literature has highlighted the need to address these psychosocial dimensions as a funda-
mental condition for promoting healthy ageing (Colombo & Gónzalez-Gónzalez, 2024). In
this context, the potential of digital technologies as tools capable of promoting autonomy,
delaying cognitive or functional decline, and contributing to the management of chronic
diseases that are highly prevalent in this age group is recognised (Manheim et al., 2019;
Peek et al., 2014). However, the health emergency resulting from the COVID-19 pandemic
highlighted the heightened vulnerability of the population over 60 years of age, associated
with both greater exposure to infection and comorbidities (Banerjee, 2020; Hwang et al.,
2020) and an increase in psychosocial problems (isolation, stress, and feelings of loneliness)
linked to lockdown and social distancing measures (Conroy et al., 2020).

Moreover, the COVID-19 pandemic has challenged traditional models of ageing,
highlighting the importance of social participation and autonomy in older people. The
adoption of digital technologies has been presented as a key strategy to promote active
and healthy ageing. However, the existing digital divide has limited the access of many
older people to technologies, which has had a negative impact on their quality of life
and psychosocial well-being (Martínez-Alcalá et al., 2021; Ammar et al., 2021). Social
distancing measures implemented during the pandemic have exacerbated this situation
by restricting opportunities for social interaction and access to services for this population
group. Previous research findings (Martins Van Jaarsveld, 2020; Seifert et al., 2020; Tsamakis
et al., 2021) corroborate the relationship between digital inclusion and quality of life.
According to Singh and Bajorek (2014), the restrictions faced by older people in the use
of digital technologies cannot be understood in isolation but rather as the result of a
network of biopsychosocial and sociodemographic factors, including health status, age,
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lifestyle habits, and gender differences. Therefore, the lack of digital skills in older people
significantly reduces their ability to take advantage of the benefits offered by information
and communication technologies. This situation limits their autonomy and can have a
negative impact on their quality of life by restricting their access to services, information,
and opportunities for social interaction.

The insufficient digital literacy of older people, coupled with the accelerating digiti-
sation of society, has led to a situation where many feel forced to adopt technologies that
they do not master. This forced adoption, far from being empowering, generates resistance
and, in many cases, leads to frustration. As Martínez-Alcalá et al. (2021) and Ammar et al.
(2021) point out, this tension between technological demands and the digital capabilities of
older people has led to a feeling of exclusion and has hindered their full participation in
the digital society. On the other hand, the perspective on ageing has evolved significantly
in recent decades, moving from a negative view focused on decline to a more positive
perspective that promotes active and fulfilling ageing (Triadó, 2018). In this sense, technolo-
gies offer great potential, allowing older people to stay connected, active and participative.
However, for digital technologies to be truly beneficial to older people, they need to be
adapted to their specific needs and capabilities. Digital inclusion, which involves designing
technological solutions that are accessible and easy to use, is essential for them to be able to
make the most of the opportunities offered by these technologies (Vizconde et al., 2025).

Therefore, the aim of this study is to assess the digital competence of older people
according to the European DigComp 2.2 framework (Vuorikari & Holmes, 2022). Such an
assessment is crucial because public policies and programmes delivered by governmental
agencies and NGOs frequently rely on frameworks like DigComp to design inclusive digital
literacy initiatives. For example, EU policy programmes seek to ensure that older people
acquire basic digital skills as part of the Digital Decade goals, and civil society organisations
often implement training tailored to seniors’ needs in line with these standards (European
Commission, 2023). By examining older adults’ competence via DigComp 2.2, this research
can provide evidence to improve the alignment of policy and NGO interventions with
actual competence gaps, thereby enhancing digital inclusion in later life.

Based on the above, the following research question arises: Are older people prepared
to face the digital and knowledge society, taking into account personal variables such as age
and gender, geographical location, place of residence and type of cohabitation? To answer
this question, this study assesses the digital competence levels of older people in order
to identify the digital divides that impede the digital inclusion of this population group.
To achieve this objective, the level of digital competence will be measured in a typical
population sample of older people, and the existence of significant differences between the
socio-demographic characteristics and the digital level of older people will be analysed.

2. Materials and Methods

This is quantitative research with a non-experimental cross-sectional design and a
descriptive-comparative scope. The data were collected by means of surveys, using the
questionnaire technique, applied to older people in their institutions of reference (day
centres or residences) at a single point in time, with the aim of finding out the reality of
their level of digital competence and analysing significant differences between groups
of elderly people according to their age ranges. The analysis techniques used included
descriptive statistics and cluster analysis for the segmented study of the sample, allowing us
to examine these differences according to their digital competence and socio-demographic
traits.
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2.1. Participants

This research was carried out in eastern Spain, specifically in the province of Valencia
(in its capital and some nearby towns) with people over 65 years of age. Valencia is one of
the most populated cities in Spain, with a population of 176,838 older people, whose gender
distribution is 40.7% men and 59.3% women, according to data published by the Statistics
Office of the Valencia City Council in 2024 (Valencia City Council, 2024). Therefore, based
on the sample size calculation for finite populations, with a confidence level of 95% and a
margin of error of 5%, a sample of at least 384 subjects is necessary. To obtain the sample,
day centres and residences for the elderly in certain neighbourhoods of Valencia and nearby
towns were strategically and intentionally selected (rather than randomly). The study was
presented to the relevant person in charge of each centre in order to request their voluntary
collaboration. As a consequence of this sampling strategy, the sample is biased in terms
of socioeconomic level, with a predominance of middle-class profiles. This limitation is
mainly due to the geographical location of the participating institutions, which prevents
full representation of existing socioeconomic diversity. Nevertheless, efforts were made
to include participants with diverse profiles in terms of age, gender, and pre-retirement
employment status to increase representativeness in these areas. Finally, there was a
non-probabilistic purposive sample of 404 people over 65 years of age, of whom 35.71%
were men and 64.29% were women, who freely participated in the study by means of a
structured, self-administered survey.

2.2. Procedure

To carry out this study, a non-experimental and sectional research design was chosen,
supervised and approved by the Ethics Committee of the Catholic University of Valencia
(permit number UCV/2021-2022/155). This Committee reviewed and certified the nec-
essary procedures on consent and voluntary participation, information on the purpose
of the study, protection of personal data, as well as the guarantee of confidentiality and
non-discrimination. Data were collected by means of a paper questionnaire, and an online
pass was discarded due to the specific characteristics of the population analysed. Data
collection took place between October 2023 and December 2024. To obtain a higher re-
sponse rate, the sampling points were strategically selected in institutions for the elderly
(residences and day centres). In these centres, in small groups and in different shifts, the
criteria and purpose of the study were explained beforehand, so that the participants could
better understand it and thus complete the questionnaire.

2.3. Instrument

The Basic Digital Competence Scale for Older People (DigCompB_PM) (Calero-Plaza
et al., 2025) was used to collect the information. This scale is structured into four factors or
dimensions and 16 items distributed as follows: F1-Online collaboration through digital
devices (6 items), F2-Digital content creation, participation and simple searches (4 items),
F3-Basic problem solving and networking training (3 items) and F4-Safety and knowledge
of device use (3 items). It measures the digital competence of older adults at a basic level of
acquisition of the specific sub-competences that comprise it, in accordance with the Digital
Competence Framework for Citizens (Vuorikari & Holmes, 2022). As shown in Calero-Plaza
et al. (2025), it has adequate psychometric properties both in terms of internal consistency
with Cronbach’s alpha above 0. 70 in the four factors (F1 α = 0.78, F2 α = 0.79, F3 α = 0.76
and F4 α = 0.72), as well as convergent and discriminant validity (with correlations above
0.85 in each of the four dimensions). The instrument has been validated for a specific
sample of older people, so the items are numbered consecutively; their descriptions are
simple and contain meaningful examples. Finally, there are three possible response options,
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‘I don’t know how to do it’, ‘With assistant I can’, ‘I do it with a certain autonomy’, which
are appropriate to the context of the participant’s profile. The instrument also includes an
initial section to determine the socio-demographic characteristics of the elderly, which will
be considered of crucial importance to contrast the digital profiles according to their typical
characteristics. This section includes as intervening variables the place of residence (town
or city), whether the elderly live alone, accompanied or in a residence, and the professional
level of qualification they had before retirement.

2.4. Statistical Analysis

In terms of the statistical analyses carried out, an initial descriptive analysis was
applied by calculating means, standard deviations, asymmetries, and kurtosis, which
allowed an overall characterisation of the variables evaluated. In turn, for the segmen-
tation of the sample, cluster analysis was used using the K-means method (K-means), a
consolidated technique for classifying individuals into homogeneous groups according
to various variables (Everitt et al., 2011). The selection of the optimal number of clusters
was made by evaluating various solutions (between 2 and 5 clusters) based on specific
statistical criteria such as the coefficient of determination (R2), which reflects the percentage
of variance explained by the segmentation obtained; the Akaike information index (AIC)
and Bayesian information index (BIC), commonly used to determine the parsimony of the
model (Burnham & Anderson, 2004); as well as the Silhouette index, which assesses the
quality of separation and internal cohesion of the clusters (Rousseeuw, 1987). The final
selection of three clusters was based on the convergence of multiple indicators (R2 = 0.64,
BIC = 651.88, Silhouette = 0.35, Dunn’s index = 0.07, Calinski-Harabasz index = 356.89).
Taken together, these values reflect an adequate balance between model parsimony and
classification quality, justifying the three-group solution over other alternatives. Finally, to
ensure the robustness of the chosen solution, the Dunn and Calinski-Harabasz indices were
additionally calculated to validate the results of the cluster analysis (Dunn, 1974; Calinski
& Harabasz, 1974).

In addition, to analyse differences based on categorical variables, a contingency anal-
ysis was performed using the chi-squared test (χ2), which allows for the detection of
associations between nominal or categorical variables (Agresti, 2013). Finally, in order to
determine the existence of statistically significant differences between the clusters identified
using K-means, a one-way analysis of variance (ANOVA) was carried out, a statistical
procedure recommended for comparing means of three or more independent groups (Hair
et al., 2014). All statistical analyses performed in this study were carried out using the JASP
statistical package (version 0.19.1).

3. Results

3.1. Characteristics of Participating Users and Levels of Digital Competence According to the Scale
of Basic Digital Competence in Older Adults (DigCompB_PM) Administered

The results obtained allow us to identify a general profile of the elderly participant. It
is observed that it is a female person, thus fulfilling the general rule that indicates that life
expectancy among women is higher than among men (National Institute of Statistics (INE)
(2024)), with an average age of 75.97 years (SD = 6.83) and 65 years being the minimum age
and 99 the maximum. 28.71% reside in the city of Valencia, while 71.28% come from nearby
towns; 30% live alone, 56.67% live with a partner or family, and 13.33% live in nursing
homes. Lastly, in terms of the level of qualification in the profession they exercised before
retirement, 49.04% of the sample had no qualifications at all, compared with the remaining
50.96% who exercised some kind of management position in their respective jobs, whether
senior, intermediate or technical.
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Looking at the descriptive analysis of the results for each of the dimensions assessed, as
shown in Figure 1, the dimension with the highest mean score was ‘Safety and knowledge
of device use (F4 SA)’, with an mean of M = 2.13 (SD = 0.74) and a reliability index of
α = 0.72. Next, the dimension ‘Digital content creation, participation and simple searches
(F2 DC)’ had an average rating of M = 2.11 (SD = 0.73) and a reliability index of α = 0.82.
Regarding the other dimensions, ‘Basic problem solving and network training (F3 BT)’ had
a lower average rating of M = 1.69 (SD = 0.72) and, finally, the dimension with the lowest
score was ‘Online collaboration using digital devices (F1 OC)’, with an average rating of
M = 1.57 (SD = 0.59).

 

Figure 1. Average level of Digital Competence in Older People according to the Scale of Basic Digital
Competence in Older Adults (DigCompB_PM). Note: Axis X: F1 OC: Online collaboration through
digital devices; F2 DC: Digital content creation, participation and simple searches; F3 BT: Basic
troubleshooting and networking training; F4 SA: Safety and knowledge of use of the devices. Axis Y:
1: I don’t know how to do it 2: With assistance I can 3: I do it with a certain autonomy.

In terms of distribution, all scales showed moderate skewness (between −0.26 and
0.90) and negative kurtosis (from −1.32 to −0.22). These results indicate that the four
dimensions provide consistent and reliable measures of the digital competencies assessed
in the sample. These results can be seen in Table 1.

Table 1. Descriptive and reliability statistics for digital competence dimensions.

Mean SD Skewness Kurtosis

F1 OC: Online collaboration through digital devices
(α Cronbach = 0.82)

OC1—I can collaborate online with other people (e.g., with Google
Drive, Dropbox. . .). 1.40 0.73 1.48 0.51

OC2—I am aware of the data privacy policy of Internet programs (e.g.,
WhatsApp). 1.58 0.85 0.91 −0.99

OC3—I know how to participate in online citizen surveys (e.g., via
WhatsApp, email, social networks. . .). 1.58 0.79 0.89 −0.83

OC4—I know how to detect inappropriate behavior in the use of cell
phones or other devices. 1.72 0.87 0.57 −1.43

OC5—I know how to add text and tags to other people’s videos or
photos with my cell phone. 1.64 0.84 0.75 −1.17

OC6—I know how to search for (Internet) images without copyright
(without CopyRight). 1.49 0.78 1.16 −0.35

Total 1.57 0.59 0.90 −0.22
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Table 1. Cont.

Mean SD Skewness Kurtosis

F2 DC: Digital content creation, participation and simple searches
(α Cronbach = 0.84)

DC1—I know how to send photos, videos or messages over the Internet, e.g.,
WhatsApp messages). 2.28 0.86 −0.57 −1.42

DC2—I can participate in Internet groups, video calls, networks. . . (e.g.,
through WhatsApp). 2.17 0.87 −0.34 −1.61

DC3—I know how to detect if the information that comes to me through the
Internet (e.g., WhatsApp, Google, Mail. . .), is true or not. 1.87 0.90 0.26 −1.72

DC4—I know how to search for information on the Internet
(e.g., through Google). 2.10 0.88 −0.19 −1.68

Total 2.11 0.73 −0.26 −1.32

F3 BT: Basic troubleshooting and networking training (α Cronbach = 0.76)

BT1—I know how to change font sizes, change language, adapt screens, . . . 1.64 0.84 0.76 −1.15

BT2—I know how to solve simple technical problems (e.g., connect wifi, change
battery. . .). 1.68 0.86 0.66 −1.33

BT3—I learn with the Internet (e.g., watching video tutorials, reading google
pages, . . .). 1.75 0.91 0.50 −1.61

Total 1.69 0.72 0.58 −1.09

F4 SA: Safety and knowledge of use of the devices (α Cronbach = 0.72)

SA1—I know that cell phone addiction can cause physical and psychological
damage. 2.37 0.89 −0.81 −1.25

SA2—I am aware of the environmental impacts of cell phone use (e.g., carbon
emissions, pollution from telecommunication towers. . .). 1.92 0.96 0.16 −1.90

SA3—I know what personal data I can and cannot send. 2.09 0.93 −0.18 −1.83

Total 2.13 0.74 −0.31 −1.28

3.2. Cluster Analysis

To identify homogeneous clusters in the sample (n = 404), a cluster analysis was
carried out using the K-means method. The optimal solution corresponded to three clusters,
determined using the Bayesian information criterion (BIC) and corroborated by an R2 value
of 0.64. The Silhouette index obtained (0.35) indicates adequate internal cohesion, although
it shows moderate intergroup separation. This value suggests that the cluster structure is
statistically acceptable in terms of differentiation between profiles. In conjunction with the
parsimony indicators (AIC and BIC) and internal validity (Dunn and Calinski-Harabasz
indices), the three-cluster solution can be considered consistent, although the delimitation
between groups should be interpreted with caution. The optimal solution corresponded
to three clusters, selected on the basis of the Bayesian information criterion (BIC) and
supported by a Silhouette index of 0.35, reflecting adequate internal cohesion and moderate
external separation. The quality indicators obtained are shown in Table 2.

Table 2. Quality indicators of the cluster model.

Clusters n R2 AIC BIC Silhouette

3 404 0.64 603.86 651.88 0.35
Note. R2 = variance; AIC = Akaike’s information criterion; BIC = Bayesian information criterion; Silhouette =
silhouette index.

As can be seen, this solution explains 64% of the total variance (R2 = 0.64), indicating
that the three identified clusters manage to capture a considerable proportion of the hetero-
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geneity present in the data. Specifically, Cluster 1 (n = 95) explains 18% of the heterogeneity,
Cluster 2 (n = 142) explains 30% and Cluster 3 (n = 167) 51%, thus showing a differentiated
and significant distribution in the sample analysed. Furthermore, the sum of squares
between clusters was 1032.14, out of a total sum of squares of 1612, reflecting an adequate
separation. This solution was also supported by the Silhouette index (0.35), together with
other indicators such as Dunn’s index (0.07), the Calinski-Harabasz index (356.89), the
maximum diameter (4.10) and the minimum separation (0.28), which endorse the statistical
quality and validity of the segmentation obtained.

3.3. Cluster Profile

Looking at the profile of the clusters, Cluster 1 is characterised by positive scores on
all dimensions (F1 = 1.46, F2 = 1.07, F3 = 1.27, F4 = 0.87), suggesting a group with a broader
mastery of digital skills, both in online collaboration and in content creation, problem
solving and device safety. In contrast, Cluster 2 shows negative or clearly lower scores
(F1 = −0.80, F2 = −1.07, F3 = −0.82, F4 = −0.91). This pattern indicates lower proficiency
in all four digital dimensions, suggesting lower participation in online collaboration, low
initiative in content creation, difficulty in basic problem solving and lower knowledge
of digital safety. Finally, Cluster 3 shows intermediate values (F1 = −0.15, F2 = 0.30,
F3 = −0.03, F4 = 0.28), suggesting a hybrid profile: they handle certain collaboration and
security tools in an acceptable way, although they do not show the same overall strength as
Cluster 1, nor do they lag as far behind as Cluster 2.

Figure 2 shows the density graph for each of the clusters (pink: 1, green: 2 and
blue: 3), with clearly differentiated distribution patterns in the four dimensions of digital
competences: F1 (Online collaboration using digital devices), F2 (Digital content creation,
participation and simple search), F3 (Basic problem solving and networking) and F4 (Safety
and knowledge of device use). Cluster 1 (pink) is mostly concentrated in positive values,
indicating a high and fairly uniform level across all dimensions, while Cluster 2 (green)
shows very sharp peaks around negative values, indicating lower digital literacy, and
Cluster 3 (blue) shows an intermediate profile with somewhat more dispersed distributions
centred around values close to zero. These graphical differences are consistent with the
statistical results, as they confirm the existence of three distinct profiles in terms of digital
competences within the sample.

 

Clusters 

Figure 2. Graph of cluster densities. Note: F1 OC: Online collaboration through digital devices; F2
DC: Digital content creation, participation and simple searches; F3 BT: Basic troubleshooting and
networking training; F4 SA: Safety and knowledge of use of the devices.
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3.4. Cluster Contrast

To determine whether significant differences exist between the identified clusters,
an ANOVA was conducted for each of the four factors assessed. The results (Table 3)
showed high levels of significance (p < 0.001) in all dimensions, confirming the presence of
statistically significant differences between the clusters. This analysis of variance shows
that the clusters present differentiated distributions in each factor, reflecting different levels
of competence in the dimensions assessed (Table 3). Thus, the segmentation obtained
by means of K-means is supported by the statistical results, indicating that the identified
clusters have distinctive characteristics consistent with the expected structure.

Table 3. Comparison of means in the dimensions of digital competences between clusters.

Factor Cluster Mean DE F p

F1 OC: Online collaboration
through digital devices

1 2.42 0.40
469.88 <0.0012 1.10 0.19

3 1.48 0.32

F2 DC: Digital content
creation, participation and
simple searches

1 2.88 0.21
707.68 <0.0012 1.33 0.42

3 2.33 0.44

F3 BT: Basic troubleshooting
and networking training

1 2.60 0.45
419.79 <0.0012 1.11 0.30

3 1.67 0.54

F4 SA: Safety and knowledge
of use of the devices

1 2.78 0.33
244.81 <0.0012 1.46 0.58

3 2.33 0.57

In terms of socio-demographic variables, the mean age of the participants varies
between the groups, with Cluster 1 being the youngest (M = 72.91 years; SD = 5.87), Cluster
2 being the oldest (M = 79.50 years; SD = 7.43) and Cluster 3 being somewhere in between
(M = 76.87 years; SD = 6.76). A chi-squared analysis was then calculated to determine
the distribution for each of the clusters (Table 4). About the socio-demographic variables
analysed, for the variable ‘Sex’,1 no statistically significant associations were observed
(χ2 = 3.96, gl = 2, p = 0.14) in the distribution between the groups, as the proportions
of men and women were similarly distributed in the three groups. Likewise, neither
the variable ‘Do you live’2 (χ2 = 7.71, gl = 4, p = 0.10) nor ‘Locality’3 (χ2 = 1.13, gl = 2,
p = 0.57) showed significant associations with cluster membership. These results suggest
that differences between clusters do not depend on gender, geographical area or where
participants live. In turn, the variable ‘Professional_qualification’4 showed a significant
association with cluster distribution (χ2 = 71.50, gl = 8, p < 0.001). It is observed that
the lowest categories of professional level are mostly concentrated in Clusters 2 and 3
(48.98% and 41.33%, respectively), while in the highest professional levels there is a higher
proportion of individuals belonging to Cluster 1. This result indicates that professional
level is related to membership in each cluster, reflecting that those with higher professional
training or experience tend to cluster in clusters with better digital competences.
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Table 4. Distribution of clusters according to sociodemographic variables.

Variable Cluster X2 (gl) p

Sex

1—Male 29.41% 32.35% 38.24% 3.96 (2) 0.142—Female 20.52% 36.57% 42.91%

Do you live

1—Alone 16.96% 38.39% 44.64%
7.71 (4) 0.102—Accompanied 27.92% 31.67% 40.42%

3—Residence 17.31% 44.23% 38.46%

Locality

1—Town 22.11% 35.44% 42.46% 1.13 (2) 0.572—City 26.89% 34.45% 38.66%

Professional qualification

1—Senior management 42.11% 21.05% 36.84%

71.50 (8) <0.001
2—Middle management 38.98% 18.64% 42.37%

3—Senior technician 53.19% 12.77% 34.04%
4—Middle technician 18.75% 32.81% 48.44%

5—Unqualified 9.69% 48.98% 41.33%
Note. X2 = chi-squared; gl = degrees of freedom.

4. Discussion

The results obtained in this study reflect a complex reality regarding the digital
competence of older people, showing the existence of significant gaps that limit their digital
inclusion. In line with previous studies (Charness & Boot, 2022; Rosales & Fernández-
Ardèvol, 2020; Vizconde et al., 2025), it is confirmed that the digital literacy of this age
group is not homogeneous, with differences depending on various socio-demographic
variables. These findings are particularly relevant in a context in which the digitisation of
essential services, such as banking, health and public administration, requires older people
to have a level of digital competence that they have often not acquired in a formal way.

One of the most relevant findings of this study was the identification of the dimensions
with the highest scores on the Digital Competences Scale for Older People (DigCompB_PM)
(Calero-Plaza et al., 2025), which were security and knowledge of the use of digital devices
(M = 2.13), while the dimension with the lowest score was online collaboration using digital
devices (M = 1.57). This result is consistent with previous research that has indicated
that older people tend to develop basic skills for interacting with electronic devices but
show difficulties in the advanced use of collaborative digital tools and in generating
their own content (Gallistl et al., 2020). This situation may be due to a predominantly
individual learning model in this age group, where digital interactions tend to focus on
family communication and information seeking, rather than collaborative work or content
production (Quan-Haase et al., 2018).

In this vein, recent studies have shown that loneliness in old age is associated with
independent living, low educational levels, and other specific sociodemographic factors
(Pham et al., 2021; Leukel et al., 2023; Zhao et al., 2021). To mitigate these conditions of
isolation, mechanisms have been proposed to encourage social participation among older
adults by improving their access to information, innovation, and health (Balboni et al.,
2011). However, fear of technology can exacerbate perceptions of isolation and limit digital
interaction (Conroy et al., 2020). Likewise, barriers associated with the acquisition and use
of technology, such as insecurity about data protection, lack of experience, or difficulty in
requesting help, directly affect the development of digital competences (Zhao et al., 2021;
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Hodge et al., 2017; Reis et al., 2021). These limitations have a particularly strong impact on
the areas of communication and collaboration in the DigComp framework, where there
is a decline in the ability of older people to interact and actively participate in digital
environments (Vuorikari & Holmes, 2022).

Despite these limitations, several authors have suggested that social media and digital
platforms can become meaningful spaces for interaction that not only strengthen social ties
but also contribute to the acquisition of digital skills (Falloon, 2020; Dzokoto et al., 2019;
Silva et al., 2020; Tirado-Morueta et al., 2020; Ibarra et al., 2020). This social dimension
of the Internet provides additional benefits, such as strengthening critical thinking and
developing problem-solving strategies. Likewise, for these benefits to materialise, it is
necessary to guarantee the accessibility and usability of devices (Román-García et al.,
2016), as well as free and equitable access to the Internet, understood as an indispensable
condition for promoting active ageing and full digital participation (Tirado-Morueta et al.,
2020; Silva et al., 2020; Kim et al., 2022; Reis et al., 2021; Ibarra et al., 2020; Jin et al., 2019).

Furthermore, the results of the cluster analysis have allowed us to segment the sample
into different digital competence profiles, showing that factors such as age and previous
work experience significantly influence the level of digital literacy of older people. These
findings are consistent with those reported by Van Deursen and Helsper (2018), who
show that the lack of early exposure to technology and the absence of structured training
are important barriers to the acquisition of digital skills in this population group. This
reinforces the idea that digital literacy cannot be considered a spontaneous process in older
people but requires specific educational interventions adapted to their learning pace.

A key aspect identified in this study is that older people show difficulties in digital
problem solving and network participation, with a score close to the average (M = 1.69) in
the corresponding dimension. This finding is relevant because, although some older adults
manage to develop basic skills in the use of devices, many others still have difficulties in
more advanced digital interaction. This reinforces the idea that lack of confidence in their
own technological capabilities is one of the main obstacles to older adults’ participation in
complex digital environments (Rosales & Fernández-Ardèvol, 2020). Technological anxiety,
understood as the fear of making mistakes or damaging devices, remains a limiting factor
preventing full adoption of digital technologies in this group (Czaja et al., 2020).

Furthermore, the analysis of socio-demographic variables has identified that previous
educational level and professional qualifications have a significant impact on the develop-
ment of digital skills in old age. This is also in line with Czaja et al. (2020) who suggest
that older people with more professional experience in sectors that have required the use
of technology have higher levels of digital competence. This finding reinforces the need to
develop differentiated training strategies that not only consider age as the main criterion
but also integrate the educational and employment background of the participants.

On the other hand, the lack of accessibility and usability of digital tools remains a
fundamental barrier to the technological inclusion of older people. This study confirms that
many technological interfaces are not designed with the sensory and cognitive abilities of
this age group in mind. Difficulty in using tactile devices, the absence of intuitive interfaces
and the complexity of some digital processes have been identified as recurrent issues.
Previous research has highlighted the need to develop more inclusive technologies, with
an older user-centred design and customisation options adapted to their specific needs
(Seifert & Rössel, 2022).

5. Conclusions

This research reaffirms the need for public policies that promote digital literacy in older
people from an inclusive perspective and adapt to their particularities. Although there are
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institutional efforts to reduce the digital divide in this age group, the data obtained show
that there are still significant challenges in terms of accessibility, training and motivation to
use digital tools.

From a social perspective, the results obtained reinforce the idea that the digital literacy
of older people should not only be understood as a question of access but also of active
participation in the digital society. For these benefits to be effectively achieved, continuous
support in the digital learning process is necessary. In this sense, the implementation of
intergenerational training programmes can be an effective strategy for the development of
digital skills in older people by facilitating learning through the exchange of knowledge
with younger generations.

However, this study has some limitations that need to be considered. Firstly, the
sample was selected using a non-probabilistic intentional procedure which, although
adequate for statistical analysis, limits the possibility of generalising the findings to the
entire elderly population. Consequently, the results should be interpreted with caution,
as the size and composition of the sample may not reflect the socioeconomic and cultural
diversity of this group in other contexts. Furthermore, as this is a cross-sectional study,
it is not possible to analyse the evolution of digital competence over time. Secondly, the
Silhouette index value reflects acceptable internal cohesion but only moderate separation
between groups, which limits the clarity of the segmentation obtained. Finally, the self-
administered nature of the questionnaire may have introduced bias in the responses,
as some participants may have required support to understand or complete the items.
Another limitation to consider is that the information was obtained through self-report
questionnaires. Although the scale used has adequate validity and reliability indicators,
this method of data collection may be conditioned by the subjective perceptions of the
participants or by social desirability biases, which could partially affect the accuracy
and objectivity of the responses. Taken together, these limitations reinforce the need to
interpret the results with caution and to validate the findings through future studies with
larger samples and longitudinal approaches. As for future lines of research, longitudinal
studies are suggested to analyse the sustained impact of digital literacy programmes, as
well as to explore in greater depth the role of emotional and motivational factors in the
digital learning of older people. It would also be valuable to investigate the effectiveness
of specific pedagogical methodologies, such as intergenerational learning or the use of
adapted accessible technologies, in different geographical and social contexts.

In conclusion, this research contributes to the knowledge on digital competence in
the elderly, highlighting the need for specific and contextualised training strategies. The
evidence obtained allows for the design of more effective and personalised training pro-
grammes, according to the resulting specific groups or clusters, thus promoting greater
digital autonomy in the elderly and favouring their integration in an increasingly digi-
talised society.
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Notes

1 Sex: Male|Female|Prefer not to say.
2 Do you live: Alone|Accompanied or with family members|In residence.
3 Locality: Town|City.
4 Professional qualification: Senior management|Middle management|Senior technician|Middle technician|Unqualified.
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Abstract

The ultimate goal of developed societies is to age with quality of life, but this concept is
broad, and few studies have addressed which variables specifically affect its dimensions.
This study aims to test a model for predicting the impact of frailty, pain, and loneliness on
the four dimensions of quality of life (control, autonomy, pleasure, and self-realization).
Data were drawn from a sample of 61,355 Europeans from the Wave 7 of the SHARE
project, aged 60 or older (M = 71.87, SD = 8.22), from which 55.9% were females. Statistical
analyses included a fully Bayesian structural equation model that evidences the significant
effect of loneliness, frailty, and pain on the four dimensions of quality of life. The variables
have an unequal impact on the different dimensions’ loneliness was the main predictor for
the dimensions control, autonomy, and pleasure, while frailty was the main predictor to
self-realization. This study supports the need to address these variables to intervene on the
different aspects of quality of life in old age.

Keywords: aging; frailty; loneliness; pain; quality of life; Bayesian structural equation
model

1. Introduction

The World Health Organization (WHO, 2024) defines older adults as individuals aged
60 and above. This demographic group is expected to double by 2050, reaching more than
1.5 billion older adults (UN-Population, 2020). Population aging is particularly pronounced
in Europe, where 21.2% of the population was 65 years or older in 2022 (Eurostat, 2023).
Europeans are living longer, but with multiple health conditions or mobility limitations in
their later years (Eurostat, 2020). As a result, promoting successful aging, characterized by
a high quality of life (QoL) has become a central priority in Europe. To achieve this goal,
we first need to understand the key factors that influence the quality of life in old age.

In this regard, the Preventive Corrective Proactive (PCP) model, developed by Kahana
and Kahana, stands out for its comprehensive approach to understanding successful aging
(Kahana et al., 2012; Kahana et al., 2014). The PCP model understands QoL and well-being
as the last outcome of the following five components: the self-evaluation of success, life
satisfaction, meaning in life, positive affect, and life-value activity (Kahana et al., 2014).
The PCP model also considers preventive and corrective strategies, as well as stressors,
that influence the QoL of older adults. Preventive actions include health promotion, future
planning, and other proactive measures (Petretto et al., 2016). In terms of stressors, the
PCP model emphasizes the impact of some geriatric symptoms, such as pain, physical
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frailty, or sarcopenia among others, have on QoL (Chen et al., 2021; Farrugia et al., 2021;
Iglesias-López et al., 2021; Kahana & Kahana, 2003; Lee et al., 2021; Wang et al., 2021).

Geriatric symptoms are conceptualized as a non-pathological clinical condition in older
adults characterized by multiple causes that lead to a unified set of manifestations (Cesari
et al., 2017). These conditions arise from a complex combination of clinical, psychological,
social, and environmental vulnerabilities that are extremely heterogeneous (Inouye et al.,
2007). This study will focus on three common geriatric symptoms in later life—frailty, pain,
and loneliness—to address the biological, psychological, and social dimensions of aging.

Frailty is considered one of the most significant geriatric symptoms, along with
sarcopenia and cognitive impairment (Giné-Garriga et al., 2020). It is the most prevalent,
and its main characteristic is the limited ability to cope with stressors due to a decrease in the
body’s homeostatic reserve, which increases the risk of falls, hospitalizations, disability, and
mortality (Belenguer-Varea et al., 2023; De Luca et al., 2023; Wu et al., 2018). The likelihood
of developing frailty is influenced by a range of factors, including natural physiological
changes of aging, multimorbidity, malnutrition, the person’s living environment, genetics,
social relationships, and personal lifestyle (Belenguer-Varea et al., 2023; De Luca et al., 2023;
Jenkins et al., 2023). Frailty has been negatively associated with well-being (Vestjens et al.,
2018), life satisfaction (Zapata-Lamana et al., 2022), loneliness (Li et al., 2016; Hoogendijk
et al., 2016), limited regular physical and social activity (De Luca et al., 2023), and worse or
limited QoL (Belenguer-Varea et al., 2023; Chen et al., 2021).

Pain is a prevalent issue among older adults and affects a significant proportion of this
population (Marttinen et al., 2019). In fact, many studies have examined the associations
between frailty and pain (Chiou et al., 2018; Guerriero & Reid, 2020; Otones et al., 2019).
Systematic reviews and meta-analyses by Saraiva et al. (2018) and Lin et al. (2020) have
identified persistent pain as a significant risk factor for the development of frailty. In
addition, pain has been shown to predict lower QoL and higher rates of depression (Kaye
et al., 2010). In recent studies, such as Bonanni et al. (2023), pain has been associated with
worsening QoL due to its strong association with depression. Pain also has been associated
with loneliness (Carrasco et al., 2022; Chan et al., 2014; Smith et al., 2019).

Finally, loneliness is recognized as one of the major public health challenges of the 21st
century. It is commonly defined as an unpleasant experience due to the contrast between
expectations and social relationships (Bandari et al., 2019; Carrasco et al., 2022). Although
loneliness can affect individuals across all age groups, it is particularly prevalent among
older adults (Conacher, 2017). Several studies have related loneliness to QoL and found a
negative impact of loneliness on it (Carrasco et al., 2022; Newman-Norlund et al., 2022).

Although there is a substantial body of literature that has explored the relationships
among QoL, frailty, pain, and loneliness, most of the literature tends to conceptualize QoL
as a single global indicator or focus on the health-related QoL concept. However, QoL is
widely recognized as a complex and multidimensional construct. For that reason, our study
adopts a more comprehensive approach by examining QoL through multiple dimensions.
This perspective is grounded in the definition proposed by Hyde et al. (2003) and their
needs satisfaction model, which incorporates both psychological and subjective well-being,
encompassing hedonic and eudaimonic aspects. According to this model, four basic needs
(control, autonomy, self-realization, and pleasure) must be satisfied to achieve high QoL in
older age.

Control is conceptualized as the capacity to proactively influence the environment,
and autonomy refers to an individual’s ability to avoid external interference in their
actions (Frias-Goytia et al., 2024; Patrick et al., 1993). Finally, self-realization and pleasure
encompass all the dynamic and contemplative processes of being human, with the goal
of experiencing a sense of purpose, fulfillment, and happiness (Frias-Goytia et al., 2024;
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Giddens, 1990; Turner, 1995). The aim of this study is to test a predictive model of QoL in
a large sample of Europeans. Specifically, it examines the impact of three latent variables
(frailty, pain, and loneliness) on the four dimensions of QoL (control, autonomy, pleasure,
and self-realization).

2. Materials and Methods

2.1. Data and Participants

This study was based on data from the 7th wave of the Survey of Aging and Retirement
(SHARE-ERIC, 2024; Börsch-Supan et al., 2013). SHARE is a longitudinal study focused on
the study of populations aged 50 and older from Israel and 28 European countries. The
SHARE project collects data using computer-assisted personal interviewing (CAPI) and
follows a probability-based sampling strategy to obtain representative samples of each
participating country; further details can be found in Bergmann et al. (2019). SHARE is
guided by international ethical standards, such as the Respect Code of Practice for Socio-
Economic Research, and was approved by the ethics council of the Max Planck Society in
Munich (Approval Code: 2021_24). The collection of SHARE data and their use are subject
to the European General Data Protection Regulation. SHARE data can only be used for
scientific purposes and are protected by the German Federal Statistics Act and the German
Federal Data Protection Law.

Regarding the sample for this study, we included 61355 Europeans over 60 years old
(M = 71.87, SD = 8.22), from which 55.9% were females, and 44.1% were males. Regard-
ing some health indicators, this sample had a mean of 2.08 chronic diseases per person
(Median = 2, SD = 1.67), and their self-perceived health, in a 1 (poor) to 5 (excellent) scale,
had a mean of 2.63 (median = 3, SD = 1.03). Their economic level, measured as the ability
of the household to make economic ends met, was 2.73 (Median = 3, SD = 1.01) recorded in
an ordinal scale from 1 (with great difficulty) to 4 (easily).

2.2. Measures

To measure the concept and its dimensions, the CASP-12 was employed. This scale
has been validated in several studies and used in international research, being the most
appropriate and recommended for measuring the degree of coverage of needs and QoL of
the older adults (Borrat-Besson et al., 2015; Fekete et al., 2022; Oliver et al., 2021; Pérez-Rojo
et al., 2018). The CASP-12 has demonstrated robust psychometric characteristics, estab-
lishing it as a suitable multidimensional scale with four correlated factors (Hamren et al.,
2015; Pérez-Rojo et al., 2018; Rodríguez-Blázquez et al., 2020). The CASP-12 encompasses
the following four dimensions of QoL: control, autonomy, self-realization, and pleasure
(Hyde et al., 2003). Answers are given in a Likert scale with four points, from ‘never’ to
‘often’. The internal consistency estimates for each dimension of the scale are ω = 0.78 for
control, ω = 0.39 for autonomy, ω = 0.86 for self-realization, and ω = 0.81 for pleasure.
The autonomy dimension showed the weakest reliability in our study. This problem has
been previously documented in relation to the CASP-12 scale (Borrat-Besson et al., 2015;
Oliver et al., 2021; Rodríguez-Blázquez et al., 2020; Sim et al., 2011), and some authors
have suggested item modifications or proposed bifactor or trifactor structures (Kerry, 2018;
Pérez-Rojo et al., 2018). Despite these concerns about reliability, autonomy remains a key
component of QoL in older age. Moreover, the four-dimensional structure of the CASP-12
scale remains widely used. So, in the present study, we opted to retain the four original
dimensions of the CASP-12, to facilitate comparability across studies.

Frailty was evaluated using the established measures in SHARE (Romero-Ortuño,
2011; Santos-Eggimann et al., 2009). The assessment included the following: (a) A Mobility
Index, derived from the sum of four questions regarding difficulty in activities such as
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walking 100 m, moving across a room, climbing stairs, and ascending a flight of stairs.
Each affirmative response scored 1 point, resulting in a range of 0 to 4, with higher score
indicated greater mobility limitations. (b) Appetite, assessed through a binary indicator.
Individuals were asked about changes in their appetite, with a score of 1 indicating a
“decreased desire for food” and a score of 0 indicating “no decrease in desire for food”.
(c) Fatigue, measured with a dichotomous question asking if, in the last month, individuals
felt they lacked sufficient energy to engage in desired activities. (d) Vigorous physical
activities, assessed by querying the frequency of engaging in vigorous physical activities,
with response options ranging from 1 (more than once a week) to 4 (almost never or never).
(e) Grip strength, measured twice in each hand using a dynamometer, with the higher of
the two values recorded.

Loneliness was measured using the Three-Item Loneliness Scale (Hughes et al., 2004),
a short version of the R-UCLA Loneliness Scale by Russell et al. (1980). The scale evaluated
the frequency of feelings related to lack of companionship, exclusion, and isolation, with
responses on a scale from 1 (hardly ever or never) to 3 (often). The scale showed adequate
internal consistency ω = 0.87.

Pain was assessed using two indicators from SHARE. A yes/no question about
whether the individual took at least five different drugs per day, and the sum of two yes/no
questions related to taking drugs for joint pain or other pain, resulting in a scale ranging
from 0 (no pain medication) to 2 (medication for joint or other pain). In this sample, it
showed an internal consistency ω = 0.55.

2.3. Statistical Analysis

For the purposes of this study, a Bayesian Structural Equation Model (BSEM) was
estimated using MPlus 8.11 (Muthén & Muthén, 2017). This model enables the analysis
of latent variables or factors (where several indicators are used to measure the construct
of interest), such as the dimensions of QoL, frailty, pain, and loneliness. In Bayesian
estimation, parameters are treated as random, and the information about them is updated
using observed data. Bayesian methods do not rely on asymptotic theory, making them
suitable for non-normal data or complex models where traditional parametric methods
might not be appropriate (Choi & Levy, 2017; Depaoli, 2021). In this statistical logic, based
on the Bayes theorem, the data information (the likelihood function) is combined with
prior distributions of the parameters to be estimated to form a posterior distribution for
each parameter estimate. This procedure offers good estimates for very complex models
or to address possible convergence problems (Kaplan & Depaoli, 2012; Lee & Song, 2004;
Muthén & Asparouhov, 2012; Song & Lee, 2012). In Bayesian analysis, ensuring the Markov
chain Monte Carlo (MCMC) algorithm converges to the target posterior distribution is
crucial. In order to do so, trace plot for each parameter were examined (and showed no
convergence problem), as well as R-hat calculated (largest value being 1.018). Therefore,
convergence was achieved.

Standardized estimates in the Bayesian model offer the expected change in the out-
come in standard deviations when the predictor changes in 1 standard deviation. These
standardized estimates allow relative comparisons between estimates and can be inter-
preted as β < 0.2 = weak effect, 0.2 < β < 0.5 = moderate, and β > 0.5 = strong effect
(Acock, 2014).

3. Results

Table 1 shows the range, mean, median, and standard deviations of all observed
variables involved in the model. The correlations between the observed variables included
in the model are presented in the Supplementary Materials (Table S1).
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Table 1. Descriptive statistics and standardized factor loadings of the variables in the model.

Factor Indicator Range X Md SD Factor
Loading

S.D. C.I.

Control
1 1–4 2.42 2 0.99 0.658 0.003 0.652, 0.664
2 1–4 2.76 3 0.96 0.693 0.003 0.687, 0.699
3 1–4 3.10 3 0.96 0.678 0.003 0.672, 0.684

Autonomy
1 1–4 3.15 3 0.88 0.501 0.004 0.494, 0.509
2 1–4 3.14 3 0.95 0.169 0.005 0.160, 0.179
3 1–4 2.61 3 1.14 0.390 0.004 0.381, 0.399

Pleasure
1 1–4 3.45 4 0.73 0.698 0.003 0.692, 0.704
2 1–4 3.45 4 0.70 0.732 0.003 0.727, 0.738
3 1–4 3.35 4 0.72 0.569 0.003 0.562, 0.575

Self-
realization

1 1–4 2.99 3 0.86 0.747 0.002 0.743, 0.752
2 1–4 2.97 3 0.88 0.780 0.002 0.776, 0.784
3 1–4 2.92 3 0.87 0.797 0.002 0.793, 0.801

Frailty

Activity 1–4 3.29 4 1.06 0.359 0.009 0.341, 0.376
Appetite 0–1 0.11 0 0.31 0.518 0.008 0.503, 0.534
Fatigue 0–1 0.37 0 0.48 −0.455 0.005 −0.464, −0.446
Strength 1–98 31.54 30 10.87 0.643 0.004 0.634, 0.651
Slowness 0–1 0.22 0 0.41 −0.595 0.007 −0.608, −0.580

Pain
5 drugs 0–1 0.32 0 0.46 0.504 0.005 0.493, 0.514
Drugs for
pain 0–2 0.33 0 0.63 0.493 0.005 0.483, 0.503

Loneliness
1 1–3 1.42 1 0.66 0.606 0.007 0.593, 0.620
2 1–3 1.33 1 0.58 0.780 0.005 0.770, 0.790
3 1–3 1.25 1 0.52 0.798 0.005 0.788, 0.808

Note: S.D. = posterior standard deviation, C.I. = credibility interval, p-values are <0.001 for all factor loadings.

The full structural model is presented in Figure 1. The model showed good data fit:
RMSEA = 0.040, 90% CI [0.040–0.041]; CFI = 0.931. From a statistical point of view, the
variables frailty, pain, loneliness, and the four dimensions of QoL are treated as modeled as
factors (latent variables). From the theoretical point of view, the model posits frailty, pain,
and loneliness as background variables and potential predictors of the QoL’s dimensions.

Figure 1. Standardized parameter estimates of the structural model to predict quality of life. Notes:
* indicates p < 0.05; indicators and errors not shown for clarity.

Regarding the standardized parameter estimates. Frailty, pain, and loneliness were
able to predict 64.4% of the variability of control, 59.6% of the variability of autonomy, 55.9%
of the variability of self-realization, and 41.6% of the variability of pleasure. Loneliness was
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the main predictor for the dimensions control (β = −0.54, p < 0.01), autonomy (β = −0.43,
p < 0.01), and pleasure (β = −0.41, p < 0.01) and exhibited a significant moderated effect
in self-realization (β = −0.25, p < 0.01). In this turn, frailty was the main predictor to the
dimension self-realization (β = −0.62, p < 0.01) and has significant moderate effects in
control (β = −0.39, p < 0.01), autonomy (β = −0.34, p < 0.01), and pleasure (β = −0.33,
p < 0.01). Finally, pain has a small significant effect on autonomy (β = −0.12, p < 0.01),
self-realization (β = −0.08, p < 0.01), and pleasure (β = −0.09, p < 0.01).

All the independent variables included in the model (frailty, pain, loneliness) have
significant correlations with each other, particularly demonstrating a strong positive cor-
relation between pain and frailty (r = 0.87, p < 0.01). The QoL’s dimensions were also
correlated. The correlations that were significant and can be considered large were control
with autonomy (r = 0.75, p < 0.01); autonomy with self-realization (r = 0.79, p < 0.01); self-
realization with pleasure (r = 0.72, p < 0.01); and autonomy with pleasure (r = 0.66, p < 0.01).
Table 2 expands on the information included in the figure and shows the prediction effects,
the correlation values of the variables, and their corresponding credible intervals, posterior
standard deviations, and p-values.

Table 2. Standardized results of the prediction effects and correlations of the variables included in
the model.

Dependent
Variables

Predictors β S.D. p-Value C.I.

Control Frailty −0.387 0.039 0.000 −0.464, −0.313
Pain −0.013 0.038 0.367 −0.085, 0.064

Loneliness −0.537 0.011 0.000 −0.559, −0.515
Autonomy Frailty −0.345 0.051 0.000 −0.448, −0.247

Pain −0.118 0.049 0.010 −0.211, −0.019
Loneliness −0.431 0.017 0.000 −0.465, −0.397

Pleasure Frailty −0.336 0.039 0.000 −0.415, −0.262
Pain 0.089 0.038 0.007 0.018, 0.166

Loneliness −0.407 0.013 0.000 −0.432, −0.382
Self-realization Frailty −0.622 0.038 0.000 −0.701, −0.554

Pain 0.076 0.037 0.012 0.010, 0.153
Loneliness −0.252 0.012 0.000 −0.274, −0.228

Correlated
Variables

r S.D. p-Value C.I.

Control Autonomy 0.752 0.015 0.000 0.721, 0.778
Pleasure 0.099 0.014 0.000 0.072, 0.125

Self-realization 0.318 0.013 0.000 0.293, 0.342
Autonomy Pleasure 0.663 0.013 0.000 0.637, 0.688

Self-realization 0.792 0.013 0.000 0.766, 0.817
Pleasure Self-realization 0.717 0.006 0.000 0.705, 0.729
Frailty Pain 0.875 0.009 0.000 0.859, 0.892

Loneliness 0.506 0.009 0.000 0.487, 0.524
Pain Loneliness 0.405 0.013 0.000 0.379, 0.429

Note: S.D. = posterior standard deviation, C.I. = credible interval.

4. Discussion

The present study aimed to determine the influence of frailty, pain, and loneliness on
the dimensions of QoL, which are control, autonomy, pleasure, and self-realization.

Frailty, pain, and loneliness have been extensively studied in scientific literature, indi-
cating a reciprocal relationship between them. Frailty was positively related to loneliness
(Li et al., 2016; Hoogendijk et al., 2016) and pain (Guerriero & Reid, 2020; Lin et al., 2020;
Otones et al., 2019; Saraiva et al., 2018), negatively with well-being (Vestjens et al., 2018),
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and with worse or limited QoL (Belenguer-Varea et al., 2023; Chen et al., 2021), as well as
physical and social activity (De Luca et al., 2023). Similarly, there are studies associating
pain with loneliness, although the results are less conclusive (Carrasco et al., 2022; Chan
et al., 2014; Smith et al., 2019), and there are studies indicating a worse QoL (Bonanni
et al., 2023; Kaye et al., 2010). Also, there is evidence of a negative impact of loneliness on
QoL (Carrasco et al., 2022; Newman-Norlund et al., 2022), as well as on social connections
(Bandari et al., 2019; Carrasco et al., 2022).

In our multivariate model, positive and generally large relationships between the four
QoL’s dimensions were observed, as expected in the existing literature (Pérez-Rojo et al.,
2018; Towers et al., 2015). However, in our model, associations are estimated, while several
predictors explain part of their variances, reinforcing QoL as a global and multidimensional
construct. Furthermore, the main results obtained showed that frailty, loneliness, and
pain were predictors of the different dimensions. These main variables have an unequal
impact on the different dimensions of QoL; specifically, loneliness is the most important
predictor of control, autonomy, and pleasure, followed by frailty, whereas in the dimension
of self-realization, it was frailty that showed the strongest predictor effect. The results could
be influenced by the different indicators, since the self-realization dimension asks directly
about recent events, while the other dimensions assess situations that deal with both the
present and the past. In other words, when faced with a state of fragility that could worsen
and even become chronic, future self-realization is more affected.

Pain had a smaller effect on all dimensions, which means that having pain is consid-
ered less important when compared to physical (frailty) and social (loneliness) components.
However, it is important to acknowledge that these results may be influenced by the way
that pain was operationalized in our study. We assessed pain based on participants’ use of
pain medication; however, this is an indirect measure that may not accurately reflect the
subjective experience or intensity of pain. In contrast, self-report methods are considered
the most reliable means of assessing both pain presence and severity (Salaffi et al., 2015).
Several validated scales are available for this aim, such as the visual analogue scale (VAS),
the verbal rating scale (VRS), and the numerical rating scale (NRS) (Wood et al., 2010;
Karcioglu et al., 2018). Future research could use subjective measures to determine if pain
has a greater impact on QoL when it is measured with different indicators.

Our study has several strengths, such as the use of a large SHARE project sample,
which uses a probabilistic sampling strategy to pick its target population. Moreover, the
fact that we used a compilation of representative data from different European countries,
specifically from 28 countries and Israel. However, it also has several limitations. Among
the general limitations of the study, we can highlight its cross-sectional nature and the
impossibility of obtaining information on causality and the direction of the variables
over time. Likewise, the self-reported origin of the data contributes to the appearance of
various biases, including confirmatory bias and social desirability. In addition, the results
may be affected by variance-related aspects of common methods. Despite the procedures
carried out to guarantee the reliability and validity of the data from SHARE, individual
interviewer differences may generate a series of biases related to the data, which would
affect their interpretation. Finally, future research could expand on these findings by
incorporating additional variables related to loneliness, pain, frailty, and QoL, such as
age, gender, educational level, marital status, and economic situation (Oliver et al., 2021;
Rodríguez-Blázquez et al., 2020).

Although many factors can affect QoL in later life, this study focuses on frailty, pain,
and loneliness to address the bio-psycho-social dimensions. This choice was made to
address the bio-psycho-social aspects of main geriatric syndromes. It is well known that
geriatric giants are prevalent and go along with the age increase in older people (Prell et al.,
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2023), with those selected syndromes having the greatest impact on their functionality
and autonomy (Giné-Garriga et al., 2020; Prell et al., 2023). They also have increased
morbidity and mortality (Giné-Garriga et al., 2020) and a direct impact on the person’s QoL
(Belenguer-Varea et al., 2023; Chen et al., 2021). It is known that loneliness is a risk factor
for geriatric syndromes, such as cognitive impairment (Giné-Garriga et al., 2020), and it has
a negative effect on QoL (Carrasco et al., 2022; Newman-Norlund et al., 2022). Similarly,
pain is a risk factor for frailty (Lin et al., 2020; Saraiva et al., 2018) and a predictor of poor
QoL and depression (Bonanni et al., 2023; Kaye et al., 2010).

Regarding the implications of the results, this study highlights which specific di-
mensions of QoL can be targeted for intervention, considering the distinct impacts of
loneliness, frailty, and pain. For instance, recognizing that loneliness significantly affects
control, autonomy, and pleasure suggests that interventions should focus on reducing
feelings of loneliness. In this context, several studies have implemented strategies that
alleviate loneliness and enhance QoL in older adults. For example, Richards et al. (2024)
demonstrated that a technology-based program designed to develop digital skills in older
individuals not only reduced social isolation and loneliness but also improved quality of
life by enhancing self-management and self-efficacy. Similarly, Gould et al. (2021) found
that a mobile intervention supported by therapists had the potential to improve mental
health-related quality of life and reduce loneliness among older adults.

Regarding frailty, it was the main predictor to the dimension self-realization, and our
study highlights the importance of prevention. Evidence suggests that physical activity
and nutritional interventions can modify or even reverse frailty syndrome (Woolford et al.,
2020). Moreover, multicomponent prevention programs, such as the one proposed by Yu
et al. (2020), have demonstrated effectiveness in reducing frailty, as well as improving
physical and cognitive function and self-rated health among community-dwelling older
adults with pre-frailties. Given that frailty is a modifiable condition, these prevention
programs should be considered for integration into community services for older adults.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ejihpe15070127/s1, Table S1: Correlations between the variables
included in the model.
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lacramioara.cojocaru@uaic.ro (L.C.); camelia.soponaru@uaic.ro (C.S.); hendres@uaic.ro (D.M.-H.)
* Correspondence: ciprian@uaic.ro

Abstract: As individuals grow older, they experience notable shifts in their health condi-
tions, social positions, and personal identity. Studies show that finding meaning in life
correlates with healthier lifestyle choices and enhanced overall well-being. This sense of
meaning functions as a protective factor against life’s challenges, strengthening resilience
during later years. The research utilized thematic analysis within a qualitative methodology
to investigate the subjective sources of meaning among elderly people living in Romanian
institutional settings. The analysis revealed several interconnected themes. Religiosity and
spirituality emerged as a fundamental anchor, with participants often mentioning God,
Divinity, and Higher Power in their narratives. They typically conceptualized life as a
sacred gift and emphasized the importance of religious practices such as prayer and church
attendance as essential to their sense of purpose. The intergenerational transmission of
values also proved significant, with elderly individuals finding meaning in passing down
moral and spiritual principles to younger family members, viewing this as their enduring
legacy. Interpersonal connections played a crucial role as well, with quality relationships
with family and friends fostering a sense of belonging, while broken relationships or iso-
lation negatively impacted well-being. Daily life objectives, including short-term goals
like maintaining routines or anticipating family visits, along with preserving functional
independence, provided structure and immediate purpose for many participants. The
research distinguished between religiosity and spirituality as related but separate concepts:
while formal religious rituals offered community-based meaning, those less engaged with
organized religion discovered transcendence through personal spiritual experiences such
as connecting with nature. This study highlights cultural specificities, particularly how
Orthodox Christian traditions shape existential narratives among Romanian elderly, and
proposes practical interventions for retirement facilities to incorporate activities focused
on spiritual engagement, relationship building, and opportunities for elders to share their
wisdom with younger generations.

Keywords: old adults; qualitative research; religiosity/spirituality; intergenerational values
transmission; interpersonal relationships

1. Introduction

Older adults derive meaning from various components, including purpose, moral
worth, self-worth, control, coherence, excitement, and connectedness. These elements
are crucial in shaping life narratives and providing a framework for understanding life
experiences in older age (Derkx et al., 2020). Meaning in life refers to the significance and
purpose individuals attribute to their existence. It encompasses the beliefs, values, and
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goals that give life direction and coherence. Research has shown that having a sense of
meaning is associated with various positive outcomes, including better mental and physical
health, enhanced well-being, and improved coping mechanisms in the face of stressors
(Schnell, 2009, 2020).

The influence of these outcomes on the meaning in life was found to be significant.
When referring to health and well-being, studies indicate that individuals who perceive
their lives as meaningful tend to engage in healthier behaviors and experience better
overall health (Bratt & Fagerström, 2023). Meaningfulness has been linked to lower levels
of stress and better recovery from illness (Steptoe & Fancourt, 2019) and was found to be a
protective factor against cognitive decline (Kim et al., 2019). Meaning acts as a moderator in
the relationship between stressors and distress. Individuals with a strong sense of meaning
are better equipped to handle life’s challenges, experiencing less severe suffering during
difficult times (Mäkikangas & Kinnunen, 2003).

The individual’s need to search for meaning in life is a phenomenon known and
highlighted in the literature within humanistic-existentialist approaches as found in the
works of authors such as Frankl, Maslow, and Antonovsky.

The search for meaning is the primary motivation in one’s life and not a ‘secondary
rationalization’ of instinctual drives, as Viktor Frankl (2000) wrote in his fundamental book
Man’s Search for Meaning. This task of finding meaning in life does not diminish with age, and
in fact, its pursuit can become more pronounced as life goes by. Among older populations,
the concept of meaning of life can be interpreted from different theoretical perspectives.

Among these, Antonovsky’s theory on the sense of coherence might be considered
a cornerstone in understanding how individuals find meaning in life, particularly in
the context of health and well-being (Eriksson & Lindström, 2005). Meaningfulness is
a multidimensional construct that is applicable across different cultures and life stages,
providing a framework for understanding how individuals find meaning and manage
stress in their lives. The integration of meaningfulness into health models highlights its
importance in both psychological and physical health outcomes (Eriksson & Mittelmark,
2017). Although considerable research has explored sources of meaning in life among
older adults internationally, much of this work has been conducted in Western contexts,
with relatively little attention paid to Eastern European cultural settings. Romania—with
its distinct socio-historical evolution, religious traditions, and social structures—offers a
unique context for investigating how older adults construct meaning in life.

2. Theoretical Background

Meaning in life is often understood as a multidimensional construct (Schnell, 2009,
2020; Schnell & Becker, 2006), which means it encompasses various components or dimen-
sions that contribute to an individual’s overall sense of meaning. This complexity reflects
the diverse ways in which people find significance in their lives. The key features typically
associated with the construct of meaning in life are as follows:

Purpose in life is defined by having core goals, aims, and a sense of direction. It in-
volves setting and pursuing meaningful goals that align with one’s values and aspirations
(Martela & Steger, 2016). A strong sense of purpose is associated with numerous adaptive
benefits, including improved mood, motivation, and goal achievement. It also enhances
cognitive function and supports better cognitive aging outcomes (Sutin, 2023). Individu-
als with a clear sense of purpose are more likely to set and achieve goals, which in turn
reinforce their sense of meaning and direction in life (Owen et al., 2022).

Significance denotes the belief that one’s life possesses inherent value and contributes
meaningfully within a broader social or existential context. It encompasses a sense of per-
sonal worth and the perception that one’s existence holds relevance both for oneself and for
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others. Meaning in life often arises from activities that are grounded in love for objectively
valuable objects, rather than from a mere interest in meaningfulness itself. However, what
constitutes a “worthy” object is subjective and cannot be determined from a completely
neutral standpoint (Wolf, 2014). Research suggests that meaning in life includes feelings of
coherence, purpose, and external value, such as significance or mattering. Internal value,
or one’s perceived internal worth, is also considered a fundamental component of meaning
in life (Li et al., 2020).

Coherence, in the context of life experiences, refers to the ability to perceive life as
comprehensible, manageable, and meaningful. These components influence how individ-
uals perceive their quality of life over time. Comprehensibility affects the importance of
present and past events, while manageability relates to the control over life events. Studies
have shown that individuals exposed to organized patterns report higher levels of meaning
compared to those exposed to random patterns (Heintzelman et al., 2013). Other research
suggests that life experiences such as consistency, load balance, migration, and integration
experiences play a role in influencing life’s sense of coherence (Slootjes et al., 2017). In
this respect, individuals with a strong sense of coherence are better equipped to integrate
their experiences into a meaningful narrative, which is linked to improved psychological
well-being and quality of life. While coherence is a component of meaning in life, existential
mattering (feeling significant) is a stronger precursor to judgments of life meaning. This
suggests that feeling significant may be more crucial than coherence or purpose alone
(Costin & Vignoles, 2020).

The belonging dimension of meaning in life emphasizes the importance of social
connections and relationships, which can significantly enhance one’s sense of meaning.
Different studies have found a strong positive correlation between the sense of belonging
and the perceived meaningfulness of life, across various methodologies, including corre-
lational, longitudinal, and experimental studies (Zhang et al., 2018; Lambert et al., 2013).
Threats to belongingness can reduce the importance of social relationships as a source of
meaning in life, but individuals may compensate by seeking autonomy (Zhang et al., 2018).
Another significant observation is related to the bidirectional relationship between social
connectedness and meaning in life (O’Rourke & Sidani, 2017). Among different types of
connectedness, collective connectedness is particularly associated with meaning in life
(Stavrova & Luhmann, 2016). This bidirectional relationship highlights the importance of
fostering social connections to enhance one’s sense of meaning in life.

Transcendence involves experiences that extend beyond the self, such as spirituality,
connection to nature, and activities that evoke awe and wonder. This concept is explored
through various lenses, including gero-transcendence, self-transcendence, and collective
transcendence. Transcendence is considered a crucial aspect of successful aging, providing
a framework for interventions that enhance life satisfaction and well-being among older
adults (McCarthy & Bockweg, 2013).

While religiosity and spirituality are often intertwined, research suggests they serve
distinct psychological functions. Among older adults with low institutional religiosity, spir-
ituality (e.g., connection to nature, cosmic transcendence) may compensate for the absence
of structured religious frameworks by providing alternative avenues for meaning-making.
This pattern is particularly pronounced in adults over 75, who may prioritize personal spir-
itual experiences over dogma as they confront mortality. The apparent contradiction—that
spirituality matters more for the less religious—reflects a broader existential adaptation:
when traditional religiosity wanes, transcendent beliefs persist as a resilient source of
coherence (Braam et al., 2006). Other studies indicate that people perceive meaning in life
more through self-transcendence (benefits to society) than self-enhancement (benefits to
the self). This contrasts with happiness judgments, where self-enhancement plays a more
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significant role (Huang & Yang, 2022). The concept of self-transcendence, as described by
Viktor Frankl, is seen as essential for well-being, emphasizing a shift from materialistic
pursuits to spiritual fulfillment. This approach is linked to better mental health and is
particularly beneficial for those facing chronic illness or end-of-life situations (Wong, 2016).

Self-transcendence is also explained by Tatjana Schnell (2012), as vertical—through
explicit religiosity and spirituality—and horizontal—through self-knowledge, social com-
mitment, as well as health, generativity, and union with nature. This means that religious
practices and spiritual beliefs are important sources of meaning for the elderly, as well as
personal growth, relatedness, and generativity as a part of social commitment.

All the key factors depicted above indicate that meaning in life among elderly people
is influenced in various ways. Research consistently shows that these factors significantly
contribute to older people’s mental health and overall well-being. Among these, closely
linked to the old person’s meaning in life are their levels of religiosity and spirituality and
the quality of their relationships.

Understanding meaning in life as a multidimensional construct allows for a more nu-
anced approach to research and interventions aimed at enhancing well-being. It recognizes
that individuals may derive meaning from different sources and that these sources can
interact in complex ways to shape their overall sense of purpose and significance in life.

3. Methods

3.1. Research Question

It is obvious that sources of meaning in life differ with age. For young adults, the main
sources of meaning in life are considered to be relationships, especially family connections
(Debats, 1999), personal and professional goals (Bhattacharya, 2011), and parental influence;
young adults with supportive parental backgrounds tend to have a stronger sense of
meaning in life (Kealy et al., 2020).

In middle-aged adults, the meaning in life is influenced by various sources and factors,
which are essential to their psychological well-being and life satisfaction. Key sources of
meaning include relationships and health (Karwetzky et al., 2021; Debats, 1999), spirituality
and intrinsic religious orientation (Hee & Nam, 2018), as well as personal growth (Fave
et al., 2013; Dolberg & Ayalon, 2018). Also, factors such as social support, self-esteem, and
stress play significant roles (Hee & Nam, 2018; Chang & Sohn, 2017).

Older adults often find meaning in life through various sources, which significantly
impact their well-being, health, and quality of life. For older people, family and close
relationships are consistently highlighted as primary sources of meaning (Hupkens et al.,
2018; Zhou et al., 2019). Many older adults find meaning through spirituality and religious
practices (Jonsén et al., 2015). Engaging in unselfish activities that promote personal growth
and contributing to future generations (Sørensen et al., 2021), as well as maintaining good
health, having a sense of life, and security are crucial sources of meaning in life for older
adults (Hoeyberghs et al., 2019; Zhou et al., 2023). Finally, some older adults find meaning
in their connection to nature and their role as a link between generations, which involves
passing on traditions and values (Jonsén et al., 2015).

Starting from all these premises, our research question is: What are the main sources
of meaning in life for elderly adults, and what are the main features of meaning in life
within the research group?

3.2. Methodology

This study employed a qualitative–exploratory research design, guided by a phe-
nomenological approach, aiming to explore the subjective sources of meaning in life among
institutionalized elderly individuals. Because of the small number of participants, the re-
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sults cannot be generalized to a larger population. Qualitative research seeks to understand
social phenomena by capturing participants’ perspectives and interpreting them within
their relational and cultural contexts (Rossman & Rallis, 2016; Bradbury-Jones et al., 2017).

The research began in January 2024 and involved the development of a semi-structured
interview guide, constructed based on the main orientations identified in the existing
literature. The guide included open-ended questions exploring existential meanings, in-
terpersonal relationships, spirituality, and intergenerational value transmission, as well
as several dichotomous and demographic questions. The study protocol was reviewed
and approved by the Research Ethics Committee of the affiliated academic institution.
The study included 25 institutionalized residents (11 women and 14 men), aged between
65 and 93 years. The participants were aged as follows: 65–74 years—9, 75–84 years—7,
85–93 years—9. Educational backgrounds varied: the majority had completed secondary
education (high school or lower), while a smaller number had attended higher education in-
stitutions. Marital status was also diverse: several were widowed or divorced, while others
remained married. Participants had a range of former occupations, including skilled trades
(e.g., foreman, electrician), education, law enforcement, agriculture, and domestic work.
This demographic diversity provided a rich context for exploring subjective sources of
meaning in later life. Each interview lasted approximately 60 min and was audio-recorded
with the participant’s permission. The recordings were securely stored on encrypted drives.
Interviews were conducted by L.C. and C.S., both trained psychologists, under the coor-
dination of L.C. Inclusion criteria were: institutionalization, age 65+, cognitive ability to
sustain dialogue, and informed consent. Those with significant cognitive impairment were
excluded. Audio recordings were transcribed via Transkriptor© v.1 and manually verified
for accuracy by the research team (L.C., C.S., D.M.H., and C.C.) prior to thematic analysis.

Following data collection, the interviews were transcribed verbatim using Transkrip-
tor© v.1 software and manually corrected for accuracy. Translation from Romanian to
English for analytic and reporting purposes was conducted by two independent bilingual
researchers. A third bilingual reviewer verified the translations to ensure semantic and
contextual fidelity. For data analysis, we employed thematic analysis as described by
Braun and Clarke (2006), following a rigorous six-phase process: familiarization with data,
initial coding, theme searching, theme reviewing, theme defining and naming, and report
production. Initially, NVivo 14© software was used for preliminary coding; however,
due to the limitations of semantic recognition in Romanian, manual thematic coding was
subsequently undertaken.

L.C. and C.S. independently coded a subset of transcripts, then discussed initial codes
with D.M.H. and C.C. to refine the thematic structure. Themes were derived inductively,
reflecting patterns across the dataset, and involved triangulation between two independent
researchers to enhance analytic credibility. Five major patterns emerged from the data:
(1) principles of life, (2) spirituality, (3) religiosity, (4) subjective well-being, and (5) meaning
of life through objectives. The thematic analysis enabled us to capture both shared and di-
vergent experiences, linked to participants’ demographic profiles and personal life histories.
In summary, the methodological design was carefully structured to ensure methodologi-
cal rigor, transparency, and adherence to COREQ guidelines (Appendix A), allowing an
in-depth exploration of the subjective meaning in life among elderly individuals in an
institutional setting.

4. Results

Four codes were identified following the analysis of the interviews carried out with
the participants (institutionalized elderly), which allowed for the integration of similar
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themes under one “umbrella” (Figure 1). The “sources of meaning for the elderly” codebook
encompasses the following general themes:

• Religious and spiritual faith and practices describe the elderly’s convictions about life
as a “gift” from God, in the form of an individual destiny, offered by Divinity. These
are accompanied by religious practices that anchor faith in a behavioral manner, both
at the individual and community levels.

• Intergenerational heritage transmission describes the fact that elderly people consider
the spiritual legacy they leave behind to be very important; the legacy is described
in terms of moral values and includes, in addition to religious values, secular values,
carried out through parental and institutional education (school or workplace). Again,
religious practices appear as a sub-theme, representing a traditional value that should
be preserved and transmitted to the younger generation, as a complementary source
of meaning.

• The quality of relationships is described as positive or negative, and it is linked
to the present moment or to previous life experiences, regarding family or friends.
The quality of the family relationships influences the tendency toward self-isolation,
accompanied by the feeling of loneliness.

• Life objectives describe daily routines and short-term plans (1–3 months, up to a year)
and include recreational activities, intentions to visit children who live and work
abroad, and tourist visits.

Figure 1. The theme structure: “sources of meaning for the elderly”.

With the exception of the intergenerational heritage transmission theme and the unsat-
isfactory relationships within the family context, to which they refer in the past tense, the
remaining themes are derived from their present experiences and convictions, formulated
in the present tense.

To provide a clearer picture of the relative significance of these themes within the
study group, we summarized the number of statements for each theme in the study group
(Figure 2). These proportions suggest the prominence of transcendental and relational
dimensions in constructing meaning in life among the participants.
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Figure 2. Frequency of statements regarding the four themes.

4.1. Religiosity and Spirituality as Foundations for Meaning in Life

Religiosity and spirituality emerged as the primary frameworks through which partici-
pants structured and interpreted their existence, offering coherence, purpose, and resilience
in the face of life’s challenges. In general, spirituality and religiosity, while often intercon-
nected (Agniete et al., 2021), refer to different concepts. While spirituality was described
as an individual search for existential connection and personal transcendence, religiosity
represented adherence to communal beliefs and rituals. However, for the participants,
these two dimensions were deeply intertwined, jointly shaping their understanding of
life’s meaning. Faith was recurrently articulated as the source of existential significance,
grounding participants in a larger, transcendent order: “I believe in God; faith is very
important, without faith there is no meaning in life.” (I67, female, late 60s).

Such statements illustrate that for these individuals, faith is not merely an abstract
belief but the very medium through which life acquires meaning, providing assurance that
existence itself is part of a divine design.

The concept of vertical transcendence (Tatjana Schnell, 2012)—striving toward con-
nection with a higher power—was deeply embedded in participants’ narratives. Ritual
practices (prayer, worship, fasting) were not perceived solely as obligations, but as acts of
reaffirmation of their connection to a meaningful, sacred order: “In the morning, we wor-
ship God. . . it keeps me grounded and thankful every day.” (I65, male, mid 80s). Through
these actions, participants actively anchored their daily experiences within a spiritual
framework, thereby reinforcing the perceived meaningfulness of their lives.

Destiny and divine will were also key components of meaning-making. Participants
conceptualized life events—both positive and negative—as parts of a divinely orchestrated
plan, which they were called to accept and fulfill: “It is destiny up to a certain point.”
(I82, female, early 70s); “Both good and bad come from God, and we must respect Him.”
(I65, male, mid 80s).

Acceptance of destiny thus emerged as an existential orientation that infused suffering
and uncertainty with meaning, transforming adversity into opportunities for reaffirming
faith and moral growth.

Importantly, the internalization of religious values shaped participants’ moral decision-
making, reinforcing life’s coherence and sense of purpose: “When I do something, I think if
it’s right or wrong—it’s doing God’s will.” (I62, female, late 60s).

Through aligning personal choices with divine principles, participants embedded
moral worth into their daily lives, thus actively constructing meaning in accordance with a
higher ethical framework. Adversity—such as illness or family hardships—often prompted
a deepened reengagement with faith. Participants described experiences where suffering
became a catalyst for reaffirming or transforming their relationship with God: “My son got
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sick and from that moment I stopped swearing.” (I66, male, early 70s); “[Now] I immediately
come to terms with the idea that this is the way it was meant to be.” (I66, male, early 70s).

This process illustrates how faith was dynamically reconstructed across the lifespan,
adapting to existential crises and providing tools for emotional regulation and acceptance.
Moreover, meaning was not only found in transcendent beliefs but also in concrete life
achievements interpreted through a religious lens—procreation, ethical family life, com-
munity contribution, and personal integrity: “I brought up a child.” (I62, female, late 60s);
“Spouses must love and understand each other and raise their children calmly.” (I78, female,
mid 80s); “You must think about what you are doing.” (I81, male, mid 80s).

Through these domains, participants expressed a profound sense that everyday actions
were spiritually significant, contributing cumulatively to the meaningfulness of their existence.

Engagement in religious practices—attending church, praying, maintaining sacred
objects—was seen as a continuous act of reaffirmation and anchoring of meaning, especially
in older age: “In my house, you will find a cross consecrated by the priest and everything.”
(I77, female, early 80s); “Go to church, take communion.” (I67, female, late 60s).

However, some participants also demonstrated a reflective and individualized stance
toward religious observances, suggesting a nuanced, critical engagement with traditional
practices: “No one can force me to worship Saint Parascheva only on the feast day. I can
visit anytime.” (I70, male, early 80s).

This flexibility highlights that spiritual meaning-making was not static but evolved
with personal experiences, convictions, and critical reflection, emphasizing participants’
agency in shaping their religious lives.

In summary, religiosity and spirituality in later life served as multi-layered frameworks
of meaning-making, combining belief, practice, moral action, and existential acceptance
into a dynamic, resilient structure that sustained participants’ sense of purpose, coherence,
and fulfillment.

4.2. Intergenerational Heritage Transmission

Intergenerational heritage transmission plays a crucial role in shaping the meaning
of life for older adults. This process involves the exchange of values, traditions, and
knowledge between generations, which can significantly impact the well-being and life sat-
isfaction of older individuals. Intergenerational interactions have been shown to positively
affect older adults’ physical and mental health. These interactions can reduce feelings of
loneliness and stress, provide a greater sense of purpose, and enhance life satisfaction.
They also foster appreciation for generational differences and strengthen social connections,
which can improve mental and physical health and reduce the risk of depression (Zhong
et al., 2020; Krzeczkowska et al., 2021).

The values received from elders are often reflected in the values that individuals pass
on to their descendants, suggesting a significant familial influence (Albanese et al., 2014).

It has been observed that there are two main bodies of principles and values that
are transmitted from the older generation to the younger ones: (i) religious beliefs that are
considered to be parts of the individual and social identity and (ii) secular principles and
values that serve as sources for meaning in life. The axiological orientation has become an
important part of defining meaning in life for this age group. As mentioned earlier, these
values have served as both sources of meaning in life and as axiological objects that have
been transmitted to the younger generation.

The early years of a child’s life are pivotal for religious education, with family members,
particularly older adults, playing a significant role in this process. Older adults frequently
become key figures in nurturing children’s spirituality, providing support and guidance in
religious education activities (Allana et al., 2017).
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The involvement of grandparents in religious education is seen as enabling and
supportive, helping to embed spirituality in young children and fostering a conducive
environment for faith development.

The transmission of religious values (which are closely related to religious covenants)
is another element that can be noted in the context of this analysis: “And I think another
principle (that can be transmitted) is the relationship with divinity.” (I66, male, early 70s);
“The values that come through (the philosophy of religious life) religion, religion doesn’t
teach us anything wrong.” (I84, male, early 80s).

The transmission of religious values within families is a pivotal process, with grandpar-
ents playing a significant role as educators and role models. Despite the challenges posed
by time constraints and cultural pluralism, effective strategies, such as family involvement
and integrated educational approaches, have been shown to enhance the transmission of
religious and moral values to the next generation. Addressing these challenges is imper-
ative for maintaining the impact of family education on children’s spiritual and moral
development: “Reaching the stage where I had to realize that there is divinity, telling
my granddaughters to develop (faith).” (I67, female, late 60s); “I never had an in-depth
discussion with my daughter or my son about the church, about God, about the spirit. That
would be part of the spiritual heritage.” (I70, male, early 80s); “Because I have two children
left. Let them also follow, let them believe in the good Lord as we believe.” (I73, female,
late 60s); “A spiritual inheritance is a spiritual education. Love of parents, faith, love of
friends, of children, of family.” (I83, male, mid 80s).

Religion significantly influences human values. The transmission of these values oc-
curs through familial and societal structures, impacting individual and collective behaviors:
“The greatest values are trust, kindness, sincerity, love. [. . .] This code of moral values
comes through religion.” (I82, female, early 70s).

Grandparents provide both emotional and material support, which is crucial for the
transmission of family legacies, including secular values such as education, solidarity, and
order (Schuler & De Souza Brito Dias, 2019). Their influence is shaped by family dynamics,
cultural contexts, and the quality of their relationships with grandchildren: “Friendship and
honesty are the guiding principles of my life.” (I74, male, early 70s); “Respect for people.
Respect for laws for customs, for unwritten laws.” (I84, male, early 80s); “Something that
people leave behind that is not material. For example, (life) lessons.” (I87, male, early 80s);
“Spiritual heritage (depends) on the family. It is about the transmitted values through
family education.” (I82, female, early 70s); “A way of behavior, the ABC of good behavior.”
(I81, male, mid 80s).

General human values were also listed as meaning-making for the older people in
the study group. They often rely on basic values such as dignity, honesty, and respect
for tradition and values. These values provide a sense of continuity and integrity: “Let
something be seen behind us, that something of value remains.” (I64, female, mid 80s);
“Justice is a principle that has guided me throughout my life.” (I72, male, early 70s); “I am
an honest person. I am guided by truth.” (I73, female, late 60s); “In general, I was a man of
moderation. Being good, being kind, doing my duty.” (I86, male, mid 80s); “To be correct, a
man of my word.” (I126, male, early 90s); “Love and respect for parents, love for country,
and love of humankind.” (I81, male, mid 80s); “My guiding principles in life are punctuality
and discipline.” (I75, male, mid 80s); “. . .fairness, perseverance” (I67, female, late 60s).

The values related to ethical and professional issues, which have previously and
continue to provide meaning to the lives of older adults: “I would put first work ethic.
Honesty, humanity. To have as much knowledge as possible, so self-development.” (I66,
male, early 70s); “My profession, my work, honest and loyal to your friends, to everybody.”
(I71, female, late 70s).
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Older adults often experience increased religiosity as they age, which can influence
their role in religious transmission. Their religious biographies, shaped by personal and
societal changes, contribute to a flexible and open approach to religious discussions within
families, facilitating successful transmission across generations (Spannari et al., 2021). The
religious intensity and practices of parents, including older adults, have a lasting impact on
their children’s religiosity. This influence is often mediated by early and midlife religious
experiences, creating a momentum that carries into old age (Silverstein et al., 2022). Although
religious practices are mentioned as creators of meaning, it should be noted that they
represent a double source of meaning, both as a moral duty and as an anchor for fixing,
preserving and transmitting faith and religious heritage: “In the morning, we worship God.”
(I65, male, mid 80s); “I pray to God . . . give them (my boy and girl) good health.” (I70, male,
early 80s).

4.3. The Quality of Relationships

The self-assessment component of the interview, which was designed to evaluate the
current state of well-being among the elderly, offered valuable insights into the quality of
family relationships and the presence of significant others in their lives. These relationships
appear to be a source of meaning and a life objective, both of which are closely tied
to religious belief and practice. Regular interactions with family, friends, and religious
communities enhance the sense of belonging and contentment, contributing to a meaningful
life (De Oliveira & De Oliva Menezes, 2018). The quality of social relationships, including
support from religious congregations, is linked to better life satisfaction and quality of
life in the elderly (Gallardo-Peralta, 2017). Older adults rely on family and friends for
emotional, instrumental, and financial support. Those with strong ties to both groups
are generally more socially and psychologically well adjusted (Adams & Blieszner, 1995).
Social engagement (in-person interactions and group engagements), including interactions
with family and friends, helps satisfy the need to belong and reduces feelings of loneliness
(Tomstad et al., 2024). It is noticeable that the quality of relationships, particularly with
friends, is a stronger predictor of life satisfaction than the frequency of contact. Friendships
often provide more positive and meaningful interactions compared to family relationships
(Larson et al., 1986; O’Connor, 1995). Interactions with friends are associated with increased
positive affect and life satisfaction and decreased negative impact, while family interactions
can increase both positive and negative affect, highlighting the complex dynamics of family
relationships (Huxhold et al., 2014; Ng et al., 2020).

“(The meaning of life is given by relationships, only if human) makes himself useful
to the community, to other people.” (I84, male, early 80s). It has been suggested that
socializing can be a source of meaning: “I have very good relationships, relationships with
friends and family. . . yes, relationships give meaning to life.” (I66, male, early 70s).

Engaging in social activities and leveraging technology to maintain connections can
further support these relational aspects (Saarelainen et al., 2020). These relationships pro-
vide emotional support, reduce feelings of isolation, and enhance the overall quality of life:
”My mom lived with my dad until they were 73 years old. When he died, after 3 years, she
withdrew completely.” (I62, female, late 60s); “(It’s important) to have your grandchildren
visiting.” (I74, male, early 70s); “Relationships give meaning” (I83, male, mid 80s).

Family relationships significantly influence the meaning of life and well-being in older
adults. The quality of relationships enhances quality of life and raises the well-being of the
elderly person (Saarelainen et al., 2020). Positive relationships enhance life satisfaction and
mental health, while negative interactions can detract from these outcomes. Addressing
both positive and negative aspects of these relationships is crucial for supporting older
adults in finding meaning and improving their quality of life: “If there would be no
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meaning in people working together, there would be no (quality) life, there would be no
meaning in life they wouldn’t be able to create things.” (I67, female, late 60s).

Satisfactory family relationships increase life satisfaction: “You also have to match
yourself with the person you’re in a relationship with, so that you can talk about the same
fear. And you can create a thing.” (I63, female, early 70s).

While the interviews were conducted in the present tense, the elderly preferred to
answer certain topics in the past tense. In order to maintain discretion and motivation to
participate, we did not delve deeper into the interview but instead focused on extracting the
themes from the life story that the elderly felt comfortable sharing: “It was very good how I
programmed (life) him (my husband) and how I lived with him for so many years and had
(together) three children, three boys, how I brought them up, I also did (work) in the house
and worked, and I sent (the children) to school.” (I79, female, mid 80s); “I understand that a
fulfilled life means a fulfilled life for others in the family.” (I80, male, mid 70s).

Unsatisfactory family relationships can significantly undermine the sense of meaning
in life for older adults, primarily through increased depression and reduced quality of life.
These effects are compounded by relational gaps and negative interactions, highlighting the
importance of fostering positive family dynamics to support the well-being of older adults:
”The only thing I would like is to have a good relationship with my daughter-in-law (she
won’t let me visit my son and grandchildren).” (I62, female, late 60s); “Deep relationships
(give meaning to life). . . my wife wouldn’t let me talk to my maiden until I was 18. I have
tried, I have tried to get close to someone, but everything is on the surface, we just see each
other.” (I72, male, early 70s); “It makes me sad, the relationship with my wife. I don’t hate
her. . . she says it’s all my fault.” (I86, male, mid 80s); “I haven’t been in touch with my boys.
They are in France. They only came to Romania to pay their taxes and for other things, often
they didn’t even come to see me. They don’t even know I’m in the foster house.” (I74, male,
early 70s).

Engaging in activities with peers and maintaining friendships can bring joy and
a sense of connectedness, which are vital for meaning in life (Saarelainen et al., 2020).
Both subjective (perceived) and objective (actual) social supports are linked to higher life
satisfaction and health in older adults (Fiori et al., 2007). The quality of relationships with
friends is determined by the quality of connection and the emotional distance between
individuals: “Yes, relationships give meaning to life. To help them, (friends) to give them
advice.” (I80, male, mid 70s); “If you’re friends with someone, you have to be a good friend,
not a false one.” I64, female, mid 80s).

Older adults who maintain friendships tend to be more socially and psychologically
well adjusted, benefiting from the emotional and instrumental support that these rela-
tionships provide (Adams & Blieszner, 1995). While larger networks can enhance life
satisfaction, the quality and composition of these networks, particularly the presence of
friends, play a crucial role in the well-being of older adults. Older adults prefer small
groups of friends due to the immediate emotional benefits, opportunities for meaningful
social engagement, and the supportive nature of these relationships: “[. . .] to make a small
group, three or four people. I have made this group here [. . .]. And we meet every day a
quarter of an hour before breakfast, before lunch, another quarter of an hour.” (I70, male,
early 80s).

Older adults can significantly benefit from social media friendships by enhancing
social connections and reducing loneliness. The overall effectiveness of social media as a
tool for improving well-being in older adults depends on individual circumstances and
the nature of their online interactions: “I don’t get bored, (at home). I have friends on
WhatsApp, Messenger.” (I86, male, mid 80s); “I was alone, . . . now I have (friends) if you
believe me, on Facebook, a hundred of friends I have. And they all call me. There’s a
community here.” (I74, male, early 70s).
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Solitude in older adults can be both beneficial and detrimental, depending on whether
it is voluntary or not, and it also depends on the quality of their social relationships.
While solitude can enhance positive affect and provide personal time, it can also lead to
loneliness and depression if not balanced with meaningful social interactions and valuable
relationships (Ong et al., 2015).

Self-isolation and loneliness are significant for older adults, with implications for their
physical and mental health. Addressing self-isolation and loneliness in older adults requires
a multifaceted approach that considers individual, cultural, and contextual factors. These
issues are prevalent among the aging population, particularly in the context of increasing
life expectancy and societal changes: “You end up retreating, . . . like a turtle in its shell, and
you sit and you think. . . maybe where I went wrong, maybe I did something wrong, right?”
(I62, female, late 60s); “Most of the time I feel isolated. I mean not isolated, because no one
isolates me, but. . . it’s hard not to have anyone close.” (I64, female, mid 80s); “Loneliness is
very hard.” (I65, male, mid 80s); “My wife died June 16 last year. The truth is that it was
very hard and still is to me. I live alone in my room, I have nobody close to me.” (I70, male,
early 80s).

The death of a spouse in elderly adults leads to increased depression, anxiety, and
cognitive decline, with social isolation being a significant risk (Hung et al., 2020). Interven-
tions focusing on emotional support and social engagement can aid in mitigating these
impacts: “After my husband died, I felt so lonely. I chose to stay alone, and after a while,
after a year, I found out about this [retirement] home, and I thought it would be better to
be somewhere, not to disturb my daughter.” (I63, female, early 70s).

Unsatisfactory social relationships can have significant negative impacts on the well-
being of older adults. These impacts manifest in various aspects of mental and physical
health, as well as overall life satisfaction (Santini et al., 2015). While older adults may
develop resilience to some negative interactions, the overall impact of poor relationship
quality remains significant, particularly for mental health: “Most of the (time) I stay
isolated. . . no one isolates me, but. . . it’s hard to have someone close to you.” (I64, female,
mid 80s); “You get criticized that it’s too much, . . . so, you end up retreating, just like a
turtle in its shell and you [start] thinking [yourself] I did something wrong?” (I62, female,
late 60s); “Relationships make sense. If you don’t relate to people, you’re lonely. You drift
away. Loneliness kills.” (I81, male, mid 80s).

The importance of not being a burden for older adults is multifaceted, involving
cultural, emotional, and practical dimensions. Older adults’ concerns about being a burden
are shaped by their cultural background and emotional relationships with their children
(Cahill et al., 2009). The concept of not wanting to be a burden was found to be significant
among older adults, particularly in the context of their relationships with their children:
“The children decided to put me in the nursing home.” (I70, male, early 80s); “I am here
because my children relocated abroad, and I didn’t want to be a burden for the children.”
(I71, female, late 70s).

4.4. Life Objectives

It is important to recognize the value of short-term and long-term objectives for older
adults. These objectives can provide structure, enhance quality of life, and support success-
ful aging. Short-term objectives, such as engaging in enjoyable activities and physical exer-
cise, can provide immediate benefits and motivation for older adults (Devereux-Fitzgerald
et al., 2016). Long-term objectives focus on maintaining health and cognitive function,
supported by effective self-management and communication strategies (Lawless et al.,
2021). Both types of objectives are essential for enhancing the quality of life and supporting
successful aging in older adults.
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By focusing on health (Travers et al., 2021), socialization and independence (Pfund
et al., 2021), older adults may be able to maintain a sense of purpose and engagement, which
are key to defining meaning in life. It has been suggested that there are several types of goals
that are common to older adults: (i) goals related to purpose and engagement (Howard &
Louvar, 2017); (ii) goals related to autonomy, health, relationships, and emotional comfort
which are integral to older adults’ quality of life (Van Leeuwen et al., 2019); (iii) for older
adults with long-term conditions, self-care and self-management objectives are essential
(Lawless et al., 2021). In the current research, we identified two categories of objectives:
daily objectives and short-term objectives

The following daily objectives (day-to-day functioning, religious practices, entertain-
ment, purpose, and engagement) have been proposed by the members of the research
group: “here (in the nursing home, my wife and I) have a schedule that I aim to be as exact
as possible; after we get up in the morning and have breakfast, we go to the city center on
foot, then at the church. We had lunch at noon, then we went to the art exhibitions.” (I66,
male, early 70s); “In the morning, we worship God.” (I65, male, mid 80s).

Functional activities are essential for older adults as they promote physical health,
enhance psychological well-being, and improve quality of life (Owen et al., 2022). These
activities help maintain independence, manage chronic conditions, and reduce the risk of
falls, making them a vital component of care for the elderly: “We go out to eat, come back,
rest and that’s about it.” (I64, female, mid 80s); “In the morning, to do my chores, to have
my clothes clean.” (I87, male, early 80s).

Instrumental activities of daily living are vital for the independence and well-being
of older adults, influencing their health, social engagement, and overall quality of life.
Effective interventions and an active lifestyle can enhance instrumental activities of daily
living performance, while psychosocial factors and technological advancements also play
significant roles in their lives: “I still go, and I still help my daughter on holidays, when
she’s busy.” (I63, female, early 70s); “I have in my room, TV, laptop, I talk on WhatsApp
and Messenger.” (I86, male, mid 80s).

Recreational activities play a vital role in promoting health, happiness, and social
connectedness among older adults (Ryu & Heo, 2018). By providing opportunities for
physical activity, social interaction, and purposeful engagement, these activities contribute
significantly to the well-being and quality of life in aging populations: “I read a book, go to
the club, play a Rummy, do tailoring.” (I62, female, late 60s); “Out for a walk.” (I67, female,
late 60s); “I’d like to go to the seaside, to Slănic Moldova (mountain resort), where I’ve
been (when I was younger).” (I87, male, early 80s).

Traveling in later life offers older adults a pathway to spiritual and emotional enrich-
ment, social connection, and personal development. By addressing the challenges and
barriers they face, we can support their journeys toward finding meaning and satisfaction
in life (Moal-Ulvoas, 2017). Traveling is a common goal among older adults, often linked
with finding a calling and mastering new skills. This pursuit not only provides enjoyment
but also contributes to a sense of achievement and personal growth: “. . . in the summer,
for example, I planned to go to Denmark, to my sons.” (I71, female, late 70s); “. . .to go and
see Florence (where my son lives).” (I84, male, early 80s).

Considering their age, the elderly mentioned that they do not imagine and do not
have long-term plans: “I like to live the moment, day by day, because you don’t know how
far (life goes).” (I62, female, late 60s), or they have plans within a maximum time horizon
of one year: “I have always had the plan to go somewhere, to go in summer, spring. . . I
would like to go to Sovata. . . there is the swimming pool.” (I75, male, mid 80s); “. . . let’s go
on a trip with our coach from here (from the nursing home).” (I85, female, mid 80s).
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5. Discussions and Conclusions

The majority of the themes identified in the present research appear to corroborate
findings from previous studies (e.g., North & Fiske, 2015), suggesting shared characteristics
among elderly individuals that may transcend geographical and cultural boundaries.

However, our investigation group exhibited distinctive orientations, notably a more
individualized and critical approach to religious practice, rather than strict adherence
to institutionalized rituals, as well as a pronounced focus on moral transmission and
personal legacy as primary sources of meaning. These particularities likely reflect the
socio-cultural context and historical experiences specific to the studied region, shaping
unique meaning-making pathways among the elderly participants.

For a considerable number of old individuals, religiosity is defined as the extent of
religious belief and practice in an individual’s life, and it has been historically regarded as
a fundamental source of meaning. Its role as a cornerstone of meaning can be analyzed as
a link to transcendence, as it often provides individuals with a connection to something
greater than themselves, whether it is God, a divine principle, or the cosmic order.

In the group of older adults who were the focus of the study, the qualitative analysis
yielded four sources of meaning, as outlined below: (i) religiosity/spirituality, (ii) the
relations with others, (iii) the moral principles that govern life, and (iv) specific life goals.

The analysis of the frequency of statements pertaining to “God”, “Divinity”, “Uni-
verse”, and “Higher force” has identified religiosity/spirituality as a primary source of
meaning, one that is more or less connected to the other sources of meaning that emerged
from this study. This phenomenon can be attributed to two factors. First, the frequency with
which this theme emerged in the interviews exceeded that of other themes. Second, this
theme was a recurring topic that manifested across the entire discourse of the interviewed
individuals, irrespective of the subject under discussion. There are several directions and
conclusions that can be identified as elements of novelty brought by the current research.

One noticeable conclusion is the way religiosity is seen in various forms:

- as a matter of religious conviction;
- as a matter of religious practice;
- as content in the process of intergenerational transmission;
- as a value in itself;
- as a grid for reinterpreting reality;
- as a filter for selecting choices/decisions;
- as a foundational element in the grounding of the meaning of life.

As evidenced in previous research (Abeyta & Routledge, 2018; AbdAleati et al., 2016),
religiosity manifests in various forms, and it has been demonstrated to exert influence on
mental health, life satisfaction, and social relationships.

We have to underline that the interpretation of religiosity and spirituality by older
people is unique in its own right. Important ideas that are part of the mainstream of
religion, such as the punitive or rewarding character of life after death and the influence of
destiny by divinity, take particular forms in this context (e.g., the non-acceptance of the
existence of life after death, implacable destiny are not sources of meaning for older adults).
These forms are transferred to the current life (fulfilled or unfulfilled life, the meaning of
suffering, etc.), observations confirmed by previous research (Zimmer et al., 2016).

Another significant observation, which is in line with previous studies (Chamberlain
& Zika, 1988), is that a substantial number of the values expressed by the subjects in the
study seem to be influenced by previous religious traditions and practices. This assertion
is supported by the fact that religious practices and beliefs offer a sense of purpose and
direction, thereby providing psychological support. Another observation is that the pres-
ence of a community that shares similar religious beliefs and intentions has the potential to

45



Eur. J. Investig. Health Psychol. Educ. 2025, 15, 91

foster a sense of social cohesion, thereby offering additional psychological comfort. Finally,
another observation is linked to the notion of predetermined destiny, influenced by a divine
entity, that provides elderly people with a sense of purpose and induces the idea that it is a
contribution to a larger plan. This plan can pertain to the evolution of society as a whole or
to a divine plan that is believed to promote unanimity.

The second source of meaning in life identified by the research group, which refers
to interpersonal relationships, has the potential to endow the lives of elderly individuals
with significance and foster well-being. Some believe that as people age, the importance
of relationships may increase, enhancing their sense of coherence and continuity in life
(Schnell, 2009). It has been observed that elderly individuals appear to be aware of the
significant role that relationships may play in providing meaning and well-being (Adams
& Blieszner, 1995).

In these circumstances, while relationships with friends are typically regarded as
a positive source of emotional meaning (O’Connor, 1995), we can observe that family
relationships are considered both positive and negative emotional sources. It has been
acknowledged in the literature that family relationships can have a positive impact on
the elderly. However, the impact of dysfunctional family relationships on the elderly has
received less attention in research. Within the frame of the current research, one can observe
that this phenomenon has the capacity to modify the behavioral profile of the elderly
regarding their own family.

In the research group, it was observed that in cases where the relationship is deemed
dysfunctional, the elderly person may endeavor to adapt to the family dynamics, which
can prove to be a substantial source of stress. Older adults’ perceptions of their roles within
the family are considered to be a multilayered topic that involves understanding their
contributions, the dynamics of family relationships, and social attitudes toward aging.

When the elderly person perceives their relationship with their family as a source of
burden for their children, they opt for self-isolation, withdrawing from their family within
the nursing home. A significant number of elderly individuals have chosen to relocate to a
nursing facility due to their children’s international migration.

The third significant source of meaning that was identified in the current research
refers to the moral principles, which encompass attitudes and instruments of behavioral
regulation. It can be postulated that religion, as stated above, serves as the predominant
source of moral values and behavioral principles. In this paradigm, the responsibility
for educating younger generations and for the transmission of life principles by elders is
viewed as occurring within the broader context of religious belief systems.

Within this theme that emerged from the interviews, we found the notion of intergen-
erational transmission of fundamental values and principles that govern human existence as
a whole. It is largely accepted that intergenerational transmission of values is a complex
process influenced by familial, cultural, and social factors (Schönpflug, 2001). It plays a
crucial role in cultural continuity and the socialization of future generations, and in this
context, several broad categories were identified; the respondents believe that these should
be transmitted to younger generations as an expression of life experience. The identified
categories encompass: faith as such (religious values and principles), general human values
(which may align with those proposed by religion), and professional values (which appear to
be independent of religious faith).

Based on the current research, the process of intergenerational transmission of values and
principles can be regarded as a generator of meaning in itself. One of the most important
conclusions from our study is that the elderly population perceives this transmission as a
moral obligation, intrinsically linked to their life stage and their status as elders within the
family structure, particularly with regard to their grandchildren. Within the paradigm of
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intergenerational transmission, religious practices assume the role of both an instrument
and a means, contributing to the perpetuation of religious and spiritual faith. In this context,
the religious practices function as an external source of meaning, serving, on one hand, as a
tool for educating the young and, on the other hand, as a resource to fortify the internal
source of meaning embodied by religion.

The life objectives of the elderly population constitute another substantial source of
meaning in life (Hupkens et al., 2018). These objectives are oriented toward daily activities
related to functionality and autonomy (Pirhonen & Pietilä, 2015). However, some goals,
particularly those of a recreational nature, are associated with family or friends and are
designed for a period of time ranging from several months to a maximum of one year.

In contrast to other age demographics, we observed that when we queried the mem-
bers of the research group about their long-term aspirations, they frequently asserted the
absence of long-term goals. We explained this phenomenon in two ways. Firstly, it can
be attributed to the awareness of advanced age and impending death. Secondly, it can be
explained by the uncertainties related to their fragile physical state. A significant number of
elderly individuals have been observed to articulate objectives that are oriented toward the
present moment and the pursuit of enjoyment in life. This phenomenon, characterized by
the deliberate savoring of life’s pleasures (Smith & Hollinger-Smith, 2015), is particularly
notable within the context of this specific age demographic.

Apart from the four main sources of meaning that were identified within the research
group, some particular topics appear to present certain contradictions. One of these topics is
the discourse surrounding older adults’ matter of “life after death”. It is interesting to note
that, despite the strong religious beliefs expressed by the study participants, their views
on life after death vary greatly. Although religious perceptions propose and encourage
behaviors and attitudes from a rewarding or punitive perspective in the afterlife, it was
expected that individuals with a strong religious belief would find motivation for certain
behaviors and attitudes, having by default a source of meaning in the idea of life after
death. However, the opinions regarding life after death do not necessarily seem to relate to
religious beliefs. Also, a large number of respondents stated that they do not believe in life
after death, despite their strong religious belief: “I believe in God. I don’t believe in life
after death.” (I71, female, late 70s); “I can’t say that it (life after death) exists.” (I64, female,
mid 80s); “It could be (life after death).” (I65, male, mid 80s); “It exists (life after death). I
think hell is on earth here.” (I62, female, late 60s); “It’s a continuation of present life.” (I63,
female, early 70s); “I don’t believe in life after death (as the orthodox religion describes it).
”I believe in reincarnation.” (I66, male, early 70s).

Another marginal topic was found in a negligible proportion of the participants self-
identified as atheists, attributing human existence to Darwinist evolutionism: “Fear of (life
after) death has not affected my decisions in life, as long as I live here, I do what I think
is right, not to affect others, to be good, with family and friends.” (I63, female, early 70s).
This assertion is supported by the observation that “life choices and actions in life are not
influenced by the idea of death, but rather by the idea of life” (I66, male, early 70s). In
this context of analysis, the concept of life after death does not inherently signify a source
of meaning.

In the end, we can state that the existence of all these sources of meaning does not
guarantee a state of well-being or a high quality of life. However, it appears to provide the
necessary intentional coherence, acceptance of reality, and access to coping mechanisms,
whose adaptive nature depends on the rigidity of thinking of old people. Further research
is necessary to fully elucidate the implications of this phenomenon.

While this study provides valuable insights into the sources of meaning for insti-
tutionalized elderly adults, future research should expand the sample to include non-
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institutionalized and culturally diverse populations to improve generalizability. Addition-
ally, a mixed-methods approach (combining qualitative depth with quantitative validation)
could further verify thematic patterns. Exploring the interplay between religiosity, inter-
generational transmission, and social relationships may reveal deeper mechanisms by
which older adults construct meaning. Such investigations could inform more tailored
interventions to enhance well-being in aging populations.

Although broadly consistent with international findings, the results of this study high-
light culturally specific orientations among Romanian institutionalized elderly individuals,
including a critical and personalized approach to religious practice and a pronounced
emphasis on intergenerational moral legacy. These findings underline the necessity of
considering cultural and socio-historical contexts when interpreting meaning-making
processes in older adulthood.

This study highlights key areas that could guide interventions aimed at enhancing
meaning in life among institutionalized elderly residents. Encouraging opportunities for
spiritual engagement, promoting intergenerational value transmission, fostering social
connectedness, and supporting personal goal-setting could strengthen residents’ sense of
purpose and fulfillment. By addressing these dimensions, retirement homes may signifi-
cantly improve the psychological well-being and overall quality of life of their residents.
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Appendix A. COREQ Checklist

The following table summarizes the reporting of the applicable items from the COREQ
32-item checklist for this study.

Domain 1: Research team and reflexivity

Item Description in the Study

Research team
Interviews were conducted by two doctoral students and a
coordinating professor.

Education and
occupation

All researchers had higher education in psychology, and prior
experience in qualitative research.

Relationship with
participants

No prior relationship with participants; recruitment was
voluntary after study objectives were explained.

Personal relevance
and reflexivity

Researchers used reflexivity techniques to minimize
personal bias.
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Domain 2: Study design

Item Description in the Study

Setting
Interviews were conducted at “Saint Pious Parascheva”
nursing home, in private dedicated spaces.

Participants
25 individuals aged between 67 and 93 years; inclusion
criterion: institutionalized residents.

Recruitment Voluntary recruitment after presenting study objectives.

Interview guide
Semi-structured, based on specialist literature;
informally pre-tested.

Data collection
Audio-recorded interviews with explicit consent; approx.
60 min each.

Data saturation
Thematic saturation reached after 20 interviews; remaining
interviews confirmed findings.

Domain 3: Analysis and findings

Item Description in the Study

Transcription
Full transcription with Transkriptor© software; manually
validated by researchers.

Software used
NVivo© used for initial coding; manual processing later due
to language limitations.

Method of analysis
Inductive thematic analysis; coding triangulation
between researchers.

Validity and rigor Continuous reflexivity; consensus on main themes.

Confidentiality
Anonymization through coded identifiers; secured storage of
audio and text data.
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Abstract: Minor neurocognitive disorders (NCDs) represent a transitional phase between
normal cognitive aging and dementia, highlighting the importance of early interventions.
This study assessed the efficacy of a structured 6-month computerized cognitive training
(CCT) program in stabilizing cognitive decline among older adults with minor NCDs.
One hundred participants were randomly assigned to an intervention group or a non-
intervention group. The intervention group underwent weekly, personalized CCT sessions
using the MeMo program, which targeted memory, attention, and adaptability. Cognitive
performance was measured at baseline and after six months using the Cambridge Cognitive
Examination (CAMCOG). Statistical analysis showed significant cognitive decline in the
non-intervention group in orientation (p = 0.032), language expression (p = 0.008), praxis
(p = 0.008), and memory (p = 0.01). In contrast, the intervention group showed no significant
changes, except for a minor decline in perception (p = 0.003). These results suggest that CCT
may help delay cognitive deterioration in minor NCDs. However, while cognitive decline
was stabilized, no significant improvement was observed. Further research is recommended
to investigate the long-term benefits and the transferability of cognitive gains. The findings
support the use of CCT as a non-pharmacological health promotion strategy for enhancing
cognitive resilience in aging populations. The novelty of this research lies in its focus on
adaptive CCT as a non-pharmacological intervention, highlighting the potential role of
neuroplasticity in delaying cognitive decline and offering new insights into personalized
cognitive health strategies for aging populations.

Keywords: minor neurocognitive disorders; computerized cognitive training; cognitive
decline; health promotion; neuroplasticity; aging
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1. Introduction

Minor neurocognitive disorders (minor NCDs), historically known as Mild Cognitive
Impairment (MCI), represent a transitional stage between normal aging and dementia,
characterized by noticeable but not disabling cognitive decline. Over the years, various
terms have been used to describe mild cognitive deterioration, including “benign senescent
forgetfulness” (Kral, 1958) and “age-associated memory impairment” (Crook & Larrabee,
1988). However, Petersen and colleagues proposed the widely accepted term MCI, which
remains a benchmark in clinical and research contexts (Petersen et al., 1999). The intro-
duction of the DSM-5 in 2013 marked another important development, broadening the
concept under the category of neurocognitive disorders (NCDs), which includes both
mild and major types (Simpson, 2014). Early identification of minor NCDs is essential
for promoting healthy aging, as timely interventions may delay or prevent progression to
severe NCDs. Epidemiological data indicate that minor NCD prevalence increases with
age, affecting approximately 15.8% of individuals over 60 and 28.6% over 80 (Petersen et al.,
2018). While some cases of minor NCDs revert to normal cognitive levels, others progress
to dementia, with depression and genetic factors (e.g., the APOE ε4 allele) playing critical
roles in determining outcomes. Thus, early detection can enhance clinical decision-making
and support preventive health strategies (Liu et al., 2013; Petersen et al., 2014).

Neuroplasticity refers to the brain’s ability to reorganize and form new neural connec-
tions throughout life and plays a crucial role in maintaining cognitive function during aging
(Smith, 2013). While aging is generally associated with a decline in neuroplastic potential,
research highlights that the brain retains a significant capacity for adaptive changes even
in later life stages (Bruel-Jungerman et al., 2007; Swaab, 1991). Factors such as cognitive
stimulation, physical activity, and social engagement have been shown to enhance synaptic
plasticity, promote neurogenesis, and improve overall brain resilience (Stern, 2002; Stern
& Barulli, 2019). Moreover, interventions aimed at boosting neuroplasticity, including
structured cognitive training and lifestyle modifications, have been linked to improved out-
comes in individuals with minor NCDs (Scarmeas et al., 2003). Having an understanding
of neuroplasticity during aging offers a promising path for the development of preventive
strategies to slow cognitive decline and delay the onset of neurodegenerative diseases
such as Alzheimer’s disease (AD) (Alexopoulos, 2005; Kolb et al., 2017; Sachs-Ericsson &
Blazer, 2015). Therefore, promoting neuroplasticity through lifelong learning and a healthy
lifestyle is considered essential for healthy brain aging.

Extensive research highlights the potential benefits of cognitive interventions for older
adults with minor NCDs. A meta-analysis by Li et al. showed that while no pharmaco-
logical treatment provides long-term benefits, cognitive training improves both cognitive
performance and self-assessment (Li et al., 2011). Finn and McDonald observed enhanced
performance through computer-based training, noting that participants retained the ability
to transfer skills across domains (Finn & McDonald, 2011). Similarly, Fiatarone Singh and
colleagues found that combining physical exercise with cognitive training significantly
improved cognitive function over 18 months (Fiatarone Singh et al., 2014). Barban and
colleagues demonstrated superior outcomes from cognitive training combined with posi-
tive memory recall therapy in minor NCDs and healthy older adults across four European
countries (Barban et al., 2016). Further, Hill and colleagues highlighted the advantages
of computer-based interventions, including low cost, adaptability, and scalability (Hill
et al., 2017). Recent studies emphasize that combined interventions, including exercise and
cognitive training, are among the most effective strategies for cognitive improvement in
minor NCDs (Xu et al., 2021).

Computerized cognitive training (CCT) involves the use of specially designed com-
puterized programs, often referred to as “serious games” delivered via computers, tablets,
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or smart TVs. Zyda defines “serious games” as interactive digital competitions, developed
with an educational goal alongside entertainment, aiming to improve skills or impart
knowledge (Zyda, 2005). These games combine narrative, artistic design, and software
engineering with a pedagogical dimension, emphasizing that while education is critical, en-
tertainment should take precedence to ensure engagement. Several studies have explored
the effectiveness of these programs on cognitive functions in older adults with minor NCDs
(Barnes et al., 2009; Chae & Lee, 2023; Delbroek et al., 2017; Hagovská et al., 2017; Han et al.,
2014; Hyer et al., 2016; Rozzini et al., 2007; Unverzagt et al., 2007). Improved cognitive
functions have been reported following NPT software-based training, specifically in areas
such as memory (short-term, long-term, verbal, and visual), attention (both spread and di-
vided), perception (including perceptual recognition and identification), verbal fluency, and
psychomotor learning (Cipriani et al., 2006). Similarly, Talassi et al. (Talassi et al., 2007) and
Rozzini et al. (Rozzini et al., 2007) found enhanced cognitive and emotional outcomes from
combined interventions, including behavioral therapy and pharmacological treatments.
Barnes et al. highlighted improvements in visual memory and language skills (Barnes
et al., 2009), while Herrera et al. observed positive effects on episodic recall and recognition
after 12 weeks of training (Herrera et al., 2012). González-Palau and colleagues demon-
strated that the “Long Lasting Memories” (LLM) program improved general cognitive
function and reduced depressive symptoms over a 12-week period (González-Palau et al.,
2014). Moreover, research on virtual reality-based programs has shown promising results.
Thapa and colleagues and Maeng and colleagues observed cognitive improvements and
enhanced visuospatial skills in participants undergoing VR-based training (Maeng et al.,
2021; Thapa et al., 2020). Recent systematic reviews and meta-analyses (Bahar-Fuchs et al.,
2017; Ge et al., 2018) have confirmed that CCT leads to improvements in both cognitive
and emotional functioning.

Building on the extensive literature review, it becomes evident that CCT offers signifi-
cant potential for promoting cognitive resilience in older adults with mild neurocognitive
disorders (NCDs). However, important gaps persist regarding its long-term efficacy and
the most effective implementation protocols. While existing research has predominantly
focused on short-term cognitive improvements, sustained benefits and the transferability
of these gains to untrained cognitive domains or everyday functional tasks remain under-
explored. Therefore, the present study aims to assess the effectiveness of a structured CCT
program, specifically designed to improve cognitive function and/or delay progression
to severe cognitive impairment in this vulnerable population. By focusing on adaptive,
computer-based interventions, this research seeks to contribute valuable insights into health
promotion strategies tailored to aging individuals.

2. Materials and Methods

2.1. Subjects

All participants were regularly monitored by the interdisciplinary team of the De-
mentia Outpatient Clinic at the Department of Neurology, University General Hospital
of Alexandroupolis, were recruited from the broader region of Thrace, and represented a
diverse sample in terms of age, educational background, and reported duration of cognitive
decline. All participants were initially interviewed to collect demographic data and de-
tailed medical history, including any previous diagnoses, as well as information regarding
cardiovascular, metabolic, and neurological disorders, and past or current emotional or
psychiatric conditions. Following the interview, each participant underwent a thorough
clinical evaluation, which included a neurological examination, cognitive assessment, brain
imaging, and specialized biochemical and hematological testing. The inclusion criteria
were the following: age over 50 years old; subjective cognitive decline or cognitive decline
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reported by an informant (e.g., spouse, adult child, or primary caregiver) who had regular
contact with the participant and who could provide reliable observations of cognitive
changes lasting at least six months prior to study enrollment; cognitive impairment verified
through formal cognitive testing, preserved functional capacity in daily life activities; Greek
as the native language; and adequate sensory and motor functions to ensure reliable partic-
ipation in psychometric assessments and cognitive training sessions. Sensory and motor
abilities were evaluated during the initial clinical examination, including basic vision and
hearing screening (with corrective aids if necessary) and a brief neurological assessment
to verify fine and gross motor skills, ensuring participants could effectively interact with
the touchscreen device used in cognitive training. Cognitive impairment was verified
through formal cognitive testing, including the Montreal Cognitive Assessment (MoCA)
(Nasreddine et al., 2005; Tsiakiri et al., 2021) and the Cambridge Cognitive Examination
(CAMCOG) (Roth et al., 1986; Tsolaki et al., 2000), in accordance with DSM-5 criteria.
The diagnostic process also involved a comprehensive clinical evaluation that included
medical history, neurological examination, neuroimaging, and laboratory tests to rule out
secondary causes of cognitive impairment. Subjective cognitive complaints were validated
through both self-reports and informant reports provided by close family members or
caregivers with regular contact with the participant. To differentiate between normal
cognitive aging and minor NCD, we applied neuropsychological criteria based on age-
and education-adjusted normative data, considering scores 1 to 1.5 standard deviations
below the mean as indicative of cognitive decline. Potential confounding factors, such as
comorbid medical conditions, were systematically evaluated and considered in the diag-
nostic process. The exclusion criteria were the following: prior diagnosis of dementia, other
neurological disease; other major psychiatric disorder (such as psychosis, major depressive
disorder, bipolar disorder, etc.), major cardiovascular diseases; current pharmacological
treatment with cholinesterase inhibitors, antipsychotic medications, anticholinergic drugs,
benzodiazepines, or neuroleptics.

After completing the screening process, 100 individuals met the diagnostic criteria for
minor NCD, as defined in the DSM-5 (Simpson, 2014), as well as the inclusion/exclusion
criteria of this study, and were further allocated into the two groups of this study (i.e.,
an intervention group and a non-intervention group). All participants provided written
informed consent prior to their inclusion in this study. Ethical approval was obtained from
the Scientific Board of the University General Hospital of Alexandroupolis (ΔΣ1/Θ68/06-
04-2020). The data were analyzed anonymously.

2.2. Materials
2.2.1. Clinical Assessment

Participants’ clinical assessment and follow-up at the Dementia Outpatient Clinic
were carried out by a multidisciplinary team, which consisted of experienced medical
professionals, nursing staff, and experts from various other fields. All relevant information
was systematically documented in an electronic medical record, including demographic
details, provisional diagnoses, findings from clinical and laboratory testing, vascular risk
factors, and data regarding the onset and progression of the disease.

2.2.2. Neuropsychological Assessment

The primary tool used in this evaluation was the Cambridge Cognitive Examination
(CAMCOG), a subscale of the Cambridge Mental Disorders of the Elderly Examination
(CAMDEX), first introduced by Roth and colleagues (Roth et al., 1986; Tsolaki et al., 2000).
CAMCOG is widely regarded as a reliable instrument for detecting cognitive deficits and
assessing patients with minor NCDs. It provides a total score ranging from 0 to 107, based
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on responses to 60 individual items, and covers nine distinct cognitive domains: orientation,
language comprehension, language expression, attention, praxis, calculation, abstraction,
memory, and perception. The administration of the CAMCOG typically requires 30 to
40 min, but may take longer depending on the severity of the participant’s cognitive deficits.
This tool has been recommended for the detection of mild NCDs and is considered effective
in differentiating between normal aging and pathological cognitive decline (Aprahamian
et al., 2011; Conde-Sala et al., 2012). In accordance with the study design, the assessments
were conducted at two key points: initially upon the participants’ enrollment in the study
(T0), and exactly six months later (T1), for both the intervention and non-intervention
groups. This ensured consistency in the assessment timeline across groups, with the
intervention group completing their cognitive training and the non-intervention group
undergoing routine clinical follow-up during this same period.

2.2.3. Computerized Cognitive Training (CTT) Program

In this study, the Memory Motivation (MeMo) program served as a primary tool for
cognitive training (Memory Motivation, n.d.; P. Robert et al., 2020). The MeMo is an online
application developed to support individuals with cognitive disorders, healthcare profes-
sionals engaged in the prevention of cognitive decline and stimulation, and anyone seeking
to enhance their memory and attention. Designed by a team of healthcare experts from the
Institut Claude Pompidou, Association IA, CoBTeK lab, and Université Côte d’Azur in Nice,
France, the MeMo program was translated into Greek for the purpose of the present study
(Department of Neurology, University General Hospital of Alexandroupolis, Democritus
University of Thrace), following authorization from its creators. MeMo offers a variety of
recreational activities and exercises specifically designed to strengthen and train cognitive
functions. The program focuses on three core areas: memory, adaptability, and attention.
Each exercise is tailored to target a specific cognitive skill, allowing for personalized training
based on the individual’s identified deficits. The training activities in MeMo are divided
into two main sections. The first section focuses on memory, offering three distinct exer-
cises: “Recognition”, aimed at improving visual memory; “MeMo Quiz”, designed to train
working memory; and “Faces”, which helps users practice memory recall. The second
section emphasizes mental flexibility and attention, featuring three additional exercises:
“Arrows”, which targets processing speed, inhibitory control, and cognitive flexibility; “Com-
plex Cards”, which is geared toward enhancing working memory; and “Square Jumps”,
aimed at training response prediction and inhibitory control. Each exercise includes graded
difficulty levels and tracks users’ personal scores and progress over time. When a user
achieves the highest score in a specific level, they are automatically promoted to the next
level. The adaptive nature of the MeMo program lies in its dynamic adjustment of exercise
difficulty. While the content of the exercises is standardized, the program automatically
advances participants to more challenging levels when tasks are successfully completed.
Conversely, if a participant struggles, the program retains them at the current level, allowing
for continued practice until mastery is achieved. This adaptive mechanism ensures that
each individual engages with tasks that correspond to their cognitive performance, pro-
moting effective and personalized cognitive stimulation. After creating an account, users
can monitor their performance and progress, while therapists can also track the long-term
development of their patients. The MeMo application is freely accessible at the following link,
http://www.memory-motivation.org/home-4/, and is available in four different languages:
English, French, Italian, and Greek. It has been primarily utilized in studies conducted by
its developers to evaluate its effectiveness in cognitive training for older adults with minor
neurocognitive disorders. Although external studies are currently limited, the available
research highlights its potential as a valuable non-pharmacological intervention.
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2.3. Procedure

All participants were randomly assigned to one of two groups: the intervention group,
consisting of participants who completed the cognitive intervention program, and The
non-intervention group, which comprised individuals who continued with their standard
clinical follow-up, which included routine medical monitoring, health consultations, and
general advice provided by the Dementia Outpatient Clinic. However, they did not receive
any structured cognitive training or specific cognitive stimulation during the study period.

For the intervention group, each individual cognitive training session consisted of
activities from the MeMo program. Sessions were scheduled to last 45 min each. Sessions
were held once a week over a period of six consecutive months. All interventions were
tailored to individual needs, and appropriate electronic equipment was available for
delivering the CCT programs. The program sessions were conducted in a dedicated space
provided by the Department of Neurology, located within the urban area of the city. This
environment was carefully selected to ensure minimal distractions and was equipped
with adequate lighting to create an optimal setting for cognitive training. A laptop with a
touchscreen was primarily used, as it was observed that using a computer mouse reduced
performance in time-sensitive tasks, while tablets were deemed inadequate due to their
smaller screens.

Before starting the program, participants attended two introductory sessions to become
familiar with the computer equipment and software. Participation in the program was
entirely voluntary, and individuals were free to withdraw at any time if they wished. The
recruitment of the 50 participants was carried out in staggered phases to ensure that the
program could be delivered consistently by a single researcher, who conducted all sessions
to maintain uniformity and reduce the likelihood of participant dropout.

2.4. Statistical Analysis

Comparisons between the intervention and non-intervention groups at baseline demo-
graphic and clinical characteristics were made using an independent t-test (age), a Mann–
Whitney U test (education, MoCA), and chi-square (sex distribution). Generalized linear mixed
models (GLMMs) were applied to examine the effect of the interaction TIME*intervention
on nine dependent variables of CAMCOG (orientation, language comprehension, language
expression, attention, praxis, calculation, abstraction, memory, perception). A negative bino-
mial distribution was chosen in all cases based on the Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC). The significance level was set at p = 0.05, adjusted for
multiple comparisons with Bonferroni correction. IBM SPSS Statistics software (Version 29,
IBM SPSS Inc., Chicago, IL, USA) was used for statistical analyses.

3. Results

The final sample consisted of 100 participants of both sexes. The demographic char-
acteristics and MoCA scores of the participants at baseline are presented in Table 1. The
groups did not differ in age (p = 0.172), sex distribution (p = 0.260), education (p = 0.057), or
MoCA score (p = 0.068).

Table 2 presents descriptive statistics comparing two groups (i.e., non-intervention and
intervention) at two time points, t0 (baseline) and t1 (follow-up), across various cognitive
domains as measured by CAMCOG. Each cognitive domain was assessed at both time
points. The results are reported separately for the groups, and the data format includes the
mean value followed by the SD.

Table 3 presents the results of pairwise comparisons for the CAMCOG target variables
measured at two time points (t0 vs. t1) for the two groups (the intervention and non-
intervention group). Post hoc analysis revealed significant differences between the two
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time points (t0 vs. t1) for the non-intervention group in several CAMCOG variables, but not
for the intervention group. Specifically, the non-intervention group showed significantly
worse performance at t1 in orientation (p = 0.032), language expression (p = 0.008), praxis
(p = 0.008), and memory (p = 0.01). Furthermore, there were significant differences for
both intervention and non-intervention groups in CAMCOG-perception (intervention
group: p = 0.003; non-intervention group, p = 0.03), with both groups showing worse
performance at t1.

Table 1. Demographic characteristics and MoCA scores of groups at baseline (t0).

Total Sample
Non-Intervention

Group
Intervention

Group
p-Value

Age (yrs) 69.92 ± 7.45 68.90 ± 8.35 70.94 ± 6.35 0.172
Sex (M/F) 27/73 16/34 11/39 0.260

Education (yrs) 9.48 ± 4.96 8.48 ± 5.32 10.48 ± 4.39 0.057
MoCA 24.72 ± 2.07 24.40 ± 2.15 25.04 ± 1.96 0.068

Notes. yrs = years; M/F = male/female; MoCA = Montreal Cognitive Assessment.

Table 2. Descriptive statistics (mean ± SD) of CAMCOG scores across intervention and non-
intervention groups at baseline (t0) and follow-up (t1).

Baseline (t0) Groups Follow-Up (t1) Groups

Non-Intervention Intervention Non-Intervention Intervention

Orientation 9.96 ± 0.20 9.94 ± 0.31 9.78 ± 0.58 9.92 ± 0.40

Language
comprehension 6.38 ± 0.75 6.44 ± 0.76 6.24 ± 0.74 6.50 ± 0.68

Language expression 23.82 ± 2.72 24.22 ± 2.35 23.00 ± 2.93 24.10 ± 2.64

Attention 6.40 ± 1.03 6.68 ± 0.65 6.46 ± 0.73 6.62 ± 0.67

Praxis 26.42 ± 2.32 26.76 ± 2.02 25.68 ± 2.80 26.48 ± 2.10

Calculation 2.02 ± 0.14 2.00 ± 0.00 2.02 ± 0.14 2.00 ± 0.00

Abstraction 5.30 ± 1.66 5.52 ± 1.52 5.42 ± 1.68 5.52 ± 1.50

Memory 26.16 ± 3.55 25.86 ± 3.60 25.42 ± 3.99 25.46 ± 3.94

Perception 8.80 ± 1.92 9.14 ± 1.05 8.54 ± 1.93 8.76 ± 1.22
Notes. SD = standard deviation; CAMCOG = Cambridge Cognitive Examination.

Table 3. Pairwise comparisons of CAMCOG target variables across time points (t0 vs. t1) for the two
groups (non-intervention, intervention).

CAMCOG Target Variables Groups Contrast Estimate (SE) Statistics (t, df, padj)

Orientation
Non-intervention 0.180 (0.083) t (196) = 2.159; padj = 0.032

Intervention 0.020 (0.045) t (196) = 0.448; padj = 0.655

Language comprehension Non-intervention 0.139 (0.080) t (196) = 1.749; padj = 0.082
Intervention −0.060 (0.071) t (196) = −0.838; padj = 0.403

Language expression Non-intervention 0.816 (0.304) t (196) = 2.683; padj = 0.008
Intervention 0.120 (0.228) t (196) = 0.524; padj = 0.601

Attention
Non-intervention −0.060 (0.130) t (196) = −0.458; padj = 0.647

Intervention 0.060 (0.059) t (196) = 1.010; padj = 0.314

Praxis
Non-intervention 0.738 (0.273) t (196) = 2.701; padj = 0.008

Intervention 0.279 (0.179) t (196) = 1.565; padj = 0.119
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Table 3. Cont.

CAMCOG Target Variables Groups Contrast Estimate (SE) Statistics (t, df, padj)

Calculation
Non-intervention 0.000 (0.000) n/a

Intervention −0.000 (0.000) n/a

Abstraction
Non-intervention −0.115 (0.153) t (196) = −0.754; padj = 0.452

Intervention −0.000 (0.117) t (196) = −0.000; padj = 1.000

Memory Non-intervention 0.734 (0.283) t (196) = 2.592; padj = 0.010
Intervention 0.397 (0.440) t (196) = 0.902; padj = 0.368

Perception Non-intervention 0.256 (0.117) t (196) = 2.180; padj = 0.030
Intervention 0.378 (0.125) t (196) = 3.012; padj = 0.003

Notes. CAMCOG = Cambridge Cognitive Examination; SE = standard error; padj = Bonferroni adjusted p-value. Bold
p-values represent significant differences between t0 and t1, after Bonferroni correction for multiple comparisons.

The CAMCOG variables with statistically significant differences are graphically repre-
sented in Figure 1a, Figure 1b, Figure 1c, Figure 1d, and Figure 1e, respectively.

 

Figure 1. (a). Changes in target CAMCOG variable of orientation over time (t0 and t1) for intervention
and non-intervention groups. (b). Changes in target CAMCOG variable of language expression
over time (t0 and t1) for intervention and non-intervention groups. (c). Changes in target CAMCOG
variable of praxis over time (t0 and t1) for intervention and non-intervention groups. (d). Changes
in target CAMCOG variable of memory over time (t0 and t1) for intervention and non-intervention
groups. (e). Changes in target CAMCOG variable of perception over time (t0 and t1) for intervention
and non-intervention groups.
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4. Discussion

The present study highlights a critical distinction between the cognitive trajectories of
participants receiving a 6-month intervention and those without any structured cognitive
support. Specifically, our study suggests that a CCT program provided through a 6-month
period may stabilize cognitive decline in individuals with minor NCD; while significant
cognitive decline was observed across multiple domains in the non-intervention group, the
intervention group mainly demonstrated a pattern of no changes over time.

4.1. CCT and Underlying Mechanisms in Cognitive Decline

One of the key findings of the present study is that overall cognitive functioning in the
intervention group did not show any significant decline (except for CAMCOG-perception),
a result that supports the hypothesis regarding the efficacy of the proposed personalized
CCT intervention. Although no significant improvement was identified, the absence of
significant decline in most cognitive domains indicates that the CCT intervention may
have played a protective role against progressive cognitive deterioration. In contrast to the
intervention group, the non-intervention group showed statistically significant declines in
various cognitive domains. Orientation exhibited a notable reduction, reflecting diminished
spatial and temporal awareness over time in the absence of external cognitive engagement.
Language expression also showed a marked decline, highlighting progressive deterioration
in verbal fluency and communication abilities. Similarly, praxis was negatively affected,
indicating a worsening capacity to perform learned motor sequences, potentially linked
to reduced coordination and planning functions. Memory performance declined as well,
aligning with the expected trajectory of cognitive aging in the absence of active cogni-
tive stimulation. Additionally, sensory perception demonstrated a significant decrease,
underscoring the natural progression of cognitive impairment over time.

Our findings are in line with the existing literature suggesting that cognitive training can
be a promising approach for slowing cognitive decline (Butler et al., 2018) and/or improving
cognitive performance and behavioral symptoms (Ge et al., 2018; Hill et al., 2017), as well as
neuropsychiatric symptoms (Liang et al., 2018). Similar trends were reported in a previous
study, where the most notable changes were observed in language and memory (Barnes et al.,
2009). Additionally, two other studies documented improvement tendencies in memory,
although these were not supported by statistically significant results in neuropsychological
tests (Rapp et al., 2002; Troyer et al., 2008). This observation aligns with previous findings,
suggesting that older adults with minor NCDs can benefit from cognitive interventions
across multiple cognitive and non-cognitive domains (Hughes et al., 2014).

The sustainability of cognitive improvement over time has been questioned in previous
studies and cannot be answered in the present study, where only short-term effects were
examined. The SMART study highlighted that cognitive training preserved memory per-
formance, but only during the intervention period, suggesting that the benefits of cognitive
interventions are contingent on continuous practice across multiple cognitive domains (Fi-
atarone Singh et al., 2014). Similarly, short-term improvement in cognition has been found in
subjects with mild cognitive deficits following the implementation of a computer-assisted
cognitive rehabilitation program (Mansbach et al., 2017). However, a systematic review of 32
studies emphasizes both short- and long-term benefits of cognitive interventions (Hong et al.,
2015). Of note, CCT has been proposed as a technique with potential long-term benefits for
cognitive health (Bahar-Fuchs et al., 2017; Lampit et al., 2014; Shah et al., 2017; Tsiakiri, 2022).
It has been suggested that computer-based interventions are more effective for cognitive
training, while structured instructional interventions are superior in fostering self-assessment
skills (Li et al., 2011). CCT has also been effective for the improvement of emotional well-
being. A previously published sub-study by Tsiakiri and colleagues reported similar results,
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showing enhancements in emotional status (Tsiakiri et al., 2024c). Furthermore, not only
CCT, but also other digital activities, such as brain-training games, have been shown to
enhance overall cognitive functioning (Gooding et al., 2016).

The absence of significant improvement in memory performance in the intervention
group is a noteworthy finding, particularly since memory is a core domain targeted in
cognitive training for individuals with NCDs. Several factors may account for this outcome.
While the MeMo program includes exercises designed to stimulate memory-related pro-
cesses, such as working memory and recall tasks, it is possible that the program’s structure
did not provide sufficient intensity or task specificity to elicit measurable gains in memory.
The adaptive design of the program focuses primarily on performance-based progression,
which may favor improvements in cognitive flexibility and attention rather than engag-
ing the deeper encoding and consolidation processes necessary for enhancing memory.
Additionally, the memory tasks within the MeMo program may have been more focused
on short-term and working memory rather than on episodic memory, which tends to be
more vulnerable in individuals with minor NCDs. This focus could partially explain the
discrepancy between our findings and those of previous studies that reported significant
memory improvements following cognitive interventions specifically tailored to episodic
memory, such as those incorporating spaced retrieval or associative learning techniques.

To enhance memory-related outcomes, future iterations of the program could ben-
efit from modifications aimed at increasing task complexity with a greater emphasis on
long-term memory processes. Incorporating strategy-based training approaches, such
as mnemonic devices and visualization techniques, may also strengthen memory perfor-
mance. Furthermore, increasing the overall training intensity and frequency, along with
repeated exposure to memory-specific tasks, could contribute to more pronounced cogni-
tive gains. Combining computerized cognitive training with real-life memory exercises
or dual-task paradigms may further support the transfer of cognitive improvements to
everyday memory functions.

In our study, the absence of significant cognitive decline in the intervention group, com-
pared to the significant cognitive deterioration in several domains in the non-intervention
group, support the potential of CCT in delaying progression to dementia. Although not
specifically examined in the current study, the beneficial effects of cognitive training inter-
ventions are believed to result from neuroplastic changes at the synaptic level. For instance,
training in sensory and motor functions has the potential to alter synaptic connections in
these regions, as well as in the prefrontal cortex (Hu et al., 2021). It can also increase levels
of neurotrophic factors in the brain, enhancing resistance to neural damage (Verghese et al.,
2003). In addition, cognitive–neuroimaging studies support neuroplastic alterations in
several brain regions following cognitive training sessions, including functional changes in
the hippocampus in subjects with MCI (Rosen et al., 2011). The hippocampus is a key area
for memory functions (Bartsch & Wulff, 2015), while hippocampal and medial temporal
atrophy have been identified as key predictors of cognitive decline (van de Pol et al., 2007).
Another study combining cognitive and neuroimaging measures in MCI subjects with and
without a 7-month combined cognitive/physical training revealed significant cognitive
decline in a non-intervention group and significant cognitive improvement in an interven-
tion group, followed by a neural efficiency decline in a non-intervention group (Maffei
et al., 2017). Similarly, Klados and colleagues found that cognitive training combined with
physical exercise can reorganize the functional connectivity of the beta band in individuals
with NCDs (Klados et al., 2016). Therefore, not only is physical exercise effective for cog-
nitive enhancement (Pamboris et al., 2024; Vlotinou et al., 2023), but combined physical
and cognitive exercises maximize the benefits for brain health by pairing physical activity
and cognitive effort (Styliadis et al., 2015). The references to neuroplastic changes are
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grounded in findings from prior research on the effects of cognitive training in older adults,
which suggest that cognitive stimulation may promote neural adaptability and support
hippocampal function. However, these neurobiological mechanisms remain speculative
within the context of our results. Future studies incorporating neuroimaging or biological
markers would be necessary to validate such interpretations and provide direct evidence
of underlying neural changes associated with CCT.

Of note, cognitive training may be more effective for patients in very early stages of
cognitive impairment, with the optimal window of intervention being when individuals
report subjective cognitive decline. Previous studies have shown that the early stages of
Alzheimer’s disease benefit more from cognitive training (Clare et al., 2003). In contrast,
reversing cognitive decline in the later stages of dementia is challenging, as deficits become
severe. However, restoring residual cognitive and emotional functioning remains possible
(Sakamoto et al., 2013), as the hippocampus in NCDs may retain sufficient neuroplasticity
to benefit from cognitive training (Rosen et al., 2011). Therefore, considering that many
subjects with minor NCDs progress to have major NCDs (Tsiakiri et al., 2024a), cognitive
training interventions may have an added value by enhancing neuroplasticity and thus
delaying cognitive decline in both healthy aging and NCD populations (González-Palau
et al., 2014).

Although this study revealed statistically significant effects of computerized cogni-
tive training (CCT) in preventing cognitive decline, it is important to consider whether
these findings reflect clinically meaningful improvements in cognitive function. Statisti-
cal significance indicates that the observed changes are unlikely due to chance; however,
this does not necessarily imply that the magnitude of change has a tangible impact on
individuals’ daily functioning. The effect sizes observed in our study suggest modest
improvements, particularly in domains such as memory, language, and praxis, which are
crucial for maintaining functional independence in older adults. While these improvements
may not represent dramatic shifts in neuropsychological test scores, even small gains in
cognitive performance can be meaningful in real-world contexts, such as enhancing the
ability to manage daily tasks, maintain social engagement, and reduce the risk of further
cognitive deterioration. Moreover, the cumulative effect of cognitive stability over time,
as observed in the intervention group, could delay progression to more severe cognitive
impairment. Future research should incorporate functional outcome measures, such as
activities of daily living (ADLs) and quality of life assessments, to better capture the clinical
relevance of cognitive changes observed in CCT interventions.

4.2. Clinical Considerations and Training Effectiveness

Cognitive Training and Transfer Effects: Although the applied CCT mainly offers activ-
ities related to memory, adaptability, and attention, we found significant post-intervention
differences in memory, but also in orientation, language expression, praxis, and perception.
This highlights a key question in cognitive intervention research, i.e., whether improve-
ment in a specific cognitive domain can be transferred to other untrained domains, thereby
enhancing the brain’s neuroplasticity. Despite reports on limited such generalization across
cognitive domains (Mansbach et al., 2017), previous studies have demonstrated that healthy
older adults can benefit from cognitive training in both near-transfer tasks (similar to the
trained tasks) and far-transfer tasks (dissimilar to the trained tasks) (Karbach & Kray,
2009; Willis et al., 2006). A previous meta-analysis also found significant improvement
in functional abilities among individuals with minor NCDs following cognitive training,
suggesting a transfer effect of cognitive training (Li et al., 2011), which can also benefit
subjects’ quality of life (Hagovská et al., 2017). Of note, in other clinical groups, such as
stroke, training in processing speed in particular has shown promise in improving work-
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ing memory and daily functioning by maintaining two key neural networks involved in
cognitive regulation: the central executive network and the default mode network (Tsiakiri
et al., 2024b). The potential for transfer effects from training of one cognitive function
to untrained cognitive functions holds significant clinical relevance. Two interpretations
have been proposed to explain this phenomenon (Lin et al., 2016). The first posits that
individuals with minor NCDs, having lower baseline cognitive abilities, possess greater
room for improvement across both trained and untrained domains. The second highlights
the benefits of enriched training protocols that incorporate a combination of multiple tasks.

In this study, a total of 24 sessions per participant, with a weekly frequency of one
session lasting 45 min, offered over a period of 6 months, has not been clearly established in
the literature as sufficient for long-term outcomes. The largest cognitive gains are thought
to occur through repeated practice of a skill over an extended period, even when learned
later in life. Intensive training or practice of a novel skill can alter neural structures and
functions within a relatively short time frame of 1 week to 3 months (Rabipour & Raz,
2012). In another study, researchers concluded that brief sessions under 30 min may be
ineffective, possibly because synaptic plasticity is more likely to occur after 30 to 60 min
of stimulation (Lampit et al., 2014). On the other hand, conducting training more than
three times per week might reduce the effectiveness of computer-based cognitive programs.
These findings raise the possibility of an optimal “dose” of training, beyond which factors
such as cognitive fatigue may diminish the benefits of the intervention. In fact, the “dose
effect” of cognitive intervention is a key area of research, aimed at determining whether
the effectiveness of an intervention correlates with the duration of cognitive training or
the number of training sessions (Basak et al., 2008; Miller et al., 2013; Sood et al., 2019). To
date, there is no strong evidence that longer sessions or a greater number of total sessions
are positively associated with improved outcomes in individuals with minor NCDs. In
fact, some studies with higher session counts and longer total durations reported smaller
effect sizes (Li et al., 2011). Regarding the appropriate intervention duration, evidence
suggests that the number of sessions may not directly influence intervention outcomes.
Furthermore, a large-scale study indicated a negligible correlation between the number of
training sessions and observed transfer benefits (Owen et al., 2010).

The schedule of the present study was designed to balance cognitive stimulation
with feasibility, ensuring high adherence among older adults with minor neurocognitive
disorders. However, the literature presents mixed findings regarding the optimal ‘dose’
of cognitive training for maximizing cognitive benefits. In fact, higher session counts
and longer intervention durations do not consistently correlate with improved cognitive
outcomes, with some studies reporting smaller effect sizes under more intensive protocols.
Given these discrepancies, our protocol represents a moderate-intensity approach aimed at
providing sufficient cognitive stimulation while maintaining long-term engagement and
minimizing the risk of fatigue. Future research should focus on systematically evaluating
different training frequencies, session durations, and intervention lengths to determine the
most effective combination for enhancing cognitive outcomes, particularly in populations
with minor NCDs.

While our study demonstrated that the intervention group maintained cognitive
function over the study period, no significant cognitive improvements were observed,
which contrasts with prior research reporting cognitive gains following computerized
cognitive training (CCT). Several factors may account for this discrepancy. Firstly, the
duration of the intervention may have influenced the outcomes. Although the six-month
training period aligns with other CCT studies, it is possible that a longer intervention might
be required to produce measurable cognitive gains, particularly in populations with existing
cognitive impairments. Training frequency could also be a contributing factor; variations
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in adherence or engagement levels may have limited the cumulative cognitive stimulation
necessary to drive significant improvements. Additionally, sample characteristics may
have played a role. Our study focused on older adults with minor neurocognitive disorders
(NCDs), a group that may have reduced neuroplasticity compared to cognitively healthy
individuals, potentially limiting their capacity for cognitive gains. In contrast, studies
reporting significant improvements often include younger or healthier populations with
greater cognitive reserve. Finally, it is worth considering that the primary benefit of CCT
in populations with minor NCD may lie in the preservation of cognitive function rather
than marked improvement. Preventing decline in such vulnerable groups can be clinically
meaningful, even in the absence of measurable cognitive enhancement. Future research
should explore the impact of longer interventions, increased training intensity, and tailored
programs to maximize cognitive outcomes.

A key limitation of this study is the lack of follow-up assessments beyond the 6-month
intervention period, which limits our ability to determine the long-term sustainability
of the observed cognitive benefits. While the intervention group maintained cognitive
function during the study period, it remains unclear whether these effects persist over
time or if cognitive decline resumes once the training is discontinued. Cognitive training
interventions may produce temporary gains that diminish without continued practice, as
suggested by some longitudinal studies. Conversely, sustained cognitive benefits have
been reported in studies with extended follow-up periods, highlighting the potential role
of booster sessions or ongoing cognitive engagement in maintaining improvements. Future
research should incorporate longitudinal follow-up assessments to evaluate the durability
of cognitive training effects, ideally over periods of 12 months or longer. Such studies
could provide insights into the optimal frequency and duration of interventions required
to achieve and maintain long-term cognitive health, particularly in populations at risk for
neurocognitive decline.

The results of the present study are consistent with the existing literature on the efficacy
of computerized cognitive training (CCT) in older adults with cognitive impairments. Prior
studies, such as those by Smith (2013) and Lampit et al. (2014), have demonstrated that
CCT interventions can lead to significant improvements in cognitive domains, including
memory, attention, and executive functions. These studies emphasized the role of adaptive
training protocols, where task difficulty dynamically adjusts based on the participant’s
performance, thereby enhancing cognitive engagement, and promoting neuroplasticity.
In line with these findings, our study employed an adaptive CCT approach through the
MeMo platform, which not only adjusts the complexity of cognitive tasks in real-time, but
also allows for remote, unsupervised implementation, offering greater flexibility compared
to traditional, clinic-based interventions.

4.3. Delivery Mode in Cognitive Training

Another important aspect of the present study is the therapeutic framework in which
the intervention program was delivered. It consisted exclusively of individualized, face-to-
face sessions, with a personalized approach for each participant. These components have
been shown to enhance the effectiveness of similar interventions (Belleville et al., 2006;
Hwang et al., 2012), although some research also supports the superiority of group-based
interventions (Lampit et al., 2014; Verhaeghen et al., 1992). Direct supervision by the
researcher ensured adherence to the therapeutic protocol, provided encouragement for
completing demanding tasks, assisted in resolving technical issues, and promoted social
interaction, all of which may further contribute to the overall efficacy of such interventions.
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4.4. Motivation in Cognitive Training

A crucial element reported in cognitive training studies is the role of motivation
(Ben-Sadoun et al., 2016; Manera et al., 2015) in encouraging participation in cognitive
training programs (Ben-Sadoun et al., 2018). Motivation is considered a central component
of intervention theory for older adults with cognitive impairment (Savulich et al., 2017;
Valentijn et al., 2005). Within the motivational framework of this program, two primary
mechanisms—perceived benefit and support—were shown to influence the degree to which
older adults with cognitive dysfunction are motivated to engage in exercise-based interven-
tions. The MeMo program has been designed to enhance intrinsic motivation for continued
engagement through several key features (P. Robert et al., 2020). First, the game interface is
specifically tailored to older adults with cognitive dysfunction, incorporating a simplified
graphical user interface, straightforward instructions with regular reminders, and clear
gameplay rules, making it highly accessible to participants. Additionally, the difficulty
level of the exercises is dynamically adjusted to participants’ performance, providing an
error-free learning environment, and keeping them in a “challenge zone” to maintain en-
gagement. Finally, the program is implemented on a touchscreen device to reduce barriers
associated with unfamiliar technological interfaces, such as a mouse and keyboard, which
older adults often find difficult to use (P. H. Robert et al., 2014).

4.5. Strengths and Limitations of the Study

This study presents strengths that enhance the reliability and validity of its findings.
The rigorous inclusion criteria were based on DSM-5 standards for minor NCD, and the
comprehensive assessments ensured accurate participant selection and minimized diag-
nostic bias. Additionally, the personalized CCT intervention, delivered through the MeMo
application and supervised individually, promoted high engagement and adherence, result-
ing in minimal participant dropout. However, certain limitations must be acknowledged.
The relatively small sample size and the six-month duration of the intervention may have
restricted this study’s ability to detect long-term cognitive changes. Additionally, the lack
of long-term follow-up makes it difficult to determine whether the observed absence of cog-
nitive changes in the intervention group is sustainable over time. One potential limitation
of this study is the absence of an active control condition for the non-intervention group.
While the intervention group received structured cognitive training, the non-intervention
group continued with standard clinical follow-up without any cognitive stimulation. This
difference in engagement levels may introduce bias, as participants receiving active cog-
nitive stimulation could benefit not only from the training itself, but also from increased
mental activity and social interaction. Future studies should consider including an active
control group engaged in non-cognitive activities (e.g., social or recreational activities) to
better isolate the specific effects of computerized cognitive training. Another limitation of
this study is that one of the inclusion criteria was applied by non-specialized informants,
such as family members, which may somehow detract from the reliability of the sample.
Furthermore, a notable limitation of this study is the geographic and cultural homogeneity
of the sample, as participants were recruited exclusively from a specific region in Greece.
This may limit the generalizability of the findings to broader populations with different
cultural, educational, and socio-economic backgrounds. Cognitive training outcomes can
be influenced by cultural factors, such as cognitive reserve, lifestyle habits, and educational
systems, which may affect both baseline cognitive performance and responsiveness to
interventions. Future research should aim to replicate these findings in more diverse,
multicultural cohorts to enhance the external validity and applicability of computerized
cognitive training (CCT) programs across different settings.
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5. Conclusions

This longitudinal study evaluated the efficacy of a structured 6-month CCT program
for older adults with minor mNCDs as part of a broader health promotion strategy. Our
findings indicate that such personalized, computerized interventions can play a pivotal
role in delaying cognitive decline, particularly in domains vulnerable to age-related decline,
such as orientation, memory, language, and praxis. CCT aligns with health promotion
principles by offering an accessible, non-pharmacological approach to enhancing mental
well-being and preventing further cognitive deterioration in aging populations. Further
research with larger cohorts, longer follow-up periods, and diverse populations is necessary
to confirm the long-term benefits of this intervention. Additionally, integrating multimodal
strategies, including physical activity and social engagement, may amplify the positive
outcomes of cognitive training by addressing multiple determinants of health. These
findings highlight the potential of personalized digital tools to serve as effective, scalable
components of health promotion programs aimed at supporting cognitive health among
older adults.
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Abstract: Introduction: This study aims to investigate the relationship between olfactory identifi-
cation (OI) and cognitive impairment by examining OI abilities across various stages of cognitive
deterioration. Methods: A total of 264 participants were divided into three groups based on cognitive
status: cognitively healthy, subjective cognitive, and mild cognitive impairment. All participants were
assessed using the Sniffin’ Sticks Olfactory Identification test and a comprehensive neuropsychologi-
cal test battery. Results: Our results highlight the main effects of age and cognitive status on OI scores.
Regarding cognitive abilities, OI is associated with measures of short-term memory, long-term, work-
ing memory, and selective attention. Finally, logistic regression models showed that OI is a significant
predictor for discriminating SCD from CH, MCI from CH, and MCI from SCD. Discussion: These
findings suggest the addition of olfactory identification measures in neuropsychological assessments
could improve the early detection of individuals at risk for cognitive impairment.

Keywords: olfaction; neuroplasticity; aging; subjective cognitive decline; cognitive impairment; mild
cognitive impairment; olfactory identification; biomarker

1. Introduction

Cognitive impairment in aging is a physiological process linked to age, which, in some
cases, can lead to pathology up to dementia. Within this slow and continuous process of
deterioration, two transition phases can be distinguished. Subjective cognitive complaints
(SCCs) are defined as concerns about the worsening or malfunctioning of some aspect of
cognition, regardless of whether the cognitive impairment is detected by standardized
objective tests [1]. Then, the second corresponds to mild cognitive impairment (MCI) in
which the person presents a cognitive impairment that does not interfere or minimally
interferes with the activities of daily living [2].

Population studies with follow-ups from 3 to 20 years report that SCCs may predict
MCI and/or dementia, usually in combination with other variables such as being a woman
or having a high educational level [3,4] and being a carrier of the APOE e4 gene [5], causing
concern in the patient [6–8]. Patients who manifest these cognitive complaints are more
likely to progress to MCI and dementia [6–9]. Results from longitudinal studies with
clinical samples are more contradictory. On one side, memory complaints do not often
predict progression to dementia [10,11]. However, other studies do find an increased risk
of progression to dementia in participants with SCC [11]. The presence of SCC supposes
a criterion for subjective cognitive decline (SCD) [6,7]. SCD increases the risk of developing
pathologies such as MCI and Alzheimer’s disease [6,7]. Some studies and meta-analyses
point out that patients with SCD or subjective complaints are 1.73–2 times more likely to
develop MCI or dementia [12–16].
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In SCD, one should perceive a decline in cognitive performance in daily life with
respect to a previous stage of subjectively intact cognition. This transition from normality
to a stage of cognitive difficulties is not reflected in standardized tests, whose performance
remains within a normal range for age and educational level [6,7]. Criteria also state that
SCD is unrelated to an acute event and persists over time, so memory complaints must be
present within the past 6 months. This is because it is believed that SCD can arise as a result
of both preclinical AD and other non-neurodegenerative conditions. Thus, monitoring the
course and progression may provide insight into the possible etiology [6–8].

The prevalence of SCD is estimated between 14% and 54% [17]. It is still unclear
what factors moderate the progression between complaints and objective cognitive impair-
ment [16]; therefore, the early identification of the progression from SCD to MCI is of great
importance for public health [18].

Olfactory identification (OI), the capacity to recognize and name specific odors, is
recognized to be impacted by aging [19–22], MCI [23–25], dementia [21,26,27], and more re-
cently, it has been associated with an asymptomatic preclinical stage of AD, SCD [16,28–30].

A single measure of OI dysfunction might predict, not only an increase in cognitive
decline up to 15 years later [31–34] but also a higher risk of conversion from normal
cognition to MCI [35] and from MCI to AD [32]. Furthermore, olfactory deficits are
associated with neurodegenerative findings detectable by neuroimaging [34,36–38].

Deterioration in OI is intimately related to cognitive decline in various pathological
conditions and aging. The association between the neuroanatomy of the olfactory system
and cognition [32,39,40] is well supported by the literature. This association highlights
a close relationship with memory, given the proximity of the hippocampus and olfactory
cortex. Additionally, the prefrontal cortex is also a neocortical region involved in olfactory
processing, which suggests a relationship between OI performance and executive func-
tioning. Studies with functional neuroimaging support the relevance of these regions in
olfactory functioning [41]. Olfactory and cognitive performance share neural correlates af-
fected by physiological aging. Brain structures closely related to the olfactory system show
significant early histopathology in MCI and AD, and the brains of AD patients invariably
show neuropathology in the entorhinal cortex [42,43]. It is worth highlighting a correla-
tion between psychophysical measures of olfactory function and hippocampal volumetric
loss [43,44]. Several studies have emphasized the potential usefulness of an olfactory
identification test and hippocampal volume loss for the early detection of AD [45,46].

Olfactory status is reliably associated with cognitive health, and the severity of olfactory
dysfunction appears to be associated with the rate of cognitive impairment [27,34,47–49].

The aim of this study is to understand the association between OI and cognitive
impairment by analyzing the olfactory identification abilities across different stages of
cognitive deterioration (CH, SCD, MCI) and determining if these variations can help
categorize individuals accurately while exploring the relationship between OI and cognitive
domains (memory, executive functioning, attention, executive functioning, visuospatial
skills, and language) in a sample of older adults representing a continuum of performance
capability. Thereby, this study contributes to the broader goal of enhancing early diagnostic
capabilities in cognitive impairment.

2. Materials and Methods

2.1. Participants

An initial pool of 297 Spanish-speaking older adults volunteered to participate in this
study. All the participants were recruited through advertisements in senior centers and
health centers in the Community of Madrid (Spain). All the participants were informed
about the study guidelines and gave written informed consent to participate in this study.

The general inclusion criteria were (i) age ranging from 55 to 90 years; (ii) no prior
diagnosis of dementia; (iii) no records of any neurological alterations, such as stroke, head
trauma, or encephalitis; (iv) absence of current otorhinolaryngological issues; and (v) com-
pliance with testing procedures. Once the general inclusion criteria for this study were
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fulfilled, the participants were assigned to one of three clinical cohorts, based on their
cognitive status. These cohorts were cognitively healthy participants (CH), participants
with subjective cognitive decline (SCD), and participants with mild cognitive impairment
(MCI). A fourth clinical cohort of participants with a serious risk of dementia and/or
probable Alzheimer’s disease (AD) was identified. However, due to its limited sample size,
this cohort was excluded from further analyses. The inclusion criteria for the cognitively
healthy (CH) cohort were screening score > 26 (MoCA > 26), normal performance in neu-
ropsychological tests, and no self-reported complaints about their cognitive status. The
diagnostic criteria for subjective cognitive decline were screening score > 26 (MoCA > 26),
performance in neuropsychological tests within the normal limits, and self-reported com-
plaints about their cognitive status. These complaints were measured with three questions:
(Q1) Do you have memory problems?; (Q2) Do you forget where you put things? and (Q3) Do
you forget the names of family and acquaintances? Response options for Q1 were yes or no.
This is a frequently asked question in most population studies about SCD [50]. Both Q2
and Q3 have two alternatives: Rarely (interpreted as no) or Frequently (interpreted as yes).
Those participants who answered yes to Q1, Q2, and Q3 were considered to satisfy the self-
reported complaints criteria. These SCD criteria were obtained from Jessen et al. (2020) [7].
MCI diagnosis was performed following the criteria in Albert et al. (2013) [51]: (i) evidence
of concerns about cognitive changes compared to a previous level, corroborated by an
informant; (ii) evidence of worse than expected performance in at least one cognitive
domain (−1.5 SD), according with age and educational background; (iii) preservation of
functional independence in activities of daily life; and (iv) disagreement with criteria for
diagnosis of dementia.

The exclusion criteria from the study were (i) medical history of olfactory alterations,
including nasal polyps, rhinitis, rhinosinusitis, or previous otorhinolaryngological surgery;
(ii) medication intake which may affect olfactory performance (such as some antibiotics,
antiepileptics, antithyroids, benzodiazepines, or antiarrhythmics); (iii) presence or suspi-
cion of psychiatric alterations, such as depressive or psychotic disorders (self-reported
by the participant or present in clinical history); and (iv) presence of olfactory deficits or
alterations due to COVID-19 infection (self-reported or present in the clinical history).

The final sample, after eligibility criteria, was composed of 264 participants
(68.04 ± 7.58 years; 172 women of 67.4 ± 7.27 years and 92 men of 69.2 ± 8.05 years).

2.2. Study Design

The present study follows a cross-sectional non-experimental design, as no manip-
ulation for independent variables nor random allocation was performed and measures
were taken once per participant. The assessment procedure was carried out between
September 2021 and September 2022. The complete procedure was administered in one
visit. In this visit, all participants underwent the neuropsychological test battery described
in Section 2.3 and the Olfactory Identification Test (from Sniffin’ Sticks Olfactory Test).
Supplementary Table S1 displays a summary of the study methods.

This research followed the tenets of the Declaration of Helsinki (Edinburgh, 2013)
and was approved by the Ethics Committee from University Hospital San Carlos (Madrid,
Spain, internal codes 17/192-E and 18/422-E_BS). This study was adjusted to standards
of good clinical practice (art.34 RD 223/2004; community directive 2001/20/CE) and to
the protection of personal data and confidentiality (European Data Protection Regulation,
and in accordance with the Organic Law 3/2018 on the Protection of Personal Data and
Guarantee of Digital Rights).

2.3. Measures and Procedure

The assessment protocol comprised a screening test of general cognitive status, a ques-
tionnaire of cognitive complaints, an olfactory evaluation, and a battery of neuropsycho-
logical standardized measures to measure these cognitive domains: semantic memory,
episodic memory, executive function, working memory, attention, and language.
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• Global cognitive status: General cognitive performance was tested with the Spanish
adaptation of the Montreal Cognitive Assessment (MoCA) instrument [52]. MoCA is
a widely used screening tool that assesses several cognitive domains: attention, con-
centration, memory, language, calculation, orientation, and executive functions. Due
to its nature as a screening tool, MoCA grants cutoff points for cognitive impairment,
which may accurately guide its diagnosis. MoCA’s original publication points to 26 as
the cutoff point between cognitive impairment and healthy aging [53]. This cutoff
point was adopted in the present study to help with the classification of participants
with MCI.

• Olfactory performance: Olfaction was assessed with the Spanish adaptation of the Iden-
tification Smell Test, from the Sniffin’ Sticks Olfactory Test. This adaptation was
developed and validated by Delgado-Losada et al. (2020, 2021) [54,55]. In the Spanish
version of this test, potential bias due to cultural aspects of odor descriptors was
addressed. Recognition and subjective intensity scores were obtained for the present
study. Both scores are part of Delgado-Losada et al.’s (2021) study [55]. Recognition
score: This is the original score of the test. It represents whether each odorant is
correctly identified through a four-alternative forced-choice method. The odorant is
shown to the participant, and they have to identify the target odor between four odor
descriptors. Correct answers from the 16 items are added in order to calculate this
score. Subjective intensity score: This score intends to measure the subjective intensity
of an odor. It was designed and validated by Delgado-Losada et al. (2021) [55]. After
each trial, participants have to score the subjective intensity of the smell presented
with a 1–10 visual analog scale (1 implies a minimal intensity and 10 implies an extraor-
dinary intensity). This score provides an additional value to olfactory identification
performance. The total score is calculated as the arithmetic mean of the 1 to 10 intensity
given to each item.

• California Verbal Learning Test-II (CVLT-II) [56]: CVLT is a neuropsychological instru-
ment that intends to measure short-term and long-term episodic memory through
a wordlist task. Participants listen to a list of 16 words, with 1 s intervals, and they
are asked to memorize as many as they are able to. Immediately after five trials,
participants are asked to recall the target words (immediate recall). After 20 min,
they are asked again to recall the words (delayed recall). Two scores were taken, the
immediate recall score and the delayed recall score, both related to episodic memory.

• Digit Span Test from Wechsler Adult Intelligence Scales-IV (WAIS-IV) [57]: The test
consists of two parts: the digit span forward (DSF) and the digit span backward (DSB).
In DSF, a number is spoken each second in various sequences, and the individual is
expected to repeat the numbers in the same order. In the DSB section, the individual
is asked to repeat the sequences of numbers in reverse order. In both sections, the
length of the number of sequences gradually increases. There are two trials for each
digit span. Two scores were obtained, including the DSF span score, which measures
short-term memory, and the DSB span score, which measures working memory.

• Cancellation Test. This is a classic cancellation task, adapted from the ELSA study (https:
//www.elsa-project.ac.uk; accessed on 10 November 2024) (Huppert et al., 2004) [58]
and implemented in the ELES project [59], which measures selective attention and
processing speed. The task consists of a matrix of random letters distributed in rows
and columns. Participants are asked to mark target letters (P and W) as fast as possible
in 1 min. The number of correct (target letters correctly marked) and incorrect answers
(omission errors) were considered.

• Rey-Osterrieth Complex Figure Test (RCFT). This is also an instrument widely admin-
istered in clinical neuropsychology to measure visuospatial skills and non-verbal
memory [60]. Participants are exposed to a complex figure they have to copy on paper
and memorize. After the first copy, they are asked to repeat the figure immediately
(immediate recall). Then, after 20 min, participants are asked to draw the figure again
(delayed recall). Total scores from immediate recall and delayed recall were obtained.
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• Verbal Fluency Test: Verbal fluency measures are often included in neuropsychological
protocols to assess language and executive functioning in both cognitively healthy
and cognitively impaired conditions. According to Lezak et al. (2012) [61], partici-
pants have to verbally declare as many words as they are able to, following a certain
condition, in 1 min per condition. In this study, two conditions were administered:
phonological (generate as many words starting with the letter F as possible in one
minute) and semantic (name as many animals as possible in 1 min). The total score per
condition was obtained, as intended measures of phonological and semantic verbal
fluency, respectively.

Vocabulary Test, from Wechsler Adult Intelligence Scales-IV [57]. This is a test in which
participants are asked to explain and define a concept from its word, starting with easy
words that get progressively more difficult. It is usually administered to measure verbal
comprehension, crystallized intelligence, lexical knowledge, and the ability to retrieve
information. The total score was obtained as a measure of premorbid intelligence and
cognitive ability.

Trail Making Test. This is a classic neuropsychological task that aims to measure
executive functioning. Two parts were administered [62]. TMT-A consists of a piece of
paper composed of 25 randomly distributed circles, numbered from 1 to 25. Participants
have to connect them with a constant line, in ascending order, as quickly as possible, but
maintaining accuracy in order. TMT-A mainly assesses visuospatial processing speed and
sustained attention. Similarly, TMT-B also consists of a piece of paper with randomly
distributed circles, but in this case, those circles contain numbers from 1 to 13 and letters
from A to L. Participants have to connect them in ascending order, intercalating numbers
and letters (1-A-2-B-3-C and so on). TMT-B mainly assesses cognitive flexibility and the
ability to alter between two sets of stimuli. Two scores were obtained, including the time of
resolution (in seconds) of parts A and B.

2.4. Statistical Analyses

The entire statistical analysis plan was carried out with R software, version 4.3.0 [63]. In
the first place, a descriptive analysis was conducted. The mean and standard deviation were
calculated for each cognitive status group, as well as chi-squared tests for dichotomous
variables and F tests for continuous variables. In addition, percentiles 10 and 5 of the
Olfactory Identification-Recognition score were used to describe the participants’ olfactory
performance as normosmic (>10th percentile), mildly impaired (<10th percentile), and
severely impaired (<5th percentile) in Figure 1B [54,55].

Next, a two-way between-subject ANOVA model with Type III sum of squares was
adjusted for the Olfactory Identification-Recognition score as a dependent variable, with
cognitive status (CH, SCD, and MCI), age, and the interaction cognitive status × age
as factors. Age categories were established as [<60, 60), [60, 70) and [70, >70). Post
hoc between-group multiple comparisons were conducted under Tukey’s HSD test, with
adjusted p values due to multiple comparisons.

After that, relationships between cognitive measures and olfactory performance were
studied. Linear regression models were computed for each cognitive measure, with age
and olfactory identification as predictors. A stepwise method was applied to identify the
contribution of the Olfactory Identification-Recognition score for each cognitive variable:
a baseline model (model 1) was firstly computed with age + sex as predictors. Model 1 was
compared to model 2, which also includes olfactory performance. Regarding sex, due to
variable coding, positive estimates favor women, whereas negative estimates favor men.
Alpha was set at α = 0.0038 under Bonferroni correction (α = 0.05/13).

Finally, logistic regression models were conducted in order to categorize the partici-
pants into their respective cognitive groups (CH vs. SCD, CH vs. MCI, and SCD vs. MCI).
This analysis intended to find how the olfactory identification score is able to help to
categorize the participants into their respective cognitive status groups, and hence, the
potential clinical use of this test. For each comparison (CH vs. SCD, CH vs. MCI, and SCD
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vs. MCI), two models were calculated, including a baseline model (model 1) that classifies
age + sex as predictors, and its performance was compared to model 2, which was computed
with age, sex, and the Olfactory Identification-Recognition score as predictors. This method
was taken from Delgado-Lima et al., 2023 [9]. In these models, positive estimates also favor
women and negative ones favor men. For this analysis, alpha was set at α = 0.017, under
Bonferroni correction (α = 0.05/3).

Figure 1. (A) Violin and boxplot for each cognitive group. (B) Distribution of normal, mild impaired,
and severe impaired olfaction per cognitive group.

3. Results

A descriptive analysis of the sample by cognitive status is displayed in Table 1. The
effect of age is statistically different from 0, due to the mean age in the MCI group being
lower. Hence, this effect was considered in subsequent analyses. However, no differences
either in sex or frequent alcohol consumption were elucidated. Regarding the Olfactory
Identification-Subjective intensity score, there is no evidence of differences between cogni-
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tive groups. Consequently, this score was not used in further analyses. Figure 1A shows
distributions for each cognitive group with violin plots, whereas Figure 1B reports the
percentages of normal, mildly impaired, and severely impaired olfactory identification per
cognitive group.

The two-way ANOVA model on the Olfactory Identification-Recognition score shows
the main effects of age (F = 36.52, df = 2, p < 0.0001) and cognitive status (F = 33.65, df = 2,
C). There is no evidence to support the cognitive status × age interaction effect (F = 0.825,
df = 3, p = 0.48). The mean graph is shown in Figure 2. Post hoc comparisons on age
show, on one side, significant differences between [<60, 60) and [70, >70) (dif = 2.151,
p = 0.0016) and between [60, 70) and [80, >80) (dif = 2.302, p <= 0.0005). Both differences
favor the younger category. On the other side, post hoc comparisons on cognitive status
report significant differences between the three cohorts, with CH participants scoring
higher and MCI participants scoring lower: CH and SCD (dif = 1.801, p = 0.007), SCD and
MCI (dif = 1.847, p = 0.005), and CH and MCI (dif = 3.647, p < 0.0001).

Figure 2. Mean graph of the Olfactory Identification-Recognition score by age and cognitive status.

Linear regression models for each cognitive variable are reported in Table 2. In each
case, model 1 predicts cognitive performance with age. The stepwise introduction of
the Olfactory Identification-Recognition score in model 2 was tested with R2 and with
an F-test comparing both models. These results highlight the effect of olfactory identifi-
cation performance in measures of short-term memory (CVLT—immediate recall score,
b = 0.589, SE = 0.112, p < 0.0001; DSF, b = 0.09, SE = 0.023, p = 0.0001; Rey Complex Figure
Test—immediate recall score, b = 0.542, SE = 0.164, p = 0.001), long-term memory (CVLT—
delayed recall score, b = 0.254, SE = 0.066, p < 0.0001), semantic memory (semantic verbal
fluency—total score, b = 0.391, SE = 0.089, p < 0.0001), working memory (DSI, b = 0.098,
SE = 0.025, p = 0.0001), and selective attention (Cancelation—correct answers, b = 0.309,
SE = 0.103, p = 0.003). Olfactory identification also relates to cognitive performance in
the Vocabulary Test—total score (b = 0.577, SE = 0.248, p = 0.021) and TMT B—seconds
(b = −4.258, SE = 1.519, p = 0.005), but these effects are not adjusted for multiple compar-
isons (p < 0.0038). Hence, these effects should be interpreted carefully. Sex also seems
to be a statistically significant predictor of the Vocabulary Test—total score (b = −4.338,
SE = 1.525, p = 0.005). The negative association implies that men tend to score higher in this
task. However, this effect is not adjusted to corrected p < 0.0038 either, so the interpretation
should be careful.
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Finally, the discrimination power of olfactory identification to differentiate the cogni-
tively healthy participants from the participants with subjective cognitive decline (CH vs.
SCD) and the participants with mild cognitive impairment (CH vs. MCI) was tested with
logistic regression models. The results are displayed in Tables 3–5. In each table, model 1 is
the baseline model, as it shows performance with age and sex as the unique predictors. Right
after model 1, model 2 implies the introduction of the Olfactory Identification-Recognition
score for analysis if the model improves. A comparison between model 1 (baseline) and
model 2 was performed with ANOVA with the likelihood ratio test.

The results for the CH vs. SCD classification are shown in Table 3. In this first case,
model 1 is a null model, with no effect of age (p = 0.572) or sex (p = 0.186). However, the
addition of the Olfactory Identification-Recognition score significantly improves the logistic
model (model 1 vs. model 2, chi = 17.952, df = 1, p < 0.0001). Next, the results for the
CH vs. MCI comparison are reported in Table 4. Again, model 1 is a null model, with no
statistically significant predictor, as the effect of age and sex are not statistically different
from 0 (p = 0.086 and p = 0.746, respectively). Similar to the CH vs. SCD model, the addition
of the Olfactory Identification-Recognition score significantly improves the classification
power of model 2 (model 1 vs. model 2, chi = 124.06, df = 1, p < 0.0001). Plus, with the
addition of the OI score, the effect of age is now statistically significant. Nevertheless, there
is no evidence to assume the effect of sex. Finally, the results for the CH vs. MCI comparison
are displayed in Table 5. The inclusion of the Olfactory Identification-Recognition score in
model 2 also improves its classification power (model 1 vs. model 2, chi = 49.782, df = 1,
p < 0.0001). In model 2, age is also a significant predictor (p = 0.0009), whereas sex cannot
be considered statistically significant (p = 0.054). ROC curves for models with the Olfactory
Identification-Recognition score are reported in Figure 3.

Table 3. Logistic regression models (baseline or model 1 and definitive or model 2) of CH vs. SCD.

Estimate Error p Sensitivity Specificity AUC

Model 1
Intercept 2.235 1.759 0.204

0.59 - 0.5Age −0.017 0.024 0.702
Sex −0.428 0.383 0.263

Model 2
Intercept 3.839 2.447 0.117

0.76 0.94 0.66
Age −0.014 0.027 0.576
Sex 0.546 0.413 0.186

Olfactory Identification—Recognition −0.317 0.083 <0.0001 **

* p < 0.05; ** p < 0.017.

Table 4. Logistic regression models (baseline or model 1 and definitive or model 2) of CH vs. MCI.

Estimate Error p Sensitivity Specificity AUC

Model 1
Intercept 2.051 1343.0 0.127

0.61 0.6 0.6Age −0.032 0.019 0.089
Sex 0.098 0.304 0.746

Model 2
Intercept 19.822 3.585 <0.0001 **

0.85 0.82 0.83
Age −0.128 0.031 <0.0001 **
Sex 0.091 0.447 0.839

Olfactory Identification—Recognition −0.967 0.166 <0.0001 **

* p < 0.05; ** p < 0.017.
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Table 5. Logistic regression models (baseline or model 1 and definitive or model 2) of SCD vs. MCI.

Estimate Error p Sensitivity Specificity AUC

Model 1
Intercept 4.064 1.727 0.019 *

0.33 0.66 0.5Age −0.052 0.025 0.039 *
Sex −0.321 0.396 0.419

Model 2
Intercept 13.883 3.016 <0.0001 **

0.71 0.8 0.73
Age −0.109 0.033 0.0009 **
Sex −0.949 0.491 0.054

Olfactory Identification—Recognition −0.479 0.094 <0.0001 **

* p < 0.05; ** p < 0.017.

Figure 3. ROC curves for: (A) CH vs. SCD, (B) CH vs. MCI, and (C) SCD vs. MCI.

86



Eur. J. Investig. Health Psychol. Educ. 2024, 14

4. Discussion

In the present study, the association between OI dysfunction and the risk of cognitive
impairment (SCD and MCI) was analyzed. OI tests are frequently employed to assess
olfactory function in individuals with MCI and dementia [64–66].

We found that OI differed significantly between CH, SCD, and MCI. Across the con-
tinuum of cognitive risk, OI decreases in a stepwise manner, as the participants with MCI
performed lower than SCD, and SCD performed lower than CH. Our results indicated that
40% of the participants with MCI had OI dysfunction (Figure 1B). Different investigations
indicate that sensory impairments, such as OI deficits, may precede cognitive impairment,
and several years before symptoms of cognitive impairment manifest in AD, individuals
may already exhibit compromised OI abilities [67–69]. The literature is unanimous in its
interest in including OI analysis in MCI and SCD groups, whose results are along the same
lines as ours, observing a worse performance in OI in the MCI group compared to SCD
and in SCD compared to CH [70–72].

Our results are in line with many other authors who have found a pattern of deteri-
oration in OI test performance similar to ours between CH participants and SCD partici-
pants [28,29,73]. This trend was also supported by the meta-analysis by Jobin et al. (2021) [48].
Their results noted that individuals with SCD have lower performance on OI tests com-
pared to cognitively healthy (CH) older adults. Moreover, Sohrabi et al. (2009) also found
statistically significant differences in OI between CH and SCD cohorts [74]. Therefore, the
differences in olfaction between CH and SCD groups seem to be consistent.

In our study, ANOVA analysis on olfactory identification revealed significant main
effects for both age and cognitive status. The significant effect of age on olfactory perfor-
mance is consistent with prior research, indicating that olfactory performance decreases
with age. This deterioration is attributed to various factors, including the degeneration
of olfactory receptor neurons, changes in the olfactory bulb, and alterations in central
processing regions [19,75,76]. This association reflects age-related physiological changes in
the central nervous system, which may affect both olfaction and cognitive function [77].

Promising and consistent results about how OI alterations alone predict the progres-
sion to AD from its asymptomatic preclinical stage (including MCI and even earlier stages
such as SCD) have been reported [78,79]. However, our results suggest that combining
cognitive assessments with an olfactory identification measure could improve the early
detection of at-risk individuals. Olfactory deficits have been shown to precede cognitive
symptoms and correlate with the severity of cognitive impairment. Thus, like other authors,
we can point out that the odor identification test scores are influenced by non-olfactory
cognitive abilities [39,80,81].

Likewise, when comparing the cognitive status across the three samples, CH scored sig-
nificantly higher than those with SCD and those with MCI. Similarly, the SCD participants
demonstrated better cognitive outcomes compared to the MCI participants. These results
align with the existing literature, which consistently shows that cognitive performance
declines progressively from CH to SCD and then to MCI [7,15,16,18,82]. Additionally, the
SCD participants demonstrated better cognitive outcomes compared to the MCI partici-
pants, further supporting the notion that SCD represents an asymptomatic preclinical stage
in the continuum of cognitive decline.

When analyzing the results for each cognitive domain and their association with OI,
the results indicate that a decrease in OI is associated with lower performance in episodic,
semantic, and working memory, executive functions, and attention and processing speed,
and there is no relationship with performance in language or visuospatial skills. The
relationship between these cognitive domains and odor identification function might
suggest overlapping structural and physiological disease processes in regions of the central
nervous system related to olfactory factors [83]. Regarding sex differences, there are
examples in the literature that support them in OI [76,84,85], so we considered that sex
could be a potential covariate within linear and logistic regression models. Our results
highlight that sex seems to be a statistically significant predictor for the vocabulary score,
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under uncorrected p-values. This effect favors men. However, we found no evidence of sex
differences predicting any other cognitive score, when combining it with OI. These results
regarding sex are in line with our previous studies [54,55].

In episodic memory, our results revealed that OI is related to both verbal episodic
memory (measured with CVLT-II immediate and delayed recall scores) and visual episodic
memory (measured with RCFT immediate recall score). In relation to semantic memory, OI
is associated with the semantic verbal fluency score. There is consensus in indicating that,
to a greater extent, in the semantic fluency condition, not in the phonological one, people
with progressive cognitive impairment generate significantly fewer words [86,87]. In
another meta-analysis by Jobin et al. [88], OI was related to episodic memory and semantic
memory, although effect sizes were relatively small. In addition, our findings are in line
with several studies in which a relationship was found between semantic memory deficits
and lower performance on the OI test [31,70,89,90]. OI relies on prior semantic knowledge,
the ability to access that knowledge, and the capacity to link it to linguistic labels, along
with organization and information processing strategies. Vocabulary tests are related to
this crystalized knowledge [91], so this could explain the results in the vocabulary scores
and the potential sex differences found in this score. Difficulties at any level of semantic
processing can affect task performance [92]. The entorhinal cortex, which connects with
the hippocampus and is essential in the formation and recognition of memories, also plays
a very important role in olfactory processing [93,94]. It is now thought that AD likely
originates in the entorhinal cortex, a region essential for olfactory processing [28]. Thus, OI
could be key in the early detection of AD, as these deficits may appear in individuals with
SCD or suspected preclinical AD [73]. Apparent but milder deficits have been observed in
at-risk individuals without dementia (i.e., individuals with APOE4 allele genotypes [95]
and first-degree relatives of AD patients [96,97]).

In executive functions, our results indicate that OI is related to working memory,
verbal fluency, and cognitive flexibility. In working memory, OI dysfunction is associated
with lower scores on DSI scores [98]. As noted above, OI is associated with semantic verbal
fluency (also an executive function measure). In relation to cognitive flexibility, OI might
be related to TMT-B. TMT-B may indicate dysfunction in the dorsolateral prefrontal cortex,
so our results suggest that processing in frontal regions is more important than olfactory
processing. Our results support Challakere et al. (2022) [99], who found worse performance
in TMT-B performance as cognitive impairment progresses. These results may suggest
that orbitofrontal processing (an area thought to be relevant in olfactory processing) would
be more affected than processing in other frontal regions (i.e., dorsolateral). However,
we found no relationship between OI and performance in TMT-A, in disagreement with
Uchida et al. (2020) [100].

Lastly, OI was found to be a powerful variable for classifying patients into CH, SCD,
and MCI categories. The HC vs. SCD logistic regression model suggests that olfactory
identification has a significant role in distinguishing between CH and SCD individuals.
Similarly, the CH vs. MCI logistic regression model is also significant in distinguishing
MCI from CH when including the OI score, in agreement with our previous findings [19].
Moreover, the present study also evidences that OI is a useful tool for distinguishing
patients with MCI from those with just previous SCD. Nevertheless, there is no evidence
in any model to assume that sex might be a predictive variable to distinguish CH, SCD,
and MCI. Thus, our findings align with and extend those of previous studies. For instance,
Wang et al. (2021) [29] found that OI scores were progressively lower from CH to SCD,
MCI, and AD. Although OI measures are useful for the early detection of dementia, these
are underutilized in clinical examinations. This could indicate a lack of familiarity with
these instruments and uncertainty about how they integrate with a traditional neuropsy-
chological assessment. Consequently, our findings may help practitioners by offering a
framework for interpreting OI measures.
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We consider that a strong point of our study is the application of a broad neuropsycho-
logical assessment protocol, which allowed us to deepen the relationship between OI and
the different cognitive domains. The combination of the OI test and cognitive tests in vari-
ous domains can improve the ability to predict future cognitive impairment in older adults
without dementia [69]. Nevertheless, the strengths of the present study do not exempt
it from some limitations. The main limitation lies in the study design. This is a cross-
sectional study, so each cognitive group is composed of different participants. Hence, it
is not possible to interpret statistical differences between groups as the development of
dementia. Future research should explore the relationship between olfactory identification
and cognitive performance using longitudinal data, allowing for conclusions about the
progression from SCD to MCI to be made. Our study is also limited by the absence of
an educational background variable. Future research should also include educational
background as an explanatory variable, due to its association with olfactory identification
and cognitive performance [101,102]. Another limitation is the absence of an Alzheimer’s
cohort. Future investigations with longitudinal data should also include conversion to AD.
Finally, an important addition to future studies would be neuroimaging measurement. The
combination of olfactory, cognitive, and neuroimaging data would offer a more complete
photograph of olfaction as a predictor of dementia. In relation to this, Li et al. (2024) [69], in
participants who progressed to cognitive decline within a 5-year span, found a relationship
between OI, hippocampal cortical volume, and cognitive decline. Results like this support
our hypothesis in further studies.

5. Conclusions

Our results suggest that combining cognitive assessments with olfactory identification
tests could enhance the early detection of individuals at risk. Additionally, incorporating
olfactory testing into routine assessments for elderly individuals, especially those reporting
subjective cognitive complaints, could provide a non-invasive and cost-effective tool for
early diagnosis and intervention. Future research should focus on longitudinal studies to
confirm the predictive value of olfactory identification deficits in conjunction with cognitive
assessments and to explore the underlying mechanisms linking olfactory function and
cognitive impairment.
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Abstract: Objectives: From a cross-cultural perspective, aging well may encompass pertinent chal-
lenges in terms of adjustment, sexual well-being, and satisfaction with life in the late years. Consid-
ering the paucity of empirical data concerning cultural diversity of experiencing aging, this study
aims to help fill this gap by assessing the specific patterns of sexual satisfaction, adjustment to
aging (AtA), and life satisfaction with life (SwL) of older adults in Portugal and Spain. Methods:
This cross-national study included 326 older adults, age 65 and older, from Portugal and Spain.
Five instruments were applied: (a) Adjustment to Aging Scale (ATAS); (b) Satisfaction with Life
Scale (SwLS); (c) New Sexual Satisfaction Scale-Short (NSSS-S); (d) Mini-Mental State Exam; and (e)
Sociodemographic, Health and Lifestyle questionnaire. K-means cluster analysis was employed to
identify and characterize the clusters considering adjustments to aging, sexual satisfaction, and life
satisfaction. One-way ANOVAs were conducted to analyze differences in sexual well-being among
clusters. Results: Findings indicated three clusters, which explained 77.7% (R-sq = 0.777) of the total
variance: Cluster 1: “Most skilled” (n = 26, 8.0%), Cluster 2: “Least adjusted” (n = 115, 35.3%), and
Cluster 3: “Aging strivers” (n = 185, 56.7%). Participants in Cluster 1 were mostly Portuguese, with
high levels of AtA, sexual satisfaction, and SWL. Conversely, Cluster 2 included mostly Portuguese
participants with moderate sexual satisfaction and lower levels of AtA and SwL. Participants from
Cluster 3 were mostly Spanish, with moderate levels of AtA and reduced sexual satisfaction and SwL.
Conclusions: This study innovates by exploring the elaborate interplay among sexual satisfaction,
AtA, and SwL in a cross-cultural perspective, with implications for tailoring interventions, service
planning, development, and evaluation of culturally diverse older populations.

Keywords: adjustment to aging; cluster analysis; older adults; satisfaction with life; sexual satisfaction

1. Introduction

Countries worldwide are facing significant challenges in adapting their health and
social systems to accommodate the aging of the population [1]. Portugal ranks as the
third-oldest country among the 27 European Union (EU), while Spain holds the eighth
position [2]. In 2021, Portugal (22.4%) and Spain (19.8%) stood out as countries with the
highest proportions of people aged 65 or older in their populations [3].

The aging of the population has implied the need for a comprehensive understanding
of aging, considering the complex interconnection of variables, such as adjustment to
aging (AtA), sexual well-being, and overall satisfaction with life (SwL). Moreover, an
inclusive approach underlines the importance of understanding the multifaceted dynamics
of aging [4–7].

Old age is frequently associated with dependence, apathy, illness, and diminished
sexual allure [8]. An increasing body of literature often promotes a youthful image, rather
than one of aging, to emphasize sexual attractiveness. Additionally, the media frequently
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show ideals for beauty and sexual attractiveness by portraying young and wrinkle-free
bodies [8,9]. A youthful appearance is closely tied to increased sexual desire interest
and attractiveness, with diverse effects on sexual satisfaction [8,9]. Indeed, older adults
frequently face ageist stereotyping of both their sexuality and their aging bodies [7,8].
Moreover, in some cultures, sexual activity is seen as energy-intensive and unnecessary for
maintaining health and well-being. Indeed, some cultural standards tend to view older
individuals as devoid of sexuality, emotions, and sensations [9]. Conversely, recent decades
have witnessed shifting attitudes regarding sexual engagement in older life. The majority
of older individuals remain sexually active, and sexual interactions and emotional intimacy
significantly seem to contribute to their overall well-being [10].

Sexual well-being has been indicated as the emotional, physical, and cognitive as-
sessment of an individual’s sexual life, including relationship quality, sexual satisfaction,
activity, attraction, pleasure, intimate relationships, self-esteem, and other psychosex-
ual factors [10,11], and it is an important component of overall well-being [9,12]. The
term sexual satisfaction refers to the appraisal of one’s sexual life, both physically and
non-physically [13].

A significant proportion of older individuals view sexual satisfaction as pivotal to
a satisfying relationship and overall SwL [13]. Recent research has expanded the knowl-
edge, revealing a connection between positive well-being and sexual satisfaction in older
adulthood [14]. Moreover, literature has indicated associations between regular sexual
activity and reduced relationship tension [15], as well as positive correlations between the
frequency and significance of sexual experiences and sexual satisfaction for both partnered
and single older adults [16,17]. Additionally, emotional intimacy, personal communica-
tion, and relationship happiness are all positively correlated with higher levels of sexual
satisfaction [11].

Research about sexual satisfaction in the Spanish [18] and Portuguese [19] older
populations is scarce. Almost 50% of the Spanish older adults reported being sexually
activity, but sexual activity decreased with age [20]. This highlights that a significant
portion of the older population still values and engages in sexual activity, emphasizing its
importance despite age-related declines. Moreover, older Portuguese individuals display
an interest in sexuality, and in one study, one-third of the participants expressed a need to
express their sexuality [19]. Additionally, 16.6% of older participants believe they should
engage in more sexual experiences, reflecting favorable attitudes toward sexuality in old
age [19], indicating that many still see it as an important part of life.

In a different study, Portuguese older adults primarily associated their sexual well-
being with self-reported good health and demonstrations of love. However, the unavailabil-
ity of a partner emerged as the most prevalent theme (17.9%) contributing to their sexual
dissatisfaction [21], suggesting that while health and emotional connection are crucial,
social factors like partner availability significantly impact sexual well-being.

Among older Spanish adults, the primary reasons for low sexual well-being were the
death of a spouse (31%), loss of sexual desire (29%), and health considerations (17%) [20].
For Spanish people, health status is essential apart from age, so older people who reported
good health and vitality were more likely to be sexually active [20] and showed better
sexual satisfaction [22]. This finding reinforces the idea that maintaining good health is
vital for continued sexual activity and satisfaction in older age.

Despite recognizing the importance of sexual satisfaction and physical intimacy for
older adults’ well-being, the role of sexuality in aging well has been largely overlooked [23].

Moreover, cultural norms and gender expectations also shape the sexual experiences
of older individuals. For example, in Nordic cultures, sexual interactions between men
and women are negotiated with relatively more equality compared to Southern cultures.
Despite this, women historically occupied subordinate roles to men in these societies. The
contemporary emphasis on gender equality may have empowered women to feel more
in control of their sexuality, potentially leading to a shift in traditional gender dynamics
where men may feel disempowered and insecure about their roles [24]. The extent to which
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older individuals feel comfortable expressing their sexuality and advocating for resources
promoting sexual health depends on the prevailing culture and its associated gender roles,
health accessibility, and affordability [24].

As people get older, SwL becomes increasingly more important [25]. Satisfaction with
life may be characterized as people’s opinions about the worth or goodness of their lives,
their overall level of happiness, or occasionally how satisfied they are with their lives in
general. Other terms for this description include subjective well-being and happiness with
life [26]. Literature also highlighted the link between sexual satisfaction and SwL in both
older men and women. Across age groups, SwL is closely intertwined with contentment in
one’s sex life and forms an integral aspect of SwL for older adults. Additionally, enhancing
sexual satisfaction might indeed have a positive influence on the process of aging well [27].

Aging is an enduring process that requires continuous adjustment [7]. von Humboldt
et al. considered AtA to be a critical aspect of the well-being of older adults [28]. Fur-
thermore, consistent evidence indicates that older adults develop active and purposeful
strategies for AtA, by including psychological factors, interactions with significant others,
sexual intimacy, and social comparisons [7,29–31]. AtA is a dynamic process that involves
the alignment of personality, social environment, and well-being, with implications for
aging well [28]. Moreover, AtA, well-being and health of older individuals are affected
by love, intimacy, and sexual satisfaction [7,27,32]. Considering health as the pursuit of
maximum individual functionality, AtA is relevant for a health-focused approach to aging
well [30].

Aging is a multifaceted process influenced by cultural, ethnic, and gender differences.
Variations in the perception of well-being, satisfaction, adjustment, and sexuality between
different cultures and genders are substantial [33,34]. Modern societal views of old age now
acknowledge the possibility of older individuals experiencing joy, satisfaction, adjustment,
vitality, and health while engaging in sexual activity; however, age-related differences in
love and sexuality may be influenced by culture [33]. Despite the connection between AtA,
SwL, and sexual satisfaction, there is a noticeable lack of comprehensive cross-cultural
studies about the intricate relationships among these constructs [34,35].

Additionally, while there have been studies on sexual activity, there has been a lack of
cross-cultural comparisons of older individuals in different countries utilizing consistent
measurements, sociodemographic variables, and data collection techniques.

This study aims to address these gaps by using a cluster analysis approach to examine
specific patterns of sexual satisfaction, AtA, and SwL among older adults in Portugal
and Spain.

2. Materials and Methods

2.1. Participants

Our sample included 326 older people (M = 70.59; SD = 5.24). Among them, 54.3%
were Portuguese and 45.7% were Spanish. The age of participants varied between 65
and 92 years old; 51.5% were female. Our sample is well educated, with 50% having
a bachelor’s/master’s/doctoral degree, 12.3% having completed secondary school, and
37.7% of the individuals having only completed elementary school. Furthermore, a sub-
stantial 78.8% of participants reported good health. Less than 10% of participants disclosed
recent psychological concerns, with a predominant focus on issues related to anxiety and
depression. Including these demographic characteristics is essential for identifying distinct
clusters and patterns in sexual satisfaction, AtA, and SwL among older adults and for
providing a comprehensive understanding of the factors influencing the aging process.
Table 1 lists the sociodemographic details of the participants.

Participants were recruited from senior universities, message boards, emails, commu-
nity center lists, and network contacts. Different recruitment sources contributed to the
sample diversification, with senior universities targeting lifelong learners, message boards
and emails reaching a broader audience, and network contacts accessing existing social
networks, ensuring a varied pool of participants. The eligibility criteria encompassed the
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following requirements: (a) Participants were required to be a minimum of 65 years old,
(b) possess a clear understanding of their voluntary participation in the study, and (c) have
no prior history of cognitive impairments, psychiatric or neurological disorders, substance
abuse, or similar conditions. Additionally, participants were expected to possess proficiency
in utilizing contemporary technologies, such as smartphones, tablets, computers, and apps.
For queries or assistance, participants were encouraged to seek support either through
phone or online channels. Participants were screened to ensure their eligibility based on
their capacity for decision-making and cognitive abilities.

Table 1. Sociodemographic and health characteristics of the participants.

Characteristics
Portuguese
177 (54.3%)

Spanish
149 (45.7%)

Total (%)
326 (100%)

Age, Average ± SD M = 70.59 ± 5.24
Gender, n (%)

Female 88 (49.7%) 80 (53.7%) 168 (51.5%)
Male 89 (50.3%) 69 (46.3%) 158 (48.5%)

Educational level, n (%)
<Secondary 118 (66.7%) 5 (3.4%) 123 (37.7%)
Secondary 19 (10.7%) 21 (14.1%) 40 (12.3%)

>Secondary 40 (22.6%) 123 (82.5%) 163 (50.0%)
Marital status, n (%)

Single 15 (8.5%) 8 (5.4%) 23 (7.1%)
Married/de facto union 95 (53.7%) 110 (73.8%) 205 (62.9%)

Divorced/separated 20 (11.3%) 16 (10.7%) 36 (11.0%)
Widow 47 (26.6%) 15 (10.1%) 62 (19.0%)

Household, n (%)
Living with someone 125 (70.6%) 133 (89.3%) 258 (79.1%)

Living alone 52 (23.4%) 16 (10.7%) 68 (20.9%)
Family Annual Income, n (%)

≤25,000 € 119 (67.2%) 41 (27.5%) 160 (49.1%)
>25,000 € 58 (32.8%) 108 (72.5%) 166 (50.9%)

Perceived health, n (%)
Good 132 (74.6%) 133 (89.3%) 265 (81.3%)
Poor 45 (25.4%) 16 (10.7%) 61 (18.7%)

2.2. Instruments
2.2.1. Adjustment to Aging Scale (AtAS)

The Adjustment to Aging Scale (AtAS) comprised five different subscales, and the
internal reliability of the scale and its five subscales proved to be strong: sense of purpose
and ambitions (0.874); zest and spirituality (0.927); body and health (0.904); aging in place
and stability (0.862); and social support (0.932). Cronbach’s alpha coefficient indicated an
internal consistency of 0.891 for the overall scale. Respondents used a 7-point Likert-type
scale, ranging from 1, which indicates “Not at all important”, to 7, which indicates “Very
important”. This measure proved good psychometric properties, and the low cross-national
invariance of this measure highlights its cross-cultural character [28], further underscoring
its suitability for cross-cultural assessments, aligning with our study’s aim to explore AtA
across different cultural contexts.

2.2.2. New Sexual Satisfaction Scale-Short (NSSS-S)

The 12-item New Sexual Satisfaction Scale-Short (NSSS-S) has a two-dimensional
factor structure, assessing self-centrality and partner and sexual activity centrality. It may
be utilized with individuals from both genders and has recently been verified in Spanish
and Portuguese samples [36,37]. The NSSS-S is composed of five 5-point ordinal items,
with higher scores on the scale indicating higher levels of sexual satisfaction. The NSSS-S
shows strong psychometric qualities in terms of validity and reliability. Furthermore,
internal consistency was evidenced by Cronbach’s alpha of 0.94, which assured confidence
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in its ability to provide robust measurements of sexual satisfaction among older adults,
enhancing the reliability of our study’s findings.

2.2.3. Satisfaction with Life Scale (SwLS)

The Satisfaction with Life Scale (SwLS), developed by Larsen et al. [38], was designed
as a quick assessment of a person’s overall level of satisfaction with life. The SwLS has
only five items but has been shown to be a useful instrument for assessing the mental
population and to have high psychometric qualities [39]. The SwLS has been used in
several cross-cultural studies investigating life satisfaction and SWB in general. In addition
to its demonstrated validity and reliability of the life satisfaction component, the SwLS
scale’s strong internal consistency (r = 0.78) [39,40] further supports its suitability for
assessing overall life satisfaction among older adults, reinforcing the robustness of our
measurement approach.

2.2.4. Sociodemographic, Health and Lifestyle Questionnaire

Key sociodemographic, health, and lifestyle details of the participants were analyzed.
It included information on age, gender, education level, income, employment, and marital
status, among others. The health and lifestyle component of the questionnaire included
the participant’s current state of health, medication lifestyle decisions, and access to medi-
cal treatment.

2.3. Procedure

The objectives of the study were explained to the participants. Every participant was
made aware that their participation was entirely free and that they might quit at any time.
Confidentiality and anonymity of the data were guaranteed. Data collection took place from
1 October to 30 December 2022. No compensation was given to respondents for completing
the questionnaires. The ISPA-Instituto Universitário and the Research Ethics Committee of
the William James Center for Research gave their approval to all procedures. The ethical
principles outlined in the Helsinki Declaration and the Code of Ethics of the Portuguese
Psychologists were followed in this study. In addition, other precautions to handle sensitive
issues included ensuring anonymity and confidentiality, providing informed consent, and
offering support resources for participants who may experience discomfort or distress
during the study. We also employed measures to ensure the participants’ ease and privacy,
such as offering the option to withdraw from the study at any time, without consequences,
and providing clear communication about the nature and purpose of the research.

2.4. Data Analysis

The 326 respondents were divided into different groups using cluster analysis based
on their scores in various measures, which included AtA (sense of purpose and ambitions,
zest and spirituality, body and health, aging in place and stability, and social support),
sexual satisfaction (ego-centered and partner/sexual activity centered), and SwL. The
sample size was determined based on a power analysis to ensure sufficient statistical power
to detect expected effect sizes in our analyses. With an error probability of 0.05, the power
analysis indicated that a total sample size of 326 showed a power of 0.95, for an effect
size of 0.50. The final sample size is lower than the initially proposed sample size of 400
participants, which corresponded to an approximately 20% expected attrition rate due to
participants that did not match eligibility criteria or decided to withdraw from the study.

We aimed to identify distinct groups based on specific measures, and for this purpose,
we used hierarchical cluster analysis with the Ward technique, which, in turn, used squared
Euclidean distance as a measure of subject difference. This approach was favored over
other possible methods due to its ability to handle large datasets and its capability to
produce well-separated and interpretable clusters; hence, it is suitable for providing a
comprehensive understanding of the underlying patterns within the data.
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The R2 evaluation, as indicated by Marôco [41], was utilized to establish the correct
number of clusters. The analysis identified three homogenous clusters, accounting for
around 77.7% of the total variance. The classification of each subject within these clusters
was then further refined using the non-hierarchical k-Means approach.

Following the methodology outlined in Marôco [41], the significance of each variable
in each of the three clusters was assessed using the F statistics of the clusters ANOVA.
Chi-square analysis was used to investigate how people in each of the three clusters differed
in terms of sociodemographic, health, and lifestyle variables.

Additionally, mean differences between cluster groups were evaluated using Analysis
of Variance (ANOVA) and Tukey HSD tests, with sexual well-being indicators as the
dependent variables. Statistical significance was determined to be p < 0.05 for all analyses.
To describe the sample, descriptive statistics were utilized. All analyses were made with
IBM SPSS Statistics for Windows, version 29.

3. Results

This study aimed to examine specific patterns of sexual satisfaction, AtA, and SwL
among older adults in Portugal and Spain.

Using R2 criterion, findings indicated the retention of three clusters, which together
accounted for 77.7% (R-sq = 0.777) of the total variance. This R2 criterion indicates that
approximately 77.7% of the variance of the dependent variable is explained by the inde-
pendent variables in the model; that is, this model provides a robust explanation for the
patterns observed in the data. The dendrogram representing the hierarchical relationships
shows the three clusters (see Figure 1).

Figure 1. Dendrogram: Hierarchical clustering with single linkage.

The centers of the clusters and the F statistics for each variable are presented in Table 2.
The F-statistic determines whether the model as a whole is statistically significant, indi-
cating that the observed relationships are unlikely to be random. Among the dimensions
analyzed, those that most differentiate the clusters are related to AtA. Specifically, “body
and health” (F = 309.887) has the highest differentiating effect, followed by “aging in place
and stability” (F = 262.061), “social support” (F = 196.478), “zest and spirituality” (F =
192.719) and “sense of purpose and ambitions” (F = 161.274). Both ego-centered sexual
satisfaction (F = 149.102) and partner/sexual activity-centered sexual satisfaction (F =
148.255) also contribute to differentiating the clusters. On the other hand, satisfaction with
life (F = 81.302) is the dimension that least differentiates the clusters.

This study aimed to identify clusters that were characterized by varying levels of
AtA, sexual satisfaction, and SwL, which supported our hypothesis regarding the intricate
relationships among these constructs in the context of aging.
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Table 2. Clusters centers, frequencies, and F statistics for each variable.

Cluster 1
(n = 26)

Cluster 2
(n = 115)

Cluster 3
(n = 185)

F

1. Sense of purpose and ambitions 2.058 0.300 0.475 161.274 ***
2. Zest and spirituality 2.269 0.213 0.451 192.719 ***

3. Body and health 2.642 0.067 0.413 309.887 ***
4. Aging in place and stability 2.585 0.031 0.383 262.061 ***

5. Social support 2.006 0.414 0.539 196.478 ***
6. Ego-centered sexual satisfaction 1.053 0.726 0.599 149.102 ***
7. Partner/sexual activity-centered

sexual satisfaction 0.967 0.748 0.601 148.255 ***

8. Satisfaction with life 1.239 0.484 0.475 81.302 ***
*** p < 0.001.

The three distinct clusters were retained based on participants’ scores in various
dimensions. The first cluster (Cluster 1: “most skilled”; high AtA/high sexual satisfac-
tion/high SwL) included 26 participants who exhibited relatively high levels of AtA, sexual
satisfaction, and SwL. The second cluster (Cluster 2: “least adjusted”; low AtA/moderate
sexual satisfaction/low SwL) comprised 115 participants with low levels of AtA and SwL
and moderate sexual satisfaction. Finally, the third cluster (Cluster 3: “aging strivers”;
moderate AtA/low sexual satisfaction/low SwL) included 185 participants with moderate
levels of AtA and low levels of sexual satisfaction and SwL.

The results indicate that the three clusters showed specific sociodemographic features,
which support our hypothesis regarding the variations in sociodemographic, health, and
lifestyle factors among the participants in each of the three clusters.

In this context, chi-square tests (χ2) were performed to examine the variations in
sociodemographic, health, and lifestyle traits among the participants in each of the three
clusters (see Table 3).

The results of the study revealed significant differences among the three clusters in
terms of nationality [χ2 (2) = 17.572, p < 0.001]. Cluster 1 (“most skilled”) included mostly
Portuguese participants, while Cluster 3 (“aging strivers”) included mostly Spanish people.
In terms of sex [χ2 (2) = 3.273, p = 0.195], Cluster 1 exhibits a greater prevalence of women,
whereas Cluster 3 shows a higher incidence of men.

Furthermore, there were significant differences in terms of education [χ2 (12) = 45.111,
p < 0.001]. Interestingly, participants with lower educational levels were mostly in Cluster
1 (“most skilled”). In contrast, participants with higher levels of education were mainly in
Cluster 2 (“least adjusted”) and Cluster 3 (“aging strivers”). This result may indicate that
factors beyond education contribute significantly to the highest levels of AtA, SwL, and
sexual satisfaction, prompting further investigation to understand the additional influences
that may be affecting these aspects of well-being. Significant differences were also found in
marital status [χ2 (6) = 45.225, p < 0.001]. Cluster 1 (“most skilled”) showed more married
participants than the other clusters.

In addition, being a spiritual person [χ2 (2) = 2.646, p = 0.266] appeared to be associated
with a high level of AtA, sexual satisfaction, and satisfaction with life in Cluster 1 (“most
skilled”). Participants in Cluster 2 (“least adjusted”) were more likely to report perceived
poor general health [χ2 (2) = 29.556, p < 0.001].

Additionally, having a positive love experience in life [χ2 (2) = 43.461, p < 0.001] and
engaging in leisure activities [χ2 (2) = 4.332, p = 0.115] were mostly shown by participants
in Cluster 1 (“most skilled”).

Last, results indicated that the three clusters showed specific sexual well-being features,
which support our hypothesis regarding the variations in sexuality-related items among
the participants in each of the three clusters.
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Table 3. Three cluster solutions according to sociodemographic and lifestyle characteristics.

N

Cluster 1
High AtA/High
SS/High SwL

n = 26 (%)

Cluster 2
Low AtA/Moderate

SS/Low SwL
n = 115 (%)

Cluster 3
Moderate AtA/Low

SS/Low SwL
n = 185 (%)

χ2 df sig.

Nationality
Portuguese 177 24 (92.3%) 63 (54.8%) 90 (48.6%) 17.572 2 <0.001

Spanish 149 2 (7.7%) 52 (45.2%) 95 (51.4%)

Biological sex
Female 168 13 (50.0%) 67 (58.3%) 88 (47.6%)

3.273 2 0.195Male 158 13 (50.0%) 48 (41.7%) 97 (52.4%)

Educational level
<Secondary 123 23 (88.5%) 47 (40.9%) 53 (28.6%)

45.111 12 <0.001Secondary 40 0 (0.0%) 13 (11.3%) 27 (14.6%)
>Secondary 163 3 (11.5%) 55 (47.8%) 105 (56.8%)

Marital status
Single 23 4 (15.4%) 8 (7.0%) 11 (5.9%)

45.225 6 <0.001
Married/de facto union 205 17 (65.4%) 69 (60.0%) 119 (64.3%)

Divorced/separated 36 2 (7.7%) 16 (13.9%) 18 (9.7%)
Widow 62 3 (11.5%) 22 (19.1%) 37 (20.0%)

Spiritual person
2.646 2 0.266Yes 212 19 (73.1%) 69 (60.0%) 124 (67.0%)

No 114 7 (26.9%) 46 (40.0%) 61 (33.0%)

Perceived general health
29.556 2 <0.001Good 265 20 (76.9%) 80 (69.6%) 164 (88.6%)

Poor 61 6 (23.1%) 35 (30.4%) 21 (11.4%)

Love experience in life
Good 234 21 (80.8%) 64 (55.7%) 134 (72.4%) 43.461 2 <0.001
Bad 92 5 (19.2%) 51 (44.3%) 51 (27.5%)

Leisure activity
Yes 161 20 (76.9%) 51 (44.3%) 90 (48.6%) 4.332 2 0.115
No 165 6 (23.1%) 64 (55.7%) 95 (51.4%)

The findings of group differences are summarized in Table 4. Cluster membership was
associated with significant variations in participants’ perceived overall sexual well-being
[F(2174) = 16.987, p < 0.001], sexual attractiveness [F(2,322) = 23.694, p < 0.001], sexual openness
and communication [F(2,323) = 93.160, p < 0.001], and sexual satisfaction [F(2,323) = 93.233,
p < 0.001]. The distinct clusters identified in our study, distinguished by sociodemographic,
health, and lifestyle traits and sexual well-being variables among participants, contribute
to our research aims concerning the multifaceted influences on aging experiences.

Post hoc multiple comparisons using the Tukey HSD test were employed due to its
ability to effectively control the family-wise error rate while facilitating comprehensive
comparisons among group means. In relation to this, participants in Cluster 1 (“most
skilled”) showed the highest levels of the sexual items when compared to participants in
the other clusters; that is, these participants indicated the highest scores regarding overall
sexual well-being, sexual attractiveness, sexual openness and communication, and sexual
satisfaction when compared to the other clusters. The observed clusters, differentiated
by sexual well-being items, provide crucial insights into the nuanced dynamics of sexual
experiences in aging individuals.

While the statistical analysis yielded robust findings, it is essential to acknowledge
potential limitations associated with the assumptions underlying cluster analysis, including
the assessment of the number of clusters.
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Table 4. Three cluster groups according to sexual well-being items: Descriptives and univariate tests.

Cluster M DP F p

How do you classify your
sexual well-being?

1 4.40 a 1.90
16.987 <0.0012 2.94 b 1.69

3 2.50 c 1.96

How do you classify your
sexual attractiveness?

1 4.62 a 1.51
23.694 <0.0012 3.09 b 3.23

3 2.19 b 1.81

How do you classify your
sexual openness and

communication?

1 5.15 a 1.54
93.160 <0.0012 2.84 b 1.68

3 2.19 b 1.83

How do you classify your
sexual satisfaction?

1 4.96 a 1.61
93.233 <0.0012 2.68 b 1.48

3 2.08 c 1.76
Note: Measures marked with different letters differ statistically, at the level of α < 0.05, according to the Tukey
HSD test.

4. Discussion

This study aimed to identify clusters that were characterized by varying levels of
AtA, sexual satisfaction, and SwL, which supported our hypothesis regarding the relation-
ships between these constructs. The three distinct clusters showed specific characteristics:
Cluster 1 (“most skilled”) with high AtA, high sexual satisfaction, and high SwL; Cluster
2 (“least adjusted”) with low levels of AtA and SwL, and moderate sexual satisfaction;
and Cluster 3 (“aging strivers”), with moderate levels of AtA and low levels of sexual
satisfaction and SwL. The three clusters also exhibit distinct sociodemographic, health,
lifestyle characteristics, and variations in terms of sexual well-being items.

Furthermore, results indicated that the three clusters showed specific sociodemo-
graphic sexual well-being features, which support our hypothesis regarding the variations
in sociodemographic, health, and lifestyle factors and sexuality-related items among the
participants in each of the three clusters.

Cluster 1 (“most skilled”) reflected a strong alignment of different variables, with high
levels of AtA, sexual satisfaction, and SwL. These participants displayed a comprehensive
sense of well-being, encompassing purpose, spirituality, health, stability, social support,
fulfillment in both individual and partnered sexual experiences, and a high satisfaction
with life. Literature indicated that older adults with higher SwL exhibited more positive
health outcomes, such as physical health indicators, health behaviors, and psychosocial
well-being in subsequent evaluations [42,43]. Moreover, a higher level of sexual well-
being has been correlated with greater overall SwL [12,44]. Indeed, perspectives about the
importance of maintaining a satisfying sex life in later years have been leading to relations
with psychological variables that subsidize sexual satisfaction [45].

This cluster predominantly comprises older adults in a relationship, mostly from
Portugal, and predominantly consisting of older women with varying levels of education.
These participants self-perceive themselves as spiritual and consider their general health to
be good. Moreover, these older adults show diverse experiences of love and engagement in
leisure activities. Literature highlights the influence of education, leisure, and spirituality
on older adults’ sexual well-being since these factors play a crucial role in the cultural
context of older individuals’ sexual perspectives and their sexual satisfaction [46–49].

Cluster 1 is also distinguished by its higher scores on sexual well-being items. Within
this cluster, individuals consistently express a profound sense of positive sexual experiences,
marking a noteworthy level of satisfaction with their sexual lives. Their sense of sexual
well-being encompasses positive sexual attractiveness, open communication about sex,
and overall satisfaction. This cluster represents individuals who find contentment and
fulfillment in their sexual experiences, and their positive self-perception contributes to
their robust sexual well-being. The literature indicates that open communication about
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sexuality is strongly associated with higher levels of sexual satisfaction [50]. In a study
conducted by Velten and Margraf [51], various factors contributing to sexual satisfaction
in stable relationships included partner-related aspects, relationship dynamics, effective
sexual communication, and the individual’s SwL.

Participants in Cluster 1 may present higher levels of all variables due to their diverse
experiences of love, engagement in leisure activities, and self-perceived spirituality, which
contribute to their sense of fulfillment. Additionally, their positive sexual experiences and
open communication about sex highlight the importance of interpersonal dynamics and
cultural attitudes toward sexuality in shaping sexual satisfaction and overall well-being in
older adulthood.

Participants in Cluster 2 (“least adjusted”) demonstrated low AtA, moderate sexual
satisfaction, and relatively low SwL. Despite facing challenges, these participants are
motivated to find a balance between relatively positive sexual satisfaction and overall
satisfaction and adjustment. Studies indicate that SwL played a significant role in predicting
AtA [7]. Furthermore, sexual well-being and experiencing happiness and SwL were linked
to aging well [44,52].

The second cluster includes both Portuguese and Spanish older adults, with a slightly
higher proportion of women with varied educational levels. While this cluster predom-
inantly consists of married participants, it also has a notable percentage of divorced in-
dividuals. A significant portion of participants in this cluster identify as spiritual; most
report good health and showed varied experiences in love. Interestingly, older adults in
this cluster tend not to engage in leisure activities despite the widely recognized benefits of
such activities for older people, including the maintenance of cognitive function, physical
and mental health, and overall successful aging [47].

Furthermore, older adults in Cluster 2 show a moderate classification of sexual well-
being items. Indeed, individuals in this cluster maintain a balanced perspective of their
sexual experiences, and their assessment of sexual attractiveness is moderate, reflecting
their nuanced perception of their sexual appeal. Considering the average levels of sexual
openness and communication, as well as moderate satisfaction with sexual experiences
observed in this group, further exploration is needed to understand the underlying fac-
tors influencing these aspects of sexual well-being and how they relate to overall SwL.
Studies show that successful aging is significantly influenced by sexual desire and being
sexually satisfied [23,53,54], and sexual expression may be beneficial to physical and men-
tal health [55]. Additionally, the multifaceted concept of positive attractiveness, which
encompasses aspects such as body appreciation and acceptance, has been shown to have
an impact on sexual well-being [56,57].

In Cluster 2, despite lower AtA and SwL, individuals maintain moderate levels of
sexual satisfaction. Their balanced perspective on sexual experiences suggests a nuanced
psychological resilience, emphasizing the importance of individual coping mechanisms in
navigating aging-related challenges.

Older participants in Cluster 3 (“aging strivers”) show moderate AtA, low sexual
satisfaction, and relatively low SwL. These older adults show a balance between AtA
and experiencing limited sexual satisfaction. Their overall SwL is comparatively lower,
indicating room for improvement. Prior research revealed a strong connection between
sexual satisfaction and contentment in various life domains, such as the ability to take
care of oneself, partnership satisfaction, and family life satisfaction [52,58,59]. More recent
studies have also demonstrated that sexual satisfaction has been linked to successful
aging [44,58], as well as to overall SwL and well-being [60].

Cluster 3 contains a diverse group with an equal mix of Portuguese and Spanish
individuals. The majority of participants in this cluster have higher educational attainment
and are married, with a significant proportion of widowed individuals. Additionally,
these older adults identify themselves as spiritual and report good health. Within this
cluster, participants reported positive experiences in love and active engagement in leisure
activities. Existing research has indicated a positive relationship between marital status,
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spirituality, education, and sexual well-being [27,52]. Given the existing evidence indicating
a positive association between general well-being, sexual well-being, and SwL, further
research on these constructs is warranted to explore how these positive constructs interact
and influence each other, especially when considering sociocultural variations across
diverse old populations.

Older adults in Cluster 3 exhibited a lower classification of sexual well-being items.
Individuals within this cluster express a more restrained sense of satisfaction with their
sexual lives. Their sexual attractiveness is relatively low, and their sexual openness and
communication are limited, potentially affecting their overall sexual experiences. This clus-
ter included mostly older men with challenges concerning their sexual well-being, likely
stemming from issues related to self-perception and communication. In a previous study,
among the motivations for a poor sex life among older adults were not having a partner
(12.7%), not having desire (9.32%), and physical difficulties (7.62%) [18]. Enhancing sexual
well-being may involve efforts to improve self-confidence and foster open conversations
about their sexual experiences [27]. Research and clinical data have indicated that couples
experiencing sexual difficulties often report poor sexual communication. Positive correla-
tions have been observed between sexual communication, attractiveness, and various facets
of sexual function, including desire, arousal, erection, lubrication, orgasm, and reduced
pain [61].

In Cluster 3, older adults exhibit moderate AtA but experience low sexual satisfaction
and relatively low satisfaction with life. Despite positive attributes such as higher education,
marriage, and engagement in leisure activities, they report limited sexual well-being,
potentially influenced by issues with self-perception and communication. Efforts to enhance
sexual well-being in this group may involve improving self-confidence and fostering open
conversations about sexual experiences. Despite similarities in educational attainment and
marital status, cultural nuances may also influence perceptions of aging, sexual satisfaction,
and overall well-being.

The three clusters were culturally diverse. Cluster 1 comprised mostly Portuguese
older adults with high levels of AtA, sexual satisfaction, and SwL. Conversely, Cluster 2
integrated mostly Portuguese participants with moderate sexual satisfaction and lower
levels of AtA and SwL. Cluster 3 encompassed mostly Spanish men with moderate levels
of AtA and reduced sexual satisfaction and SwL. The significant differences in nationality
among the clusters highlight the potential influence of cultural factors on the AtA, SwL,
and sexual satisfaction in two different geographic areas in Europe [24,34]. These find-
ings underscore the importance of considering the cultural context in understanding the
variability in well-being outcomes among older adults in different geographical regions.
The literature highlights the importance of cultural values, such as religious beliefs, in
expressing sexuality, attractiveness, intimacy, gender roles, and sexual health [24,34].

Moreover, these results support the multidimensional AtA theoretical framework [32],
in which AtA constitutes a multifactor adjustment process with dimensions involving sex-
uality and intimacy, with implications on well-being, satisfaction with life, and, ultimately,
aging well [7,9,32].

This study contains several limitations. While our study comprehensively compiles
responses highlighting cultural differences, the oldest-old adults, especially those in their
late 80s and 90s were poorly represented. Moreover, there is a lack of diversity in terms of
sexual orientation and gender identity within the sample. It is equally critical to distinguish
between nationality and cultural identity, which can be nuanced and not necessarily related
to a specific nationality. These qualities have specific displays and should be carefully con-
sidered, even though there may be situations in which they intersect [24,34]. Connections
may also exist between academic education (e.g., risk factors, health promotion) and sexual
education, for example, through the promotion of open discussions in the community or
psychoeducational programs; however, these two areas cover different topics. Further
investigation of these factors in larger-scale and qualitative research may provide insightful
information to older populations and health professionals.
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Another limitation concerns the reliance on self-reported measures. Older adults could
present their perceptions positively, which could further have biased responses, as older
individuals might have avoided sharing unfavorable sexual experiences. Because measures
were mainly quantitative, these instruments might not fully encompass the intricate experi-
ences of older individuals or possess the necessary precision to detect meaningful changes
over time. The use of cross-sectional data limits the ability to establish causality, allowing
for unmeasured factors and contextual elements to influence the observed correlations.
Factors such as interpersonal relationships, religious beliefs, and access to healthcare could
significantly shape perceptions of sexual well-being among older adults. Additionally,
cluster analysis primarily serves an exploratory purpose, and different clustering strategies
might yield distinct outcomes. It is also important to recognize that the assessment of
clusters relies on predefined criteria, which may not fully capture the complexity of the
data. Additionally, due to the limited existing research in this field, making potential
comparisons based on demographics and outcomes became a challenging endeavor. These
limitations underscore the need for cautious interpretation and suggest avenues for future
research to address these methodological constraints. Future studies could consider in-
corporating qualitative data and longitudinal designs to provide deeper insights into the
dynamics of aging, sexual satisfaction, and overall well-being among older adults.

Notwithstanding these limitations, our findings have significant implications for both
policy development and practical applications in the field of public health. Public health
practitioners can prioritize interventions aimed at promoting sexual well-being and overall
satisfaction with life among older adults, addressing barriers to sexual communication and
openness. In relation to this, psychoeducational interventions may strongly contribute to
sharing difficulties and building important resources for older adults and public health
practitioners dealing with these. Moreover, policymakers could integrate sexual health
education into existing aging programs, while community leaders can facilitate open dis-
cussions in the community and promote clear information that endorses healthy attitudes
toward sexuality, risk prevention, and, ultimately, aging well. Indeed, prior research has
already highlighted that a substantial number of older adults, regardless of gender, often
refrain from seeking help for their sexual issues [12]. This study emphasizes the relevance
of knowing more about older adults’ sexual well-being and how it relates to SwL and AtA
from a cultural perspective. There is a pressing need for healthcare providers to take a
proactive role in assisting older adults in achieving positive sexual experiences [24]. These
findings not only contribute to academic understanding but also have practical implica-
tions. Up to now, interventions rarely focus on sexual well-being and even less on the
relation between sexual well-being and aging well [58]. In this context, these results can
be an important means for guiding healthcare providers and policymakers in developing
tailored interventions to promote a comprehensive approach to well-being among older
adults, which includes targeted support programs and community interventions focused
on the interaction between sexual satisfaction, adjustment to aging, and overall satisfaction
with life.

This study sheds light on the intricate relationship between sexual satisfaction, AtA,
and SwL. Our findings indicate that older adults approach these constructs differently.
Hence, future interventions with older adults from different cultural contexts should be
tailored to their specific needs. Promoting sexual well-being and providing resources to
support sexual functioning hold the potential to enhance overall SwL and AtA among
older adults. Similarly, initiatives focused on nurturing positive perceptions of AtA and for-
tifying resilience against age-related changes could facilitate sexual well-being, ultimately
contributing to aging well.

In addition to declining health, multiple factors influence sexual activity and satisfac-
tion in later life, as indicated by prior research [24]. Effectively addressing sexual concerns
in older adults requires a comprehensive approach that considers not only their needs
concerning sexual activity but also various aspects of their lifestyle and the challenges of
living well.
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This study underscores the critical importance of challenging age-related biases re-
garding sexuality in older adults. Literature reiterates the importance of sexual well-being
for aging well; however, negative stereotypes can hinder the so-needed support available
for sexual health concerns and contribute to feelings of isolation and despair. Building
knowledge in the sphere of sexual well-being, particularly from a cross-cultural perspective,
plays a pivotal role in combating detrimental social stereotypes. These findings shed light
on recognizing the strong connection between sexual satisfaction and AtA and SwL has
the potential to reshape attitudes, fostering inclusivity that transcends age boundaries.
Moreover, this study highlighted the importance of acknowledging the culturally diverse
experiences and needs of older adults.

Older adults perceive and prioritize sexual satisfaction, AtA, and SwL differently.
Indeed, older populations are demographic heterogeneous, encompassing individuals
from different cultural backgrounds, varying socioeconomic statuses, and distinct health
conditions. Acknowledging and appreciating this diversity are fundamental steps toward
formulating interventions and policies that effectively cater to the unique needs of the
various subgroups within the older adult population.

It is imperative to elucidate the intricate relationships among the variables of sexuality,
aging, and satisfaction while concurrently investigating intercultural variations [62,63]. The
significance of conducting comprehensive cross-cultural studies that scrutinize these dy-
namics across diverse cultural contexts cannot be overstated [6,7,31,58]. Cultural nuances
significantly shape individuals’ perceptions and experiences of aging and sexuality, influ-
encing the generalizability of our findings. By undertaking a study with two different older
samples, we aimed to explore cultural differences and to understand how the assessment
of these cultural influences is crucial for interpreting and applying our research findings
appropriately within their contexts. Considering the cross-cultural nature of our study,
it would be advantageous for future research to explore larger older cohorts to identify
patterns and assess their stability or evolution over time. Furthermore, considering the
anticipated generational differences due to evolving lifestyles, it is important to account for
potential shifts in the perceptions of sexual well-being along the life cycle [34,63].

Future approaches to older adults from various cultures benefit from a tailored com-
prehension of sexual well-being, AtA, and SwL [63]. Different cultures ascribe unique
meanings to these concepts and, thus, a nuanced understanding is crucial [33,63].

5. Conclusions

In sum, there is a significant shortage of cross-cultural research on these topics, partic-
ularly utilizing cluster analysis. This study intended to fill this gap by exploring in detail
three patterns of the intricate relation between sexual well-being, AtA, and SwL among
older adults. Cluster 1 (“most skilled”) embodied participants with a positive alignment,
with high levels of AtA, sexual satisfaction, and SwL. Cluster 2 (“least adjusted”) showed
participants with low AtA, moderate sexual satisfaction, and relatively low SwL. Finally,
participants from Cluster 3 (“aging strivers”) placed a central focus on AtA, while present-
ing low sexual satisfaction and SwL. These participants showed significant challenges to
their sexual well-being. These findings contributed to scientific knowledge in an insuffi-
cient research area, with inconsistencies within the existing literature. Future interventions
and policy programs with different cultures and older populations benefit from including
sexual well-being, in all its complexity, as an integral and inseparable dimension of the lives
of older individuals. By doing so, older adults may be truly empowered to embrace their
sexual well-being as an enduring and meaningful part of their aging well. In conclusion,
our study adds to the literature by exploring the importance of addressing the multifaceted
interaction of sexual satisfaction, adjustment to aging, and overall well-being among older
adults, advocating for tailored interventions and further research in multi-cultural contexts,
which actively include sexual variables and its relation to satisfaction with life and AtA,
among older populations.
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Abstract: The past decade has seen a global increase in population age, especially in developed
countries, where aging involves visual diseases such as age-related macular degeneration (AMD),
which severely affect quality of life (QoL) and mental health, as well as increase isolation and care
costs. This study investigated how persons with AMD perceive the impact of technology use on
their QoL, focusing on potential disparities between urban and rural contexts in Spain. Using a cross-
sectional observational design, data from the 2020 National Statistics Institute’s Disability, Personal
Autonomy, and Dependency Situations Survey were analyzed, focusing on QoL aspects based on
the WHO items of the WHOQOL-100 scale. The results revealed a generally positive perception of
technology among participants, with urban residents perceiving technology’s positive impact more
favorably. Sex discrepancies in technology perception were also observed, as women exhibited a more
positive outlook on technology’s influence on QoL. The analysis of QoL aspects, such as ‘Visibility’,
‘Learning’, ‘Mobility’, and ‘Domestic life’, highlighted distinct challenges faced by rural and urban
populations, underscoring the importance of context-specific approaches in technology interventions.
However, these perceptions were intertwined with comorbidities, which can exacerbate AMD-related
issues. Furthermore, this study explored the role of technology in enhancing QoL among older adults
with AMD, examining how it influences daily activities and independence, particularly in the context
of AMD management. This study concluded that developing more-inclusive policies tailored to the
specific needs of persons with AMD, with special attention to environmental and sex differences, is
imperative to enhance the positive impact of technology on their QoL.

Keywords: AMD; rural; sex; older people; self-perceived health; new technologies; quality of life

1. Introduction

In the last decade, there has been an increase in the global population’s age, especially
in developed countries, such as the European community, where more than 17% of the
total population is over 65 years old [1]. This increase in age has led to the emergence
of diseases related to visual impartments and blindness (Figure 1). Visual impairment
and blindness in older adults significantly impact quality of life (QoL) and mental health
and may lead to anxiety and depression [2–5]. Moreover, persons with visual disabilities
and/or blindness may experience isolation, stigma and self-stigma, discrimination, and
other social conditions affecting well-being [6–8]. For older adults, visual impairment
can reduce physical activity [9], increase the risk of hip fracture [10], and contribute to
social isolation [11]. Additionally, older people with low vision are more likely to be
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Eur. J. Investig. Health Psychol. Educ. 2024, 14

admitted to nursing homes, increasing the cost of care [10,12] and the burden related
to informal support/care by relatives [13]. This represents a significant global burden,
with an estimated annual loss of worldwide productivity amounting to approximately
USD 411.3 million. This figure far exceeds the estimated cost for addressing the needs of
visual impairment [14,15].

A 

B 

C 

Time (year) 

Age 

Figure 1. Crude prevalence of vision loss due to age-related macular degeneration by location (A),
age (B), and time period (C). Adults ≥ 50 years old, men and women. Source: Data from
VLEG/GBD 2020 model, accessed via the IAPB Vision Atlas (https://www.iapb.org/learn/vision-
atlas/magnitude-and-projections/gbd-super-regions/, accessed on 2 February 2024).

Visual impairment and blindness in aging is associated with main diseases such as glau-
coma, diabetic retinopathy, and age-related macular degeneration (AMD). AMD is the most
common cause of blindness in developed countries, accounting for 8.7% of all blindness world-
wide [16–19], reaching around 196 million cases in 2020, a figure expected to increase to
288 million by 2040 [20]. AMD is a chronic and progressive degenerative disorder that primarily
affects the central part of the retina known as the macula. It is characterized by the loss of
central vision due to abnormalities in the photoreceptor/retinal pigment epithelium/Bruch’s
membrane/choroid complex, often leading to geographic atrophy and/or neovascularization.
AMD can be classified into dry and wet forms, with the latter being responsible for the ma-
jority of the severe vision loss [21]. The prevalence of AMD-related vision loss is higher in
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western Europe than in other regions and countries worldwide, with a greater prevalence
among older people. Over the past decade, the prevalence of AMD has slightly increased.
In Spain, data from the National Institute of Statistics (INE) disabilities database [22] indicate
that AMD disproportionately affects women as they age, with a prevalence of 6.09 per 1000
inhabitants among those aged 65 to 69 years and 27.22 per 1000 inhabitants aged 80 and older.
In comparison, the prevalence among men in the corresponding age group is 3.09 per 1000
and 17.35 per 1000 inhabitants, respectively. Therefore, AMD is a disease that is more closely
associated with women, placing them at a higher risk, thus suggesting the need for a sex-based
analysis. According to sex in AMD, some authors such as Lin et al. suggested sex disparities
and inequality burdens associated with such diseases [23].

The risk factors for AMD can be broadly classified into two main groups: (1) environmental
factors and (2) personal factors. Environmental factors include (a) smoking, (b) exposure to
sunlight, and (c) nutritional factors such as a lack of micronutrients, fish-poor diets, and alcohol
consumption. Environmental factors encompass not only external physical elements, such as
pollution and climate, but also aspects of the social and cultural environment that significantly
affect individual decisions and behaviors. For example, the practice of smoking is influenced
by the social and cultural environment, such as advertising and social norms. Additionally,
smoking introduces toxins that are known risks to ocular health [24]. On the other hand, personal
factors can be further subdivided into (a) sociodemographic factors (age, sex, race/ethnicity,
heredity, and socioeconomic level), (b) ocular factors (mainly iris color, optical density of the
macular pigment, cataracts and their surgery, refractive error, and cup/disc ratio), and (c)
systemic factors (suffering cardiovascular disease, reproductive system disorders, hormonal
problem, elastotic degeneration of the skin, and antioxidant enzyme scarcity) [21]. Focusing on
the risk factors evaluated in this study, Święch et al. found that the place of residence (urban or
rural) and sex can influence the perception of the exudative form of AMD [25]. This perception
can impact the QoL and well-being of older people, especially those over the age of 50 years.
Additionally, AMD has been found to be associated with rural regions [26,27], especially when
comparing urban and rural populations for an intervention. These personal factors include
demographics, health literacy, cultural beliefs and attitudes, psychological factors, lifestyle and
behavior, economic stability and technological proficiency. Overall, while sex-related factors
may contribute to AMD risk, the interplay between genetic, lifestyle, and environmental factors
likely plays a more significant role in determining individual risk profiles [28].

AMD, an irreversible condition, is currently addressed with innovative technologies with
therapies like ultra-wide-field fundus ophthalmoscopy-assisted deep learning [29] and microar-
ray technology [30], alongside established treatments such as photodynamic and anti-VEGF
therapies [31], which aim to mitigate vision loss. Despite these advancements, not all forms
of vision loss are preventable, and disparities in access to treatments like anti-VEGF injections
persist [32,33]. Consequently, there is an increasing focus on the socio-health impacts of tech-
nology [34] and the need for research into the usability and acceptability of these technologies,
particularly in patients with AMD [35,36], to enhance QoL and safety. Given these factors, it
is likely that disruptive technologies and new therapies and drugs will be developed in the
future for the treatment of AMD with the potential to improve QoL. In this context, authors
from the last century, such as Williams (1998), found that persons affected by AMD experi-
ence emotional distress and a reduced QoL in their daily activities. Moreover, these persons
usually report lower self-rated general health due to their low visual acuity [37]. Mitchell and
Bradley (2006) highlighted the significant decrease in QoL experienced by persons with AMD
when there is a delay in diagnosis and a lack of ongoing medical support. They concluded
that investing in rehabilitation, low-vision aids, training, and ongoing support could have a
significant impact on QoL [38]. More recently, COVID-19 has served as an example of the lack
of support and delays in medical treatments for conditions like AMD. Sanabria et al. (2023)
demonstrated a worsening perception of QoL in those with AMD [39]. According to Van
Hu et al. (2023), comorbidities are factors influencing QoL, with the presence of ≥3 chronic
diseases in addition to AMD being associated with lower evaluations of the mental health
component. This can lead to depressive symptoms and a deterioration in basic activities of
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daily living [40]. A series of studies have explored the impact of AMD on QoL using different
methodologies, consistently revealing significant declines in QoL among affected patients. A
study employing the National Eye Institute Visual Function Questionnaire-25 (NEI-VFQ-25)
found that patients with AMD reported lower scores across all domains of the questionnaire,
highlighting a substantial negative impact on their QoL [41]. Similarly, research utilizing the
International Index of Quality of Life (IQoL) observed that patients with AMD scored lower
in both the physical and emotional domains, further emphasizing the profound effects on the
overall quality of life [42]. Additionally, an analysis focusing on the correlation between visual
acuity and QoL in Patients with AMD revealed that those with lower visual acuity experienced
significantly reduced QoL, underscoring the direct relationship between the severity of vision
loss and QoL degradation in these individuals [43].

In summary, previous studies have examined the concept of QoL from multiple and
interdisciplinary perspectives, considering various factors that impact the daily activities
and independence of patients with AMD. However, it remains unclear whether persons
affected by AMD perceive the positive impact on their QoL when using technology as
a means of support and assistance. Therefore, it is essential to gain a comprehensive
understanding of the overall perception of these people in order to develop technologies
that can facilitate the management and support of their condition, ultimately improving
their QoL.

Taking this perspective into account, the assessment of QoL among older people
affected by AMD becomes significant in relation to the role of technology and sociodemo-
graphic variables. Based on these previous considerations, the objective of this study was
to determine the perspective and influence of technology on QoL determinants among
adults and older persons (≥50 years old) with AMD, residing in both rural and urban
areas of Spain, using data obtained from the Survey of Disability, Personal Autonomy and
Dependency Situations, collected by the National Statistics Institute (INE).

2. Materials and Methods

This research was based on examining technological perception and its influence on
the quality of life among people 50 years and older affected by AMD.

2.1. Data Collection

This study was based on data from the “Survey of Disability, Personal Autonomy and
Dependency Situations” (AGE) [22] developed by the National Institute of Statistics (INE). All
ethical considerations and data protection measures were handled and documented by the
INE. Also, this study received approval from the Ethics Committee of the Miguel Hernández
University of Elche (code UT.IB.GCMN.240202). AGE encompasses a comprehensive macro-
survey that specifically targets persons residing in private households within Spain. The
questionnaire was administered during the year 2020 and has already undergone rigorous
validation processes conducted by the INE. The data collected included as criteria for disability
or limitation needed to be current and have a duration at least one year. The sample size
consisted of 68,000 Spanish households. Furthermore, in order to achieve the survey’s objectives
and ensure reliable estimations at the national and regional levels, the INE determined an initial
sample size of 110,130 households distributed across 3671 census sections. This decision to
consider a sample of 110,130 households was based on the sample obtained from a previous
disability survey conducted in 2008. Each section had thirty households selected as titular
units [22]. Data collection involved a two-stage stratified approach, employing a multidata
collection method that included computer-assisted web interviewing (CAWI) and computer-
assisted personal interviewing (CATI) collection, and a paper questionnaire sent by regular
mail. When persons with disabilities were identified, their information was collected through a
CAPI interview using an individual questionnaire, which means that each respondent answered
questions in a personalized interview. However, due to the outbreak of the COVID-19 pandemic
during the field work, the data had to collected through CAPI and CATI in a second phase,
resulting in a reduction in the initial sample (from 110,130 to 68,000 Spanish households). The
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survey aimed to capture the experiences of approximately 4.38 million people (equivalent
to 94.9 per 1000 inhabitants) who had reported having some form of disability. The figure
of 4.38 million individuals reporting some form of disability is an estimate applied to the
sample data, adjusted for the probability of selection, nonresponse, and poststratification
factors to ensure that the estimates were representative of the national population. This was
calculated with a precision of 4.3 decimals, as indicated by the INE in its methodology (https:
//www.ine.es/metodologia/t15/meto_edad_2020.pdf, accessed on 2 February 2024, https:
//www.ine.es/daco/daco42/discapa/faltar_2020.pdf, accessed on 2 February 2024) to ensure
the accuracy of these adjustments. The detailed level of precision helped to accurately scale the
sample data to reflect the entire population, taking into account the complex survey design.

2.2. Sampling

The total sample size corresponded to 2405 individuals (see Table 1). The sample size was
justified as follows: the prevalence of AMD in the Spanish population was 3.4% in 2022 [44],
while data collected by the INE in 2020 included a total of 21,021,128 individuals aged 50 years
or older [22]. Considering 21,021,128 individuals with a prevalence rate of 3.4%, there were
714,718 individuals affected by AMD and 20,306,410 individuals at risk of developing AMD in
2020. Based on this, the sample of 367 individuals with AMD was obtained with a confidence
level (1–α) of 95% (with noncritical consideration), a precision (d) of 3%, a probability (p) of
0.3, and an expected loss proportion (R) of 12% for 714,718 persons with AMD. The calculated
sample size for 20,306,410 persons without AMD was 2038 individuals for 1-α = 95%, d = 3%,
p = 0.5, and R = 47.64%.

For the AMD sampling, we assumed 367 persons with a standard deviation of 10. First, we
calculated the power obtained for sample size increases by 20, 40, 60, and 80 points when
population increases 100, 200, 300, 400, and 500. The power range obtained was 0.92–1
(Figure 2A). Second, the power calculation was performed to detect the increased popula-
tion with a standard deviation of 10 at power levels of 0.8 and 0.9 (Figure 2B).

Figure 2. Power range (A) and total sample size representation (B) for the AMD sampling.

Data were extracted regarding persons aged 50 years or more and persons aged more
than 50 years at risk of developing AMD. For this reason, the sample included diagnosed and
undiagnosed persons 50 years and older living in rural and urban areas, diagnosed with AMD
by a health professional, with their relationship to other visual pathologies and other diagnoses
related or unrelated to vision pathologies in rural and urban areas (see Table 2). The total sample
included 2405 persons, where a total of 53.13% of persons with AMD had been diagnosed
with cataracts. Moreover, there were more comorbidities for persons with AMD, such as
osteoarthritis (60.22% of persons diagnosed with AMD) and arthritis (33.79%). Regarding rural
persons affected by AMD, cataracts cover a total of 51.38%, osteoarthritis 55.96%, and arthritis
the 33.11%. In comparison, the percentage of these diseases was slightly higher for persons who
were living with AMD in urban areas: cataracts in 55.88%, osteoarthritis percentage in 62.02%,
and arthritis in 34.50% (Table 2).
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2.3. Method Description

The methodology employed for the questionnaire encompassed various aspects re-
lated to QoL based on the WHO items of the WHOQOL-100 scale (https://www.who.int/
tools/whoqol/whoqol-100, accessed on 5 February 2024). This questionnaire primarily
aims to elucidate an individual’s physical health, physiological state, independence level,
and social relationships and their environment (https://www.ine.es/metodologia/t15/
meto_edad_2020.pdf, accessed on 2 February 2024). Specifically, this questionnaire exam-
ines the domains of the level of independence, which consists of mobility, self-care, and
domestic life, as well as social relationships, which encompass interpersonal relationships
related to communication and learning.

The questionnaire variables were measured using a Likert scale, with varying levels as
follows: The dependent variable on the perception of technology and its relationship with
the improvement in the QoL was formulated in this way: ‘Do you think that the use of new
technologies has improved aspects of your daily life?’ This question could be answered 1
to 4 points, with 1 indicating ‘Yes, it has improved a lot’, 2 indicating “Yes, it has improved
something my daily life”, 3 indicating “Technology has not gotten better or worse my daily
life”, and 4 indicating ‘No, daily life has worsened’.

Moreover, the questionnaire also incorporates independents variables: ‘Do you find
difficulties for/to. . .’ for activities related to the items ‘Visibility’, ‘Communication’, ‘Learn-
ing’, ‘Mobility’, ‘Self-care’, ‘Domestic Life’, and ‘Interpersonal Relationships (see Table S1).
A Likert scale, ranging from 1 to 3 points, was employed to measure responses, where
1 indicated a significant improvement, while a response of 3 suggested a maximum diffi-
culty value.

2.4. Statistical Analysis

First, internal consistency was measured by Cronbach’s alpha coefficient, which was
measured as 0.79. Second, nonparametric and parametric test was used: The Spearman
correlation was used prior to applying parametric tests in order to verify the relationship
between two variables when it could not be assumed that they followed a normal distri-
bution. This evaluates the monotonic relationship between variables, meaning it does not
assume a linear relationship and is less sensitive to outliers and deviations from normality
in the data. The results allow confirming that the variables are monotonically correlated,
establishing a stronger basis for applying parametric tests and making assumptions about
the distribution of the data. This helps ensure the validity of results obtained through
subsequent parametric tests. Spearman correlation nonparametric test showed that popula-
tion data were normally distributed. That confirmed the validity of the use of parametric
tests. Third, the Pearson correlation matrix and one-way analysis of variance (ANOVA)
were analyzed for each independent variable and the dependent variable related to the
specified items: ‘Visibility’, ‘Communication’, ‘Learning’, ‘Mobility’, ‘Self-care’, ‘Domestic
Life’, and ‘Interpersonal Relationships’. All independent variables without significant
Pearson and ANOVA values were excluded from the next analysis. Fourth, the significant
variables (p < 0.05) in the Pearson and ANOVA tests were distributed across item variables.
Fifth, Pearson correlation and ANOVA were applied between the dependent variable and
each independent item formed. Significance levels of p < 0.01 and p < 0.05 are marked in
the results. Sixth, the average covariance between items was measured with an average
interitem covariance between 0.15 and 0.5. Seventh, the scale reliability coefficient was
considered acceptable with a value of between 0.6 and 0.7 and greater than 0.8; Cronbach’s
alpha coefficient, which assesses the internal consistency of the scale, was calculated based
on these interitem covariances. This coefficient quantifies the extent to which all items of
the scale measure the same underlying construct, with values falling within the specified
ranges indicating acceptable to excellent reliability. Finally, missing data were not imputed
in the model but were excluded from the analysis. This decision was made to avoid poten-
tial biases that could arise from imputing values that may not accurately represent the true
responses of the participants.
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All the independents variables were tested with the dependent variable ‘Do you think
new technology use has improved aspects of your daily life?’ with 6 possibilities: Persons
with AMD (n = 367), non-AMD persons (n = 2038), persons with AMD in rural areas
(n = 109), non-AMD persons in rural areas (n = 746), persons with AMD in urban areas
(n = 258,) and non-AMD persons in urban areas (n = 1292). The statistical analysis was
conducted, employing STATA software (version MP 17.0, developed by Statacorp).

3. Results

The analysis of the data from 2405 participants demonstrated significant patterns in
the perception of technology and its influence on the quality of life for people over 50 years
old, with special attention to those affected by AMD. The participants were classified based
on whether they lived in rural or urban areas and whether they had AMD or not.

Among the respondents, 14.51% (349 persons) of the total sample firmly believed that
technology had greatly improved their daily life. This positive perception was more preva-
lent in the non-AMD group, where 14.82% (302 persons) expressed this view, compared to
12.81% (47 persons) of those with AMD (Figure 3A,B). The differences between rural and
urban areas were also notable. In rural areas, only 10.09% (11 persons) of respondents with
AMD considered that technology had significantly improved their daily life, in contrast
to 13.95% (36 persons) in urban areas. Among non-AMD participants, this perception
increased to 17.18% (222 persons) in urban areas, compared to 10.72% (80 persons) in rural
areas (Figure 3C,D).

Figure 3. Perception of quality of life with the use of technologies in people with or without AMD in
rural and urban areas in Spain. (A) Likert scale, (B) response rate in rural + urban areas, (C) response
rate in rural areas, (D) response rate in urban areas, (E) response rate by sex in rural areas (n = 109),
(F) response rate by sex in urban areas (n = 258).
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Moreover, 22.54% (542 persons) of the 2405 participants indicated technology had
somewhat improved their daily life. This trend remained consistent among groups with
and without AMD, as well as between rural and urban areas, suggesting a generally
positive perception of technology. Across all scenarios, it is noteworthy that the impact of
new technologies had a more pronounced positive or negative influence in urban areas than
in rural ones, with a significant portion of the AMD population in urban settings reporting
such effects. These results underscored the importance of technology in improving the
quality of life of older adults, with a more positive perception in urban areas and among
those without AMD. However, they also highlighted the necessity of addressing disparities
in perception and access to technology among these groups, particularly for the purpose of
improving the lives of older adults with AMD in rural areas.

Figure 3E,F illustrate the differences in technological perception between women and
men, both in persons with AMD and in those without this condition. In general, women
usually reported a more positive perception of the influence of technology on their quality
of life compared to men. For instance, in the group of persons with AMD, there was higher
percentage of women who expressed that technology had significantly improved their daily
life compared to men. This trend remained constant in both urban and rural environments.

Table 3 provides data on the average interitem covariance, number of items, and
scale reliability coefficients for items related to QoL, such as ‘Visibility’, ‘Communication’,
‘Learning’, ‘Mobility’, ‘Selfcare’, ‘Domestic life’, and ‘Interpersonal relationships’. The
average interitem covariance for AMD items (n = 367) achieved acceptable levels, with the
‘Domestic life’ item exhibiting a coefficient of 0.3815. However, the items ‘Communication’,
‘Selfcare’, and ‘Interpersonal relationships’ were excluded from the analysis due to having
only one variable remaining for the AMD group. Moreover, the scale reliability coefficients
obtained were as follows: (1) For the item ‘Visibility’, the reliability coefficient was 0.6314.
This value falls within the range considered acceptable for the internal consistency of
the scale (0.6–0.7), suggesting that items related to visibility were moderately related
and measured the same construct coherently. (2) For the item ‘Learning’, the reliability
coefficient was 0.8642. This value is greater than 0.8, indicating high internal consistency
among the items related to learning. This suggests that these items were highly related
and measured the same construct consistently and reliably. (3) For the item ‘Mobility’, the
reliability coefficient was 0.8511. Similar to the ‘Learning’ item, this value also exceeds
0.8, indicating high internal consistency among the items related to mobility. (4) For the
item ‘Domestic Life’, the reliability coefficient was 0.7744. Although this value is above
0.7, it does not reach the threshold of 0.8 to be considered excellent. However, it remains
acceptable and suggests moderate internal consistency among items related to domestic life.
(5) Interestingly, the rural population (n = 109) considered the ‘Domestic Life’ item with
two variables, resulting in an average interitem covariance of 0.2966 and a scale reliability
coefficient of 0.7428. These values suggest moderate internal consistency, which is relatively
acceptable.

For AMD people living in urban areas (n = 258), only the ‘Mobility’ item was con-
sidered, with an accepted average interitem covariance of 0.2753 and a scale reliability
coefficient of 0.7243. Table 3 also indicates differences between older participants with
AMD and older people not affected by AMD. For example, the analysis for persons with-
out AMD in rural areas (n = 746) excluded the ‘Learning’ item. In contrast, urban areas
excluded the items ‘Communication’ and ‘Learning’. However, ‘Communication’ was
included in the rural and urban analyses.
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4. Discussion

This study aimed to investigate how adults aged 50 and above—diagnosed with AMD
and residing in rural and urban areas of Spain—perceived the impact of new technologies
on the QoL items. The main findings focused on the response to the statement ‘Do you
believe the use of new technologies has improved aspects of your daily life?’

Firstly, it has been well documented that aging is associated with an increase in dis-
eases or issues related to mobility [45–47]. Our findings revealed a higher prevalence
of AMD among women than men. While the distribution of ocular conditions such as
glaucoma, cataracts, or diabetic retinopathy varies by sex, women with visual impairments
constituted the majority. Approximately two out of every three persons in these categories
were women with visual impairments [48]. This sex difference may be partly attributed
to women’s longer life expectancy, which averages five years more than that of men [49].
Other factors, including disparities in the significance of optimal vision in daily activities,
variations in the inclination to seek medical attention, and sex and/or gender disparities in
access to healthcare services, could have also contributed to this disparity. Furthermore,
lifestyle-related factors such as smoking habits and sun exposure may differ by sex, in-
fluencing the risk and distribution of ocular diseases among men and women. Moreover,
sex-linked biological differences can influence the underlying pathogenic mechanisms of
diseases [50]. Lastly, a technological divide was observed among older persons, and there
were sex inequalities influenced by differences in biases. This disparity is particularly
evident in women with disabilities. This study’s results revealed that how women perceive
technologies has the potential to enhance their QoL and overall well-being, specifically in
relation to AMD. Women see technological advancements as mitigating the impacts on
autonomy and independence and improving their ability to manage their health. Addi-
tionally, women often engage in more caregiving activities, which can be physically and
emotionally demanding. Technologies assisting in these areas provide significant relief and
support [36]. For example, technologies such as Instead Technologies for Helping People
(see EGARA handle) or rehabilitation neurorobotics for people that experienced stroke (see
iDRhA) are specialized by grouping by sex [51].

Despite this positive outlook, prevailing social stereotypes and images present a
conflicting narrative. These societal views often depict women, especially older women,
as less capable of using or benefiting from new technologies [36]. This contradiction
highlights the gap between women’s actual perceptions and experiences and the cultural,
educational, and societal expectations. This also indicates the importance of rethinking
about how new generations and intergenerational programs interact with older women,
their demands, and the necessity for various technologies. This discrepancy influences how
technologies are developed and scaled, potentially ignoring the real needs and insights
offered by women about their health management and caregiving roles [52,53] in patients
with AMD and family caregivers. For instance, social images and representations of older
women tend to be characterized by stereotypes and discriminatory idealizations in relation
to the understanding and use of technologies. As a result, older women are often rendered
invisible in society and from its own images [52–54].

Another factor to take into consideration is the age-related sociocultural discrimination
and antifeminist bias that women face in caregiving roles. Women continue to bear the
greatest burden of care, with very few men participating in caregiving activities. These bur-
den extent thought a woman’s life, including during old age and disability. Consequently,
older women have a tendency to minimize the impact of their health and inequalities they
face in comparison to older men. This phenomenon is evident in the responses provided on
the Likert scale, where older women expressed that technology had no significant impact
on either improving or worsening their daily lives. This limitation is also reflected in
the current study, given that the number of male participants was smaller than that of
women, potentially influencing the outcomes of the independent variables concerning
sex differences. A second phase of this questionnaire that includes sex differences based
on stratifying the analysis by age group would be helpful. This segmentation process
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can yield a more profound comprehension of how age impacts the associations between
variables and uncover age-specific trends or patterns within the dataset. Moreover, expand-
ing the male sample size will ensure a more equitable sex distribution, thereby proving
advantageous. This would help mitigate the potential biases arising from the unequal
representation of the sexes in the sample and enhance the generalizability of the findings.
Furthermore, it is important to highlight that this research specifically concentrated on
physiological sex distinctions and did not encompass a wider exploration of gender-related
issues, encompassing social, cultural, and identity aspects.

On the other hand, our findings indicate that the majority of respondents, both in
rural and urban areas, believed that new technologies’ use had not significantly altered
their daily lives. However, a larger proportion of persons residing in urban areas claimed
technology had improved certain aspects of their daily life compared to those in rural areas,
which aligns with our expectations. AMD significantly impacts multiple aspects of daily
functioning and the ability to live independently, encompassing essential activities such as
reading, shopping, driving, and self-sufficient cooking [55]. The differences found between
rural and urban areas were consistent with the results of a study conducted by Święch et al.
2021, which identified variations among subpopulations of patients with AMD residing
in rural and urban environments [25]: persons with disabilities in rural areas frequently
reported difficulties in reading. This suggests that the prescription of low-vision devices
might be less frequent in rural areas, possibly due to a lack of detailed information provided
to patients in these areas. Additionally, rural patients perceived that their vision loss
significantly impacted their QoL more than persons living in urban areas. This difference
may be attributed to urban areas being better adapted to persons with low vision, likely
due to the widespread use of new technologies [25,56]. Rural areas present a multitude of
additional challenges. Hence, our results indicate that in rural zones, a lower percentage of
persons responded affirmatively to the question ‘Yes, technology has improved my daily life
a lot’ and a higher percentage of persons who asserted that ‘Technology has not significantly
changed my daily life’. This contrast is explained by the unequal access to advanced
health services, which are more accessible in urban areas and may include telehealth
and remote monitoring technologies, essential elements for the effective management
of AMD. Additionally, internet connectivity, which facilitates access to information and
online health services, tends to be more robust and reliable in urban areas. The complexity
of rural challenges in medical aid are increased by insufficient internet connectivity and
the persistent digital divide, which impact older people residing outside urban regions.
These medical aids include mobility issue opportunities and risks. These risks encompass
not only healthcare disparities for older people [57] but also the profound impacts of
issues such as loneliness, isolation, and the various social challenges arising from the
broader context of social distancing [58]. The sociocultural environment also influences
the acceptance and adoption of new technologies and varies considerably between these
areas, with those in rural areas often showing greater reluctance to adopt technological
innovations due to cultural norms and resistance to change [57]. These multifaceted
problems underscore the complex landscape faced by persons in rural settings, where a
combination of factors, including limited healthcare access, technological disparities, and
the broader sociocultural environment, collectively contribute to a distinct set of challenges
that significantly influence the well-being of the population. Nevertheless, persons with
low vision may experience increased insecurity in urban areas due to the increased mobility
in urban settings.

More women expressed that new technologies improved their QoL than men. How-
ever, more women also believed that their daily life activities had neither improved nor
worsened. This may also have been due to a limitation of this study, as there were more
women than men included in the survey. For that reason, sex differences and a gendered
approach may play a crucial role in how technology is perceived and used among older
adults, underscoring the importance of considering gender differences in future research
and in the development of technological interventions.
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On the other hand, the findings of this study highlight significant differences in the
perception of new technologies intended to enhance the daily QoL among older persons
affected by AMD in urban and rural settings. Specifically, there was a notable positive
impact observed in QoL aspects such as ‘Domestic life’, ‘Learning’, and ‘Mobility’, though
with a less pronounced impact on the ‘Visibility’ item. In rural areas, a particularly positive
perception was emphasized for ‘Domestic life’, reflecting the importance and demand for
this item in such environments. Moreover, technology plays a crucial role in transforming
domestic life. Although technological advancement has improved the living conditions
for people in rural areas, there is still a significant gap in technology access and adoption,
especially among older populations. This paper demonstrates that in rural older people
affected by AMD, technology was positively impacting their learning abilities. This sug-
gests that the digital divide may be narrowing in this population. On the other hand,
according to the results obtained, there was no evidence that other factors such as mobility
or communication impacted the QoL of people with AMD, consequently reducing the
digital divide experienced by these persons.

Conversely, in urban areas, ‘Mobility’ emerged as the sole item considered in the
analysis, underscoring the differences in the needs and priorities of persons according to
their geographical context. In urban areas where there is the constant movement of people,
mobility was a key factor intertwined with technology, which positively affected the QoL of
older individuals with AMD. However, a different kind of divide was found, one centered
around communication and learning, as observed in the results of this study.

For individuals aged 50 years and over in both rural and urban environments, the
results showed that technological inclusion may have been favorably impacting learning
and mobility, bridging the digital divide among older people with this condition. Ad-
dressing this challenge will require efforts by policymakers, public institutions, educators,
and technology providers to emphasize solutions based on specific educational initiatives,
accessible technology training programs [59,60], and inclusive design principles, aimed at
empowering older people with technology. This suggests that future research on technol-
ogy use and its impact on QoL in terms of mobility items should be related to the type of
technological aid/device, which could be beneficial in uncovering the differences between
areas and from a gender perspective.

Moreover, the data revealed that while older persons with AMD valued items related
to ‘Learning’, those without this condition did not perceive a significant impact in this
area. This finding suggests that AMD might specifically influence the perception and value
placed on learning ability in adults and older adults, emphasizing the need for personalized
and individually adapted strategies and training tailored to improve intrinsic capacity
in promoting healthy aging. The necessity for personalized approaches becomes evident
when considering these differences, both in the comparison between urban and rural set-
tings and among persons with and without AMD. Therefore, previous studies analyzed
technological opportunities for blind and visually impaired people [61]. This highlighted
the specific impact of AMD on QoL and the importance of considering the individual and
intrinsic capacity context when designing and implementing support technologies and
programs, as stated by LaMonica et al., 2021 [62]. There are several strategies that can
enhance the acceptance and effectiveness of technologies by the older adult community,
including the use of codesign methodologies to ensure technology usability, acceptability,
and efficiency. Telemedicine (e.g., virtual consultations, virtual rehabilitation programmes,
remote diagnosis and patient monitoring and, emergency assistance) has emerged as an
effective alternative for managing AMD, leveraging telecommunication technologies for
remote treatment and patient assessment. This method includes synchronous and asyn-
chronous care, communication between doctors and patients, and remote monitoring,
allowing physicians to make accurate diagnoses and manage treatment from a distance [63]
Additionally, the integration of mobile applications for visual self-monitoring and artificial
intelligence for early detection has strengthened this strategy, enhancing diagnostic effi-
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ciency and access to medical care, reducing costs, and optimizing clinical time for cases
requiring more intensive direct intervention [64].

During the COVID-19 pandemic, the emerging need to utilize technological services
for socio-healthcare services, such as telemedicine, which has played a significant role,
was clearly demonstrated, impacting patients with AMD. However, the current challenge
extends beyond the immediate health crisis and calls for a holistic approach that exploits
technology’s capabilities to enhance medical care and the QoL for patients, particularly
those with chronic conditions like AMD. In this context, it is important to highlight that
COVID-19 has underscored the significance in ensuring uninterrupted and safe medical
care, reducing virus exposure, and improving healthcare accessibility [34].

The pandemic has indeed heightened concerns regarding the emergence of comorbidi-
ties. For individuals already afflicted with chronic ailments like AMD, the repercussions
can be more severe as they encounter a heightened risk of complications and a potential
decline in QoL [65–67].

The current challenge extends further, and it is necessary to continue promoting new
technological advancements in healthcare, beyond telemedicine. This could encompass
the development and implementation of artificial intelligence algorithms [51] based on
machine learning and deep learning, aiding in the early detection, precise diagnosis, and
personalized treatment of diseases like AMD. Moreover, disruptive technologies such as
quantum computing open new possibilities for research and the development of more
effective treatments.

Our study’s reliance on self-reported data potentially introduced biases, as partici-
pants may have inaccurately represented their technology usage and perceptions. The
cross-sectional design additionally restricted our ability to establish causality between
technology use and QoL improvements in older patients with AMD. Additionally, the
representativeness of our sample may have affected the generalizability of our findings due
to potential demographic and regional disparities. To address these issues, future research
should include longitudinal studies to evaluate the long-term effects of technology inter-
ventions on QoL among older adults with AMD. Moreover, qualitative research is needed
to uncover the reasons behind the sex differences in technology perception and usage,
which will help tailor more effective interventions for this population in the clinic context.
These interventions could include tailored technological solutions that are sensitive to the
unique needs of this population, potentially influencing policy and practice in healthcare
settings focused on aging populations [61,62]. To improve technology access in rural areas,
strategies could include enhancing broadband infrastructure, providing incentives for tech-
nology companies, and increasing digital literacy through targeted education programs.
Additionally, fostering partnerships between technology firms and healthcare providers
and advocating for policies that promote technological equity are essential. These measures
aim to bridge the gap in technology utilization, ensuring better health outcomes and QoL
for rural communities.

Finally, our results underscore the importance of public policies and intervention
strategies tailored to sex differences and geographic dispersion. Designing accessible tech-
nological solutions is crucial for promoting autonomy and enhancing the QoL among older
adults, irrespective of their location. Moreover, gaining a comprehensive understanding of
their perception is essential for developing supportive technologies that improve QoL. By
considering these factors, technologies to facilitate interventions should be designed to be
more aligned with the needs of older adults, promoting the management of their conditions
and ultimately enhancing their overall well-being. In the future, addressing these gaps and
harnessing technology’s capabilities will require coordinated efforts from policymakers,
healthcare providers, educators, and technology developers. This collaboration should
aim to ensure equal access to technology and personalized interventions for older adults
with AMD. By prioritizing inclusivity and innovation, we can effectively use technology to
improve the overall well-being and independence of older populations, promoting healthy
aging for all.
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5. Conclusions

This research demonstrated a correlation between technology perception and the
improvement in the QoL of adults and older people. The distinction between urban
and rural settings suggests substantial discrepancies in accessibility and technological
impact. The greater appreciation for technology in persons affected by AMD and urban
residents highlights the need for inclusive policies to enhance access to and utility of
technologies in rural areas and for people with AMD. Although there was generally a
positive perception of technology, the variations based on the presence of AMD and
geographical location emphasize the importance of considering these differences in the
development of technological interventions. Significant sex differences in technology
perception were observed, with women reporting a more positive impact. This suggests
that interventions should be sex-sensitive to maximize effectiveness.

This study revealed that those with AMD perceived technology as improving their
condition, which was associated with various aspects of QoL, particularly affecting ‘Vis-
ibility’, ‘Learning’, ‘Mobility’, and ‘Domestic life’. Notably, rural populations assessed
‘Domestic life’ with two variables, while urban areas focused primarily on ‘Mobility’. These
findings underscore the need for context-specific evaluations in QoL assessments, taking
into account geographic location and AMD status. However, these perceptions are also
influenced by the presence of comorbidities, which can exacerbate the problems associated
with AMD.

Finally, this research provides a basis for future studies to explore the barriers and
facilitators of technological adoption among older adults with AMD, with a particular
focus on the intersection of sex, technology, and rural residence. Implementing these
findings into practical applications and policy development would greatly aid in the
inclusion of this demographic group into digital and social spheres, aligning with the
Sustainable Development Goals focused on ensuring a dignified and high-quality life for
all older people.
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Abstract: Older adults who use digital technology are desired to adapt to digitalization and literacy.
One required aspect is eHealth literacy, measured with the eHealth Literacy Scale (eHEALS). Many
studies on eHealth literacy have used the eHEALS to examine the health behaviors of college students,
relatively younger adults, and Internet users. However, the relevance of eHealth literacy to social
activity has not yet been studied in older adults. The purposes of this study were to examine the
relationship between eHealth literacy and health behaviors and social activities (community, cultural,
and sports activities) and to investigate the factors associated with eHEALS scores among community-
dwelling older adults. The mean eHEALS score was 12.4 points (SD 8.2), with the majority (73.3%)
having the lowest score (the lowest score is 8 points). Males (17.6, SD 10.5) scored significantly higher
than females (11.8, SD 7.7). The eHEALS score had a significant relationship with both cultural and
community activity. Five factors significantly associated with having the lowest eHEALS score were
cultural activity at least once a week, no cultural activity, no community activity, total IADL score,
and intellectual activity. These results suggest that eHealth literacy is associated with community
activity and cultural activity among older adults.

Keywords: digital health literacy; eHealth Literacy Scale; sports activity; cultural activity; community
activity; health behavior; frailty; elderly

1. Introduction

The percentage of the global population aged 65 years and older is expected to increase
from 10% in 2022 to 16% in 2050 [1]. The population of Japan was already 29% as of 2021 [2].
Advances in public health and medicine have helped many people to live longer and
healthier lives [3]. However, not all older adults are healthy. In an aging society, healthy
life expectancy is desired to extend while curbing rising healthcare expenditures without
reducing the quality of healthcare services [4]. The increasing older adult population
means that more people need healthcare simultaneously; this needs to be addressed
using the benefits of digital technology [5]. Digital technology has great potential for
addressing healthcare needs and transforming many aspects of geriatric care [6]. Older
adults benefit from digital technology, including increased communication, increased
activity, and improved health [7]. The COVID-19 pandemic has been a major turning point
in the benefits of the use of digital technology by older adults, and the digitalization of
everyday life has been accelerated. Since there is a possibility that a pandemic caused
by such an infectious disease will occur in the future, it is necessary to urgently promote
the acquisition and penetration of digital technology among older adults in order to be
prepared. For community-dwelling older adults, digitization benefits healthcare, enhances
daily life convenience, and helps to gather information during disasters [8]. Older adults
need the skills and knowledge to use digital technologies [9].

Older adults are not proficient in using digital technology. According to a survey
conducted by the Japan Ministry of Internal Affairs and Communications in 2020, the
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usage rate among older adults was low, at 86.8% for those aged 60–69, 65.5% for those
aged 70–79, and 33.2% for those aged 80 and older, with over 80% of those aged 60–69
feeling uneasy about using the Internet [10]. Approximately 34% of older Internet users
said they were not confident in their ability to use digital devices, and 48% said they
needed someone to set up or teach them how to use them [11]. Despite the reported
benefits of Internet use among older adults in improving cognitive function, social well-
being [12], and loneliness [13], older adults have few opportunities to benefit from online
digital technologies related to health maintenance. The disparity among older adults
regarding access to and adaptation to digital technologies is known as the gray digital
divide [14]. This gray digital divide constitutes a major concern shared by United Nations
Economic Commission for Europe (UNECE) countries, affecting aging populations at both
the individual and societal levels [15].

Older adults need eHealth literacy and digital abilities and skills to eliminate the
digital divide in health. Acquiring eHealth literacy has an impact on individuals’ treatment
decision-making style [16]. As eHealth literacy improves, the ability to use online health
resources improves [17]. eHealth literacy is a foundational competency in using digital
technologies. In increasingly digitalized healthcare, individuals must manage and utilize
electronic health records and welfare service information at the individual level, allowing
them to take the initiative in making choices and managing their health [4]. Therefore,
minimal eHealth literacy is necessary.

eHealth literacy refers to the ability to use digital health and electronic information.
This is referred to as digital health literacy. Norman and Skinner defined “the concept
of eHealth literacy as the ability to seek, find, understand, and appraise health informa-
tion from electronic sources and apply the knowledge gained to address or solve health
problems. eHealth literacy combines facets of different literacy skills and applies them to
eHealth promotion and care. At its heart are six core skills (or literacies): traditional literacy,
health literacy, information literacy, scientific literacy, media literacy, and computer literacy
(the Lily Model) [18]”. The eHealth Literacy Scale (eHEALS) is defined as a set of skills
needed to use information technology for health effectively [19]. The eHEALS is often used
as a measure of eHealth literacy [20]. The Japanese version of the eHEALS has also been
developed and validated for reliability and validity [21].

Most studies on eHealth literacy have reported on health behaviors [20,22–27]. Many
studies have found that eHealth literacy is associated with health behaviors, but many
have focused on youth [22–25]. Despite the claimed need for digital health technologies,
few studies on eHealth literacy exist for older adults. eHealth literacy is important for
addressing health issues and supporting longevity through digital technologies. Therefore,
this study investigated whether eHealth literacy among older adults is associated with health
behaviors. Besides general health behaviors, the “Dietary Variety Score (DVS)” was added in
this study. The DVS has been widely used to assess the eating behaviors of Japanese older
adults [28]. The combination of food diversity, physical activity, and social interactions was
highly effective in preventing disabilities in older adults [29], and ingesting various foods
prevented a decrease in the independence of higher life functions of older adults living in
the community [28].

eHealth literacy has also been associated with improved health status [30,31]. As
decreased independence was associated with life expectancy [32], the 13 items of the
Instrumental Activities of Daily Living (IADL) [33] developed by Koyano based on the
Lawton assessment method [34] were employed in this study. Furthermore, we also
investigated the association with frailty [35], a condition of increased vulnerability to health
problems due to various age-related functional changes, and loss of reserve capacity using
the revised Japanese version of the Cardiovascular Health Study (J-CHS) criteria [36]. In
previous studies, the health status of older adults has mostly been determined by self-
report [30,31,37]. Therefore, we adopted objective frailty assessments with confirmed
validity and reliability to examine the relationship with eHealth literacy. This is a new
finding, as no study has investigated an association between eHealth literacy and frailty.
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In older adults, social activity effectively maintains health and improves health be-
haviors and statuses. Social activity prevented functional disability [38–42], cognitive
decline [43,44], and mortality [42,45]. Although social activity has contributed to health
outcomes in older adults, to our knowledge, no study has examined the association be-
tween eHealth literacy and social activities. Kanamori et al. classified social activities
into eight types: neighborhood associations/senior citizen clubs/firefighting teams (local
community), hobby groups (hobbies), sports groups or clubs (sports), political organiza-
tions or groups (politics), industrial or trade associations (industry), religious organizations
or groups (religion), volunteer groups (volunteer), and citizen or consumer groups (cit-
izen) [46]. Participation in local communities, hobbies, sports, or organizations may be
especially effective in decreasing the risk of disability [46]. According to the Cabinet Office
of Japan, social activities in older adults aged 65 and over include sports activities such as
gymnastics and gateball, hobbies including haiku and shigin, and community activities
including festivals [2]. These activities allow older adults to communicate with others and
feel connected to society. Therefore, this study focused on three types of activities: sports,
cultural activities including hobbies, and community activities. Findings from this study
can provide basic information about future eHealth literacy among older adults. Moreover,
the results of this study can provide basic information about eHealth literacy in the design
of future health care, public policy, and programs for older adults, and can guide ways to
improve eHealth literacy among older adults.

The purposes of this study were to investigate the relationship between eHealth liter-
acy and health behaviors and social activities (community, cultural, and sports activities)
among community-dwelling older adults in Japan and to identify factors associated with
eHEALS scores among older adults. In particular, we hypothesized that eHealth literacy
would be associated with all three types of social activities in community-dwelling older
adults. Furthermore, we attempted to exploratorily examine predictors of eHealth literacy
among many variables.

2. Research Methods

2.1. Study Design and Sampling

This cross-sectional study was conducted in Miyaki town, Saga Prefecture, Japan, a
rural municipality with approximately 25,000 people. The participants in this study were
630 residents of Miyaki town aged 41–99 years. The recruitment method for this study was
to provide information in the town newspaper, to participants in public health classes for
older adults held in the town, and to general residents. eHealth literacy has never been
explained or discussed in public health classes. Therefore, the target of this study was not a
representative population of Miyaki town. All subjects received an explanation of the study
and signed written consent. Of 630 residents, 561 aged 65 years or older were included
in the analysis. Exclusion criteria were lack of consent, age 64 years or younger, missing
eHEALS response items, missing social activity, health behavior, and health status items,
and missing other variables. After excluding 69 participants with incomplete responses,
data from 561 older adults were used for the analysis.

2.2. The Measurement Procedure

The measurement was conducted from October to December 2021 in 56 districts
with small groups of 5 to 15 participants. The reason why the number of people to be
measured was set at 5 people at a minimum and 15 people at a maximum was because the
measurement location was sometimes a small community center, and consideration was
given to the safety of the measurement and the waiting time of the subjects. All participants
were asked to complete a questionnaire. Physical fitness and body composition were
measured by trained research staff. At the end of the measurement, participants received a
10 min explanation so that they understood their own physical fitness and health status.
Owing to the worldwide spread of COVID-19 in 2021, the measurement was conducted
with thorough infection prevention measures in place.
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2.3. Measurements
2.3.1. eHealth Literacy Level (eHEALS)

The Japanese version of the eHEALS [21] was used. The eHEALS was developed to
measure consumers’ combined knowledge, comfort, and perceived skills in finding, evalu-
ating, and applying electronic health information to health problems [19]. The eHEALS
consists of eight questions answered on a 5-point Likert scale ranging from “strongly
disagree (1)” to “strongly agree (5)” for each question item. The total score of the eight
items ranges from 8 [minimum] to 40 [maximum] points [21].

2.3.2. Social Activity

Social activity was divided into three categories based on the study by Kanamori
et al. [46]. In this study, sports activity included ground golf, gateball, walking, and
community-sponsored exercise classes for health, which were mainly physical activities.
Cultural activity included karaoke, dance, computer classes, Go, calligraphy, cooking
classes, and senior citizen colleges. Community activity, such as neighborhood and senior
citizen associations, were defined as activities that occurred in the town. Social activity
was converted into dummy variables and used in the analysis. Respondents were asked
to select one of the following five options for frequency of participation: “almost every
day”, “a few times a week”, “once a week”, “once or twice a month”, or “non”. The
responses obtained were divided into three categories: “at least once a week”, “once or
twice a month”, or “non”. In cultural activity example, cultural activity can be divided
into two different variables (Figure 1). The first was to calculate the odds ratio using the
variable “Cultural activity at least once a week” as an event and the variable “Cultural
activity less than once a week” as a reference. Second, the variable “No cultural activity”
was used as an event, and “almost every day”, “at least once a week”, “once or twice a
month”, and “non” are grouped together as a reference (Figure 1).

Figure 1. Definition when converting social activity into dummy variables.

2.3.3. Health Behavior

Health behaviors were assessed using questions on balanced food intake and smoking
regarding previous studies that reported associations with eHealth literacy [22–25]. In
addition, going out at least once a week (yes or no) and a sitting time of at least 8 h a
weekday (yes or no) were added. The Japanese government advocates nutrition, food,
physical activity, and smoking as important health behaviors for improving lifestyle and
reducing risk factors in the policies of the Second National Health Promotion Campaign
(Healthy Japan 21) [47]. Responses were dichotomized into yes or no for smoking, physical
activity, going out once a week, and sitting time of at least 8 h a weekday according to the
advice most commonly offered in Japanese public health settings [48]. Physical activity
adopted sports activity in social activity.

The DVS was used to assess balanced foods. The DVS was assessed by the frequency
of daily food intake of 10 selected food groups: meat, seafood, eggs, milk, soy products,
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green and yellow vegetables, seaweed, fruits, potatoes, and fats and oils [28]. The scores
range from 0 to 10, with higher scores indicating greater dietary diversity [28].

Sitting time was asked: “How much time do you usually spend at rest without physical
activity, sitting or lying down every day, in total per day?” Responses were answered yes
or no to “Sitting time at least 8 hours a weekday”.

2.3.4. Health Status

The IADL, body mass index (BMI), and frailty were assessed. Data on self-reported
disease, single fall, and multiple falls were also included in the analysis.

The IADL is a 13-item index developed by Koyano [33] based on Lawton’s evaluation
method [34]. The IADL comprised five items for “Instrumental self-maintenance”, four
items for “Intellectual activity”, and four items for “Social role”. The 13 questions were
self-administered and required a “yes (1 point)” or “no (0 point)” response; the higher the
score, the more independent the IADL. The IADL refers to complex activities in daily life,
such as shopping, coordination, laundry, telephone, medication management, property
management, use of public transportation, etc. [47].

BMI was calculated as the weight divided by the height squared (kg/m2) from actual
height and weight measurements. BMI was used as a proxy for long-term health behavior.
We categorized participants as “obesity (≥25 kg/m2)” or “non-obesity” based on BMI. We
also used separate classifications of “thin (<18.5 kg/m2)” or “non-thin” [49].

The J-CHS criteria were used as the diagnostic criteria for frailty. The J-CHS is based
on the Fried phenotype model [50], modified for older Japanese individuals. The J-CHS
includes five elements: (1) unintentional weight loss, (2) weakness (grip strength), (3) ex-
haustion, (4) slowness (normal gait speed), and (5) low physical activity [36]. (1) Uninten-
tional weight loss was defined as a “yes” response to the question “Did you unintentionally
lose 2 to 3 kg or more in 6 months?”. (2) Weakness was assessed using grip strength. Grip
strength was measured by having one person grip the measuring device twice on each side
with maximum effort. A maximum of four grip strength values was used for the analysis.
The cutoff values were 28 kg for males and 18 kg or less for females. (3) Exhaustion was
defined as a “yes” response to the question “I feel tired for no reason for the past two
weeks?”. (4) Slowness was assessed using gait speed. The participants were asked to walk
a distance of 11 m once at their usual walking speed. The measuring staff used a stopwatch
to measure the time required to move 5 m on the way from the 3 m to the 8 m point. Normal
gait speed was calculated as “5 m divided by the number of seconds required to move”.
(5) Low physical activity was defined as “Do you do light exercise or physical training?”
and “Do you engage in regular exercise/sports?”, and the two questions were asked. Both
questions were applied to those who answered “no”. In the J-CHS criteria, we categorized
cases that apply answered “no” to all five items as “robust”, cases that apply to one or two
items as “pre-frailty”, and cases that apply to three or more items as “frailty” [36].

Regarding pre-existing medical conditions, we asked if there were any diseases being
treated and the types of diseases. When asked if they had fallen within the past year, those
who answered no were treated as “no”, those who had fallen once were treated as “single
fall”, and those who had fallen more than once were treated as “multiple falls”.

3. Statistical Analysis

Comparisons of gender differences in participant characteristics were analyzed using
Student’s t-test or the chi-square test.

The association between the eHEALS and social activities was verified using logistic
regression analysis. The independent variable was the eHEALS, which was used here as
a continuous variable. The dependent variable was social activity, which is defined as a
dummy variable. The associations between the eHEALS and health behaviors (dummy
variable) or health status (dummy variable) were analyzed in the same way. Odds ratio
(OR) and 95% confidence interval (95%CI) were calculated with logistic regression analysis.
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In verifying the predictors of the eHEALS, 73.3% of all subjects had the lowest eHEALS
score of 8 points, so a logistic regression analysis was performed using the lowest eHEALS
score (dummy variable) as the dependent variable. At that time, those who did not have
the lowest eHEALS score were used as reference. Because this analysis was an exploratory
study, we examined a number of factors that could predict who would score the lowest on
the eHEALS.

Logistic regression analysis first examined the association between the eHEALS and
other factors (such as social activity) but ultimately statistically adjusted for age and gender
(with males as the reference).

The significance level was set at less than 5%.

4. Results

4.1. Baseline Characteristics

The overall mean age was 76.9 years (SD 5.9), with males having a mean age of
75.3 years (SD 6.2) and females having a mean age of 77.1 years (SD 5.8), and females had
a significantly higher mean age (p < 0.05) (Table 1). Participants were 561 older adults:
60 (10.7%) males and 501 (89.3%) females. The age distribution of the participants was 13
in the 65–69 age group, 335 in the 70–79 age group, 198 in the 80–89 age group, and 15 aged
90 or above.

In social activity, males were more likely than females to be involved in community
activity at least once a week. There were no gender differences in sports activity and
cultural activity. Sports activity was performed at least once a week by 356 respondents
(63.5%). Cultural activity was answered “non” by 408 (72.7%) respondents.

The DVS had a mean score of 6.2 (SD 2.4). The DVS was 4.9 (SD 2.5) among males and
6.3 (SD 2.3) among females. Females’ DVS was significantly higher than males (p < 0.001).

Regarding smoking habits, 548 participants (97.7%) were nonsmokers. Regarding the
presence of diseases, 493 participants (87.9%) reported having chronic conditions. The types
of diseases included 16 cases of cancer, 58 cases of heart disease, 5 cases of stroke, 238 cases
of hypertension, 62 cases of diabetes, 22 cases of obesity, 169 cases of hyperlipidemia,
154 cases of osteoporosis, 73 cases of joint pain or neuropathy, 16 cases of injury or fracture,
40 cases of respiratory disease, 14 cases of gastrointestinal disease, and 4 cases of liver
disease. However, no significant correlation was observed between the number of diseases
and the eHEALS score.

Other characteristics of the subjects are also shown in the table (Table 1).

Table 1. Participant characteristics.

Characteristic

Total
(n = 561)

Male
(n = 60)

Female
(n = 501)

Mean (SD) Mean (SD) Mean (SD) p

Age (years) 76.9 (5.9) 75.3 (6.2) 77.1 (5.8) 0.024
Dietary Variety Score (points) 6.2 (2.4) 4.9 (2.5) 6.3 (2.3) <0.001
IADL Total score (points) 12.2 (1.5) 12.2 (1.4) 12.2 (1.5) 0.876

Instrumental Self-maintenance (points) 4.9 (0.6) 4.9 (0.6) 4.9 (0.6) 0.870
Intellectual Activity (points) 3.7 (0.7) 3.7 (0.7) 3.7 (0.7) 0.607
Social Role (points) 3.6 (0.8) 3.6 (0.7) 3.6 (0.8) 0.790

Body Mass Index (kg/m2) 23.2 (3.3) 24.3 (2.9) 23.1 (3.3) 0.010
Grip strength (kg) 26.3 (6.7) 39.6 (6.9) 24.8 (4.7) <0.001
Gait Speed (m/s) 1.30 (0.27) 1.34 (0.29) 1.29 (0.27) 0.251
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Table 1. Cont.

Characteristic n (%) n (%) n (%) p

Gender Male 60 (10.7)
Female 501 (89.3)

Social Activity
Cultural Activity at least once a week 73 (13.0) 7 (11.7) 66 (13.2) 0.327

once or twice a month 80 (14.3) 5 (8.3) 75 (15.0)
non (no activity) 408 (72.7) 48 (80.0) 360 (71.9)

Community Activity at least once a week 91 (16.2) 22 (36.7) 69 (13.8) <0.001
once or twice a month 206 (36.7) 27 (45.0) 179 (35.7)

non (no activity) 264 (47.1) 11 (18.3) 253 (50.5)
Sports Activity at least once a week 356 (63.5) 39 (65.0) 317 (63.3) 0.320

once or twice a month 185 (33.0) 17 (28.3) 168 (33.5)
non (no activity) 20 (3.6) 4 (6.7) 16 (3.2)

Health Behavior
Going out at least once a week Yes 553 (98.6) 60 (100.0) 493 (98.4) 0.324

No 8 (1.4) 0 (0.0) 8 (1.6)
Sitting time at least 8 hours a
weekday Yes 20 (3.6) 2 (3.3) 18 (3.6) 0.918

No 541 (96.4) 58 (96.7) 483 (96.4)
Smoking Yes 13 (2.3) 3 (5.0) 10 (2.0) 0.144

No 548 (97.7) 57 (95.0) 491 (98.0)

Health Status
Obesity Yes 155 (27.6) 23 (38.3) 132 (26.3) 0.050

No 406 (72.4) 37 (61.7) 367 (73.3)
Thin Yes 40 (7.1) 2 (3.3) 38 (7.6) 0.227

No 521 (92.9) 58 (96.7) 463 (92.4)
Robust Yes 364 (64.9) 39 (65.0) 325 (64.9) 0.984

No 197 (35.1) 21 (35.0) 176 (35.1)
Pre-frailty Yes 185 (33.0) 21 (35.0) 164 (32.7) 0.724

No 376 (67.0) 39 (65.0) 337 (67.3)
Pre-frailty or Frailty Yes 197 (35.1) 21 (35.0) 176 (35.1) 0.984

No 364 (64.9) 39 (65.0) 325 (64.9)
Weakness Yes 32 (5.7) 1 (13.3) 31 (11.4) 0.154

No 529 (94.3) 59 (86.7) 470 (88.6)
Slowness Yes 67 (11.9) 6 (10.0) 61 (12.2) 0.623

No 494 (88.1) 54 (90.0) 440 (87.8)
Unintentional Weight loss Yes 65 (11.6) 8 (13.3) 57 (11.4) 0.655

No 496 (88.4) 52 (86.7) 444 (88.6)
Exhaustion Yes 82 (14.6) 8 (13.3) 74 (14.8) 0.766

No 479 (85.4) 52 (86.7) 427 (85.2)
Low physical activity Yes 37 (6.6) 5 (8.3) 32 (6.4) 0.566

No 524 (93.4) 55 (91.7) 469 (93.6)
Desease Yes 493 (87.9) 51 (85.0) 442 (88.2) 0.470

No 68 (12.1) 9 (15.0) 59 (11.8)
Single fall Yes 146 (26.0) 11 (18.3) 135 (26.9) 0.151

No 415 (74.0) 49 (81.7) 369 (73.7)
Multiple falls Yes 34 (6.1) 2 (3.3) 32 (6.4) 0.349

No 527 (93.9) 58 (96.7) 469 (93.6)

4.2. eHealth Literacy Level

The mean eHEALS score was 12.4 points (SD, 8.2) (Table 2). Males, at 17.6 points
(SD 10.5), scored higher than females, at 11.8 points (SD 7.7) (p < 0.001). The mean scores
for each eHEALS item ranged from 1.5 (0.9) to 1.6 points (1.2) (males: 2.1–2.3, females:
1.4–1.5). There were no differences in most questionnaire items. The eHEALS scores were
significantly higher for males across all eight items (p < 0.001). From the reliability statistics,
Cronbach’s alpha for eight items in the eHEALS was 0.985.
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Table 2. The eHEALS scores in this study.

Characteristic

Total
(n = 561)

Male
(n = 60)

Female
(n = 501)

Mean (SD) Mean (SD) Mean (SD) p

eHEALS (points) 12.4 (8.2) 17.6 (10.5) 11.8 (7.7) <0.001
Q1. I know what health resources are available on the

internet. 1.6 (1.2) 2.3 (1.4) 1.5 (1.1) <0.001

Q2. I know where to find helpful health resources on the
internet. 1.6 (1.1) 2.3 (1.4) 1.5 (1.1) <0.001

Q3. I know how to find helpful health resources on the
internet. 1.6 (1.1) 2.2 (1.5) 1.5 (1.1) <0.001

Q4. I know how to use the internet to answer my
questions about health. 1.6 (1.1) 2.3 (1.4) 1.5 (1.1) <0.001

Q5. I know how to use the health information I find on
the internet to help me. 1.6 (1.1) 2.2 (1.4) 1.5 (1.0) <0.001

Q6. I have the skills I need to evaluate the health
resources I find on the internet. 1.5 (1.0) 2.2 (1.4) 1.4 (0.9) <0.001

Q7. I can tell high-quality health resources from
low-quality health resources on the internet. 1.5 (0.9) 2.1 (1.3) 1.4 (0.9) <0.001

Q8. I feel confident in using information from the
Internet to make health decisions. 1.5 (1.0) 2.1 (1.3) 1.4 (0.9) <0.001

Characteristic n (%) n (%) n (%) p

eHEALS Score 8 (Lowest point) 411 (73.3) 28 (46.7) 383 (76.4) <0.001
9–40 (point) 150 (26.7) 32 (53.3) 118 (23.6)

Overall, the number of participants with the lowest eHEALS score (8 points) was the
majority (73.3%). Females (76.4%) were significantly more likely to have a lower eHEALS
score than males (46.7%, p < 0.001). The highest eHEALS score (40 points) was obtained in
four female participants.

4.3. Association of eHEALS Score with Social Activity

As a result of logistic regression analysis, significant associations were found between
eHEALS score and two types of social activities (Table 3). The eHEALS score was positively
associated with cultural activity at least once a week (OR: 1.037, 95%CI: 1.007–1.068) and
negatively associated with no cultural activity (OR: 0.955, 95%CI: 0.933–0.977). Also, the
eHEALS score was positively associated with community activity at least once a week
(OR: 1.031, 95%CI: 1.003–1.059) and negatively associated with no community activity (OR:
0.971, 95%CI: 0.949–0.994). Regarding sports activity, no association with eHEALS score
was observed.

Table 3. Relationship between eHEALS (continuous variable) and Social Activity.

Social Activity Unadjusted OR (95%CI) Adjusted $ OR (95%CI)

Cultural Activityat least once a week (No) 1.029 (1.002–1.057) * 1.037 (1.007–1.068) *
No Cultural Activity (At lesat once or twice a month) 0.962 (0.942–0.983) * 0.955 (0.933–0.977) *
Community Activity at least once a week (No) 1.040 (1.015–1.065) * 1.031 (1.003–1.059) *
No Community Activity (At lesat once or twice a month) 0.959 (0.938–0.980) * 0.971 (0.949–0.994) *
Sports Activity at least once a week (No) 1.020 (0.998–1.042) 1.019 (0.995–1.043)
No Sports Activity (At lesat once or twice a month) 1.010 (0.960–1.063) 1.009 (0.954–1.068)

OR, odds ratio; CI, confidence interval; * p < 0.05; $ Adjusted for age and gender; The notation in parentheses
indicates a reference.

4.4. Association of eHEALS Score with Health Behavior

eHEALS score was not associated with the DVS (Table 4). There were no associations
between eHealth literacy and health behaviors.
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Table 4. Relationships between eHEALS (continuous variable) and Health Behavior or status.

Unadjusted OR (95%CI) Adjusted $ OR (95%CI)

Health Behavior

Dietary Variety Score # 0.993 (0.973–1.014) 1.005 (0.983–1.028)
Going out at least once a week (No) 1.101 (0.919–1.318) 1.032 (0.862–1.235)
Sitting time at least 8 h a weekday (No) 0.970 (0.908–1.037) 0.960 (0.894–1.031)
Smoking (Yes) 1.016 (0.956–1.080) 1.004 (0.939–1.075)

Health Status

IADL Total score # 1.045 (1.020–1.069) * 1.032 (1.006–1.058) *
Instrumental Self-maintenance # 1.072 (1.013–1.134) * 1.044 (0.984–1.107)
Intellectual Activity # 1.049 (1.017–1.083) * 1.040 (1.006–1.074) *
Social Role # 1.031 (1.004–1.059) * 1.021 (0.992–1.051)

Body Mass Index # 0.999 (0.979–1.019) 0.988 (0.966–1.010)
Obesity (No) 1.007 (0.985–1.029) 0.998 (0.974–1.022)
Thin (No) 0.995 (0.956–1.036) 1.008 (0.966–1.052)
Robust (No) 1.032 (1.009–1.057) * 1.016 (0.991–1.042)
Pre-frailty (No) 0.973 (0.951–0.996) * 0.985 (0.960–1.010)
Pre-frailty or Frailty (No) 0.969 (0.946–0.991) * 0.984 (0.960–1.009)

Weakness (No) 0.924 (0.856–0.998) * 0.967 (0.894–1.046)
Slowness (No) 0.944 (0.903–0.988) * 0.985 (0.939–1.033)
Unintentional Weight loss (No) 0.977 (0.943–1.013) 0.983 (0.946–1.022)
Exhaustion (No) 0.962 (0.928–0.997) * 0.975 (0.939–1.012)
Low physical activity (No) 1.016 (0.979–1.054) 1.012 (0.972–1.054)

Desease (No) 0.998 (0.968–1.029) 0.998 (0.965–1.031)
Single fall (No) 0.978 (0.954–1.003) 0.985 (0.960–1.012)
Multiple falls (No) 0.984 (0.940–1.031) 0.999 (0.951–1.050)

OR, odds ratio; CI, confidence interval; * p < 0.05; $ Adjusted for age and gender; # Used below average value as
reference. The notation in parentheses indicates a reference.

4.5. eHEALS Score and Health Status

The eHEALS score had significant relationships between the IADL total score and
intellectual activity in IADL (Table 4). The eHEALS score was positively related to the
IADL total score (OR: 1.032, 95%CI: 1.006–1.058) and intellectual activity (OR: 1.040, 95%CI:
1.006–1.074). The eHEALS score was not significantly related to other health status variables.

4.6. Associated Factors with the Lowest eHEALS Score

The factors associated with having the lowest eHEALS score are shown (Table 5). Five
items were found to have a significant relationship with the lowest eHEALS score: cultural
activity at least once a week, no cultural activity, no community activity, the IADL total
score, and intellectual activity.

Engaging in cultural activity once a week had a favorable influence on having the
lowest eHEALS score, which was reduced by almost half (OR: 0.540, 95%CI: 0.307–0.948).
“No cultural activity” had a negative influence, and was approximately 1.8 times higher
than the lowest eHEALS score (OR, 1.845; 95%CI: 1.192–2.856). “No community activity”
had a negative association, and had approximately a twofold increase in the lowest eHEALS
score (OR: 1.946, 95%CI: 1.276–2.967). After statistically adjusting for age and gender, “no
community activity” was still significant and community activity more than once a week
was, oppositely, not significant.

Older adults with higher IADL total scores were less likely to have the lowest eHEALS
score (OR, 0.819; 95%CI: 0.679–0.989). Intellectual activity also had a favorable influence on
having the lowest eHEALS score (OR, 0.568; 95%CI: 0.377–0.855). Significant associations
were found for some health statuses (ex, social role and robust), but all variables were no
longer significant after adjusting for age and gender.
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Table 5. Predictors of Being Lowest eHEALS Score.

Unadjusted OR (95%CI) Adjusted $ OR (95%CI)

Age # 1.142 (1.099–1.186) *
Gender (Male) 3.709 (2.145–6.414) *

Social Activity
Cultural Activity at least once a week (No) 0.616 (0.366–1.036) * 0.540 (0.307–0.948) *
No Cultural Activity (At lesat once or twice a month) 1.699 (1.135–2.544) * 1.845 (1.192–2.856) *
Community Activity at least once a week (No) 0.549 (0.342–0.882) * 0.650 (0.386–1.095)
No Community Activity (At lesat once or twice a month) 2.354 (1.587–3.490) * 1.946 (1.276–2.967) *
Sports Activity at least once a week (No) 0.761 (0.512–1.132) 0.763 (0.499–1.166)
No Sports Activity (At lesat once or twice a month) 0.846 (0.319–2.244) 0.849 (0.293–2.462)

Health Behavior

Dietary Variety Score # 1.018 (0.942–1.100) 0.957 (0.877–1.044)
Going out at least once a week (No) 0.912 (0.182–4.569) 2.812 (0.527–15.00)
Sitting time at least 8 h a weekday (No) 1.478 (0.486–4.495) 1.848 (0.535–6.380)
Smoking (No) 0.817(0.248–2.694) 1.015(0.276–3.725)

Health Status

IADL Total Score # 0.750 (0.626–0.899) * 0.819 (0.679–0.989) *
Instrumental Self-maintenance # 0.447 (0.227–0.880) * 0.585 (0.303–1.129)
Intellectual Activity # 0.518 (0.347–0.772) * 0.568 (0.377–0.855) *
Social Role # 0.836 (0.644–1.086) 0.953 (0.714–1.273)

Body Mass Index # 0.987 (0.933–1.045) 1.032 (0.970–1.097)
Obesity (No) 0.975 (0.643–1.480) 1.193 (0.757–1.879)
Thin (No) 1.102 (0.525–2.314) 0.842 (0.388–1.829)
Robust (No) 0.588 (0.389–0.889) * 0.740 (0.473–1.156)
Pre-frailty (No) 1.568 (1.033–2.379) * 1.327 (0.846–2.083)
Frailty or Pre-frailty (No) 1.700 (1.125–2.569) * 1.352 (0.865–2.113)

Weakness (No) 3.720 (1.116–12.40) * 1.918 (0.549–6.701)
Slowness (No) 2.574 (1.242–5.335) * 1.322 (0.603–2.895)
Unintentional Weight loss (No) 1.703 (0.883–3.283) 1.758 (0.842–3.671)
Exhaustion (No) 1.602 (0.896–2.866) 1.233 (0.665–2.288)
Low physical activity (No) 0.654 (0.324–1.319) 0.713 (0.330–1.544)

Disease (No) 1.163 (0.665–2.034) 1.160 (0.634–2.123)
Single fall (No) 1.573 (0.999–2.477) * 1.397 (0.863–2.262)
Multiple falls (No) 1.755 (0.712–4.325) 1.514 (0.572–4.008)

OR, odds ratio; CI, confidence interval; * p < 0.05; $ Adjusted for age and gender; # Used as a continuous variable.
The notation in parentheses indicates a reference.

Finally, in order to clarify which was the most powerful predictor, we performed
multivariate logistic regression analysis using the variables in Table 5 that were significant
even after adjusting for gender and age. “Cultural activity at least once a week” and “No
cultural activity” were entered separately. As a result of inserting “cultural activity at least
once a week”, “no community activity”, and “IADL total score” as independent variables
(gender and age were also included as adjustment factors), only “no cultural activity” was
significant. The OR for “no community activity” was 1.838 (95%CI: 1.201–2.814). Next,
we entered “no cultural activity”, “no community activity”, and “IADL total score” as
independent variables (gender and age were also included as adjustment factors). As a
result, “no community activity” and “no cultural activity” were significant. The OR for “no
community activities” was 1.780 (95%CI: 1.159–2.734) and the OR for “no cultural activities”
was 1.595 (95%CI: 1.020–2.495).

5. Discussion

5.1. eHealth Literacy Level

The mean eHEALS score in this study was low at 12.4 points (SD 8.2). This score
was relatively lower than 21.0 points for older adults (mean age 73.6) living in Shizuoka,
Japan [51]. Another previous study reported the eHEALS scores of older adults overseas
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as follows: the US older adults mean of 24.5 points [52], Sweden’s older adults mean of
27.5 points [37], and the Chinese older adults mean of 17.2 points [26]. The eHEALS scores
in this study were relatively lower than those reported in all previous studies. It was
assumed that participants in this study were highly health conscious because they wanted
to participate in this study and monitor their physical fitness and health status. But, they
had lower eHEALS scores. The reason for this lower eHealth literacy level was unknown,
but the possibility that the “digital divide” due to age had an influence cannot be denied.
The Japanese government is concerned about the negative impact of the digital divide on
older adults [53], so it will be necessary to continue research on this issue.

5.2. Association between eHEALS and Social Activity

eHealth literacy was associated with two types of social activities. Firstly, eHealth literacy
was associated with cultural activities (“cultural activities at least once a week” and “no
cultural activity”). Cultural activity is often related to hobbies and may involve using the
Internet to obtain information on materials and methods for tackling new tasks. Using
the Internet and other means of signing up for new classes may also be related to eHealth
literacy. Although it is unclear why there was a significant relationship between eHealth
literacy and cultural activity, we hope that future longitudinal studies will explain the
mechanisms underlying this relationship.

Secondly, eHealth literacy has also been associated with community activity (“commu-
nity activity at least once a week” and “no community activity”). Community activity in
this study was organizational activities unique to Japan, such as residents’ associations and
senior citizens’ clubs. A residents’ association is an organization formed based on the local
connections of people between people who live in a specific area within a municipality [54].
A senior citizens’ club is an organization that conducts projects to maintain and promote
the physical and mental health of older adults based in the community under the “Welfare
Law for Older Adults”, enacted in 1963 [55]. One possible reason for this may be that
community activities facilitate access to various types of information because information
from Japanese administrative agencies such as local government welfare departments is
actively provided when community activities collaborate with public agencies. Another
possible reason may be the impact of social activity on health and health behaviors. Social
activity has been reported to prevent frailty and the need for nursing care; in particular, par-
ticipation in local communities and hobbies was effective [40,46]. Although some aspects
remain unclear about the mechanisms that prevent functional impairment in social activity,
engaging in social activity may contribute to increasing the activeness and social capital of
older adults because social activity encourages older adults to go out and be more active in
their daily lives and may increase social support by frequently access to health information
and communication with neighbors [46]. Therefore, it is possible that eHealth literacy is
related to social activity, such as cultural and community activities, among older adults in
the community.

This study showed no significant association between eHealth literacy and sports
activity. Sports activity is also an effective health behavior that prevents functional impair-
ment by increasing physical activity [46,56]. A previous study of young people found an
association between regular exercise and eHealth literacy [22–25]. eHealth literacy was
hypothesized to be related to sports activity, but no association was found. We found
that 63.5% of the participants engaged in sports activities at least once a week, which was
the most common activity among social activities. In addition, most participants were
a highly health-conscious group who attended health classes on their own and engaged
in other sports activities. Therefore, it is possible that no association with sports activity
was observed.

5.3. Association between eHEALS and Health Behavior or Health Status

This study found no association between eHealth literacy and health behaviors. We
examined health behaviors such as smoking, eating, going out at least once a week, and a
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sitting time of at least 8 h a weekday. The eHEALS scores were not associated with smoking
status. These results were consistent with general surveys of Japanese adults [27] and
university students [22]. We cannot determine the reason for this, but it may be because
there were many nonsmokers, and the mean age was high.

The results of this study showed associations between eHealth literacy and IADL total
score and intellectual activity in older adults. But, there was no association with frailty
variables in this study. Previous studies have reported that health literacy had association
with frailty [57]. Although health literacy is also included in the concept of eHealth literacy,
no study has observed the relationship between eHealth literacy and frailty. This study is
the first to examine these relationships and can be said to be original.

5.4. Factors Associated with the Lowest eHEALS Score

Five factors significantly associated with having the lowest eHEALS score were cul-
tural activity at least once a week, no cultural activity, no community activity, total IADL
score, and intellectual activity.

Engaging in cultural activity at least once a week had a favorable influence (decrease
in the risk) and “no cultural activity” had a negative influence (increase in the risk) on
having the lowest eHEALS score. These results suggest that cultural activity may be a
predictive factor of the lowest level of eHealth literacy.

“No community activity” was found to be associated with having the lowest eHEALS
score. Community activity has the advantage of providing social support, such as access to
health-related information [46], and eHealth literacy may be affected by the lack of access
to such opportunities. “Cultural activity at least once a week” and “no cultural activity”
were associated with eHealth literacy, while only “no cultural activity” was associated
with community activity after adjusting age and gender. Regarding the difference between
cultural activity and community activity, we can also consider that one of the influences is
that community activities have negative aspects, such as obligations and burdens to the
community [58].

Higher IADL scores had a lower likelihood of resulting in the lowest eHEALS score.
Some degree of independence and cognitive function may be required to use the Internet
to operate digital technologies. Therefore, higher levels of IADL may have an association
with eHealth literacy.

5.5. Comparison with Previous Studies and Key Findings

A new finding of this study was the association between eHealth literacy and social
activities (cultural activities and community activities). These results show that (1) par-
ticipating in community activities at least once a week is the best choice, and (2) not
participating in cultural or community activities at all may reduce the risk of having the
lowest level of eHealth literacy. To our knowledge, no previous studies have investigated
the association between eHealth literacy and social activities in older adults. This study
may add a new perspective to eHealth literacy research. In future digitalized society,
social activity may be useful in programs that reduce elderly adults’ concerns about digital
technology and technology. Finding the causal relationship between eHealth literacy and
social activities is desired. On the other hand, the relationship between eHealth literacy
and health behaviors observed in previous studies was not observed at all [22–25,59], but
the reason for the discrepancy between the results of this study and previous studies is
unclear. The mean eHEALS score of participants in this study was low, at 12.4 out of 40 (SD
8.2), which may be a contributing factor. Future research will need a longitudinal study
to determine whether the initiation of cultural or community activities increases eHealth
literacy among participants with low eHealth literacy. The current study also investigated
the association between eHealth literacy and health status (IADL, frailty, DVS, etc.) in older
adults. Although no association was found in the results of this study, these are items
that have not been investigated in previous eHealth literacy studies. Future research will
provide basic research for developing public policies, medical practices, and programs for
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older adults, including improving eHealth literacy among older adults, promoting digital
health, and bridging the digital divide.

5.6. Limitations

This study had several limitations. First, the participants were from only one town in
a rural area. The results may not be applicable to older adults in other regions. Second, this
study did not measure individual characteristics related to socio-economic status or the
Internet environment. In particular, the influence of educational background and academic
background is important, so future research should evaluate it as much as possible. Third,
the causal relationship between eHealth literacy and the variables in this study is unclear
because this study was cross-sectional. Finally, this study was limited to those who attended
health classes, which may have been influenced by the fact that they were more health
conscious than the general older adult population.

6. Conclusions

This study investigated the association between eHealth literacy and social activities
among community-dwelling older adults. As a result, eHealth literacy was significantly
associated with both cultural activity and community activity. The eHealth literacy level of
older adults in this study was relatively very low. Engaging in cultural activity had positive
influences on the risk of having the lowest levels of eHealth literacy. Also, interestingly,
avoiding “no cultural activity” and “no community activity” had positive influences. This
study is one of the first to show the relationship between eHealth literacy and social activity
among older adults. The results of this study add a new perspective to previous eHealth
literacy research.
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Abstract: This paper examines potential associations of loneliness with laboratory data and specific
psychosocial and behavioral attitudes. The sample collection took place in an urban Primary Health
Care unit between May and July 2023, consecutively, and once exclusion criteria were implemented.
Participants were aged between 40 and 75 years. Routine laboratory test results upon study initiation
and six months before were used. The University of California, Los Angeles (UCLA), Loneliness
Scale (Version 3), blood glucose, serum lipids, Fibrosis-4 index, and Creatinine Clearance (CrCl) were
assessed through hierarchical multiple logistic regression analysis. Based on full model (3rd) analysis,
those who were engaged in an individual sport or activity or had contacts with more friends presented
significantly lower odds for increased loneliness levels (odds ratio (OR): 0.28 [95% confidence interval
(CI) 0.09–0.91], p = 0.034 and OR: 0.76 [95%CI 0.66–0.88], p < 0.001, respectively). The consumption of
alcohol was associated with increased loneliness (OR: 5.55 [95%CI 1.42–21.63], p = 0.014). Elevated
triglyceride levels were linked with moderate or no loneliness (OR: 0.20 [95%CI 0.05–0.83], p = 0.026),
while an increased LDL/HDL atherosclerotic index was related to increased subjective loneliness
(OR: 4.50 [95%CI 1.12–18.13], p = 0.035). The need for holistic approaches—involving primary care
personnel—in understanding and addressing loneliness, recognizing its multifaceted nature as well
as the diverse factors that contribute to this issue, is considered challenging.

Keywords: atherosclerotic index; behavior; loneliness; social contacts; triglycerides

1. Introduction

Loneliness is a common feeling; it remains unpleasant and undesirable and many
people try to buffer it [1]. As Victor and Yang (2012) reported, loneliness increases among
young adults (under the age of 25 years), decreases during middle age, and deteriorates
again among older adults aged 65 years and over. Furthermore, it was reported that
the “quantity” of social relationships plays an important role in the younger ones, while
“quality” is more essential in the elderly [2].

In general, loneliness is related to several health problems, including cardiovascular
diseases. The presence of loneliness or social isolation leads to a risk increase of coronary
heart disease by 29%, while social isolation is also associated with a higher risk of stroke
by 32% [3]. Moreover, individuals who report feeling lonely were found to have higher
odds of an increased cholesterol level (1.31 times), the presence of diabetes (1.40 times), and
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depression (2.78 times) [4]. Additionally, augmented loneliness and limited social participation
were linked with a greater risk for dementia, according to the meta-analysis of Kuiper et al.
(2015) [5]. From the aforementioned studies, it could be argued that loneliness interplays,
in various ways, with health and disease. Therefore, by linking this feeling with laboratory
markers, some valuable insights about a neglected health risk might be delivered.

Given that depression and loneliness were previously linked [4], mental health issues
should be taken into consideration when studying the impact of loneliness on physical well-
being. More specifically, it was reported that higher levels of loneliness are associated with
increased odds of metabolic syndrome, although, according to the authors, that relationship
was mediated by the occurrence of depression [6]. In addition, loneliness was found to be
correlated with a greater risk of metabolic syndrome, a higher level of triglycerides, and
lower levels of high-density lipoprotein cholesterol (HDL-C) for people with psychotic
disorders [7]. According to the above, it appears that mental health issues are, somehow,
related to loneliness and several physical conditions, without having specific knowledge
about the exact operating mechanism.

In the literature, loneliness was studied alongside social inclusion (or exclusion) and
social isolation, and given the fact that these social terms are content and effect-connected,
they may be positively or negatively predictive for loneliness. According to the study of
Dahlberg et al. (2022), social exclusion indicators such as participation in the community,
social relationships, material resources, and the neighborhood are associated with an
increased likelihood of loneliness in Nordic countries [8]. Other than that, social exclusion
may cause feelings of lower self-esteem, anger, depression, anxiety, and self-destructive
behavior [9]. The effects of social inclusion and isolation on physical health have been
investigated, showing that higher levels of social inclusion are linked with lower blood
glucose and low-density lipoprotein (LDL) [10]. Greater social isolation was correlated
with two-fold increased odds of deterioration in renal function and the presence of chronic
kidney disease [11]. According to the review of Holt-Lunstad (2022), it is concluded that
social connections should be addressed as a public health issue [12].

All of the above are showing that loneliness is a feeling that can influence health to a
great extent and needs to be taken into account for both prevention and treatment purposes,
especially when considering that several societies tend to become more individualistic than
collective [13]. Relating laboratory data to an easy-in-use tool for loneliness may provide
critical information to a health professional team, in order to take preventive action at a
psychosocial, behavioral, and physical level.

The primary objective of this study is to examine potential associations of loneliness
with laboratory findings within a primary care setting. The secondary aim was to triangu-
late scale scores—detecting loneliness—with routine laboratory results and other meanings
of psychosocial and behavioral attitudes.

2. Materials and Methods

This study followed an observational, cross-sectional design and took place in the 4th
TOMY (Topiki Monada Ygeias—Local Health Unit) of Heraklion, Crete, Greece, which is an
urban Primary Health Care (PHC) unit. The study population targeted all of the registered
adults of the unit between 40 and 75 years of age. The participants had to be able to read,
write, and comprehend the Greek language, with Body Mass Index (BMI) ≤ 29.9 kg/m2,
without major head trauma or major psychiatric disorder, and those who were not pregnant
or breastfeeding during the study period. The sample was collected between May and July
2023 and 120 participants were included, from 288 scheduled appointments during two
morning sessions weekly, in a consecutive manner, after exclusion criteria were applied.
Routine laboratory test results upon study initiation and six months before were used.
Patients were asked to provide further information whenever needed. STROBE checklist
for cross-sectional studies was strictly followed.
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2.1. Data Collection

A sheet to collect information was designed for the purposes of the present study. It
contained information regarding age, gender, marital status, level of education, occupation,
height, weight, smoking habits, consumption of alcohol, chronic diseases, prescribed
medications, existence of any psychiatric diagnosis, the number of friends they came into
contact with, either face-to-face or via electronic means, during the last six months, level of
individual physical activity or sport during the last year, and experience of a dramatic event
in the family during the last year. For the purposes of this study, blood glucose (mg/dL),
total cholesterol (mg/dL), triglycerides (TG) (mg/dL), HDL-C (mg/dL), LDL-C (mg/dL),
aspartate aminotransferase (AST) (U/L), alanine aminotransferase (ALT) (U/L), platelet
count, and creatinine (mg/dL) were tabulated. Also, Fibrosis-4 (Fib-4) score, modified
Creatinine Clearance (CrCl) (mL/min/1.73 m2), and HDL-C/LDL-C index were calculated.

2.2. University of California, Los Angeles (UCLA), Loneliness Scale (Version 3)

The feeling of loneliness was measured using UCLA Loneliness Scale, Version 3 [14].
The scale assesses feelings of perceived loneliness and comprises 20 items (11 with negative
and 9 with positive meanings). Answers are based on a 4-point Likert-type scale, with
never = 1, rarely = 2, sometimes = 3, and always = 4. To measure the outcome of the
scale, 9 items need to be reversed (items 1, 5, 6, 9, 10, 15, 16, 19, and 20) and then all of
the items need to be summed up. The final score range is 20–80. Higher score indicates
greater feelings of subjective loneliness. The cut-offs used were those reported by Lee and
colleagues (2021): total score < 28 as absence or low sense of loneliness, 28 to 43 as moderate
feeling, and >43 as high feeling of loneliness [15,16]. The scale was validated in Greek [17].
Cronbach α was estimated at 0.880.

2.3. Cut-Offs for Laboratory Variables

The following cut-offs were used to separate normal and abnormal findings: in
total cholesterol > 200 mg/dL or receiving medication, in TG > 150 mg/dL or receiving
medication, in LDL > 160 mg/dL or receiving medication, in HDL <40 and <50 mg/dL for
men and women, respectively, in blood glucose 100+ mg/dL or receiving medication, in
Fib-4 1.45+ [18], and in CrCl < 90 mL/min/1.73 m2 [19,20]. For the atherosclerotic index
LDL-C/HDL-C, the cut-off was 2.517 [21].

2.4. Ethics

The approval to conduct the study, for the needs of an ongoing PhD thesis, was
obtained from the Ethics and Deontology Committee of the University of Crete (protocol
number: 166/11.11.2022). The research protocol was additionally approved by the 7th
Health Regional Authority of Crete (protocol number: 6460) and the study was performed
in accordance with the Helsinki Declaration. Written informed consent was obtained by
the participants.

2.5. Statistical Analysis

Data analysis was implemented using the SPSS program (IBM Corp. Released 2019,
IBM SPSS Statistics for Windows, v.25.0, Armonk, NY, USA: IBM Corp.). Frequency of
absolute and relative distributions and measures of location and dispersion of descriptive
and laboratory features of the participants were estimated. Score levels of UCLA scale,
blood glucose, serum lipids, Fibrosis-4 index, and CrCl were also estimated, as well as the
frequencies of their higher levels. Hierarchical multiple logistic regression analysis was
implemented in higher levels of loneliness and in relation to basic characteristics, health
habits, blood glucose, serum lipids, Fibrosis-4 index, and CrCl of 120 patients–attendees.
Acceptable level of significance was set at 0.05.
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3. Results

The mean age of participants was 59.8 (standard deviation (SD) = 9.5) years, and most
were women (73.3%, n = 88). Table 1 presents the baseline characteristics of the 120 patients–
attendees within the PHC setting of the current study. Regarding the educational level,
25% (n = 30) of the participants reported tertiary education, whereas MSc or PhD degrees
were found to be held in 2.5% (n = 3) of the patients.

Table 1. Basic characteristics of 120 patients–attendees within primary care setting of current study.

n %

Gender male/female 32/88 26.7/73.3
Age, years mean ± stand. dev.(min, max) 59.8 ± 9.5 [40, 75]
Family status unmarried, divorced, widow 39 32.5

married 81 67.5
Children none 17 14.2

1 11 9.2
2+ 92 76.6

Education level Primary school 24 20.0
Junior high school 13 10.8

High school 34 28.3
Technical education 19 15.9

University/Technological School 27 22.5
MSc, PhD 3 2.5

Occupation employed 51 42.5
unemployed, retired 69 57.5

Regarding the behavioral risk factors of the participants, current smokers represented
the 30% (n = 36), while the alcohol consumption of one or more drinks per week was
equally prevalent (30%, n = 36). The mean BMI was 26 (SD = 2.9) kg/m2, and remarkably,
only 34.2% (n = 41) of patients–attendees had a BMI bellow 25 kg/m2. With regards to
chronic medical conditions, only 13.3% (n = 16) of the participants reported having no
chronic disease, whereas the prevalence of mental health disorders was accounted for by
37.5% (n = 45). Nevertheless, hyperlipidemia (30%, n = 36) was the most prevalent physical
medical condition followed by diabetes mellitus (28.3%, n = 34) (Table 2).

Table 2. Health habits and characteristics of 120 patients–attendees within primary care setting of
current study.

n %

Body Mass Index, kg/m2 mean ± stand. dev.(min, max) 26.0 ± 2.9 (18.6, 29.8)
normal 41 34.2

overweight 79 65.8
Smoking yes 36 30.0
Alcohol consumption, drinks per week none 84 70.0

1+ 36 30.0
Conditions, chronic diseases a yes 104 86.7

mental disorder 45 37.5
hyperlipidemia 36 30.0

diabetes mellitus 34 28.3
hypothyroidism 21 17.5

Routine contacts or meetings with friends during the
last 6 months mean number (median) [min, max] 8 (6) [0, 25]

Personal sport/activity during the last year yes 49 40.8
Recent dramatic event in family during the last year yes 44 36.7

a Some participants displayed co-morbidity.

Among the 120 participants, the perceived feeling of loneliness was found with a
mean score of 41 (SD = 10.1), as assessed with the UCLA Loneliness Scale, Version 3. More
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particularly, 109 (90.8%) participants reported moderate or high levels of subjective loneli-
ness, while only 11 (9.2%) participants reported the absence or low feeling of loneliness
(Table 3). Laboratory tests revealed impaired renal function and decreased levels of cre-
atinine clearance (mean = 77.4, SD = 21.8) and a good lipid profile with normal levels of
total cholesterol (mean = 188.5 mg/dL, SD = 37.9), HDL-C (mean = 59.5 mg/dL, SD = 18.4),
LDL-C (mean = 108 mg/dL, SD = 29.9), and triglycerides (mean = 110.3 mg/dL, SD = 58.6),
and a mildly impaired glucose metabolism (mean = 104.4 mg/dL, SD = 25.3).

Table 3. Levels of University of California Los Angeles Loneliness Scale (UCLA), blood glucose,
serum lipids, Fibrosis-4 index, and Creatinine Clearance (CrCl) of 120 patients–attendees within
primary care setting of current study.

Mean Stand. Dev. Median Min Max

University of California Los Angeles
Loneliness Scale a 41.0 10.1 39.5 21 69

absence or low sense of loneliness (<28.0) n = 11 or 9.2%
moderate sense (28.0–43.0) n = 63 or 52.5%

high sense (>43.0) n = 46 or 38.3%
Blood glucose, mg/dL 104.4 25.3 100.0 46 258

100+ or medication n = 68 or 56.7%
Total cholesterol, mg/dL 188.5 37.9 186.5 115 278

>200 or medication n = 70 or 58.3%
Triglycerides, mg/dL 110.3 58.6 97.0 39 319

>150 or medication n = 46 or 38.3%
HDL-C, mg/dL 59.5 18.4 56.0 26 144

<40/50 or medication n = 24 or 20.0%
LDL-C, mg/dL 108.0 29.9 107.4 47 186

>160 or medication n = 40 or 33.3%
LDL-C: HDL-C index 1.966 0.744 1.838 0.403 4.545

>2.517 n = 31 or 25.8%
Fibrosis-4 index 1.193 0.489 1.165 0.350 3.090

1.45+ n = 28 or 23.3%
Creatinine Clearance (CrCl),

mL/min/1.73 m2 77.4 21.8 74.0 31 167

<90 n = 90 or 75.0%
a Score ranges between 20 and 80 as higher score indicates greater sense of subjective loneliness.

Table 4 presents the association of the increased levels of loneliness assessed by the
UCLA Loneliness Scale with participants’ demographic and laboratory characteristics
after using hierarchical multiple logistic regression. Initially, according to the first model,
married people seemed to have significantly lower odds for an increased sense of loneliness
(odds ratio (OR): 0.39 [95% confidence interval (CI) 0.17–0.91] p = 0.030). In the second
model, personal characteristics were not significantly related to the feeling of loneliness,
while participants who were engaged in an individual activity or sport during the last year
seemed to have significantly lower odds for an increased feeling of loneliness (OR: 0.29
[95%CI 0.10–0.84], p = 0.023). Moreover, the number of social contacts (each additional
friend with whom any participant routinely came into contact with (either face-to-face or
via electronic means) was strongly related to significantly lower odds for feeling lonely
(OR: 0.82 [95%CI 0.73–0.93], p = 0.001). Likewise, in the third model of hierarchical multiple
logistic regression, where the laboratory results (glucose, blood serum lipids, fibrosis index,
and creatinine clearance) were incorporated, participants with elevated triglyceride levels
were associated with moderate or no loneliness (OR: 0.20 [95%CI 0.05–0.83], p = 0.026),
while those with an increased LDL/HDL atherosclerotic index had an increased subjective
feeling of loneliness (OR: 4.50 [95%CI 1.12–18.13], p = 0.035). Interestingly, participants who
were engaged in an individual sport or activity or had more social contacts with friends
presented significantly lower odds for an increased feeling of loneliness (OR: 0.28 [95%CI
0.09–0.91], p = 0.034 and OR: 0.76 [95%CI 0.66–0.88], p < 0.001, respectively). Finally, the
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consumption of alcoholic beverages within the week was associated with an increased
feeling of loneliness (OR: 5.55 [95%CI 1.42–21.63], p = 0.014).

Table 4. Hierarchical multiple logistic regression analysis of higher levels of loneliness in relation
to basic characteristics, health habits, blood glucose, serum lipids, Fibrosis-4 index, and Creatinine
Clearance (CrCl) of 120 patients–attendees within primary care setting of current study.

University of California Los Angeles Loneliness
Scale (UCLA)

(High Sense of Loneliness vs. Moderate/Low Sense)

1st Model 2nd Model 3rd Model

Odds Ratio (95%CI) [p-Value]

Gender
(female vs. male)

0.77 (0.32, 1.85)
[0.553]

0.63 (0.20, 2.02)
[0.440]

0.87 (0.22, 3.42)
[0.845]

Age
(for every 5 year change)

1.09 (0.82, 1.46)
[0.538]

1.21 (0.85, 1.71)
[0.301]

1.31 (0.85, 2.03)
[0.227]

Family status
(married vs. unmarried, divorced,

widow)

0.39 (0.17, 0.91)
[0.030]

0.38 (0.14, 1.07)
[0.066]

0.34 (0.10, 1.10)
[0.071]

Children
(for each additional child)

0.61 (0.34, 1.08)
[0.088]

0.66 (0.34, 1.27)
[0.214]

0.67 (0.31, 1.44)
[0.302]

Education
(for each level of increase)

0.94 (0.71, 1.26)
[0.695]

1.06 (0.75, 1.50)
[0.731]

1.12 (0.75, 1.68)
[0.578]

Occupation
(unemployed, retired vs. employed)

0.50 (0.19, 1.31)
[0.156]

0.36 (0.11, 1.17)
[0.090]

0.39 (0.11, 1.35)
[0.136]

Body Mass Index
(overweight vs. normal)

0.51 (0.19, 1.39)
[0.186]

0.47 (0.14, 1.60)
[0.229]

Smoking
(yes vs. no)

1.35 (0.48, 3.77)
[0.568]

2.44 (0.77, 7.77)
[0.130]

Alcohol consumption, drinks per
week (yes vs. no)

2.63 (0.85, 8.20)
[0.095]

5.55 (1.42, 21.63)
[0.014]

Individual sport/activity during the
last year (yes vs. no)

0.29 (0.10, 0.84)
[0.023]

0.28 (0.09, 0.91)
[0.034]

Recent dramatic event in family
during the last year (yes vs. no)

1.94 (0.73, 5.17)
[0.185]

2.58 (0.83, 8.02)
[0.101]

Routine contacts or meetings with
friends during the last 6 months

(for each additional person)

0.82 (0.73, 0.93)
[0.001]

0.76 (0.66, 0.88)
[<0.001]

Mental disorder
(yes vs. no)

1.11 (0.42, 2.93)
[0.826]

1.41 (0.47, 4.22)
[0.540]

Blood glucose
(100+ vs. <100 mg/dL)

1.04 (0.33, 3.26)
[0.942]

Total cholesterol
(>200 vs. ≤200 mg/dL)

0.45 (0.13, 1.58)
[0.213]

Triglycerides
(>150 vs. ≤150 mg/dL)

0.20 (0.05, 0.83)
[0.026]

LDL-C: HDL-C index
(>2.517 vs. ≤2.517)

4.50 (1.12, 18.13)
[0.035]

Fibrosis-4 index
(≥1.45 vs. <1.45)

1.19 (0.32, 4.38)
[0.791]

Creatinine Clearance
(<90 vs. ≥90)

0.83 (0.21, 3.30)
[0.787]

R2 Negelkerke 0.146 0.380 0.507
Bold indicates the odds with p-value < 0.05.

4. Discussion

The present study focused on assessing the levels of loneliness in primary care at-
tendees and exploring potential associations with demographic, behavioral, and routine
laboratory test results. Among participants, mental health disorders were prevalent in 37.5%
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of participants and the most frequent physical medical conditions were hyperlipidemia
(30%) and diabetes mellitus (28.3%), while laboratory tests overall showed an impaired
renal function, acceptable lipid profile, and mildly impaired glucose metabolism. The
perceived feeling of loneliness was moderately reported, while nine out of ten participants
reported moderate or high levels of subjective loneliness. The association of loneliness
with demographic and behavioral characteristics showed that married individuals had
lower odds of feeling lonely; however, this association diminished in the subsequent mod-
els of analysis. Engagement in individual activities or sports, a higher number of social
contacts reported, and a lack of weekly alcohol consumption were found to be related
with decreased loneliness. Regarding the laboratory tests, elevated triglyceride levels were
associated with moderate or no loneliness, while an increased LDL/HDL atherosclerotic
index was linked to increased levels of loneliness.

The finding that a consistent proportion of primary care attendees report moderate
or high levels of loneliness aligns with the existing literature, indicating that loneliness
is becoming a growing community health issue and a prevalent subject for discussion in
healthcare settings [22]. Loneliness and social isolation are both linked to negative health
consequences, such as a diminished health status, poor quality of life, increased utilization
of healthcare services, and increased morbidity and mortality [23–25]. According to a cross-
sectional study conducted in Colorado, USA, the prevalence of loneliness was estimated to
be about 20% among adults visiting outpatient primary care facilities [26]. Nevertheless,
especially among the elderly, social isolation and loneliness are so frequent that they are
currently considered to be the new geriatric ‘giants’ [27]. However, according to a multi-
state study, one third of respondents under the age of 25 reported that they had experienced
loneliness, in contrast to one out of ten within the group aged over 65 years [26]. Therefore,
attention to detecting signs of loneliness should be paid regardless of a person’s age.

Furthermore, the initial observation that married participants had lower odds of feel-
ing lonely is consistent with some previous studies, suggesting that their marital status
can influence feelings of loneliness and perceived social support [28]. In a sample with
older individuals, divorced and widowed persons described higher levels of loneliness, in
comparison with the married ones [29]. Also, gender should be taken into account, since
the utilization of outpatient health care was positively correlated with loneliness in women
but not in men [30]. Additionally, the protective role of engagement in individual activities
or sports and the reported social contacts are consistent with previous research, empha-
sizing the positive impact of social engagement and connections on mental well-being
in general [31–33]. Both the present study’s results and the existing literature underline
the importance of the aforementioned behavioral factors that may play a protective role
against the adverse effects of loneliness. Furthermore, previous studies have shown that, at
an individual level, social interaction, social support, and behavioral interventions which
concentrate on enhancing social skills and addressing maladaptive social cognition have
been noted to effectively alleviate loneliness [25,34], while in seniors, taking care of their
grandchildren or undertaking volunteering activities may show similar results [35]. This
suggests that promoting and facilitating such initiatives may have positive implications for
mitigating loneliness.

According to our findings, the consumption of alcoholic beverages weekly was as-
sociated with a fivefold increased feeling of loneliness, although the association between
alcohol consumption and loneliness is not well established in terms of cause or consequence.
It is known that experiencing loneliness, conversely approached, has the potential to com-
promise self-regulatory abilities, leading to an increased susceptibility to noxious behaviors
such as excessive alcohol consumption [36]. However, within a cohort of community-
based adults aged 50 and above, loneliness was associated with a decreased frequency of
alcohol consumption [37]. When studying loneliness and health behaviors, micro- or macro-
circumstances, at a personal, cultural, or social level, can influence an already complex
phenomenon, whereas the demand for variables or methodologies, toward this purpose,
remains challenging [38]. Therefore, additional research is needed in order to understand
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how loneliness and alcohol are related and identify the possible mediating factors, taking
into consideration gender, ethnicity, culture, social status, and personal motivations.

Incorporating routine laboratory data into the analysis provided novel insights into
the comprehensive assessment of the relationship between physical health and loneliness.
This is particularly noteworthy as a limited body of the literature has delved into the
direct correlation between specific laboratory parameters and the subjective experience of
loneliness. Elevated triglyceride levels [6,7,39] and diminished HDL-C levels [6,7] have
been previously observed in individuals experiencing loneliness. However, there was
no discernible correlation between total cholesterol, LDL-C, and non-HDL-C levels with
loneliness [40]. Notably, in our study, participants with elevated triglyceride levels were
associated with lower odds of feeling lonely. It could be hypothesized that people who
feel less lonely may make diet choices as part of a more active social life. In our sample,
obese participants were not included and this design peculiarity may be related to our
finding about elevated triglycerides presented. However, further investigation is needed to
establish solid conclusions. On the contrary, an increased LDL/HDL atherosclerotic index
was linked to increased loneliness. This finding is important since the overall lipid profile
within study participants was initially assessed as good. The aforementioned information
suggests a potential interplay between the lipid metabolism and subjective feelings of
loneliness, indicating a need for the further exploration and understanding of the latent
mechanisms. Future research could focus on mental health issues and how they are related
to physical and lifestyle factors.

Apart from the connection between loneliness and laboratory results, several studies
have linked loneliness directly to chronic conditions. For example, both greater loneliness [41]
and impaired social health (which includes loneliness) [42] have been associated with cardio-
vascular disease. Additionally, individuals reporting the occurrence of chronic obstructive
pulmonary disease demonstrated a higher incidence of social isolation and loneliness in
comparison with the rest of the participants [43]. There is also some evidence showing an
association between loneliness and dental health or even tooth loss [44]. Dental health is a
neglected issue that deserves more attention as a public health priority and it is notewor-
thy to mention such an association for many reasons. Furthermore, loneliness may have a
pluripotent burden on human lives since, apart from its impact on physical well-being, it
was reported to be related with mental health issues, as mentioned earlier. More specifically,
loneliness was linked with depression [45,46], anxiety [47], eating disorders [48], or even
mortality caused by suicide [49]. By ‘Puzzling’ the mentioned ‘pieces of knowledge’, it can
be understood that loneliness appears to influence many dimensions of physical and mental
health with a direct manner, without being able to precisely assess its multiple impact on life,
when more than one dimension are synchronically affected overtime.

Understanding the factors associated with loneliness within primary care attendees
has significant implications for healthcare interventions. Tailoring interventions to address
not only behavioral aspects, but also considering laboratory data may enhance knowledge
integration. Strategies that promote social engagement and support networks may be
proved valuable in mitigating feelings of loneliness [25,34]. The healthcare system consti-
tutes a pivotal yet underutilized partner in endeavors aimed at discerning, averting, and
alleviating the negative consequences of social isolation and loneliness [50,51]. Concerning
primary care, a better quality of the offered services may lead to decreased loneliness scores
among attendees [52]. Therefore, family physicians and other healthcare providers, simul-
taneously with screening for conventional risk factors (like smoking, physical inactivity,
alcohol consumption, and diet), should systematically screen to detect individuals who
may be experiencing isolation, loneliness, or social vulnerability [27]. Subsequently, they
should suggest evidence-based and patient-centered interventions aiming at fortifying
social connections for such patients [24]. In fact, there is evidence that group interventions
implemented by primary care professionals have shown promising results in addressing
loneliness [53]. Although with another, and reversed, meaning, primary care and lone-
liness deal with health and social dimensions of life, in terms of magnitude and mutual
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interference. For this reason, developing a primary care ability to detect and manage loneli-
ness goes beyond a conventional debate. However, additional research is imperative to
furnish conclusive guidance regarding the specific effectiveness of interventions designed
for distinct populations and underlying mechanisms [24,27,54], or to determine whether
social resources are useful in alleviating loneliness. For example, surveys could focus on
the design and intergenerational implementation of educational programs for both older
adults [55] and adolescents and young adults [56]. These initiatives might be tailored and
adopted in the context of the community to gain loneliness coping skills as individuals.

Strengths and Limitations

The combination of laboratory measurements and the identification of novel associ-
ations bring a fresh perspective to the understanding of loneliness within primary care
attendees, at least in terms of the medical perception. While this study provides some valu-
able insights, several limitations should be acknowledged. This study sample is relatively
small and may not be representative of broader population groups, so findings should
be discussed with caution. Small or moderate samples may lead to an overestimation of
the effect measure, although this phenomenon also depends on the data structure [57].
However, in the present study, structure issues did not appear. This overestimation, in
samples above 100, might be tolerable as it does not appear to have any relevance for the
interpretation of the results in the context of a single study since it is much lower than the
standard error of the estimate, and this eventuality should be assessed when small studies
are pooled together [57].

Nevertheless, the present survey did not intend to project these finding with any
generalization for the entire primary care population. On the other hand, the application of
the criteria, such as a certain range of age (40–75) and BMI (≤29.9/m2), led to obtaining
less uncertainty with the emerged associations. For example, it is not well established
how Millenials perceive loneliness [58] or how obesity interacts with loneliness and social
isolation [59]. In this way, the detected levels of loneliness do not appear to be overestimated
and all the associations which have emerged show a socio-behavioral linkage (alcohol
consumption, sport activity, routine contacts, and lipid profile).

In addition, the cross-sectional nature of the study restricts the founding of causation,
while the self-reported nature of the information on behavioral aspects may introduce bias.
Additionally, a different source, time, and process occurring within the laboratory tests in-
cluded, from a period of six months, may lead to a further limitation. However, in our
opinion, this asynchronous integration of information, for research meanings, that bridge so-
cial with clinical inputs, may be interesting since many of the variables socially or behaviorally
investigated might have a retrospectively longitudinal projection with loneliness.

Furthermore, it is imperative to note that loneliness could be correlated with the
diminished utilization of healthcare services and attenuated solicitation for medical inter-
ventions. Therefore, it is conceivable that our study may not accurately capture the exact
prevalence of loneliness at a unit coverage level. Finally, the prevalence of mental and
physical health conditions may differ from existing epidemiological or local community
data. Future research should consider longitudinal designs and provide useful insights
into the dynamic nature of loneliness and its associations with socio-demographic and
behavioral characteristics and laboratory markers over time, incorporating a broader and
more representative sample from multiple primary care settings. This can contribute to
extrapolating more solid observations regarding loneliness, moving towards the interface
between health and disease.

The present study did not include individuals with obesity or morbid obesity. In
an interesting systematic review, focusing on obesity and loneliness or social isolation,
while some studies point to an association between increased loneliness and obesity, the
authors recognized that mixed observations occur [59]. Moreover, the rationale of includ-
ing participants between 40 and 75 years of age was based on previous findings from
primary care settings in Crete that used a similar population group—above 40 years of
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age—investigating local trends of cardio-metabolic morbidity [60]. Also, a different impact
of loneliness may occur among younger adult generations, as has been shown in a study
that included different age groups during the early COVID-19 pandemic period [58].

5. Conclusions

In conclusion, involvement in individual activities or sports, higher numbers of social
contacts reported, and a lack of weekly alcohol consumption and elevated triglyceride
levels were associated with moderate or no loneliness, while an increased LDL/HDL
atherosclerotic index was linked to increased levels of loneliness. This preliminary analysis
offers some new information on socio-demographic, behavioral, and routine laboratory
test results and how these variables interplay with perceived loneliness among primary
care attendees. This study’s findings underscore the need for open-minded approaches
and variable selection when addressing meanings of loneliness, recognizing its pluripotent
effect, as well as the different aspects that may contribute to its pervasive complexity.
Primary care may offer promising attributes in terms of research findings that emerge
from a mixed methodology and socio-iatrogenic thinking. Further research aiming at
understanding similar associations may discuss tailored interventions for loneliness and
neglected mental and physical circumstances or discussions within primary care settings.
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