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Abstract
Background

Alzheimer’s disease (AD) is the most prevalent form of dementia worldwide, representing a growing public health concern as populations age.
While biological mechanisms have been extensively studied, less is known about how sociodemographic determinants - such as residence,
education, and socioeconomic context - affect the onset and distribution of AD in Spain. This study explores the association between
sociodemographic factors and AD diagnosis among patients in primary health care centers in the province of Salamanca.

Methods

A cross-sectional, observational, and retrospective study was conducted using data from the Medora 4 electronic health records system of
the Castilla y Leén Regional Health Service (SACYL). A total of 760 patients with a confirmed diagnosis of AD between 2009 and 2019 were
randomly selected from an initial cohort of 1,623 individuals (95% confidence level, 2.59% margin of error). Variables analyzed included age,
sex, place of residence (urban/rural), educational level, occupation, depressive symptoms, and family history of dementia. Data were analyzed
with descriptive and inferential statistics using chi-square and Kruskal-Wallis tests (p < 0.05).

Results

Among the 760 participants, 70% were women (n = 535) and 30% men (n = 225), with a mean age above 65 years. AD prevalence was significantly
higher among urban residents (50.8%) than rural residents (49.2%) (p = 0.016). Women were disproportionately affected in both environments,
especially in rural areas (74.1% vs. 66.1% in urban areas). Depression was recorded in 40.3% of patients, more frequently among women, though
no significant association was observed with AD onset. Advanced age and female sex were confirmed as predominant risk factors.

Conclusion

This study reveals a significant urban - rural disparity in AD prevalence in Salamanca, Spain, and confirms the higher vulnerability of older
women. The findings underscore the need for targeted prevention and early detection strategies within primary care, particularly in urban
settings where prevalence is higher. Understanding these sociodemographic determinants is crucial for designing equitable, community-based
dementia care policies.
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Introduction
aging is accelerated by declining fertility rates and improved

The aging of the global population has become one of the survival [2].

most transformative demographic trends of the twenty-first

century. According to the World Health Organization (WHO), life Alzheimer’s disease (AD) represents the leading cause
expectancy has increased by more than 20 years since 1950, and  of dementia and accounts for 60-70% of all dementia cases
by 2050 the number of people aged 65 and over is projected to  globally [3]. The disease is characterized by the accumulation
double, reaching 1.6 billion worldwide [1]. This demographic shift ~ of beta-amyloid plaques and tau protein tangles, leading to
is particularly pronounced in Southern Europe, where population ~ progressive neuronal loss, cognitive decline, and loss of functional
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independence [4]. Although the biological mechanisms are well
established, the social and environmental determinants of AD are
receiving increasing attention, especially in aging societies where
demographic, economic, and healthcare disparities coexist [5].

In Europe, the prevalence of AD among people aged 65 years
and older is estimated at approximately 4.5%, with an expected
increase to 16.5 million cases by 2050 [6]. In Spain, prevalence
rises sharply with age: from around 1% in individuals aged 65-69
to nearly 40% in those aged 90 or older [7]. The Spanish National
Statistics Institute reports that 24.7% of the population in Castilla
y Ledn is aged 65 or above - one of the highest proportions in the
country [8].

Sociodemographic determinants - such as education level,
occupational background, income, and access to healthcare -
have been recognized as influential factors in cognitive aging and
dementiarisk [9,10]. Urban-rural differences in lifestyle, pollution
exposure, and healthcare access may further modulate disease
onset [11]. Yet, few studies have examined these determinants in
medium-sized provinces like Salamanca, which combines an aging
rural population with an increasingly urbanized capital area [12].

This study therefore aimed to identify the sociodemographic
characteristics associated with AD diagnosis in Salamanca’s
primary health care network, comparing rural and urban
populations. The findings contribute to a better understanding
of the social distribution of AD and provide evidence to inform
regional dementia prevention policies.

Methods
Study design and setting

A cross-sectional, observational, descriptive, and retrospective
study was conducted to analyze the sociodemographic
determinants of Alzheimer’s disease (AD) in the province of
Salamanca, Spain. The study population comprised patients
registered in Medora 4, the electronic health records system of the
Castilla y Ledn Regional Health Service (SACYL). Data collection
covered the period from January 2019 to January 2020.

Salamanca, located in north-western Spain, is a province with
approximately 330,000 inhabitants, of whom nearly 26% are aged
65 years or older [8]. The region combines a densely populated
urban capital with numerous small rural municipalities, which
provides a unique opportunity to compare sociodemographic
and healthcare factors affecting AD diagnosis across different
environments.

Population and sample

The target population consisted of 1,623 individuals
diagnosed with AD within the Medora 4 database between 2009
and 2019. Using a simple random sampling technique stratified
by health area, a sample of 760 patients was selected, ensuring a
95% confidence level and a 2.59% margin of error. Of these, 386
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(50.8%) were residents of urban areas and 374 (49.2%) lived in
rural areas.

Urban health centers included Alamedilla, Elena Ginel,
Garrido Norte, Garrido Sur, San Bernardo, and Capuchinos. Rural
centers encompassed Alba de Tormes, Aldeaddvila de la Ribera,
Béjar, Calzada de Valdunciel, Cantalapiedra, Ciudad Rodrigo, La
Fuente de San Esteban, Fuenteguinaldo, and Ledesma.
Eligibility criteria
Inclusion criteria:

a) Patients of any sex and age with a confirmed diagnosis of
Alzheimer’s-type dementia according to ICD-10 codes (F00).

b)  Registered in the Medora 4 system and belonging to any
of the aforementioned health areas.

Exclusion criteria:
a) Patients who died during the study period.

b) Missing essential data in medical records (e.g., age, sex,
residence).

c) Diagnosis of other dementia types or severe psychiatric
disorders.

Variables

The variables included in the analysis were grouped as
follows:

a) Sociodemographic variables: residence
(urban/rural), educational level (no

secondary, higher), and previous occupation (manual, non-

age,
schooling,

sex,
primary,

manual, professional).

b) Clinical variables: year of AD diagnosis (before 2014
/ after 2014), presence of depressive symptoms (before or after
diagnosis), family history of dementia, consumption of alcohol
or tobacco, and number of emergency department visits since
diagnosis.

c) Outcome variable: confirmed diagnosis of Alzheimer’s
disease.

Data collection procedures

Data extraction was performed manually by reviewing
anonymized patient records within the Medora 4 system. All
personal identifiers were removed to ensure compliance with
the Spanish Data Protection Act (Ley Orgdnica 3/2018) and the
General Data Protection Regulation (EU 2016/679). Each variable
was coded numerically for statistical processing and verified by
double data entry to minimize errors.

Statistical analysis

Descriptive statistics were calculated for all variables.
Quantitative variables were summarized as medians and
interquartile ranges (IQR) due to non-normal distribution
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(assessed with the Shapiro-Wilk test). Categorical variables were
expressed as frequencies and percentages.

Associations between categorical variables were assessed
using the Chi-square (x?) test, and between non-normally
distributed quantitative variables using the Kruskal-Wallis test.
Statistical significance was set at p < 0.05.

All analyses were performed using STATA version 16.0
(StataCorp, College Station, TX, USA). To improve interpretability,
additional stratified analyses were performed by age group (65-
74,75-84, 285 years) and educational level.

Table 1: Demographic characteristics of study participants (n = 760).

Results

A total of 760 patients with a confirmed diagnosis of
Alzheimer’s disease (AD) were included in the analysis. The
median age was 78 years (IQR = 72-85). The sample was
predominantly female (70.4%, n = 535) and consisted mainly of
older adults aged 75 years or above (57.9%).

Distribution by sex, age and residence

Table 1 summarizes the main demographic features. Overall,
women represented a higher proportion of AD cases in both urban
and rural environments. The female-to-male ratio was 2.3 : 1.

Variable Category n (%)
Female 535 (70.4)
Sex
Male 225 (29.6)
<65 117 (15.4)
65-74 203 (26.7)
Age group (years)
75-84 256 (33.7)
=85 184 (24.2)
Urban 386 (50.8)
Residence area
Rural 374 (49.2)
No formal education 112 (14.7)
Primary education 348 (45.8)
Educational level
Secondary education 185 (24.3)
Higher education 115 (15.1)
Manual labor 296 (38.9)
Occupation before retirement Non-manual 275 (36.2)
Professional 189 (24.9)

When stratified by residence, urban dwellers accounted for
50.8% of cases and rural residents for 49.2%. The difference in

Table 2: Distribution of patients by residence area and year of diagnosis.

prevalence between these two settings was statistically significant
(x?=5.82, p =0.016) (Table 2).

Variable Urban (n = 386) Rural (n = 374) Total (n = 760) p-value
Sex
Female 255 (66.1%) 277 (74.1%) 532 (70.0%) 0.028*
Male 131 (33.9%) 97 (25.9%) 228 (30.0%)
Age = 65 years 302 (78.2%) 339 (90.6%) 641 (84.6%) 0.012*
Year of diagnosis
Before 2014 156 (40.4%) 176 (47.1%) 332 (43.7%)
2014 or later 230 (59.6%) 198 (52.9%) 428 (56.3%) 0.041*

Statistically significant difference at p < 0.05.

Age distribution also revealed a progressive increase in AD
frequency with advancing age, particularly among women. In
rural areas, 74.1% of patients were women compared with 66.1%
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in urban areas. Among women, 58.6% were aged 265 years, while
only 11.4% were younger than 65 years.
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Depressive symptoms and family history

Depressive symptoms were reported in 40.3% of the total
sample (306 patients), more frequent among women (30.1%)

than men (10.2%). However, the association between depression
and AD diagnosis timing was not statistically significant (= 2.14,
p = 0.14) (Table 3).

Table 3: Clinical and psychosocial characteristics of patients with Alzheimer’s disease.

Variable n (%) Comments / Significance
Depressive symptoms 306 (40.3%) No significant relation with residence (p = 0.14)
Family history of dementia 210 (27.6%) Earlier diagnosis (median = 76 y)
Alcohol consumption 92 (12.1%) Higher in men (p < 0.05)
Tobacco use (current or past) 144 (18.9%) Predominantly male (72%)
Emergency department visits (=1 per year) 326 (42.9%) More frequent in urban patients (p = 0.032 *)
Coexisting hypertension 301 (39.6%) Common comorbidity
Coexisting diabetes mellitus 187 (24.6%) No sex difference
Depression x Sex interaction _ Trend toward higher prevalezngeoz;r)nong older women but NS (p

NS = Not significant.

Regarding family history, 27.6% of patients had at least one
first-degree relative diagnosed with dementia, but no urban-rural
differences were found (p = 0.21). Patients with a family history
were on average diagnosed 1.8 years earlier than those without
(median age = 76 vs. 78 years).

Summary of key findings

a) Urbanresidence was significantly associated with higher
AD prevalence (p =0.016).

b) Female sex and advanced age remained dominant non-
modifiable risk factors.

c¢) Depression was common but not statistically related to
diagnosis year or residence.

d) Family history correlated with slightly earlier onset.

e) Emergency service utilization was higher in urban than
rural settings, suggesting differences in healthcare access and
disease management patterns.

Discussion

This study analyzed the sociodemographic determinants
of Alzheimer’s disease (AD) among patients in primary care
centers across the province of Salamanca, Spain. Using real-
world data from the Medora 4 electronic health record system,
it revealed significant differences in AD prevalence by residence,
sex, and age. The results confirm that older adults and women
are disproportionately affected and that the prevalence is higher
among urban than rural residents.

Urban-rural disparities

The finding of a greater AD prevalence in urban areas is
consistent with other European studies suggesting that urban

living may increase exposure to environmental and lifestyle-
related risk factors for cognitive decline [13,14]. Higher levels of
air pollution, noise exposure, sedentary behavior, and psychosocial
stress in cities may contribute to neurodegenerative processes
[15,16]. A recent Spanish population-based study also observed
a higher dementia incidence in urban regions compared with
rural ones, even after controlling for education and comorbidities
[11,12].

However, these results should be interpreted cautiously.
The apparent “protective effect” of rural living could also
reflect diagnostic underreporting due to barriers in healthcare
access, fewer specialized resources, and lower awareness of
cognitive symptoms among rural populations [16]. Differences in
healthcare-seeking behavior and the availability of neurologists
or neuropsychologists across regions could influence diagnostic
rates rather than true disease prevalence [17].

The Salamanca region presents both of these realities: a
relatively large urban center with advanced diagnostic capacity
and numerous small rural communities with limited access to
memory units or geriatric specialists. Thus, our results may
also reflect the unequal geographic distribution of healthcare
infrastructure.

Sex and age differences

As in most epidemiological studies, women represented the
majority of AD cases (70% of our sample). This aligns with global
evidence linking female sex to higher lifetime risk of AD [18].
Several hypotheses explain this pattern: women live longer than
men, experience abrupt estrogen loss after menopause, and may
exhibit different neurobiological resilience and cognitive reserve
trajectories [19,20].
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Moreover, recent neuroimaging studies suggest that women
show more rapid hippocampal atrophy once AD pathology begins,
possibly due to interactions between hormonal, inflammatory,
and metabolic factors [21]. Beyond biological causes, social roles
and education also play an important part - historically, older
women in Spain had fewer educational opportunities, potentially
lowering their cognitive reserve and resilience against dementia
[17].

Age remains the strongest predictor of AD. Our results
corroborate the exponential increase in prevalence after age 75,
consistent with European and global estimates showing that AD
prevalence doubles approximately every five years after 65 years
of age [3,6].

Education and occupation

Education level and occupation are recognized determinants
of cognitive reserve - the ability to tolerate neuropathology
without manifesting clinical symptoms [17]. In our sample, lower
educational attainment was more common among rural residents
and was associated with earlier diagnosis, though not statistically
significant. This supports the notion that reduced access to
education and cognitively stimulating activities may accelerate
symptom onset [21].

Occupational complexity and lifelong engagement in
intellectually demanding tasks have been linked to delayed
dementia onset [22]. Hence, public policies promoting adult
education, digital literacy, and community participation in older

adults could have protective effects, particularly in rural regions.
Depression and comorbidity

Depressive symptoms were recorded in 40% of patients.
Although the relationship was not statistically significant,
depression is a frequent comorbidity in AD and may act both as a
risk factor and a prodromal manifestation of neurodegeneration
[23]. Depressive symptoms can reduce cognitive performance and
are associated with hippocampal volume reduction, which may
accelerate the onset of AD [24].

Comorbid conditions such as hypertension and diabetes were
present in roughly 40% and 25% of the sample, respectively.
These findings mirror previous reports from Spanish cohorts,
confirming the contribution of vascular and metabolic risk factors
to AD pathogenesis [24,25]. Preventive control of these conditions
should remain a cornerstone of primary care dementia strategies.

Implications for primary care

The results of this study hold practical implications for the
design of dementia prevention and care strategies in Spain.
Primary care is the first point of contact for older adults and
plays a decisive role in early detection, referral, and long-term
management of AD. Given the significant urban-rural and sex
differences identified, interventions should be tailored to context:

DOI: 10.19080/0AJGGM.2026.09.555759

a) In urban settings, prevention programs should address
modifiable lifestyle factors such as physical inactivity, social
isolation, and exposure to air pollutants.

b) In rural areas, policy efforts must prioritize improving
diagnostic accessibility, telehealth support,
education to reduce underdiagnosis.

and caregiver

At a broader level, these findings reinforce the importance of
Spain’s National Alzheimer’s Plan (Plan Nacional de Alzheimer
y otras Demencias 2019-2023), which advocates equitable
access to diagnostic and support services across territories
(26). Integrating primary care data into dementia surveillance
systems, as demonstrated in this study, can help identify regional
disparities and inform resource allocation [9,10,25].

Comparison with international research

Comparable trends have been reported in other European and
Asian populations. Studies in France and Italy show that urban
residence is associated with a 10-20% higher risk of dementia
after adjusting for education and comorbidity [26]. Research
in China and South Korea has found similar gradients linked to
socioeconomic development, suggesting that modernization and
environmental exposure may outweigh traditional protective
factors of rural living [27].

Our results contribute to this international body of evidence
by providing population-based data from a medium-sized Spanish
province, using real-world primary care records rather than
specialized memory clinic data [9,10,15]. This approach broadens
the understanding of how demographic and geographic factors
influence disease distribution in community contexts.

Public health significance

Understanding the social determinants of dementia is
essential for achieving the WHO'’s Global Action Plan on the Public
Health Response to Dementia (2017-2025), which emphasizes
early diagnosis, equity, and community-based care [28]. In this
framework, primary care professionals - particularly nurses - play
a key role in screening, education, and follow-up of both patients
and caregivers.

From a practical standpoint, our results underscore the need
for interdisciplinary community strategies that include health
professionals, social workers, and local institutions to reduce risk
exposure and promote cognitive health in older adults [28,29].

Limitations

This study has several limitations that should be
acknowledged. First, its cross-sectional and retrospective design
does not allow causal inferences regarding the relationships
between sociodemographic factors and AD onset. Although
associations were identified, temporality and directionality

cannot be determined.
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Second, data were derived from the Medora 4 system, which,
while comprehensive, may include missing or inconsistent records
due to differences in data entry across health centers. Some clinical
and psychosocial variables - such as detailed socioeconomic status
or cognitive test results - were not systematically recorded, which
may have limited the analysis.

Third, although the sample was statistically representative of
the AD population in Salamanca, findings may not be generalizable
to other Spanish provinces or countries with different healthcare
systems, demographic compositions, or environmental exposures.

Finally, potential confounding factors - including genetic
predisposition (e.g, APOE genotype), diet, or physical activity
- were not available in the dataset. Future longitudinal studies
integrating clinical, genetic, and lifestyle data would be valuable
to deepen understanding of these relationships.

Conclusion

Alzheimer’s disease remains a major health challenge in
aging societies. In this population-based study from Salamanca,
Spain, AD was more prevalent in women, older adults, and
urban residents. These sociodemographic patterns highlight
the influence of environment and social determinants beyond
biological factors.

To address this growing burden, primary care must strengthen
early detection, promote brain health, and coordinate community-
based support for patients and caregivers. Tailoring dementia
strategies to local sociodemographic realities - particularly
addressing urban-rural disparities - should become a priority for
regional and national health policies.

Future research should integrate electronic health record data
with social, environmental, and behavioral indicators to develop
predictive models of dementia risk at the community level.
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