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Abstract

Cardiovascular Function, Cortical Thickness and Cognitive

Performance in Middle-aged Hispanic Adults

Evan Pasha, M..S. Kin.
The University of Texas at Austin, 2014

Supervisor: Hirofumi Tanaka

Background: Alzheimer’s disease (AD) prevalence has grown 68% in that timeframe,
and has risen to the sixth leading cause of death in the United States. Hispanics are at
increased risk of acquiring cardiovascular risk factors that contribute to AD pathology
and are minimally 1.5 times more likely at any age to be diagnosed with AD. Identifying
the roots of this ethnic disparity can lead to more effective personalized health
interventions. Aim: To compare indices of vascular health to measures of gray matter
integrity in middle-aged Hispanic and Caucasian adults. As a secondary outcome, we will
examine these health statuses in relation to cognitive function. Methods: Sixty subjects
in Caucasian (n=30) and Hispanic (n=30) groups were matched across racial
classification by age, gender, years of education, and cognitive status. Participants’
arterial stiffness (carotid-femoral pulse-wave velocity and B-stiffness index), arterial
wave reflection (augmentation index), endothelial function (flow-mediated dilation), and
atherosclerosis (carotid arterial wall intima-media thickness) were characterized.

Magnetic resonance imaging (MRI) estimated cortical thickness in a priori cortical
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regions of interest known to be susceptible to vascular risk factors. Cognitive function
was assessed with a comprehensive cognitive battery covering the domains of global
cognitive function, language function, visuo-spatial abilities, memory function and
attention-executive function. Results: Carotid-femoral pulse wave velocity (cfPWV)
(p=0.02), Carotid artery B-stiffness index (p=0.01), and augmentation index (Aix)
(p=0.05) were significantly greater in Hispanics than in Caucasians. Carotid intima-media
thickness (IMT) and flow-mediated dilation (FMD) were not different between the
groups. Hispanics exhibited thinner left inferior frontal gyrus (LIFG) cortical thickness
(p=0.04) with concurrently lower language (p=0.02), memory (p=0.03), and attention-
executive functioning (p=0.02). Conclusion: Hispanics exhibited significantly greater
cfPWV, Aix, and B-stiffness index as well as selective cortical thinning of the LIFG.
Additionally, language, working memory and attention-executive domains of cognition
were lower in the Hispanic group compared to their age-, gender-, education- and
cognitive status-matched Caucasian counterparts. These results may form a basis for
future investigations that aim to explain the increased prevalence and earlier onset of

symptoms of AD in the Hispanic population through cardiovascular health.
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INTRODUCTION

Although the overall mortalities from heart disease, stroke, and prostate cancer have
declined between the years 2000 and 2010, Alzheimer’s disease (AD) prevalence has grown 68%
in that timeframe, and has risen to the sixth leading cause of death in the United States (Thies,
2013). Almost a million new AD diagnoses will be expected annually by 2050 (Thies, 2013).
People aged 65 years and older are the largest growing segment of the population and this cohort
is expected to double by 2030, comprising 20% of the total population (CDC, 2007). The cost of
dementias was $203 billion in 2012, and this economic burden will continue to rise as the
population ages (Thies, 2013).

The Hispanic population will constitute the largest proportion (20%) of all minority
groups (US Census, 2008). Hispanics are 3 times more likely than Caucasians at ages 55-64
years to exhibit cognitive impairment (Thies, 2013). Additionally, Hispanics typically present
with symptoms on average 6.8 years earlier in life than Caucasians (Clark, 2005). Identifying
the roots of this ethnic disparity can lead to more effective personalized health interventions.
Such disparities may be found in the prevailing theory of AD pathogenesis, the vascular
hypothesis. The vascular hypothesis of AD is that cerebral perfusion declines during the normal
aging process, but worsens with the accumulation of vascular risk factors, creating a critically
attained threshold of cerebral hypoperfusion (CATCH) that result in a faster cognitive and
functional decline (de la Torre, 2012; Kume 2011, Solfrizzi, 2004). US-born Mexican
Americans are more likely to develop high blood pressure, metabolic dysfunction, and
inflammation risk factors than Caucasians (Crimmins, 2007). Many of these risk factors overlap
with those buttressing the vascular hypothesis of AD and negatively impact cognition (den

Heijer, 2005, Leritz, 2009) even at subclinical levels (Kennedy 2009, Leritz, 2010, 2011)



making early identification and prevention critical. Indeed the Hispanic population has increased
prevalence of AD and likelihood of developing precursors with earlier symptom onset.
Therefore, targeted study of AD pathology in Hispanics is of the utmost importance. Despite the
approximately 73,000 articles published on AD in the last two decades (de la Torre, 2012), to
our knowledge, no group has rigorously investigated the relationship of indices of cardiovascular
health and gray matter in relation to cognitive function in Hispanics.

Accordingly, the aim of the present study was to compare indices of vascular health to
measures of gray matter integrity in middle-aged Hispanic and Caucasian adults. As a secondary
outcome, we will examine these health statuses in relation to cognitive function. In order to
comprehensively address these objectives, we characterized a variety of participants’ vascular
functions, including arterial stiffness via pulse wave velocity and B-stiffness index, arterial wave
reflection via augmentation index, endothelial function via flow-mediated dilation (FMD), and
atherosclerosis via carotid arterial wall intima-media thickness. Magnetic resonance imaging
(MRI) was used to estimate cortical thickness in a priori cortical regions of interest (ROI) known
to be susceptible to vascular risk factors (Leritz, 2011) to detect early gray matter morphological
changes. To assess cognitive function, participants completed a comprehensive cognitive
battery. We hypothesized that the Hispanic population would have greater arterial stiffness with
reduced cortical thickness in specific brain regions related to cardiovascular disease. These
phenotypes were expected to relate to cognitive performance and race was expected to moderate

this relationship.



REVIEW OF LITERATURE

DEMENTIA
Dementia is a disease that encompasses many subsets that all present in characteristic

decline in memory and cognitive function that leads to a loss of independent function
(Plassman, 2007). Although there are many subcategories of dementia, Alzheimer’s Disease
(AD) is undoubtedly the most common form, accounting for an estimated 60-80% of cases
(Thies 2013). Individuals who have the disease suffer progressively worse symptoms as
pathology accumulates. Early symptoms of AD include apathy and depression with later
symptoms of impaired judgment, disorientation, confusion, and difficulty speaking or walking.
Ultimately the disease can result in mortality with respiratory infection as the most common
immediate cause (Molsi, 1986). The presentation of symptoms is determined by the amount of
accumulated pathology within the individual (Stern, 2002). While brain and cognitive reserve
have been hypothesized to delay the presentation of AD symptoms (Stern, 2002), there is no
cure for the disease. Sadly, one is unlikely to be found with our present technologies, simply
because dead neurons cannot be restored to their original state (de la Torre, 2010). The
prevalence of this debilitating disease is rising with some populations more vulnerable than

others.

ALZHEIMER’S DISEASE PREVALENCE AND RISK
The prevalence of AD has grown 68% from years 2000 through 2010 and has risen to the

sixth leading cause of death in the United States (Thies, 2003). The number of new AD
diagnoses is rapidly increasing. An estimated 411,000 new cases of AD were diagnosed in 2000
with a projected one million made annually by 2050 (Herbert, 2001). The greatest independent

risk factor known for AD is age. The segment of the U.S. population 65 years and older is



expected to double by 2030 and comprise 20% of the total population (CDC, 2007). Hispanics
will constitute the largest minority group of this segment, representing 20% of the elder
population. This growth is of great concern, as Hispanics are three times more likely than whites
to exhibit cognitive impairment between the ages of 55-64 and 1.6 times at ages 85 and older.
From these and other data, the Alzheimer’s Association estimates that older Hispanics are at
least 1.5x more likely than whites to develop AD and other forms of dementia at any age.
Additionally, Hispanics typically present with symptoms on average 6.8 years earlier in life
(Clark 2005). Determining the root of the disparate prevalence of AD is of the utmost

importance for designing effective individualized interventions for all populations.

DISPARITY ROOTED IN GENETICS?
The development of AD is definitively multi-factorial, stemming from genetic

predisposition, environmental influence and vascular risk factor clustering. The apolipoprotein E
(ApoE) gene represents a genetic factor that increases an individual’s risk for developing AD.
One form of the ApoE gene is inherited from each parent. Those who inherit the e4
polymorphism from one parent have a heighted risk of AD, and those who inherit the e4 from
both parents have even further risk. The prevalence of this particular polymorphism is 13.1% and
14.2% in Caucasians and Hispanics respectively (Tang 1998). When the deleterious e4
genotype of ApoE is inherited from one parent, whites had 3.2 times increased likelihood of
developing AD compared to 2.2 times in Hispanics (Farrer, 1997). Therefore, the passing of this
gene is likely not the root of the disparity in AD prevalence and onset of symptoms between
Caucasians and Hispanics. Ostensibly, it is more probable that differential pathology

accumulated throughout the lifespan accounts for observed prevalence differences.



DISPARATE RISK FACTOR ACCUMULATION
Epidemiological data from the National Health and Nutrition Examination Survey

(NHANES) III reported ethnic differences in metabolic syndrome risk factors. Metabolic
syndrome is the possession of multiple metabolic abnormalities that are associated with greater
risk for developing insulin resistance, cardiovascular disease and all cause mortality
(Mozumdar, 2011). These metabolic maladies include central obesity (waist circumference:
>102 cm and >88; men and women respectively), dyslipidemia (triglycerides =150 mg/dl; HDL
men <40 mg/dl; women <50 mg/dl), hypertension (=130/=85 mm Hg), and elevated fasting
glucose (=110 mg/dl) (Mottillo, 2010). According to NHANES III, Mexican Americans had the
highest prevalence of Metabolic Syndrome among any demographic from 1999-2006 of 36.6%
for men and 42.65% for women after adjusting for age (Mozumdar,2011). Similarly, in a
separate study, Mexican Americans were found more likely to develop blood pressure,
metabolic, and inflammation risk factors than Caucasians after accounting for age and gender
(Crimmins, 2007). Importantly, these differences disappear when adjusting for education and
socioeconomic status, suggesting that environmental factors may be critical. Nonetheless, when
placing the differences of cardiovascular and metabolic risk factor accumulation in context with

proposed models of AD pathogenesis, racial prevalence differences of AD may be explainable.

VASCULAR HYPOTHESIS OF ALZHEIMER’S DISEASE
The vascular hypothesis of AD asserts that accumulation of vascular risk factors such as

hypertension, hyperlipidemia and metabolic syndrome exacerbates an already declining cerebral
perfusion that occurs with aging (de la Torre, 2012). These risk factors can exist silently in
cognitively intact individuals for decades before symptoms are expressed. These risk factors
individually and synergistically disturb hemodynamics leading to a critically attained threshold

of cerebral hypoperfusion (CATCH) (de la Torre, 2000). Once CATCH is reached, clearance of



harmful toxins that can traumatically affect neurons is limited, leading to neuronal dysfunction.
A schematic of nuanced progression to dementia by ethnicity is proposed in Figure 1. With
cardiovascular and cognitive health undeniably linked, potentially any risk factor or disease state
that limits cerebral perfusion could contribute to dementia through the vascular hypothesis
model. While each risk factor merits individual investigation, their resulting effect of disrupted

hemodynamics proximal toa compromised cerebral autoregulation will be discussed.

INDICES OF CARDIOVASCULAR FUNCTION
Major indices of cardiovascular function that reflect cardiovascular function and help

govern hemodynamics that are highly related to risk factor accumulation are arterial stiffness,
blood pressure wave reflection, and B-stiffness. Other measures of interest that reflect
atherosclerosis and vessel function are carotid intima-media thickness (cIMT) and flow-mediated

dilation (FMD).

ARTERIAL STIFFNESS. The stiffness of a central segment of the vasculature can be assessed by
measuring carotid-femoral pulse wave velocity (cfPWV). This value is determined by detecting
the transit time of a pulse wave over a measured distance from sites at the carotid and femoral
arteries (Rhee, 2008). Increases in arterial stiffness can compound the reflection of the incident

pressure wave.

AUGMENTATION INDEX. Reflected pressure waves stem from reflection points throughout the
arterial tree. With aging the reflected pressure waves occur earlier in the cardiac cycle,
augmenting central systolic blood pressure and decreasing diastolic pressure (Rhee, 2008). This

phenomenon effectively widens the pulse pressure and exposes vessels to greater pulsatility. An



assessment of this reflected wave form is the augmentation index (AIx) which is calculated as
the difference between the peak systolic pressure and the first shoulder of the incident wave

expressed as a percentage of the pulse pressure (Rhee, 2008).

BETA-STIFFNESS. Distending pressure plays a crucial role in determining lumenal diameter. An
alternative measure of arterial stiffness accounts for this relationship by calculating arterial
compliance independent of blood pressure called the 3-stiffness index. To conduct this measure,
B-mode ultrasound is used to capture vessel diameter 2-3 centimeters proximal to the carotid
artery bulb and is coupled with beat-to-beat pulse pressures obtained from applanation tonometry
on the contralateral carotid artery. [-stiffness is then calculated from diameter and pressure
values attained over ten cardiac cycles with the equation =In(SBP/DBP)xD/AD where SBP and

DBP are systolic and diastolic blood pressure and D is diameter (Rhee, 2008).

ATHEROSCLEROSIS. An early indicator of atherosclerosis in the carotid artery is cIMT. This
marker is also obtained from images recorded by high-resolution B-mode ultrasound also taken
2-3 centimeters proximal to the carotid artery bulb. From these images, electronic calipers can
trace the thickness of the intima and media of the near vessel wall during diastole over the course

of multiple cardiac cycles, yielding an average cIMT.

ENDOTHELIAL FUNCTION. The function of vascular endothelium also largely determines the
diameter of a vessel. Flow-mediated dilation (FMD) is a non-invasive ultrasound method that is
proposed as a marker of endothelial function. To perform FMD, the diameter of the brachial

artery is measured with specialized software from images captured with a high-resolution



ultrasound probe before and after reactive hyperemia induced by five minutes of forearm cuff
occlusion (Uehata, 1997). The difference of the pre and post diameter is expressed as a

percentage of the baseline value.

CARDIOVASCULAR FUNCTION AND COGNITION
Each measure described above has been independently linked to cognition and AD

pathology. A study examining the relationship between arterial and cognition determined that
increased cfPWYV was associated with lower Mini-Mental Examination Score (MMSE), a
measure of global cognitive function (Zhong, 2014). Furthering arterial stiffness as an indicator
of AD pathology, PWV was associated with 3-amyloid deposition in the brains, a hallmark AD
pheonotype of very elderly adults (Hughes, 2013). Furthermore, multiple studies using cfPWV
were able predict cognitive decline (Poels, 2007; Benetos, 2011), and find associations with
domains of cognition including psychomotor speed (Watson 2011), verbal learning, and memory
(Waldstein, 2008) at various ages. The relationship between arterial stiffness and cognitive
decline is wonderfully summarized in a systematic review and meta-analysis by Pase et al. 2012.
The Alx and p-stiffness index have similarly been investigated in relation to cognition. AIx was
shown to be an independent predictor of speed of memory, although did not affect working
memory or attention (Pase, 2010). B-stiffness index has been proposed as a potential risk factor
for dementia (Mororvic, 2009; Jurasic, 2009).

Similarly, severe cIMT was associated with decreased MMSE scores in one study
(Xiang, 2013) and poor cognitive performance in visuospatial skills and speed, verbal memory
and verbal fluency domains in another (Lopez-Oloriz, 2013). Finally, endothelial dysfunction
measured by FMD is associated with mild cognitive impairment, maintenance of ability to

perform activities of daily living yet exhibit cognitive decline, (Tremblay, 2013) measured on



the MMSE (Vendemiale, 2013). A different investigation showed that higher FMD predicted
better executive function (Smith, 2011). Reduced diameter of vessels perfusing the brain may
explain these observed relations of decreased cardiovascular and cognitive function. Plaque or
clot formation measured with cIMT is indicated by greater thickness and typically localizes to
bends and branches of the arterial tree. These buildups serve to narrow the vasculature (de la
Torre, 2009). Further limiting vessel diameter is endothelial dysfunction as measured by FMD.
According to Poiseuille's Law, flow through a conduit is proportional to the radius of the vessel
to the fourth power. Therefore, any alterations in a vessel’s diameter from narrowing or loss of

endothelial function could dramatically reduce blood flow to the brain.

MIDLIFE RISK IDENTIFICATION
Over 73,000 research articles have been published on the topic of AD, yet to this day,

there is no known pharmaceutical or lifestyle intervention known to reverse the effects of AD
and restore cognitive health (de la Torre, 2012). If in fact the vascular hypothesis model
correctly describes the pathogenesis of dementia and AD, by the time symptomatic AD has set
in, it’s pathology is likely irreversible. As a result, a turning point in its mitigation may be early
identification of the previously discussed risk factors during midlife. Detection of modifiable
risk factors and adverse cardiovascular health indices could appropriately identify individuals at
heightened risk for subsequent AD diagnosis.

At midlife, these risk factors are identifiable, yet CATCH may not be reached. At this
critical time point, pharmaceutical or lifestyle interventions such as diet and exercise may protect
against, slow or even stop the progress of non-genetic related disease. A cross-sectional study
support this idea in which aerobic fitness was associated with higher memory performance

(Tarumi, 2013). A case-control study in which exercise measures were obtained on average 31



years prior to the onset of dementia found that light and regular exercise was associated with
reduced odds of dementia diagnosis compared to being sedentary (odds ratio [OR] =0.63, 95%
confidence interval [CI], 0.43-0.91 and OR=0.34, 95% CI, 0.16-0.72 respectively) (Andel,
2008). These data are encouraging that ameliorating risk factors identified in midlife through

interventions such as aerobic exercise may stem the rise of AD.

BRAIN REGIONS ASSOCIATED WITH CARDIOVASCULAR RISK FACTORS
Clearly there an association exists between cardiovascular and cognitive health. While

the exact mechanisms by which each risk factor may confer reduced cognitive function are
unknown, they appear to preferentially target specific regions of the brain. A cross-sectional
assessment of cortical thickness across ages 43-83 identified which specific regions exhibit
structural changes in relation to cardiovascular and metabolic risk factors and are outlined in
Tables 1 and 2 for the left and right hemispheres respectively (Leritz, 2011). Accordingly, other
groups buttressed these findings showing hypertension is related to cortical atrophy in regions
related to AD (den Heijer, 2005). Type-2 diabetes also appears related to reduced cortical
thickness in the medial temporal lobe of patients with AD (Biessels, 2006), supporting the idea
that acquired insulin insensitivity is deleterious to brain structure. It is argued that even at
subclinical levels, these risk factors negatively impact brain structure and function in specific
processing regions (Leritz, 2009). Not only do these associations exist, with advancing age, the
presence of hypertension and dyslipidemia accelerated declines in cerebral perfusion and cortical
atrophy in a four-year longitudinal follow-up study (Meyer, 1999). The accumulation of
cardiovascular and metabolic risk factors disrupts normal brain function in specific brain regions,
and their continued presence places individuals on the fast track to cognitive decline and

dementia. The regions associated cardiovascular function are responsible for many domains of

10



cognition including global function, crystalized intelligence, information processing, visuo-
spatial processing, executive function, memory and attention. Damages to these areas may confer
cognitive impairment and symptomatic AD. Therefore, further investigation characterizing the

relationship of each risk factor to specific brain regions and cognitive performance is of merit.

GRAY MATTER INTEGRITY MEASUREMENT BY CORTICAL THICKNESS
Gray matter volume is defined as the amount of grey matter that lies between the grey-

white interface and the pia mater (Winkler, 2010). Cortical thickness is a validated measure of
gray matter, as the two are highly associated. To measure cortical thickness, magnetic resonance
imaging (MRI) conducts T; — weighted anatomical scans of the entire brain using a high-
resolution spoiled gradient echo sequence (256 x 256 matrix, field of view = 24 x 24 cm’, Imm
slice thickness, 0 gap). From MRI scans, regions of interest can be targeted by creating spheres
5 mm in diameter around a central coordinate for the chosen regions according to the Talairach
and Tournoux atlas (Seo, 2007) using specialized software (Du, 2007). Using this method,
examination of brain regions associated cardiovascular and metabolic risk factors can be

accomplished.

DOMAINS OF COGNITIVE FUNCTION AND ASSESSMENT
Beyond quantifying gray matter integrity as a metric of brain structure, cognitive function

can be assessed through the use of cognitive tests directed at specific domains of cognition. The
major domains of cognition include global cognitive function, intelligence, language, memory,
executive function, and attention. Each of these domains are susceptible to aging and AD. The
MMSE is a measure of global cognitive function as it incrporates questions taxing multiple

cognitive domains. The Weschler Adult Intelligence Scale (WASI) also has many subtests and

11



is composed of questions testing verbal comprehension, perceptual reasoning, and working
memory. Verbal fluency can be tested by having an individual name as many words as possible
that begin with a certain letter, or within a category such as animals. Memory can be assessed
when a subject is asked to repeat a successively longer string of numbers with immediate or
delayed recall in a test known as the Digit Span. When reciting the numbers in reverse order,
executive function is challenged. Another way to assess executive function is the Trails Making
Test (TMT). The TMT is comprised of a two tasks, A and B. In Trails A, an individual draw a
line connecting 25 encircled numbers sequentially shown on a sheet of paper. For Trails B, the
same task is performed except the person must alternate between numbers and letters (e.g., 1, A,
2, B, 3, C, etc.) (Tombaugh, 2004). The California Verbal Learning Test (CVLT) has multiple
components that tax many cognitive domains including attention, memory, language, and
visuospatial. Each of the above stated tests can serve to identify impairments in specific domains

of cognition that may be affected by AD.

INTEGRATED APPROACH FOR AD PREVENTION
Dementia and AD is a deadly debilitating public health problem affecting more people

every year. With the discovery of a cure to AD unlikely, the prevention of AD pathology is the
best defense. Cardiovascular and metabolic risk factors are key contributors to the vascular
dementia model explaining AD pathogenesis. The Hispanic population has both increased and
growing prevalence of AD. Compounding this problem, Hispanics have elevated risk of
developing AD precursors with earlier symptom onset. An integrated approach of examining
indices of cardiovascular function in relation to brain structure and cognitive function in this
population is of the utmost importance. Such studies should be performed on adults during

midlife when risk factors may be present but can still be ameliorated by individualized

12



intervention. Future investigations should examine the effects of lifestyle interventions such as
diet and exercise in relation to cardiovascular function, gray matter integrity and cognitive

function.
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METHODS

PARTICIPANTS
One hundred and two community dwelling adults aged 40-60 years were recruited through local

newspaper and online advertisements. Of the 102 subjects, only those with complete
cardiovascular and gray matter imaging data were included. Self-identifying second generation
Hispanic participants were targeted for recruitment to generate a state representative sample of
demographic characteristics for that population. Subjects were then matched across racial
classification by age, gender, years of education, and cognitive status to reduce between group
heterogeneity and possible confounding covariates. Matching scheme resulted in the inclusion of
60 total subjects in Caucasian (n=30) and Hispanic (n=30) groups. All participants completed a
health history questionnaire reporting existing and past medical conditions and treatments.
Individuals were excluded for reporting existing cardiovascular disease (e.g., coronary artery
disease, angina pectoris, myocardial infarction, heart failure, and cardiac surgery), neurological
disease (e.g., stroke, Parkinson’s disease, and clinically significant traumatic brain injury), or
contraindications to Magnetic Resonance Imaging. Participants with metabolic syndrome risk
factors (e.g., hypertension, dyslipidemia, diabetes mellitus) were included. The local institutional

review board approved the study, and informed consent was obtained from all participants.

COGNITIVE ASSESSMENT

All participants completed a comprehensive cognitive battery covering five cognitive domains.
These domains included global cognitive functioning, language function, visual-spatial abilities,
memory functions and attention-executive functions (Haley, 2007). Global cognitive function
was measured by the Mini-Mental State Exam (MMSE) and Wescher Abbreviated Scale of
Intelligence (WASI-IQ). Language function was determined from the Category Fluency for

Animals (Animals) and Speed and Capacity of Learning Processing (SCOLP) test. Visual-spatial
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skills were measured by the Complex Figure Test (CFT) copy. The California Verbal Learning
Test (CVLT) and Complex Figure Test (CFT) immediate recall, delayed recall, and recognition
discrimination measured memory. Attention-executive functions were assessed by Trail Making

Test A and B and the Controlled Oral Word Association Test (COWAT).

VASCULAR FUNCTION ASSESSMENT
All vascular function measures were completed after an overnight fast of at least 8 h having

abstained from caffeine, alcohol consumption, and exercise. All measurements were taken after

participants completed >15 min of supine rest in a quiet comfortable laboratory setting.

ARTERIAL STIFFNESS. Carotid-femoral (cfPWV) was recorded as previously described (VP-
2000; Omron Healthcare, Bannockburn, IL) (Cortez-Cooper, 2003). CfPWYV was obtained
using arterial applanation tonometry incorporating an array of 15-micropiezoresistive transducers
placed on the carotid and femoral arteries and calculated from carotid-to-femoral artery distance
divided by transit time. The transit time was determined from the time delay between proximal
and distal “foot” waveforms. The arterial path length was twice measured as the straight distance
between the carotid and femoral measurement sites over the body surface using a non-elastic
tape measure. As a secondary metric of arterial wave reflection and arterial stiffness,
augmentation index (Aix) was calculated as pressure from the shoulder to the late peak of the
pulse waveform divided by the pulse pressure (AP/PP) (Brown, 1999).

Images of the common carotid artery were captured using an iE 33 Ultrasound System
equipped with a high-resolution linear-array transducer (Philips, Bothell, Washington) (Tanaka
et al. 2002). A B-mode longitudinal image of the common carotid artery 1-2 cm proximal to the

carotid bulb was acquired perpendicularly to the vessel so the near and far wall interfaces were
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clearly visible. All ultrasound-derived images were saved in DICOM format and analyzed later
with computerized image-analysis software (Vascular Research Tool Carotid Analyzer, Medical
Imaging Applications, Coralville, IA). In concert with acquired carotid artery images,
simultaneous recordings of pulse pressure waveforms from the contralateral common carotid
artery were obtained using applanation tonometery (VP-2000; Omron Healthcare) (Tanaka,
2000). Subsequently, B-stiffness index was calculated using the equations described in detail
elsewhere (O’Rourke, 2002; Laurent, 2006) in which f=In(SBP/DBP)xD/AD; where SBP is
the systolic blood pressure, DBP is the diastolic blood pressure, and D is carotid lumen diameter

(RHEE, 2008).

INTIMA-MEDIA THICKNESS. Carotid artery images obtained during the arterial stiffness
measurement were analyzed with computerized image-analysis software (Vascular Research
Tool Carotid Analyzer, Medical Imaging Applications, Coralville, IA). The distance between the
leading edge of the intima-lumen interface and leading edge of the media-adventitia interface of
the far wall was defined as the intima-media thickness (IMT). An average of at least 10
measurements resulted in the final IMT value. A single investigator blinded to subject

characteristics performed all image analyses.

ENDOTHELIAL FUNCTION. Brachial artery FMD was used to assess endothelial function (Vita,
2002). A B-mode Doppler ultrasound machine (iE 33 Ultrasound System, Philips, Bothell, WA)
with a custom transducer-holding device was used to measure brachial artery diameters and
blood flow velocity. Brachial artery images were obtained in a longitudinal orientation located

5-10 cm proximal to the antecubital fossa. Following baseline measurements, a blood pressure
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cuff placed on the ipsilateral forearm distal to the elbow was inflated to 100 mmHg above
baseline systolic blood pressure for 5 min using a rapid cuff inflator (E20, Hokanson, Bellevue,
WA). Ultrasound-derived blood velocity and diameter data were saved as DICOM format and
transferred to a computer using a digital image viewing software (Access Point 2004, Freeland
Systems; Westminster, CO) for later analyses. The same investigator blinded to subject identity
analyzed all ultrasound brachial images using image analysis software (Vascular Research Tool
Brachial Analyzer, Medical Imaging Applications, Coralville, IA).

FMD was expressed as the percent change in brachial artery diameters recorded during
the pre and post occlusion phases and was calculated using the equation: ((maximum diameter —
baseline diameter)/baseline diameter)*100. The average of 10 end-diastolic brachial artery
diameters before blood flow occlusion was used for baseline diameters, and the average of three
peak end-diastolic diameters during the reperfusion phase was used for maximum brachial artery

diameter.

NEUROIMAGING DATA ACQUISITION
MRI data for each participant was acquired in a single session on a 3T GE Signa Excite MRI

scanner equipped with a standard head coil. T; — weighted anatomical scans of the entire brain
were collected using a high-resolution spoiled gradient echo sequence (256 x 256 matrix, field of
view = 24 x 24 cm’, 1mm slice thickness, 0 gap).

Scans were processed using the default settings in the Freesurfer Imaging Analysis Suite
(v.4.5; http://surfer.nmr.mgh.harvard.edu), described in detail elsewhere (Fischl and Dale,
2000). Cortical thickness was extracted and analyzed from apriori ROIs to expand upon
published coordinates emperically shown to be related to cardiovascular risk factors (Leritz,

2011): bilateral superior temporal gyri, bilatertal inferior frontal gyri, bilateral anterior cingulate
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gyri, bilateral middle occipital, bilateral anterior cingulate gyri, bilateral inferior parietal,
bilateral middle frontal, bilateral cingulate, bilateral supramarginal and orbital frontal cortex.
Each ROI was selected based on their published association with cerebraovascular health, Their
location coordinates are summarized in Table 2. Spherical ROIs, 5 mm in diameter, were
automatically created around the central coordinate for the chosen regions according to the
Talairach and Tournoux atlas (SEO, 2007) using the Analysis of Functional Neurolmages

(AFNI) software (Du, 2007).
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STATISTICAL ANALYSES
Shapiro—Wilk test indicated a normal (Gaussian) distribution for all continuous variables.
Descriptive statistics were calculated for demographics, vascular and cognitive variables.
Independent samples #-tests were performed with race as a categorical variable defining groups.
Levene’s test indicated equal variance for all outcomes in both groups. Univariate linear
regression examined the association between vascular indices and cortical thickness within each
a priori ROI. The decision to not adjust models for typical covariates was based on subject
matching between groups. Moderation analyses were performed using Preacher and Hayes’
macro to assess the interaction of race and vascular functions on each significant a priori ROI.
To be considered significant, both the race and interaction terms had to reach the level of p<0.05.
Data are presented as mean = SD. All data were analyzed using SPSS statistical analysis

software version 22.0 (SPSS Statistics, IBM, Armonk, NY, USA).
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RESULTS
SUBJECT CHARACTERISTICS. Sample descriptive characteristics are reported in Table 3. Group
matching resulted in no significant differences in any participant descriptive characteristics with
the exception of height (»p=0.01). Blood pressure and blood cholesterol levels were not different
between the groups. Carotid artery B-stiffness index, pulse wave velocity, and augmentation
index were significantly greater in Hispanics than in Caucasians. Carotid IMT and FMD were

not different between the groups.

CORTICAL THICKNESS. Cortical thicknesses of each a priori region of interest (ROI) is
presented in Table 4. Mean cortical thickness was not different between the groups in most ROI
examined. However, the Hispanic cohort exhibited significant thinning of the left inferior frontal

gyrus (LIFG).

COGNITIVE BATTERY. No group difference was observed in MMSE score (Table 5). Global
cognitive function was lower in the Hispanic group on the WASI Vocabulary and FSIQ Total.
Language difficulties were further reflected in the SCOLP tests as Hispanics performed worse on
errors and spot the word subtests. In cognitive domains largely independent of language
processing, the Hispanic group exhibited lower working memory on the CVLT delayed recall
and lower performance in the attention-executive domain with the Digit Span. No differences

were found on remaining cognitive tests.

RACE INTERACTION. Univariate regression revealed that PWV, IMT, and FMD did not predict

left inferior frontal gyrus (LIFG) thickness. As shown in Figure 3, carotid Al did not predict

20



LIFG thickness in Caucasians, but did so in Hispanics (p=0.04). The interaction term between
Alx and race was not significant but was trending (p=0.099). As depicted in Figure 4, B-stiffness
index was a significant predictor of LIFG thickness in Caucasians (p=0.02) but not in Hispanics

(»=0.90). The interaction term of race and B-stiffness did not reach statistical significance.
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DISCUSSION

The present study compared measurements of vascular health and gray matter integrity
across middle-aged Caucasian and Hispanic adults. The primary finding was significantly
elevated pulse wave velocity, arterial wave reflection, B-stiffness accompanied by selective
cortical atrophy in the left inferior frontal gyrus in the Hispanic adults.. Additionally, working
memory and attention-executive domains of cognition were lower in the Hispanic group
compared to their age-, education- and MMSE-matched Caucasian counterparts.. The present
findings further support the vascular hypothesis of dementia where compromised cardiovascular
health, changes in cortical morphology, and impairment of cognitive function are concurrently
present. These results may form a basis for future investigations that help explain the increased
prevalence and earlier onset of symptoms of AD in the Hispanic population.

Cardiovascular risk factors have been hypothesized to disturb arterial hemodynamics
leading to chronic brain hypoperfusion, reduced energy substrate delivery which can lead to
neuronal death, and ultimately cognitive dysfunction (de la Torre, 2012). Even at subclinical
levels, these risk factors confer impairments to brain structure and function in specific processing
regions (den Heijer, 2005; Leritz, 2009). This model is reinforced by an investigation that
demonstrated lower arterial stiffness was associated with occipitoparietal perfusion and enhanced
cognitive function in middle-aged adults (Tarumi, 2013). Additionally, chronic brain
hypoperfusion has been linked to cortical microinfarcts (Okamoto, 2012) that lead to cognitive
impairment (Koévari, 2007; Arvanitakis Z, 2011). Hispanics have increased susceptibility to
acquiring these risk factors that occurs prior to neurodegeneration and cognitive impairment

(Vermeer, 2003). With no present cure to AD, identification and management of these risk
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factors through lifestyle and pharmacological interventions is essential, especially in the
Hispanic population who exhibit heightened vulnerability.

The LIFG is critical to executive function and inhibitory control. The LIFG is related to
the recall of semantic information, for example deciding which part of a word’s definition is
appropriate in context (Thompson-Schill, 1999). Not only does the LIFG work to select the
correct semantic information, it aids in its retrieval (Hirshorn, 2006). Dyslipidemia is associated
with reduced cortical thickness of the LIFG (Leritz, 2011). In a study using a Go/NoGo task,
patients with LIFG lesions made more false alarm errors than healthy controls and performed
worse when response inhibition was most difficult (Swick, 2008). While the changes in LIFG
thickness were not significantly associated with the observed differences in cognitive function in
the present study, this region appears related to the working memory and attention-executive
domains. Maintaining the structural integrity of this region may delay the onset of semantic
recall errors.

Undoubtedly, the greatest strength of the current investigation was the cohort of
apparently healthy middle-aged Hispanic adults. Matching participants across ethnicities also
enabled isolation of vascular function, gray matter morphology, and cognitive function from the
influence of differential covariates between the groups. With participant matching, there were
no group differences in key confounding factors, including the number of metabolic risk factors.
Despite their equivalent health and global cognitive statuses, the Hispanic group demonstrated
significantly worse vascular health, selective cortical atrophy, and domain specific cognitive
impairment.

Unfortunately, our modest sample size limited the statistical power to detect vascular

mediation of impaired cognition or racial moderation of the relationships between vascular
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health, gray matter morphology, and cognitive function. Although there was a significant relation
between the number of metabolic syndrome components and decreased cortical thickness, this
relationship was not significantly mediated by any measure of vascular function, nor moderated
by race (data not shown). Therefore, we could not determine if the causation of cognitive
impairment from cortical atrophy that can induce impaired vascular health is unique to the
Hispanic population.

The present investigation examined the relation of indices of vascular health and gray
matter morphology in middle-aged Hispanic and matched Caucasian adults. In spite of the fact
that both Hispanics and Caucasians were matched for key variables, Hispanics exhibited
significantly greater arterial stiffness, arterial wave reflection, and B-stiffness index as well as
selective cortical thinning of the LIFG. However, ethnicity was not found as a moderator of the
relationship between vascular function, gray matter integrity, and cognitive function. Future
investigation into the physiological mechanisms behind the increased prevalence of AD in
Hispanics is necessary, given enhanced susceptibility to cardiovascular risk factors in this
population. Determining which risk factors are most commonly acquired in Hispanics and what
impact each risk factor confers to vascular outcomes, brain structure, and cognitive function is

vital.

24



APPENDIX A - TABLES

Table 1: Left hemisphere regions associated with cardiovascular risk factors with listed Talaraich
coordinates

Risk Factor | Area X Y Z
HTN Superior Temporal -51 17 0
Cholest Inferior Frontal -44 | 24 2
Gluc Anterior Cingulate (perigenual) -2 36 7
Cholest/Gluc | Middle Occipital -35 | -76 | 16
HTN Anterior Cingulate (middle) -1 26 | 21
Cholest Inferior Parietal -48 | -24 | 25
HTN/Cholest | Middle Frontal -37 | -29 | 26
Cholest Cingulate -6 28 | 31
HTN Supramarginal -51 | -48 | 31

HTN = Hypertension; Cholest = Cholesterol; Gluc = Glucose.

Table 2: Right hemisphere regions associated with cardiovascular risk factors with listed
Talaraich coordinates.

Risk Factor | Area X Y Z

Gluc OFC 7 29 | -20
HTN Superior Temporal 51 17 0

Cholest Inferior Frontal 44 24 2

Cholest/Gluc | Middle Occipital 35 -76 | 16
HTN Anterior Cingulate (middle) 1 26 | 21
Cholest Inferior Parietal 48 | -24 | 25
HTN/Cholest | Middle Frontal 37 | -29 | 26
Cholest Cingulate (high) 6 28 | 31
HTN Supramarginal 51 -48 | 31

HTN = Hypertension; Cholest = Cholesterol; Gluc = Glucose.
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Table 3. Selected subject characteristics

Caucasian Hispanic p-value
Descriptive Male/Female (n) 14/16 14/16 -
Age (years) 490+52 484 5.3 0.66
Education (years) 15523 152223 0.61
Mini Mental State Examination
(score) 28 £ 1 272 0.13
Height (cm) 172+ 8 166 + 10 0.01
Body mass (kg) 854174 85.1+199 0.94
BMI (kg/m?) 28754 30.7 £ 6.8 0.21
Systolic Blood Pressure (mmHg) 124 £ 16 125+ 14 0.82
Diastolic Blood Pressure (mmHg) 75«10 7511 0.90
Blood glucose (mg/dl) 108 +£29 116 £ 41 0.43
LDL-cholesterol (mg/dl) 118 + 34 108 + 32 0.30
HDL-cholesterol (mg/dl) 45 + 17 48 £ 13 0.56
Triglyceride (mg/dl) 167 + 85 155+ 114 0.67
Total cholesterol (mg/dl) 204 + 54 187 =38 0.17
Metabolic Syndrome Components
(n) 25x1.5 2515 0.96
Vascular Pulse wave velocity (cm/s) 1034 + 178 1178 + 264 0.02
Augmentation index (%) 13 +17 22+ 15 0.05
Beta-stiffness index (AU) 6.33 +2.36 8.10 £2.04 0.01
Carotid intima media thickness
(mm) 059+0.13 0.58+0.13 0.84
Flow-mediated dilation (%) 53+40 51+3.8 0.85

Data are means +SD. BMI=body mass index



Table 4. Mean cortical thicknesses of each a priori Regions of interest

Talairach Coordinates

Caucasian (n=30)

Hispanic (n=30)

Mean Thickness (mm)

Mean Thickness (mm)

X Y Z p-value
Left Superior Temporal -51 17 0 2.37+0.08 2.35+0.08 0.35
Inferior Frontal -44 24 2 2.55+0.27 241025 0.04
Anterior Cingulate -2 36 7 2.25+0.58 2.17+046 0.57
Middle occipital -35 -76 16 2.33+0.31 231+0.34 0.81
Anterior Cingulate -1 26 21 1.56 £0.78 1.27 +0.69 0.14
Inferior Parietal -48 -24 25 2.63 +047 2.66 +0.50 0.89
Middle Frontal -37 -29 26 2.11+0.26 2.11+0.27 0.95
Cingulate -6 28 31 3.07 £0.64 2.78 £0.63 0.08
Supramarginal -51 -48 31 244 +033 2.59+0.26 0.07
Right  Orbitofrontal Cortex 7 29 -20 238+0.08 235+0.07 0.20
Superior Temporal 51 17 0 2.61 £0.58 2.55+047 0.70
Inferior Frontal 44 24 2 249+0.25 249+0.35 0.94
Middle Occipital 35 -76 16 235025 2.34+022 0.86
Anterior Cingulate 1 26 21 047 +0.34 0.60 + 0.55 0.26
Inferior Parietal 48 -24 25 257+044 2.54+042 0.78
Middle Frontal 37 -29 26 197 £0.63 1.96 £0.46 0.97
Cingulate 6 28 31 3.06 £0.46 3.04+£047 0.84
Supramarginal 51 -48 31 248 +0.31 249 +0.34 0.92

Data are means+SD.



Table 5. Cognitive Function

Caucasian Hispanic
Domain Mean + SD  Mean = SD p-value
Global cognitive functioning
Mini Mental State Examination 284+14 27819 0.13
WASI Matrix reasoning 273+34 25.1+3.6 0.83
WASI FSIQ Total 117.6 £12.2 109.2+11.3 0.01
Language
WASI Vocabulary 68.0+7.7 629+95 0.02
Speed and Capacity of Learning Processing
Comprehension 575+119 513+14.0 0.07
Errors 09+1.7 20+22 0.04
Spot the Word 509+4.6 480+50 0.03
Visual-spatial
Complex Figure Test (CFT-Copy) 297+44 295+43 0.86
Memory
California Verbal Learning Test (CVLT)
Immediate recall 114+£32 101 £2.7 0.09
Delayed recall 11.7+33 108+30 0.27
Recognition discrimination 35+24 30+0.8 0.25
Complex Figure Test (CFT)
Immediate recall 17.1£55 148+60 0.14
Delayed recall 168+5.1 138+59 0.03
Recognition discrimination 196+43 198+2.6 0.82
Attention-executive
Trail Making Test A, Time (Trails AT) 35+12.3 32.1+105 0.32
Trail Making Test B, Time (Trails BT) 779 +31.8 729 +29.1 0.53
Controlled Oral Word Association Test
(COWAT) 354+120 367+8.1 0.63
WAIS-III Digit Span Subtest (Digit Span) 179 +£3.9 155+£38 0.02
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APPENDIX B - FIGURES

Figure Legends

Figure 1: Proposed model depicting the differences of dementia pathogenesis in
Caucasians and Hispanics.

Figure 2: Augmentation index significantly predicts left inferior frontal cortex thickness
in Hispanics but not in Caucasians. Open circles represent individual cases of the
Hispanic cohort while the dashed line represents the group’s line of best fit. Closed
circles represent individual cases of the Caucasian cohort while the full line represents
the group’s line of best fit.

Figure 3: B-stiffness significantly predicts left inferior frontal cortex thickness in
Caucasians but not in Hispanics. Open circles represent individual cases of the Hispanic
cohort while the dashed line represents the group’s line of best fit. Closed circles
represent individual cases of the Caucasian cohort while the full line represents the

group’s line of best fit.
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LIFG Thickness (mm)
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LIFG Thickness (mm)

Figure 3.
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APPENDIX - C

APPROVED BY IRB ON: 08/25/2008 EXPIRES ON: 08/27/2009

IRB#2007-09-0142 Informed Consent to Participate in Research The University of
Texas at Austin

You have been invited to participate in a research study. This form provides you with
information about the study. Please read the information below and ask questions about
anything you don’t understand before deciding whether or not to take part. Your
participation is entirely voluntary and you can refuse to participate without penalty or
loss of benefits to which you are otherwise entitled. If you are a student, your decision to
participate or not to participate as a test subject will NOT affect your grade in any course.

Title of Research Study: Family history of hypertension and brain function

Principal Investigator(s): Andreana P. Haley, Ph.D., Department of Psychology, (512)
232-0863

Co-Investigator(s): Hirofumi Tanaka, Ph.D., Department of Kinesiology, (512) 232-
4801

Graham McDougall, Ph.D., School of Nursing, (512) 471-7936

Funding source: N/4

What is the purpose of this study? The purpose of this study is to understand how
family history of hypertension affects brain function. If you decide to participate, you
will be one of about 120 people in this study.

What will be done if you take part in this research study? If you agree to participate
in this study, you will be asked to complete a screening visit and, if eligible, two research
visits scheduled within two weeks of each other. Each visit will last approximately two-
to-three hours. During one of the study visits, images of your brain will be taken using a
General Electric 3.0 Tesla Magnetic Resonance Imaging (MRI) scanner at the UT
Imaging Research Center. The MRI scanner is a machine that enables us to acquire
images of the brain non-invasively by manipulating magnetic fields. During that visit you
will also be asked to complete some paper-and-pencil tests of attention, memory, and
visuospatial functioning. During a separate visit, you will be asked to go to the
Cardiovascular Aging Laboratory at the Department of Kinesiology at UT (Bellmont
Hall) and complete some non-invasive assessments of cardiovascular functioning similar
to the ones you may undergo during a visit to a Cardiologist (e.g., blood pressure
assessment, echocardiogram, ultrasound assessment of the carotid artery).
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Screening Visit (~2 hours)
During this visit:

Your blood pressure will be measured non-invasively by the arm cuff technique
(as in your Doctor's office).
Blood samples will be taken to get information on your cholesterol, blood sugar, stress
hormones, proteins related to inflammation and arterial stiffening, and gene information.
Genetic research is about finding the specific location of genes on chromosomes, learning

how genes work, and developing treatments and cures for diseases that are genetically
based. The information will only include those genes that are closely related to the
purpose of the study (genetic risk for developing hypertension) but not linked to the risk
for other disease states. Your blood sample will be stored up to 10 years to give the
researchers enough time to analyze the sample and then disposed of it properly according
to the university guidelines. A small blood sample (4 teaspoons) will be drawn from you
after a 12-hour fast. We will also test for diabetes by having you drink a sugary drink and
measure your blood sugar after two hours with another blood draw (4 teaspoons).

Cardiovascular Assessment Visit (~2 hours)
During this visit:

Your blood pressure will be measured non-invasively by the arm cuff technique
(as in your Doctor's office).

Your heart structure and function will be measured non-invasively by putting a
gel on the chest and placing a device called a transducer of an ultrasound machine on the
chest.

Hardening of your artery will be measured non-invasively by; 1) placing a device
called a transducer of an ultrasound machine on the skin of the carotid (neck), femoral
(hip joint), and wrist arteries; and ii) placing two pencil-like devices over various arteries
(carotid, femoral, brachial, wrist, and ankle arteries). An ultrasound machine is the same
machine that is used to evaluate the development of a baby during pregnancy. Your blood
pressure will also be measured non-invasively by placing a pencil-like device over the
carotid (neck) artery.

Changes in blood pressure regulating system will be induced by a) squeezing a
gripping device with a hand as hard as you can (handgrip exercise); b) placing a foot or
hand in ice cold water for 2 minutes; and c¢) blowing air into a small tube for 15-20
seconds. Heart rate, blood pressure, and carotid (neck) artery will be measured non-
invasively during these procedures.

MRI/Cognitive Testing Visit (~2 hours)
During this visit, you may be asked to do some or all of the following:
Lie on a table that will be slid into the MRI scanner (so that your head and upper
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body are inside the magnet tube);

Wear earplugs and/or headphones to reduce the noise made by the MRI scanner
(the magnets can make very loud noises);

Have foam pads placed around your head to help you hold your head still during
the MRI scan, so that the scans will be clear;

Be fitted with a bite bar made of impression compound that will help to stabilize
your head.

Have your hands resting on plastic response pads, similar to wearing gloves.

Lie still throughout your time in the MRI scanner;

View various visual stimuli and/or listen to sounds. You may be also asked to
make judgments, recall certain words or pictures, or make finger, hand, or eye
movements.

Complete a brief battery of paper-and-pencil measures of cognitive function such
as tests of memory, attention, and visuospatial skills.

In each experimental session, anatomical images (images that show us the structures in
your brain) will be obtained during the study. In addition to the anatomical images,
functional images may be obtained for about 20-30 minutes. Functional images are scans
that show us how the brain works by illustrating what the brain is actively doing while
you view various stimuli and/or perform particular tasks. The researcher will tell you
before you enter the scanner exactly how long each procedure will take, and during the
exam the researcher will tell you when each procedure will occur over the intercom. We
also plan to acquire images containing information about blood perfusion in your brain as
well as information about chemical composition. You will not be required to do any tasks
during those scans, but to relax and lie quietly in the scanner.
The Project Duration is: Your participation will be 120-180 minutes for one-to-three
sessions. The researchers will be conducting the study for approximately 36 months.
However, it will take you no more than one month to complete all of your visits.
Approximate Number of Participants: 120
What are the possible discomforts and risks?
Screening Visit:

A slight risk of fainting, bruising, or infection related to the blood draw.

Cardiovascular Visit: The investigators have made every effort to keep the risks and
discomforts to a minimum. You will be carefully screened at the beginning of this study
to see if you could participate safely. But, the potential risks associated with this study
include:

Some discomfort associated with placing a hand or a foot in cold water.

A slight risk of dizziness and/or fainting associated with rapid changes in blood
pressure.
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A possible risk that genetic testing might reveal information regarding a carrier or
disease state that requires difficult choices regarding your current or future health,
insurance coverage, career, marriage, or reproductive options. As previously stated, we
intend to only pursue genes related to the development of hypertension. Due to the
preliminary nature of this inquiry, all information obtained will be used for research
purposes only and will not be provided to anyone including individual participants.

A possibility of accidentally exposing your health/medical information. All precautions
will be taken to separate identifying information from data collected during the study.

Identifying information will be kept securely locked in a cabinet at the Department of
Psychology.

MRI visit: There are no known significant risks or side effects associated with MRI
scans. The magnetic fields, at the strengths used, are not harmful and the MRI scanning
procedures used are within the Food and Drug Administration [FDA] guidelines for
radiofrequency electromagnetic field exposure created by the MRI.

There is a risk if metal objects are near the MRI because they can be drawn into the MRI
scanner and that could hurt someone in or near the machine. Metal objects might be in a
body if a person has electrically, magnetically, or mechanically activated implants (such
as cardiac pacemakers), or clips on blood vessels in their brain, or other metallic objects
in their body such as shrapnel, bullets, buckshot, or metal fragments. To protect against
this risk, you will be carefully screened for previous exposure to metallic fragments or to
implanted devices. You will also be asked to place all metallic and magnetic objects in
your possession (e.g. keys, jewelry, credit cards) in a locker outside the MRI room. The
scanner room is also screened for such items before you are allowed to enter.

Although there are no known risks of an MRI scan to the unborn fetus, we will not let
you take part in the study if you are or might be pregnant.

Some people have reported mild discomfort during MRI scans, such as:

Claustrophobia (fear of enclosed spaces). You will be asked to lie on a table that
slides into a horizontal cylinder only slightly wider than your body in all directions and
your head will be secured to help you stay still. If you are likely to be uncomfortable or
afraid in enclosed spaces, you should let the researcher in charge of the scan know.

Reaction to noise levels. The MRI scanner makes loud knocking or beeping
sounds during scans; earplugs and/or headphones will be provided to help reduce this
noise.

Peripheral nerve stimulation. Because magnetic gradients are used during scans,
the possibility exists for peripheral nerve stimulation. If this happens, you may feel
twitching or tingling sensations, typically along your arms, torso, or back.

Dizziness and nausea, which may occur if you suddenly move your head while
APPROVED BY IRB ON: 08/25/2008 EXPIRES ON: 08/27/2009
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you are in the MRI and it is active (not in a rest period).

You may feel some warmth from the radio frequency coils, the cables to the coils,
or the response and physiological monitoring devices. The MRI scanner is set so that this
heating will be no more than one degree of body temperature.

You may notify the research staff at any time if you feel uncomfortable, no matter what
the reason. You will be in contact with the research staff at all times you are in the MRI
scanner through an intercom system mounted in the MRI scanner. You will also be told
how let the operator know if you wish to immediately stop scanning and be removed
from the magnet. The MRI scan can be stopped at any time at your request. If you think
that you have experienced a research-related injury, report this to the director of the

Imaging Research Center, Dr. Michael Domjan, domjan@psy.utexas.edu, (512) 471-
7702.

What are the possible benefits to you or to others?

You will receive the following: 1) results of tests and physiological measures (taken by
the investigators) with potential health relevance such as blood pressure readings,
measurement of blood cholesterol levels and screening for diabetes. You may also
experience the satisfaction of contributing to scientific knowledge that could result in the
documentation of a benefit to reduce the risk of vascular cognitive impairment in men
and women. Or you may receive no direct benefit at all.

If you choose to take part in this study, will it cost you anything? There are no costs
to you for participating as a test subject.

Will you receive compensation for your participation in this study? You will receive
25 dollars to complete the screening visit, 35 dollars for the first study visit, and 65
dollars for the second study visit.

What if you are injured because of the study? Many forms of research involve some
risk of injury. If any complications arose, the researchers would assist you by referring
you to appropriate medical practitioners, but the University has no program or plan to
provide treatment for research related injury or payment in the event of a medical
problem. If injuries occur as a result of study activity, eligible University students may be
treated at the usual level of care with the usual cost for services at the Student Health
Center, but the University has no policy to provide payment in the event of a medical
problem. In the unlikely event of a research related injury, please contact the principal
investigator. If you do not want to take part in this study, what other options are
available to you? Your participation in this study is entirely voluntary. You may refuse
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to participate or withdraw at any time without penalty or loss of benefits to which you are
otherwise entitled. Nonparticipation or withdrawal will not affect your grades or
academic standing.

How can you withdraw from this research study and whom should you call if you
have questions?

If you wish to stop your participation in this research study for any reason, you
should contact the principal investigator: Andreana Haley at (512) 232-0863. You
should also call the principal investigator for any questions, concerns, or complaints
about the research. You are free to withdraw your consent and stop participation in
this research study at any time without penalty or loss of benefits for which you may
be entitled. Throughout the study, the researchers will notify you of new
information that may become available and that might affect your decision to
remain in the study.

In addition, if you have questions about your rights as a research participant, or if
you have complaints, concerns, or questions about the research, please contact Jody
Jensen, Ph.D., Chair, The University of Texas at Austin Institutional Review Board
for the Protection of Human Subjects, or the Office of Research Compliance and
Support at (512) 232-2685.

How will your privacy and the confidentiality of your research records be
protected?

Images generated in this study will be stored on the Department of Psychology server,
with the primary reference field being the study or scan number, which is automatically
generated by the MRI system. Personal information linking a participant with a scan will
be maintained in a manually generated log, which will be stored in a securely locked
cabinet in the Department of Psychology. This is to insure that there is an “air gap”
between the images/data generated for research purposes and personal identifying
information. The Department of Psychology sever is backed up on a daily basis. Access
to the scans/data on the server is password protected and only available to relevant
researchers.

All scans and paperwork (cognitive and cardiovascular assessment data) will be protected
to the extent provided by law.

Possible Discovery of Findings Related to Medical Imaging
If you volunteer for this research study, the MRI scans that we will perform are NOT
necessarily equivalent to MRI scans used to diagnose medical problems. Many
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potentially serious problems may be undetectable on these scans. A negative MRI should
not be used to avoid a visit to your primary physician. If you are having physical
symptoms that you are concerned about, you should see your primary physician, who will
determine the examinations required to arrive at a proper medical diagnosis.

If in the unlikely event it becomes necessary for the Institutional Review Board to
review your research records, then the University of Texas at Austin will protect the
confidentiality of those records to the extent permitted by law. Your research
records will not be released without your consent unless required by law or a court
order. The data resulting from your participation may be made available to other
researchers in the future for research purposes not detailed within this consent
form. In these cases, the data will contain no identifying information that could
associate you with it, or with your participation in any study.

Will the researchers benefit from your participation in this study? N/A
Signatures:

As a representative of this study, I have explained the purpose, the procedures, the
benefits, and the risks that are involved in this research study:

Signature and printed name of person obtaining consent Date

You have been informed about this study’s purpose, procedures, possible benefits
and risks, and you have received a copy of this form. You have been given the
opportunity to ask questions before you sign, and you have been told that you can
ask other questions at any time. You voluntarily agree to participate in this study.
By signing this form, you are not waiving any of your legal rights.

Printed Name of Subject Date

Signature of Subject Date

Signature of Principal Investigator Date
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Medical Release

Name and address of Personal Physician

fhereby agree to have the Principal Investigator or the Medical Director of the
Imaging Research Center report to my Personal Physician findings of potential
medical significance that might be obtained as a result of my participation in this
study.

Signature of Subject Date

40



REFERENCES

. Alzheimer's Association, 2010 Alzheimer's Disease Facts and Figures,
Alzheimer's & Dementia, Volume 6

. Andel R, Crowe M, Pedersen NL, Fratiglioni L, Johansson B, Gatz M. Physical
exercise at midlife and risk of dementia three decades later: a population-based
study of Swedish twins. J Gerontol A Biol Sci Med Sci. 2008;63(1):62-6.

. Arvanitakis Z, Leurgans SE, Barnes LL, Bennet DA, Schneider JA. Microinfarct

pathology, dementia, and cognitive systems. Stroke 2011;42:722-727.

. Benetos A, Watfa G, Hanon O, Salvi P, Fantin F, Toulza O et al. Pulse wave

velocity is associated with 1-year cognitive decline in the elderly older than 80

years: the PARTAGE study. ] Am Med Dir Assoc 2012; 13: 239-43

. Biessels GJ, de Leecuw FE, Lindeboom J, Barkhof F, Scheltens P. Increased

cortical atrophy in patients with Alzheimer's disease and type 2 diabetes mellitus.
Neurol Neurosurg Psychiatry 2006;77:304-307.

. Brown Y, Brown MJ. Similarities and differences between augmentation index
and pulse wave velocity in the assessment of arterial stiffness. QJM (1999) 92
(10): 595-600.

. Centers for Disease Control and Prevention and the Merk Company Foundation.

The State of Aging and Health in America, 2007. Whitehouse Station, NJ: The

41



10.

11.

12.

13.

14.

15.

Merk Company Foundation 2007.

Clark, CM; DeCarli C; Mungas, D; Chui; Higdon, R; Nunez, J; et al. Oearlier
onset of Alzheimer's disease symptoms in Latino individuals compared with
Anglo individuals.O Archives of Neurology 2005;62:774-778.

Cortez-Cooper MY, Supak JA, Tanaka H. A new device for automatic
measurements of arterial stiffness and ankle-brachial index. Am J. Cardiol 2003;
91:1519 - 1522; A9.

Crimmins EM, Kim JK, Alley DE, Karlamangla A, Seeman T. Hispanic paradox
in biological risk profiles. Am J Public Health. 2007;97(7):1305-10.

de la Torre JC. Carotid artery ultrasound and echocardiography testing to lower
the prevalence of Alzheimer's disease. J Stroke Cerebrovasc Dis.
2009;18(4):319-28.

de la Torre JC. Cerebral hemodynamics and vascular risk factors: setting the
stage for Alzheimer's disease. Journal of Alzheimer's Disease 2012;32(3):553-67
de la Torre JC. Critically attained threshold of cerebral hypoperfusion: the
CATCH hypothesis of Alzheimer's pathogensis. Neurobiology of Aging
2000;331-342

de la Torre JC. Vascular risk factors promote brain hypoperfusion leading to
cognitive decline and dementia. Cardiovasc Psychiatry Neurol. 2012;367516

de la Torre, J. C. (2010) The vascular hypothesis of Alzheimer's disease: Bench

to bedside and beyond. Neurodeg. Dis. 7, 116-121

42



16.

17.

18.

19.

20.

21.

22.

de la Torre. A turning point in Alzheimer's disease? Biofactors. 2012;38(2):78-
83.

de la Torre. Cardiovascular Risk Factors Promote Brain Hypoperfusion Leading
to Cognitive Decline and Dementia. Cardiovasc Psychiatry Neurol.
2012;2012:367516

Den Heijer, T., Launer, LJ., Prins, N.D., van Dijk, E.J., Vermeer, S.E., Hofman,
A., Koudstaal, P.J., Breteler, M.M.B., 2005. Association between blood pressure,
white matter lesions, and atrophy of the medial temporal lobe. Neurology 64,
263-267.

Du, A-T, Schuff, N, Kramer, JH, Rosen, HJ, Gorno-Tempini, ML, Rankin, K,
Miller, BL, Weiner, MW (2007) Differential patterns of cortical thinning in
Alzheimer's Disease and Frontotemporal Dementia, Brain 130, 1159-1166.
Farrer LA, Cupples LA, Haines JL, Hyman B, Kukull WA, Mayeux R, Myers
RH, Periack-Vance MA, Risch N, van Dujin CM. Effects of age, sex, and
ethnicity on the association between apolipoprotein E genotype and Alzheimer
disease. A meta-analysis. APE and Alzheimer Disease Meta Analysis
Consortium. JAMA 1997;278:1349-1356

Fischl B, Dale AM. Measuring the thickness of the human cerebral cortex from
magnetic resonance images. Proceed Nat Acad Sci USA, 97 (20) (2000), pp.
11050-11055.

Gonzales M, Tarumi T, Eagan E, Tanaka H, Vaghasia M, Haley A. Indirect

43



23.

24.

25.

26.

27.

28.

effects of elevated body mass index on memory performance through altered
cerebral metabolite concentrations. Psychosom Med 2012. 9;74(7):691-698.
Haley AP, Forman DE, Poppas A, Hoth KF, Gunstad J, Jefferson AL, Paul RH,
Ler AS, Sweet LH, Cohen RA (2007) Carotid artery intima-media thickness and
cognition in cardiovascular disease. Int J Cardiol 121(2):148-154

Hannon, O; Haulon S; Lenoir H; Seux ML; Rigaud S; Safar M; Girerd X; Forette
F. Relationship between arterial stiffness and cognitive function in elderly
subjects with complaints of memory loss. Stroke. 2005;36(10):2193-7.

Hayes A, Matthes J. Computational procedures for probing interactions in OLS
and logistic regression: SPSS and SAS implementations. Behav Res Methods.
2009; 41(3):924-936.

Herbert, LE; Beckett, LA; Scherr, PA; Evans, DA. OAnnual incidence of
Alzheimer's disease in the United States projected to the years 2000 through
2050.0 Alzheimer's disease and Associated Disorders 2001;15:169-173.
Hirshorn EA, Thompson-Schill SL. Role of the left inferior frontal gyrus covert
word retrieval: correlates of switching during verbal fluency. Neuropsychologia
44 (2006) 2547-2557

Hughes TM, Kuller LH, Barinas-Mitchell EJ, Mackey RH, McDade EM, Klunk
WE, Aizenstein HJ, Cohen AD, Snitz BE, Mathis CA,Dekosky ST, Lopez OL.
Pulse wave velocity is associated with _-amyloid deposition in the brains of very

elderly adults. Neurology. 2013;81(19):1711-8

44



29.

30.

31.

32.

33.

34.

35.

Jurasic MJ, Popovic IM, Morovic S, Trkanjec Z, Seric V, Demarin V. Can beta
stiffness index be proposed as risk for dementia. J Neurol Sci. 2009 Aug
15;283(1-2):13-6

Kennedy, K.M., Raz,N., 2009. Pattern of normal age-related regional differences
white matter microstructure is modified by vascular risk. Brain Res. 1287, 41-56.
Ksvari E, Gold G, Herrmann FR, et al. Cortical microinfarcts and demyelination
affect cognition in cases at high risk for dementia. Neurology 2007;68:927-931.
Kume, K., Hanyu, H., Sato, T., Hirao, K., Shimizu, S., Kanetaka, H., Sakurai, H.,
and Iwamoto, T. (2011) Vascular risk factors are associated with faster decline of
Alzheimer disease: a longitudinal SPECT study. J Neurol. 258, 1295-1303
L—pez-Ol—riz J, L—pez-Cancio E, Arenillas JF, Hernindez M, JimZnez M,
Dorado L, Barrios M, Soriano-Raya JJ, Miralbell J, Ciceres C, ForZs R, Pera G,
Divalos A, Matar— M. Asymptomatic cervicocerebral atherosclerosis,
intracranial vascular resistance and cognition: the AsIA-neuropsychology study.
Atherosclerosis. 2013;230(2):330-5

Laurent S, Cockcroft J, Van Bortel L, Boutouyrie P, Giannattasio C, Hayoz D,
et al. Expert consensus document on arterial stiffness: methodological issues and
clinical applications. Eur Heart J 2006; 27:2588 - 2605.

Lerch, J. Pruessner J, Zijdenbos A, Hampel H, Teipel S, Evans A. Focal decline
of cortical thickness in Alzheimer's disease identified by computational

neuroanatomy. Cerebral Cortex July 2005;15:995-1001

45



36.

37.

38.

39.

40.

41.

42.

Leritz, E.C., Salat, D.H., Milberg, W.P., Williams, V.J., Chapman, C.E., Grande,
L.J., Rudolph, J.L., Barber, C.E., Lipsitz, L., McGlinchey, R.E., 2010. Variation
in blood pressure is associated with white matter microstructure but not
cognition in African Americans. Neuropsychology 24, 199-208.

Leritz, EC, Salat, DH, Williams, VJ, Schnyer, DM, Rudolph, JL, Lipsitz, L,
Fischl, B, McGlinchey, RE, Milberg, WP (2011) Thickness of the human
cerebral cortex is associated with metrics of cerebrovascular health in a
normative sample of community dwelling older adults, Neuroimage 54, 2659-
2671.

Meyer JS, Rauch GM, Crawford K, Rauch RA, Konno S, Akiyama H, Terayama
Y, Haque A. Risk factors accelerating cerebral degenerative changes, cognitive
decline and dementia. Int J Geriatr Psychiatry. 1999;14(12):1050-61.

Morovic S, Jurasic MJ, Popovic IM, Seric V, Lisak M, Demarin V. Vascular
characteristics of patients with dementia. Journal of the Neurological Sciences J
Neurol Sci. 2009;283(1-2):41-3

Mottillo S, Filion K, Genest J, Joseph L, Pilote L, Poirer P, Rinfret S, Schiffrin
E, Eisenberg M. The metabolic syndrome and cardiovascular risk. J] Am Coll
Cardiol. 2010;56(14):1113-1132

Mozumdar A, Liguori G. Persistaent increase of prevalence of metabolic
syndrome among U.S. adults: NHANES III to NHANES 1999-2006

MslsS PK, Marttila RJ, Rinne UK. Survival and cause of death in Alzheimer's

46



43.

44,

45.

46.

47.

48.

49.

disease and multi-infarct dementia. cta Neurol Scand. 1986;74(2):103-7.
ORourke MF, Safar ME, Relationship between aortic stiffening and
microvascular disease in brain and kidney: cause and logic of therapy.
Hypertension. 2005;46(1):200-4

O'Rourke MF, Staessen JA, Vlachopoulos C, Duprez D, Plante GE. Clinical
applications of arterial stiffness; definitions and reference values. Am J
Hypertens 2002; 15:426 - 444.

Okamoto, Y., Yamamoto, T., Kalaria, R. N., Senzaki, H., Maki, T., Hase, Y., et
al. (2012). Cerebral hypoperfusion accelerates cerebral amyloid angiopa- thy and
promotes cortical microinfarcts. Acta Neuropathol. 123, 381-394. doi:
10.1007/s00401-011-0925-9

Oldfield RC. The assessment and analysis of handedness: the Edinburgh
inventory. Neuropsychologia 1971;9:97-113.

Pase MP, Herbert A, Grima NA, Pipingas A, O'Rourke MF. Arterial stiffness as
a cause of cognitive decline and dementia: a systematic review. Intern Med J.
2012;42(7):808-15.

Pase MP, Pipingas A, Kras M, Nolidin K, Gibbs AL, Wesnes KA, Scholey AB,
Stough C Healthy middle-aged individuals are vulnerable to cognitive deficits as
a result of increased arterial stiffness. J Hypertens 2010; 28: 1724-9.

Physical exercise at midlife and risk of dementia three decades later: a

population-based study of Swedish twins. J Gerontol A Biol Sci Med Sci.

47



50.

51.

52.

53.

54.

55.

56.

2008;63(1):62-6.

Plassman, BL, Langa KM, Fisher GG, Heeringa SG, Weir DR, Ofstedal MB,
Burke JR, Hurd MD, Potter GG, Rodgers WL, Steffens DC, Willis RJ, Wallace
RB. Prevalance of dementia in the United States: The aging, demographics, and
memory study. Neuroepidemiology 2007;29:125-132.

Poels MMF, Van Oijen M, Mattace-Raso FUS, Hofman A, Koudstaal PJ,
Witteman JCM et al. Arterial stiffness, cognitive decline, and risk of dementia:
the Rotterdam study. Stroke 2007; 38: 888-92.

Querbes O, Aubry F, Pariente J, Lotterie JA, Demonet JF, Duret V, Puel M,
Berry I, Fort JC, Celsis P, The Alzheimer's disease neuroimaging initiative. Early
diagnosis of Alzheimer's disease using cortical thickness

Rhee MY, Lee HY, Park JB. Measurements of arterial stiffness: Methodological
Aspects. Koreanean Circ J 2008;38:343-350.

Schram, MT, Sjoerd, ME, De Craen, AJM, Witteman, JC, Frolich, M, Hofman,
A, Jolles, J, Breteler, MMB, Westendorp, RGJ (2007) Systemic markers of
inflammation and cognitive decline in old age, ] Am Geriatrics Soc 55, 708-716.

Scuteri A, Tesauro M, Appolloni S, Preziosi F, Brancati AM, Volpe M. Arterial
stiffness as an independent predictor of longitudinal changes in cognitive
function in the older individual. J Hypertens 2007;25: 1035-40.

Seo, SW, Im, K, Lee, J-M, Kim, Y-H, Kim, ST, Kim, SY, Yang, DW, Kim, SI,

Cho, YS, Na, DL (2007) Cortical thickness in single versus multiple domain

48



57.

38.

59.

60.

61.

62.

63.

mild cognitive impairment, Neuroimage 36, 289-297.

Skuteri A; Tesauro M; Appolloni S; Preziosi F; Brancati, AM; Volpe M. Arterial
stiffness as an independent predictor of longitudinal changes in cognitive
function in the older individual. J Hypertens. 2007;25(5):1035-40.

Solfrizzi, V., Panza, F., Colacicco, A. M., D'Introno, A., Capurso, C., Torres, F.,
Grigoletto, F., Maggi, S., and Del Parigi, A. (2004) Vascular risk factors,
incidence of MCI, and rates of progression to dementia. Neurology 63, 1882-
1891.

Stern Y. What is cognitive reserve? Theory and research application of the
reserve concept. Journal of the International Neuropsychological Society. 2002;
8:448-60

Swick D, Ashley V, Turken A.Left inferior frontal gyrus is critical for response
inhibition. BMC Neuroscience 2008, 9:102

Tanaka H, Dinenno FA, Monahan KD, Clevenger CM, DeSouza CA, Seals DR.
Aging, habitual exercise, and dynamic arterial compliance. _Circulation 2000;
102:1270 - 1275.

Tang MX, Stern Y, Marder K, Bell K, Gurland B, Lantigua R, Andrews H, Feng
L, Tycko B, Mayeux R. The APOE-epsilon4 allele and the risk of Alzheimer
disease among African Americans, whites, and Hispanics. JAMA.
1998;11;279(10):751-5.

Tarumi T, Gonzales MM, Fallow B, Nualnim N, Lee J, Tanaka H, Haley AP.

49



64.

65.

66.

67.

68.

69.

70.

Aerobic fitness and cognitive function in midlife: an association mediated by
plasma insulin. Metab Brain Dis. 2013;28(4):727-30.

Tarumi, T, Gonzales MM, Fallow B, Nualnim N, Pyron M, Tanaka H, Haley AP.
Central artery stiffness, neuropsychological function and cerebral perfusion in
sedentary and endurance trained middle-aged adults. J Hypertens.
2013;31(12):2400-9

Thies W, Bleiler L, Alzheimer's Association. 2013 Alzheimer's disease facts and
figures. Alzheimers Dement. 2013;9(2):208-45.

Thompson-Schill SL, D'Esposito M, Kan IP (1999) Effects of repetition and
competition on activity in left prefrontal cortex in word generation. Neuron
23:513--522.

Tombaugh T. Trail Making Test A and B: Normative data stratified by age and
education. Arch Clin Neuropsychol. 2004;19(2):203-14.

Tremblay S, De Beaumont L, Henry LC, Boulanger Y, Evans AC, Bourgouin P,
Poirier J, ThZoret H, Lassonde M. Sports concussions and aging: a neuroimaging
investigation. Cereb Cortex. 2013;23(5):1159-66.

U.S. Census Bureau, U.S. population projections: National population
projections released 2008 (based on Census 2000): Summary Tables. Available
at. http://www.census.gov/population/www/projections/summarytables.html.
4/12/2014.

Uehata A, Lieberman EH, Gerhard MD, Anderson TJ, Ganz P, Polak JF, Creager

50



71.

72.

73.

74.

75.

76.

71.

MA, Yeung AC. Noninvasive assessment of endothelium-dependent floe-
mediated dilation of the brachial artery. Vasc Med. 1997;2(2):87-92.

Vendemiale G, Romano AD, Dagostino M, de Matthaeis A, Serviddio G.
Endothelial dysfunction associated with mild cognitive impairment in elderly
population. Aging Clin Exp Res. 2013;25(3):247-55.

Vermeer, S.E., Prins, N.D., den Heijer, T., Hofman, A., Koudstaal, P.J., Breteler,
M.M., 2003. Silent brain infarcts and the risk of dementia and cognitive decline.
N Engl. J. Med. 348, 1215-1222.

Vita, J. A., & Keaney, J. F. Jr., (2002). Endothelial function: A barometer for
cardiovascular risk? Circulation, 106, 640-642.

Waldstein SR, Rice SC, Thayer JF, Najjar SS, Scuteri A, Zonderman AB. Pulse
pressure and pulse wave velocity are related to cognitive decline in the Baltimore
longitudinal study of aging. Hypertension 2008; 51: 99-104.

Wenjun Z, Cruickshanks KJ, Schubert CR, Carlsson CM, Chappell RJ, Klein
BEK, Klein R, Acher CW. Pulse wave velocity and cognition in older adults.
Alzheimer Dis Assoc Disord. 2014;28(1):44-9.

Winkler AM, Kochunov P, Blangero J, Almasy L, Zilles K, Fox PT, Duggirala
R, Glahn DC. Cortical thickness or grey matter volume? The importance of
selecting the phenotype for imaging genetics studies. Neuroimage.
2010;53(3):1135-46.

Xiang J, Zhang T, Yang QW, Liu J, Chen Y, Cui M, Yin ZG, Li L, Wang YJ, Li

51



J, Zhou HD. Carotid artery atherosclerosis is correlated with cognitive
impairment in an elderly urban Chinese non-stroke population. J Clin Neurosci.

2013;20(11):1571-5.

52



