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Advanced age is a key risk factor for dementia and hypertension (Fig. 1). By the year 2030,
the number of individuals aged 60 years and older will reach 70 million in the United States
alone.1–3 Fortunately, in addition to increased life expectancy, Americans are retaining vigor
well into their 80s and beyond. But with longevity comes increased weakening of
neurocognitive function. In this review, the author discusses the evidence indicating that
primary and secondary prevention of hypertension may be an important public health goal in
the United States for preventing or delaying cognitive loss.

Stroke and Alzheimer-type dementia increase at comparable rates with advancing age.
Vascular disease is emerging as an important risk factor for dementia and Alzheimer disease
(AD). In addition to age, diabetes, hypercholesterolemia, and presence of an apolipoprotein
E4 (ApoE4) allele, all characterized by vascular pathology, hypertension is now considered
an important risk factor for the sporadic, prevalent form of AD.4 Evidence from
epidemiologic and prospective studies lends credence to this new paradigm: The Rotterdam
population-based prospective study that examined approximately 8000 subjects aged 55
years and older for the frequency of lifetime risk for dementia and its subtypes, including
AD, showed an increase in the prevalence of atherosclerosis in vascular dementia and AD.5
Compilation of autopsy reports on AD brains indicates that approximately 60% to 90% of
the cases exhibited variable cerebrovascular pathology synonymous with cerebrovascular
disease (CVD).6,7 In AD cases ascertained by the presence of amyloid angiopathy,
endothelial degeneration, and periventricular white matter lesions at autopsy, Van Nostrand
and colleagues8 showed that approximately one-third had evidence of cerebral infarction.
These reports indicate that CVD risk factors may also influence AD development.

From the CVD risk factors examined in many epidemiologic and clinical trials thus far,
hypertension is recognized as the most consistent risk factor for stroke and, importantly,
AD.9–13 Hypertension-related silent ischemic white matter increases with elevated blood
pressure and is increasingly seen to coexist with AD. In addition to its role in vascular
dementia, hypertension is now considered to have a causal relationship with dementia of the
AD type.14,15 This belief is emphasized by prospective studies linking high blood pressure
in midlife to dementia in late life.14,15

In addition to a causal relationship of hypertension with future cognitive decline,
hypertension also contributes to known AD endophenotypes, such as brain volume.
Specifically, systolic blood pressure (SBP) and pulse pressure (PPR) are associated with
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medial temporal lobe atrophy, which is a hallmark of AD (especially when they coexist with
white matter changes) in individual with late-onset dementia.16 Although it was previously
believed that hypertension-related cognitive decline was mediated directly through multiple
brain infarcts, the new evidence indicates that hypertension can also act directly or
synergistically with vascular disease to promote AD development.

Evidence about whether medication can attenuate hypertension-related cognitive decline is
slowly emerging. Such studies range from epidemiologic (cross-sectional and prospective)
studies to meta-analyses and clinical trials. Mechanisms by which hypertension influences
cognitive function are also being investigated. Of significant interest is cerebral
hypertension-induced vascular stiffness and consequent reduction in brain perfusion.
Fortunately, treatment to reduce blood pressure can prevent arterial stiffness and improve
cerebral perfusion, and thereby preserve cognitive dexterity. Conversely, excessive blood
pressure reduction, especially in the aged, can cause cerebral hypoperfusion and cognitive
loss. Therefore, identification of optimal blood pressure for best cognitive performance and
reduction in AD risk is of considerable scientific, clinical, and public health interest.

Although consensus is lacking on what blood pressure levels offer the best beneficial effects
on cognition, enough evidence exists to preliminarily guide treatment goals in older
hypertensive patients.17–22 Using the Seventh Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure criteria, target blood pressure
that is beneficial to cognition should be in the normal range (<120/80 mm Hg) for (1)
persons 75 years or younger, (2) persons 75 years or older with new-onset hypertension, and
(3) persons with diabetes, irrespective of age. For persons 75 years or older who have
chronic hypertension, blood pressure in the prehypertensive range (120–139 mm Hg) is
likely to be beneficial to cognition. Regardless of duration and history of hypertension,
target blood pressure that is beneficial to cognition in persons 80 years or older should also
remain in the prehypertensive range.

Medications used to achieve blood pressure control have significant cognitively beneficial
effects that are independent of blood pressure levels. Dihydropyridine calcium channel
blockers (DHP-CCBs), angiotensin converting enzyme (ACE) inhibitors, angiotensin
receptor blockers (ARBs), and potassium-sparing diuretics exert cognitively beneficial
effects. Although the evidence is hardly definitive, conversely, non-DHP-CCBs seem to
have an opposing effect, possibly contributing to cognitive deterioration. These
recommendations need to be substantiated in the future through double-blind placebo-
controlled clinical trials.

Given the high prevalence of hypertension in the United States, substantial cognitive gains
might be realized from the optimization of blood pressure. Even if hypertension only results
in a moderately increased AD rate or overall dementia, better treatment and optimization of
blood pressure can have a significant public health impact in primary prevention of AD and
vascular dementia.10

In this review, the current understanding of the relationship of hypertension to cognitive
health is discussed. The review focuses on evidence gathered from various study types, from
cross-sectional studies to prospective and randomized controlled clinical trials, and posited
mechanisms that mediate this relationship.
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EVIDENCE LINKING HYPERTENSION TO COGNITIVE FUNCTION
Cross-sectional Studies

Evidence—Hypertension is associated with diminished performance on tests of cognitive
function. Initial support for this view came from epidemiologic studies. A few of these
studies examined the relationship of blood pressure to cognitive loss in late life,23–26 and
most reported beneficial effects. Although many such studies used varying degrees of blood
pressure to define hypertension, a cross-sectional but rigorous epidemiologic study used a
representative sample of the noninstitutionalized United States population to test the
hypothesis that elevated blood pressure is associated with lower cognitive function.17 In
accordance with the sixth report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure (JNC VI)27 used by Obisesan and
colleagues,17 categories of blood pressure were defined as given in the next paragraph and
in Table 1.

For the regression analysis used in the study, blood pressure was considered normal if SBP
was from is ≤ 129 mm Hg or diastolic blood pressure (DBP) is ≤85 mm Hg. These
categorizations have since been revised in the seventh report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure and
even more so in the pending revised version. Results from this study indicate that in age
groups 60 to 64, 65 to 69, and 70 to 74, optimal blood pressure (<120/80 mm Hg) was
associated with best cognitive performance; severe hypertension was associated with the
poorest performance in all age groups except the very old (≥80 years), in whom the pattern
was reversed, showing the poorest performance in the optimal blood pressure group and the
best in the moderate hypertension group (Fig. 2). In analyses additionally adjusted for
important covariates, increasing JNC-VI stage of hypertension associated with worsening
cognitive performance compared with normal blood pressure at ages older than 70 years.
This relationship appears less certain in the younger age group. From such studies having
sufficient power to conduct age-stratified analysis, it is evident that the relationship of
hypertension to cognitive function is susceptible to age effect.

In addition to reports from the third National Health and Nutrition Examination Survey
(NHANES III) data, other epidemiologic studies have reported on the association of blood
pressure with cognitive loss.11–13,28–32 A retrospective study of 89 patients with presenile
dementia followed up by necropsy showed that approximately one-half of the 46 patients
with AD and 3 of 16 mixed dementia subjects had systolic pressure greater than 140 mm
Hg.28 Independent of resting clinical blood pressure, SBP and DBP reactivity also correlated
with diminished performance on tests of immediate and delayed verbal memory and
executive function.26 Together, this initial evidence supports the view that hypertension can
attenuate cognitive reserve. These findings add significantly to growing evidence that
uncontrolled hypertension contributes to dementia risk as the population ages.

Can hypertension treatment attenuate dementia risk?—The degree to which blood
pressure is controlled in hypertensive patients is a critical determinant of related cognitive
outcomes.25 Hypertensive patients whose blood pressure is poorly controlled have reduced
performance on cognitive tests. Although the overall goal of the treatment of hypertension is
to normalize blood pressure and reduce hypertension-related cognitive loss, cross-sectional
data indicate that treatment of hypertension even without control can reduce its negative
influence on cognition. Preliminary evidence supporting this view came from the NHANES
III data showing that compared with persons with hypertension or with hypertension that is
untreated and uncontrolled, treated but uncontrolled hypertension is associated with better
cognitive performance even after discounting the effects of important covariates.17 In
another study to examine the relationship of hypertension and blood pressure levels to
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cognition, individuals with high blood pressure failed to perform optimally on tests of
nonverbal memory, motor speed, and manual dexterity, irrespective of prior diagnostic
status.25 In this study, persons with hypertension who had poorly controlled blood pressure
were most vulnerable to difficulties in tests on perceptuo-motor speed and manual dexterity
compared with the control.25 Together, the cross-sectional evidence indicates that elevated
blood pressure and hypertension cause cognitive loss when compared with optimal blood
pressure or blood pressure in the normal range. Also, the maintenance of blood pressure in
the normal range can attenuate hypertension-related cognitive loss (Fig. 3). These
associations are independent of other common risk factors such as age, gender, ethnicity,
education, income level, and history of stroke (Fig. 4).

Given these earlier observations, later epidemiologic work on the connection between blood
pressure and cognitive function increasingly focuses on whether treatment with medication
is beneficial in reducing hypertension-related cognitive loss. One such earlier report came
from Cacciatore and colleagues,33 who observed that hypertension treated with medication
related to better cognitive outcome in an Italian sample. Building on the observation of
Cacciatore and colleagues, Richards and colleagues34 showed that hypertension treated with
medication attenuated the related cognitive decline in a community sample of African
Americans. As the evidence grew, interest also developed on whether the beneficial effect of
treatment was because of a specific medication. In a study design similar to that of Richards
and colleagues34 that used a geriatric practice community sample, Hajjar and colleagues35

provided additional insight by showing that the use of diuretics, β-blockers, and ACE
inhibitors to treat hypertension associates with improved cognitive outcomes.

Jointly, this preliminary evidence indicates that cognitive outcomes in persons with
hypertension whose blood pressure is controlled with medication and/or lifestyle alteration
are similar to those in persons without hypertension; are slightly better than those in persons
who underwent similar interventions but did not achieve blood pressure control; and are
better than those in persons with hypertension not receiving treatment and whose blood
pressure remained uncontrolled (see Fig. 3).17 These findings support the need for increased
attention to preventative efforts and maintenance of blood pressure in the normal range to
preserve cognitive function.

Negative studies—Although most cross-sectional treatment studies on the relationship of
hypertension to cognitive loss found that treatment is mostly beneficial, studies reporting
negative findings merit a brief discussion. For example, the East Boston cohort study found
no relationship of hypertension to cognitive function in nondemented persons.36 In
concordance with the East Boston study, a Canadian study on health and aging found no
association of high blood pressure with cognitive decline or dementia.37 Given that years of
hypertension is required for the development of related cognitive loss later in life, a
nonsignificant association of elevated blood pressure with performance on cognitive
measures in studies involving a younger age group is logical. Alternatively, a lower
prevalence of neurocognitive loss and AD in those aged less than 65 may also explain the
negative findings. For studies involving an older age group, inadequate characterization of
the sample and other bias inherent in cross-sectional studies are competing explanations.

Prospective Nonmedication Treatment Studies
In general, longitudinal studies are advantageous in that they provide information on the
temporal relationship and the duration and the effect of chronic hypertension on cognitive
function, especially given that years of sustained elevated blood pressure may be required
for its effects on cognitive function (Fig. 5). A few such studies examined the effect of blood
pressure on subsequent developments of cognitive loss, and most found an association of
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hypertension in midlife with neurocognitive loss about 15 to 20 years later.38 For example, a
significant association of hypertension with increased cognitive loss at follow-up was
demonstrated in a sample of 700 patients with AD, who were followed for an average of 6
months.39 These nonmedication prospective studies support observations from the initial
cross-sectional studies that demonstrated the harmful effect of hypertension on cognition.

To further delineate the role of vascular disease, in particular hypertension, in the
pathogenesis of late-onset AD, Skoog and colleagues13 analyzed the Longitudinal
Population Study of 70-year-olds in Göteborg (Gothenburg), Sweden. In this study, persons
with elevated blood pressure at about age 70 were more likely to have cognitive loss at ages
79 and 85 compared with controls. However, blood pressure differences between demented
and nondemented groups tended to equilibrate in the years preceding the onset of actual
cognitive loss,13 a finding that is independently supported by the work of Hanon and
colleagues40 and Verghese and colleagues.41 This finding led to the consideration that
hypotension may be a clinical prodrome of AD.

After the initial characterization of mild cognitive impairment (MCI) as the prodromal stage
of AD, its association with hypertension has also been a subject of debate. In a 21-year
follow-up prospective Finnish population study to evaluate the impact of midlife elevated
blood pressure on the subsequent development of MCI in the elderly, a tendency toward a
significant relation between hypertension and the risk of MCI was observed.11 Such
observations in MCI patients support findings in demented patients.

If indeed hypertension is a risk factor for AD, it is reasonable to expect that it is also
associated with important AD endophenotypes. To test this hypothesis, a population-based
longitudinal study with 36 years of follow-up examined the relationship of midlife
hypertension with later development of cognitive impairment, vascular dementia, and AD in
Japanese-American men.31 In this study, elevated SBP in midlife is associated with
important endophenotypes such as low brain weight and greater amounts of neuritic plaque
in the neocortex and hippocampus.31 Also, elevated DBP related to greater numbers of
neurofibrillary tangles in the hippocampus.31 These findings support earlier observations by
Sparks and colleagues42 that increased blood pressure is associated with AD-related
neuropathology in specific brain topologies central to the acquisition and storage of
information.

Together, this evidence indicates that hypertension can directly increase dementia risk, and
that the control of blood pressure can modify important endophenotypes and reduce
dementia rates in persons with hypertension.

Nonrandomized Controlled Studies on the Relationship of Hypertension to Cognitive Loss
Given the array of cross-sectional and prospective data on the relationship of hypertension to
cognitive loss, nonrandomized, controlled clinical studies are the next logical step. Few such
studies have been completed, but many are underway.

Initial prospective studies focused primarily on treatment effects designed to normalize
blood pressure without considerations for the class of medication used to achieve control,
and most of them confirmed the beneficial effect as seen in the cross-sectional studies. For
example, Guo and colleagues43 showed that the use of antihypertensive treatment is
associated with a significant reduction in the risk of cognitive loss in later years. To
determine whether baseline hypertension and antihypertensive treatment predicts cognitive
decline in elderly individuals, a fairly large longitudinal population-based study of 1373
elderly individuals was conducted in Nantes (western France). In this 4-year follow-up
study, persons with hypertension who received treatment were compared with a control
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group, and the treatment group had lower cognitive decline at follow-up.44 Another
similarly designed study, but with a 5-year follow-up period of 1617 African Americans,
observed a 38% reduction in cognitive decline in persons with hypertension treated with
medication compared with untreated controls.45 These prospective studies add an additional
layer of evidence to cross-sectional studies to support the role of hypertension in the
development of AD.

Building on evidence from the initial, less specific treatment studies, including those
suggesting that calcium plays a key role in brain homeostasis leading to AD, Yasar and
colleagues46 investigated the relationship between the use of DHP- or non-DHP-CCBs with
AD risk, using the Baltimore Longitudinal Study on Aging. From this study, an association
between DHP-CCBs and reduced AD risk was observed, although not to a statistically
significant level. In addition, the Cache County Study also showed that the use of
potassium-sparing diuretic alone reduced the risk of AD by ~47%, which is a relatively large
effect.47 Further, a 5-year follow-up study of a community sample of African Americans
showed that antihypertensive and other medications affecting CVD risk factors is associated
with ~40% reduction in the risk of incident dementia.45 Using data from the Rotterdam
study to examine the parallel relationship of hypertension to vascular dementia and AD, a
significantly beneficial effect of treatment with medication is associated with performance
on cognitive tasks, although a less-than-optimal effect on AD was reported.48 Hanon and
colleagues49 showed a 42% reduction in the risk of developing AD in persons with
hypertension receiving medication, a finding that is also supported by Khatchaturian and
colleagues,47 using a large population-based sample of 3308 persons from the Cache County
cohort. These provided early evidence that maintenance of blood pressure in the normal
range by medication is cognitively advantageous.

Inconsistency of the relationship of blood pressure to cognition in older adults led to the
realization that treatment studies must also be attentive to the extent of blood pressure
control. Whether an aggressive reduction in blood pressure can augment cognitive loss in
the elderly became a concern of many in the field. To address this question, the Heart
Outcomes Prevention Evaluation study prospectively evaluated the effects of medications to
treat hypertension and showed that the greatest reduction in blood pressure is associated
with enhanced cognitive function in demented elderly.50 Conversely, few studies have
documented a tendency for blood pressure to decrease in years immediately preceding
dementia.13,40,41 The implication of these conflicting observations is that unknown factors
comediate the relationship of blood pressure treatment and control to cognitive dexterity.

Because AD is a chronic disease, potentially requiring years of insult for phenotypic
expression to occur, much attention was given to whether or not the duration of uncontrolled
hypertension contributes to the earlier inconsistencies of hypertension-related cognitive loss.
To address this question, the Honolulu Aging Study recently examined the effects of the
duration of treatment of hypertension on subsequent cognitive loss. From this study, Peila
and colleagues10 showed a 6% reduction in dementia risk for each additional year of
treatment. Inherent in this finding is that the duration of treatment and control of
hypertension, and perhaps the untreated and uncontrolled hypertension, are critical
determinants of hypertension-related cognitive dexterity.

Collectively, these nonrandomized controlled trials add significantly to growing evidence
that treatment of hypertension can delay or prevent associated cognitive loss; that blood
pressure control is important; and that the duration of untreated and uncontrolled
hypertension and the extent to which treatment and control are sustained play collective
roles in the relationship between hypertension and cognitive dexterity. Importantly, these
studies set the stage for randomized controlled trials and provide the momentum for a more
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detailed assessment of the differential class-effect of medication used to achieve blood
pressure control.

Randomized Controlled Trials
Few large randomized controlled studies have added clarity to the relationship between the
treatment and control of hypertension and future cognitive function as seen in the
nonrandomized controlled studies. Although a few such studies failed to find significant
differences between treatment groups, most reported that control of hypertension is
beneficial to future cognitive stability.

Studies that reported a beneficial effect of treatment of hypertension not only added clarity,
but also strengthened available evidence and the public health imperative for the treatment
and control of hypertension. From the vascular dementia project,18 a 2-year follow-up study
of 2418 patients aged 60 and above with isolated systolic hypertension and randomized into
treatment and control groups, a 50% reduction in hypertension-related cognitive loss was
found in the treatment group. From the same study, an additional 2 years of follow-up after
unbinding the sample showed that early intervention and the long-term treatment and control
of hypertension can significantly reduce the risk of related cognitive deterioration as the
population ages.19 This observation, together with evidence from prospective but
nonrandomized studies and from randomized but not placebo-controlled studies, supports
the view that duration of untreated and/or uncontrolled hypertension is an important factor in
the relationship between hypertension and future cognitive loss.

As evidence accumulated on the cognitively beneficial effects of treatment and control of
hypertension, interest also grew on whether concomitant reduction in CVD risks and related
phenotypes besides hypertension offers additional cognitive benefit. From the patient sample
studied by Forette and colleagues,18,19 a concomitant reduction in the rates of AD and
vascular and mixed dementia was observed at 2- and 4-year follow-up points, suggesting
that treatment and/or control of hypertension can also reduce AD and vascular– and mixed
dementia–specific risks. Observation of 12% to 19% reduction in the risk of dementia and
cognitive loss, respectively, in the Perindopril Protection Against Recurrent Stroke Study
trial using perindopril (an ACE inhibitor) with or without indapamide in the treatment versus
control groups20 adds credence to earlier observations by Forette and colleagues.18,19

Because hypertension in this sample was defined as an SBP of 160 mm Hg or higher and a
DBP of 90 mm Hg or higher, treatment targets may have been insufficient for optimal
cognitive benefits. These findings indicate that concomitant reduction in other CVD risk
factors is incidental to the treatment of hypertension and may augment the benefits from
hypertension treatment and/or control. Given that few other CVD risk factors are implicated
as AD risk, it remains possible that reduction in these other risk factors can mechanistically
explain the beneficial effects of treated but uncontrolled hypertension on cognition. As such,
the HOPE trial, a randomized placebo-controlled study of 9297 patients with vascular
disease or diabetes together with an additional CVD risk, followed up participants for an
average of ~4.5 years.21 In this study, a significant 41% reduction in stroke-related cognitive
decline was observed in the ACE inhibitor–treated group compared with the placebo group.

Conclusions from meta-analysis of the randomized placebo-controlled studies affirm the
usefulness of treatment and control of hypertension in preventing future CVD- and AD-
related cognitive decline in persons with hypertension.51,52 In addition to blood pressure
control, a concomitant improvement in other CVD risk markers during such treatment offers
additional neuroprotection beyond what is provided by the control of blood pressure alone.

Negative results—Whereas most randomized controlled trials confirmed the idea that
cognitive loss is associated with untreated hypertension, a few found no significant effect.
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For example, a 54-month follow-up study of 2584 older persons with hypertension treated
with diuretics or β-blockers showed no difference between the treatment and control
groups.53 Building on the work of Prince and colleagues,53 the Systolic Hypertension in the
Elderly Program is a 5-year follow-up study that compared the incidence of dementia in a
group of persons with hypertension treated with diuretics and/or β-blockers with placebo.
Although the incidence of dementia tended to be lower in the treatment group, the difference
did not reach statistical significance. Using ~3.7-year follow-up data from the study on
cognition and prognosis in the elderly, Lithell and colleagues54 found no association
between the groups of persons with hypertension treated with ARB and diuretic compared
with controls. Also, while McGuinness and colleagues55 showed ~11% reduction in the risk
of dementia in patients without earlier cerebral vascular accident (CVA), the difference was
not significant. Also, the hypertension in the very elderly sub-study trial used a double-
blind, placebo-controlled study to assess whether treatment of hypertension in patients aged
80 years and above would reduce the incidence of dementia, vascular dementia, and AD.
Despite this tendency toward a beneficial effect, a nonsignificant hazard ratio of 0.86 was
found in the study. Notably, the target blood pressure of 150 mm Hg SBP in the study may
have been suboptimal for a cognitively beneficial effect of treatment.22 For many of these
negative studies, the extent to which the duration of exposure (for the untreated or the
treated whose hypertension went uncontrolled) contributed to the cognitive outcome was not
considered.

Whereas studies supporting the idea that the treatment and control of hypertension would be
beneficial for minimizing future cognitive loss are hardly definitive, most of them reported a
beneficial effect, and negative observations are in the minority. Together, they provide
insight into the effects of blood pressure treatment and control on future cognitive function,
and whether the choice of medication to treat elevated blood pressure is important to the
cognitively beneficial effects.

Type of Antihypertensive Medication and Cognitive Benefit
Although conclusions from treatment studies indicate mostly beneficial effects, studies
reporting negative results cannot be ignored. Explanations for negative findings have
dwelled largely on study design, sample size, duration of exposure to hypertension, and the
extent to which control with treatment was sustained. However, it is increasingly recognized
that choice of antihypertensive medication may have differential cognitively beneficial
effects. To address this question, the effect of medications affecting the posited mechanisms
by which hypertension exerts its cognitively beneficial effects was recently examined. Such
medications include mostly ACE inhibitors and ARBs. Medications such as CCBs
considered to not favorably affect cognitive homeostasis were also examined.

Support for the cognitively beneficial effect of ACE inhibitors came from the work of
Gard,56 who demonstrated that ACE inhibitors have moderate effects on cognitive reserve,
but that the ARB losartan has even significantly better beneficial effect on memory.
Increasingly, white matter hyperintensity is observed to coexist with AD. Users of
antihypertensive medications such as CCBs or loop diuretics have more severe white matter
hyperintensity on MRI and worse performance on modified 3MS than users of β-blockers.57

Together, the evidence indicates that ACE, and to a greater extent ARB, can augment the
cognitively beneficial effect of blood pressure control in persons with hypertension.

Not all medications used to achieve control of blood pressure have cognitively beneficial
effects. Building on the potential adverse cognitive effects associated with the use of CCBs
in the elderly in cross-sectional studies, Maxwell and colleagues58 examined prospectively
the association of the use of CCBs and that of other antihypertensive drugs with cognition.
From this study, the users of CCBs were significantly more likely than others to experience
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cognitive decline,58 indicating that CCBs are associated with adverse cognitive outcomes. In
an attempt to further crystallize the effects of the CCBs, Yasar and colleagues46 showed
that, although the DHP-CCBs tend to be beneficial, the non-DHP-CCBs actually propagate
cognitive deterioration.

Collectively, these reports indicate that medications to treat hypertension have class effects
—some exert beneficial effects; others do not. Antihypertensives having the ability to cross
the blood-brain barrier and modify the renin-angiotensin-aldosterone system (such as
perindopril or losartan) or brain calcium metabolism (nitrendipine) provide additional
defense against cognitive loss beyond that provided by blood pressure control alone.
Conversely, centrally acting sympatholytic agents and non-DHP-CCBs appear to promote
cognitive loss. The beneficial effects of ARB suggest that angiotensin receptor ligands may
have potential in the prevention or even reversal of dementias, specifically of the AD type.

SPECIAL CONSIDERATION ON THE ASSOCIATION OF HYPERTENSION
WITH COGNITIVE FUNCTION
Low Blood Pressure and Memory Function

Although the investigation of the relationship of blood pressure to cognitive decline has
focused largely on hypertension, the evidence also indicates that excessively low blood
pressure can promote cognitive decline. Evidence from the NHANES III data suggests that
low blood pressure exerts a negative cognitive consequence, especially in the very old (>80
years). Other published results assert increased incidence of dementia and AD in persons
with low SBP or DBP, respectively. Because the duration of hypertension can modify blood
pressure-related cognitive outcome, understanding of this relationship is critically
important.41,59,60 In addition to cross-sectional evidence, a few studies with sufficient
follow-up time on the relationship of low blood pressure to cognitive decline are briefly
discussed. From the Kungsholmen project, Qiu and colleagues60 showed that low DBP (<70
mm Hg) in ~7 years before dementia diagnosis, while baseline evidence of cognitive
function was controlled for, was associated with increased risk of dementia and AD. This
finding was even stronger among those undergoing treatment for hypertension. Similarly,
Qiu and colleagues61 showed that a ≥ 15 mm Hg drop in SBP in subjects whose baseline
SBP is less than 160 mm Hg predicted dementia and AD, especially in those suffering from
vascular disorders such as CVA and diabetes. The 3-year follow-up data from the
Gothenburg and Rotterdam studies also support the inverse association of SBP and DBP
with dementia risk among those undergoing treatment for hypertension.62 A long-duration
follow-up study, the Bronx Aging Study on community-dwelling volunteers, showed that
low DBP (<70 mm Hg) is associated with a nearly two-fold increase in dementia risk and
AD. Persistently low DBP is associated with even greater risk of dementia and cognitive
decline.41

Although the exact levels of cognitively beneficial blood pressure are yet to be quantified, a
discussion of the effects of low blood pressure on cognition is incomplete without
recognition of the age factor. Although treatments to lower blood pressure can enhance
cognition, an aggressive reduction in blood pressure must be approached with caution, given
the unanticipated negative cognitive consequences in the very old. Whether relatively low
blood pressure is a complication of dementia of the AD type or whether it merely
predisposes a subpopulation to an increased dementia risk needs further clarification.

Because chronic hypertension-induced endothelia-hyalinosis may compromise cerebral
perfusion, maintenance of blood pressure in the optimal range in chronically hypertensive
elderly may bring less than optimal benefit. It may further compromise adaptive physiologic
mechanisms to enhance cerebral perfusion and combat cerebral oxygen deprivation in the
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very old. In addition to the considerations for comorbid conditions in the treatment of
hypertension, the control of blood pressure in the very old must consider age and severity
and duration of hypertension to optimize the benefits of such a treatment.

Pulse and Blood Pressure: Non-Linear Relationship to Cognitive Function
Similar to what was found in studies that examined the relationship of stages of
hypertension to cognitive outcomes,17 the relationship of PPR to cognitive reserve is
predominantly nonlinear, and it is moderated by age and education. In addition to the
evidence from the NHANES data, others have reported that low pulse and blood pressure
can promote cognitive loss.63,64 A significant association of PPR with increased AD risk
was demonstrated in a Korean group, although with much smaller sample size than in the
NHANES.63 A finding not observed in the Korean study, but supported by published reports
from Qiu and colleagues,65 is a U-shaped relationship of PPR with cognitive performance.
Higher and lower tertiles of PPR paralleled cognitive decline in a sample of 256 AD patients
examined in this study. This finding is in concordance with results from Morris and
colleagues66 who reported a nonlinear relationship of hypertension with cognitive function
using a biracial community sample. Also, from the Baltimore Longitudinal Study of Aging,
Waldestein and colleagues64 demonstrated a nonlinear relationship of hypertension with
poor cognitive function. This evidence indicates that the relationship of PPR to cognitive
dexterity is fairly complicated and nonlinear.

Similar to the relationship between PPR and cognitive performance, elevated blood pressure
is nonlinearly related (U-shaped) to performance on cognitive tasks, especially in the old
(≥70 years). This effect is most significant in the very old (see Fig. 4). Although the exact
understanding of this relationship needs further clarification, it is not known whether there is
a threshold beyond which an increase in blood pressure can overcome the barrier to brain
perfusion created by hypertension-induced endothelial dysfunction and cerebral
autoregulatory mechanisms. Alternatively, selective CVD-related mortality in persons with
severe hypertension offers a competing explanation. Collectively, this evidence suggests that
hypertension is an important dementia risk factor, that the relationship between the two is
nonlinear, and that it remains even after discounting the contribution of other important risk
factors. Even if hypertension results in mild worsening of cognitive loss, and the early
treatment and control of hypertension result in a slight reduction of dementia risk, the
benefit of an early intervention can be substantial, given the high prevalence of hypertension
and the growing magnitude of dementia as the United States population ages.

MECHANISM BY WHICH HYPERTENSION AFFECTS COGNITIVE FUNCTION
Overview

Although cerebral hypoperfusion and chronic oxygen deprivation appear central to the
effects of hypertension on neurocognition and AD pathology, understanding of the exact
mechanism mediating this relationship is a work in progress. Experimental investigations
including animal studies provided the first line of evidence supporting several of the
proposed mechanisms. Chronic hypertension-induced upregulation of vascular pathology
appears to exert the most significant effects. For example, an important dementia precursor
could be the unfavorable effects of hypertension on microvascular degeneration that alters
cerebral endothelium. Second, hypertension-induced proliferation of smooth muscle cells,
basal lamina alterations, luminal narrowing, endothelia-hyalinosis, and fibrosis have been
reported to cause hypoperfusion and chronic cerebral oxygen insufficiency67 and deranged
glucose homeostasis such as in AD. Associated alteration in neurovascular coupling,
complex autoregulatory system and consequent cerebral hypoperfusion often complicate
these vascular changes. Third, the ACE, RAS, and nitric oxide (NO) pathways are central to
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the pathogenesis of hypertension and have been reported to mediate some of these vascular
changes in persons with chronic hypertension. Also, direct independent effects of the ACE,
RAS, and NO systems on neurocognition and AD pathology are increasingly recognized.

Endothelia-hyalinosis, reduced vascular compliance and fibrosis, neurovascular coupling,
complex autoregulatory system, and cerebral hypoperfusion, independently or acting
synergistically, appear to mediate the effects of chronic hypertension on neurocognition and
AD pathology (Fig. 6). Indeed, these vascular changes may impair the ready flux of
important biochemical and synaptic transmission. Alternatively, changes in the blood-brain
barrier may result in increased vascular permeability, protein extravasations in the brain
parenchyma, leading to amyloid β (Aβ)-protein accumulation.68 It is also possible that
independent but similar causal mechanisms may be responsible for hypertension and
cognitive loss and AD pathology.

Hypertension and Cerebral Hypoperfusion
Cerebral perfusion and chronic cerebral oxygen insufficiency—Hypertension,
cerebral hypoperfusion, and chronic cerebral oxygen insufficiency are causally linked to
neurodegeneration. A complex, but delicate autoregulatory system guides cerebral blood
flow. Derangement of this autoregulatory system, such as imposed by hypertension, causes
cerebral hypoperfusion and significantly alters neurotransmission essential to cognitive
health. These changes, acting in concert with endothelial dysfunction in the small cerebral
vessel, result in chronic cerebral oxygen deprivation and increased susceptibility to hypoxia.

The relevance of oxygen deprivation to proper neuronal and cognitive function was
demonstrated by Lukiw and colleagues.69 It was shown that in neural cell culture and in the
hippocampus using in vivo models, cyclooxygenase-2 and presenile-1 are induced after only
about 5 minutes of hypoxia.69,70 From the available evidence, it is reasonable to conclude
that cerebral hypoperfusion is an important common pathway by which vascular pathology
exerts its deleterious effects on neurocognitive function. The ensuing discussion focuses on
hypertension-related vascular derangements and their relationship to cerebral hypoperfusion.

Cerebral hypoperfusion and cognition—Results from studies in humans support a
causal role for cerebral hypoperfusion in the pathogenesis of hypertension-related cognitive
loss. Several of these studies also demonstrated a significant relationship between cerebral
hypoperfusion and AD phenotype.71–73 Tsolaki and colleagues74 reported that cerebral
hypoperfusion is significantly associated with performance on the Cambridge Cognitive
Examination. In support of the relationship between cerebral blood flow (CBF) and AD
endophenotypes, Ueda75 established that left posterior temporal regional CBF predicted
performance on the clock drawing test. Independently, Jagust and colleagues,76 Tsolaki and
colleagues,74 and Ushijima and colleagues77 confirmed the link between performance on the
mini mental state examination (MMSE) and hypoperfusion in the frontal, parietal, and
temporal cortex. In the study by Ushijima and colleagues, attention and calculation showed a
correlation with decline in CBF in the frontal cortex, whereas orientation and recall
associated with attenuated CBF in posterior brain regions. Others have also reported on the
relationship of CBF with AD endophenotypes and the rate of cognitive decline in AD.
Nagahama and colleagues78 showed that reduced CBF in the right posterodorsal, anterior,
and superior prefrontal cortex and the inferior parietal cortex was most pronounced in the
category of AD patients with rapidly progressing cognitive loss. It therefore appears that
cerebral hypoperfusion has an etiologic role in the pathogenesis of AD.

In addition to the direct effect of hypertension, changes in PPR contribute to changes in
cerebral hemodynamics. Increased PPR is a marker of increased arterial stiffness and
widespread atherosclerosis,79–81 both of which can cause cerebral hypoperfusion.
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Conversely, low PPR correlates with decreased blood ejection, low stroke volume, and
decreased cerebral perfusion pressure. Because low and high PPR can cause cerebral
hypoperfusion and chronic cerebral oxygen deprivation, they also likely contribute to
hypertension-related cognitive loss.

Hypertension, Neurovascular Coupling, and Cognition
Hypertension-induced changes in neurovascular coupling have been suggested to associate
with neurodegeneration. Such deranged processes may act through three important
mechanisms: (1) changes in cerebrovascular function and structure, altering brain
hypoperfusion; (2) alteration in vascular reactivity and activation of Aβ; and (3) other
mechanisms yet to be fully characterized.

At the structural level, it is well established that cerebrovascular structures are significantly
altered in AD.82 Such alterations include reduction in the number of microvessels, flattening
of endothelial cells, and degeneration of vascular smooth muscle.82 In uncontrolled, long-
standing hypertension, alteration in the vascular microcirculatory system results in
neurovascular coupling and reduced brain perfusion. Such reduction in resting CBF has been
suggested to attenuate the neuronal-related activation of compensatory increase in CBF.83

Newly emerging evidence suggests that hypertension-induced vascular changes can also
directly promote Aβ pathology. Although in-depth understanding of this process is still
evolving, it has been reported that by attenuating the activation of neuronal-related increase
in compensatory CBF, neurovascular coupling directly up-regulates Aβ formation.
Significant dysregulation of cerebral circulation in mouse models of AD, mutated to
overexpress APP and increase Aβ levels, supports the neurovascular coupling derangement
hypothesis.83 Also, attenuation of endothelia-dependent vascular response while reactions to
vasoconstriction are exaggerated have also been found to exacerbate the upstream effects of
hypertension-related dysregulation.84,85 Presence of such alterations in vascular reactivity in
isolated vessel of normal mouse exposed to Aβ1–40

85,86 further supports the role of
neurovascular coupling and strengthens the dysregulation hypothesis.

Other direct mechanisms may mediate the relationship of hypertension-related alteration in
neurovascular coupling to AD. For example, vasoconstriction can alter the transfer of
nutrients and oxygen supply to the brain. Less than optimal CBF may also alter Aβ
trafficking across the blood-brain barrier87 and reduce Aβ clearance while promoting its
accumulation in the brain. Independently, reduced CBF may attenuate synthesis of protein
central to optimal neuronal function and cognitive plasticity.

Changes in cerebrovascular function and structure and brain hypoperfusion, alteration in
vascular reactivity and activation of Aβ, and other processes yet to be fully characterized are
important mechanisms mediating the relationship of hypertension to cognitive health.

Hypertension, Cerebral Autoregulation, Hypometabolism, and Cognition
A distinct component of the cerebral autoregulatory system is linked to cerebral metabolism.
During neuronal activity, an increase in oxygen usage is followed by immediate increase in
CBF.88 Such an increase in CBF maintains a near-constant oxygen and glucose delivery to
the brain, therefore maintaining cerebral metabolism. Given this, an increase in oxygen and
glucose uptake often indicates enhanced cerebral metabolism.89 Because changes in cerebral
metabolism can be deduced from regional cerebral perfusion, cerebral perfusion is used as
an indicator of neuronal activity in neuroimaging studies.83,90 An important protective
system ensures near-constant CBF through autoregulation and prevents significant
fluctuation in cerebral perfusion.83,91,92 A compensatory, autoregulatory arterial-arteriolar
bed dynamically adjusts the capacity and compliance of its vessels in response to changes in
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cerebral blood perfusion pressure (CPP) by dilating when CPP drops and constricting when
CPP increases.93 The ultimate goal of this process is to optimally deliver oxygen and
glucose to brain tissue. In summary, hypertension can alter brain perfusion, impair oxygen
and glucose delivery to the brain, and alter brain metabolism in AD.

Hypertension-related cerebromicrovascular pathology is central to the cerebral
hypoperfusion in AD brain.94–98 Similar to the effect of hypoperfusion on brain glucose
homeostasis, a diminution in cerebral metabolism that results in decreased CBF can also
exert negative cognitive effects.99 Although consensus is lacking on whether reduced
cerebral perfusion in AD brain precedes cerebral hypometabolism, given that years of
hypertension and reduced cerebral perfusion are required for evident cognitive loss and
cerebral hypometabolism,98 it is reasonable to suggest that hypoperfusion in AD may also
precede cerebral hypometabolism. In support of this view, Warkentin and colleagues100

consistently observed diminution in cerebral glucose metabolism in the temporoparietal
cortex of AD brain, whereas varying degrees of hypoperfusion were concomitantly observed
in the frontal and occipital cortex of different AD patients. Late-onset AD patients
demonstrating significant brain hypometabolism have attenuated perfusion in the
hippocampal-amygdaloid complex, the anterior and posterior cingulate, and the anterior
thalamus.101,102 Regardless of the directionality of the association, collectively, the evidence
mostly suggests that reduced CBF is linked to deranged cerebral glucose homeostasis, a
hallmark of AD. Notably, significant evidence indicates that hypertension has an etiologic
role in the development of cerebral hypoperfusion.

Hypertension, Brain Renin-Angiotensin System, Angiotensin-Converting Enzyme, and
Cognition

Angiotensin II is a key factor in the pathogenesis of hypertension.103 Also, the RAS system
exerts a significant effect on cognitive function. Although this effect may be partly mediated
through hypertension-related vascular dysfunction, available evidence also indicates that the
RAS system can directly influence AD pathology in the brain. However, whether elevated
blood pressure directly mediates RAS-related memory loss or RAS merely shares a common
risk factor with hypertension and AD is yet to be ascertained. Nonetheless, the
understanding of this relationship merits a brief discussion in this review.

More than 100 years have passed since the first component of the RAS, renin, isolated from
the kidney extracts, was observed to induce vasopressor response in rabbits by Tiegerstedt in
1898. The RAS is a complex enzymatic pathway generating several active peptides that
controls fluid homeostasis, blood pressure, hormone secretion, and behavioral and cognitive
responses.104,105 Although an active component of the RAS such as angiotensin II does not
cross the blood-brain barrier, peripheral RAS can directly influence cerebral regions such as
the circumventricular areas that lack the blood-brain barrier. Beyond the peripheral effects
of RAS in such a brain region, an independent RAS also exists in the brain. The effects of
RAS and ACE on the cognitive process are therefore exerted through several pathways:
effects on blood pressure, direct effects on neurotrophic processes important to efficient
learning and memory, direct effect on aggregation of Aβ, and effects on the cholinergic
system.

Although evidence on the role of the RAS in learning and memory is contradictory, most
studies support the view that angiotensin is harmful to cognitive processes.106 The
relationship of ACE to vascular disease and pathologies is one important way by which RAS
exerts its effects on neurocognition.107 The brain’s RAS system regulates sympathetic
activity and baroreflexes and contributes to neurogenic hypertension.108 Higher ACE
activity in plasma is closely associated with higher prevalence of hypertension, ischemic
heart disease and lacuna strokes, and cognitive loss.109 These associations indicate that a
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significant part of the effects of ACE on cognition may be mediated through its effects on
blood pressure.

Although the RAS system may exert significant effect through its influence on blood
pressure, much evidence also exists on additional, but direct and independent, effects on
cognitive processes. In addition to its role in the modulation of blood pressure, RAS also
exerts multiple additional functions in the brain, including processes of sensory information,
learning, and memory.106,110 Inhibitors of RAS, particularly ACE inhibitors and angiotensin
II receptor antagonists, have been demonstrated to have potential neurotropic effects in
various learning and memory paradigms.111 Experimental studies also indicate that chronic
long-term inhibition of the RAS can prevent most of the deleterious effects caused by aging
in the cardiovascular system and the brain in normal mouse and rat.112 Angiotensin II
antagonist injection before and after a conditioned avoidance test facilitated learning and
retention.112,113 It acts directly on central RAS receptors to enhance associative memory and
learning, possibly with a differential effect on acquisition, storage, and recall.113 In support
of earlier findings, Gard and colleagues106 demonstrated that ACE inhibitors have cognitive
enhancing effects, and they enhance learning in rats. This evidence supports the view that
the RAS system, which is central to the pathogenesis of hypertension, may also have an
additional but important role in cognitive processing that is independent of its effects on
blood pressure.

At the molecular levels, and independent of hypertension effect, RAS directly promotes
aggregation, deposition, and fibril formation of neurotoxic Aβ in the AD brain.114 If RAS
were a promoter of AD pathology, an opposing effect would be expected with ACE
inhibitor. Indeed, ACE inhibitors directly reduce Aβ aggregation, attenuate Aβ fibril
formation, and prevent neuronal cell death from Aβ-induced neurotoxicity, ultimately
reducing susceptibility to AD.114 These indicate that RAS can directly promote Aβ
formation, and that this effect is attenuated by ACE inhibitor.

The cholinergic system is involved in cognitive processes. A direct link of RAS and ACE to
the cholinergic system has also been established. Because angiotensin II can have an
inhibitory effect on acetylcholine release, it is believed that inhibitors of this biochemical
process, such as ACE inhibitors, can enhance cognition through the release of acetylcholine.
Supporting this view, Denny and colleagues115 showed that angiotensin II blocked long-
term potentiation in the hippocampus and amygdala. Therefore, angiotensin II receptor
blockers would be expected to have effects on cognitive processes that are similar to those
of ACE inhibitors. It is recommended that future studies on the relationship of angiotensin II
remain cognizant of its complex relationship with learning so that they do not misinterpret
any apparent inconsistencies that show an inhibitory action at low doses but an enhancing
effect at higher doses. Failure to recognize such differential relationships may slow scientific
advancement in the understanding of this relationship.116

Hypertension, Endothelial NO, and Cognitive Function
Dysfunctionality of NO metabolism is central to the pathogenesis of hypertension and
cerebral hypoperfusion that occurs in AD.117 Nitric oxide contributes to the functional
vascular changes under pathologic conditions, such as those observed in hypertension.118

Nitric oxide derived from vascular eNOS is involved in vascular tone, blood pressure
modulation, vascular homeostasis, and ultimately cerebral perfusion. Because cerebral
autoregulation is mediated by NO, an efficient eNOS system attenuates atherosclerosis and
thrombosis and improves blood flow by lowering stress on the blood vessel walls. By doing
so, NO protects the endothelial cell function, which is an important mediator of
hypertension-related vascular dysregulation and dysfunctionality.119
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Longstanding, untreated, and uncontrolled hypertension acting in concert with the NO
system results in cerebral hypoperfusion. Through the disturbance of basal NO levels,
chronic hypertension causes alteration in the endothelium and induces vascular injury.120 As
cerebral perfusion decreases below a certain critical point, eNOS attempts to maintain
vascular homeostasis by upregulating NO.94–97 When this attempt fails, NO deregulation
ensues. Together with hypoperfusion, the resulting damage to the endothelium impairs
glucose flux to the brain,121 a process that heralds the development of cognitive loss.
Independent of hypoperfusion-related dysfunctionality of the NO system, hypertension-
related deterioration in NO homeostasis and associated oxidative alterations also directly
contributes to neuronal cell death, such as that seen in AD.122–124

Evidence is also growing to suggest that hypertension-related dysfunction in the NO system
acts synergistically with the cholinergic receptors to directly promote AD pathology. In
conscious rat, Nakajima and colleagues126 showed that the activation of nicotinic
acetylcholine receptors with consequent neural vasodilatation contributes to an increase in
CBF and NO production in the hippocampus.125,126 Implicit in this finding is that basal
forebrain and medial septal cholinergic neurons may have direct projections onto the eNOS-
positive interneuron with the possibility of important access to vasodilatation mechanism
through the release of NO. Evidently, the entire cortical system, including the hippocampus,
is densely innervated by a fine network of eNOS-positive fibers, which derived its origin
from scattered eNOS-positive inter-neuron. The study by Moro and colleagues,127 which
supports the inference from the work of Nakajima and colleagues,126 demonstrates the
colocalization of NOS and muscarinic receptors in interneurons in neocortical regions
projecting onto cerebral microvessels. Cholinergic denervation of NOS expressing
interneurons and cortical microvessels is present especially in the temporal cortex of AD
patients.128,129 Collectively, these observations indicate that the basal forebrain cholinergic
system has important effects on cortical blood flow regulation. Such changes in CBF are
mediated by NO production through NOS interneurons provided by the nicotinic and
muscarinic postsynaptic receptor system. Dysregulation of this system by chronic
hypertension may be another important mechanism by which hypertension exerts its effects
on cognitive processes.

Hypertension, Genetics, and Cognition
Contribution of genetic risk factors to disease phenotypes has been long established.
Scientific advances during the last decade indicate that most such factors are not
deterministic but instead act in concert with other environmental influences. A few such
gene variants are now considered to have pleiotropic properties, allowing them to influence
more than one pathologic process. Two such phenotypes are hypertension and
neurocognitive loss. Although a complete discussion of the pleiotropic effects of such
genetic variants influencing hypertension and cognitive loss is not possible in this review,
the pleiotropic effects of variations at the ApoE and ACE loci are briefly discussed.

Genetic variation at the apolipoprotein e locus and cerebral hypoperfusion—
Hypertension is causally linked to cerebral hypoperfusion. Evidence that a genetic variant
potentiates cerebral hypoperfusion from a variety of causes is also known. The
apolipoprotein E4 allele of the APOE gene (ApoE4) is the most consistent nondeterministic
genetic risk factor for sporadic AD. Although several mechanisms are currently proposed to
explain its effect on cognitive health, its relationship to cerebral hypoperfusion is
increasingly noted, given the susceptibility of CBF to variation at the APOE locus. For
example, ApoE4 associates with decrease in CBF velocity and enhances cerebrovascular
amyloidogenesis in AD.130 It also associates with reduction in CBF in the parietal, temporal,
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and occipital areas in AD. However, whether ApoE4 directly potentiates the hypertension-
related hypoperfusion resulting in decreased cerebral metabolism is yet to be established.

Genetic variation at the ACE locus and cognition—The vasoconstriction property
of ACE is central to the pathogenesis of hypertension. Variations at the ACE gene locus
have been associated with increased AD risk. Consistently, polymorphism in which there is
deletion rather than insertion of a 287-base-pair sequence in intron 16 of the human ACE
gene has been associated with increased serum ACE activity and therefore elevation of
blood pressure.131 In humans homozygous for the D allele of the ACE gene, circulating
ACE levels were found to be twice as high. However, studies on the relationship of ACE
and AD have reported conflicting results. In a cohort of 350 AD patients, ACE I allele
frequency was 28%, whereas another study found similar frequency in AD patients and
Parkinson disease coexisting with AD pathology.132 A few other studies failed to confirm
such an association,133,134 but instead observed an increase in ACE D allele prevalence and
a reduced ACE I allele prevalence in older adults with age-associated memory loss.135 In a
4-year longitudinal study of 1168 subjects to investigate cognitive decline in older adults
with different I/D genotypes, a strong association of homozygous ACE DD allele with lower
performance on cognitive measures compared with subjects with ID and II alleles was
reported.136 Although it seems premature to conclusively consider ACE gene polymorphism
as a marker for AD, the pleiotropic effect of ACE on hypertension, as well as on memory
decline and/or AD, must be considered. Nonetheless, its effects on vasoconstriction,
elevated blood pressure, and consequent cerebral hypoperfusion and cognitive loss are
increasingly recognized.

PREVENTION
Preservation of neurocognitive function among those showing earliest signs and symptoms
of AD ameliorates the physical, emotional, and economic burden associated with the
disease. Unfortunately, this benefit and the national goals of Healthy People 2010 cannot be
realized without an efficient AD prevention strategy. Although medical treatment after
disease onset may reduce disease progression and mortality, eventually, increases in disease
prevalence will substantially escalate total disease burden in the population. Whereas the
current approach to symptomatic treatment of AD may not be cost-effective in populations
with excessive rates of disease (such as African Americans), an intervention strategy with
dual applicability for primary and secondary prevention is likely to be more beneficial.

Given the increases in the rates of hypertension and memory disorder with advancing age
and the relationships of hyper- and hypotension with cognitive loss, available evidence
indicates that aggressive control of elevated blood pressure to prevent dementia in the very
old is unlikely to be an efficient public health goal. For hypertension to cofactor the
initiation of neurodegeneration, more than 1 to 1.5 decades of uncontrolled hypertension
may be required (see Fig. 5). These intervals vary depending on whether or not blood
pressure is treated and controlled or uncontrolled. An additional 2 decades may be needed
from the initiation of neurodegeneration to the phenotypic expression of meaningful
cognitive loss. Cumulatively, from the onset of hypertension to the appearance of clinically
significant cognitive loss, an interval of ~35 years may be required for hypertension to result
in dementia. The actual duration is subject to the presence of other risk factors or lack of
them. Therefore, for public health intervention to have a maximal impact, such efforts must
be directed at preventing or aggressively controlling hypertension at the earliest possible
stage, before the establishment of arterial stiffness and the need for higher pressure for
optimal cerebral perfusion. Using JNC VII criteria, cognitively beneficial target blood
pressure should be in the normal range (<120/80 mm Hg) for persons aged less than 75; for
persons aged 75 or older who have new-onset hypertension; and for diabetics irrespective of
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age. For persons aged 75 or older who have chronic hypertension, blood pressure in the
prehypertensive range (120–139 mm Hg) is likely to be cognitively beneficial. Regardless of
the duration and history of hypertension, cognitively beneficial target blood pressure for
persons aged 80 or older should also remain in the prehypertensive range.

LIMITATIONS OF THE CURRENT KNOWLEDGE
Although most studies on the relationship of blood pressure to cognitive function reported
beneficial effects of blood pressure in the normal range, a few found no relationship of
elevated blood pressure with enhanced cognitive function. Others reported relationships
ranging from a J- to a U-shape. Because this is newly emerging evidence, most of these
studies were population-based, often involving large numbers of subjects. Mostly, the
studies varied in their inclusion and exclusion criteria and in their classification of
hypertension, including the range of blood pressure that was considered normal. Because
they are mostly nonprospective in nature, the investigators were constrained by the cognitive
measure originally used in these studies. Given the multitude of neuropsychological
measures to choose from, it is not surprising that many of these studies used different
cognitive batteries to assess different cognitive domains. Because the exact cognitive
domain that is mostly affected by hypertension is yet to be ascertained, it not surprising that
the results from these studies were varied.

It should be emphasized that cross-sectional studies are limited in their ability to establish
directionality, because blood pressure and cognitive outcomes are assessed simultaneously.
Because prospective studies have the advantage of time, measuring exposure to blood
pressure and cognitive outcomes later on in life, it is rational to expect that they would be
advantageous in assessing the association between blood pressure and cognitive reserve.
Although most studies have demonstrated an association between elevated blood pressure
and cognitive loss, there remains inconsistency in the findings. Possible explanations for this
inconsistency include differences in sample size, duration of follow-up, and inclusion–
exclusion criteria; the extent to which subjects’ blood pressures were controlled; duration of
medication use; and the type of psychological measures and cognitive domains that were
assessed. Whether or not important covariants such as age, gender, ethnicity, education,
aerobic fitness, body mass index, type 2 diabetes, and genetic variations at the APOE locus
were considered may have contributed to such inconsistencies.

For the available randomized controlled trials, cognition was not the primary endpoint for
most, which calls into question the design of such studies. It appears that certain classes or
particular medications are more cognitively beneficial than others. Classes of medication
used in most of the available randomized studies varied, ranging from diuretics, β-blockers,
non-DHP- and DHP-CCBs, ACE inhibitors, and ARBs. In spite of the evidence that showed
that the duration of treatment is important to the cognitively beneficial treatment effects,
often, treatment duration was either not considered or not reported in most of these studies.
Finally, it appears that long duration of hypertension may be required for its harmful effects
on cognitive outcomes to manifest. Because cognitive outcomes were not the primary
endpoint for most of these studies, they were unlikely to be of sufficient duration or of
adequate power, or they used alternative approaches such as an enriched sample to
compensate for duration and power to detect differences.

Because the NHANES III data are some of the most important data available on the national
estimates of the prevalence of hypertension and its relationship to cognitive function, their
limitations are worth special consideration. The NHANES III is advantaged in that it permits
age-stratified analysis and adjustment for multiple confounders and therefore is a more
robust assessment of the relationship of blood pressure and PPR to cognitive measure.
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Several unavoidable limitations of the NHANES data include possible bias from survey
nonresponse and from missing values for some variables, and bias from self-reported history
of hypertension as in other cross-sectional studies. Fortunately, the conclusions by Obisesan
and colleagues17 are not based on self-reported hypertension but rather on actual blood
pressure measurements.

SUMMARY
Cumulative evidence implicates hypertension in the pathogenesis of AD. Although it may
not presently be possible to completely discern the effects of treatment and control of
hypertension itself from that of the medication used to achieve such treatment goals, efforts
directed at the treatment and control of hypertension have significant public health impact.

Public health goals for optimal blood pressure should probably be age-specific. Because
optimal blood pressure for optimal cognitive performance is yet to be clearly established and
the undesirable effect of excessive reduction in blood pressure is not fully understood, the
following recommendations are made using JNC VII criteria: target blood pressure
beneficial to cognition should be in the normal range (<120/80 mm Hg) for persons 75 years
or younger, for persons aged 75 or older having new-onset hypertension, and for persons
with diabetes irrespective of age. For persons aged 75 or older who have chronic
hypertension, blood pressure in the prehypertensive range (120–139 mm Hg) is likely to be
cognitively beneficial. Regardless of duration and history of hypertension, cognitively
beneficial target blood pressure for persons aged 80 or older should also remain in the
prehypertensive range.

If indeed hypertension is a risk factor for AD or shares the same pathophysiology, it is
logical to expect that measures directed at blood pressure control will enhance cognitive
reserve. This is an important public health goal.
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Fig.1.
Mean SBP and short portable MMSE score by increasing age groups.
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Fig. 2.
Short portable MMSE score by JNC VI blood pressure categories in different age groups.
Note: sp-MMSE indicates Short Portable Mini-Mental State Examination

Obisesan Page 27

Clin Geriatr Med. Author manuscript; available in PMC 2011 August 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 3.
Short portable MMSE score by treatment categories.
Note: Mean Short Portable Mini-Mental State Examination (sp-MMSE) score adjusted for
age, gender, ethnicity, education, income, and pulse pressure.
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Fig. 4.
Age, gender, ethnicity, education, income, self-reported history of stroke and medication
treatment, body mass index, glycosylated hemoglobin, and physical activity–adjusted
change in short portable MMSE score according to JNC VI stages of blood pressure: The
Third National Health and Nutrition Examination Survey (NHANES III).
Note: optimal and normal are collapsed as one group; Sp-MMSE means short protable mini-
mental state examination.
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Fig. 5.
Time and sequence and interacting factors: Relationship of hypertension to future cognitive
decline.
Note: From the beginning of sub-optimal blood pressure to hypertension-related cognitive
loss, ~15 to 30 years may be required for its cognitive effects. Such effects will depend on
the presence of other modifiers and or mediators such as: age, family history of AD,
presence of APOE allele, gender, ethnicity, educational attainment, severity of hypertension,
and whether or not hypertension is treated and or controlled.
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Fig. 6.
Mechanism by which hypertension affects cognitive function.
Note: Hypertension can cause direct damage to vascular endothelium and decrease cerebral
perfusion. Hypertension-related alteration in cerebral autoregulatory mechanisms and
neurovascular coupling can cause changes in vascular tone and reduce cerebral perfusion.
Alternatively, direct hypertension-related damage to the endothelium may alter endothelia
nitric oxide function with resultant change in vascular tone and cerebral hypoperfusion.
Concomitant or hypertension-related changes in angiotensin receptor and or angiotensin
converting enzyme can directly promote amyloid deposition as well as alter cerebral
perfusion through changes in vascular tone. Below age-specific optimal blood pressure can
directly reduce cerebral perfusion and promote chronic cerebral oxygen insufficiency, a
common pathway by which hypertension-related β-amyloid pathology, peri-nueronal
inflammation and consequent cognitive loss occurs.
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Table 1

Ranges for the various blood pressure categories

Blood Pressure Categories

Blood Pressure (mm Hg)

Systolic Diastolic

Optimal <120 <80

Normal 120–129 80–85

Prehypertension 130–139 86–89

Stage I hypertension 140–159 90–99

Stage II hypertension 160–179 100–109

Stage III hypertension ≥ 180 ≥ 110
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