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4. Rationale:

Although most emphasis on the relationship between blood pressure and cerebrovascular
disease has focused on the increased risk associated with chronic hypertension, there is some
evidence that some of this white matter disease may actually be due to hypoperfusion to the



brain. In this way, individuals who are exposed to relative hypotension, over time, compared to
their baseline, may be at risk for hypoperfusion to the watershed territories of the brain. Ischemia
resulting from this hypoperfusion may lead to infarcts in these watershed territories, contributing
to leukoaraiosis, or periventricular white matter disease.

Hypertension, particularly in midlife, is a predictor of later life cerebrovascular disease. An
association with white matter disease, which is felt to be at least partially due to small vessel
ischemia, has been described in relatively homogeneous populations as part of the Honolulu-Asia
Aging Study1 and the Framingham study. In addition to this positive association, however, there
may be an association with lower blood pressures and white matter burden.

Support for the concept that white matter disease may be due to hypoperfusion comes in the form
of epidemiologic data as well as histopathologic data. In a pooled set of European cohorts,
among 1805 individuals 65 to 75 years of age, both increase in diastolic blood pressure (DBP)
and decrease in diastolic blood pressure led to an increase in severity of periventricular white
matter disease; individuals with a decrease in DBP of at least 2.5 mm Hg per year had an OR of
2.2 (or 4.1, for a more fully adjusted model) for severe periventricular white matter lesions.® A
similar but nonsignificant relationship was found for a decrease in systolic blood pressure (for
every decrease in SBP by 2.5 mm Hg or more per year, the OR'’s for severe periventricular white
matter lesions were 1.2 and 1.9, respectively, in two adjusted models, ns). This J-shaped
relationship has also been reported in the Rotterdam study. In that study, individuals with a drop
of diastolic blood pressure of at least 10 mm Hg over 20 years had a relative risk of 2.2 (95% CI
1.0, 5.2) for the presence of subcortical white matter lesions.* A major limitation of these existing
studies is the relative homogeneity of the patient populations in both of these publications. It is
not clear if white and black Americans have similar associations with a decrease in blood
pressure, from mid-life to later-life, and white matter disease.

Animal models have supported the concept of white matter lesions as due to hypoperfusion.® In
human autopsy series of subjects with Alzheimer’s disease (AD), in determining the contribution
of vascular disease to the pathogenesis of AD, many authors have described the presence of
watershed microinfarcts. This ischemia in cortical border zones suggests that chronic
hypoperfusion contributes to AD,* ” which may be a mechanism for the vascular contribution to
this degenerative process.

The mechanism for this potential association between decrease in blood pressure and white
matter lesions or cerebral hypoperfusion may be a shift in cerebral autoregulation in individuals
with chronic hypertension.8 The threshold at which cerebral perfusion pressure is compromised
varies; the typical cerebral autoregulatory curve is shown in the Figure.
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Figure. Cerebral autoregulatory curve for a normal individual. Ischemia typically occurs below a
cerebral perfusion eressure of 60 mm Hg. Adapted from Bogousslavsky & Caplan, eds., Stroke
Syndromes, 2001.



For an individual without chronic hypertension, ischemia may occur if the cerebral perfusion
pressure (CPP) drops below 60 mm Hg. This curve shifts, however, if the individual has
hypertension at baseline, leading to a more easily reached threshold below which ischemia
occurs. For example, in a chronically hypertensive patient, ischemia may occur at a CPP below
90 mm Hg. The periventricular regions may be most vulnerable, leading to this pattern of
leukoaraiosis, because of particularly impaired cerebral blood autoregulation.10 These regions
have been shown, usin? perfusion MR, to have decreased cerebral blood flow, compared to
other cerebral regions,™ most likely due to their location in the border zones between major
vascular territories of the brain. Other vulnerable regions include the basal ganglia and the
hippocampus, which may explain some of the potential role of hypoperfusion in the development
and progression of dementia.*?

An alternative hypothesis to the idea that decrease in blood pressure may lead to ischemia is that
chronic hypertension and other atherosclerotic processes leads to increased vessel stiffness,
leading to a drop in blood pressure; this has been proposed in studies of the J-shaped
relationship between diastolic blood pressure and aortic atherosclerosis.™

The public health concern regarding this possible role of hypoperfusion to the brain in individuals
exposed to relative hypotension is that some patients, with chronic hypertension, may be treated
too aggressively for their hypertension and this may contribute to chronic white matter ischemia
and eventually cognitive problems. Results from clinical trials on antihypertensives which have
followed cognition have showed heterogeneous results in those with moderate reduction in blood
pressure,** perhaps due to some individuals actually worsening with aggressive reductions. It is
probably important to distinguish between a natural decrease in blood pressure, such as may be
due to changes in vascular stiffness, or an iatrogenic decrease due to antihypertensive
treatment.This may be an even greater concern in individuals with pre-existing cerebrovascular
disease, as they may be particularly vulnerable to further hypoperfusion.*® In a small series of
individuals undergoing coronary artery bypass graft (CABG) surgery, who had other vascular risk
factors, decrease in blood pressure from before to after surgery was associated with a decrease
in cognitive test performance.*®

In addition to hypoperfusion due to temporal decreases in blood pressure, an additional role may
be played by recurrent hypoperfusion due to orthostatic hypotension. Orthostatic hypotension
has been previously associated with incident ischemic stroke'’ in the ARIC study and may predict
white matter burden.'®

The role of a drop in blood pressure on white matter lesion progression may differ based on race.
It has been reported that blacks of African descent (in the United Kingdom), with comparable
blood pressures to whites through ambulatory monitoring, had greater amounts of parieto-
occipital white matter lesions, even after adjustment for other vascular risk factors. This may be
because of more chronic hypertension at times before the monitoring, which could cause white
matter lesions through ischemia itself, or could lead to ultimate hypoperfusion when blood
pressure is lowered to an appropriate clinical range.™ In addition, there tends to be more
intracranial atherosclerosis in blacks, compared to whites, which could make the brain even more
susceptible to relative hypotension. The ARIC population, which is virtually 50% black and 50%
white, is well suited to pursue questions on the importance of fluctuations in blood pressure from
baseline in both black and white individuals.

5. Main Hypothesis/Study Questions:

1. Blood pressure will be associated with white matter lesion volume. This association
will be explored for blood pressures from: visit 1, visit 2, visit 3, visit 4, average of these
4, ARIC Brain MRI visit, and (ARIC Brain MRI minus the average). The strongest
association will be with blood pressure in visit 1, with weakest associations with the
concurrent BP.



2. Presence of orthostatic hypotension at visit 1 (defined previously in ARIC studies as a
decrease in SBP>=20 mm Hg and/or a decrease in DBP>=10 mm Hg, associated with
changing from the supine to the standing position) will be associated with white matter
lesion volume.
3. A change from normotensive (at visit 1) to hypotensive-range blood pressures at the
Brain MRI visit (over 15-18 years) will be associated with higher white matter volume.

a. When stratified by use of blood pressure treatment, both those with and without
treatment who experience this change from normotension to hypotension will have higher
white matter volumes.

b. When stratified and adjusted for comorbidity such as malignancy and history of
MI, the association between change to hypotension and white matter volume will persist
only among those individuals on blood pressure medications.

c. The association will be strongest for individuals who have a shift in their diastolic
blood pressure from a normotensive to hypotensive range, based on previous studies.

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodologic limitations or challenges if
present).

Study Design: prospective data collection on risk factors with cross-sectional definition of
the outcome based on the ARIC Brain MRI in 2004-2006.

Inclusion: All individuals in the ARIC Brain MRI cohort.

Exclusion: Missing Brain MRI data; Missing Brain MRI Blood pressure data (for the
hypotheses involving Brain MRI BP data)

Data Analysis:

Hypothesis 1: Linear regression with blood pressures at visit 1,2,3,4,brain MRI, average,
current minus average each in separate models (independent variables), predicting white
matter volume (dependent variable). Adjusting for age, diabetes, hyperlipidemia.
Hypothesis 2: Linear regression; OH presence/ absence (independent variable), WM
volume (dependent variable).

Hypothesis 3: Linear regression: Change from normotensive to hypotensive: both as
categorical variable (y/n) and continuous (amount of change in BP) (independent
variable), WM volume (dependent variable). Adjust for average BP over ARIC visits 1-4,
other confounders including weight loss, new use of hemodialysis, history of CABG
surgery. | will stratify the analysis for those on BP treatment vs those without BP
treatment.

I will also consider a linear spline model with 1-2 knots representing changes in the
relationship between decrease in blood pressure and white matter lesion volume to
explore potential points at which association changes.

Outcome: White matter lesions: Volume (measured volumetrically) and white matter
grade.
Variables of interest: Blood pressure: visits 1, 2, 3, 4, Brain MRI visit

White matter: Brain MRI visit #2 (2004-2006)

Other potential confounders: Weight loss (from visit 1 to ARIC Brain
MRI visit), history of CABG surgery, new use of hemodialysis.



Limitations: It may be that this concern about a shift from normotension to hypotension
only applies to a subset of individuals, e.g. those with white matter disease before
exposed to a drop in blood pressure. Because we don’t have a brain MRI from the first
blood pressure point (visit 1), it may be difficult to identify this subset. In addition,
looking at discrete blood pressure points over time (visit 1, brain MRI visit) may not
capture fluctuations in blood pressure over this time that could lead to cerebral
hypoperfusion.

There are numerous potential confounders that may cause someone to become
hypotensive; | will attempt to adjust for these (such as history of MI, malignancy, etc.).
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