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Abstract: Neurocognitive disorders (NCD) are neurodegenerative diseases characterized by decline
or loss of cognitive function. Two main risk factors for this condition have been identified: age and
the APOE genotype. One of the proposed mechanisms of aging is telomere length (TL), as an
association between shorter TL and NCD has been suggested. This study investigated the
relationship between TL and the APOE genotype in individuals with neurocognitive impairment
(CI). 170 participants aged > 60 years were included. Cognitive function was assessed using MMSE
and MoCA tests. Relative telomere quantification and APOE genotyping were performed using RT-
PCR. A shorter TL was significantly associated with an increased risk of CI (p <0.001). The APOE &4
genotype showed a less significant association, with individuals not carrying the ¢4 allele displaying
a higher risk of CI (p < 0.05). However, a trend toward shorter TL were observed in individuals
carrying the ¢4 allele with CI compared to those Non-Cognitive Impairment with subjective memory
Complaint. Additionally, the number of years of education was negatively correlated with CI (p <
0.0001). Individuals with shorter TL and fewer years of education demonstrated a higher risk of CL
APOE genotype would be a risk factor for shorter telomeres.

Keywords: Neurocognitive disorder; telomere length; APOE; cognitive impairment; cognitive
reserve

1. Introduction

Neurocognitive disorders (NCD) are multifactorial diseases characterized by a loss of cognitive
abilities beyond those expected in normal aging. [1-3] The main etiology identified is Alzheimer
disease (AD), with 80% of all cases and an incidence of 1.5 million in the world. The second most
common cause of NCD is vascular dementia. Regardless of etiology, the main risk factors were age
and APOE genotype. [4-6]

The APOE genotype is one of the most important markers of risk for Alzheimer’s disease; [3]
there are three isoforms that represent higher or lower risk in the development of Alzheimer’s
disease: €2 (protecting allele), €3 (neutral), and €4 (highest risk).[7] Enough evidence establishes that
the presence of the ¢4 allele in this gene confers a high risk of developing NCD. [8] These findings
are related to animal models, clinical studies, and GWAS analyses. [9,10]

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Originally, the APOE gene was identified by linkage studies that explain-15-20% of the
inheritance. In 1991, Nambea et al. reported by the first time the reactivity of APOE in amyloid plaques,
establishing a relationship between the brain and amyloidogenic diseases.[11] Similarly, in vitro
experiments of AB peptide binding to membranes and the association with the APOE ¢4 genotype
were performed, finding that the ¢4 allele is a strong genetic risk factor for AD and amyloid
deposition. [7]

Immunohistochemistry assays were developed to identify the presence of amyloid proteins in
brain diseases associated with different alleles of the APOE gene. In this manner, the relationship
between the deposition of B-amyloid protein, APOE genotype, and Alzheimer’s disease was
emphasized, a fact that was later corroborated by larger studies. [12,13]

Currently, there are three largest GWAS studies that identify the APOE locus; in 2013, the
international genomic profile of Alzheimer’s disease made a meta-analysis including all GWAS, the
most extended study made by this disease until 2018. [10,14] This study included data from the
Cohort Consortium for Heart and Aging, European Alzheimer's Disease Initiative, and Alzheimer's
Disease Genetic and Environmental Risk Consortium. They discovered 14 genomic regions other
than the APOE gene, which they considered the most important risk factor. To date, research on the
APOE gene is ongoing, because it is important to conduct assays including different types of
populations, since most of the studies were conducted in European or Asian populations. [9,15]

Recently, the study of NCD has taken a multifactorial direction, including research involving an
increasing number of regulatory mechanisms inherent to aging [16,17], such as metabolic, cellular,
and genetic modifications [18-20]. Telomeric shortening is a biomarker of biological aging, and
telomeres are repetitive DNA sequences associated with proteins that form a complex called
Shelterin. These sequences confer stability to telomeres and can function as markers of biological age
and aging, since DNA polymerase cannot complete telomere replication, and telomeres wear out
after mitotic divisions. [21]

The decrease in telomere length (TL) in humans is related to senescence (biological aging),
oxidative stress, and cytotoxicity accumulation. [22] This process has been associated with vascular
and neurodegenerative diseases in the elderly population. [23] Some investigators suggest that
telomere shortening could be associated with cognitive impairment; however, the findings are
contradictory, since evidence of TL with hippocampal volume and cognitive abilities, including
memory and executive function. [24,25] Despite the progress in the study of the association between
telomere length and cognitive status, some studies have found no significant evidence, such as the
case of Demanelis et al., who found that telomere length is related to events present in aging, but not
to cognitive impairment. [26,27]

It is important to consider that aging is a process characterized by interindividual differences,
not only at the structural, metabolic, and chemical levels that influence brain changes, but also in the
ability to compensate for the loss of functions associated with brain damage. [6,16,28] Understanding
the pathology of NCD is crucial, as it involves consideration of influential factors such as age.

2. Methods

Genotyping of the APOE gene polymorphisms (rs7412 and rs429358) was performed by real-
time PCR (rt-PCR) using TagMan® probes (Applied Biosystems, San Francisco, CA, USA). For the
genotyping of the rs429358 and rs7412 polymorphisms, assays C_3084793_20 and C_904973_10,
respectively, were used. Thermocycling conditions followed the manufacturer's recommendations
for each assay. Thermocycling and allelic discrimination were performed using the QuantStudio 6
Flex® real-time instrument (Applied Biosystems, San Francisco, CA, USA).

To determine telomere length, rt-PCR was conducted using the QuantStudio 6 Flex system
(Thermo Fisher Scientific, Waltham, MA, USA). Standard curves were generated, and TL data were
expressed using the 2-AACT method, based on telomere threshold cycle (TC) values and reference
gene signals (ACT). The control gene used was SDHA (succinate dehydrogenase complex flavoprotein
subunit A).
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The Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA) tests
were used for cognitive assessment. MMSE test excludes emotional or behavioral disorders and
evaluates in 11 questions the temporospatial orientation, delayed memory, attention and calculation,
language and visuoconstructive drawing ability. The maximum score is 30 points, an indicator of
normal cognition; in this study, individuals with scores below 26 points were considered cognitively
impaired (CI). [30]

On the other hand, the MoCA test evaluates 6 cognitive domains: memory (5 points),
visuospatial ability (4 points), executive function (4 points), attention/concentration/working
memory (5 points), language (5 points) and orientation (6 points); the maximum sum of this test is 30
points, with a cut-off point for mild cognitive impairment of less than 26 points. In this test, the final
score was adjusted for years of study, adding one point in individuals with less than 12 years of study
and 2 points in those with less than 8 years of study. [31]

It is important to consider that scores below 26 on the cognitive tests do not exclude the
possibility of a decline in some cognitive domain reported by the participants, so they were classified
as individuals without cognitive impairment with subjective memory complaint. (NCI-SMC)

3. Statistical Analysis

Chi-square analysis was used to evaluate the association between APOE genotype and the
presence or absence of cognitive impairment, comparing the frequency of the APOE-¢4 allele with
those of APOE-¢2 and APOE-¢3. Multivariate linear and logistic regression models were applied to
assess the relationship between telomere length, age, and years of education with cognitive
impairment. All analyses were performed using RStudio (version 2024.04.1).

4. Results

The mean age observed was 70.5 + 9.22 years; 44.7% (n = 76) were men, and 55.3% (n = 94) were
women. The average number of years of education was 13.14 +7.16. Among all individuals, 41.8% (n
=71) had cognitive impairment, while 58.2% (n = 99) had Non cognitive Impairment with subjective
memory complaint (NCI-SMC). No statistically significant differences in years of education or age
were found between men and women with CI and NCI-SMC.

Table 1. Socio-demographic and clinical characteristics in subjects with CI and NCI-SMC.

Mean (n=170) Male (n=76) Female (n=94) p-value
Age? 70.5 (+/-9.224) 71.61(+/-8.343) 69.59(+/-9.83) p>0.05
Years of study 2 13.135(+/-7.156) 13.22(+/-6.005) 13.064(+/-7.997) p>0.05
CI® 71 (41.76) 52 (73%) 47 (66%) p<0.01**
NCI-SMC? 99 (58.24) 24 (24%) 47 (47 %)

CI: Cognitive impairment, NCI-SMC: Non-Cognitive impairment with subjective memory complaint. “The mean
and standard deviation are shown in parentheses. * Indicates the frequency and percentage in parentheses
calculated with the total sample. The p value is shown as a Chi-square function for the comparison of the

variables years of study, age and cognitive impairment between men and women.

Several studies have reported that Alzheimer’s disease prevalence is higher in women than in
men. [32] However, findings vary, as some authors indicate that this increased incidence is primarily
observed in individuals aged 80-85 years or older, with a more pronounced increase in women as
age advances.

These findings are complex, as some studies suggest that mild cognitive impairment (MCI) is
more prevalent in men than in women, whereas dementia in advanced stages is more common in
women. A study by Mutchie et al. (2022) analyzed cognitive status in older adults with hip fractures
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and determined that men were more likely to have cognitive impairment when assessed with
neuropsychological tests rather than clinical evaluations. [33]

It is essential to consider factors influencing cognitive impairment, such as comorbidities (e.g.,
hypertension, diabetes, hypercholesterolemia, obesity, cardiovascular disease). [34] Psychiatric
conditions also play a role. A study analyzing the impact of anxiety and depression on cognitive
impairment found that men with anxiety had higher levels of cognitive impairment, while women
with anxiety exhibited higher functional performance in daily activities. Conversely, men with
depression showed lower cognitive impairment and better performance in daily activities [35]

Regarding education, logistic regression analysis showed that for each additional year of
education, the risk of cognitive impairment decreased. After adjusting for confounding variables, the
statistical significance remained, indicating a negative relationship between years of education and
cognitive impairment risk (OR = 0.8456, CI = 0.787-0.901, p <0.0001) (Figure 2).
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Figure 1. Probability of cognitive impairment by years of study adjusted for age. Risk of cognitive impairment
as a function of age-adjusted number of years of study. The shaded area indicates the CI for the function
depicted. OR=0.8456 CI=0.787-0.901, p<0.0001***.

The concept of cognitive and brain reserve suggests that differences in individuals’ susceptibility
to age-related brain changes or pathological processes are influenced by life experiences [28,36].
Studies have indicated that dementia incidence and prevalence decrease in individuals with larger
brain volume, more neurons, and greater synaptic density. [37]

Animal studies support this concept, showing that enriched environments promote neuronal
growth and new synaptic connections, enhancing brain plasticity. Years of education, occupation,
and cognitive engagement are commonly used as indicators of cognitive reserve, with higher
education levels being associated with greater cognitive resilience. [37]

Studies on cognitive reserve in Alzheimer’s patients indicate that higher cognitive reserve scores
correlate with better cognitive performance. However, while a higher cognitive reserve may delay
disease onset, it does not prevent disease progression. Some studies suggest that individuals with
higher cognitive reserve may experience a more rapid cognitive decline once symptoms appear [38]

Although this study focused primarily on years of education, the observed association
underscores its potential impact on cognitive decline. A more comprehensive analysis considering
additional cognitive reserve factors is necessary.

Age and Cognitive Impairment
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Logistic regression analysis found a significant association between age and cognitive
impairment, indicating that older individuals have a higher risk of cognitive impairment (OR =1.149,
CI=1.094-1.21, p = 3.43e-08, p < 0.001).
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Figure 2. Risk of cognitive impairment by age. Risk of CI as a function of number of years of age. Shaded area
indicates CI for the depicted function OR=1.149, CI=1.094-1.21, p=3.43e-08 p<0.001**.

This finding is consistent with prior literature. A European meta-analysis reported that
Alzheimer’s disease prevalence increases with age, showing 0.97% prevalence in individuals aged
65-75 years, 7.66% in those aged 75-84 years, and 22.53% in individuals over 85 years. [39]

Regarding genotype, 1.2% (n=2) presented APOEe2/e3, 76.5% (n=130) APOEe3/¢e3, 18.8% (n=32)
APOEe3/e4, 2.9% (n=5) APOE¢e4/¢4 and only 0.6% (n=1) APOEe2/e4. Chi-square analysis revealed a
statistically significant association between cognitive impairment and APOE genotype (x? = 4.009, p
= 0.045) but the frequencies shows that the absence of APOEe4 confer higher risk of cognitive
impairment than presence; this suggestion is not influenced by age or years of study. (Table 2).

Table 2. Genotype and cognitive impairment.

APOE ¢4
With Without p-value
Cognitive impairment 17 (10) 83 (48) p<0.05*
Age® 74.118 (+/-8.49) 74.195 (+/-9.29)
Years of study P 7.941 (+/-5.55) 9.964 (+/-6.01)
NCI-Subjetive 21 (12.35) 19 (28.8)
memory complaint
Age® 63.238 (+/-5.04) 66.26 (+/-6.56)
Anos de estudio ® 18.047(+/-5.8) 18.204 (+/-5.53)
Total 38 (22.35) 132 (77.65)
Age 68.105 (+/-8.67) 71.189 (+/-9.3) p=0.966
Years of study 13.52 (+/-7.58) 13.023 (+/-7.05) p=0.347

2 Frequency is shown and in parentheses the percentage of individuals calculated with the total n. ® Mean is
shown and in parentheses the standard deviation for each group. The p values were calculated by comparing
the variables cognitive impairment, age and years of study between individuals carrying and not carrying the
e4 allele.
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Several studies support that the APOEe3 allele is the most common, while the ¢4 allele is
associated with an increased risk of Alzheimer’s disease. [40] A meta-analysis of clinical studies
reported that individuals carrying one copy of ¢4 had a 2.6-3.2 times higher risk of developing
Alzheimer’s, whereas those with two copies had a 12.9 times higher risk. [29,40]

The risk conferred by the APOE ¢4 genotype has been shown in some publications to vary based
on gender and age. A study by Molero et al. (2001) found that the presence of at least one ¢4 allele
was a significant age-stratified risk factor for Alzheimer’s disease only in women, suggesting that
both age and gender modulate the APOE e4-Alzheimer’s disease association. [41]

Beyond metabolic factors, the study population must also be considered, as the influence of the
APOEe4 genotype appears to vary depending on ethnic background. For instance, in Asian
populations, the €4 allele and the APOEe2/e4 genotype were associated with an increased risk of
Parkinson’s disease (PD), whereas in Caucasian populations, the APOEe3/e4 genotype appeared to
have a protective effect against PD. [42] These contrasting results emphasize the importance of
considering ethnic differences when studying APOE polymorphisms and their health implications.

A study by Campos et al. (2013) found that APOE ¢4 frequencies were lower in Hispanic
Mexican controls compared to non-Hispanic whites. [43] Similarly, research conducted in a Mexican
clinical population found no significant association between the APOEe4 genotype and the presence
of Alzheimer’s disease, despite observing higher ¢4 frequencies relative to the &3 allele. [44]

Telomere Length and Cognitive Impairment

Logistic regression analysis found a statistically significant association between shorter telomere
length and higher cognitive impairment risk (OR = 0.789, CI = 0.6-1.01, p < 0.05) Numerous studies
suggest that telomere shortening is linked to increased risk of cardiovascular disease, Alzheimer’s,
and all-cause mortality. A systematic review concluded that individuals at higher risk for AD tend
to have shorter telomeres, with Mendelian randomization studies supporting a causal relationship.
[45]
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Figure 3. Risk of cognitive impairment as a function of telomeric length. Risk of cognitive impairment as a
function of telomeric length number (p<=0.05 OR=0.789 CI=0.6-1.01).

Crocco et al. (2023) found that individuals with Alzheimer’s disease had significantly shorter
telomeres, independent of other risk factors such as age, sex, and APOEe4 genotype. [46] Other
studies suggest a U-shaped relationship, where both very short and very long telomeres are
associated with an increased risk of Alzheimer’s disease. [47]

Telomere Length and APOE genotype.
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No statistically significant differences were found when analyzing telomere length relative to
sex and years of education. Additionally, no significant association was found between APOE¢4 and
telomere length (Kruskal-Wallis x2 = 3.2385, df = 3, p = 0.3563). However, among APOEe¢4 carriers
with cognitive impairment, the average telomere length was lower than in those NCI-SMC (Mann-
Whitney U =220.00, p =0.116, Cohen’s d = 0.232).

5_
4 N
<
2
9 3
o
o)
£ 2
Is)
£ Pl [
1_
B
0_
| !
NCI-SMC Cl

Cognitive impairment

Figure 4. Telomeric length of APOE¢4 carriers and cognitive impairment Telomere length. The telomere length
of individuals with CI and NCI-SMC carrying the ¢4 allele is shown. Bars represent the standard error of the
medians of each group. Mann-Whitney 220.00, p=0.116, Cohen's d=0.232.
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Figure 5. Telomeric length of APOEe4 noncarriers and cognitive impairment Telomere length. The telomere
length of individuals with CI and NCI-SMC not carrying the &4 allele is plotted. Bars represent the standard
error of the medians of each group. Mann-Whitney 2075.5 p=0.453, cohen's d=0.012.

Studies have shown that individuals without APOE¢4 tend to have longer telomeres, greater
cortical thickness, and lower cerebrospinal fluid tau protein levels. APOE ¢4 carriers have a higher

risk of Alzheimer’s disease, potentially due to shorter telomere-induced cellular senescence and
amyloid accumulation [27,47]
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5. Conclusion

Shorter telomere length was associated with an increased risk of cognitive decline. Similarly,
fewer years of education emerged as a risk factor for cognitive impairment and the strongest
predictor in this study, reinforcing the role of cognitive reserve as a protective factor, independent of
genotype, age, and sex. Furthermore, although the APOE¢4 genotype was not directly associated
with an increased risk of cognitive decline, it may contribute to telomere shortening.
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