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Telomere shortening represents a fundamental mechanism of cellular aging 
potentially implicated in neurodegenerative processes. This study investigated 
the complex associations among leukocyte telomere length, cardiovascular risk 
profiles, and APOE polymorphisms in age-related cognitive decline. Through 
a cross-sectional analysis of 90 participants stratified by cognitive status into 
three groups: cognitively unimpaired (CU), mild cognitive impairment (MCI), and 
Alzheimer’s Disease (AD), we quantified relative telomere length using quantitative 
PCR, performed APOE genotyping and assessed cardiovascular risk factors. 
Quantitative analysis revealed significantly reduced telomere length in the AD 
group compared to CU and MCI groups. Multivariate regression analysis identified 
cognitive status as an independent predictor of telomere length (β = −0.468, 
p < 0.001). APOE ε4 carrier status showed higher prevalence in AD subjects as 
expected. Cardiovascular risk factors demonstrated no significant correlation 
with telomere length across cognitive groups. Our findings establish a robust 
association between telomere shortening and advanced cognitive impairment in 
AD, suggesting potential utility as a neurodegenerative biomarker. This relationship 
appears independent of traditional cardiovascular risk factors, highlighting the 
complexity of cellular aging mechanisms in neurodegeneration.
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Introduction

Aging is an irreversible biological process marked by progressive declines in physiological 
functions and an increased susceptibility to diseases, including neurodegenerative disorders 
such as Alzheimer’s disease (AD) (Kennedy et al., 2014; Melzer et al., 2020; López-Otín et al., 
2013; López-Otín et al., 2023; Vaiasicca et al., 2024; Jothi and Kulka, 2024). As the primary 
risk factor for AD, aging is characterized by progressive cognitive decline, initially manifesting 
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as mild cognitive impairment (MCI), which often progresses to 
dementia, primarily affecting memory (Knopman et  al., 2021; 
Zvěřová, 2019; Kamatham et al., 2024; Testo et al., 2024). Aging and 
AD share common pathological features, including amyloid-β 
plaques, tau protein tangles, synaptic loss, and neuroinflammation, 
processes that commence several years before clinical symptoms 
appear. The overlap in these pathological mechanisms suggests shared 
biological pathways between aging and AD (Vaiasicca et al., 2024; 
Zvěřová, 2019; Savva et al., 2009); however, the precise mechanisms 
linking aging to AD remain incompletely understood.

Telomeres, repetitive DNA sequences protecting chromosome 
ends, serve as biological markers of cellular senescence and 
influences aging and age-related diseases (Blasco, 2005; López-
Otín et al., 2023; Blackburn et al., 2015; Rossiello et al., 2022; Fani 
et  al., 2019; Vaiserman and Krasnienkov, 2021). For instance, 
telomere attrition activates DNA Damage Response (DDR) 
pathways, culminating in cellular senescence, a hallmark of 
organismal aging (Dahse et al., 2020; López-Otín et  al., 2023; 
Rossiello et al., 2022; Revy et al., 2023). Moreover, telomeres are 
susceptible to oxidative stress, accelerating their shortening and 
amplifying DDR. This response contributes to systemic 
inflammation through the senescence-associated secretory 
phenotype (SASP) (López-Otín et al., 2023; Rossiello et al., 2022; 
Revy et al., 2023). Recent studies implicate telomere attrition in the 
pathogenesis of AD through the promotion of cellular senescence 
and chronic inflammation associated with SASP (Fani et al., 2019; 
Yu et al., 2021; Rodríguez-Fernández et al., 2022; Levstek et al., 
2020). In addition, the accumulation of sites of irreparable DNA 
damage response, named telomere-associated foci (TAFs), in 
hippocampal neurons, microglia, and oligodendrocyte progenitor 
cells is linked to neuroinflammation and cognitive decline, 
underscoring the potential role of telomere dysfunction in AD 
pathology (López-Otín et al., 2023; Rossiello et al., 2022; Fani et al., 
2019; Levstek et al., 2020; Harley et al., 2024; Crocco et al., 2023; 
Guo and Yu, 2019). Although our study does not intend to explore 

the molecular mechanisms underlying the link between telomere 
aging and Alzheimer’s disease, the cited examples underscore the 
putative association between telomeres, aging, and AD, suggesting 
the potential of telomeres as biomarkers for AD (Daios et al., 2022).

Cardiovascular risk factors, including diabetes mellitus (DM), 
hypertension, and dyslipidemia, are established risk factors for 
cognitive decline and AD (Livingston et al., 2020). These conditions 
likely accelerate neurodegeneration by enhancing oxidative stress and 
chronic inflammation. Additionally, cardiovascular factors such as 
oxidative stress and inflammation are strongly associated with 
accelerated telomere shortening, which may contribute to cellular 
aging (Kennedy et al., 2014; Knopman et al., 2021; Livingston et al., 
2020; Hua et  al., 2020). The relationship between cardiovascular 
conditions and cognitive impairment suggests a potential mechanistic 
link that may also be reflected in telomere shortening, underscoring 
the importance of investigating cardiovascular health in the context 
of cognitive aging.

Physical exercise also plays a critical dual role, influencing both 
cognitive function and telomere biology (Sánchez-González et al., 
2024; Eitan et al., 2014). Regular physical activity has been associated 
with longer telomere length, potentially mediated through reduced 
oxidative stress and inflammation, improved cardiovascular health, 
and enhanced neuroplasticity, which collectively contribute to 
cognitive preservation (Sánchez-González et al., 2024; Eitan et al., 
2014; Sánchez-González et al., 2021; Sánchez-González et al., 2025). 
Therefore, lifestyle factors such as physical exercise warrant 
consideration when examining telomere length and cognitive function 
relationships. Although this study does not directly explore physical 
exercise, the analyzed body composition serves as a surrogate marker 
of the patients’ lifestyle and may reflect it, albeit with certain limitations.

Moreover, genetic factors such as the APOE ε4 allele significantly 
influence cardiovascular health and AD risk, likely via mechanisms 
involving oxidative stress, lipid metabolism disturbances, and 
inflammation (Eitan et al., 2014; Wikgren et al., 2012; Takata et al., 
2012). Clarifying interactions between APOE genotype and telomere 

GRAPHICAL ABSTRACT

Summarizing the relationship between leukocyte telomere shortening and Alzheimer’s disease (AD). Telomere attrition, driven by mechanisms such as 
oxidative stress, chronic inflammation, and cellular senescence, contributes to neurodegeneration characteristic of AD pathology, including amyloid-β 
deposition and tau aggregation. Shorter telomeres are significantly associated with advanced cognitive impairment observed in AD patients. This 
highlights the potential of telomere length as part of a biomarker panel for cognitive decline and suggests telomere maintenance as a promising 
therapeutic target to mitigate neurodegeneration.
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length could provide insights into individual susceptibility to 
AD pathology.

This study aims to investigate the relationships between relative 
leukocyte telomere length, cardiovascular risk factors, body 
composition, and APOE polymorphisms in cognitive decline contexts 
among older adults. Given the existing evidence linking cardiovascular 
risk factors, lifestyle, APOE genotype, and telomere attrition to 
cognitive impairment, exploring these interactions can enhance our 
understanding of the cellular aging mechanisms involved in AD 
development and validate telomere attrition as a potential biomarker 
for AD. The insights from this research may contribute to improved 
risk stratification and inform targeted interventions aimed at 
mitigating cognitive decline.

Methods

Study design and setting

This observational, cross-sectional study followed the 
Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines (Supplementary Checklist; Von Elm et  al., 
2007). The study was conducted at the outpatient geriatric clinic of the 
University Hospital, Universidade Federal de Minas Gerais (UFMG), 
Belo Horizonte, Brazil. Participants were referred from primary care 
services and recruited through convenience sampling between March 
and December 2017. While a longitudinal approach would ideally 
evaluate changes in telomere length associated with cognitive decline, 
resource limitations and logistical constraints guided the selection of 
a cross-sectional design. The Ethics Committee of UFMG approved 
the study (CAAE 64362717.7.0000.5149), and all participants 
provided written informed consent.

Participants, variables, and protocol

Inclusion criteria were age ≥ 60 years; clinical diagnosis of 
cognitively unimpaired (CU), mild cognitive impairment (MCI) or 
Alzheimer’s disease dementia (AD) status; neuropsychological and 
geriatric assessments performed within 6 months; complete 
anthropometric measurements, body composition analysis (DXA), 
and informed consent.

Exclusion criteria included psychiatric disorders (major 
depression, bipolar disorder, schizophrenia), other neurodegenerative 
diseases (Parkinson’s disease, dementia with Lewy bodies), vascular 
cognitive impairment, neoplasms, severe sensory deficits, or use of 
acetylcholinesterase inhibitors or memantine.

Briefly, participants underwent comprehensive geriatric and 
neuropsychological evaluations to establish cognitive and functional 
status, classified into CU, MCI, and AD groups following DSM-5 and 
McKhann et  al. criteria. Assessments included Mini-Mental State 
Examination (MMSE), Clock Drawing Test, Verbal Fluency Test, 
CERAD Word List, Brief Cognitive Battery, Pfeffer Functional 
Activities Questionnaire, Clinical Dementia Rating (CDR), Geriatric 
Depression Scale, Neuropsychiatric Inventory, and DSM-5 criteria for 
major depressive disorder. Neuropsychological testing included the 
Mattis Dementia Rating Scale, Digit Span, Corsi Block-Tapping Task, 
Token Test, Rey Auditory Verbal Learning Test (RAVLT), Frontal 

Assessment Battery, and Tower of London test, all validated for 
Brazilian Portuguese and adapted for educational level.

Clinical and anthropometric data, including hypertension, 
dyslipidemia, diabetes mellitus (DM), and smoking status (≥100 
cigarettes lifetime), were collected from medical records and 
interviews. Anthropometric measurements (BMI, abdominal, calf, 
and hip circumferences) and gait speed (4-meter walk test) were 
standardized. BMI classification followed Lipschitz (1994): 
underweight (≤22 kg/m2), normal weight (22.1–26.9 kg/m2), and 
overweight (≥27 kg/m2). Body composition was evaluated by DXA 
(Hologic Discovery W, software 3.3.0.1; 2011), measuring total fat 
percentage, android fat percentage, fat mass index (kg/m2), and 
appendicular lean mass (kg/m2), according to International Society for 
Clinical Densitometry guidelines.

The specific thresholds and cut-offs used in assessments are 
available upon request and were omitted from the manuscript due to 
space constraints and for clarity.

Molecular biology and relative leukocyte 
telomere length analysis

Peripheral blood samples were collected, and DNA extraction was 
performed using the saline method. Relative leukocyte telomere 
length (LTL) was measured via quantitative real-time PCR (qPCR), 
calculating the telomere/single-copy gene (T/S) ratio (Cawthon, 
2002). All qPCR analyses were performed in triplicate and repeated 
twice, with intra- and inter-assay coefficients of variation evaluated to 
ensure measurement reliability (coefficients of variation <5 and < 7%, 
respectively). APOE genotype was determined using allele-specific 
fluorophore-labeled probes (TaqMan assay).

Statistical methods

Statistical analysis was performed using IBM SPSS Statistics 20.0. 
Data distribution normality was tested using the Shapiro–Wilk test. 
Normally distributed variables were analyzed with one-way ANOVA 
followed by Bonferroni post-hoc correction; non-normal data 
underwent Kruskal-Wallis and Mann–Whitney U tests with 
Bonferroni correction. Categorical variables were compared using 
Pearson’s chi-square or Fisher’s exact test. Pearson’s or Spearman’s 
correlation analyses evaluated associations between LTL and 
continuous variables. Multiple linear regression was performed to 
identify independent predictors of LTL, adjusting for potential 
confounders identified in univariate analysis (p < 0.20). The regression 
model accounted for assumptions of linearity, normality, 
independence, homoscedasticity, and multicollinearity. The final 
model included cognitive group, age, sex, educational level, 
hypertension, dyslipidemia, BMI, and calf circumference, also 
considering potential confounding effects. Interaction analyses 
evaluated potential modifying effects of cognitive status and APOE 
genotype on LTL association. To minimize type I error, p-values were 
adjusted using Bonferroni corrections for multiple comparisons.

No formal sample size calculation was performed prospectively; 
instead, all eligible patients referred during the study period were 
included, yielding a total of 90 participants equally distributed among 
CU, MCI, and AD groups. A post-hoc power analysis indicated 
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sufficient power (assuming a large effect size, d = 0.8) to detect 
statistically significant differences. To minimize bias, blinding was 
implemented, and neuropsychological and geriatric evaluators were 
unaware of the participants’ group assignments. Standardized 
protocols were rigorously followed to reduce measurement and 
classification biases.

The primary outcome was to assess the relationship between 
cognitive impairment, body composition, and cardiovascular risk 
factors, including diabetes mellitus, hypertension, dyslipidemia, and 
smoking status, as well as genetic factors (APOE polymorphisms) and 
LTL among the three cognitive groups. Potential confounders such as 
age, sex, educational level, and comorbid conditions were recorded 
and compared between groups.

Results

Enrollment, demographics, and baseline 
clinical characteristics

During the study period, 121 older adults were initially 
assessed for eligibility. After excluding 31 individuals based on 
pre-specified exclusion criteria, the final sample consisted of 90 
participants, equally distributed into cognitively unimpaired (CU), 

mild cognitive impairment (MCI), and Alzheimer’s disease (AD) 
groups (Figure 1). Most participants were female (68.9%), with a 
median age of 77.5 years and a mean educational level of 4.56 years. 
The AD group had significantly older participants compared to CU 
and MCI groups (p = 0.024). Educational attainment was 
significantly lower in the MCI and AD groups compared to the CU 
group (p = 0.017). No significant gender differences were found 
across groups. The prevalence of type 2 diabetes mellitus and 
hypertension was higher in the MCI group, although these 
differences were not statistically significant among groups. 
Cardiovascular risk stratification, performed using standardized 
criteria (Framingham Risk Score categories: low, intermediate, 
high, very high), did not differ significantly among groups; 
however, data for cardiovascular risk stratification were incomplete 
for five participants. The prevalence of the APOE ε4 allele was 
significantly higher in the AD group compared to the CU and MCI 
groups (p = 0.008) (Table 1 and Figure 2).

Telomere length and cognitive impairment

Relative leukocyte telomere length differed significantly among 
cognitive groups. Participants in the AD group demonstrated 
significantly shorter telomeres compared to the CU group (p = 0.006) 
and the MCI group (p = 0.032), while no significant difference was 
found between the CU and MCI groups (Figure 3).

Body composition and telomere length

BMI categories significantly varied across groups, with a higher 
frequency of overweight individuals in the CU group compared to AD 
and MCI groups (p = 0.043). No significant differences were observed 
regarding fat mass index, hip circumference, or calf circumference 
across cognitive groups (Figure 2).

Correlation analyses between telomere length and 
anthropometric or body composition variables revealed no 
significant associations within or across cognitive groups, except for 
a positive correlation between hypertension and telomere length 
specifically within the MCI group (p = 0.035). No significant 
associations were observed between telomere length and BMI 
categories, fat mass index, or other cardiovascular risk factors (all 
p > 0.05) (Supplementary Tables 1, 2).

FIGURE 1

Flowchart illustrating participant recruitment and selection process. 
Out of 121 older adults initially assessed for eligibility, 31 were 
excluded based on pre-specified exclusion criteria, resulting in a final 
sample of 90 participants equally allocated to cognitively unimpaired 
(CU), mild cognitive impairment (MCI), and Alzheimer’s disease (AD) 
groups.

TABLE 1  Demographic, clinical, and anthropometric characteristics of study participants stratified by cognitive status: cognitively unimpaired (CU), 
mild cognitive impairment (MCI), and Alzheimer’s disease (AD).

Variable Total
(n = 90)

CU
(n = 30)

MCI
(n = 30)

ADD
(n = 30)

p-value

Sex, Female, n (%) 62 (68.9%) 22 (73.3%) 21 (70.0%) 19 (63.3%) 0.6962

Age, years, Median (IQR) 77.5 (73.0–81.0) 74.0 (71.0–78.2) 78.6 (73.0–81.2) 79.5 (75.0–83.5) 0.0063

Smoking Status, n (%) 23 (25.6%) 5 (16.7%) 11 (36.7%) 7 (23.3%) 0.1951

Diabetes Mellitus, n (%) 26 (28.9%) 9 (30.0%) 10 (33.3%) 7 (23.3%) 0.0771

Hypertension, n (%) 64 (71.1%) 20 (66.7%) 26 (86.7%) 18 (60.0%) 0.0601

Dyslipidemia, n (%) 41 (45.6%) 19 (63.3%) 13 (43.3%) 9 (30.0%) 0.0331

Data are presented as median and interquartile range (IQR) for continuous variables or frequencies (%) for categorical variables. Statistical significance was determined using Chi-square test 
(1), Fisher’s exact test (2), and Kruskal–Wallis test (3), with significance set at p < 0.05. BMI, Body Mass Index. Bold values indicate statistically significant differences between groups (p < 0.05).
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Multivariate regression analysis

Multiple linear regression analysis assessed independent 
predictors of LTL, incorporating cognitive group, age, sex, 
educational level, body composition and cardiovascular risk 
factors as covariates (Figure 4). The regression model explained 
25.3% of the variance in LTL (r2 = 0.211, β−0.468, 95% CI 
[−283,369 to −121,587], p < 0.001) (Figure 5). Cognitive group 
was the only significant predictor, with the AD group presenting 
significantly shorter telomeres compared to CU and MCI groups 
(β = −0.34, 95% CI [−0.56 to −0.12], p = 0.003). None of the 
cardiovascular risk factors or body composition variables 
reached statistical significance as independent predictors  
of LTL.

Interaction analyses between APOE genotype and cognitive status 
were conducted, revealing no significant interactions influencing telomere 
length (interaction p > 0.05). Additionally, no significant differences in 
demographic variables, including education and BMI, were identified 
between APOE ε4 carriers and non-carriers, indicating limited 
confounding effects by these variables. At this point, it is important to note 
that although a post-hoc power analysis indicated adequate statistical 
power (>80%) to detect significant group differences in telomere length, 
given the observed large effect size (d = 0.8), caution is warranted when 
interpreting negative findings related to cardiovascular risk factors and 
body composition, due to the limited sample size and potential insufficient 
power to detect smaller effects. All post-hoc comparisons were adjusted 
using Bonferroni corrections to minimize the risk of Type I errors due to 
multiple testing.

FIGURE 2

Baseline demographic, clinical, anthropometric, and genetic characteristics summarized across cognitive groups. Data include (A) education level, 
(B) fat mass index categories, (C) body mass index (BMI), (D) appendicular lean mass, (E) APOE ε4 allele prevalence, and (F) anthropometric 
measurements (hip, calf, and abdominal circumferences, and fat percentages). Statistically significant differences (*p < 0.05) between groups were 
observed for age, educational attainment, APOE ε4 allele prevalence, BMI categories, and hip circumference. Statistical comparisons were performed 
using the Chi-square test, Fisher’s exact test, and the Kruskal–Wallis or One-way ANOVA tests as appropriate. Categorical variables are expressed as 
frequencies (percentages) and continuous variables as mean ± standard deviation (SD). BMI, body mass index; SD, standard deviation.
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FIGURE 3

Relative leukocyte telomere length expressed as median (interquartile range [IQR]), across cognitive status groups: CU, MCI and AD. Significant 
telomere shortening was observed in the AD group compared to CU and MCI groups (p < 0.001, Kruskal–Wallis test). Differences between CU and MCI 
groups were not statistically significant.

FIGURE 4

Multivariate regression analysis assessing predictors of relative leukocyte telomere length. The figure displays the relationships between telomere 
length and various clinical, anthropometric, and demographic variables evaluated in the regression model, divided into distinct categories: 
(A) Anthropometric and body composition parameters; (B) Cognitive status group (CU, cognitively unimpaired; MCI, mild cognitive impairment; AD, 
Alzheimer’s disease); (C) Smoking status; (D) Diabetes mellitus; (E) Dyslipidemia; (F) Hypertension; and (G) BMI category. Alzheimer’s disease (AD) was 
identified as a significant independent predictor of shorter telomeres compared to CU and MCI groups (p < 0.05). Other variables tested, including 
anthropometric and body composition parameters, smoking status, diabetes mellitus, dyslipidemia, hypertension, and BMI categories, did not show 
statistically significant associations with telomere length. Statistical significance was evaluated using Spearman’s rank correlation coefficient (rs), Mann–
Whitney U test, Kruskal–Wallis test, and Jonckheere–Terpstra test as appropriate. CU, cognitively unimpaired; MCI, mild cognitive impairment; BMI, 
Body Mass Index; rs, Spearman’s rank correlation coefficient.
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Discussion

In this study, we identified significant associations between relative 
leukocyte telomere length and cognitive impairment among older 
adults, demonstrating shorter telomeres in individuals with Alzheimer’s 
disease compared to those cognitively unimpaired and those with mild 
cognitive impairment. These findings reinforce the growing body of 
evidence linking telomere attrition to advanced cognitive impairment 
and the neuropathological mechanisms underlying AD. Shortened 
telomeres are known to activate cellular senescence pathways and 
inflammatory cascades, potentially contributing to the pathological 
hallmarks of AD, such as amyloid-beta plaques, tau aggregation, and 
neurodegeneration (Guo et al., 2022; Müezzinler et al., 2013; Yu and 
Koh, 2022; López-Otín et al., 2023; Blackburn et al., 2015; Rossiello 
et al., 2022; Fani et al., 2019; Vaiserman and Krasnienkov, 2021; Yu 
et al., 2021; Rodríguez-Fernández et al., 2022; Crocco et al., 2023; Wang 
et  al., 2018; Zekry et  al., 2010). Contrary to initial expectations, 
cardiovascular risk factors, including diabetes mellitus, hypertension, 
dyslipidemia, and anthropometric indicators of cardiovascular risk, 
were not independently associated with telomere length across 
cognitive groups. These findings differ from previous literature 
demonstrating associations between cardiovascular risk factors and 
shorter telomeres (Demissie et al., 2006; Samani et al., 2001; Epel et al., 
2004; Schneider et al., 2022; Cheng et al., 2020; Yin and Pickering, 
2023; Fragkiadaki et al., 2025). Possible explanations for our findings 
include modest sample size, insufficient statistical power to detect 
subtle associations, and confounding effects from medication use, 
lifestyle behaviors, and genetic variability in the study population. Our 
results thus highlight the complexity and heterogeneity of mechanisms 

involved in cellular aging and cognitive decline (López-Otín et al., 
2023; Schneider et al., 2022; Sahin et al., 2010).

Additionally, we observed a higher prevalence of the APOE ε4 
allele in participants with AD, consistent with its well-established role 
as a genetic risk factor for AD (Corder et al., 1993; Farrer et al., 1997). 
However, interaction analyses revealed no significant modifying effect 
of APOE genotype on telomere length associations, suggesting that 
telomere attrition in AD may occur independently of APOE 
ε4-related mechanisms.

A key strength of our study includes the rigorous characterization of 
cognitive status through comprehensive neuropsychological evaluations 
alongside detailed assessments of anthropometric, cardiovascular, and 
genetic parameters uniquely validated within an elderly Brazilian 
population. This demographic is typically underrepresented in aging 
research, contributing novel insights into regional variability in telomere 
dynamics and cognitive impairment relationships.

Several limitations warrant consideration. The cross-sectional design 
restricts our capacity to infer causality or temporal relationships between 
telomere shortening and cognitive impairment progression. Although 
resource and logistical constraints influenced our design choice, 
longitudinal studies remain necessary to elucidate these associations’ 
dynamic nature. Moreover, although our sample size provided adequate 
statistical power for detecting large effect sizes in telomere length 
differences among cognitive groups, it may have been insufficient to 
detect smaller yet clinically relevant associations with cardiovascular risk 
factors. Additionally, the qPCR method used to measure telomere length 
calculates an average telomere/single-copy gene ratio rather than directly 
evaluating absolute telomere size, including short telomeres, potentially 
limiting insights into specific pathological mechanisms.

FIGURE 5

Multivariate regression analysis illustrating the association between cognitive status and relative leukocyte telomere length. Adjusted β-coefficients and 
corresponding 95% confidence intervals (CI) indicate significantly shorter telomere lengths in the Alzheimer’s disease group compared to other groups. 
The regression model was adjusted for age, sex, educational level, BMI, hypertension, dyslipidemia, calf circumference, and body composition. 
Statistical significance was set at p < 0.05.
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Future research directions should include larger-scale, 
longitudinal cohort studies employing methods capable of 
detecting critically short telomeres and exploring mechanistic 
links between telomere biology, cellular senescence, chronic 
inflammation, and neurodegenerative processes. Interventional 
studies targeting lifestyle modifications or pharmacological 
strategies to preserve telomere integrity may also yield important 
insights and potential therapeutic avenues.

In conclusion, our study provides evidence of a significant 
association between leukocyte telomere shortening and 
Alzheimer’s disease, independent of traditional cardiovascular 
risk factors and APOE ε4 genotype. These findings underscore 
the importance of telomere biology in neurodegenerative 
disorders and highlight the potential role of telomere length as 
part of a broader biomarker panel for identifying older adults at 
increased risk of cognitive decline and AD.
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SUPPLEMENTARY TABLE 1

Associations between relative leukocyte telomere length and cardiovascular 
risk factors stratified by cognitive status: cognitively unimpaired (CU), mild 
cognitive impairment (MCI), and Alzheimer's disease (AD). Relative telomere 
length (expressed as T/S ratio; mean ± standard deviation) comparisons were 
conducted for cardiovascular variables including type 2 diabetes mellitus, 
hypertension, dyslipidemia, and cardiovascular risk stratification (low, 
intermediate, high, very high). Statistical significance was assessed using 
Spearman’s rank correlation coefficient, with significance indicated by p-
values < 0.05. Notably, a significant association was observed only between 
hypertension and telomere length in the MCI group (p < 0.001). SD, Standard 
Deviation; N, number of participants per group.

SUPPLEMENTARY TABLE 2

Correlation analysis of relative leukocyte telomere length with anthropometric 
and body composition parameters stratified by cognitive status: cognitively 
unimpaired (CU), mild cognitive impairment (MCI), and Alzheimer’s disease 
(AD). Continuous variables (calf, abdominal, and hip circumferences; total and 
android fat percentages) are expressed as Pearson’s correlation coefficients (r) 
with corresponding p-values. Categorical variables, including fat mass index 
and appendicular lean mass categories, are presented as mean ± standard 
deviation (SD). Analysis indicates no statistically significant correlation between 
telomere and the evaluated continuous or categorical body composition 
variables across cognitive groups. BMI, Body Mass Index; N/A, data 
not available.

https://doi.org/10.3389/fnagi.2025.1557016
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnagi.2025.1557016/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2025.1557016/full#supplementary-material


Barros et al.� 10.3389/fnagi.2025.1557016

Frontiers in Aging Neuroscience 09 frontiersin.org

References
Blackburn, E. H., Epel, E. S., and Lin, J. (2015). Human telomere biology: a 

contributory and interactive factor in aging, disease risks, and protection. Science 350, 
1193–1198. doi: 10.1126/science.aab3389

Blasco, M. A. (2005). Telomeres and human disease: ageing, cancer and beyond. Nat. 
Rev. Genet. 6, 611–622. doi: 10.1038/nrg1656

Cawthon, R. M. (2002). Telomere measurement by quantitative PCR. Nucleic Acids 
Res. 30, e47–447e. doi: 10.1093/nar/30.10.e47

Cheng, F., Zhang, Q., Wu, J., Zhao, Q., Xu, J., Wang, Y., et al. (2020). Shortened relative 
leukocyte telomere length is associated with prevalent and incident cardiovascular 
complications in type 2 diabetes: analysis from the Hong Kong diabetes register. Diabetes 
Care 43, 2257–2265. doi: 10.2337/dc20-0295

Corder, E. H., Saunders, A. M., Strittmatter, W. J., Schmechel, D. E., Gaskell, P. C., 
Small, G. W., et al. (1993). Gene dose of apolipoprotein E type 4 allele and the risk of 
Alzheimer’s disease in late onset families. Science 261, 921–923. doi: 10.1126/science.8346443

Crocco, P., de Rango, F., Dato, S., la Grotta, R., Maletta, R., Bruni, A. C., et al. (2023). 
The shortening of leukocyte telomere length contributes to Alzheimer’s disease: further 
evidence from late-onset familial and sporadic cases. Biology 12:1286. doi: 
10.3390/biology12101286

Dahse, R., Fiedler, W., and Ernst, G. (2020). Telomeres and telomerase: biological and 
clinical importance. Clin. Chem. 43, 708–714.

Daios, S., Anogeianaki, A., Kaiafa, G., Kontana, A., Veneti, S., Gogou, C., et al. (2022). 
Telomere length as a marker of biological aging: a critical review of recent literature. Curr. 
Med. Chem. 29, 5478–5495. doi: 10.2174/0929867329666220713123750

Demissie, S., Levy, D., Benjamin, E. J., Cupples, L. A., Gardner, J. P., Herbert, A., et al. 
(2006). Insulin resistance, oxidative stress, hypertension, and leukocyte telomere length 
in men from the Framingham heart study. Aging Cell 5, 325–330. doi: 
10.1111/j.1474-9726.2006.00224.x

Eitan, E., Hutchison, E. R., and Mattson, M. P. (2014). Telomere shortening in 
neurological disorders: an abundance of unanswered questions. Trends Neurosci. 37, 
256–263. doi: 10.1016/j.tins.2014.02.010

Epel, E. S., Blackburn, E. H., Lin, J., Dhabhar, F. S., Adler, N. E., Morrow, J. D., et al. 
(2004). Accelerated telomere shortening in response to life stress. Proc. Natl. Acad. Sci. 
101, 17312–17315. doi: 10.1073/pnas.0407162101

Fani, L., Hilal, S., Sedaghat, S., Broer, L., Licher, S., Arfan Ikram, M., et al. (2019). 
Telomere length and the risk of Alzheimer’s disease: the Rotterdam study. J. Alzheimers 
Dis. 73, 707–714. doi: 10.3233/JAD-190368

Farrer, L. A., Cupples, L. A., Haines, J. L., Hyman, B., Kukull, W. A., Mayeux, R., et al. 
(1997). Effects of age, sex, and ethnicity on the association between apolipoprotein E 
genotype and Alzheimer disease: a meta-analysis. JAMA 278, 1349–1356

Fragkiadaki, P., Nikitovic, D., Kalliantasi, K., Poulaki, A., Spyridaki, P., Kampa, M., 
et al. (2025). The association between short telomere length and cardiovascular disease. 
Cytogenet. Genome Res. 164, 202–210. doi: 10.1159/000538392

Guo, Y., and Yu, H. (2019). Leukocyte telomere length shortening and Alzheimer’s 
disease etiology. J. Alzheimers Dis. 69, 881–885. doi: 10.3233/JAD-190134

Guo, J., Wang, Y., Yu, H., Xu, L., Zhang, Y., Lin, Q., et al. (2022). Aging and aging-
related diseases: from molecular mechanisms to interventions and treatments. Signal 
Transduct. Target. Ther. 7:391. doi: 10.1038/s41392-022-01100-x

Harley, J., Wang, H., Liao, C., Zhang, Y., Qiao, J., Liu, J., et al. (2024). Telomere 
shortening induces aging-associated phenotypes in hiPSC-derived neurons and 
astrocytes. Biogerontology 25, 341–360. doi: 10.1007/s10522-024-10071-6

Hua, W., Xu, J., Xu, G., Han, Y., Zhang, X., Fang, Y., et al. (2020). The longitudinal 
association between cardiovascular risk and cognitive function in middle-aged and older 
adults in China: a nationally representative cohort study. Front. Cardiovasc. Med. 
7:560947. doi: 10.3389/fcvm.2020.560947

Jothi, D., and Kulka, L. A. M. (2024). Strategies for modeling aging and age-related 
diseases. Npj Aging 10:32. doi: 10.1038/s41514-024-00161-5

Kamatham, P. T., Shukla, R., Khatri, D. K., and Vora, L. K. (2024). Pathogenesis, 
diagnostics, and therapeutics for Alzheimer’s disease: breaking the memory barrier. 
Ageing Res. Rev. 101:102481. doi: 10.1016/j.arr.2024.102481

Kennedy, B. K., Berger, S. L., Brunet, A., Campisi, J., Cuervo, A. M., Epel, E. S., et al. 
(2014). Geroscience: linking aging to chronic disease. Cell 159, 709–713. doi: 
10.1016/j.cell.2014.10.039

Knopman, D. S., Amieva, H., Petersen, R. C., Chételat, G., Holtzman, D. M., 
Hyman, B. T., et al. (2021). Alzheimer disease. Nat. Rev. Dis. Prim. 7:33. doi: 
10.1038/s41572-021-00269-y

Levstek, T., Kozjek, E., Dolžan, V., and Podkrajšek, K. T. (2020). Telomere attrition in 
neurodegenerative disorders. Front. Cell. Neurosci. 14:219. doi: 10.3389/fncel.2020.00219

Lipschitz, D. A. (1994). Screening for nutritional status in the elderly. Prim. Care. 
21, 55–67.

Livingston, G., Huntley, J., Sommerlad, A., Ames, D., Ballard, C., Banerjee, S., et al. 
(2020). Dementia prevention, intervention, and care: 2020 report of the lancet 
commission. Lancet 396, 413–446. doi: 10.1016/S0140-6736(20)30367-6

López-Otín, C., Blasco, M. A., Partridge, L., Serrano, M., and Kroemer, G. (2013). The 
hallmarks of aging. Cell 153, 1194–1217. doi: 10.1016/j.cell.2013.05.039

López-Otín, C., Blasco, M. A., Partridge, L., Serrano, M., and Kroemer, G. (2023). 
Hallmarks of aging: an expanding universe. Cell 186, 243–278. doi: 
10.1016/j.cell.2022.11.001

Melzer, D., Pilling, L. C., and Ferrucci, L. (2020). The genetics of human ageing. Nat. 
Rev. Genet. 21, 88–101. doi: 10.1038/s41576-019-0183-6

Müezzinler, A., Zaineddin, A. K., and Brenner, H. (2013). A systematic review of 
leukocyte telomere length and age in adults. Ageing Res. Rev. 12, 509–519. doi: 
10.1016/j.arr.2013.01.003

Revy, P., Kannengiesser, C., and Bertuch, A. A. (2023). Genetics of human telomere 
biology disorders. Nat. Rev. Genet. 24, 86–108. doi: 10.1038/s41576-022-00527-z

Rodríguez-Fernández, B., Gispert, J. D., Guigó, R., Navarro, A., Vilor-Tejedor, N., and 
Crous-Bou, M. (2022). Genetically predicted telomere length and its relationship with 
Alzheimer’s disease and life expectancy. Alzheimers Dement. 18:e062190. doi: 
10.1002/alz.062190

Rossiello, F., Jurk, D., Passos, J. F., and d'Adda di Fagagna, F. (2022). Telomere 
dysfunction in ageing and age-related diseases. Nat. Cell Biol. 24, 135–147. doi: 
10.1038/s41556-022-00842-x

Sahin, E., and DePinho, R. A. (2010). Linking functional decline of telomeres, 
mitochondria and stem cells during ageing. Nature 464, 520–528. doi: 
10.1038/nature08982

Samani, N. J., Boultby, R., Butler, R., Thompson, J. R., and Goodall, A. H. (2001). 
Telomere shortening in atherosclerosis. Lancet 358, 472–473. doi: 10.1016/S0140- 
6736(01)05633-1

Sánchez-González, J. L., Sánchez-Rodríguez, J. L., González-Sarmiento, R., 
Navarro-López, V., Juárez-Vela, R., Pérez, J., et al. (2025). Effect of physical exercise on 
telomere length: umbrella review and Meta-analysis. JMIR Aging 8:e64539. doi: 
10.2196/64539

Sánchez-González, J. L., Sánchez-Rodríguez, J. L., Martín-Vallejo, J., Martel-Martel, A., 
and González-Sarmiento, R. (2021). Effects of physical exercise on cognition and 
telomere length in healthy older women. Brain Sci. 11:1417. doi: 10.3390/brainsci 
11111417

Sánchez-González, J. L., Sánchez-Rodríguez, J. L., Varela-Rodríguez, S., 
González-Sarmiento, R., Rivera-Picón, C., Juárez-Vela, R., et al. (2024). Effects of 
physical exercise on telomere length in healthy adults: systematic review, Meta-analysis, 
and Meta-regression. JMIR Public Heal. Surveill. 10:e46019. doi: 10.2196/46019

Savva, G. M., Wharton, S. B., Ince, P. G., Forster, G., Matthews, F. E., and Brayne, C. 
(2009). Age, neuropathology, and dementia. New Engl. J. Med. 360, 2302–2309. doi: 
10.1056/NEJMoa0806142

Schneider, C. V., Schneider, K. M., Teumer, A., Rudolph, K. L., Hartmann, D., 
Rader, D. J., et al. (2022). Association of telomere length with risk of disease and 
mortality. JAMA Intern. Med. 182, 291–300. doi: 10.1001/jamainternmed.2021.7804

Takata, Y., Kikukawa, M., Hanyu, H., Koyama, S., Shimizu, S., Umahara, T., et al. (2012). 
Association between ApoE phenotypes and telomere Erosion in Alzheimer’s disease. J. 
Gerontol. Ser. A: Biomed. Sci. Méd. Sci. 67A, 330–335. doi: 10.1093/gerona/glr185

Testo, A. A., Roundy, G., and Dumas, J. A. (2024). Current topics in behavioral 
neurosciences. Curr. Top. Behav. Neurosci. 61, 1–15. doi: 10.1007/7854_2024_527

Vaiasicca, S., Balietti, M., Bevilacqua, L., Giorgetti, B., and Casoli, T. (2024). 
Convergence between brain aging and Alzheimer’s disease: focus on mitochondria. 
Mech. Ageing Dev. 222:112001. doi: 10.1016/j.mad.2024.112001

Vaiserman, A., and Krasnienkov, D. (2021). Telomere length as a marker of biological 
age: state-of-the-art, open issues, and future perspectives. Front. Genet. 11:630186. doi: 
10.3389/fgene.2020.630186

Von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Gøtzsche, P. C., 
Vandenbroucke, J. P., et al. (2007). The strengthening the reporting of observational 
studies in epidemiology (STROBE) statement: guidelines for reporting observational 
studies. Lancet 370, 1453–1457. doi: 10.1016/S0140-6736(07)61602-X

Wang, Q., Zhan, Y., Pedersen, N. L., Fang, F., and Hägg, S. (2018). Telomere length and 
all-cause mortality: a Meta-analysis. Ageing Res. Rev. 48, 11–20. doi: 10.1016/j.arr.2018.01.002

Wikgren, M., Karlsson, T., Nilbrink, T., Nordfjäll, K., Hultdin, J., Sleegers, K., et al. 
(2012). APOE ε4 is associated with longer telomeres, and longer telomeres among ε4 
carriers predicts worse episodic memory. Neurobiol. Aging 33, 335–344. doi: 
10.1016/j.neurobiolaging.2010.03.004

Yin, H., and Pickering, J. G. (2023). Telomere length: implications for atherogenesis. 
Curr. Atheroscler. Rep. 25, 95–103. doi: 10.1007/s11883-023-01082-6

Yu, H.-J., and Koh, S.-H. (2022). Is telomere length shortening a risk factor for 
neurodegenerative disorders? Dement. Neurocognitive Disord. 21, 83–92. doi: 
10.12779/dnd.2022.21.3.83

Yu, G., Lu, L., Ma, Z., and Wu, S. (2021). Genetically predicted telomere length and 
its relationship with Alzheimer’s disease. Front. Genet. 12:595864. doi: 10.3389/
fgene.2021.595864

Zekry, D., Herrmann, F. R., Irminger-Finger, I., Graf, C., Genet, C., Vitale, A. M., et al. 
(2010). Telomere length and ApoE polymorphism in mild cognitive impairment, degenerative 
and vascular dementia. J. Neurol. Sci. 299, 108–111. doi: 10.1016/j.jns.2010.07.019

Zvěřová, M. (2019). Clinical aspects of Alzheimer’s disease. Clin. Biochem. 72, 3–6. 
doi: 10.1016/j.clinbiochem.2019.04.015

https://doi.org/10.3389/fnagi.2025.1557016
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1126/science.aab3389
https://doi.org/10.1038/nrg1656
https://doi.org/10.1093/nar/30.10.e47
https://doi.org/10.2337/dc20-0295
https://doi.org/10.1126/science.8346443
https://doi.org/10.3390/biology12101286
https://doi.org/10.2174/0929867329666220713123750
https://doi.org/10.1111/j.1474-9726.2006.00224.x
https://doi.org/10.1016/j.tins.2014.02.010
https://doi.org/10.1073/pnas.0407162101
https://doi.org/10.3233/JAD-190368
https://doi.org/10.1159/000538392
https://doi.org/10.3233/JAD-190134
https://doi.org/10.1038/s41392-022-01100-x
https://doi.org/10.1007/s10522-024-10071-6
https://doi.org/10.3389/fcvm.2020.560947
https://doi.org/10.1038/s41514-024-00161-5
https://doi.org/10.1016/j.arr.2024.102481
https://doi.org/10.1016/j.cell.2014.10.039
https://doi.org/10.1038/s41572-021-00269-y
https://doi.org/10.3389/fncel.2020.00219
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1016/j.cell.2013.05.039
https://doi.org/10.1016/j.cell.2022.11.001
https://doi.org/10.1038/s41576-019-0183-6
https://doi.org/10.1016/j.arr.2013.01.003
https://doi.org/10.1038/s41576-022-00527-z
https://doi.org/10.1002/alz.062190
https://doi.org/10.1038/s41556-022-00842-x
https://doi.org/10.1038/nature08982
https://doi.org/10.1016/S0140-6736(01)05633-1
https://doi.org/10.1016/S0140-6736(01)05633-1
https://doi.org/10.2196/64539
https://doi.org/10.3390/brainsci11111417
https://doi.org/10.3390/brainsci11111417
https://doi.org/10.2196/46019
https://doi.org/10.1056/NEJMoa0806142
https://doi.org/10.1001/jamainternmed.2021.7804
https://doi.org/10.1093/gerona/glr185
https://doi.org/10.1007/7854_2024_527
https://doi.org/10.1016/j.mad.2024.112001
https://doi.org/10.3389/fgene.2020.630186
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/j.arr.2018.01.002
https://doi.org/10.1016/j.neurobiolaging.2010.03.004
https://doi.org/10.1007/s11883-023-01082-6
https://doi.org/10.12779/dnd.2022.21.3.83
https://doi.org/10.3389/fgene.2021.595864
https://doi.org/10.3389/fgene.2021.595864
https://doi.org/10.1016/j.jns.2010.07.019
https://doi.org/10.1016/j.clinbiochem.2019.04.015

	Leukocyte telomere attrition in cognitive decline: associations with APOE genotype and cardiovascular risk factors
	Introduction
	Methods
	Study design and setting
	Participants, variables, and protocol
	Molecular biology and relative leukocyte telomere length analysis
	Statistical methods

	Results
	Enrollment, demographics, and baseline clinical characteristics
	Telomere length and cognitive impairment
	Body composition and telomere length
	Multivariate regression analysis

	Discussion

	References

