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Abstract

Hypertension represents one of the major modifiable health concerns in the U.S., with
over one-third of adults classified as hypertensive, and another one-third meeting the
classification for pre-hypertensive. Older adults are at the highest risk for hypertension.
Although results have been mixed, a majority of the literature suggests that hypertension
is associated with increased cognitive decline in older adults, particularly in frontally-
mediated cognition such as executive functioning, processing speed, and attention. White
matter hyperintensities (WMHs) and altered white matter microstructure are two
consequences of hypertension that are thought to mediate the relationship between
hypertension and cognitive aging. The goals of this study were to examine the impact of
hypertension on two major white matter tracts that connect posterior regions of the brain
with the frontal lobe and WMHs, to identify whether baseline blood pressure, baseline
white matter tract integrity and baseline WMH volume contribute to frontally-mediated
cognitive performance at a baseline visit, and to examine the longitudinal changes in
white matter integrity and cognition in individuals who were hypertensive at baseline
compared to baseline normotensives. Sixty older adults with both baseline and 3-year
follow-up cognitive and imaging data were analyzed. Results indicated no significant
relationships between blood pressure and white matter integrity or cognition at baseline
or longitudinally. However, results suggested significant relationships between lower
white matter integrity and worse cognitive performance on tests of executive functioning
and processing speed. Although blood pressure did not significantly contribute to brain
aging in this sample of healthy older adults, future work might identify other possible

factors that could influence the relationship between aging and cognitive decline.
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Effects of blood pressure on brain microstructure and cognition in healthy older
adults

High blood pressure, or hypertension, is a widely prevalent health concern among
older Americans. A 2013 report by the Centers for Disease Control (CDC) indicates an
estimated 31%, or 78 million, of all U.S. adults aged 18 years and older are hypertensive.
Another 30% of all U.S. adults are considered to be pre-hypertensive, with a blood
pressure that is on the high end of the normal range. Prevalence of hypertension was
highest among those individuals aged 65 years or older, where rates were estimated to be
almost 70%. The lifetime risk for developing this disorder is almost 90% (Vasan et al,
2002). Hypertension, defined as a systolic blood pressure greater than or equal to 140
mm Hg or a diastolic blood pressure greater than or equal to 90 mm Hg, has been
associated with an increased risk for the development of multiple other medical
conditions. The most significant among these are the increased risks of cardiovascular
disease (Vasan et al., 2001) and cerebrovascular disease, particularly risk of stroke
(MacMahon et al., 1990). A 2013 report by the American Heart Association and
American Stroke Association estimates that hypertension is present in 75-77% of people
who have congestive heart failure or a first stroke (Go et al., 2013).

Hypertension and Cognitive Aging. Research has supported a role for blood
pressure in cognitive aging. Specifically, hypertension has been associated with
cognitive decline in older adults. Impaired performance on the Mini-Mental State
Examination (MMSE; Folstein, Folstein, & McHugh, 1975), a brief screening measure of
cognitive status, has repeatedly been associated with hypertension in older adults

(Cacciatore et al., 1997; Kilander, Nyman, Boberg, Hansson, & Lithell, 1998; Kuusisto et
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al., 1993; Swan et al., 1998; Tzourio, Dufouil, Ducimetiére, Alpérovitch, & the EVA
Study Group, 1999; van Swieten et al., 1991). Poor performance on a more
comprehensive analysis of global cognition, formed by summing composite scores across
multiple tests and domains, was associated with higher systolic blood pressure in middle-
aged and older adults (Knecht et al., 2008). Knecht et al. (2008) also reported impaired
global cognition was associated with higher systolic blood pressure in the normotensive
range, indicating that even high-normal (or pre-hypertensive) blood pressure can be
detrimental to cognitive status. Results are more variable when examining specific
cognitive domains, with no significant relationships between performance and
hypertension in some studies (Di Carlo et al., 2000; Farmer et al., 1987; van Boxtel et al.,
1997) and significant relationships reported in other studies. When present, hypertension
has been correlated with worse performance on tests of visual memory (van Swieten et
al., 1991), verbal fluency (Swan et al., 1998), psychomotor speed (Kuo et al., 2004;
Waldstein, Giggey, Thayer, & Zonderman, 2005), naming (Waldstein, Giggey, Thayer &
Zonderman, 2005), immediate and delayed word recognition (Harrington, Saxby,
McKeith, Wesnes & Ford, 2000; Pase et al., 2013), delayed recall (Vicario, Martinez,
Baretto, Diaz - Casale & Nicolosi, 2005), and spatial memory (Harrington et al., 2000) in
older adults.

The most consistent relationships between hypertension and cognition have been
observed in studies examining frontally-mediated cognitive domains such as executive
function (Bucur & Madden, 2010; Kilander et al., 1998; Kuo et al., 2004; Pase et al.,
2013; Raz, Rodrigue & Acker, 2003; Waldstein et al. 2005). Lower performance on

tests of executive functioning has also been associated with both older age, and
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interactions between high blood pressure and age (Bucur & Madden, 2010; Waldstein et
al., 2005), supporting the role of hypertension as one possible contributing factor to
cognitive aging. Previous research also reveals a relationship between hypertension and
poor processing speed in cross sectional studies (Harrington et al., 2000; Saxby,
Harrington, McKeith, Wesnes & Ford, 2003; Swan et al., 1998) and reductions in
processing speed over time in prospective studies (Kohler et al., 2013). Increased blood
pressure and supine hypertension have also been significantly associated with decreased
performance on tests of attention (Brown, Sollers, Thayer, Zonderman, & Waldstein,
2009; Frewen, Finucane, Sawa, Boyle, & Kenny, 2014; Wharton et al., 2014).

The mechanism underlying the potential contribution of hypertension to cognitive
aging is not yet clear, though vascular abnormalities linked to hypertension represents a
likely candidate. Both aging and hypertension have negative effects on the vascular
system. Increasing age is associated with stiffening and thickening of the arterial wall and
increased pulse velocity, leading to the development of hypertension (Safar, Levy, &
Struijker-Boudier, 2003; Scuteri, Nilsson, Tzourio, Redon & Laurent, 2011). In turn,
arterial stiffening and narrowing of the lumen of small perforating arteries and arterioles
leads to general and regional reductions in cerebral blood flow (Martin, Friston,
Colebatch & Frackowiak, 1991; Melamed, Lavy, Bentin, Cooper & Rinot, 1980) and
decreased vasodilatory response (Bakker, de Leeuw, de Groot, Hofman, Koudstaal &
Breteler, 1999), resulting in lowered blood supply, particularly to the deep white matter
regions of the brain. The appearance of white matter hyperintensities (WMHs; Aribisala
et al., 2014; Brickman et al., 20094) and altered white matter microstructure (Chen,

Rosas & Salat, 2013) are two consequences of reduced cerebral blood flow. In particular,
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periventricular white matter is located at an arterial border zone (“watershed” region) that
receives blood supply from small perforating arteries and arterioles. Periventricular
WMHs are likely to develop as a result of reduced cerebral blood flow in these regions
(Pantoni & Garcia, 1997). Additionally, previous research has demonstrated
degeneration of white matter microstructure caused by tortuosity of the arterioles,
identified as particularly severe in white matter (Brown, Moody, Challa, Thore &
Anstrom, 2002). Accordingly, hypertension has been heavily associated with both
WMHs and abnormalities in white matter microstructure.

Hypertension and WMH. Historically, WMHs have been the primary focus of
research examining the relationship between hypertension and white matter in older
adults. It has been theorized that WMHs primarily develop in response to consequences
of arteriolosclerosis and reductions in blood flow, including ischemic tissue damage and
loss of fibers (Fazekas et al., 1993). High blood pressure has been significantly associated
with increased burden and volume of WMHs in the brain (Breteler et al., 1994; Brickman
et al., 2010; Dufouil et al., 2001; Fazekas et al., 1988; Jeerakathil et al., 2004; Raz,
Rodrigue & Acker, 2003; Raz, Rodrigue, Kennedy & Acker, 2007; Schmidt et al., 1993).
This increased presence of WMHs is identified primarily in the frontal lobe (Raz et al.,
2003; Raz et al., 2007), indicating a particular vulnerability of frontal regions to the
negative effects of vascular risk factors associated with age. However, other research has
suggested a vulnerability of posterior regions of the brain in hypertension. Hypertension
has been associated with WMH burden in the occipital lobe (Artero et al., 2004), and
elevated systolic blood pressure is associated with increased volume of posterior WMHs

over a 5-year follow-up period (Raz et al., 2007). As posterior WMHs are relatively rare
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in healthy older adults without hypertension, it is likely that increased cardiovascular risk
factors, such as hypertension, contribute to their development in addition to other non-
cardiovascular risk factors, such as apolipoprotein €4 genotype status (Zhu et al., 2012).
Although not all studies link higher mean blood pressure to increased volume of WMHs
(Gunstad et al., 2005), the majority of the literature provides support for this association.

Research suggests that WMHs significantly and negatively impact brain function.
Previous studies demonstrate a relationship between the vulnerability of frontal white
matter to WMHs and frontally-mediated cognition, including processing speed and
executive functioning (deCarli et al., 1995; Raz et al., 2003; Schmidt et al., 1993). For
example, a study by Raz et al. (2003) established that individuals with hypertension had
decreased prefrontal cortex volume, increased frontal WMHs, and increased
perseverative errors on a test of executive functioning. Other studies have identified
poorer performance on tests of executive functioning and processing speed in older adults
with WMHs compared to those without WMHs (Schmidt et al., 1993). Decreased global
cognitive functioning and subjective reports of mental decline have also been
significantly associated with WMHs (Breteler et al., 1994; Brickman et al., 20095; de
Groot et al., 2000; Gunning-Dixon & Raz, 2000). The literature supports a role for
increased burden and localization of WMHs in the brain in impacting cognitive function
in older adults.

Diffusion Tensor Imaging Studies of Hypertension. The relationship between
hypertension and white matter microstructure has been less well-studied until recent
years. Diffusion tensor imaging (DTI) has been utilized over the past two decades to

non-invasively examine neuronal, axonal, and myelin integrity in the brain (Le Bihan et
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al., 2001). DTI is a neuroimaging method that measures the rate of water diffusion along
neural pathways. In healthy neurons, water diffuses in a directionally-dependent manner.
In damaged neurons, the reduced integrity of neuron fibers allow for random and non-
directional diffusion of water molecules. Studies utilizing DTI have primarily examined
white matter, measuring the diffusion of water along myelinated axonal fibers. Primary
indices of DTI utilized as markers of brain integrity include fractional anisotropy (FA)
and mean diffusivity (MD). FA refers to a scalar, ratio measure of the directional
dependency of water diffusion. A value of zero signifies complete isotropy, indicating an
equal diffusion rate in all directions. MD is the average rate of diffusion of water
molecules within a voxel, independent of direction-specific restrictions such as
membranes and tissues. FA and MD are generally recognized as measures of overall
neuronal density and integrity. Low MD values and high FA values are generally
associated with increased microstructural integrity and neuronal density (Alexander, Lee,
Lazar & Field, 2007; Le Bihan et al., 2001).

DTI has been utilized to examine the relationship between hypertension and
regional white matter microstructural integrity in older adults. Generally, hypertension is
linked to reduced white matter microstructural integrity in normal-appearing white
matter. Older adults with treated arterial hypertension exhibit reduced FA in temporal and
occipital white matter beyond the effects of age (Kennedy & Raz, 2009). In this study,
normotensives with elevated arterial pulse pressure (difference between systolic and
diastolic blood pressure) exhibited reduced FA and increased MD in prefrontal white
matter. The authors theorize that vascular risk factors, including hypertension, may result

in a shift from primarily anterior patterns of white matter damage in normal aging to a



Cooley, Sarah, 2016, UMSL, p.10

pattern that conjointly includes white matter damage in posterior brain regions. Recent
studies demonstrated a significant relationship between mean arterial blood pressure and
decreased FA in precuneus, occipital, parietal, frontal, and temporal white matter in older
adults after controlling for age and WMH, and a trending relationship for whole brain
white matter (Burgmans et al., 2010; Leritz et al., 2010; Salat et al., 2012). Systolic
blood pressure has been reported to be positively and significantly correlated with MD in
frontal, parietal, temporal and occipital white matter (MacLullich et al., 2009).
Additionally, a significant relationship between hypertension and reduced FA in normal-
appearing white matter has been reported in individuals with small vessel disease (Gons
et al., 2010).

Recent studies have examined the relationship between microstructural integrity
of major white matter tracts in the brain and hypertension using DTI tractography. This
relatively novel DTI technique allows for the visualization and measurement of diffusion
metrics along entire white matter pathways connecting different regions of the brain
(Basser, Pajevic, Pierpaoli, Duda & Aldroubi, 2000; Conturo et al., 1999). Historically,
the corpus callosum has been a primary focus in the DTI literature given the size of the
structure and relative ease of anatomical specificity. Elevated blood pressure has been
significantly associated with reduced FA and increased MD in the corpus callosum
(Maillard et al., 2012; MacLullich et al., 2009; Leritz et al., 2010; Salat et al., 2012).
Apart from the corpus callosum, there have been few DTI studies examining and
establishing a pattern of altered white matter microstructure in other major white matter
tracts in hypertensive individuals. A recent study of healthy adults age 18-81 identified a

significant relationship between elevated systolic blood pressure and reduced FA in the
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fornix, posterior thalamic radiation, and sagittal stratum (Aine et al., 2014). These
reductions in FA were also significantly related to impaired spatial working memory
accuracy. In young-to-middle-aged adults, increased systolic blood pressure was
significantly associated with reduced FA and increased MD in the inferior-fronto-
occipital fasciculus (Maillard et al., 2012). In very old adults (mean age = 83 years), it
has been reported that elevated systolic blood pressure is significantly related to reduced
FA in the uncinate fasciculus and the superior longitudinal fasciculus (Rosano et al.,
2014). The most comprehensive analysis of white matter tracts in the hypertensive
literature was completed by Salat et al. (2012), and identified significant relationships
between increased mean arterial blood pressure and reduced FA of the inferior cerebellar
peduncle, fornix, anterior corona radiata, uncinate fasciculus, superior fronto-occipital
fasciculus, and left external capsule. Combined with regional results listed previously,
Salat et al. (2012) noted a pattern of associations between blood pressure and white
matter integrity that was similar to the pattern ascribed to associations between normal
aging and white matter integrity. The authors suggest that vascular health and vascular
risk factors may contribute to the neural degeneration characteristically attributed to
aging.

Previous studies examining the relationship between hypertension and white
matter integrity suggest that hypertension represents a contributing factor to the
established anterior patterns of white matter abnormalities ascribed to normal aging.
Specifically, frontal white matter and frontally-mediated executive functioning,
processing speed, and attention are significantly impacted by hypertension. Additionally,

literature supports a role for hypertension in extending this pattern of reduced white
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matter integrity to posterior regions of the brain. However, there is a lack of research that
examines integrity of major white matter tracts that connect frontal and posterior brain
regions in older adults with hypertension. To fully understand the complex interactions
between the effects of blood pressure and aging on cognition, it is important to identify
the patterns of reduced white matter integrity at the level of tracts connecting frontal and
posterior regions of the brain in hypertensive older adults and to examine the evolution of
these changes over time.

The superior longitudinal fasciculus (SLF) and inferior fronto-occipital fasciculus
(IFOF) are two major white matter tracts that span from regions of the frontal lobe to the
occipital lobe. Both white matter tracts have been previously associated with reduced
integrity in normal aging, as evidenced by reductions in FA among healthy older adults
(Teipel et al., 2010). Reduced FA in the SLF has previously been associated with poor
executive functioning in children and adolescents (Urger et al., 2014) and in adults
(Sasson, Doniger, Pasternak, Tarrasch & Assaf, 2013). Aspects of executive functioning,
particularly set-shifting (switching between two or more tasks), have also been
significantly associated with IFOF integrity (Perry et al., 2009). Further, reduced FA in
the SLF and IFOF is significantly associated with decreased performance on tests of
processing speed (Santiago et al., 2014; Turken et al., 2008), and reduced FA of the SLF
has been significantly correlated with decreased performance on tasks of sustained
attention (Frye et al., 2010; Klarborg et al., 2012). Collectively, these results indicate that
the integrity of the SLF and IFOF are affected by normal aging and play a role in
executive functioning, processing speed and attention. These cognitive domains are also

affected by hypertension.
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Exploration of the effect of hypertension on the SLF, IFOF, volume of WMHs
and the degree that these impact frontally-mediated cognitive function both at baseline
and longitudinally, represents an important area of research on the relationship between
hypertension, the brain and cognition in older adults. As previously mentioned, the SLF
and IFOF connect regions of the brain impacted by aging (anterior regions) and
hypertension (globally). It is necessary to identify differences in the patterns between
normotensive and hypertensive older adults in order to determine the impact of
interactions between hypertension and aging on white matter integrity beyond those of
aging alone. Additionally, the recent research examining the relationships between blood
pressure, white matter tract microstructure and cognition has almost exclusively been
cross-sectional, and has not yet fully identified the contribution of elevated blood
pressure and altered white matter tract microstructure in older adults to performance on
tests of executive functioning, processing speed, and attention. Currently, no known
studies have included both white matter tract and WMHs outcomes in a longitudinally
study. Determining the impact of blood pressure, tract microstructure, and WMHs
volume on cognitive performance will help fully establish the relationship between
hypertension and cognitive aging, and whether increased blood pressure in older adults
accelerates cognitive decline associated with normal aging.

Summary

Hypertension represents one of the major modifiable health concerns in the U.S.,
with over one-third of adults classified as hypertensive, and another one-third meeting the
classification for pre-hypertensive. Individuals with hypertension are at higher risk for

other conditions, including cerebrovascular disease, cardiovascular disease and vascular
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dementia. Older adults are at the highest risk for hypertension. Although results have
been mixed, a majority of the literature suggests that hypertension is associated with
increased cognitive decline in older adults, particularly in frontally-mediated cognition
such as executive functioning, processing speed, and attention. WMHs and altered white
matter microstructure are two consequences of hypertension that are thought to mediate
the relationship between hypertension and cognitive aging. While studies have identified
associations between hypertension, WMHs and cognition, the relationships between
hypertension, white matter microstructure and cognition remains less clear.

The goals of this study are to examine the impact of hypertension on two major
white matter tracts that connect posterior regions of the brain with the frontal lobe (SLF
and IFOF, occipital-to-frontal) and WMHs, to identify whether baseline blood pressure,
baseline white matter tract integrity and baseline WMH volume contribute to frontally-
mediated cognitive performance at a baseline visit, and to examine the longitudinal
changes in selected white matter integrity, and cognition in individuals who were
hypertensive at baseline compared to baseline normotensives. The following hypotheses
will be tested:

1) Older adults with hypertension at baseline will have altered baseline white
matter tract microstructure and increased WMH volume.

2) Higher systolic, diastolic and pulse (systolic — diastolic pressures) blood
pressures, and reduced white matter integrity will significantly relate to lower cognitive
performance.

3) Older adults with hypertension at baseline will have significantly greater

reductions in white matter integrity and decreases in cognitive performance between
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baseline and 36 month follow-up compared to older adults who are normotensive at
baseline.

4) At baseline, older adults with pre-hypertension will demonstrate significantly
reduced white matter integrity compared to normotensives, and hypertensives will
demonstrate significantly reduced white matter integrity compared to pre-hypertensives.
Additionally, those in the highest quartile of pulse pressure, systolic and diastolic blood
pressures will demonstrate significantly reduced white matter integrity and lower
cognitive performance compared to those in lower quartiles.

Design Considerations

Several important methodological and approach considerations related to the
proposed study have been considered. Below, four potential concerns and the rationale
for each corresponding methodological decision are discussed.

The first methodological consideration is the grouping of the participants.
Previous research has utilized both a categorical grouping of normotensives versus
hypertensives (Dufouil et al., 2001; Hannesdottir et al., 2009; Harrington et al. 2000; Raz
et al., 2003) and blood pressure (total, systolic or diastolic) along a continuum (Knecht et
al., 2008; Kuo et al., 2004; MacLullich et al., 2009; Rosano et al., 2014) to examine the
relationships between blood pressure, white matter microstructure, and cognition. In this
study, the first aim is to examine the difference between normotensive and hypertensive
individuals in white matter tract microstructure and WMHs volume to indicate whether a
clinical definition of high blood pressure is associated with structural integrity of the
brain. The decision was made that a categorical grouping of individuals into

normotensive and hypertensive groups would best answer this specific question.
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However, to examine the more complex question of how blood pressure, white matter
tract microstructure, WMHs and cognition are related, the decision was made to use
systolic and diastolic variables as continuous variables. This decision was based both on
the type of analysis proposed (hierarchical linear regression) and previous literature
supporting differential effects of systolic and diastolic blood pressure on cognition even
in individuals with high-normal blood pressure (Knecht et al., 2008). Due to the literature
support for possible differential effects, correlations examining the individual
relationships between systolic blood pressure, diastolic blood pressure, pulse pressure
(calculated as systolic — diastolic blood pressure) and dependent variables with
significant group differences in hypothesis 1 will also be included.

In addition to grouping individuals as normotensive or hypertensive, the
possibility of classifying individuals as “pre-hypertensive” (systolic = 120 — 139 mm Hg
or diastolic = 80 — 89 mm Hg) was considered. Prior research has described differences
in brain integrity between normotensives and pre-hypertensives (Maillard et al., 2012),
suggesting that within the traditional normotensive group, individuals with high-normal
blood pressure may have altered white matter microstructure and poorer cognition than
those with lower blood pressure. Although the categorization of hypertensive individuals
appears to be clinically important, the available sample size is not sufficient to identify
significant differences between three groups. Consequently, the decision was made to
include the examination of group differences in white matter integrity between
normotensives, pre-hypertensives and hypertensives as a secondary analysis. Similarly,
the sample size was not sufficient to include hypotensive (<90mm Hg systolic or

<60mm) Hg diastolic individuals. Only one individual demonstrated a recorded blood
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pressure categorized as hypotensive, and this person was excluded from the current
analyses.

A second consideration is the inclusion of individuals on antihypertensive
medications. Although there are conflicting results on the effects of antihypertensive
medications, a majority of prior research supports the inclusion of individuals on
antihypertensive medications in studies examining relationships among blood pressure,
WMHs, white matter microstructure and cognition. The method of defining individuals
on antihypertensive medications as hypertensive, regardless of average blood pressure at
time of testing, has been previously supported in the literature (Dufouil et al., 2001;
Tzourio et al., 1999). Therefore, the decision was made to include individuals on
antihypertensive medications in the hypertensive group regardless of measured blood
pressure results on the day of neuropsychological assessment. This approach is
consistent with previous studies (Raz et al., 2003; Salat et al., 2012; Shmidt et al., 1991).

A final consideration of the proposed study is the selection of white matter tracts.
As previously stated, the frontal lobe, and the prefrontal cortex in particular, appear to be
most vulnerable to the effects of hypertension and aging (Gunning-Dixon et al., 2009;
Raz et al., 2003). Additionally, posterior regions of the brain have also been found to be
particularly vulnerable to vascular risk factors, including hypertension (Kennedy & Raz,
2009). The SLF and IFOF are two major white matter tracts that connect frontal regions
of the brain with posterior regions, suggesting that the integrity of these tracts may be
compromised in older adults with hypertension. Additionally, both tracts have been
previously associated with aspects of executive functioning, processing speed, and

attention (Frye et al., 2010; Perry et al., 2009; Santiago et al., 2014; Sasson et al., 2013;
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Turken et al., 2008). The decision to not include other major white matter tracts in the
proposed study was based both on selecting tracts that connect frontal lobe to posterior
regions of the brain, and tracts that have not frequently been a focus of study in this
population in relation to the proposed dependent variables. A methodological advantage
of this focus includes the reduced number of dependent variables and potential for type 1
error.
Methods

Participants

Data for the proposed study were extracted from an existing database containing
healthy older adults (NIH RO1-NS052470). A total of 60 participants between the ages of
51 and 81 years were identified as having both imaging and neuropsychological data that
meet the proposed criteria for inclusion. All participants provided informed consent as
part of the parent study procedure.
Inclusion/Exclusion Criteria

Inclusion criteria included fluent English-speaking adults over the age of 50, with
>12 years of education. Exclusion criteria included neurological conditions (e.g., current
diagnosis of dementia, stroke, or Parkinson’s disease; score of <24 on the Mini-Mental
State Exam), diabetes requiring medication (i.e., not diet-controlled), head injury with
loss of consciousness > 30 min, past or current substance abuse, a major psychiatric
condition (e.g., schizophrenia, untreated anxiety or depression, bipolar disorder) or other
medical conditions that could affect cognition including thyroid disease, HIV, epilepsy,
multiple sclerosis, or cancer.

Blood Pressure Measurement



Cooley, Sarah, 2016, UMSL, p.19

All blood pressure measurements were taken using a digital blood pressure
monitor with an oscillometric measurement system (Samsung Healthy Living Model BA-
508AC). Systolic and diastolic blood pressures were measured at three set time-points
during the baseline neuropsychological testing session. Measurements from all three
time-points were averaged for a final mean systolic over diastolic value. Pulse pressure
was calculated as the difference in average systolic and diastolic blood pressures. All
blood pressure measurements were taken while participants were seated.
Neuropsychological Tests

Neuropsychological tests were chosen from the domains of executive function,
processing speed and attention. These domains represent the key cognitive domains
examined in previous studies focused on hypertension (Kilander et al., 1998; Kuo et al.,
2004; Raz et al., 2003; Swan et al., 1998; Wharton et al., 2014). All neuropsychological
tests were completed at baseline and 36 month follow-up as part of a larger
neuropsychological test battery following demographic and health questionnaires.
Cognition will be assessed using Trails A and B from the Trail Making Test (TMT; Army
Individual Test Battery, 1944), Letter Number Sequencing (LNS) from the Wechsler
Adult Intelligence Scale — III (WAIS-III; Wechsler, 1997), and Trials 1, 3 and 4 of the
Color-Word Interference Test (CWIT) from the Delis — Kaplan Executive Function
System (D-KEFS; Delis, 2001), Digit Span from the Repeatable Battery for the
Assessment of Neuropsychological Status (RBANS; Randolph, Tierney, Mohr, & Chase,
1998), and Coding from the RBANS. These tests are described in greater detail below.

The Trails A test of the TMT requires participants to draw lines connecting the

numbers 1 through 25 in numerical order as quickly as possible. The Trails B test of the
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TMT requires participants to draw lines connecting alternating letters and numbers, in
numerical and alphabetical order (e.g. 1-A-2-B-3-C...). Time to completion was used as
the outcome measure for both tests. The Trails A test is considered a test of processing
speed, while Trails B represents executive functioning.

During the LNS test, participants are read a string of numbers and letters by the
examiner. Participants are instructed to repeat the string of numbers and letters back to
the examiner, beginning with numbers in order from lowest to highest and ending with
the letters in alphabetical order. For example, if the participant was read the sequence “9-
C-3”, the participant should respond with “3-9-C.” After each correct answer, the string
of letters and numbers increases in length. The number of correct answers was used as
the outcome measure for the LNS test, which represents a test of working memory
(executive function).

Trial 1 of the D-KEFS CWIT requires participants to name squares of ink color as
quickly as possible. Trial 3 of the D-KEFS CWIT is a measure of response inhibition. In
this task, the names of colors (green, red, and blue) are printed in ink of a different color
than the color the word represents (i.e. the word “green” is printed in red ink). The
participant is asked to name the color of ink the words are printed in, rather than reading
the word itself. In Trial 4, the set-up is similar with the exception that a number of color
words are printed within a box. Participants are instructed to name the color of ink the
word is printed in if the word is not in a box, or read the printed word if it is within a box.
This task requires both response inhibition and task switching. Time to completion was
used as the outcome measure for both Trials 3 and 4 of the CWIT. Trial 1 is considered a

test of processing speed, while Trials 3 and 4 represent executive functioning.
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Digit Span requires the participant to repeat a list of numbers from 2 to 9 digits in
the exact order as they were read aloud by the examiner. After each correct answer, the
length of the string is increased. Total number of strings correctly recalled was used as
the outcome variable. The Digit Span test represents attention. The Coding task presents
participants with rows of boxes, where the top half contains a shape and the bottom half
is empty, and a coding key, where numbers correspond to specific shapes. Participants
are asked to fill in the rows of empty boxes with numbers that correspond to the shapes in
the top halves of the boxes as quickly as possible based on the coding key. Number of
correctly filled in numbers within 90 seconds represents the outcome measure for this
task. This test is considered a test of attention, processing speed and executive function.
Diffusion Tensor Imaging.

All neuroimaging and processing of neuroimaging data were previously
completed as part of the parent longitudinal study. MRI scans were obtained using a
head-only Magnetom Allegra 3T MRI scanner (Magnetom Allegra, Siemens Medical
Solutions, Erlangen, Germany) at Washington University in Saint Louis. Head
movement was restrained using foam pads and RF coil. Whole brain structural MRI data
were obtained utilizing T1-weighted magnetization-prepared rapid-acquisition gradient
echo (MP-RAGE) sequence (176 slices on the sagittal plane, TR=2,100 ms, TE = 3.93
ms, TT= 1,000 ms [non-selective inversion], flip angle = 7°, voxel size = 1.05 x 1.05 x
1.05 mm’), T2-weighted turbo spin echo (TSE), and T2-weighted fluid-attenuated
inversion recovery (FLAIR; 43 slices in the transverse plane, TR = 8,040 ms, TE; = 18
ms, TE, = 105 ms, voxel size = 1.0 x 1.0 x 3.0 mm’). An initial pilot sample from the

same parent study was used to establish slice coverage and field of view parameters.
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Each individual’s DWIs were initially preprocessed using Function MRI of the
Brain (FMRIB) software library (FSL) 5.0 (Jenkinson et al., 2012). To correct for subject
motion, all volumes were registered to the first [0 image using FMRIB’s linear image
registration tool (FLIRT) with the mutual information metric (Jenkinson et al., 2002).
The b-vectors were rotated to account for the rotation induced by the registration
(Leemans & Jones, 2009). Brain tissue was extracted automatically using the FSL Brain
Extraction Tool (Smith 2002). Diffusion tensors were fit to the DWIs using linear least
squares, and eigen-decomposition was used to compute scalar diffusion metrics, which
included fractional anisotropy (FA) and mean diffusivity (MD). Deterministic streamline
tractography (Zhang, Demiralp & Laidlaw, 2003) was performed to reconstruct canonical
fiber bundles using an atlas-based multiple region-of-interest approach (Wakana et al.,
2004). DTI toolkit (DTI-TK) was used for tensor-based deformable image registration
with explicit orientation optimization (Zhang et al., 2006) and diffusion tensor atlas
construction (Zhang et al., 2007). Whole brain diffusion MR tractography was
performed in the atlas, and the bundles-of-interest were manually selected based on
anatomical references (Mori, Oishi & Faria, 2009). For each bundle, three volumetric
bundle masks were manually drawn in atlas-space, with one at each end of the bundles,
and one "whole bundle" mask covering the entire extent. The volumetric masks were
resampled to each subject's native space using the deformable registrations and nearest
neighbor interpolation. Diffusion MR tractography was then performed for each subject,
and fibers were included in the bundle if at least 80% of their arc-length was inside the
whole bundle mask and only if they passed through both bundle endpoint masks.

Quantitative metrics were computed from the resulting fiber bundles and retained for
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statistical analysis; these included mean FA and mean MD (Correia et al., 2008).
Tractography was performed using a custom toolkit for smooth streamline integration of
the principal tensor eigenvector field with tricubic interpolation of the diffusion-weighted
signal. The following tractography parameters were used: 4 randomly placed seeds per
voxel, a maximum turning angle of 35°, a step size of 1mm, a minimum FA threshold of
0.15, and a minimum-length threshold of 10 mm.

Quantification of WMHs.

To derive WMH volumes, fluid attenuated inverse recovery (FLAIR) images were skull-
stripped and divided into left and right hemispheres along the sagittal plane. Gaussian
curves were fitted to each hemisphere’s voxel intensity values, and the mean and standard
deviation (SD) intensity values were derived for each cerebral hemisphere. Voxels falling
at or above 2.5 SD above the mean were labeled as white matter hyperintensity seeds.
Seeds from the left and right hemispheres were combined and passed into a mean
intensity based region-growing algorithm. This algorithm uses the seed voxel intensity as
the starting mean, and searches for and labels voxels falling within 5% of the seed mean
by applying a 10-point connectivity scheme (x-y plane, and 1 up in z and 1 down in z-
plane). Neighboring voxels falling within 5% of the seed mean are added to the image,
and a new mean is created. This process is repeated until all seeds have been included
into the WMH image. The total WMH volume was calculated from the summation of the
number of voxels labeled as WMH multiplied by voxel dimensions. An anatomical atlas
(Admiraal-Behloul et al., 2004) was spatially normalized to each image to derive WMH
volumes in the major anatomical lobes, basal ganglia, insula and the cerebellum. All

WMH volumes are in cm”.
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Proposed Statistical Analyses

Preliminary Analyses. Participants with an average systolic blood pressure greater
than or equal to 140 mm Hg or diastolic blood pressure greater than or equal to 90 mm
Hg were classified as hypertensive. Participants with an average systolic blood pressure
less than 140 mm Hg and less than 90 mm Hg were classified as normotensive. For the
secondary analysis, the normotensive group was further divided into pre-hypertensive
individuals (systolic pressure = 120 — 139 mm Hg or diastolic pressure = 80 — 89 mm
Hg) and normotensive individuals (systolic pressure < 120 mm Hg and diastolic pressure
< 80 mm Hg). Independent samples #-tests and chi-square analyses were used to examine
possible group differences in demographic factors, including age, sex and education.
These variables were also analyzed for any significant associations with diastolic and
systolic blood pressure, pulse pressure, white matter tracts, WMH volume and cognitive
test scores using Pearson’s correlation coefficients. Any variables demonstrating
significant group differences (p < .05) and associations with the dependent variables (r >
.8) were included as covariates in subsequent analyses. Distributions of all
neuropsychological, imaging, and blood pressure variables were examined for normality
and transformed if necessary.

Hypothesis 1: To examine group differences in white matter tract
microstructure and WMHs between normotensive and hypertensive groups, independent
t-tests (or ANCOV As, if covariates are included) were conducted. The first set of #-tests
included group (normotensive and hypertensive) as the independent variable and FA of
the SLF or IFOF as the dependent variables. The second set of #-tests included group

(normotensive and hypertensive) as the independent variable and MD of the SLF or IFOF
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as the dependent variable. Finally, the last #-test included group (normotensive and
hypertensive) as the independent variable and total WMHs volume as the dependent
variable. For any significant group differences, partial correlations were conducted
examining the individual relationships between systolic and diastolic blood pressures
with the dependent variable, controlling for any covariates. It was predicted that
individuals in the hypertensive group would have significantly reduced FA, increased
MD, and increased WMHs volume compared to individuals in the normotensive group. It
was also predicted that higher systolic, diastolic and pulse pressures would be
significantly correlated with reduced FA, higher MD, and larger volume of WMHs.

Hypothesis 2: To examine the relationships between baseline systolic and
diastolic blood pressure, pulse pressure, white matter tract microstructure, volume of
WDMHs, and baseline performance on tests of executive function, processing speed, and
attention, a series of hierarchical linear regressions were conducted. For each regression,
any covariates were entered as the first step and the specific independent variable(s)
entered as the second step of the model. For the first set of regression models, systolic,
diastolic, or pulse pressure were added as the independent variables in the second step.
Raw cognitive scores were included as the dependent variables. The second set of
regression models included volume of WMHs, FA or MD of the SLF and IFOF as
independent variables, and raw cognitive scores as the dependent variables. If the
regression analyses including volume of WMHs as the independent variable and tract FA
or MD as the independent variables were both significant, a final hierarchical regression
was conducted with WMH volume as the first step (or second, if any covariates are

identified) and tract FA or MD as the second (or third) step. It was predicted that higher
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systolic and diastolic blood pressure, and higher pulse pressure were significantly related
to lower performance on tests of executive functioning, processing speed, and attention.
It was also predicted that lower FA, higher MD and higher volume of WMHs were
significantly associated with lower cognitive performance, with lower FA and higher MD
retaining a significant relationship with decreased cognitive performance when total
volume of WMHs was included in the model.

Hypothesis 3: To examine the differences between normotensives and
hypertensives in changes in white matter tract FA and MD, WMH volume, and cognition
between baseline testing and 36 month follow-up, a series of general linear model -
repeated measures analyses was conducted. The baseline blood pressure group
(normotensive, hypertensive) was included as the between-subjects factor. Tract FA and
MD, WMH volume, and raw cognitive scores from both baseline testing and 36-month
follow-up were included as the within-subjects factors. Any variables defined as
covariates in the preliminary analysis were included as covariates. It was predicted that,
at 36-month follow-up, results would indicate reduced tract FA and increased tract MD,
increased WMH volume, and decreased performance on tests of executive functioning,
processing speed, and attention compared to baseline testing. It was also predicted that
there would be a significant interaction between group and time, with the hypertensive
group exhibiting greater reductions in tract FA, increases in MD, increases in WMH
volume and reductions in cognitive performance over time compared to the normotensive
group.

Secondary Analyses/Hypothesis 4: Two hypotheses were tested in secondary

analyses due to small group sizes: 1) Group differences between normotensive, pre-
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hypertensive and hypertensive individuals, and 2) differences between individuals in the
highest and lowest quartiles of pulse, systolic and diastolic blood pressure. To examine
differences in white matter tract microstructure, volume of WMHs, and cognition
between normotensive, pre-hypertensive, and hypertensive individuals, four MANOV As
(or MANCOV A, if covariates are included) were conducted. The first two MANOVAs
included group (normotensive, pre-hypertensive, and hypertensive) as the independent
variable, and FA (first MANOVA) or MD (second MANCOVA) of the SLF and IFOF as
the dependent variables. The third MANOVA included group (normotensive, pre-
hypertensive, and hypertensive) as the independent variable and volume of WMHs as the
dependent variable. A final MANOVA included group (normotensive, pre-hypertensive,
and hypertensive) as the independent variable, and raw cognitive scores from baseline
testing as the dependent variables. A Tukey’s post-hoc analysis was conducted to analyze
which groups were significantly different. It was predicted that the hypertensive group
would demonstrate reduced FA, higher MD, larger volume of WMHs, and decreased
performance on tests of executive functioning, processing speed, and attention compared
to both the normotensive and pre-hypertensive groups. Additionally, it is predicted that
the pre-hypertensive individuals would demonstrate reduced FA of the SLF and IFOF,
increased MD of the SLF and IFOF, increased WMHs, and decreased cognitive
performance when compared to normotensive individuals.

To examine differences in white matter microstructure, volume of WMHs, and
cognitive performance between those in the highest quartile of blood pressure compared
to those in the lowest quartile, a series of MANOV As (or MANCOVAS, if covariates are

included) were performed. First, three SPSS frequency analysis were conducted to divide
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participants into quartiles based on pulse pressure, systolic pressure and diastolic
pressure. MANOV As then compared participants in the 4™ (highest) quartile to those in
the 1% (lowest) quartile, with FA of the SLF and IFOF as the dependent variables of the
first analyses, MD of the SLF and IFOF the dependent variables of the second analyses,
volume of WMHs the dependent variable of the third analyses, and raw cognitive scores
as the dependent variables of the fourth analyses. It was predicted that individuals in the
highest quartile of pulse pressure, systolic blood pressure and diastolic blood pressure
would demonstrate significantly reduced white matter integrity and cognitive
performance compared to those in the lowest quartile.
Results
Preliminary and Demographic Analyses

The final sample was comprised of 60 participants (18 males (30%), 42 females
(70%)) with blood pressure, DTI, WMH and cognitive data. The majority of participants
in this sample were Caucasian (77%), followed by African-American (16%), Hispanic
(5%) and Asian (2%). The average age of participants was 62.7 years (SD = 8.0; range =
51-78) and the average education level was 15.7 years (SD = 2.4). Comparisons by blood
pressure group indicated that normotensive individuals (rn = 36) did not significantly
differ from hypertensive individuals (n = 24) on age (¢ (58) = 2.0, p = .06), years of
education (¢ (58) =-.38, p=.71), BMI (¢ (58) = 1.4, p = .17), gender (¥* (1, n = 60) =
1.07, p = .30), or ethnicity (%> (3, n = 60) = 1.6, p = .67). When participants were divided
into three blood pressure classifications (hypertensive (n = 24), pre-hypertensive (n = 25),
and normotensive (n = 11)), all comparisons remained non-significant with the exception

of BMI, where normotensive individuals demonstrated significantly lower BMI
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compared to both pre-hypertensive and hypertensive individuals (F(2,57) =3.36,p =
.04). Sample characteristics are listed in Table 1.

Data were screened for normality using Q-Q plots. Results of these analyses
concluded that most data did not violate assumptions of normality. However, neither
baseline nor 36M total WMH data demonstrated a normal distribution and therefore these
data were log-transformed. Outliers in dependent variables were identified using
standardized z-scores, with a cutoff of z > +/- 3, and removed from analyses in a pairwise
fashion.

Hypothesis 1

Preliminary analyses did not reveal any significant differences in demographic
and health variables between groups. Accordingly, no covariates were utilized in the
group analyses. Independent #-tests demonstrated that normotensive and hypertensive
individuals differed significantly on FA (#58) =-2.03, p = .047, Cohen’s d = 0.54) and
MD (#58) =2.23, p =.03,d=0.61) in the IFOF. Neither FA (#(58)=-1.10,p=.27,d =
0.29) nor MD in the SLF (#(58) = 1.61, p = .11, d = 0.42) demonstrated a significant
difference by group. However, no results remained significant after FDR correction.
Additionally, no significant group differences were identified in total volume of WMHs
at baseline (#(57) = .72, p = .46, d = .19).

Correlational analyses to determine the relationship of the dependent variables to
systolic pressure, diastolic pressure and pulse pressure at baseline were also conducted.
Analyses revealed a significant relationship between systolic blood pressure and FA of
the SLF (r =-.28, p = .03). However, this result did not remain significant after FDR

correction. Results from the independent #-tests and correlations are displayed in Table 2.



Cooley, Sarah, 2016, UMSL, p.30

Hypothesis 2

Preliminary analyses indicated that even after FDR correction, age was
significantly associated with MD of the SLF and IFOF, FA of the [FOF, DKEFS Trial 1,
and coding. As such, if any regression analysis including these as dependent variables
demonstrated significance, a secondary hierarchical regression with age as a first step
was conducted to examine the individual impact of the independent variable after the
effects of age. No other demographic or health variables were significantly associated
with any dependent variables.

Regressions examining the relationship between cognitive performance and
systolic, diastolic and pulse pressures identified no significant relationships (p’s > .05).
Baseline performance on DKEFS trial 1 demonstrated significant relationships with pulse
pressure (F(1,58) = 6.82, p=.01, p=0.33, R*=0.11, Cohen’s f*= 0.12) and systolic
blood pressure (F(1,58) = 4.12, p = .045, p = .26, R* = .07, /°= 0.08). Additionally,
DKEFS trial 4 also demonstrated initial significant positive associations with both pulse
pressure (F(1,58) = 9.02, p = .004, f = .38, R* = .14, /> = 0.16) and systolic blood
pressure (F(1,58) = 8.94, p = .004, f = .37, R* = .14, />= 0.16). However, no
relationships remained after FDR correction. Regression results are presented in Table 3.

Regressions examining the relationship between cognitive performance and tract
FA, tract MD, and total volume of WMHs initially identified several significant
relationships. Higher total volume of WMHs was significantly associated with slower
performance on Trails B (F(1,55) = 5.42, p = .02, = .30, R* = .09, /= 0.10).

Lower FA of the SLF was significantly related to slower performance on Trails A
(F(1,58)=6.53, p=.01, p=-.33, R* = .11, f*= 0.12) and worse performance on the

RBANS coding test (F(1,58) = 6.56, p= .01, p=.32, R*= .11, f>=0.11). Lower FA of
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the IFOF significantly related to slower performance on Trails A (F(1,58) =4.39, p = .04,
B=-27,R*=.07, /= 0.08) and Trails B (F(1,58) = 5.29, p = .03, B =-.30, R* = .09, f*=
0.10), worse performance on LNS (F(1,58) = 5.58, p = .02, p = .30, R* = .09, />= 0.09),
and worse performance on the RBANS coding test (F(1,58) = 5.59, p = .02, p = .30, R* =
.09, 2= 0.10).

Higher MD of the SLF demonstrated a significant relationship with slower
performance on Trails A (F(1,58) =8.77, p =.004, p = .37, R%’= .13,f2= 0.15) and Trails
B (F(1,58)=5.13,p=.03, B = .29, R?= .08,f2= 0.09), and worse performance on the
RBANS coding test (F(1,58) = 13.57, p = .001, p = -.44, R* = .19, /*>= 0.24). Higher MD
of the IFOF also significantly related to worse performance on the RBANS coding
(F(1,58)=9.55, p = .003, p = -.38, R* = .14, *= 0.17). All regression results are reported
in Table 4.

Of these results, only the relationship between MD of the SLF and RBANS
coding remained significant after FDR correction. A hierarchical regression analysis
demonstrated that this significant relationship also remained after correcting for age (F(2,
57)=13.08, p <.001, p =-.28, R* = .32, R? change attributed to SLF MD = .064; see
Table 5).

As no significant WMH and tract results remained after FDR correction, the
hierarchical regression analyses intended to investigate the contribution of tract data in
predicting cognitive performance beyond total volume of WMHs were not completed.
Hypothesis 3

A series of repeated measures general linear models were conducted to analyze

changes in tract FA and MD, total volume of WMHSs, and cognitive performance between
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normotensive and hypertensive individuals over a three year period. No significant group
differences in demographic or health variables were identified in the preliminary analysis.

Results revealed that across all participants, IFOF MD significantly increased
over time (F(1,52) = 12.27, p = .001). However, the group x time interaction was not
significant (F(1,52) = .66, p = .42). Additionally, total volume of WMHs significantly
increased over time (F(1,53) = 17.02, p <.001) but did not demonstrate a group x time
interaction (F(1,53) = 1.2, p = .28). Time to complete Trails A significantly increased
over time (F(1,53) = 4.28, p = .04) with no group x time interaction (F(1,53) = .03, p =
.96). Time to complete the DKEFS Trial 4 significantly declined across time for all
participants (F#(1,53) = 8.55, p = .005) with no group x time interaction (¥(1,53) = .54, p
=.43).

All significant results except change in Trails A over time remained significant
after FDR correction. No other dependent variables demonstrated significant changes
between baseline and follow-up testing or group x time interactions. Results for all
participants over time and for the group x time interactions are reported in Table 6.
Secondary Analyses/Hypothesis 4

The secondary analysis first examined group differences similar to Aim 1, with
participants divided into three groups (hypertensive, pre-hypertensive, and
normotensive). As preliminary analyses identified significant group differences in BMI,
this variable was added as a covariate to the series of MANCOV As performed to
examine group differences in tract FA and MD, total volume of WMHs, and cognitive

performance.



Cooley, Sarah, 2016, UMSL, p.33

The first MANCOVA investigating group differences in FA of the SLF and IFOF
was non-significant (Wilks' Lambda = .92; F' (4, 108) = 1.15, p = .34, np* = .04).
Additionally, the second MANCOVA examining group differences in MD of the SLF
and IFOF was also non-significant (Wilks' Lambda = .93; F(4, 108) = 1.01, p = .41, np* =
.04). Total volume of WMHs also did not significantly differ between the three groups
(F(2,57)=.81, p=.451p*=.03). The MANCOVA investigating group differences in
cognitive performance demonstrated a trend-level effect (Wilks' Lambda = .58; F (16,
88) =1.70, p = .06, np* = .24). Univariate analyses revealed significant group differences
on DKEFS Trial 4 (F(2,51) =3.31, p = .045, np?> = .12) and RBANS coding (F(2,51) =
5.33, p =.008, np? = .18). On DKEFS Trial 4, hypertensive individuals performed
significantly worse than both pre-hypertensive and normotensive individuals but there
were no differences between pre-hypertensive and normotensive individuals. Pre-
hypertensive individuals also performed significantly better on RBANS coding than both
normotensive and hypertensive individuals. However, no significant differences
remained after correcting for multiple comparisons.

Additionally, participants were divided into groups based on quartile of pulse
pressure (upper bound for 1% quartile = 41.8; lower bound for 4™ quartile = 58.25),
systolic blood pressure (upper bound for 1* quartile = 119.3; lower bound for 4™ quartile
=138.1), and diastolic blood pressure (upper bound for 1* quartile = 73.2; lower bound
for 4™ quartile = 85.0). MANOV As did not identify any significant differences between
groups on cognitive performance or any white matter integrity variables (p’s > .05). The
ranges of blood pressure measurements assigned to each quartile and p-values of the

MANOVAs are listed in Table 7.
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Discussion

The primary goal of this research was to determine if healthy older adults with
high blood pressure demonstrate reduced white matter integrity and poorer cognitive
performance compared to those with normal blood pressure levels, both at a baseline visit
and at a three year follow-up. The results of the present study indicate that individuals
classified as hypertensive do not have reduced white matter integrity, both at the tract-
specific level and with total volume of WMHs. Additionally, higher systolic, diastolic
and pulse pressures were not significantly related to white matter integrity or cognitive
performance. There was some evidence to suggest that integrity of the SLF and IFOF
were significantly associated with diminished cognitive performance in this sample.
Longitudinally, results revealed significant changes in white matter integrity and
cognitive performance, but no significant blood pressure group x time interactions were
observed. Secondary analyses results suggested worse cognitive performance in
hypertensive individuals than pre-hypertensive and normotensive individuals on some
tests of attention, processing speed and executive functioning, although these did not
remain significant after FDR correction. Additional secondary analyses suggested no
significant differences in cognitive performance or white matter integrity between
individuals in the highest and lowest quartiles of pulse pressure and systolic blood
pressure.
White Matter Integrity

Results from the present study did not support the prediction of a significant
reduction in white matter integrity among individuals with higher blood pressures at

baseline testing. There was no significant difference identified between the normotensive
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and hypertensive groups in total volume of WMHs. These results are not consistent with
those previously identified in the literature that demonstrate significantly increased
WMHs in hypertensive individuals compared to those without hypertension (Raz et al.,
2003). Additional analyses were conducted to examine the individual association of
systolic blood pressure, diastolic blood pressure, and pulse pressure to the total volume of
WMHs. Previous research has identified increased systolic blood pressure as a particular
risk factor for increased volume of WMHs (Raz et al., 2007), along with higher pulse
pressure. However, results from the present study did not reveal any significant
associations between systolic, diastolic or pulse pressures and total volume of WMHs.
Secondary analyses also did not reveal significant relationships between those in the
highest and lowest quartiles of pulse pressure, systolic blood pressure or diastolic blood
pressure and volume of WMHs.

One possible reason for the disparity in the results is the overall low level of
WMH burden in the sample. The majority (78%) of participants demonstrated a volume
of WMHs <1 c¢m” providing little variation in volume of WMHs and few participants
with significant burden. Other studies identifying a significant relationship between blood
pressure variables and WMHs demonstrated higher total volumes of WMHs, with
averages of 2.6 cm’ - 6.4 cm® across participants (Raz et al., 2003, Raz et al., 2007,
Schmidt et al., 1993). It is possible that this association is not evident until WMHs
become more severe. Additionally, several studies have identified blood pressure
variability or 24 hour ambulatory blood pressure as stronger predictors of WMH burden,

rather than average systolic and diastolic blood pressures (Gunstad et al., 2005, Mancia et
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al., 2007; Sierra 2011), suggesting that significant associations may have been identified
using other measures of blood pressure.

In addition to the global measurement of volume of WMHSs, the first aim
examined group differences in white matter integrity at a network-specific level. Similar
to the development of WMHs, white matter tracts may be impacted by the stiffening and
tortuosity of deep-penetrating arterioles leading to reduced blood supply to these white
matter tracts and damage to white matter fibers. Specifically, differences in FA and MD
of the SLF and IFOF, two tracts that connect the frontal lobe with posterior regions of the
brain, were analyzed between normotensive and hypertensive individuals. As white
matter damage related to hypertension has been suggested to demonstrate a more
widespread pattern throughout the brain, including posterior regions often spared in
normal aging (Raz et al., 2003), reduced integrity of these tracts may further reveal the
spread of hypertension-related white matter damage beyond the effects of age.

Results of these analyses do not provide support for the first aim. No significant
group differences were identified in FA or MD of either tract at the baseline testing.
Additionally, the individual relationships of systolic, diastolic and pulse pressures were
examined in relation to tract integrity variables. No significant associations were
identified to suggest that higher systolic, diastolic or pulse pressure is related to reduced
integrity of the SLF or IFOF. Secondary analyses also did not suggest that those in the
highest quartile group of pulse, systolic or diastolic pressures significantly differed on
white matter tract integrity from individuals in the lowest quartile. Previous studies
examining this relationship in tracts other than the corpus callosum are few in number.

However, results of the current study are inconsistent with what would be expected based
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on results of these previous studies. Higher systolic blood pressure or increased mean
arterial blood pressure has been significantly associated with reduced FA and increased
MD of white matter tracts throughout the brain (Aine et al., 2014; Maillard et al., 2012;
Rosano et al., 2014; Salat et al., 2012), indicating reduced microstructural integrity of
these tracts. No previous studies examining this relationship in tracts other than the
corpus callosum have included the classification of participants into hypertensive and
normotensive groups to investigate the clinical relevance of these groupings in relation to
white matter tract integrity. As participants included in the present study were otherwise
medically and cognitively healthy, it is possible that the severity or duration of
hypertension in the current sample was not sufficient to produce significant and
detectable white matter damage. Even within the hypertensive group, average systolic (M
=140.0, SD = 17.5), diastolic (M = 85.2, SD = 6.8) and pulse pressures (M = 53.9, SD =
13.5) were relatively low. Future studies are needed to examine this relationship at the
network-based level in older adults with more severe levels of hypertension, with well-
documented histories of duration of high blood pressure.

Secondary analyses divided participants into three blood pressure classifications
to determine the significance of a pre-hypertension classification on white matter
integrity. MANCOV As controlling for the effect of BMI, which demonstrated a
significant difference across group, identified no significant group differences in total
volume of WMHs or FA and MD of the SLF and IFOF. These results suggest that the
classification of “pre-hypertensive” does not indicate higher risk for reduced white matter
integrity compared to normotensive individuals in this sample. It should be noted that

group sizes in the present study were small. A larger sample with more equivalent group
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sizes is needed to fully examine these relationships between group classification and
white matter integrity. Overall, these results suggest that blood pressure variables
including classification as hypertensive, systolic blood pressure, diastolic blood pressure
and pulse pressure, are not significantly associated with white matter integrity in the
current sample.
Cognitive Performance

Results of the present study partially support the second aim of the study
predicting poorer cognitive performance on tests of attention, processing speed and
executive functioning associated with increasing systolic, diastolic and pulse pressures,
and reduced white matter integrity. Preliminary analyses identified significant
relationships between age and white matter integrity variables, suggesting that increased
age was related to reduced integrity of both white matter tracts. Additionally increased
age was significantly related to poorer performance on two tests of attention and
executive functioning. Analyses examining the relationship between blood pressure
variables and cognitive performance revealed four significant relationships. Lower
performance on the DKEFS Trial 1 and Trial 4, represented by longer time to completion,
were associated with higher systolic blood pressure and higher pulse pressure. However,
these results did not remain significant after the FDR correction and may represent
spurious findings. Secondary analyses that examined cognitive performance by quartile
of pulse pressure, systolic pressure and diastolic pressure did not reveal any significant
relationships between the highest and lowest quartiles on cognitive performance.

Analyses examining the differences in cognitive performance between

hypertensive, pre-hypertensive and normotensive individuals were conducted to identify
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the significance of the classification of “pre-hypertension” in relation to diminished
cognitive functioning. Although the MANCOVA identified a trend-level relationship
between group classification and cognition, this result was not significant and any
significant univariate results did not survive FDR correction. These results suggest that
pre-hypertension is not related to significantly worse cognitive performance compared to
hypertensive individuals in this sample.

There are several possible contributing factors to the non-significant relationship
between blood pressure and cognition identified in the current study. As previously
stated, hypertension in these participants may not be sufficiently severe to affect
cognition beyond age itself. Specifically, age correlated with most white matter variables
and several cognitive tests while systolic, diastolic and pulse pressures did not
significantly correlate with any cognitive variables. Literature also suggests that
microstructural white matter changes precede cognitive changes (Brickman et al., 2006;
Medina et al., 2006). No group differences or significant associations with blood
pressure variables were identified in the white matter analyses, suggesting that it is
unlikely that cognition would be impacted in the absence of any significant reduction in
white matter integrity. Additionally, the current study included participants from a
longitudinal study of markers of healthy aging where significant cognitive impairment is
not expected. The inclusion or lack of inclusion of select covariates may also play a role.
For example, the duration of high blood pressure or duration of antihypertensive
medication likely moderate the impact on cognitive dysfunction. Previous work has
identified mid-life hypertension, rather than hypertension at time of study, as a significant

predictor of decline in cognitive performance and white matter integrity in older adults
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(Knecht et al., 2008; Swan et al., 1998). However, this information was unavailable for
the current study. It is possible that in a larger sample of hypertensive individuals, with
greater variability in systolic blood pressure, pulse pressure and cognitive functioning,
the results of the current study would demonstrate consistency with the previous
literature.

The second component of the second aim was to examine the relationship
between white matter integrity variables and cognitive performance on tests of executive
functioning, attention and processing speed. Regression analyses initially identified
several significant relationships. Larger total volume of WMHs was significantly related
to slower performance on Trails B, a test of executive functioning. Lower FA and higher
MD of the SLF and IFOF significantly related to worse performance on Trails A, Trails
B, DKEFS trial 1, LNS and RBANS coding. After FDR correction, only the relationship
between higher MD of the SLF and poorer performance on the RBANS coding remained
significant. This relationship also remained significant after controlling for the effect of
age. These results suggest that reduced microstructural integrity of the SLF is associated
with worse performance on a test of executive functioning and processing speed beyond
the negative effect of older age.

Previous studies have identified significant relationships between reduced white
matter integrity and poorer cognitive performance (Breteler et al., 1994; Brickman et al.,
2009b; deCarli et al., 1995; Gunning-Dixon & Raz, 2000; Raz et al., 2003; Schmidt et al.,
1993). Higher systolic blood pressure significantly related to reduced FA of the fornix,
sagittal stratum and posterior thalamic radiation in a sample of healthy adults, and these

reductions in FA were significantly associated with poorer executive functioning (Aine et
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al., 2014). However, several other studies have demonstrated no significant relationship
between white matter integrity and cognition. For example, previous studies have
identified no significant relationship between WMHs and cognitive performance both
cross-sectionally (Soderlund et al., 2003) and longitudinally (Schmidt et al., 1999), or
between whole brain FA and cognitive performance (Leritz et al., 2010). The reasons for
these contradictory results in the literature is unknown. However, one possible
explanation includes the extent of white matter damage not reaching a threshold of
clinical significance in a large enough proportion of participants. Previous literature
identified significantly worse performance on tests of frontally-mediated cognitive
functioning in individuals with total area of WMHs >10cm?, compared to three other
groups with no observable WMHs, area of WMHs <lcm?, and >1 to <10cm?” (Boone et
al., 1992). Additionally, location of WMHs in the brain is an important factor in
cognitive performance and may contribute to differences observed between studies.
Longitudinal Changes in White Matter and Cognition

The results of the longitudinal analyses partially support the third aim predicting
changes in white matter integrity and cognition over a three-year span, with participants
classified as hypertensive at baseline exhibiting a faster decline compared to
normotensive individuals. The repeated measures analyses revealed three important
results. First, total volume of WMHs and MD of the IFOF significantly increased over
time for all participants, indicating reduced white matter integrity three years after
baseline testing. Second, participants performed unexpectedly better on DKEFS Trial 4
at follow-up testing compared to baseline, signaling an increase in performance on a test

of executive functioning. This result may be due to practice effects, with repeated
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administration of tests resulting in better performance. Both significant results remained
statistically significant after FDR correction. Third, no group x time interactions were
identified, suggesting that classification as hypertension does not relate to white matter
integrity or cognitive performance three years later. It is likely that these changes in
white matter integrity and cognition are instead the result of normal changes associated
with aging (Pfefferbaum, Adalsteinsson, & Sullivan, 2005; Salat et al., 2005; Salthouse,
2009; Ziegler et al., 2010).

Although no studies have examined the SLF, IFOF, WMHs and cognition
together over time in relation to hypertension, the results from the present study are
partially consistent with what is expected based on prior research. Reduced white matter
integrity has been demonstrated longitudinally in healthy older adults (Gunning-Dixon,
Brickman, Cheng, & Alexopoulos, 2009; Pfefferbaum et al., 2005; Sachdev et al., 2007;
Salthouse, 2009). However, the literature suggests that these reductions over time are
more robust in individuals with higher blood pressure and hypertension (Dufoil et al.,
2001; Kohler et al., 2013; Raz et al., 2007). Additionally, decline in cognitive
performance over time has been associated with both aging and high blood pressure
(Salthouse 2009; Swan et al., 1998). It is possible that a longer time period is needed to
identify significant changes in white matter and cognition due to hypertension. Other
studies that have identified significant changes in cognition or white matter integrity due
to higher baseline blood pressure have used periods of four years (Dufoil et al., 2001),
five years (Raz et al., 2007), ten years (Rosano et al., 2014; Swan et al., 1998) and twenty
years (Kilander et al., 1998). One study that did incorporate a three-year follow-up was

identified a progression in WMHs over this time period, but no significant relationship
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between change in WMHs and change in cognitive performance. These results indicate
that a longer time period is necessary to observe this association (Schmidt et al., 1999).
Other Moderating Factors

It is possible that individual differences in inflammatory markers associated with
vascular disease masked differences between groups in the present study. The role of
inflammation and inflammatory markers in hypertension and cognitive dysfunction has
been extensively investigated. Inflammatory markers, including C-reactive protein
(CRP), interleukin-6 (IL-6), and tumor necrosis factor alpha (TNF-a)) have been
repeatedly associated with presence of hypertension, although the exact temporal
relationship is unclear. For example, a cross-sectional study examining the relationships
between high blood pressure and inflammatory markers demonstrated that high levels of
IL-6 and TNF-a were associated with higher prevalence of hypertension (Bautista, Vera,
Arenas, & Gamarra, 2005). Other studies have identified significant associations
between high levels of CRP and increased rate of hypertension (Bautista, Atwood,
O’Malley, & Taylor, 2004; Sung et al., 2003). Another study identified a significant
association between elevated levels of systolic and diastolic blood pressures, pulse
pressure, and mean arterial pressure with increased levels of IL-6 and intercellular
adhesion molecule-1 (sSICAM-1; Chae, Lee, Rifai & Riker, 2001). Literature suggests that
increased levels of inflammatory markers, such as TNF-a, may result in decreased
bioavailability of nitric oxide (NO), a substance released by the endothelial cells that
promotes relaxation of underlying vascular smooth muscle (Yoshimi, Perrella, Burnett, &
Lee, 1993). This decline in NO has been associated with endothelial dysfunction,

vasoconstriction and increases in blood pressure (Bautista, 2003). Higher levels of
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inflammatory markers have also been associated with poor cognitive performance
(Gimeno, Marmot, Singh-Manoux, 2008; Wright et al., 2006). Additionally, individuals
with both metabolic syndrome, a term that includes hypertension and encompasses
several common disorders that represent cardiovascular and metabolic risk factors, and
high levels of inflammatory markers demonstrated significant decline in global cognitive
performance at three- and five-year follow-ups (Yaffe et al., 2004). Conversely, those
with metabolic syndrome and low levels of inflammatory markers, or without metabolic
syndrome, had a lower likelihood of cognitive decline. These results suggest that levels
of inflammatory markers and endothelial dysfunction may moderate the relationship
between blood pressure and cognitive decline.

Another mechanism that may have introduced variance in the study relates to
amyloid B (Ap) in the brain. The accumulation of AP plaques has been well-established
as a significant risk factor for the development of AD (Jack et al., 2010). Additionally,
there is evidence suggesting that at least 20% of healthy, non-demented older adults have
a significant level of A in the brain (Rodrigue, Kennedy & Park, 2009). Hypertension
and increased pulse pressure has been associated with greater AP levels (Rodrigue et al.,
2013) in conjunction with the presence of at least one apolipoprotein €4 (ApoE) allele, a
genetic factor that has been associated with increased A accumulation (Castellano et al.,
2011; Deane et al., 2008; Nelson et al., 2013). Reduced cerebral blood flow, a possible
consequence of increased blood pressure resulting in arterial stiffening and narrowing,
has also been associated with impaired AP clearance and increased A} accumulation
(Mattsson et al., 2014). In regards to cognition, research suggests that accumulations of

AP may demonstrate a significant relationship with decreased cognitive performance in
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older adults (Rodrigue et al., 2009). As neither AP levels nor APOE e4 allele status were
analyzed in the current study, it is unknown as to whether A accumulation, or lack
thereof, may have contributed to the results. Future longitudinal studies are needed that
examine these relationships between hypertension, AP, ApoE4, and brain aging in older
adults.
Limitations and Future Directions

There are several important limitations to the current study that highlight the need
for future research. One primarily limitation is an absence of hypertension history.
Although information was recorded on antihypertensive medications, these were listed if
the participant was currently taking them at the time of testing. Additionally,
questionnaires did not inquire about past history of high blood pressure. As research
suggests that high blood pressure as early as mid-life may lead to significant reductions in
white matter integrity and cognitive impairment in old age (Swan et al., 1998),
controlling for duration of hypertension may be necessary in examining these
relationships in those with and without chronic hypertension. Additionally, other factors
affecting blood pressure that were not controlled may have impacted the results. For
example, blood pressure can vary widely over the course of the day, particularly in older
adults. A blood pressure result is influenced by a variety of conditions, including time of
day, whether the individual has recently eaten or exercised, and stress. While testing in
the present study primarily occurred in morning and early afternoon, the time of day was
not controlled across all participants or over time. Additionally, previous research

suggests that a 24-hour average blood pressure may be more strongly related to volume
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of WMHs and cognitive performance than blood pressure measurements taken at one
time-point or over a short time period during the day (White et al., 2011).

Finally, participants included in the present study were healthy older adults with
predominantly normal cognitive functioning. In the hypertensive group, high blood
pressure was mostly mild, with few exceptions. To fully understand these relationships
between blood pressure, cognitive performance, and white matter integrity, future studies
should include a wider range of cognitive ability and blood pressure. The inclusion of a
hypotensive group would be ideal, as previous research suggests an inverted-U pattern of
blood pressure and brain integrity (Lie et al., 2013; Qiu et al., 2005). Future studies may
also benefit from a more comprehensive inclusion of brain integrity markers and
additional measures of blood pressure such as pulse wave velocity. Pulse wave velocity
has emerged as a sensitive marker of arterial stiffness, and may significantly predict
cognitive performance (Elias et al., 2009; Fujiwara et al., 2005; Waldstein et al., 2008;
Zhang et al., 2014) and white matter integrity (Henskens et al., 2008; King et al., 2013).
Conclusions

Results from the present study suggest that in this sample of healthy older adults,
hypertension and increased blood pressure are not significantly related to integrity of two
tracts that connect the frontal lobe to posterior regions of the brain, volume of WMHs, or
performance on tests of executive functioning, attention and processing speed. However,
age significantly contributed to reduced white matter integrity and cognitive performance
over a period of three years and integrity of the SLF was related to cognitive
performance. Future work is needed to identify possible modifiers of the association

between hypertension and cognitive decline, including inflammatory markers and A3
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accumulation. Other measures of blood pressure that are sensitive to arterial stiffness may
also be beneficial. Overall, results suggest that hypertension did not significantly

contribute to brain aging in otherwise healthy older adults.
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Table 1. Sample Characteristics

Primary Analyses Secondary Analyses
Total Pre-
Sample Normotensives Hypertensives | Normotensives  hypertensives ~ Hypertensives
n= 60 n=36 n=24 n=11 n=25 n=24
M(SD) M(SD) M(SD) M(SD) M(SD) M(SD)
Age 62.7 (8.0) 61.0(7.3) 65.1 (8.5) 58.8 (4.7) 62.0 (8.1) 65.1 (8.5)
Education
(years) 15.7 (2.4) 15.8 (2.2) 15.5 (2.6) 16.9 (1.4) 15.3 (2.4) 15.5 (2.6)
BMI 25.5(4.0) 24.9 (4.0) 26.4 (3.9) 22.9(3.6) 25.9 (3.9)* 26.4 (3.9)*
130.2

Systolic BP (15.4) 123.9 (9.6) 140.0 (17.6)* 112.9 (4.9) 128.7 (6.6)* 140.0 (17.6)*»
Diastolic BP 79.7 (9.8) 74.7 (7.0) 86.8 (9.1)* 71.2 (6.0) 76.3 (7.0) 86.8 (9.1)*
Pulse Pressure 50.6 (11.4) 49.2 (9.8) 52.9(13.3) 41.7 (5.0) 52.4(9.6)* 52.9 (13.3)*
Gender, n(%)

Male 18 (30%) 9 (25%) 9 (38%) 1 (9%) 8 (32%) 9 (38%)

Female 42 (70%) 27 (75%) 15 (63%) 10 (91%) 17 (68%) 15 (63%)
Ethnicity, n(%)

Caucasian 46 (76.7%) 28 (78%) 18 (75%) 7 (64%) 21 (84%) 18 (75%)

African

American 10 (16.7%) 6 (17%) 4 (17%) 2 (18%) 4 (16%) 4 (17%)

Hispanic 3 (5.0%) 1 (3%) 2 (8%) 1 (9%) 0 (0%) 2 (8%)

Asian 1 (1.7%) 1 (3%) 0 (0%) 1 (9%) 0 (0%) 0 (0%)

*Significantly different from normotensive group at p<.05
~Significantly different from pre-hypertensive group at p<.05



Table 2. White matter variable T-tests and correlations
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Independent T-tests Correlations
Pulse
Normotensive  Hypertensive Systolic  Diastolic pressure
M(SD) M(SD) p r r r

FA

SLF 45 (.03) 44 (.03) 27 -.28% -.18 -23

IFOF 44 (.02) 43 (.02) .047 -23 -.14 -.17
MD

SLF .61 (.03) .62 (.03) A1 A2 .03 14

IFOF .67 (.03) .69 (.04) .03 .19 .07 17
WMH (cm”) 93 (1.1) 1.2 (1.5) 46 -.07 .04 -.14

* Significant at p<.05 before FDR correction
No significant results after FDR correction



Table 3. Regression results for cognitive test scores and

blood pressure.
p R F p
Systolic
TMT-A 20 0.04 227 .14
TMT-B .18 0.03 1.85 18
DKEFS 1 26 .07 420  .045*
DKEFS 3 .04 .001 .08 78
DKEFS 4 37 .14 894  .004%*
LNS .04 .002 .09 .76
Digit Span .08 .01 42 .52
Coding A5 .02 1.35 25
Diastolic
TMT-A .09 .01 47 49
TMT-B .02 .001 .03 .86
DKEFS 1 .03 .001 .06 .81
DKEFS 3 A1 .01 .67 42
DKEFS 4 A5 .02 1.27 .26
LNS .09 .01 Sl A48
Digit Span .03 .001 .06 .81
Coding .09 .01 43 .52
Pulse Pressure
TMT-A 20 .04 230 .14
TMT-B 22 .05 2.87 .10
DKEFS 1 33 .11 6.82 01
DKEFS 3 14 .02 1.22 28
DKEFS 4 38 .14 9.02 .004*
LNS .03 .001 .04 .84
Digit Span 14 .02 1.19 28
Coding A3 .02 .99 32

*Significant at p<.05 before FDR correction
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Table 4. Regression results for cognitive test scores

and white matter variables.

p R F p
SLF FA
TMT-A 33 .11 6.53 01*
TMT-B 22 .05 2.70 A1
DKEFS 1 25 .06 3.57 .06
DKEFS 3 14 .02 1.10 .30
DKEFS 4 .05 .003 .14 71
LNS .09 .01 Sl A48
Digit Span .04 .002 .10 .76
Coding 32 11 6.56 01%*
p R F p
SLF MD
TMT-A 37 .14 8.77 .004%*
TMT-B 29 .08 5.13 .03*
DKEFS 1 26 .07 4.11 .047%*
DKEFS 3 .06 .004 22 .64
DKEFS 4 .01 .000 .002 97
LNS 21 .04 2.63 A1
Digit Span .01 .000 .002 .96
Coding 44 19 13.57 .001*~
p R F p
IFOF FA
TMT-A 27 .07 4.39 .04%*
TMT-B 30 .09 5.29 .03*
DKEFS 1 25 .06 3.77 .06
DKEFS 3 A2 .01 .82 37
DKEFS 4 .08 .01 39 .54
LNS 30 .09 5.58 .02%
Digit Span A3 .02 1.03 31
Coding 30 .09 5.59 .02%
p R F p
IFOF MD
TMT-A 24 .06 3.39 .07
TMT-B 20 .04 2.36 13
DKEFS 1 A7 .03 1.58 21
DKEFS 3 .05 .003 .14 71
DKEFS 4 .06 .003 18 .67
LNS 19 .04 2.18 15
Digit Span .04 .001 .07 .79
Coding 38 .14 9.55 .003*
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p F p
WMH
TMT-A .09 .01 A48 49
TMT-B 30 .09 5.42 .02*
DKEFS 1 A1 .01 .65 43
DKEFS 3 .06 .003 17 .68
DKEFS 4 .02 .001 .03 .87
LNS A7 .03 1.58 21
Digit Span A1 .01 .65 42
Coding 19 .04 2.16 15

*Significant at p<.05 before FDR correction

ASignificant after FDR correction
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Table 5. Hierarchical regression results for SLF MD and RBANS coding

B R2 AR2 AF Sig. AF

RBANS Coding 'Age 50 25 25 1936 <.001
’SLF MD 56 31 .06 527 .03
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Table 6. Repeated measures results for time and time x group interactions.

All participants ~ All participants T,lrnil;; 2V S Normotensive Hypertensive TGT;E;(
M (SD) M (SD) p M(SD) M(SD) p
Time 1 Time 2 Time 1 Time 2 Time 1 Time 2
White Matter
SLF FA 45 (.03) 45 (.03) 52 45 (.03) 45 (.03) 44 (.03) 45 (.03) .19
SLF MD .61 (.02) .61 (.03) 31 .60 (.02) .60 (.03) .60 (.03) .60 (.03) 12
IFOF FA 44 (.02) 43 (.03) .65 44 (.02) 43 (.02) 43 (.02) 44 (.03) A2
IFOF MD .68 (.03) .69 (.04) .001*A .67 (.03) .68 (.03) .70 (.04) .70 (.05) 42
WMH 1.1(1.3) 1.5(1.7) <.001*~ 96 (1.1) 1.3(1.3) 1.3 (1.6) 1.8 (2.2) 28
Cognition
TMT-A 33.1(9.3) 30.7 (9.4) .04%* 32.5(9.1) 30.0 (8.6) 34.1 (9.9) 31.7 (10.7) .96
TMT-B 75.6 (30.6) 75.2 (26.6) .82 78.4 (34.2) 72.0 (23.9) 71.6 (24.6) 79.9 (30.1) .09
DKEFS 1 29.7 (4.6) 30.3 (5.0) 24 29.8 (4.8) 30.2 (5.9) 29.6 (4.3) 30.54.4) .67
DKEFS 3 57.8 (12.9) 55.3(10.9) A3 58.7 (14.1) 54.9 (10.3) 56.4 (11.1) 56.0 (11.9) 22
DKEFS 4 63.1 (12.8) 58.9 (14.2) .005%7 61.0 (9.3) 55.8 (10.8) 66.0 (16.3) 63.0 (17.1) 43
LNS 10.7 (1.9) 10.8 (2.4) .60 11.0 (1.9) 10.6 (2.6) 10.3 (1.9) 11.0 (2.2) .07
Digit Span 11.3(2.1) 11.1 (2.5) 81 11.52.4) 10.8 (2.8) 11.0 (1.5) 11.5(2.1) 12
Coding 48.0 (7.9) 49.5 (8.9) .08 49.3 (8.1) 51.1 (9.0) 46.1 (7.3) 47.0 (8.3) 57

*Significant at p<.05 before FDR correction

ASignificant after FDR correction
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Table 7. MANCOVA results for secondary analysis of blood pressure groups.

Wilks' A F p np?
FA 0.92 1.15 0.34 0.04
MD 0.93 1.01 041 0.04
WMH - 0.81 045 0.03
Cognition 0.58 1.70 .06 24
Pre-
Normotensive hypertensive ~ Hypertensive  Univariate
Cognitive Tests M(SD) M(SD) M(SD) F p np?
TMT-A 29.7 (8.3) 31.8(6.9) 34.7 (10.0) 1.86 17 .07
TMT-B 63.1 (8.0) 78.1 (38.2) 74.5 (26.5) 1.01 37 .04
DKEFS 1 28.5(5.3) 28.5(3.3) 30.1 (4.6) 1.02 37 .04
DKEFS 3 57.7 (11.3) 54.6 (12.0) 56.4(11.4) 25 78 01
DKEFS 4 57.7 (8.5) 59.9 (8.1)° 68.4 (18.8) 3.31 045% .12
LNS 10.3 (1.1) 11.2 (1.6) 10.2 (2.0)° 232 11 .09
Digit Span 12.0 (1.7) 11.1 (2.5) 10.9 (1.4) 49 .62 .02
Coding 45.7(7.9) 52.6 (7.4)° 46.0 (7.3)° 5.33 008* .18
BMI included as covariate in all analyses
*Significant at p<.05

*Significantly different from Normotensive group (p<.05)
b Significantly different from Pre-hypertensive group (p<.05)
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Table 8. MANOVA results for highest quartiles versus lowest quartiles of

blood pressure.

Quartile Range

Q1 vs Q4 significance level

FA MD WMH Cog

Systolic
Q1
Q2
Q3
Q4
Diastolic
Ql
Q2
Q3
Q4
Pulse Pressure
Ql
Q2
Q3
Q4

22 15 44
106.0-119.25
119.26-128.0
128.1-138
138.1-176.3
40 .66 74
60.0-73.17
73.18-78.5
78.6-84.9
85.0-107.0
23 .12 .07
25.67-41.81
41.82-50.0
50.1-58.24
58.25-80.0

13

.89

22

Q = quartile
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