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Abstract: Alzheimer’s disease (AD) represents a growing public health challenge due
to its increasing prevalence, projected to reach 150 million cases by 2050. Characterised
by neuropathological changes such as the accumulation of beta-amyloid peptide and
hyperphosphorylated Tau protein, the disease is related to genetic and environmental
factors. The main objective of this research has been to analyse the possible relationship
between some cardiovascular factors and AD. This analytical observational case-control
study carried out in Castilla y Leén (Spain), comprised a total of 511 individuals between
60 and 90 years of age, of whom 260 had a diagnosis of AD and the rest were healthy
individuals. The results showed that the group with AD were predominantly women,
widowed and with primary education, who showed a higher prevalence of family history of
the disease. It was also observed that hypertension, cardiac pathology and diabetes mellitus
were three cardiovascular risk factors that showed significant increased differences in the
group of AD patients compared to the group of control individuals. Although the precise
mechanisms require further research, these results underline the importance of addressing
complex interactions between genetic and environmental factors in the prevention of AD.

Keywords: Alzheimer’s disease; cardiac pathology; cardiovascular risk; diabetes mellitus;
high blood pressure; hypercholesterolemia

1. Introduction

Addressing dementia is a crucial public health issue, as well as a major health and
social problem. It has now become the silent epidemic of the 21st century and is one of the
greatest challenges to the sustainability of health and social care systems [1]. The current
prevalence of dementia worldwide is estimated at 50 million people over 65 years of age
and it is expected that these figures will triple, reaching about 150 million by 2050 [2].
This mainly as a consequence of the progressive increase in aging given the greater life
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expectancy of the population worldwide, as well as the increase in other risk factors such
as metabolic, environmental and personal factors [3].

Among the dementias, Alzheimer’s disease (AD) stands out. AD is a neurodegen-
erative disease specifically affecting certain brain areas such as the neocortex or the hip-
pocampus [4]. AD is characterised by both microscopic and macroscopic neuropathological
changes. At the microscopic level, accumulation of beta-amyloid (A) peptide and hy-
perphosphorylated Tau (t) protein results in extracellular senile plaques and intracellular
neurofibrillary tangles, as well as early and steady synaptic loss [5]. At the macroscopic
level, significant brain atrophy is observed due to loss of neural and synaptic tissue,
correlated with disease progression and cognitive decline [4]. Also, neuroinflammation,
oxidative stress and damage to cholinergic neurons contribute to the pathological process
of AD [6].

The risk factors for AD are the result of a complex interaction between an individ-
ual’s genetic predisposition and exposure to modifiable risk factors, called environmental
factors [7]. Both types, genetic and environmental factors, could serve as prognostic
biomarkers and early diagnostic tools for AD [8]. On the one hand, genetic factors are
non-modifiable risk factors inherent to the person, such as the ¢4 allele polymorphism
of the Apo E gene, as the most prevalent [9]. Other non-modifiable risk factors are gen-
der, race or ethnicity and family history [10]. On the other hand, modifiable risk factors
are influenced by a person’s decisions and actions, which means that they can be acted
upon [10,11]. In fact, modifiable risk factors contribute substantially to the development
of AD [11]. However, the actions and management of these factors would significantly
reduce the risk of suffering from AD [10]. In this sense, the study conducted by Barnes
etal. [12] estimated that if modifiable risk factors could be reduced by 10% to 25%, 3 million
cases of AD could be prevented worldwide. The modifiable risk factors most associated
with AD are low educational level [12], diet [13], sedentary lifestyle [14] and cardiovascu-
lar risk factors [15]. In this way, Wanleenuwat et al. [15] have studied ApoE, cholesterol
metabolism and diabetes mellitus (DM), suggesting a convergence of these factors with
cardiovascular disease and AD [15]. In addition, metabolic disorders such high blood
pressure (HBP), hypercholesterolemia or obesity increase the predisposition to AD (23).
Previous findings [16,17] would support the idea that there could be a link between AD
and cardiovascular disease. AD and cardiovascular disease share common risk factors
and similarities in the triggering molecular mechanisms, shown in Figure 1. In addition, it
should be noted that the eé4Apo E gene polymorphism affects the cardiovascular and the
nervous systems [9].
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Figure 1. Pathophysiological connections between Alzheimer’s disease and cardiometabolic comorbidities.

Therefore, our study aims to evaluate the possible association between key cardio-
vascular factors and the development of AD. This observational case-control study will
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be carried out in “probable AD patients” (pAD), without the visualization of plaques and
tangles within the brain by autopsy or neuroimaging, in a region of Spain, Castilla y Leén.
This study would allow personalizing future interventions on modifiable risk factors in
day centres for pAD.

2. Material and Methods
2.1. Study Design

The design of this research work was an observational case-control study, which was
carried out at the “Messengers of Peace” daycare centre and at the “Associations of Relatives
of Alzheimer’s Patients” (ARAP) of Castilla y Leén (Spain), using the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) rules [18].

The sample size was determined using G*Power 3.1 software [19]. A power analysis
(1-B error probability) determined that a sample size of 18 participants was sufficient to
detect a difference of at least 1% in DM. The power was set at 0.95, and the effect size was
estimated to be 0.8 [20].

2.2. Ethical Considerations

This research was conducted in full compliance with the ethical standards outlined in
the Declaration of Helsinki and the update of Fortaleza (2013) (World Medical Association,
2013) [21]. Approval was secured from the Ethics Committee of the University of Le6n
(approval code: ETICA-ULE-021-2022) prior to the study’s commencement, and the trial
was registered with ClinicalTrials.gov under the code NCT06275243.

2.3. Cohort Study

The study population comprised a total of 511 individuals, of whom 260 had a diagno-
sis of pAD and formed the case group, while the remaining 251 were healthy individuals
who formed the control group (CG). The population sample consisted of people aged
between 60 and 90 years, both men and women. All potential subjects underwent a medical
examination before being accepted into the study. The participants were recruited consecu-
tively from October 2022 to May 2024. The recruitment process involved presentations by
researchers from the University of Leén and University of Valladolid at the ARAP and at
the “Messengers of Peace” daycare centre, where pAD patients were invited to participate
as part of the case group. In addition, individuals in the AD group were selected and
recruited in the outpatient memory department by neurology specialists from University
Hospital of Leén. Similarly, CG subjects were recruited through talks delivered at the
ARAP, the University of Experience in Leén, Ponferrada and Soria, and the Maintenance
Gymnastics program organized by the Leén City Council. During these presentations, a
member of the research team provided detailed information about the study, including
potential risks and benefits. Participants were then given an information sheet, and after
addressing any questions and confirming that the inclusion and exclusion criteria were
met, all participants provided signed informed consent.

2.4. Inclusion and Exclusion Criteria

A set of inclusion, exclusion and withdrawal criteria were established and had to be strictly
adhered to (Figure 2). The inclusion criteria were (i) age between 60 and 90 years; (ii) clinical
symptoms suggestive of AD by the National Institute on Aging—Alzheimer’s Association
workgroups on the diagnostic guidelines for AD [22] (in the case group, Mental State Examina-
tion (MMSE) < 20 points and Montreal Cognitive Assessment (MoCA) < 18 points; Activity
of Daily Living (ADL) Scale was impaired (ADL > 22 points); and Clinical Dementia
Rating (CDR) = 1 point; except for changes in AD, there were no other abnormalities);
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(iii) normal elderly people with no clinical diagnosis of AD in the CG, no memory deficit
or other cognitive impairment and no mental or neurological disease (MMSE > 26 and
MoCA > 26); (iv) individuals who voluntarily consented to participate free of charge; and
(v) singed written consent form. The exclusion criteria were (i) individuals whose analytical
results were not available or presented inconsistencies that prevented their inclusion in the
study; and (ii) individuals who did not meet the inclusion criteria.

Inclusion criteria Exclusion criteria

— Age between 60 and 90 years

Case group
= (‘linirgl symptoms suggestive of AD Individuals whose analytical
— - MMSE<20 results were not available or =
- MoCA<18 presented inconsistencies
- ADL>22
- CDR=1

Control group
- No clinical diagnosis of AD
- No memory deficit or other

Individuals did not meet the __|

cognitive impairment
inclusion criteria

- No mental or neurological disease
- MMSE > 26 and MoCA > 26

[ Volunteer and free of charge

L— Singed written consent form

Figure 2. Flow chart: inclusion and exclusion criteria. Abbreviations = MMSE: Mental State Examina-
tion; MoCA: Montreal Cognitive Assessment; ADL: Activity of Daily Living; CDR: Clinical Dementia
Rating (CDR); AD: Alzheimer’s disease.

2.5. Socio-Demographic Data and Clinical Data

An individual interview was conducted with case group participants to collect per-
sonal, clinical and socio-demographic data. Personal data included first name, surname,
date of birth, age and gender. For clinical data, the diagnosis of pAD, date of diagnosis,
stage of disease, medical speciality in charge of follow-up and other pathologies such as
hypercholesterolemia, DM, HBP and cardiac pathologies were recorded. Sociodemographic
data collected included level of education, marital status, employment status, profession,
municipality of birth and residence, living with whom, number of people in the living unit,
main caregiver and relationship and family history of AD or other dementias.

Participants in the CG underwent a similar interview, with slight variations in the ques-
tions related to clinical and socio-demographic data. The clinical data collected included
the diseases they suffered from and the medical specialist in charge of their follow-up, as
well as other pathologies such as hypercholesterolemia, DM, HBP and cardiac pathologies.
The sociodemographic data collected were like those of the case group, with the addition
of the question of whether they were primary caregivers of a patient with AD.

We use the term cardiac pathology to refer to a set of pathologies and diseases accord-
ing to the International Classification of Diseases (ICD), 11th revision (2019) of the major
groups of circulatory system diseases of the World Health Organization (WHO) [23]. They
include coronary heart disease, a disease of the blood vessels supplying the heart muscle;
cerebrovascular disease, a disease of the blood vessels supplying the brain; peripheral arte-
rial disease, a disease of blood vessels supplying the arms and legs; rheumatic heart disease,
damage to the heart muscle and heart valves from rheumatic fever, caused by streptococcal
bacteria; congenital heart disease, birth defects that affect the normal development and
functioning of the heart caused by malformations of the heart structure from birth; and
deep vein thrombosis and pulmonary embolism, blood clots in the leg veins, which can
dislodge and move to the heart and lungs.
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2.6. Statistical Analysis

To analyse the information collected, firstly, a descriptive study was carried out by
tabulating the data from the corresponding absolute (number of individuals) and relative
(percentage) frequency distributions. This numerical description was completed with
the graphical representation of the information, which allows us to draw descriptive
conclusions in a more visual way:.

As a complement to the descriptive study, an inferential analysis was applied in order
to test certain hypotheses. Specifically, to test the hypothesis of equality of means in the
case of quantitative variables, we applied the t-test for difference in means for independent
samples in normal populations, after testing for equality of variances using Levene’s test.
In the case of qualitative variables, the z-test for difference in proportions was applied to
test the hypothesis of equality of percentages, or, when the modalities of the variable were
more than two, the chi-2 test for independence.

The statistical significance of the results was assessed based on the general criterion of a
p-value of less than 0.05, although cases where significance reached a p-value of less than the 1%
significance level were also discussed. All procedures were carried out with the statistical software
IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., Armonk, NY, USA).

3. Results

The study population consisted of 511 individuals, including 260 pAD and 251 controls.
AD patients were recruited from ARAP located in Soria, Salamanca, Leén and Ponferrada,
as well as from “Messengers of Peace” daycare centre in Mansilla de las Mulas (Le6n) and
La Barfieza (Le6n).

3.1. Sociodemographic Data

Table 1 presents the socio-demographic characteristics of the study population, with a
clear distinction between individuals with AD and those in the CG.

Table 1. Socio-demographic information of the study participants per group.

pAD Case Group Control Group

Characteristics p-Value
Frequency % Frequency %
Men 62 23.85 41 16.33
Gender 0.0343 *
Women 198 76.15 210 83.67
Single 12 5.02 22 8.91
Married 100 41.84 157 63.56
Civil status Widowed 125 52.30 50 20.24 <0.0001 ***
Divorced 1 0.42 13 5.26
Separated 1 0.42 5 2.02
Not available 21 - 4 -
Without studies 7 3.68 0 0
Primary 142 74.74 54 22.98
Educational level Secondary 16 8.42 98 41.70 <0.0001 ***
Higher 25 13.16 83 35.32

Not available 70 - 16 -
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Table 1. Cont.
AD Case Grou Control Grou
Characteristics Freqlll)ency f;o Frequency p% p-\alue
Rural 65 27.58 11 444
Residential area Urban 175 72.92 237 95.56 <0.0007 ***
Not available 20 - 3 -
Yes 88 45.60 65 26.75
Family history No 101 52.30 174 71.60
of AD Unknown 4 2.10 4 1.65 0.0002 ***
Not available 8 - 8 -
Frequency Mean (SD) Frequency Mean (SD)
Age 238 83.94 (7.55) 249 70.28 (6.26) <0.0001 ***

Abbreviation: pAD: probable Alzheimer’s disease; SD: standard deviation; () no data. Values are expressed as
the frequency (percentage) for categorical variables, while mean and standard deviation for quantitative variables.
z-test for variables of gender and residential area; chi-2 test for variables of civil status, educational level and
family history of AD; t-test for independent samples with unequal variances for variable of age. Differences were
statistically significant at * p < 0.05; *** p < 0.001.

3.1.1. Age and Sex

The average age of all participants for whom data were available for this variable
(n = 487) was 76.95 years, with a deviation of £9.72 years, the median being the same age
(77 years). Participants in the case group diagnosed with AD (1 = 238) were significantly
older in age (83.94 & 7.55 years) than those in the CG (1 = 249; 70.28 £ 6.26 years), applying a
t-hypothesis test for the difference in means (p-value < 0.0001).

Regarding to gender, the majority were female, both in the case group (76.15%) and in
the CG (83.67%), although the proportion of females was significantly higher in the CG at
the 5% level (p-value = 0.0343; z-test for the difference in proportions).

Figure 3 shows the distribution of individuals by sex in each of the groups, with both
groups comprised of mostly females.

250 Sex

B Men
W Women

Subjects

Control group Cases group

Figure 3. Distribution of individuals by sex according to group. A significantly higher proportion of
females was observed in the control group compared to the cases group. * p < 0.05.

3.1.2. Marital Status

Regarding marital status, it was observed that in the group of cases diagnosed with
AD, widowhood predominated (52.30%), in contrast to the CG where the majority were
married (63.56%). Using a chi-2 independence test, significant differences were observed at
a level of less than 1% (p-value < 0.0001).
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A summary of the distribution of cases and controls according to marital status is
shown in Figure 4.

200
* ok k
Marital status
A W single
( \ W Married
B widowed
150 B Divorced
[ sSeparated
2
(5]
K-S
fe)
=] 100
»
50
0
Control group Cases group

Figure 4. Distribution of individuals by marital status according to group. Significant differences
were observed between the control group and the cases group. *** p-value < 0.0001.

3.1.3. Educational Level

Data were collected on the educational level of the study participants and classified
into categories including no education, primary education, secondary education and
higher education. The group of cases diagnosed with AD showed a primary educational
characterisation (74.74%), compared to the CG, where the majority had a higher secondary
and higher educational characterisation (77.02%). This situation implied the existence
of significant differences between the two groups, according to the chi-2 independence
statistic (p-value < 0.0001).

These differences are shown in Figure 5, which shows the number of individuals in
each group according to their level of education.

dokk

150
(—)\—\ ( }‘ \\ Educational level
B No studies
W Primary

M Secondary
W Higher

100

Subjects

50

Control group Cases group

Figure 5. Distribution of individuals by educational level according to group. Significant differences
were observed between the control group and the cases group. *** p-value < 0.0001.
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3.1.4. Residential Area

In terms of the residence area, there was a predominance of urban area in both groups
(72.92% in the case group and 95.56% in the CG), as shown in Figure 6. However, the
percentage of urban residents in the CG was significantly higher than in the group of cases
diagnosed with AD (p-value < 0.0001; z-test for difference in proportions).

250 Kk Residential
area

M Rural
B urban

200

150

Subjects

100

50

Control group Cases group

Figure 6. Distribution of individuals by municipality of residence according to group. The proportion of
urban residents was significantly higher in the control group compared to the cases group *** p < 0.0001.

3.1.5. Family History of Probable Alzheimer’s Disease

The analysis of family history of AD is presented in Figure 7, where the following
results are observed. Approximately 2% of individuals in each group were unaware of any
family history. As for the rest, 45.60% of cases diagnosed with AD indicated that they had
a family history of the disease, while in the CG, the existence of a family history was found
in 26.75% of individuals. These percentages revealed the existence of differences in the
proportion of family history in each group, which were significant at a level of less than 1%
(p-value = 0.0002, chi-2 test of independence).

200

i Family history

of Alzheimer's
Disease

Wyes
o
M Unknown

Subjects

Control group Cases group

Figure 7. History of Alzheimer’s disease by group. Significant differences were observed between
the control group and the cases group *** p < 0.001.

3.2. Clinical Data
In addition to differences in sociodemographic data, relevant clinical factors in the
study participants were analysed. The following section presents the main findings related



Appl. Sci. 2025, 15, 3409

9of 22

to medical conditions such as HBP, hypercholesterolaemia, cardiac pathology (according to
the ICD, 11th revision of the major groups of circulatory system diseases of the WHO [23])
and DM, as well as their possible association with AD.

3.2.1. High Blood Pressure

In the group of individuals with AD, 39.17% of them had HBP, a percentage that
decreased to 24.60% in the CG. The difference between both percentages was significant at
a level below 1% (p-value = 0.0005, z-test for difference in proportions).

Figure 8 shows the status of pathology in the two groups.

200
[ Control group

M Cases group

Subjects
8

High blood pressure

Figure 8. High blood pressure according to group. Significant differences were observed between the
control group and the cases group, with a higher prevalence of HBP in the cases group. *** p < 0.001.

3.2.2. Hypercholesterolaemia

In the case of hypercholesterolaemia, 30.42% of individuals in the group of subjects
with AD and 36.69% in the CG suffered from this pathology. In this case, the differences
were not significant (p-value = 0.1422; z-test for the difference in proportions).

This situation can be seen in Figure 9, which shows the distribution of individuals

according to their pathology by group.

200
M Control group
Cases group

150

100

Subjects

50

Hypercholesterolemia

Figure 9. Hypercholesterolemia according to group.
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3.2.3. Cardiac Pathology

With regard to cardiac pathology, the situation is shown in Figure 10, where it can be
observed that the percentage of individuals suffering from this pathology was higher in
the group of cases with AD (Supplementary Materials).

250
[ Control group

M Cases group

Subjects

Cardiac pathology

Figure 10. Cardiac pathology according to group. Significant differences were observed between the
control group and the cases group, with a higher prevalence of cardiac pathology in the cases group.

% p < 0,001

Specifically, in this group, the percentage of individuals with cardiac pathology was
20.42%, while in the CG, the percentage was reduced to 8.87%. The difference between the
two percentages was statistically significant, applying a z-hypothesis test for the difference
in proportions (p-value = 0.0003).

3.2.4. Diabetes Mellitus

With regard to individuals with DM, 19.58% of the subjects with AD had this pathology,
while in the CG, the percentage of individuals with DM was 7.26%. In this line, the
percentage of individuals with this pathology was significantly higher in the case group

(p-value < 0.0001; z-test for difference in proportions).
Figure 11 shows the situation of DM pathology in the two groups.

250
B control group
Bcases group

Subjects

Diabetes Mellitus

Figure 11. Diabetes mellitus according to group. Significant differences were observed between the control
group and the cases group, with a higher prevalence of diabetes mellitus in the cases group. *** p < 0.0001.
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The difference in this pathology between cases with AD and healthy individuals is also
observed when analysing the glucose level. In the first group, the mean glucose level was
107.67 mg/dL + 36.52, while in the CG, the mean glucose level was 95.70 mg/dL + 22.08. A
t-contrast was applied for the difference in population means with unknown and unequal
variances (p-value < 0.0001; Levene test for equality of variances) and concluded that the mean
glucose level was significantly higher in the group of individuals with AD (p-value < 0.0001).

A summary of the clinical data for the two groups of participants in the present study
is presented in Table 2.

Table 2. Clinical information of the study participants per group.

) ) . pAD Group Control Group Value
Medical Diseases and Conditions Frequency % Frequency % p
Yes 94 39.17 61 24.60
High blood pressure No 146 60.83 187 75.40 0.0005 ***
Not available 20 - 3 -
Yes 73 30.42 91 36.69
Hypercholesterolemia No 167 69.58 157 63.31 0.1422
Not available 20 - 3 -
Yes 49 20.42 22 8.87
Cardiac pathology No 191 79.58 226 91.13 0.0003 ***
Not available 20 - 3 -
Yes 47 19.58 18 7.26
Diabetes mellitus No 193 80.42 230 92.74 <0.0001 ***
Not available 20 - 3 -

Abbreviation: pAD: probable Alzheimer’s disease; enumeration data were subjected to the Chi-square test and
described as percentages. Differences were statistically significant at *** p < 0.001.

4. Discussion

The overall aim of this research was to analyse the relationship between some cardio-
vascular risk factors and AD. The results of this study would provide information that can
be used for the design of more effective strategies in personalising future interventions
(management and treatment) on AD and cardiovascular diseases in day centres for pAD.

4.1. Socio-Demographic Data of Participants

It is observed from the results that the mean age of the participants was 76.95 years,
with participants diagnosed with pAD being significantly older in age than control indi-
viduals. The observation that participants in the case group are significantly older than
those in the CG reinforces the well-established notion that age remains the most important
risk factor for the development of AD [24]. In Spain, the life expectancy in 2022 was
80.4 years for men and 85.7 years for women, highlighting the relevance of aging as a
key factor in AD development [25]. Such results are in line with the extensive evidence
suggesting that ageing is a major factor driving the development of the AD [24,26,27],
which would support therapeutic interventions on the biological mechanisms of aging
as precursors of nicotinamide adenine dinucleotide (NAD"), inducers of mitophagy and
inhibitors of cellular senescence and stimulation of muscle satellite cells [28,29].

The results of this study revealed a significant prevalence of female gender in both
groups, with a statistical association (p = 0.0343), although there were more women in the
CG (83.75%) compared to the case group (76.15%). Recent findings [30-32] have pointed out
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that women exhibit a more pronounced development, progression and clinical presentation
of AD compared to men. Advanced age is one of the most important risk factors for AD. In
this regard, women have a higher prevalence and risk of suffering from AD throughout
life than men, mainly due to their longer life expectancy. Hormones and sex chromosomes
interact differentially with several AD triggering mechanisms during the aging process
such as neuroinflammation, metabolism and autophagy, the microbiome and genetic
polymorphisms, among others [31,32]. In this way, the critical factor that contributes to
more women suffering from AD than men is due to sex differences in cognition and brain
function caused by steroid sex hormones. Estrogen, progesterone and androgen increase
substantially the resistance of neurons to AD by preventing amyloidosis, tauopathy and
the regulation of gliosis. Based on the high incidence of AD after menopause, exposure
to estrogens during a shorter life span may be associated with an increased risk of AD,
because it makes the female brain more physiologically vulnerable to the pathophysiology
of AD [33], especially of metabolic and inflammatory pathways, increasing vulnerability to
AD [6]. Specifically, estrogen appears to play a protective role by reducing A accumulation
through the regulation of amyloid precursor protein (APP) processing, while its loss may
contribute to increased A burden. In contrast, the gradual decline of testosterone in men
may mitigate these effects [34]. Additionally, sex chromosome-linked genetic expression
differences may further modulate AD susceptibility. Additionally, women carry two
X chromosomes, one of which undergoes incomplete inactivation, leading to a higher
expression of certain X-linked genes involved in immunity and neurodegeneration. Some
of these genes, such as Uspll, may contribute to increased T pathology in women by
promoting T acetylation, which impairs its degradation [32]. Of relevance seems to be
ApoE4, where those women carrying the ApoE4 genotype had more advanced brain aging
than their male counterparts, highlighting the differential influence of AD risk factors in
both genders [35,36]. Buckley et al. [37] indicated that, although the prevalence of ApoE4
and brain A3 peptide burden did not differ by sex, they did observe that women with a
high A peptide burden had more pronounced cognitive impairment. This could indicate
the involvement of the triggering mechanisms already discussed [31,32]. These interactions
would provide differential features in AD progression between men and women. Given all
these factors, it would be necessary to consider sex in order to effectively address AD [30].

Additionally, the results of this study also reveal that 74.74% of the group of cases
diagnosed with AD have higher primary education compared to the CG, where 77% have
secondary and higher education. Regarding education levels in the Spanish population
over 65 years old, in 2023, 71.2% have preschool, primary and lower secondary education,
12.2% have upper secondary and post-secondary non-tertiary education, and 16.7% have
bachelor’s, master’s and doctoral degrees [38]. The results indicate a significant association
between educational level and AD prevalence (p < 0.0001). These results are accordance
with those of previous studies [39,40], suggesting that education protects neurocognitive
function in preclinical stages of AD [39], and indicating a protective causal effect of edu-
cational level on AD [40]. Seyedsalehi et al. [40] showed a significant inverse association
between education and AD, noting that a one-standard-deviation increase in years of
schooling was associated with a 30% reduction in the likelihood of AD. This is probably
due to cognitive reserve, i.e., the ability to acquire alternative brain networks or use struc-
tures or neural networks that are not normally used to compensate for brain aging [41].
Perhaps education, which helps improve brain circuits, could increase the reserve of brain
networks capable of continuing to function. However, in the study conducted by Hu
et al. [42], strong cognitive performance was associated with a 26% decreased likelihood of
developing AD, irrespective of the person’s educational status or intelligence. Thus, it is
important to note that there is controversy in the scientific literature about the exact role of
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education as a modifiable risk factor. These discrepancies highlight the need for further
detailed research to investigate the relationship between education and AD.

4.2. Alzheimer’s Disease and Cardiovascular Risk Factors

The research reveals a significant relationship between AD and cardiovascular disease,
as both entities share not only common risk factors, but also similar molecular mech-
anisms [17]. A longitudinal study by Lee et al. [43] examined 330 patients with AD,
revealing that the most frequent risk factors were HBP (65.8%), DM (46.7%) and physi-
cal inactivity (36.7%). Their results indicated that individuals with AD who had more
than three cardiovascular risk factors experienced a more rapid cognitive decline over
the 3-year follow-up period compared to subjects with no cardiovascular risk factors or
fewer than three factors. In a similar vein, Vemuri et al. [44] aimed to investigate the
relationships between age, vascular health and imaging biomarkers of AD in a sample of
430 individuals over 60 years of age. These researchers observed that neurodegeneration
biomarkers, positron emission tomography (PET) and magnetic resonance imaging (MRI),
were significantly more unfavourable (p < 0.05) in the presence of five vascular health
markers such as hyperlipidaemia, cardiac arrhythmias, coronary heart disease, congestive
heart failure and DM. Thus, their findings indicated that poor vascular health does not
significantly affect brain amyloid deposition but has a significant direct and indirect effect
on AD neurodegeneration [44]. Probably, these results would highlight the importance of
analysing the connections between AD and various cardiovascular risk factors.

The present study focused on an in-depth analysis of crucial factors such as HBP,
hypercholesterolaemia, DM and cardiac pathology to better understand their possible
involvement in the development and progression of AD. Our analysis may be particularly
relevant given the growing evidence suggesting that cardiovascular risk factors play a role
in vascular health and may also influence the pathogenesis of AD.

4.2.1. High Blood Pressure and Alzheimer’s Disease

HBP has been identified as a factor affecting the vascular integrity of the blood—brain
barrier, resulting in an impaired blood-brain barrier, leading to brain cell damage with
increased AB-peptide deposition, hypoperfusion and neuroinflammation, and leading to
impaired memory abilities [45]. In the epidemiological study conducted by Wu et al. [46],
the relationship between HBP and AD was observed, while blood pressure variations in
individuals diagnosed with AD before and after the onset of the disease were analysed.
The results revealed a significant association between HBP and AD prevalence, finding
a higher prevalence of AD in those participants with HBP, especially in the group with
systolic blood pressure greater than or equal to 170 mmHg (p < 0.0002). In addition, HBP
contributed 28.3% to the incidence of new AD cases, suggesting that approximately 1/3 of
new AD cases could be related to elevated blood pressure. They compared blood pressure
values between cases diagnosed with AD and individuals without a diagnosis of dementia,
finding that the blood pressure values of the AD group were significantly higher than
those of the CG (without dementia). The odds ratio (OR) for the group with systolic blood
pressure greater than or equal to 140 mmHg and less than 170 mmHg was 1.70, while for
the other group with systolic blood pressure greater than 170 mmHg, the OR was 2.52. The
results of this study were consistent with the findings obtained in previous studies [45],
suggesting a positive association between HBP and AD. In the present investigation, it
is observed that the percentage of individuals with HBP in the group of cases with AD
(39.19%) is significantly higher compared to the group of healthy individuals (24.60%). This
difference in percentages shows a statistically significant association, suggesting that the
presence of HBP could be related to AD in the sample studied [46].
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Arendonk et al. [47] conducted a recent study focusing on the impact of vascular risk factors
and the severity of A3-peptide plaques in the brain, measured in vivo in 635 participants of the
Rotterdam study. Vascular risk factors were assessed 7 and 13 years prior to brain scanning via
PET. Their results showed an association between vascular risk factors and increased levels of
brain A[-peptide, especially in ApoE4 gene carriers.

Two meta-analyses support the association between high blood pressure and AD [48,49].
Xu et al. [48] found grade I evidence suggesting an association between medical history, such
as HBP, hypotension and type 2 DM, and a risk of developing AD. In 2020, the study carried
by Ou et al. [49] identified significant associations between HBP in middle-aged individuals
and cognitive function. Systolic blood pressure above 130 mmHg was associated with a relative
risk (RR) of 1.19 and 1.55 for cognitive impairment. Regarding dementia, moderate evidence
showed a significantly elevated risk (RR: 1.20) associated with HBP in these individuals, also
with elevated systolic blood pressure (RR: 1.50) and excessive change in diastolic blood pres-
sure (RR: 1.65). The authors indicated that a systolic blood pressure greater than or equal to
140 mmHg, a diastolic blood pressure greater than or equal to 80 mmHg and a change in
diastolic blood pressure of more than 5 mmHg were associated with a 37% to 52% increased
risk of AD. If the relationship between AD and HBP is accepted, lowering blood pressure
levels should have a protective effect. Therefore, Vicario et al. [50] reported that antihyperten-
sive treatments have a beneficial effect on AD, delaying the onset of cognitive decline. Also,
Ou et al. [49] collected studies indicating that antihypertensive drugs were associated with a
21% reduction in the risk of dementia.

HBP is a risk factor for developing AD in old age due to an increase in the deposition
of AB-peptide and neurofibrillary tangles in the cerebral blood vessels [51]. This abnormal
deposition produces cerebral hypoperfusion and damages the cerebral blood vessels,
deteriorating the blood-brain barrier and glial function early and chronically [52]. In
addition, it enhances the ApoE 4 gene, a genetic risk factor for the development of AD [51].
In this sense, antihypertensive drugs are a protective factor against the development of AD
thanks to their ability to maintain blood pressure levels within values that do not harm
the cerebral microvasculature. For this reason, it would be advisable to have good control
and adherence to hypertension treatment to reduce the risk of suffering from AD, unlike
untreated or poorly controlled arterial hypertension, which increases the risk due to the
accelerated deposition of Af3-peptide and a greater decrease in cerebral blood flow [53].
However, more clinical studies are needed to confirm this hypothesis with certainty.

4.2.2. Hypercholesterolaemia and Alzheimer’s Disease

Elevated cholesterol is a well-established risk factor for cardiovascular disease. However,
the relationship between cholesterol levels and AD is complex and challenging to fully eluci-
date [54]. Notably, our results obtained did not demonstrate a statistically significant association
between AD and a clinical diagnosis of hypercholesterolaemia in the analysed sample.

However, when further exploring blood levels of total cholesterol in relation to AD,
significant associations were observed, showing higher TG levels in the case group. In
our study, hypercholesterolemia was defined based on medical history and individual
interviews, which may have limited the accuracy of participant classification. It is possible
that some individuals with elevated cholesterol levels had not been previously diagnosed
or were undergoing statin treatment, which could have attenuated the association with AD.
Furthermore, previous studies have indicated that the relationship between cholesterol and
AD is more evident when evaluating levels in midlife, whereas in older ages, the influence
of cholesterol may be modulated by other factors, such as the presence of comorbidities or
the use of lipid-lowering medication. In this context, the finding of significantly higher TC
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levels in the CG suggests that other lipid parameters may play a more relevant role in the
pathophysiology of AD.

It should be noted that the association of elevated cholesterol has been observed
especially with vascular dementia, not with AD [55]. However, over the decades, from
1990 to the present day, several studies exploring the possible association between hyperc-
holesterolaemia and AD have been carried out with divergent results. Notkola et al. [56]
conducted one of the pioneering longitudinal studies on total serum cholesterol and AD
in 1998. In this study, they used a sample of 444 participants aged 70-89 years, whose
total cholesterol was measured over several decades. The results revealed that participants
who developed AD showed elevated cholesterol concentrations in early measurements
compared to participants who did not have dementia (p < 0.0008). These findings suggest
that individuals with a history of high cholesterol levels in middle age have an increased
risk of developing AD [56]. Years later, authors Xu et al. [57] investigated the association
of hypercholesterolaemia and AD neuropathology in 3508 subjects with both diseases.
Their results showed that hypercholesterolaemia was significantly associated with a higher
burden of diffuse neuritic plaques (OR: 1.32) as well as more severe cerebral amyloid
angiopathy (OR: 1.26), thus suggesting that hypercholesterolaemia was associated with a
higher severity of AD pathology. Following this line, two prospective studies indicated
that hypercholesterolaemia is significantly associated with long-term AD incidence [58,59].
In this way, Golstein et al. [59] specified that hypercholesterolaemia and HBP were as-
sociated with deficits in visual and memory abilities, verbal reasoning and visuospatial
skills. Recently, Pappolla et al. [60] have described a possible pathway between Proprotein
convertase subtilisin/kexin type 9 (PCSK9) and the development of AD, because PCSKO9 is
involved in controlling hypercholesterolemia by modulating levels of low-density lipopro-
tein (LDL), an established risk factor for the onset of the AD [54]. In addition, PCSK9 causes
inflammation and oxidative stress, which alters the histology of the blood-brain barrier
and induces the onset of AD. This would imply that PCSK9 stimulates neurodegeneration,
because PCSK9 has been found to be expressed in AD by neurons and glia cells [61].

4.2.3. Cardiac Pathology and Alzheimer’s Disease

We have reported that a significant association between cardiac pathology (according
to the ICD, 11th revision of the major groups of circulatory system diseases of the WHO [23])
and AD was observed, manifested by a higher percentage of individuals with cardiac
pathology in the group diagnosed with AD (29.42%) compared to the CG (8.87%). Our
results could suggest a connection between heart disease and AD [62]. Two studies [63,64]
have shown that heart failure, in addition to coronary heart disease, may contribute to
an increased risk of AD. Mechanisms such as impaired cerebral blood flow, systemic
inflammation and amyloid-f accumulation in the brain support this link [63,64].

Additionally, studies have explored the relationship between cardiac functional pa-
rameters and AD. In a recent study by Zheng et al. [65], the left ventricular ejection fraction
(LVEF), a key indicator of cardiac dysfunction, was associated with cerebrospinal fluid
(CSF) biomarkers of AD in cognitively normal individuals. Participants with lower LVEF
had significantly higher levels of CSF total T and an increased t/A 342 ratio, suggesting
a link between cardiac function and AD pathology. These associations were particularly
evident in women and individuals younger than 65 years old, reinforcing the hypothesis
that maintaining cardiac function may be relevant for AD prevention. Furthermore, an
experimental study by Murphy et al. [66] using the 5XFAD mouse model of AD demon-
strated that these mice exhibited a significant reduction in cardiac fractional shortening and
ejection fraction compared to wild-type controls. Additionally, 5XFAD mice showed altered
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electrical activity, decreased calcium influx in cardiomyocytes, and increased activation of
AMP-activated protein kinase (AMPK), indicative of energy metabolism dysfunction.

Liang et al. [67] have investigated various cardiac diseases associated with cognitive
impairment. In that study, they conducted a meta-analysis assessing the association of
coronary heart disease and cognitive impairment. Their results [67] showed a positive
association with an RR of 1.27 between coronary heart disease and the risk of cognitive
impairment, as well as an association with an RR of 1.49 between myocardial infarction
and the risk of cognitive impairment. However, between angina pectoris and the risk of
cognitive impairment, there was no significant association (RR: 0.99). Nevertheless, these
authors showed that individuals with coronary heart disease have an increased risk of
vascular dementia, but not of AD [67]. Consistently, Starmans et al. [68] examined the
relationship of heart disease, including atrial fibrillation, coronary artery disease, heart
failure and carotid occlusive disease, with brain A3 burden. Their findings, through a meta-
analysis study, revealed the absence of significant differences in amyloid burden between
the affected individuals and the CG. This evidence suggests that, as yet, there are no current
studies to support such a relationship [68]. However, Papanastasiou et al. [69] included
43 studies in their meta-analysis, in which they aimed to study the association between
atrial fibrillation and cognitive impairment in various dementias. Among their results, they
showed that atrial fibrillation was significantly associated with an increased risk of vascular
dementia (OR: 1.7) and Alzheimer’s dementia (OR: 1.4). These researchers [69] concluded
that atrial fibrillation increases the risk of cognitive impairment, vascular dementia and
AD. Also, a recent case-control study [70] investigated core blood biomarkers of AD, specif-
ically, T protein and AB-peptide, in individuals with severe brain injury following cardiac
arrest. The study reported elevated levels of AB-peptide 40 and Ap-peptide 42 in the blood
48-72 h post-arrest. The authors [70] concluded that the increase in AP peptides may indi-
cate amyloid activation as a response to acute hypoxia-ischemia. Although the study does
not establish a direct link between cardiac pathology and AD, it underscores the significance
of AD biomarkers, which exhibit distinct dynamic changes after cardiac arrest [70].

The link between AD and cardiac pathologies has emerged as a crucial area of research
in the comprehensive understanding of neurodegenerative diseases. The heart, a central
organ in the regulation of blood flow and tissue oxygenation, plays a critical role in brain
health. In this context, the present section focuses on exploring the interrelationships
between heart disease and AD, as recent evidence suggests a connection between them [62].
Therefore, several pathophysiological processes contribute to the increased risk of dementia
in people with heart failure. (i) Reduced blood flow: Decreased blood flow to the brain
can lead to damage to brain tissue. (ii) Chronic cerebral hypoxia: Reduced cardiac output
can lead to prolonged oxygen deprivation to the brain. (iii) Systemic inflammation: Heart
failure can lead to widespread inflammation and disruption of small blood vessels in the
brain. (iv) Vascular autoregulation: Heart failure can affect the brain’s ability to regulate its
own blood supply [71,72].

4.2 .4. Diabetes Mellitus and Alzheimer’s Disease

In the early 1990s, the Rotterdam study [73] marked a crucial starting point by estab-
lishing the initial link between AD and DM. This research, which included 6330 participants
aged 55-59 years, revealed significant data, such as that of the 265 participants diagnosed
with dementia, 59 also had DM (22.3%). Multiple regression analysis performed in the
research conclusively confirmed a positive association between DM and the incidence
of dementia (OR: 1.3). Although the relationship was more evident for vascular demen-
tia, a significant association with AD was also identified [73]. In addition, a subsequent
study [74], which included a total of 6370 participants, showed remarkable results. During
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follow-up, 126 participants developed dementia, of whom 89 had AD. This study revealed
that DM almost doubled the risk of dementia and AD, suggesting that DM may play a role
in the pathogenesis of AD in a considerable proportion of all patients with dementia [74].
In line with the previously reported studies [73,74], the results of the present investigation
reflected similar findings. Of the 240 participants with available data and diagnosed with
AD, 47 also had DM, representing a percentage of 19.58%. In comparison, in the group of
healthy individuals, the percentage of DM was 7.26% (18/248). This contrast significantly
reveals a higher prevalence of DM in the case group compared to the CG.

Arendonk et al. [47] conducted a more recent study focusing on the impact of DM on the
severity of A plaques measured in vivo in the brains of Rotterdam study participants [73].
The research group of Arendonk et al. [47] assessed DM in 635 participants without dementia,
a few years before performing the PET test. Their findings revealed that DM, 7 years before
neuroimaging assessment, was associated with an increased risk of positive amyloid burden.
Accordingly, they concluded that DM appears to contribute to the pathophysiology of AD in a
general population without dementia. Similarly, Mejfa-Arango et al. [75] showed in their study
that subjects with DM have an increased risk of developing dementia.

In this investigation, it was observed that participants in the case group had a higher
mean glucose level (107.67 mg/dL =+ 36.52) compared to the mean glucose level of the CG
(95.70 mg/dL =£ 22.08). Based on these findings, Arendonk et al. [47] also noted in their
results that higher glucose levels, measured in blood 7 years prior to PET, were associated
with increased accumulation of brain Af-peptide. Specifically, the strongest effects were
seen in the posterior cingulate and praecuneus.

Another study [76] assessed cognitive impairment in individuals diagnosed with AD
and type 2 DM. They divided 104 patients with AD and DM into two groups according
to the anti-diabetic drug therapy administered: group A, whose participants were treated
with oral anti-diabetic drugs, and group B, whose participants were treated with insulin
combined with other oral anti-diabetic drugs. Cognitive functions were assessed via the
Mini Mental Scale Examination (MMSE) and showed that there was a significant worsening
in 56.7% of participants in group A compared to 23.2% of participants in group B, compared
to baseline MMSE scores. These results suggest that insulin therapy may be effective in
slowing cognitive decline in diabetic patients with AD [76].

DM is a risk factor for the development of cognitive impairment and, when there is
already some impairment, it is associated with a higher risk of worsening to the point of
dementia or of progressing to AD [73,74]. The main mechanisms underlying DM related
dementia are cerebral resistance to insulin (causing an alteration in the transmission of
this hormone) and amyloidogenesis (accumulation of AB-peptide deposits in the brain),
without excluding the appearance of other processes related to neuroinflammation or
oxidative stress [77]. Chronic hyperglycemia in DM leads to the formation of advanced
glycation end products (AGEs), which interact with their receptor (RAGE) and trigger a
series of pathological events in the brain. This AGE-RAGE interaction induces oxidative
stress and activates inflammatory pathways, promoting the accumulation of Af and the T
protein, both hallmark features of AD. Additionally, AGEs have been shown to interfere
with neuronal function by increasing neuroinflammation and affecting the integrity of
the blood—-brain barrier, facilitating Af entry into the central nervous system. Together,
these processes contribute to the neurodegeneration and cognitive decline observed in
patients with both diabetes and AD [78]. As a result of these pathological changes, oxidative
damage, chronic inflammation and impaired clearance mechanisms lead to A3 aggregation
and 7, ultimately triggering neurodegeneration and cognitive decline. In short, it has been
observed that people with high blood glucose levels also have higher levels of AB-peptide,
which is related to AD. Also, insulin has a protective role by (i) suppressing Af toxicity,
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(ii) reducing A oligomer formation and (iii) regulating extracellular A degradation
through the modulation of insulin-degrading enzyme (IDE) activity. Furthermore, brain
insulin regulates the balance between amyloidogenic (APP expression/degradation) and
non-amyloidogenic pathways by controlling PI3K/AKT/GSK-3( signalling. However,
decreased insulin signalling impairs these protective mechanisms, potentially accelerating
AD progression and contributing significantly to cognitive decline and neurodegenerative
processes [79].

In short, it has been observed that people with high blood glucose levels also have
higher levels of AB-peptide, which is related to AD. This could be because people with
diabetes have a lower capacity of body tissues, including the nervous system, to use glucose
(sugar) and respond to insulin.

5. Conclusions

In this study, participants with AD had a mean age of 83.94 years, with a higher
percentage being female (76.15%). The majority were widowed (52.30%) and had a primary
level of education (74.74%). In terms of place of residence, there was a predominance of
individuals living in urban areas, with 72.94% of the participants living in this environment.
In addition, 45% had a history of AD.

HBP, DM and cardiac pathology are three cardiovascular risk factors that showed
significant increased differences in the group of AD cases compared to the group of healthy
individuals, suggesting a relationship with AD (Figure 12). However, since this study is
an observational case-control study, these results reflect associations and do not establish
a causal relationship. Longitudinal and experimental studies are needed to confirm the
direction and underlying mechanisms of these associations. Although the underlying
mechanisms remain unknown, these cardiovascular factors emerge as relevant in AD.
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