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Abstract

Several potential vascular risk factors exist for the development and accumulation of subcortical white matter disease in
older people. We have reported that in older people followed for up to 4 years white matter hyperintensity (WMH)
lesions on magnetic resonance imaging nearly doubled in volume and were associated with alterations in mobility and
cognitive function. Herein we review the genetic, metabolic, and vascular risk factors that have been evaluated in
association with the development and pathogenesis of WMH in older persons. Our research efforts have focused on
systemic hypertension, particularly in the out-of-office setting as 24-hour ambulatory blood pressure (BP) has proven to
be a stronger indicator of the progression of WMH in older people and the associated functional decline than doctor’s
office BP. Based on relations between 24-hour systolic BP levels, the accrual of WMH, and functional decline, we have
designed the INFINITY trial, the first interventional study to use ambulatory BP to guide antihypertensive therapy to
address this problem in the geriatric population.
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Introduction

White Matter Hyperintensity Lesions and Functional
Decline

'Calhoun Cardiology Center and Department of Medicine, University of

White matter hyperintensities that represent small
vessel brain disease are associated with vascular risk
factors, including hypertension, in older people.'?
The postmortem histopathology of white matter
hyperintensity (WMH) shows nonspecific brain
changes with gliosis, loss of myelin and axons from
arteriosclerosis, tissue rarefaction and lipohyalinosis.>*
Although the pathophysiology of WMH remains
unclear, there are several proposed mechanisms includ-
ing hypoxia, hypoperfusion because of altered cerebro-
vascular autoregulation, blood—brain barrier leakage,
inflammation, degeneration, and amyloid angiopathy.’
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Marstrand et al.° demonstrated that cerebral blood
flow and cerebrovascular reactivity were reduced in
areas of WMH making tissue damage more likely
during hypoperfusion states.

In most instances, WMH lesions are bilateral and
symmetrical on T2-weighted magnetic resonance ima-
ging (MRI). They are distributed in the periventricular
and deep white matter regions and less frequently in the
infratentorial areas of the brain. On computed tomog-
raphy scan, WMH lesions appear as hypodensities.'’
They are commonly assessed using visual rating scales,
such as Fazekas scale and Scheltens scale.” Another
approach uses semiautomated, computerized analyses
of the MRIs providing a quantitative distribution of
cerebral small vessel brain disease lesions suitable for
longitudinal numerical comparisons and regional local-
izations (Figure 1).*

Cognitive function. Higher white matter disease burden is
associated with impaired cognitive function, mobility

impairment, depression, and impaired urinary func-
tion.">!° The frequency of falls even in the absence
of obvious neurologic deficits is more common in
people with WMH lesions.®

Cognitive impairment has been studied extensively
in persons with WMH lesions on MRL>!"1®
Perceived cognitive dysfunction as measured by
Cognitive Difficulties Scale was found to be worse
with higher WMH burden and the annual rate of
decline on the mini-mental status examination was
0.035 points per standard deviation increase in periven-
tricular WMH." In addition, steeper declines in per-
formance are found on measures of speed of processing
and executive functioning, such as the Stroop Color
Word test (P=0.04) and the Symbol-Digit
Substitution Test (P <0.01) are seen with WMH
lesions, whereas performance on memory tests such as
the 15-word verbal learning test are not affected.”'”
Over the period of a decade, the European
Leukoaraiosis and DISability Study showed steeper

baseline

60

Figure 1. The figure depicts the location and frequency of white matter hyperintensities captured over three time points during
4 years of prospective evaluation (baseline (left column), 2 years (center column), and 4 years (right column) in 67 older study
participants. The white matter hyperintensities are overlaid on the grayscale slice (0.87 m thickness) of the common anatomical brain
(International Consortium of Brain Mapping). Columns show two slices separated by 12.2 mm. The vertical color bar represents the
frequency (%) of white matter hyperintensities (e.g., color corresponding to 70% indicates the percent of participants with the white
matter hyperintensities in that brain area. The lettering below the color bar indicates right (R), left (L), anterior (A), and posterior (P)
brain aspects. From Wolfson et al. with permission from Oxford University Press on behalf of The Gerontological Society of America.
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declines in the Stroop test, Trail Making A test, verbal
fluency, and mini-mental status examination among
patients with cerebral small vessel disease and the
group found that these abnormalities predicted a dou-
bling of risk for dementia and transition from an
autonomous to dependent state.'”

Importantly, among patients with a history of stroke
and/or transient ischemic attack in the Perindopril
Protection Against Recurrent Stroke Study, the demen-
tia risk during a median follow-up period of 3.9 years
was found to be 7.7 times higher in patients with white
matter disease than those without it at the time of study
enrolment.'® A meta-analysis performed by Debette and
Markus? also showed a significant association between
white matter disease and risk of dementia (odds ratio
(OR) 1.9, 95% confidence intervals (Cls), 1.3-2.8,
P =0.002) as well as faster declines in global cognitive
performance, executive function, and processing speeds.

Mobility and balance. In addition to the aforementioned
relationships between WMH burden and cognitive
function, small vessel disease of the brain is also asso-
ciated with impaired gait and balance in the older
population.® Furthermore, severe WMH burden has
been linked to increased risk of falls (relative
risk =1.63, 95% CI, 1.11-2.40).'° In Leukoaraiosis
and DISability Study, walking speed correlated with
the white matter disease burden (1.24+£0.28m/s for
mild, 1.18 +0.32m/s for moderate, 1.09+0.31 m/s for
severe categorizations respectively; P <0.001).%!
Patients with mild white matter disease burden per-
formed better with single leg stance when compared
with those with moderate and severe disease
(P <0.001). These findings have also been found in
other studies correlating cerebral small vessel disease
and mobility in the elderly and will be the subject of
discussion later in this paper.?

Genomics of Vascular Risk Factors Associated with
White Matter Lesions

White matter hyperintensities volumes are highly cor-
related in monozygotic twins and greater than in dizyg-
otic twins. In a study involving US twins aged 6879
years, the concordance rate for white matter disease
(WMH > 0.5% of total intracranial volume) is 61%
in monozygotic twins and 38% in dizygotic twins.?
These data are suggestive of a genetic component in
the etiology of cerebral small vessel disease.
Mutations in the NOTCH3 gene result in a syn-
drome of cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalopathy,
which has clinicopathologic features similar to age-
related cerebral small vessel disease.”* Schmidt et al.?
found four common single-nucleotide polymorphisms

(SNPs) (minor allele frequency >5%)—rs1043994,
rs10404382, 1rs10423702, and 1rs1043997—scattered
over the NOTCH3 gene that were significantly related
to the presence and progression of WMH among
patients with hypertension (OR 2.1-3.4). In contrast,
nine rare common SNPs (minor allele frequency
<5%) were detected in patients with severe white
matter lesions but without cerebral autosomal domin-
ant arteriopathy with subcortical infarcts and leukoen-
cephalopathy features. Nearly all the patients with the
rare SNPs were older than 65 years and had hyperten-
sion. These findings strongly suggest that genetic muta-
tions are associated with WMH in the presence of
hypertension.

In the Ohasama study in Japan, the homozygous
deletion (DD) polymorphism of adrenomedullin 2
(also known as intermedin or IMD) gene is associated
with increased prevalence of WMH (66.7%) compared
with 39.4% and 43.4% with homozygous insertion (II)
and  heterozygous carriers (ID), respectively
(P=0.001).> Adrenomedullin 2 stimulates cyclic
AMP production and has a potent vasodilator
action.””?® After adjusting for age, sex, body mass
index, ambulatory blood pressure (BP), use of antihy-
pertensive medications, presence of diabetes mellitus,
chronic kidney and cardiac disease, smoking, and alco-
hol intake, the OR for WMH lesions in DD carriers
was 2.7 (95% CI, 1.4-5.4, P=0.003) and in ID carriers
was 1.0 (95% CI, 0.7-1.4, P=0.9). The DD carriers
had significantly higher mean 24-hour ambulatory BP
than II and ID carriers (systolic BPs of 127.4 versus
122.0 and 122.9mmHg, respectively, P=0.009; and
diastolic BPs of 74.8 versus 71.3 and 72.5mmHg,
respectively, P=0.002).?® These SNPs were found to
be a risk factor for WMH independent of cardiovascu-
lar risks.

Using targeted genome-wide association analyses,
French et al. demonstrated that a forkhead transcrip-
tion factor (FOXC1) mutation adjacent to a cerebral
small vessel disease locus resulted in the development of
WMH lesions. Cerebral small vessel disease was evident
with this gene mutation in individuals as young as 1
year. Mutations of the FOXCl-interacting transcrip-
tion factor PITX2 gene were associated with pheno-
types that develop WMH.?’ In another analysis,
SNPs for the gene encoding angiotensinogen (AGT
r$699) was found to be correlated with the development
and progression of WMH, particularly in the deep
white matter, and independent of hypertension.*”
Patients with such genetic variations have been
reported to have high levels of angiotensinogen.?**!

Recently, the presence of haptoglobin 1 allele (Hp 1-
1) in patients with Type 1 diabetes mellitus from the
participants of the Pittsburgh Epidemiology of
Diabetes Complication study was found to increase
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WMH burden but not lacunar infarcts and gray matter
atrophy.®? Associations were strongest for the interhe-
mispheric connecting fibers of the corpus callosum. The
Hp 1-1 genotype is also associated with development of
stroke in Type 1 diabetes.™

Metabolic Factors Related to Cerebral Small Vessel
Disease

A number of metabolic biomarkers have been studied
in small caliber vascular disease in the brain, including
individuals with diabetes mellitus, dyslipidemia, homo-
cystinemia, and the metabolic syndrome. A strong asso-
ciation between metabolic syndrome and the presence
of subcortical (OR=1.99; 95% CI, 1.28-3.10;
P=0.002) and periventricular WMH lesions
(OR =2.23,95% CI, 1.09-4.58; P=0.03) was observed
in a cross-sectional study in 1,151 healthy older
Japanese subjects.’® Fasting hyperglycemia was corre-
lated with periventricular WMH (OR =2.72 (95% CI,
1.54-4.82) P=0.0006) and dyslipidemia with subcor-
tical WMH (OR=148 (95% CI, 1.06-2.07),
P =0.02). The body mass index did not show a strong
association with WMH. Of note, of the various com-
ponents of the metabolic syndrome, only hypertension
correlated with the severity of the white matter disease.
In another cross-sectional study of 308 healthy old
people in France, the metabolic syndrome substantially
increased the odds (OR 2.74, 95% CI, 1.25-6.03) of
tempoparietal WMH disease.”

Findings relating glycemic status, WMH lesions,
and/or cognitive function are variable in the literature.
For example, in a population of patients with Type 1
diabetes mellitus aged 25-40 years (mean hemoglobin
Alc of 7.8), there was no difference in WMH lesions
compared with nondiabetic control group and in 3,300
elderly people. The Cardiovascular Health Study did
not find any correlation between fasting blood glucose
and white matter disease.’® In contrast, in a study of
healthy old people, a linear positive association was
found between fasting glucose and subclinical cerebro-
vascular disease (P=0.011) and among patients aged
54-83 years old, the fasting glucose accounted for 3.7%
of the variance associated with the cerebrovascular dis-
ease.”’ Additionally, in a cross-sectional study of 134
participants in the Netherlands, deep WMH lesions
were found to be significantly greater in patients with
diabetes (with or without hypertension) compared with
subjects without diabetes (P <0.05 for both groups),
whereas periventricular WMH volume was similar.®
Furthermore, the duration of the diabetes correlated
with periventricular WMH (R*=0.24, P=0.03), deep
WMH (R?’=0.28, P=0.01), and total WMH
(R°=0.29, P=0.008). In a separate study using

transcranial Doppler and quantitative MRI, WMH
volume correlated negatively with cerebral blood flow
velocity in patients with Type 2 diabetes mellitus, a
finding that might explain part of the underlying mech-
anism of the WMH development.*’

Nonglycemic biomarkers and white matter
lesions. Homocysteine, an important inflammatory
marker associated with atherosclerosis and large
artery vascular disease, has also been found to be
strongly associated with the development of dementia,
including Alzheimer’s disease, in a sample from the
Framingham study.*® In addition, an analysis of 259
stroke-free participants from the Northern Manhattan
Study found that total homocysteine levels >1 s.d.
above the mean (>11.9 umol/L) was associated with
WMH volume independent of other vascular risk fac-
tors.*! In a separate, controlled cohort study of 172
patients with cerebral small vessel disease,*” mean
homocysteine levels were significantly higher than in
the controls, particularly those with WMH lesions
(OR, 2.02, 95% CI, 1.31-3.1, P=0.0001), but inclusion
of the endothelial markers intercellular adhesion mole-
cule-1 (ICAM-1) and thrombomodulin in a logistic
regression model resulted in the association between
homocysteine and cerebral small vessel disease no
longer being significant.

Other studies have also suggested a relationship
between endothelial dysfunction, inflammatory endo-
thelial activation, and the extent of white matter lesions
in older people. In a study from Hong Kong in 175
older people without neurologic deficits, the measured
plasma concentration of soluble ICAM-1 was asso-
ciated with the severity of WMH, independent of age,
and hypertension.*® In fact, patients in the highest
quartile of plasma sICAM-1 had fourfold increased
risk of developing WMH. In the population-based
Rotterdam Scan study, strong associations between
the presence and progression at 3.3 years of WMH
lesions and serum C-reactive protein level (OR, 3.1
and 5.6 for periventricular WM and subcortical white
matter, respectively) were observed in 636 participants,
including after adjustments for conventional cardiovas-
cular risk factors and the presence of carotid athero-
sclerosis.* In contrast, among a Japanese community
based study of 689 older people, the serum C-reactive
protein level was lower than that observed in the
Rotterdam study and was not associated with presence
of WMH Ilesions after controlling for other vascular
risk factors and carotid disease.** Hence, the import-
ance of C-reactive protein in association with WMH
lesions may be heterogeneous depending on the ethni-
city and race. Other inflammatory and prothrombotic
markers that have been correlated with WMH lesions
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in smaller studies include plasma nitric oxide metabol-
ites and urinary 8-iso-prostaglandin F2« and pro-
thrombin factors, von Willebrand Factor, and
plasminogen activator inhibitor-1 (PAI-1).434

Lipoproteins. Similar to the glycemic data noted above,
studies have shown heterogeneous findings relating
lipid abnormalities to small vessel disease of the
brain. Fukuda and Kitani*’ reported no correlation
between lipid abnormalities (defined as total
cholesterol > 220mg/dL, triglycerides > 150 mg/dL,
high-density lipoprotein <40 mg/dL, low-density lipo-
protein (LDL) > 130 mg/dL) and WMH lesions among
253 patients (mean age = 66 years) receiving no medical
therapy for dyslipidemia. Population-based data from
the 3C-Dojon Study (n=1,842) and Epidemiology of
Vascular Aging Study (n=766) in France showed that
a higher serum triglyceride level was associated with
larger WMH volume (8=0.0936; P =0.0002) independ-
ent of age and other vascular risk factors.*® Surprisingly,
there was a trend toward a negative correlation between
low-density lipoprotein cholesterol levels and WMH
volume and this reached statistical significance in the
meta-analysis of the two studies. No association was
found with high-density lipoprotein cholesterol level
and white matter disease. An inverse correlation
between low-density lipoprotein level and WMH grade
was also shown in the Cardiovascular Health Study.*’
In a separate study of patients who had sustained an
acute ischemic stroke, Jimenez-Conde et al.” reported
that hyperlipidemia (defined as prestroke recorded
serum cholesterol concentration >220 mg/dL or serum
triglyceride concentration >150mg/dL, and use of
medication prescribed to control hyperlipidemia) may
have a protective role in cerebral small vessel disease
among patients with acute ischemic stroke (P=0.02
and 0.06). Although this finding is poorly understood,
it is thought that cholesterol may have a fundamental
role in central nervous system development and in the
creation and maintenance of new synapses which may

improve response to chronic cerebral injury such as
WMH progression.>!>?

The Importance of Blood Pressure as a Risk Factor
for White Matter Lesions and Functional Decline in
Older Persons

White matter hyperintensities and its progression, pre-
sent in the MRIs of older people have been associated
with hypertension and evidence suggests that WMHs
occur as a result of arteriosclerosis within the wall of
the arteriole.”® >® Large arterial and small vessel disease
of the cerebral circulation share risk factors, (e.g.,
hypertension, diabetes) and may coexist in individuals
as noted above. Although given the differences noted in
Table 1, it is unclear if they both produce white matter
tissue damage through similar mechanisms.>’>®

White matter lesions have also been associated with
deterioration of mobility, urinary control, and cogni-
tion.”> ®* Evidence of WMHSs within brain pathways
known to support mobility, cognition or voiding con-
firms this association.®>** Details seen on MRI of the
brain have allowed localization and quantification of
the disseminated WMHs.%®> Cross-sectional and pro-
spective cohort studies have documented the relation-
ships among WMHSs and neurologic function in older
people and the distinctive nature of the distribution and
volume of brain WMHSs that are responsible for deteri-
oration of these functions, particularly in older groups.
Approximately two-thirds of individuals over 75 years
of age have detectable WMH using MRI of the brain.’*
The lower limit of detection of WMH by experts in
neuroradiology is ~0.2-0.3% of intracranial contents
and 0.5% is easily visible to the naked eye based on our
experience.®>*® Our cohort studies have demonstrated
an increase of WMH volume from 0.99 to 1.47 to 1.7%
of the intracranial contents volume from baseline to 2
and 4 years, respectively.®>* This increase was even pre-
sent in participants with normal mobility throughout
the study period.

Table |. Comparison of some characteristics of stroke and white matter hyperintensity lesions®.

Characteristic Stroke (large artery)

White matter hyperintensities

Onset/progression Sudden/brief if any

Manifestations Focal neurologic deficit

lll-Defined/gradual over years
Functional limitations

Location Vascular distribution Grow from head/tail-lateral ventricles
Size Stroke (cm)—lacune (mm) <I mm

Vessel Large-to-small artery Arteriolar

Pathophysiology Ischemic Unclear

Note: there may be infarction because of small vessel disease that has onset/progression and manifestations that are similar to large artery stroke.

*Modified from White et al.®® with permission of Elsevier.
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We have also observed that progression of WMH
over time was strongly linked to the initial presence
of WMH.*® We have observed that accumulation of
WMH often occurred by expansion of preexisting peri-
ventricular lesions in a stereotyped manner. Regional
analysis of the distribution of WMH lesions demon-
strated a robust link to expansion of lesions in the sple-
nium of the corpus callosum, a posterior periventricular
structure important for the integration of cortical sen-
sorimotor function.®

Blood pressure and other cardiovascular risk factors
noted above have been related to brain WMH although
predictors of quantitative WMH progression and their
effect on the function of older persons have not been
well understood. In our past work in this area, we have
evaluated the progression of WMH over 2 and 4 years
in a cohort of 99 patients 75-90 years (mean baseline
age, 82 years) who had office and ambulatory BP and
volumetric MRI.>*% Neither clinic (doctor’s office) BP
nor changes in clinic BP predicted progression of

Clinic SBP (mmHg) at 24 months

Change in Clinic SBP (mmHg)
at 24 months
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Figure 2. (A) White matter hyperintensity and ambulatory blood pressure. Locally weighted scatterplot smoother plots of 24-hour
average systolic blood pressure and white matter hyperintensity lesions (as percent of total intracranial volume); (a) change in 24-hour
systolic blood pressure and white matter hyperintensity (%); (b) and change in 24-hour systolic blood pressure and change in white
matter hyperintensity (%) at 24 months (c). (B) White matter hyperintensity and clinic blood pressure. Locally weighted scatterplot
smoother plots of clinical systolic blood pressure and WMH lesions (as percent of total intracranial volume); (a) change in clinical

systolic blood pressure and white matter hyperintensity (%); (b) and change in clinical systolic blood pressure and change in white

matter hyperintensity (%) at 24 months (c). From White et al.>* with permission of the American Heart Association.
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WMH, while the 24-hour ambulatory BP and changes
in ambulatory BP significantly correlated with both
WMH volume (P<0.04) and changes in WMH
(P <0.003) (Figure 2).°>* Further analyses demonstrated
associations for WMH and mobility indices with level
of systolic BP based on tertiles of the cohort—those in
the higher (24-hour systolic BP =144 mmHg) ambula-
tory BP group showed increases in WMH and slower
mobility compared with the middle tertile (ambulatory
systolic BP =130mmHg) (Table 2). Furthermore, gait
speed in the higher ambulatory BP group decreased
0.15m/s more than that in the low BP group and
while this difference appears small, it represents a
between group change after only 2 years of observa-
tion.”* Mobility limitation linked to WMH occurs
gradually so that this decrement may be part of a
long-term process which compromises gait velocity
over 10 or more years. These data have suggested
that an intervention using mean 24-hour systolic BP
as the target could reduce progression of small vessel
disease in the elderly and thus favorably impact
function.

The results of our cohort studies have been sup-
ported by a larger longitudinal population-based
study of 665 persons from the Rotterdam study.>
Over a 5-year period, clinical BP and WMH lesion pro-
gression was measured 3.5 years apart and after adjust-
ing for baseline WMH, only systolic BP was
significantly associated with progression (0.05mL/year
of s.d. increase). Of interest, people with uncontrolled

and untreated hypertension had significantly greater
white matter lesion progression than people with
uncontrolled but treated hypertension (Figure 3).
These studies suggest that antihypertensive treatment
could reduce white matter lesion progression in uncon-
trolled hypertension. However, guiding therapy
through the use of ambulatory BP monitoring could
make this process more precise since ambulatory BP
is more reproducible than clinical BP in older
people®” and ambulatory BP recordings would provide
a means to target BP elevations during sleep, a period
which is strongly related to WMH and cerebrovascular
disease.

The INFINITY study. The Intensive versus Standard
Ambulatory Blood Pressure Lowering to Prevent
Functional DecliNe in The ElderlY (INFINITY)
study® has been designed to evaluate the functional
impact of a clinically relevant separation in 24-hour
mean ambulatory systolic BP in an older population
(that is, <130mmHg versus <145mmHg. The study
has been designed to evaluate these two levels of ambu-
latory BP control in hypertensive individuals 75 years
or older with normal or mildly impaired mobility and
cognition who already have detectable cerebrovascular
disease (>0.5% WMH fraction of intracranial volume).
The key outcomes monitored over the 3 years of the
trial are white matter lesion progression and measures
of mobility and cognition. INFINITY is a prospective,
randomized, open-label trial with blinded end points

Table 2. Functional parameters at 24 months of observation according to clinic and ambulatory blood pressure.

Parameter Low (n=25) Middle (n=25) High (n=24) P-value
Clinic blood pressure tertile
Clinic systolic BP (mm Hg) 1207+ 1.2 135.9+0.8 1528+ 1.8
Total WMH (%) 1.5+£0.3 1.4+0.2 1.5+0.2 0.935
Mobility assessments
Tinetti Gait 11.2+£0.2 11.6+£0.2 10.9+£0.3 0.207
Stair descent time (second) 6.7+£0.6 58+04 6.6+£05 0.393
Maximal gait velocity (m/s) 0.69+0.04 0.76 +0.03 0.67+0.03 0.168
Walk time (second) 34102 3.0+0.1 3.2+0.1 0.136
24-Hour ambulatory blood pressure tertile
24-Hour systolic BP (mm Hg) 1167+1.4 130.4+0.7 144.1 1.3
Total WMH (%) 14+0.2 1.2+0.2 2.03£03 0.034
Mobility assessments
Tinetti Gait 112403 11.8+0.1 10.8+0.3 0.025
Stair descent time (second) 64+08 5.1+04 7.1 £04 0016
Maximal gait velocity (m/s) 0.71 £0.04 0.78£0.03 0.65+0.03 0.045
Walk time (second) 3.1£0.1 28+0.1 3.6£0.2 0.002

Abbreviations: m/s, Meters/second; WMH, white matter hyperintensity lesions. Significant values are italic typeface. Unpublished data from our cohort

study.53
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Hypertension treatment and white matter lesion (WML) progression.
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Figure 3. Mean white matter hyperintensity progression in mL (95% confidence interval; black bars) on top of the baseline white
matter lesion volume (gray bars) for four blood pressure categories. Categories were defined as follows based on their mean blood
pressure and medication use in the 5 years before the first scan: (1) normotensives: normal mean blood pressure and receiving no
antihypertensive medication (n=255); (2) controlled treated hypertensives: normal mean blood pressure and receiving antihyper-

tensive medication (n = 83); (3) uncontrolled treated hypertensives: hypertensive mean blood pressure and receiving antihypertensive
medication (n=155); and (4) uncontrolled untreated hypertensives: hypertensive mean blood pressure and receiving no antihyper-
tensive medication (n = 172). Hypertensive mean blood pressure was defined as diastolic blood pressure >90 mm Hg or systolic blood
pressure >140 mm Hg. A statistically significant difference in white matter lesion progression was observed between the uncontrolled
untreated hypertensive group and the uncontrolled treated hypertensive group, after adjusting age, sex, intracranial volume, time

between scans, and the baseline white matter lesion load (P < 0.05). From Verhaaren et al.>® with permission from the American Heart

Association.

that will evaluate the changes from baseline in mobility
and cognitive function and accumulation of WMH
volume and changes in diffusion tensor imaging.

Our objective is to achieve a 24-hour systolic BP of
<130mmHg in an intensively treated group or stand-
ard goal of 24-hour systolic BP of <145mmHg for a
total of 36 months using similar classes of antihyper-
tensive therapies. Data from the Hypertension in the
Very Elderly Trial demonstrated that antihypertensive
therapy decreases stroke mortality even in patients in
their mid-80s.”% In Hypertension in the Very Elderly
Trial, the goal of therapy was to reduce systolic BP to
<150 mmHg and this intervention did result in a 39%
reduction in stroke mortality that was related to a
15mmHg difference in systolic BP between the active
treatment and placebo groups. To our knowledge, there
is no other information on level of systolic BP and car-
diovascular outcomes in a hypertensive population over
the age of 80 years. Hence, the goal of the standard of
care systolic BP in the clinic in this age group is
~150mmHg, while the ambulatory BP goal is
145mmHg. Furthermore, no clinical trial in

hypertensive patients has used ambulatory BP to
guide therapy and to assess cerebrovascular outcomes.
The primary outcome of INFINITY is based on mobil-
ity parameters. A regression of gait velocity >8 feet/s
on our covariates of age, gender, and 24-hour systolic
BP at baseline in our prior cohort study® showed an R*
of 0.127. If similar results are observed in the interven-
tion study, 140 participants (70 in each group) will give
us 85% power to observe an increase in R of 0.053 to
0.180. To cover screen failures and dropouts post ran-
domization because of a variety of issues that affect this
age group, more than 300 participants have been
screened and/or enrolled. The INFINITY trial will be
the first study to guide antihypertensive therapy using
ambulatory BP monitoring rather than clinical BP to
reduce cerebrovascular disease. Initiated in 2012, we
project that the study will be completed in 2018.%°
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