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Abstract
Elevated pulse pressure (PP) is associated with cognitive decline and increased risk of
Alzheimer’s disease (AD) in older adults, although the mechanisms behind these associations
remain unclear. To address this question, we examined whether antemortem late-life PP elevation
predicted vascular or AD pathology in autopsy-confirmed AD patients. Sixty-five elderly patients
(mean age 74.2 years) clinically diagnosed with possible or probable AD underwent
neuropsychological testing and blood pressure examinations. Postmortem histopathological
measures of cerebrovascular disease (CVD) and AD neuropathology were later obtained on these
same patients. We expected that antemortem PP elevation, but not standard blood pressure
measures such as systolic or diastolic blood pressure, would predict the autopsy-based presence of
CVD, and possibly AD pathology, in elderly AD patients. Results demonstrated that antemortem
PP elevation was associated with the presence and severity of CVD at autopsy. For every 5 mmHg
increase in antemortem PP there was an estimated 36% increase in the odds of having CVD at
autopsy. Additionally, PP accounted for 12% of variance in CVD severity. No significant
associations were present for cerebral amyloid angiopathy or Braak and Braak staging of the
severity of AD pathology. Other standard blood pressure measures also did not significantly
predict neuropathology. The association between antemortem PP and CVD at autopsy suggests
that in older adults with AD, PP elevation may increase the risk of CVD. These findings may have
treatment implications since some antihypertensive medications specifically address the pulsatile
component of blood pressure (e.g., renin-angiotensin system inhibitors, calcium channel blockers).
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INTRODUCTION
Hypertension is the most common modifiable risk factor for Alzheimer’s disease (AD) [1],
but the exact mechanisms involved remain unclear [2] and clinical trials examining the
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ability of antihypertensive medications to prevent dementia have yielded mixed results [3,
4]. One line of research indicates that the various components of the blood pressure curve
may have differential effects on the risk of dementia in older adults [5]. Blood pressure is
typically measured at two points within the cardiac cycle, systole and diastole, which are
used to calculate the steady component of blood pressure, mean arterial pressure (MAP), or
its pulsatile component, pulse pressure (PP) [6]. The steady component, MAP, is
conceptualized as the product of cardiac output and total peripheral resistance. The pulsatile
component, PP, is determined by a more complex combination of factors, including stroke
volume, arterial compliance, and wave reflection [7]. Most studies examining the effects of
blood pressure on the risk of AD have focused on standard measures of blood pressure taken
during peak (systole) and trough (diastole) [8]. Measures representing the pulsatile
component of blood pressure, such as PP (SBP–DBP), [6, 9] have been less extensively
investigated, [5] yet prospective studies have specifically linked PP elevation to increased
risk of AD [10–12]. It has been hypothesized that PP elevation may impair amyloid-β (Aβ)
clearance from the brain [13], which could increase the risk of AD and cerebral amyloid
angiopathy (CAA). Other studies have suggested that PP elevation may contribute to AD
risk indirectly by increasing the risk of cerebrovascular disease (CVD) [10, 14]. To our
knowledge, no studies have examined whether antemortem measures of the pulsatile
component of blood pressure in late-life predict postmortem CVD or AD pathology in
patients with autopsy-confirmed AD. Thus, in order to further our understanding of the
mechanisms underlying the increased risk of AD associated with blood pressure elevation in
older adults, the current study sought to evaluate whether antemortem blood pressure
elevation was related to CVD, CAA, and AD severity in AD patients at autopsy. We
hypothesized that PP elevation would predict the presence of comorbid CVD in AD patients,
and possibly AD pathology, and that standard blood pressure measures would show no
association with neuropathology.

MATERIALS AND METHODS
Participants

Blood pressure and autopsy-based neuropathological data from 138 dementia patients
recruited through the University of California San Diego (UCSD) Alzheimer’s Disease
Research Center (ADRC) were initially screened. From this initial sample, patients were
included if they met NINDS-ADRDA criteria for probable or possible AD [15] at the time
of blood pressure assessment and were later confirmed to meet National Institute on Aging
(NIA) Reagan and Consortium to Establish a Registry for Alzheimer’s Disease (CERAD)
criteria for probable or definite AD at autopsy [16]. Cases were specifically excluded if
autopsy revealed any significant pathological process other than AD or CVD (e.g.,
hippocampal sclerosis, Lewy Body pathology, Pick’s disease). Participants with more
extensive CVD, meeting criteria for vascular dementia or mixed dementia, were also
excluded. After application of inclusion and exclusion criteria, 65 AD patients remained for
examination of relationships among blood pressure and neuropathologic markers. All
procedures were approved by the UCSD IRB and all participants and/or their caregivers
were provided informed consent prior to being enrolled.

Demographic characteristics and clinical data
Patient age, gender, years of education, and use of antihypertensive medications were
recorded on the same day as neuropsychological and blood pressure assessments. Due to
difficulty measuring and controlling for the date of dementia onset in this population, we
used patient “time-to-death” (i.e., number of years between blood pressure evaluation and
death) and the Mattis Dementia Rating Scale (DRS) score to control for the severity of
dementia at the time of blood pressure evaluation [17]. Apolipoprotein E (APOE) genotype
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was determined for all participants using a polymerase chain reaction-based method [18].
Participants were grouped into those with and without at least one copy of the APOE ε4
allele for data analysis.

Vascular risk factors
The presence or absence of the following vascular risk factors derived from the Framingham
Stroke Risk Profile [19] were identified from patient interview, chart review, and physical
assessment on the date of neuropsychological testing and blood pressure assessment: history
of cardiovascular disease (coronary artery disease [myocardial infarction, angina pectoris,
coronary insufficiency], intermittent claudication, cardiac failure), diabetes, atrial
fibrillation, left ventricular hypertrophy, and transient ischemic attack (TIA) or stroke.

Neuropathology
Autopsy was performed according to established UCSD ADRC protocols [20]. Briefly, the
left hemi-brain was fixed in 10% formalin for 5–7 days. Following fixation the brain was
examined externally and serially sectioned into 1-cm thick slices in the coronal plane. Tissue
blocks were taken from all gross lesions, as well as from the midfrontal cortex, inferior
parietal cortex, superior temporal gyrus, inferior temporal gyrus, anterior cingulate gyrus,
posterior cingulate gyrus, anterior hippocampus, posterior hippocampus, amygdala, basal
ganglia including substantia innominata and adjacent insular cortex, mesencephalon, rostral
pons, and cerebellar vermis. Paraffin-embedded sections from tissue blocks were made and
stained with hematoxylin and eosin and thioflavin-S for visual evaluation in 10-μm thick
sections [21]. For select cases, some tissue blocks were also stained with antibodies against
ubiquitin or α-synuclein and a phosphorylated form of tau to rule out other forms of
neurodegeneration. Total plaque, neuritic plaque, and neurofibrillary tangle counts were then
performed on midfrontal, rostral superior temporal, inferior parietal, entorhinal, and
hippocampal regions. Brains were then staged for the degree of neurofibrillary tangle
pathology by a modification [22] of the method of Braak and Braak [23] by one
neuropathologist (L.A.H.). All AD participant brains (n = 65) were examined for CAA and
CVD (i.e., hemorrhage, large artery infarction, lacunes, cortical microinfarcts,
arteriosclerosis, and atherosclerosis in the Circle of Willis). The severity of CAA was
assessed semiquantitatively by the study neuropathologist (L.A.H.) on a scale of 1 to 3
(mild, moderate, severe) on thioflavin-S stained preparations of the midfrontal cortex,
superior temporal gyrus, inferior parietal cortex, and posterior hippocampus using a method
described previously [24]. Capillary CAA was not evaluated. A semi-quantitative measure
of CVD was calculated for a subset of participants with CVD (n = 45) using the following
method. The severity of both arteriosclerosis and atherosclerosis was scored separately on a
3 point scale (mild, moderate, severe) by the study neuropathologist and other forms of
vascular neuropathology (lacunar infarction, large artery infarction, hemorrhage, cortical
microinfarcts) were assigned 1 point each. The total points for each form of vascular
pathology were then summed to yield a semi-quantitative measure of CVD severity from 0
to a maximum of 10 possible points.

Participant groupings
For categorical analysis of neuropathological variables, participants were classified in three
different ways based on the presence or severity of various forms of neuropathology: 1)
Participants were divided into AD with CVD (AD+CVD; n = 49) or AD without CVD (AD
−CVD; n = 16) groups based on the presence or absence of CVD at autopsy. CAA was not
included in the CVD category and was analyzed separately. 2) Participants were classified
as having AD with CAA (AD+CAA; n = 52) or AD without CAA (AD−CAA; n = 13). 3)
Participants were classified as having less severe AD (low Braak and Braak stage) or more
severe AD (high Braak and Braak stage). All participants were diagnosed with probable or
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definite AD at autopsy, consequently, patients with Braak and Braak scores less than VI
were defined as having “less severe” AD (low Braak and Braak; n = 26) and those with a
Braak and Braak score of VI were defined as having “more severe” AD (high Braak and
Braak; n = 39).

Blood pressure
Brachial artery blood pressure measures were obtained using a sphygmomanometer and a
stethoscope on the same day as neuropsychological testing procedures, but before the
beginning of testing. Participants were seated comfortably for a few minutes prior to taking
blood pressure measures. SBP was recorded at the first Korotkoff sound and DBP was
recorded at the cessation Korotkoff sounds (i.e., fifth Korotkoff sound). Two recordings
were taken from each arm while the participant was seated. These measures were averaged
to obtain an estimate of resting blood pressure. PP and MAP were calculated as follows: PP
= SBP − DBP; MAP = DBP + 1/3(PP).

Statistical analyses
Independent samples t-tests were used to examine differences between the AD+CVD and
AD−CVD groups in age, education, time-to-death, and DRS score. Chi-square analyses
were used to test group differences in gender, use of antihypertensive medications, presence
of the APOE ε4 allele, and presence of two or more vascular risk factors. Univariate Pearson
product moment correlations and logistic regression models were initially examined to
determine whether blood pressure measures significantly predicted the presence and severity
of different forms of neuropathology. For each logistic regression analysis, the predictor
variable was the blood pressure measure of interest (i.e., SBP, DBP, MAP, PP) and the
dependent variable was the neuropathological group (i.e., AD+CVD versus AD−CVD; AD
+CAA versus AD−CAA; low versus high Braak and Braak). For correlational analyses, the
dependent variable was a measure of the severity of neuropathology (i.e., semi-quantitative
CVD measure; neuropathologist rating of CAA severity; Braak and Braak stage). Blood
pressure measures that significantly predicted or correlated with neuropathology after
Bonferonni correction for multiple comparisons (3 neuropathology groups: p < 0.05/3 or
0.017), were further examined in binary logistic and multiple linear regression models.

Binary logistic regression analysis was used to determine whether remaining blood pressure
measures significantly predicted neuropathology beyond the model containing all
demographic, clinical, and vascular risk factor covariates. For each analysis, the first block
contained all covariates, including age, education, gender, DRS score, time-to-death, use of
antihypertensive medication, presence of the APOE ε4 allele, and the presence of two or
more vascular risk factors. The second block contained the blood pressure measure of
interest, with the neuropathologic group as the dependent variable.

Multiple linear regression was also used to examine the relationship between remaining
blood pressure measures and the severity of neuropathology using the same covariates listed
above. All statistical tests were two-tailed with a significance cutoff of p < 0.05.

RESULTS
Participant groups

Forty-nine patients (77.5%) displayed CVD at autopsy, which included in order of
frequency: atherosclerosis in the Circle of Willis (70.8%), arteriosclerosis (15%), lacunar
infarction (12.3%), cortical microinfarcts (6.2%), large artery infarction (3.1%), and
hemorrhage (1.5%). CAA was present in 80.0% of participant brains. Among participants
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with CVD, the average semi-quantitative score for CVD severity was 2.1 with a standard
deviation (SD) of 1.2.

All participant brains showed AD pathology at Braak and Braak stage IV or greater (IV,
6.2%; V, 33.8%; VI, 60.0%). Braak and Braak scores were divided into lower (stages IV or
V; 40.0%) and higher (VI; 60.0%) groups for logistic regression analyses.

Demographic characteristics and clinical data
For the total sample, the average age during the ante-mortem assessment was 74.2 years (SD
= 7.0), average educational attainment was 12.8 years (SD = 3.2), average DRS score was
101.8 points (SD = 24.5), and average time from blood pressure and cognitive assessments
until death (i.e., “time-to-death”) was 6.0 years (SD = 3.2). The male to female ratio was
31/34 (47.7% men) and 27.7% of patients were on antihypertensive medication. At the time
of blood pressure and cognitive assessment, 55 (84.6%) participants were diagnosed with
probable AD and 10 (15.4%) were diagnosed with possible AD. At the time of death, all
participants had been diagnosed with probable AD.

Comparison of AD+CVD and AD−CVD groups on demographic and clinical characteristics
indicated a significant difference in time-to-death, such that the AD+CVD group lived
significantly longer than the AD−CVD group, t (63) = −2.26, p = 0.03. There was a
marginally significant trend toward the AD+CVD group performing better than the AD
−CVD group on the DRS, t (63) = −1.98, p = 0.05. There were no differences in age, t (63)
< 1, p = 0.60; education, t (63) < 1, p = 0.81; gender, χ2 < 1, p = 0.83; or use of
antihypertensive medication, χ2 < 1, p = 0.78, between those with and without CVD. At
least one copy of the APOE ε4 allele was present in 70.8% of participants in the sample.
There was no significant difference between AD+CVD and AD−CVD groups in frequency
of the APOE ε4 allele, χ2 = < 1, p = 0.40 (Table 1).

Patients with higher Braak and Braak scores were younger than those with lower Braak and
Braak scores, t (63) = 3.40, p = 0.001, and exhibited greater cognitive impairment on the
DRS, t (53.1) = 3.13, p = 0.01. There was no significant difference between Braak and
Braak groups in the frequency of the APOE4 allele χ2 < 1, p = 0.37 or the time-to-death, t
(63) −1.05, p = 0.30.

Vascular risk factors
At least one vascular risk factor was present in 44.6% of participants in the total sample. A
subset (n = 5) of participants in the AD−CVD group had a known history of cardiovascular
disease, but none of the other vascular risk factors were present in this group, whereas a
subset (n = 10) of participants in the AD+CVD group had a history of two or more vascular
risk factors. Chi-square analyses indicated that significantly more AD+CVD patients had
two or more vascular risk factors relative to those in the AD−CVD group, χ2 = 3.86, p =
0.05 (Table 1).

Blood pressure and neuropathology
Logistic regression analyses revealed that PP elevation significantly predicted the presence
of CVD, odds ratio = 1.06, p = 0.016. This relationship remained significant after
controlling for age, gender, education, DRS score, time-to-death, use of antihypertensive
medication, APOE ε4 allele, and the presence of two or more vascular risk factors, odds
ratio = 1.07, p = 0.04. Thus, for every 5 mmHg increase in antemortem PP, there is an
estimated increase in the odds of having CVD at autopsy of approximately 36%. PP
elevation was not significantly associated with Braak and Braak stage after controlling for
all covariates, β = −0.04, p = 0.08. None of the standard blood pressure measures (SBP,
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DBP, MAP) significantly predicted any form of neuropathology after controlling for all
covariates (p-values = 0.12 to 0.95). No blood pressure measures significantly predicted the
presence of CAA (p-values = 0.36 to 0.84).

Linear regression analyses indicated that PP was positively correlated with age, r = 0.31, p =
0.01 (Fig. 1A) and CVD severity, r = 0.31, p = 0.016 (Fig. 1B). There was no significant
relationship between age and CVD severity, r = 0.03, p = 0.80 (Fig. 1B). PP remained a
significant predictor of CVD severity after controlling for age and all other covariates, ΔR2

= 0.12, β = 0.39, p = 0.006 (Fig. 1C). No other significant correlational associations were
observed between blood pressure measures and neuropathology severity after correcting for
multiple comparisons (all p-values >0.15).

DISCUSSION
Our results indicate that AD patients with elevated PP are more likely to exhibit CVD at
autopsy. Elevation in the pulsatile component of blood pressure was also associated with
more severe CVD. This relationship is consistent with prior observations from neuroimaging
studies indicating a possible association between PP and CVD in patients with AD [10, 14].
Importantly, the association between PP and CVD was independent of dementia severity and
the presence of other vascular risk factors, as well as other clinical and demographic
confounds. Interestingly, standard measures of blood pressure, including SBP, DBP, and
MAP, were not significantly associated with the presence of CVD. These findings are
consistent with our recent study showing that indices of the pulsatile component of blood
pressure, but not the steady or point measures, predicted cognitive impairment characteristic
of the earliest stages of AD in nondemented older adults [5]. Together these findings
underscore the potential importance of the pulsatile component of blood pressure relative to
the more commonly assessed mean and point blood pressure measures in assessing the risk
of a vascular contribution to cognitive impairment in older adults with AD.

Although PP elevation is known to increase the risk of AD in older adults, the mechanism
behind this relationship has remained unclear [11]. Weller and colleagues have suggested
that increased pulsatile strain may accelerate AD pathophysiology, including CAA and Aβ
deposition, by interfering with Aβ clearance mechanisms [13]. In contrast, our data showed
that PP was not related to the presence of CAA or the severity of AD. Due to sample size
limitations within the AD−CAA group (n = 13), we also examined the relationship between
blood pressure measures and the severity of CAA at autopsy. Findings indicated no
significant relationship between CAA severity and any of the blood pressure measures
examined in this study. These results could suggest that blood pressure elevation is not
associated with CAA in older adults with AD; however, further studies utilizing a larger
sample of patients both with and without CAA are needed to clarify this relationship. It
should also be noted that the relationship between blood pressure and CAA may differ in
younger adults or in nondemented older adults. Additionally, none of the blood pressure
measures examined in the current study were associated with AD severity after controlling
for all potential confounds.

Collectively these findings suggest that, in older adults with AD, blood pressure elevation is
not related to AD pathology (i.e., plaques, tangles, and CAA). Our results contrast with
findings indicating that elevated blood pressure in mid-life is predictive of AD
neuropathology (e.g., higher density of hippocampal neurofibrillary tangles) in late-life [25].
However, the current study examined blood pressure levels in older adults already diagnosed
with possible or probable AD and was restricted to those diagnosed with probable or definite
AD at autopsy. It is possible that blood pressure exerts a different influence on vascular and
AD neuropathology over a more extended period of time, or for different age groups, or for
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individuals with more extensive CVD. This possibility is consistent with findings indicating
an age-dependent relationship between blood pressure and cognition, with mid-life blood
pressure elevation predicting late-life dementia but both high and low blood pressure
predicting dementia in late-life [8]. Thus, the findings of the present study support the
hypothesis that the pulsatile component of blood pressure remains an important determinant
of co-morbid CVD in older adults with AD.

We have previously shown that elevation of the pulsatile component of blood pressure
continues to be associated with cognitive decline in older adults despite the lack of a
consistent relationship with standard blood pressure measures [5, 11]. The present study
findings suggest that in older adults with AD, PP elevation may be influencing cognition
through effects on CVD. This supports the hypothesis that PP elevation increases
mechanical strain on cerebral vessels that in turn leads to atherosclerosis and
arteriosclerosis, the most common forms of vascular pathology in our sample [27].
Additionally, our findings are consistent with animal studies indicating that the pulsatile
component of blood pressure is a particularly important causal factor in the development of
intracranial vascular disease [27]. Although the causal explanation of these results has merit,
it is also possible that pulsatile measures are simply more sensitive to underlying
cardiovascular disease that is in turn associated with vascular disease in the brain.
Nevertheless, antemortem PP elevation continued to be associated with CVD at autopsy
even after controlling for other vascular risk factors.

The majority of the patients in our sample demonstrated some vascular lesions at autopsy,
mostly atherosclerosis within the circle of Willis and arteriosclerosis. These findings are
consistent with results from large epidemiological studies indicating that the “pure” form of
AD represents a relative minority of patients [28]. Patients with AD+CVD had more
vascular risk factors than those with “pure” AD, particularly stroke risk factors beyond
cardiovascular disease (i.e., diabetes, TIA/minor stroke, atrial fibrillation). These findings
support the continued use of stroke risk factors other than cardiovascular disease to assess
the risk of co-morbid CVD in AD patients.

Our data further showed that patients with AD+CVD lived longer and displayed a trend
toward being less cognitively impaired than those with “pure” AD, despite being close in
age. The reason for these differences is not immediately clear. These findings may seem
counterintuitive given the presence of two forms of pathology in the AD+CVD group, which
may be thought to convey increased cognitive impairment. This assumption may apply when
considering cases with more extensive or severe CVD, such as those with mixed vascular
and AD, but our sample was restricted to patients with autopsy-confirmed AD and did not
include mixed or vascular dementia patients. This sample was deliberately chosen to
specifically assess the mechanism underlying the association between PP elevation and
CVD in AD, rather than mixed or vascular dementia. We speculate on at least two possible
explanations for the observed group differences in time-to-death and cognition. First, the
“pure” AD group may represent a more aggressive form of the disease, potentially
associated with increased genetic risk or different age of onset. However, our data did not
indicate any differences in the presence of APOE ε4 allele or age between the AD+CVD
and AD−CVD groups. The second possibility is that patients with AD+CVD may have a
less severe form of AD because less AD pathology is required to cause dementia in
individuals who also have some degree of cognitive impairment related to underlying CVD.

We caution that these data do not indicate a “protective effect” of CVD on AD. Indeed we
found that CVD is a common comorbidity and is present in the majority of cases at all Braak
and Braak stages observed in this sample (IV thru VI). Nevertheless, the differences in time-
to-death and dementia severity between AD+CVD and AD−CVD groups may be partly
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explained by their additive effect on cognition and independent functioning. This hypothesis
has been previously described [1] and has significant treatment implications since it implies
that dementia may have possibly been delayed, attenuated, or prevented in the majority of
our sample (over 75%) by prevention of CVD [1, 29]. PP elevation and the presence of
stroke risk factors beyond cardiovascular disease were the only variables that predicted the
presence of CVD in this sample, suggesting that treatments targeting these risk factors may
prevent or delay the onset of dementia in some patients. Taken together these data
underscore the importance of co-morbid CVD in AD and the potential value of the pulsatile
component of blood pressure in the diagnosis and treatment of this common comorbidity.

The fact that patients with more severe AD pathology were younger and exhibited more
severe cognitive impairment is consistent with prior studies demonstrating that very old
adults require less severe AD pathology to express clinical dementia and tend to perform
better on age-corrected cognitive testing [30]. Interestingly, we did not find any such
relationship between age and CVD. Thus, age appeared to modify the expression of AD
pathology in our sample, but not comorbid CVD.

The current study findings may have substantial clinical implications because they suggest
that antihypertensive treatments targeting the pulsatile component of blood pressure may
reduce the vascular contribution to cognitive impairment in AD patients or individuals at
risk of AD. Certain classes of antihypertensive medications specifically affect the pulsatile
component of blood pressure through their effects on arterial compliance. These include
drugs impacting the renin-angiotensin system and calcium channel blockers. Other
antihypertensive medications, such as diuretics and β-blockers, may have little to no effect
on pulsatile forces [31]. Interestingly, a recent review of clinical trials for antihypertensive
agents in the prevention of dementia concluded that drugs inhibiting the renin-angiotensin
system and calcium channel blockers are superior to diuretics and β-blockers [3, 32]. These
drugs may be reducing the risk of dementia through their specific effects on the pulsatile
component of blood pressure. Prior studies have associated antihypertensive medication use
with a lesser degree of AD pathology, but sample size has typically precluded the
investigation of specific medication classes and AD pathology has been the focus more than
comorbid CVD [33]. The current study found no significant differences in antihypertensive
medication use between AD patients with and without CVD. The sample included
participants taking a wide range of antihypertensive medications, including those with and
without destiffening effects, in various combinations and monotherapy. Consequently, the
study was not adequately powered to address different medication classes. Future studies
examining the effects of destiffening medications on PP and CVD may inform treatment
decisions in older adults with blood pressure elevation.

The limitations of the current study include the relatively small sample size within the
“pure” AD group that may have limited power to detect group differences. This was
partially corrected by the use of supplemental correlational and linear regression analyses to
support the main study findings. The use of neuropathologic measures is always limited by
our inability to determine the pathology at the time of antemortem assessment, making all
postmortem data cross-sectional in nature. The timing of the antemortem blood pressure
assessment is another important consideration in the interpretation of these results, as late-
life blood pressure values may not reflect mid-life exposure, which has been more strongly
associated with cognitive impairment and neuropathology in prior studies. The current study
was specifically designed to address contribution of late-life PP elevation to neuropathology
in AD. The average time-to-death of patients in the current study was 6.4 years for those
with CVD and 4.4 years for those without CVD. Blood pressure measures examined for
longer or shorter intervals from death may be differentially related to neuropathological
measures. Future studies investigating multiple antemortem time intervals may clarify how

Nation et al. Page 8

J Alzheimers Dis. Author manuscript; available in PMC 2012 June 08.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the relationship between blood pressure and neuropathology varies with exposure. Finally,
the relationship between blood pressure and CVD may differ in a sample of patients with
more extensive CVD (i.e., vascular dementia, mixed dementia) or with more vascular risk
factors. However, the fact that PP elevation was associated with CVD even in a group with
relatively few vascular risk factors and mild CVD only further supports the potential
usefulness of this measure as a sensitive index of vascular risk. On balance the utilization of
a well-characterized patient group with extensive neuropathologic data is a major strength of
the study. Future studies examining the relationship between medications impacting
pulsatile forces and neuropathologic measures of AD and CVD may further clarify the
clinical significance of the current study findings.
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Fig. 1.
Scatterplots and regression lines are shown for A) pulse pressure (PP) significantly
predicting age (p < 0.05) and B) cerebrovascular disease (CVD) severity (p < 0.05). Age
was not significantly related to CVD. C) The partial scatterplot depicts regression line for PP
significantly predicting the severity of CVD in AD patients after correcting for all covariates
(p < 0.01).

Nation et al. Page 12

J Alzheimers Dis. Author manuscript; available in PMC 2012 June 08.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nation et al. Page 13

Table 1

Comparison of Alzheimer’s disease groups with cerebrovascular disease (AD+CVD) and without
cerebrovascular disease (AD−CVD) on demographic characteristics, and clinical and vascular risk factors

AD+CVD AD−CVD

Age (years) 74.4 ± 7.4 73.4 ± 5.9

Men/women ratio (% Men) 23/26 (46.9%) 8/8 (50.0%)

Education (years) 12.8 ± 3.2 13.0 ± 3.1

Antihypertensives (% on meds) 14 (28.6%) 4 (25.0%)

DRS score (raw) 105.2 ± 22.7 91.6 ± 27.3

Time-to-death (years) 6.4 ± 3.3 4.4 ± 2.3*

APOE4 (% with ε4 allele) 36 (73.5%) 10 (62.5%)

 APOE genotype

  33 13 (26.5%) 6 (37.5%)

  34 24 (49.0%) 9 (56.3%)

  44 10 (20.4%) 1 (6.3%)

  42 2 (4.1%) 0 (0%)

Cardiovascular disease 20 (40.8%) 5 (31.3%)

TIA/Stroke 7 (14.3%) 0 (0%)

Diabetes 6 (12.2%) 0 (0%)

Atrial fibrillation 5 (10.2%) 0 (0%)

Left ventricular hypertrophy 0 (0%) 0 (0%)

≥ 2 Vascular risk factors 10 (20.4%) 0%*

Values indicate mean ± standard deviation or number of cases (% of cases).

*
p < 0.05.
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