Distribution Agreement

In presenting this thesis as a partial fulfillment of the requirements for a degree from Emory
University, | hereby grant to Emory University and its agents the non-exclusive license to
archive, make accessible, and display my thesis in whole or in part in all forms of media, now or
hereafter now, including display on the World Wide Web. | understand that 1 may select some
access restrictions as part of the online submission of this thesis. I retain all ownership rights to
the copyright of the thesis. | also retain the right to use in future works (such as articles or books)
all or part of this thesis.

Sarah Solano March 19, 2025



Association of Vascular Health with Motor and Cognitive Function in People with Prodromal
Alzheimer’s Disease

By

Sarah Solano

Madeleine E. Hackney, PhD.
Adviser

Department of Neuroscience and Behavioral Biology

Madeleine E. Hackney, PhD.
Adviser

John Linda, PhD.
Committee Member

Alex Grizzell, PhD.
Committee Member

2025



Association of Vascular Health with Motor and Cognitive Function in People with Prodromal
Alzheimer’s Disease

By

Sarah Solano

Madeleine E. Hackney, PhD.
Adviser

An Abstract of a thesis submitted to the Faculty of Emory College of Arts and Sciences
of Emory University in partial fulfillment
of the requirements of the degree of
Bachelor of Sciences with Honors

Department of Neuroscience and Behavioral Biology

2025



Abstract

Association of Vascular Health with Motor and Cognitive Function in People with Prodromal
Alzheimer’s Disease

By Sarah Solano

Importance: Mild cognitive impairment (MCI) is an intermediate stage between normal aging
and dementia and is considered to be the prodromal stage of Alzheimer’s Disease (AD), affecting
approximately 22% of adults aged 65 and older. Cognitive impairment poses a significant public
health challenge, particularly among older populations, which is expected to increase in the coming
years. Vascular health has been shown to impact cognitive status in various populations with
dementia. Less is known about vascular function’s impact on motor and motor-cognitive function,
both of which greatly influence independence in people with MCI. More research is needed to gain

a better understanding of the neurobiology of MCI and its connections to other systems.

Objective: To investigate the association between vascular function and cognitive, motor, and
motor-cognitive function in individuals with prodromal Alzheimer’s Disease (AD), who
experience MCI. As a secondary analysis, we will also explore the relationship between vascular

health and demographic information.

Study Design: Exploratory Observational Study. The study included 73 participants with
diagnosed prodromal Alzheimer’s Disease and Mild Cognitive Impairment: 54.8% Caucasian,
38.4% African American, 2.7% Hispanic/ Latino, and 4.1% Multiracial individuals with Mild
Cognitive Impairment (MCI). The mean age was 74.6 + 7.16 years with a relatively balanced
gender distribution (Male: 43.8%, Female: 56.2%).

Main Outcome and Measure: Project health questionnaire, vascular health assessments,

cognitive assessments, motor assessments, motor-cognitive assessments

Results: This study included 73 participants aged 74.57 + 7.16 years with a relatively balanced
gender distribution was relatively balanced (Male: 43.8%, Female: 56.2%). Analyses revealed

associations between arterial stiffness (as measured by PWV) and motor function, with a moderate



negative correlation observed between PWV and mobility and balance scores. Additionally, small
but notable correlations suggest that greater arterial stiffness may be associated with minor
declines in memory and executive processing. Age was strongly associated with increased arterial
stiffness, and gender differences in vascular responses were observed, suggesting distinct vascular

aging patterns between males and females.

Conclusion and Relevance: Analyses revealed that greater arterial stiffness, as measured by pulse
wave velocity (PWV), was moderately associated with poorer motor function, particularly in
domains of mobility and balance. Notably, this study is among the first to demonstrate associations
between vascular function and key domains of neurological performance, including motor ability
and visuospatial or executive functioning. While small correlations were observed between PWV
and cognitive outcomes such as memory and task switching, these findings warrant further
exploration. Age-related increases in arterial stiffness were also confirmed, and sex-based
differences in vascular profiles suggest possible divergence in vascular aging trajectories. These
findings underscore the potential of vascular health metrics as early markers of functional decline

and support the integration of vascular assessments in the study of aging and neurodegeneration.
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Abstract
Importance: Mild cognitive impairment (MCI) is an intermediate stage between normal aging
and dementia and is considered to be the prodromal stage of Alzheimer’s Disease (AD), affecting
approximately 22% of adults aged 65 and older. Cognitive impairment poses a significant public
health challenge, particularly among older populations, which is expected to increase in the coming
years. Vascular health has been shown to impact cognitive status in various populations with
dementia. Less is known about vascular function’s impact on motor and motor-cognitive function,
both of which greatly influence independence in people with MCI. More research is needed to gain

a better understanding of the neurobiology of MCI and its connections to other systems.

Objective: To investigate the association between vascular function and cognitive, motor, and
motor-cognitive function in individuals with prodromal Alzheimer’s Disease (AD), who
experience MCI. As a secondary analysis, we will also explore the relationship between vascular

health and demographic information.

Study Design: Exploratory Observational Study. The study included 73 participants with
diagnosed prodromal Alzheimer’s Disease and MCI: 54.8% Caucasian, 38.4% African American,
2.7% Hispanic/ Latino, and 4.1% Multiracial individuals with MCI. The mean age was 74.6 £ 7.16

years with a relatively balanced gender distribution (Male: 43.8%, Female: 56.2%).

Main Outcome and Measure: Project health questionnaire, vascular health assessments,

cognitive assessments, motor assessments, motor-cognitive assessments.



Results: This study included 73 participants aged 74.57 + 7.16 years, indicating an older
population. Gender distribution was relatively balanced (Male: 43.8%, Female: 56.2%). Small but
notable correlations suggest that increased arterial stiffness may have a minor impact on memory
and executive processing and moderate negative correlations between PWV and motor scores
highlight the influence of vascular aging on mobility and balance. Additionally, aging is
significantly associated with increased arterial stiffness, and gender differences in vascular

responses suggest differential impacts on vascular health in males and females.

Conclusion and Relevance: Analyses revealed that greater arterial stiffness, as measured by pulse
wave velocity (PWV), was moderately associated with poorer motor function, particularly in
domains of mobility and balance. Notably, this study is among the first to demonstrate associations
between vascular function and key domains of neurological performance, including motor ability
and visuospatial or executive functioning. While small correlations were observed between PWV
and cognitive outcomes such as memory and task switching, these findings warrant further
exploration. Age-related increases in arterial stiffness were also confirmed, and sex-based
differences in vascular profiles suggest possible divergence in vascular aging trajectories. These
findings underscore the potential of vascular health metrics as early markers of functional decline

and support the integration of vascular assessments in the study of aging and neurodegeneration.



Introduction
Mild Cognitive Impairment (MCI)

Mild Cognitive Impairment (MCI) is characterized as a transitional stage between normal
aging and dementia (Geda et al., 2012) and is widely recognized as a prodromal phase of
Alzheimer’s Disease (Feng et al., 2020). According to nationally representative data from the
United States, approximately 22% of adults aged 65 and older meet the diagnostic criteria for MCI,

highlighting its substantial prevalence in the aging population (Manly et al., 2022).

MCI is characterized by memory deficits that should not impair global cognitive function
or the ability to perform activities of daily living (Forlenza et al., 2013). Although individuals
diagnosed with MCI may remain stable or return to normal cognitive function, these individuals
are at a higher risk of developing dementia and Alzheimer’s Disease (AD) (Forlenza et al., 2013).
The prevalence of MCI increases with age and males seem to be at a higher risk than females
(Jongsiriyanyong et al, 2018). Cognitive impairment poses a significant public health challenge,
especially among the older population (Abbruzzese et al., 2016). As life expectancy increases, the
prevalence of dementia is projected to climb from 55 million cases in 2019 to 139 million cases
by 2050 (Long et al., 2023). This dramatic rise not only impacts individuals and their families but
also places an immense strain on healthcare systems. By 2030, the global economic cost of
dementia is expected to surge from $1.3 trillion to $2.8 trillion annually (Alzheimer’s Disease
International, 2024), highlighting both the financial and emotional toll, particularly in the context
of healthcare and informal caregiving. More research is needed to gain a better understanding of
the neurobiology of MCI and its connections to other biological systems such as the motor and

vascular systems.



Vascular Disease

Vascular disease and its risk factors raise the risk of MCI and are associated with the
progression from MCI to AD dementia (Lorius et al., 2015). For instance, it has been estimated
that 20% of dementia cases have cerebrovascular pathology, and the vascular contribution to
dementia currently affects 20 million people (Mok et al., 2024). Findings from Lorius et al.'s 2015
study highlight a correlation between vascular disease, its risk factors, and cognitive impairment
over time in the AD spectrum (Lorius et al., 2015). Additionally, Ilut et al.’s 2023, research has
found that hypertension is associated with an increased risk of MCI and dementia with the
underlying mechanisms involving cerebral hypoperfusion, oxidative stress, and inflammation.
Once believed to be merely a physical barrier between blood and surrounding tissues, the vascular
endothelium is now recognized as a dynamic organ that regulates vascular tone, metabolism,
immunity, thrombosis, and fibrinolysis. With aging, the endothelium exhibits a prothrombotic,
profibrinolytic, proinflammatory, and vasoconstrictive profile, collectively termed vascular
endothelial dysfunction. Arterial stiffness and endothelial dysfunction are associated with lower
cerebral blood flow and impaired vascular function which leads to cognitive impairment (Ilut et

al., 2023).

Vascular Aging

Vascular aging, characterized by endothelial dysfunction and stiffening of large elastic
arteries, significantly raises the risk of age-related cardiovascular diseases (CVDs) (Moreau et al.,
2020). An abundance of reactive oxygen species (ROS) and inflammation trigger this process,
reducing the availability of nitric oxide and altering the shape of the arterial wall. Additional aging-
related cellular mechanisms, such as mitochondrial dysfunction and cellular senescence, also

contribute to vascular aging. Gonadal aging, notably impacting women but also some men, further



influences vascular health. Regular physical activity, including aerobic and resistance exercise, is
a primary strategy to mitigate CVD risk with age (Craighead et al., 2019). While vascular aging is
normal characteristic of the aging process, pathophysiological diseases in the arteries are not an
inevitable feature of aging as not all individuals who display endothelial dysfunction or arterial

stiffening develop CVDs such as coronary artery disease (CAD)(Cheng et al., 2023).

Vascular Aging and Gender

Cardiovascular disease has been shown to manifest differently in males and females with
females tending to experience greater age-related myocardial stiffening (Ji et al., 2022). Early in
life it seems that men experience greater age-related vascular structural changes (such as wall
stiffening) and functional changes (endothelial dysfunction) (Maier et al., 2023) while in women,
vascular aging appears to be slowed until menopause (Moreau et al., 2020). Notably, after the sixth
decade of life, age-related vascular dysfunction tends to progress at a faster rate in women than
men (Maier et al., 2023) which has been attributed to changes in sex hormones that are a result of
aging (Moreau et al., 2020). Estrogen decline is associated with endothelial dysfunction when
increased reactive oxygen species, oxidative stress, and nitric oxide suppression are also present
(Ji et al., 2022). Moreover, experimental and physiological data suggest that reductions in nitric
oxide and increased oxidative stress contribute to endothelial and arterial stiffening in this case (Ji

etal., 2022).

Cognitive and Motor Decline in Aging

Cognitive and motor decline frequently coexist with falls, underscoring a critical area of
concern, as falls remain a leading cause of morbidity and severe injury among older adults.
Research indicates that individuals with dementia display more pronounced gait abnormalities and

experience a heightened frequency of falls compared to those undergoing typical cognitive aging



(Montero-Odasso & Speechley, 2018). This risk further intensifies as cognitive impairment
progresses (Montero-Odasso & Speechley, 2018). Notably, older adults with MCI have a nearly
twofold higher fall risk than cognitively healthy individuals (Rajeev et al., 2023), increasing their
susceptibility to serious fall-related injuries, including fractures, head trauma, and even mortality
(Vaishya R et al., 2020). Consequently, fall-related injuries place a substantial burden on patients,

caregivers, and healthcare systems (Vaishya R et al., 2020).

Given the projected increase in the prevalence of MCI, dementia, and AD, it is crucial to
implement effective treatments and interventions that address both cognitive and motor decline in
order to improve outcomes and quality of life for older adults. Declines in motor function can
contribute to fall risk, which can lead to serious health consequences for this population and create
substantial financial burdens (Vaishya R etal., 2020). Fall-related injuries often require emergency
medical care, rehabilitation, and long-term support and care services, straining healthcare
resources. Therefore, early detection of cognitive and motor deficits, along with targeted
prevention strategies, will be critical in promoting the overall well-being and safety of our aging

population.

Purpose statement:

In this study, we are investigating the association between vascular health function
measurements and motor, cognitive, and motor-cognitive function in a group of older adults with
diagnosed prodromal AD and MCI. As a secondary analysis we will also explore the relationship

between participant vascular health and participant demographic information.



Materials and Methods

Ethical Approval and Study Design

This study was approved by the Institutional Review Board of Emory University. All
participants provided written informed consent before participation. The study presents findings
from baseline assessments conducted in participants for the PARTNER trial (NCT04029623), a
rehabilitation trial for older adults with prodromal AD who experience MCI. The study is funded
by the United States National Institutes of Health/National Institute of Aging (NH/NIA)

(1R01AG062691-01).

Participants

Participants were screened one month before assessment to determine eligibility. Eligible
participants were 50 years of age or older and met the inclusion and exclusion criteria defined by
the PARTNER registered clinical trial (NCT04029623). The inclusion criteria were based on the
Alzheimer's Disease Neuroimaging Initiative (ADNI) criteria for amnestic MCI (Mueller et al.,

2005; Petersen et al., 2010).

Procedures

Selection and Pre-Screening

Participants were recruited through the Emory University Goizueta Alzheimer’s Disease
Research Center in collaboration with their Minority Engagement Core/ Outreach and Recruitment
Core, community activities, health fairs, advertisements, recruitment flyers, and previous related
research studies of the Hackney lab. Interested participants completed a phone screening with
research staff which included a medical questionnaire, the blind Montreal Cognitive Assessment

(MoCA), Subjective Memory Concerns Questionnaire, Telephone Interview for Cognitive Status



(TICS), Functional Activities Questionnaire (FAQ), and magnetic resonance imaging (MRI)
history and screening questionnaire (Cao et al., 2022). Participants were compensated with
monetary gift cards for each completed study visit. For participants that were eligible, the study
coordinator contacted a neuropsychologist or a trained clinical research coordinator to administer

a Clinical Dementia Rating (CDR) Scale.

Screening Visit

All eligible participants underwent a comprehensive screening visit approximately one
month before baseline assessments to ensure adherence to inclusion criteria and minimize potential
confounders. The screening visit began with the informed consent process, where participants
reviewed and signed the consent form, ensuring a clear understanding of study procedures and

potential risks (Beauchamp & Childress, 2019).

Participants then completed a series of standardized health questionnaires, including
demographic and health history assessments, as well as the Stay Independent Screener for fall risk
evaluation (Lohman et al., 2017), the Edinburgh Handedness Inventory (Oldfield, 1971), the
Telehealth Technology and Skills Access Survey, and the Logical Memory subtest from the
Wechsler Memory Scale-Revised (WMS-R) (Tulsky et al., 2003), a well-validated measure of
verbal episodic memory. Demographic and comorbidity information were collected from the
Project Health Survey (Health Questionnaire). Demographic variables included age, gender,
highest level of education, years of education, and ethnicity. The health questionnaire screening
assessed comorbidities such as arthritis or rheumatism, asthma or respiratory issues, cancer
(excluding skin cancer), cognitive or memory problems, depression, diabetes, epilepsy/seizures,
heart conditions, hypertension, joint replacements, osteoporosis, Parkinson’s disease, stroke,

vertigo or inner ear disorders, and sleep apnea.



Inclusion Criteria

Participants were required to meet specific inclusion criteria. Participants had to be at least
50 years old and diagnosed with amnestic MCI based on ADNI criteria, which included a
subjective memory concern (either self-reported or noted by a partner) and abnormal memory
function as determined by performance on the Wechsler Memory Scale-Revised (WMS-R) Logical
Memory Test. Education-adjusted cut-off scores were set at <11 for individuals with 16 or more
years of education, <9 for those with 8-15 years of education, and <6 for those with fewer than 7
years of education. Cognitive screening scores had to fall within specific ranges, including a
Telephone Interview for Cognitive Status (TICS) score of 31-37 and a Montreal Cognitive
Assessment (MoCA) score of 18-25. Functional status was also considered, requiring a Clinical
Dementia Rating (CDR) score of 0.5 with a Memory Box score of at least 0.5, as well as a
Functional Assessment Questionnaire (FAQ) score of < 9. Additionally, participants needed to
have the physical ability to walk at least 10 feet with or without an assistive device and possess a
minimum of six years of education or a solid work history. In terms of physical activity, they had
to engage in less than 150 minutes of moderate or 75 minutes of vigorous aerobic activity per week

and must not have participated in any structured exercise program within the past three months.

Exclusion Criteria

Participants were excluded if they had any of the following conditions: acute illness,
uncontrolled congestive heart failure, or a history of stroke within the past three years. Those with
severe cognitive impairments that would prevent them from completing study procedures were
also excluded. The use of certain medications, including antipsychotics, opioids, stimulants,
chemotherapy, Parkinson’s medications, or unstable doses of cognitive enhancers, was not

permitted. Additionally, individuals with psychiatric disorders such as schizophrenia, bipolar



10

disorder, or active substance use disorder were excluded, as were those with neurologic conditions
including multiple sclerosis, seizure disorders, or a history of traumatic brain injury with more

than 30 minutes of loss of consciousness.

Assessments

After confirming eligibility based on predefined inclusion and exclusion criteria,
participants underwent a comprehensive evaluation of cognitive, motor, motor-cognitive and
vascular function. Vascular metrics included pulse wave velocity, augmentation index, and the
Buckberg Subendocardial Viability Ratio (SEVR). Additionally, participants completed

questionnaires related to their demographics and health.

Vascular Function Assessment

Participants underwent a vascular function assessment that took about /2 hour to complete.
Non-invasive arterial stiffness is the strongest vascular indicator of cognitive decline (Hughes et
al., 2014; King, 2014). Pulse-wave velocity (PWV) was measured between carotid and femoral
arteries using the Sphygmocor device (Atcor Medical, Australia) that records sequential high-
quality pressure waveforms at peripheral pulse sites using a high-fidelity tonometer (Moerland et
al., 2012). Digital pulse amplitude tonometry (PAT) was used to measure pulse volume amplitude
in the tip of the index finger with participants resting in the supine position in a quiet, temperature-
controlled environment and during reactive hyperemia, which was elicited by the release of an
upper arm blood pressure cuff inflated to supra-systolic pressure for 5 minutes to assess the
augmentation index (Al) using an Endo-PAT (Itamar Medical Israel). PWV and Al provide
complimentary information about vascular stiffness. Additionally, the Buckberg Subendocardial

Viability Ratio (SEVR) was abstracted from the Pulse Wave Analysis (PWA). The Buckberg SEVR
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is also a parameter of arterial stiffness and has an indirect prognostic value in evaluating
cardiovascular risk (Onofrei et al., 2022).

Cognitive Assessments

Cognitive assessments included the Montreal Cognitive Assessment (MoCA), which
evaluates global cognition across eight domains, with higher scores indicating better cognitive
performance (Nasreddine et al., 2005). To assess executive function, processing speed, and
cognitive flexibility, the Trail Making Test (TMT A & B) was administered (Corrigan & Hinkeldey,
1987). Planning and problem-solving skills, as components of executive function, were assessed
with the Delis Kaplan Executive Function System (D-KEFS) Tower Test which required
participants to rearrange disks on pegs to match a specific goal configuration within a set number

of moves (Shallice, 1982).

Verbal learning and memory were measured using the Rey Auditory Verbal Learning Test
(RAVLT), which includes both immediate and delayed recall trials (Schmidt, 1996). The Boston
Naming Test assessed visual confrontation naming and semantic memory (Kaplan et al., 2001)
while the Rey-Osterrieth Complex Figure Test evaluated visuospatial construction and memory
(Osterrieth, 1944). Working and short-term memory were examined using the Number Span Test
(Wechsler, 1997) and the Reverse Corsi Blocks Task, which assesses visuospatial working memory
through nonverbal sequences (Vandierendonck et al., 2004). The Corsi Blocks is also a valid
measurement of visuospatial function. Visuospatial judgment was measured using Benson’s
Judgement of Line Orientation (Benton et al., 1994), and executive function, cognitive flexibility,
and inhibitory control were evaluated with the D-KEFS Color Word Interference Test, which
includes four conditions: color naming, word reading, inhibition, and inhibition/switching (Delis

et al., 2001). The Serial 3’s Test measured mental status through sequential subtraction (Folstein
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et al., 1975). Brooks spatial memory task (Brooks, 1967) is an assessment of spatial cognition and
short-term memory that requires participants to use mental imagery in remembering and repeating
the placement of 3-8 numbers. Participants receive a visual presentation and verbal explanation of
a 4x4 matrix. The researcher tells the participant the position of the numbers, and the participants

must remember and repeat the position of the numbers after each trial.

Motor Function Assessments

Motor function was assessed using the Mini-Balance Evaluation Systems (Mini-BEST)
Test, a clinical balance assessment tool that is a shortened version of the Balance Evaluation
Systems Test (BESTest) and aims to target and identify 6 different balance control systems
(Potter, 2015). The Timed Up and Go (TUG) test, which evaluates functional mobility by
measuring the time required for participants to rise from a chair, walk three meters, turn around,
and return to a seated position (Podsiadlo & Richardson, 1991) was also used to assess motor
function. Lower body strength was measured using the 30-Second Chair Stand Test, in which
participants were instructed to rise from a chair with arms crossed over the chest as many times
as possible within 30 seconds (Jones et al., 1999). Turning ability was measured with the 360°
Turn Test, which recorded both the time required to complete a full turn and the number of steps
taken, with testing conducted in both right and left directions (Prime et al., 2020). Postural
control was examined using the Tandem Stance Test, which evaluates participants' time to
maintain a heel-to-toe stance (Shubert et al., 2006). Gait speed was measured in multiple
conditions, including preferred walking speed, backward gait speed, and fast-paced walking over
a 20-foot distance. Participants were timed using a stopwatch, and speeds were averaged across

trials (Studenski et al., 2011).
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Motor-Cognitive Assessments

Motor-cognitive integration was assessed through the TUG-Cognitive (TUG-Cog) test, a
modified version of TUG in which participants performed serial subtractions while walking to
assess divided attention and dual-tasking ability (Motris et al., 2001). The Body Position Spatial
Task (BPST), adapted from the Reverse Corsi Blocks test, assessed spatial memory and navigation
while maintaining postural control. Participants were required to replicate a series of instructed
movements, such as stepping sideways or turning in place, under increasing cognitive load
(Battisto et al., 2018). Dynamic balance and motor planning were assessed using the Four Square
Step Test (FSST), where participants stepped in four quadrants in a specified order as quickly as

possible (Dite & Temple, 2002).

Table 1. Variable Guide

Variable Higher Score What construct does it

Interpretation measure

Vascular Variables

Aortic Alx Worse function Arterial Stiffness — Derived
from Aortic Waveform

Pulse Wave Velocity Worse function Acrterial Stiffness — Derived
from Systemic Arteries

Buckberg Subendocardial ~ Better function Subendocardium — Blood flow

Viability Ratio (SEVR) and oxygenation

Motor Variables
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Total Mini BEST
Timed Up and Go (TUG) -
single task

Total Dynamic Gait Index

Average Single Leg Stance

(s)

Tandem Stance (s)

Tandem Walk (no.)

30 s Chair stand (no.)

Gait speed (m/s)

360-degree turn test (s)

Cognitive Variables

MoCA (total score)

Better function

Worse function

Better function

Better function

Better function

Worse function

Better function

Better function

Worse function

Better function

Motor skills (static balance,
walking, sensory orientation)
Motor skills (walking)

Dynamic balance: Walking
ability in various conditions

Single leg balance ability

Stance balance ability

Motor task and balance
(number of interruptions)
Motor task (seated to standing
position)

Distance walking per unit of
time

Time needed to complete a full
360 degree turn to either side

Global cognitive domains —
attention and concentration,
executive functions, memory,
language, visuoconstructional
skills, conceptual thinking,

calculations, and orientation
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Trail Making Test (B-A

difference score)

D-KEFS Tower Test (Total

achievement score)

Rey Complex Figure Test
(RCFT) — Immediate
Recall (s)

Rey Complex Figure Test
(RCFT) — Delayed Recall

(s)

Brooks Spatial Memory

Test (percent correct)

Benton’s Judgement of

Line Orientation (JLO)

Rey Auditory Verbal

Learning Test (RAVLT) —

Immediate Recall

Rey Auditory Verbal

Learning Test (RAVLT) —

Delayed Recall

Wechsler Memory Scale —

Logical Memory

Worse function

Better function

Worse function

Worse function

Better function

Better function

Better function

Better function

Better function

Executive function (trails

difference)

Executive function: planning
and organization, (achievement
score)

Visuospatial memory and

ability, immediate recall

Visuospatial memory and
ability after a delay

Visual spatial working memory
(Brooks Spatial Memory

Percent Correct)

Visuospatial processing, spatial

orientation (number of correct)
Immediate memory and verbal
learning (learning score,

forgetting score)

Episodic and verbal memory

Verbal memory and recall
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Number Span Backward Better function

Reverse Corsi Block Test Better function

Serial threes (percent Worse function
correct)
Boston Naming Test Better function

Motor-Cognitive Variables
Four Square Step Test Worse function
(FSST)

Body Position Spatial Task  Better function
(BPST): span, and total

correct trials

Timed Up and Go (TUG) Worse function

Manual

Timed Up and Go (TUG) Worse function

Cognitive

Number recall ability (total
correct, length of longest
correct series) The construct is
short term/working memory
Short-term (or working) spatial
cognitive memory

Mental status, calculation

Common Object Identification

Mobility, dual task ability,
balance

Spatial memory and
navigational skills, balance, and
mobility

Motor dual task (walking while

carrying a cup of water)

Cognitive function and mobility
dual task

Table 1. Variable Guidelines. This table lists the variables used in the analyses, with the

instrument name followed by the variable(s) of interest in parentheses. The second column

indicates whether higher scores indicate better or worse function. The third column describes

the construct being measured by the variables.
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Analysis
Variables related to vascular function, motor function, cognitive function, and motor-
cognitive integration were abstracted from REDCap for statistical analysis. Descriptive statistics
were used to characterize the study population clinically and demographically, including measures
of central tendency (mean) and variability (standard deviation). We calculated demographic,
clinical, and comorbidity-related variables. All collected data, including questionnaire responses,
vascular assessments, and cognitive, motor, and motor-cognitive performance measures, were
stored in the REDCap database for secure management and analysis. Statistical analyses were
conducted using IBM SPSS version 25 (IBM Corp., Armonk, NY, USA). All p-values were at
significance value of 0.05.

Statistical Analysis

We first examined the pairwise correlations among the vascular variables using Pearson's
correlation coefficient. To control for multiple comparisons when assessing the significance of the
pairwise correlations, we applied the Benjamini—-Hochberg procedure to adjust the p-values. This
method ranks the individual p-values and controls the expected proportion of false discoveries
among the rejected hypotheses. We classified correlations as small (r = 0.10), medium (r = 0.30),

or large (r = 0.50) following Cohen’s conventional benchmarks for effect sizes (Cohen, 1988).

We selected the strongest indicators of motor, motor-cognitive and cognitive function
variables or variables that exhibited moderate correlations for further investigation. We then
assessed the impact of each of the vascular variables on these selected behavioral variables using
multiple linear regression analysis. Potential confounding variables, including age, gender, and

ethnic background, were included in the regression model to control for their effects.
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The significance of the regression coefficients for the vascular variables was evaluated
using the Wald test. We also checked the normality assumption through a multivariate normality
test. Additionally, we assessed homoscedasticity to ensure that the variance of the residuals was
constant across levels of the independent variables, confirming the validity of the regression
model.

Missing Data:

76 participants met screening criteria and provided informed consent. However, 3
participants did not complete any baseline assessments and were thus excluded from the data
analysis due to lack of data, making our sample size 73 participants. Additionally, some
participants did not complete all baseline assessments, decreasing the sample size of the
correlational analyses. Specifically, 11 participants did not have either some or all of their vascular
data, 17 participants did not have at least one cognitive assessment, 2 participants did not have all
their motor data, and 2 participants did not have all their motor-cognitive data. Because of this,
sample sizes were reported in all data analysis tables.

Hypothesis/ Research Question

Based on our literature review, we expected to see moderate associations between vascular
function and cognitive, motor, and motor-cognitive function in these participants with MCI. We
hypothesize greater arterial stiffness as measured by PWV will be associated with lower total
MoCA scores, indicating greater cognitive impairment, and lower Mini-BEST scores and Dynamic
Gait Indices (DGI), suggesting decreased motor function, and decreased motor-cognitive function
as measured by the Four Square Step Test. Additionally, we predict that characteristics such as

age and gender may also be implicated in these associations.



Results

Demographic Characteristics

This study included 73 participants with a mean age of 74.6 + 7.12 years, indicating an older
population. Gender distribution was relatively balanced (Male: 43.8%, Female: 56.2%). More than
60% of participant obtained a bachelor's degree or higher. The ethnic distribution was

predominantly White/Caucasian (54.8%), followed by Black/African American participants

(38.4%). (Table 2).

Table 2. Participant Demographic Characteristics (N = 73)

Demographic Characteristics

Mean (SD)/N (%)

Age (years)

74.6 (7.12)

Gender (Male/Female)

32 (43.8%)/41 (56.2%)

Education Level

Less than high school graduate 1 (1.4%)
High school graduate/ GED 4 (5.5%)
Vocational training 1 (1.4%)

Some college/ associate's degree

23 (31.5%)

Bachelor's degree (BA, BS)

21 (28.8%)

Master's degree (or other post-graduate training)

17 (23.3%)

Doctoral degree (PhD, MD, EdD,DDS, JD, etc) 6 (8.2%)
Ethnic Background
Black/ African-American 28 (38.4%)
Hispanic or Latino 2 (2.7%)
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White/ Caucasian

40 (54.8%)

Multiracial

3 (4.1%)

Clinical Characteristics

Participants had an average of 3.90 + 2.1 comorbidities. The most common were high blood

pressure (53.4%) and arthritis or rheumatism (50.7%) (Table 3).

Table 3. Participant Clinical Characteristics and Comorbidities (N = 73)

Comorbidity

Number of Comorbidities
Arthritis or Rheumatism
Asthma or Breathing Problem
Cancer (Other than Skin)
Depression

Diabetes

Epilepsy/Seizures

Heart Problems

High Blood Pressure

Joint Replacements
Osteoporosis

Parkinson's Disease

Stroke

Vertigo or Inner Ear Problem
Sleep Apnea

Other Significant Illness

None

Mean (SD)/N (%)
3.90 (2.08)
37 (50.7%)
11 (15.1%)
16 (21.9%)
22 (30.1%)
16 (21.9%)
0 (0%)

23 (31.5%)
39 (53.4%)
13 (17.8%)
9 (12.3%)
0 (0%)

5 (6.8%)
15 (20.5%)
21 (28.8%)
16 (21.9%)
2 (2.7%)
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Correlation Between Vascular and Cognitive Function Variables
The correlation analysis revealed weak to moderate associations between vascular function

indicators and cognitive function tests.

Average PWV

Average PWYV exhibited small correlations with several cognitive function variables.
Notably, it showed a correlation of r = 0.24 with the Rey AVLT Immediate (forget score) at a
significance level of p = 0.062, suggesting a potential relationship where higher values of Average
PWYV may be linked to a decline in immediate recall ability. Additionally, a small correlation of r
=0.21 was observed with Rey AVLT Delayed and Recognition (Recognition False Positives) (p =
0.098).

PWA Aortic Alx

Alx showed a moderate correlation of r = 0.28 with the D-KEFS Color Word Interference
Test (Inhibition Scaled Score). Alx had a correlation of r = -0.2 with total time to complete the
Rey Complex Figure Drawing Delayed portion indicating that higher PWA Aortic Alx values are

minimally associated with shorter completion times in complex drawing tasks.

PWA Buckberg SEVR

SEVR was moderately negatively correlated with the Inhibition/Switching scaled score of the D-
KEFS Color Word Interference Test (r = -0.31), indicating a moderate negative relationship where
higher SEVR is associated with less efficient cognitive switching abilities. A small, non-significant
correlation was observed between SEVR and Brooks Spatial Memory (% Correct) (r = -0.17).
SEVR also showed a minimal correlation with the Wechsler Logical Memory Test (Combined

Score) (r=-0.12) (Table 4).
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Table 4. Pearson Correlation Between Vascular and Cognitive Function Variables

M
3 0w £
=3 s Q e v 28 5 2
Q 5% 2 < ® o ° o
=, 7 o = o °
5 5 2 S g ® 2 g 3
3, 38 2 ® > o N 3
2 g 5 B 2
o o o
Rey AVLT Immediate (forget score) 0.24 0.062 Small 62 0.00227
Rey AVLT Delayed and Recognition 0.21 0.098 Small 62 0.00455
(Recognition False Positives)
Reverse Corsi Block Test (Product 0.13 0.318 Small 63 0.0174
Score)
Wechsler Logical Memory Test 0.13 0.352 Small 52 0.0197
(Delayed Total Score)
Number Span Backward (Length of 0.12 0.349 Small 62 0.0189
Longest Series)
Rey Complex Figure Drawing Delayed 0.12 0.369 Small 62 0.0205
(Total Time)
Wechsler Logical Memory Test 0.11 0.451 Small 52 0.025
(Combined Total)
Benton JLO (No. Correct) 0.07 0.574 Weak 62 0.0303
Number Span Backward (No. 0.07 0.579 Weak 62 0.0311
»  Correct)
i, Wechsler Logical Memory Test 0.07 0.613 Weak 52 0.0318
&  (Immediate Total Score)
& Trail Making Test Difference (s) 0.05 0727 Weak 62 0.0363
r_nu Brooks Spatial Memory (% Correct) 0.04 0.768 Weak 62 0.0379
3 D-KEFS Color Word Interference Test 0.01 0.948 Weak 62 0.0485
(Inhibition/Switching Scaled Score)
Rey AVLT Delayed and Recognition -0.01 0.963 Weak 62 0.0492
(Recognition Hits)
D-KEFS Tower Test (Total -0.01 0.916 Weak 63 0.0462
Achievement Score)
MoCA -0.02 0.885 Weak 62 0.0439
Rey Complex Figure Drawing -0.02 0.905 Weak 62 0.0455
Immediate Time (s)
Rey AVLT Immediate (Learn Score) -0.03 0.816 Weak 62 0.0409
Rey Complex Figure Drawing Copy -0.04 0.758 Weak 62 0.0371
Time (s)
Boston Naming Test (No. correct) -0.06 0.625 Weak 62 0.0333
TUG Cognitive Serial 3s (% Correct) -0.06 0.657 Weak 63 0.0341
D-KEFS Color Word Interference Test -0.18 0.157 Small 62 0.0099
(Inhibition Scaled Score)
w D-KEFS Color Word Interference Test 0.28 0.019 Small 68 0.00152
> g o (Inhibition Scaled Score)
s §' ;E, Number Span Backward (No. 0.16 0.206 Small 68 0.0121

Correct)




23

Number Span Backward (Length of 0.16 0.196 Small 68 0.0114
Longest Series)
Rey AVLT Delayed and Recognition 0.12 0.341 Small 68 0.0182
(Recognition False Positives)
D-KEFS Color Word Interference Test 0.02 0.843 Weak 68 0.0424
(Inhibition/Switching Scaled Score)
Rey AVLT Delayed and Recognition 0.02 0.894 Weak 68 0.0447
(Recognition Hits)
Benton JLO (No. Correct) 0.01 0.924 Weak 68 0.047
Boston Naming Test (No. Correct) 0.00 0.985 Weak 68 0.05
Brooks Spatial Memory (% Correct) -0.02 0.864 Weak 68 0.0432
Rey AVLT Immediate (forget score) -0.03 0.793 Weak 68 0.0394
Wechsler Logical Memory Test -0.03 0.84 Weak 57 0.0417
(Delayed Total Score)
Trail Making Test Difference (s) -0.05 0.666 Weak 68 0.0349
Wechsler Logical Memory Test -0.06 0.677 Weak 57 0.0356
(Combined Score)
Wechsler Logical Memory Test -0.08 0.556 Weak 57 0.0288
(Immediate Total Score)
Rey Complex Figure Drawing Copy -0.10 0.43 Weak 68 0.0235
Time (s)
TUG Coghnitive Serial 3s (% Correct) -0.13 0.298 Small 69 0.0167
MoCA -0.19 0.122 Small 68 0.00758
Rey Complex Figure Drawing -0.20 0.108 Small 67 0.00606
Immediate Time (s)
Rey Complex Figure Drawing Delayed -0.20 0.11 Small 68 0.00682
(Total Time)
Reverse Corsi Block Test (product -0.20 0.106 Small 69 0.0053
score)
D-KEFS Tower Test (Total -0.21 0.082 Small 69 0.00379
Achievement Score)
Rey AVLT Immediate (Learn Score) -0.22 0.067 Small 68 0.00303
D-KEFS Tower Test (Total 0.14 0.239 Small 69 0.0144
Achievement Score)
Rey AVLT Delayed and Recognition 0.13 0.297 Small 68 0.0159
(Recognition False Positives
o0 Trail Making Test Difference (s) 0.10 0.399 Small 68 0.022
g Rey Complex Figure Drawing Delayed 0.03 0.794 Weak 68 0.0402
> (Total Time)
2  Rey Complex Figure Drawing -0.01 0.945 Weak 67 0.0477
% Immediate Time (s)
®  Benton JLO (No. Correct) -0.03 0.784 Weak 68 0.0386
E Rey Complex Figure Drawing Copy -0.07 0.562 Weak 68 0.0296
§ Time (s)
X Wechsler Logical Memory Test -0.07 0.619 Weak 57 0.0326
(Delayed Total Score)
Number Span Backward (Length of -0.08 0.492 Weak 68 0.028
Longest Series)
Rey AVLT Immediate (Forget score) -0.09 0.48 Weak 68 0.0273
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Rey AVLT Delayed and Recognition -0.09 0.464 Weak 68 0.0265
(Recognition Hits)
TUG Coghnitive Serial 3s (% Correct) -0.09 0.463 Weak 62 0.0258
Rey AVLT Immediate (Learn score) -0.10 0.434 Weak 68 0.0242
D-KEFS Color Word Interference Test -0.10 0.399 Small 68 0.0227
(Inhibition Scaled Score)
Wechsler Logical Memory Test -0.12 0.374 Small 57 0.0212
(Combined Score)
Reverse Corsi Block Test (Product -0.13 0.288 Small 69 0.0152
Score)
Number Span Backward (No. -0.15 0.234 Small 68 0.0136
Correct)
Wechsler Logical Memory Test -0.16 0.233 Small 57 0.0129
(Immediate Total Score)
Brooks Spatial Memory (% Correct) -0.17 0.173 Small 68 0.0106
MoCA -0.18 0.146 Small 68 0.00909
Boston Naming Test (No. Correct) -0.18 0.131 Small 68 0.00833
D-KEFS Color Word Interference Test -0.31 0.01 Medium 68 0.00076
(Inhibition/Switching Scaled Score) /Moder

ate

Correlation Between Vascular and Motor Function Variables

Average PWV

Average PWV demonstrated moderate negative correlations with several motor function
measures. A notable correlation of r = -0.33 was observed with the DGI (Total Score) (r = -0.33,
p = 0.008), indicating that higher average PWV is associated with reduced overall mobility.
Additionally, a correlation of r = -0.31 was found with Single Leg Stance Average Time (p =
0.013), suggesting that greater PWV values may be related to greater postural instability. Smaller
correlations were also noted for Tandem Leg Stance Average Time (r = -0.27, p = 0.032), and
Average Forward Gait Speed (r = -0.27, p = 0.034) were associated with PWV, indicating that

greater PWV could be related to decreased mobility, postural stability and gait speed.



PWA Aortic Alx
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With Alx, a correlation of r = 0.23 (p = 0.055) was observed with the TUG Single Task

(s). Additionally, Alx was correlated with DGI (Total Score) (r = -0.19, p = 0.122) and 30s Chair

Stand (r =-0.17, p = 0.159).

PWA Buckberg SEVR

The Buckberg SEVR also showed small correlations with motor function. The highest

correlation was observed with Tandem Leg Stance Average Time (r = 0.21, p = 0.083), suggesting

a potential association where higher SEVR may be linked to better performance in balance-related

tasks. (Table 5).

Table 5: Pearson Correlation Between Vascular and Motor Function Variables

Vascular Motor Function Pearso P- Correlation Sampl Correcte
Variable Variable nr Valu Strength esize dAlpha
e
TUG Single Task (s) 0.24 0.058 Small 63 0.01
Tandem Walk (No. of 0.22 0.087 Small 63 0.0133
interruptions)
360 Degree Turn Test Max 0.09 0.464 Weak 63 0.0333
Time (s)
> Average Fast Gait Speed (m/s) -0.07 0.588 Weak 63 0.0383
» Average Backward Gait Speed -0.21 0.091 Small 63 0.0167
& (m/s)
% 30s Chair Stand (No.) -0.22 0.088 Small 63 0.015
° Tandem Leg Stance Average -0.27 0.032 Small 63 0.005
5 Time (s)
Average Forward Gait Speed -0.27 0.034 Small 63  0.00667
(m/s)
Single Leg Stance Average -0.31 0.013 Medium/Moderat 63  0.00333
Time (s) e
DGl (Total Score) -0.33 0.008 Medium/Moderat 63  0.00167
e
© - w TUGS Single Task (s) 0.23 0.055 Small 69  0.00833
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Tandem Walk (No. of 0.07 0.591 Weak 69 0.04
interruptions)
360 Degree Turn Test Max 0.04 0.768 Weak 69 0.045
Time (s)
Single Leg Stance Average -0.02 0.859 Weak 69 0.0467
Time (s)
Tandem Leg Stance Average -0.08 0.5 Weak 69 0.0367
Time (s)
Average Fast Gait Speed (m/s) -0.09 0.466 Weak 69 0.035
Average Backward Gait Speed -0.14 0.258 Small 69 0.025
(m/s)
30s Chair Stand (No.) -0.17 0.159 Small 69 0.0217
DGl (Total Score) -0.19 0.122 Small 69 0.02
Average Forward Gait Speed -0.19 0.113 Small 69 0.0183
(m/s)
Tandem Leg Stance Average 0.21 0.083 Small 69 0.0117
Time (s)
DGl (Total Score) 0.17 0.167 Small 69 0.0233
Average Forward Gait Speed 0.13 0.276 Small 69 0.0267
o (m/s)
g Single Leg Stance Average 0.11 0.365 Small 69 0.0283
> Time(s)
g Average Backward Gait Speed 0.11 0.37 Small 69 0.03
& (m/s)
o% 30s Chair Stand (No.) 0.06 0.635 Weak 69 0.0417
i Average Fast Gait Speed (m/s) 0.04 0.75 Weak 69 0.0433
’<° TUG Single Task (s) 0.02 0.9 Weak 69 0.0483
360 Degree Turn Test Max -0.01 0.905 Weak 69 0.05
Time (s)
Tandem Walk (No. of -0.09 0.453 Weak 69 0.0317

interruptions)

Correlation strengths are categorized as Weak, Small, Medium/Moderate, and Large/Strong
Correlation Between Vascular and Motor-Cognitive Function

Average PWV

Average PWV displayed small correlations with specific motor-cognitive measures. A
correlation of r = 0.22 (p = 0.09) was observed with TUG Manual, suggesting that higher PWV

may be associated with longer task completion times in this motor-cognitive task. A similar
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correlation was noted with TUG Cognitive Dual Task (s) (r =0.19, p = 0.139), implying increased

average PWV may negatively influence dual-task performance.

PWA Aortic Aix

The PWA Aortic Alx exhibited small correlations with motor-cognitive measures, though
weaker than PWV. A correlation of r = 0.15 (p = 0.228) was found with FSST (Best Time).
However, correlations with TUG Manual (s) (r = 0.02, p = 0.89) and TUG Cognitive Dual Task
(s) (r = 0.03, p = 0.783) were weak, indicating no strong influence on motor-cognitive

performance.

PWA Buckberg SEVR

The PWA Buckberg SEVR showed small correlations with a few motor-cognitive function
measures. The strongest association was observed with FSST (Best Time) (r = -0.18, p = 0.146),
suggesting that higher SEVR may be linked to shorter task completion times. Other correlations,
including BPST (Product Score) (r = 0.09, p = 0.476) and TUG Cognitive Dual Task (s) (r = 0.08,
p = 0.496), were very weak, reinforcing that SEVR has a minimal relationship with motor-

cognitive integration (Table 6).

Table 6: Pearson Correlation Between Vascular and Motor-Cognitive Function

Vascular Motor Cognitive Function Pearso P- Correlatio Sampl correcte

Variable Variable nr Value nStrength eSize dAlpha
> TUG Manual (s) 0.22 0.09 Small 63 0.00333
52 TUG Cognitive Dual Task (s) 0.19 0.139 Small 63 0.00667
3 BPST (Product of Span and 0.12 0.336 Small 63 0.0167
% Trials)
g TUG Cognitive (% correct) -0.01 0912 Weak 63 0.0433
< FSST (Best Time) -0.02 0.871 Weak 63 0.0367
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FSST (Best Time) 0.15 0.228 Small 69 0.0133
TUG Cognitive Dual Task (s) 0.03 0.783 Weak 69 0.0333
® TUG Manual (s) 0.02 0.89 Weak 69 0.04
o TUG Cognitive Dual Task (% -0.01 0.936 Weak 69 0.0467
E correct)
> BPST (Product of Span and -0.1 0.42 Weak 69 0.02
& Trials)
; BPST (Product of Span and 0.09 0.476 Weak 69 0.0233
x Trials
TUG Cognitive Dual Task (s) 0.08 0.496 Weak 69 0.0267
- TUG Manual (s) 0.04 0.719 Weak 69 0.03
§ o TUG Cognitive Dual Task (% 0 0.986 Weak 69 0.05
ﬁ g = correct)
X m > FSST (Best Time) -0.18 0.146 Small 69 0.01

Multivariate Regression Analysis of Age and Gender and Vascular Variables

Multivariate regression analyses revealed that advancing age was significantly associated

with increased arterial stiffness, particularly within Aortic AlIx (B = 0.5, p = 0.046). Gender

differences were also noted with higher Aortic Alx in males (B = 7.4, p = 0.033) and lower

Buckberg SEVR in males (= -15.4, p = 0.023), suggesting that male and female participants may

experience differential vascular responses as they age (Table 7).

Table 7: Multivariate Regression Model Coefficients for the Effect of Age and Gender on
Vascular Variables (N = 62)

response term estimate std.error p.value

Average PWV age 0.1 0.0 0.123
gender -1.0 0.6 0.102

Aortic Alx age 0.5 0.2 0.046*
gender 7.4 3.4 0.033*
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Buckberg SEVR age -0.7 0.4 0.109

gender -15.4 6.6 0.023*

Multivariate Regression Analysis of Vascular Variables and Motor-Cognitive, Motor and
Cognitive Function Adjusted for Age, Gender, and Ethnic Background
Four Square Step Test (FSST - Best Time)

Average PWV demonstrated a negative association with FSST scores (3 =-0.17, SE=0.18,
p = 0.345), though this result was not statistically significant. Similarly, PWA Buckberg SEVR
showed a small negative association ( = -0.03, SE = 0.02, p = 0.104), In contrast, PWA Aortic
Alx exhibited a small positive association (f = 0.06, SE = 0.03, p = 0.078).

Timed Up and Go (TUG) Cognitive Dual Task (Time in Seconds)

In the Timed Up and Go (TUG) Cognitive Dual Task, average PWV had a non-significant
positive association (B =0.52, SE=0.37,p=0.172).

Mini-Balance Evaluation Systems Test (Mini-BEST - Total Score)

For the Mini-BEST Total Score, average PWV was significantly associated with lower
Mini-BEST scores (f =-0.38, SE =0.16, p = 0.022).

D-KEFS Color Word Interference Test (Inhibition/Switching Scaled Score)

For the D-KEFS Color Word Interference Test (Inhibition/Switching Scaled Score), no
significant associations were found between average PWV (B = 0.04, SE = 0.26, p = 0.864) or
PWA Aortic Alx (B = 0.00, SE = 0.05, p = 0.952) and executive function performance. However,
PWA Buckberg SEVR showed a negative association that approached statistical significance (B =

-0.05, SE=0.02, p = 0.051).



Montreal Cognitive Assessment (MoCA - Total Score)
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In the Montreal Cognitive Assessment (MoCA - Total Score), average PWV showed no

significant relationship with MoCA scores (B =0.16, SE=0.21, p=0.447). However, PWA Aortic

Alx was significantly associated with lower MoCA scores (3 =-0.08, SE =0.04, p=0.043) (Table

).

Table 8. Multivariate Regression Model Coefficient for the Effect of VVascular Variables and

Motor-Cognitive, Motor, and Cognitive Function Adjusted for Age, Gender, and Ethnic

Background (N = 62)

Dependent Term Estimate  std.error p.value
Average PWV -0.17 0.18 0.345
PWA Aortic Alx  0.06 0.03 0.078
A. FSST (Best Time)
PWA Buckberg -0.03 0.02 0.104
SEVR
Average PWV 0.52 0.37 0.172
PWA Aortic Alx  0.00 0.07 0.974
B. TUG Cognitive Dual
PWA Buckberg 0.03 0.03 0.458
Task (s)
SEVR
Average PWV -0.38 0.16 0.022*
PWA Aortic Alx  -0.03 0.03 0.276
C. Mini-BEST (Total
Score) PWA Buckberg 0.02 0.01 0.163
SEVR
D. D-KEFS Color Word Average PWV 0.04 0.26 0.864
Interference Test
PWA Aortic Alx 0.00 0.05 0.952
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(Inhibition/Switching PWA Buckberg 0.051
-0.05 0.02
Scaled Score) SEVR
Average PWV 0.16 0.21 0.447
E. MoCA (Total Score) PWA Aortic Alx  -0.08 0.04 0.043*
PWA Buckberg 0.487
-0.01 0.02
SEVR
Discussion

Cardiovascular diseases (CVDs) remain the leading cause of global mortality, accounting
for approximately 17.9 million deaths annually, as reported by the World Health Organization
(WHO, 2021). A growing body of evidence highlights the critical role of vascular health in
maintaining cognitive and motor functions, particularly in older adults. This study investigated the
relationship between aspects of vascular function including arterial stiffness, aortic augmentation
index, and subendocardial viability ratio and their association with cognitive-motor performance
in older individuals with MCI. Additionally, the influence of age and gender on these relationships

was examined.

The results revealed a weak but significant correlation between arterial stiffness and
cognitive performance, while a moderate negative correlation was observed between PWV and
motor function. Furthermore, a significant association was found between advancing age and

increased arterial stiffness, underscoring the role of vascular aging in functional decline.

Cognitive Function and Vascular Health in MCI Patients
This study's findings reveal a weak but significant association between increased arterial
stiffness and cognitive deficits in patients with MCI. Specific cognitive domains affected include

executive function, information processing speed, attention, and memory. These outcomes are
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consistent with the work of Nordlund et al. (2007), which indicated that MCI patients with
vascular disease exhibit more severe cognitive impairments compared to their non-vascular
counterparts. Similarly, Siuda et al. (2007) demonstrated that MCI patients with vascular risk
factors face greater deficits in learning, short-term memory, and information retrieval. Our
findings further support the notion that vascular aging may exacerbate cognitive decline through
mechanisms such as reduced cerebral blood flow, oxidative stress, and neurovascular

uncoupling.

The link between vascular health and cognitive function is reinforced by Viticchi et al.
(2012), who found that structural and functional vascular abnormalities, including increased
intima-media thickness (IMT) and carotid plaque index, correlate with a higher risk of MCI
progressing to AD. Moreover, Lorius et al. (2015) highlighted that vascular risk factors such as
hypertension and atherosclerosis contribute to accelerated cognitive decline. Collectively, these
findings emphasize the importance of maintaining vascular health in preserving cognitive
function and suggest that interventions targeting vascular risk factors may help mitigate

cognitive decline in MCI patients.

Nonetheless, some studies present conflicting evidence. Cheng et al. (2023) suggested
that vascular aging does not always correlate with cognitive decline, as individual factors like
cognitive resilience, genetics, and lifestyle may influence this relationship. While our study
indicates a clear connection between vascular parameters and cognitive performance, these
conflicting results underscore the need for further research to delve into the complex interplay

between vascular health and cognitive function.

Motor Function and Vascular Health in MCI Patients
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In terms of motor function, our study uncovered a moderate negative correlation between
arterial stiffness and motor performance, particularly in balance, postural stability, and gait. This
aligns with findings from Frisoni et al. (2002), who reported that MCI patients with vascular
features have poorer balance and gait stability compared to those with degenerative MCI.
Stojkovic et al. (2018) further supported this, suggesting that vascular risk factors and white
matter lesions (WML) correlate with motor impairments in MCI, Parkinson’s disease, and

dementia.

These results reinforce the hypothesis that vascular aging contributes to motor
dysfunction due to reduced perfusion to motor-related brain areas and impaired neurovascular
coupling. A systematic review by Koppelmans et al. (2022) underscored that MCI and
Alzheimer’s patients frequently exhibit widespread motor deficits, including reduced gait speed
and impaired motor control, likely as a result of diminished cerebral blood flow and altered
motor-cognitive interactions. Fitzgibbon-Collins et al. (2024) also reported an association
between increased pulsatility index (PI) in the middle cerebral artery and reduced gait speed,

supporting our observation linking arterial stiffness to motor performance.

However, some literature suggests that the relationship between vascular health and
motor function might be influenced by other factors. For instance, Ishihara et al. found that
activities of daily living (ADL) had a stronger correlation with cognitive decline than motor
variables like gait speed and balance. Additionally, Cheng et al. (2023) posited that factors such
as physical activity and vascular resilience could play a protective role, indicating that vascular
aging does not universally lead to motor decline. This complexity highlights the necessity of
further research to elucidate the intricate relationship between vascular health and motor function

in individuals with prodromal AD.
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Multivariate Regression Analysis

Initial correlation analyses revealed associations between vascular health and variables of
motor, motor-cognitive, and cognitive performance that ranged from weak to moderate in

strength.

These relationships were examined through multivariate regression models that
controlled for confounding factors such as age, gender, and ethnic background. Results
demonstrated that Aortic Alx% were significantly associated with MoCA total scores, suggesting
that vascular efficiency is directly linked to cognitive performance. Conversely, after adjusting
for age and gender, PWV did not show a significant association with cognitive function,

implying that previous correlations may have been confounded by age-related vascular changes.

For motor function, the Mini BEST Total Score exhibited a moderate negative
multivariate regression with PWYV, confirming that greater arterial stiffness impairs postural
stability. Additionally, Buckberg SEVR% was significantly associated with the FSST Best Score,
indicating that vascular efficiency affects dynamic balance and stepping ability. These findings
reinforce the vascular hypothesis of functional decline, underlining the role of arterial stiffness in
motor impairments and highlighting the significance of vascular self-regulation in maintaining

cognitive resilience.

Impact of Age and Gender on Vascular Health and Cognitive-Motor Function
Multivariate regression analysis indicated that vascular aging is a natural process
associated with increasing age, resulting in heightened arterial stiffness and decreased vascular

efficiency. Specifically, older age correlated significantly with higher Aortic AIx%, signifying
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increased arterial stiffness and diminished elasticity of central arteries. These findings align with

Moreau et al. (2020), who noted that vascular aging accompanies reduced arterial elasticity.

The study also identified gender differences in vascular function. Men exhibited higher
Aortic AIx% and lower SEVR% compared to women, suggesting a greater risk for
atherosclerosis and decreased vascular efficiency among men. This aligns with Maier et al.
(2023), who found that vascular aging commences earlier in men but accelerates in women post-
menopause. Additionally, Ji et al. (2022) emphasized that sex differences in vascular aging may

arise from complex interactions among hormones, lifestyle, and environmental factors.

Given that vascular dysfunction is a modifiable risk factor, these results highlight the
necessity for incorporating vascular health monitoring into assessments of cognitive aging.
Future preventive strategies, including aerobic exercise, antihypertensive therapy, and dietary
interventions, should be explored as potential approaches to mitigate vascular contributions to
cognitive and motor decline. Future research should also focus on personalized vascular health
strategies tailored to at-risk populations to enhance functional independence among aging

individuals.

Limitations of the Study

This study has several limitations that should be acknowledged. First, its cross-sectional
design means that the findings are correlational and cannot establish causality between vascular
health and motor-cognitive function. Additionally, the lack of a control group comprising healthy
older adults limits our ability to draw deeper insights regarding the effects of vascular aging. Lastly,
the study primarily focused on arterial stiffness while neglecting other essential vascular factors
such as blood pressure, cholesterol levels, and inflammation, which could also influence cognitive

and motor outcomes.
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Suggestions for Future Research

Future research should explore various avenues to enhance understanding of the
relationship between vascular health and cognitive-motor function. Investigating sex differences
and the potential impact of hormonal variations on vascular health would provide valuable
insights. Additionally, studies should examine the effects of therapeutic interventions, such as
aerobic exercise and antihypertensive medications, on cognitive and motor function in older adults.
Longitudinal studies would also be beneficial in assessing vascular changes over time and
identifying predictors of cognitive decline. Moreover, including a control group of healthy older

adults in future research would facilitate more precise comparisons and strengthen the findings.

Conclusion

This study underscores the intricate relationship between vascular health and cognitive-
motor function in older adults with MCI. Increased arterial stiffness was linked to diminished
cognitive and motor performance, although the extent of these associations varied. Notably, age
and gender differences in vascular health emerged as significant factors, highlighting the necessity
for personalized interventions aimed at maintaining functional independence in this population.
These findings emphasize the importance of early interventions that target vascular risk factors to
help mitigate cognitive and motor decline among aging individuals, increasing the quality of life

for older adults and decreasing healthcare burden.
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