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Introduction

The relationship between arterial hypertension and cognitive decline, two among the
conditions with higher prevalence in the elderly population, has gained significant in-
terest, in the scientific community, during the last few years, stemming from the
numerous epidemiologic, experimental, and therapeutic evidences suggesting a non-
casual correlation between the two conditions. In fact, the brain, for its substantial
metabolic and functional complexity, is more susceptible to the harmful effect of high
blood pressure than the other target organs. Chronic ischaemic impairment, microvas-
cular damage, and neurodegenerative phenomena are the likely pathophysiologic basis
for the correlation between hypertension and cognitive decline. Vascular dementia and
Alzheimer’s disease, the two prominent forms of senile dementia, seem to represent
the end result of the chronic exposure, during the lifetime, to harmful stimuli, among
which the most relevant are the cardiovascular risk factors, at least from an epidemio-
logical perspective. Evidences from interventional studies, although limited, seems to
support the concept that to limit the spread of senile dementia, the early optimization
of the control of cardiovascular risk factors, first and foremost hypertension, is crucial.
The occurrence of a variable degree of mental decline, till overt dementia, in the hy-
pertensive patient, represents the final step of a pathophysiologic process that began
many years before. There is, then, the clear opportunity to control the pathophysio-
logic mechanisms leading to cognitive decline in the hypertensive patient.

progressive process.” The appearance of dementia does
not, however, represent the inevitable fate of those who

The progressive aging of the population has led to a pro-
found nosographic change over the last few decades char-
acterized by the progressive expansion of some clinical
problems particularly frequent in the geriatric age. Among
these, dementia stands out for its clinical and socio-
economic relevance, a condition whose prevalence is des-
tined to triple in the world over the next 30years. These
projections are alarming if we consider the severity of the
pathology which in the course of a few years from the on-
set, leads to the complete loss of self-sufficiency, and the
scarce efficacy of the therapeutic resources currently
available in arresting them or at least in slowing down their
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age, as studies conducted on centenarians clearly indicate.
The demonstration that the pathophysiological path that
leads to dementia develops over decades opens the door to
the possibility of preventive interventions that must neces-
sarily be put in place in the preclinical phase of the disease,
through early identification and correction of the main
pathophysiological determinants. "

Hypertension, cognitive impairment,
and dementia

The development of a variable degree of cognitive deficit
up to full-blown dementia, both vascular and Alzheimer-
type, represents a rather common occurrence in those who
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Figure 1 Mechanisms of cognitive impairment in arterial hypertension (modified from ref. 5).

during the life have been exposed for years to the harmful
action of the various cardiovascular risk factors, such as di-
abetes and hypertension.?2 The Coronary Artery Risk
Development in Young Adults (CARDIA) study, for example,
showed that cumulative exposure to various cardiovascular
risk factors from adolescence is associated with worse cog-
nitive performance over a 25-year observation period, with
a prevalent impairment of executive functions and verbal
memory.> More recently, the evidence deriving from the
data of the English cohort Insight 46 revealed a significant
association between the increase in blood pressure values
in young adulthood and greater damage in the brain white
matter level and a smaller brain volume in the following
decades.” The hypertensive patient, even without clinical
evidence of cerebrovascular disease, has an average cogni-
tive performance lower than the normotension. It is inter-
esting to note that the relationship between blood
pressure and cognitive decline is linear and evident already
starting from normal-high pressure values. This relation-
ship, analogous to the one that has long been known be-
tween blood pressure and cerebrovascular events,
demonstrates the existence of a continuum of cognitive im-
pairment in the hypertensive patient that ranges from a
modest impairment of the superior cortical functions to
full-blown dementia. In a pathophysiological key, hyper-
tension has all the potential to promote the appearance
and progression of cognitive impairment (Figure 7).

In fact, arterial hypertension represents the most impor-
tant modifiable risk factor for stroke which, in turn, in ad-
dition to exacerbating the evolutionary process of
Alzheimer’s disease, exposes the patient to an increased
risk of dementia.® Furthermore, the hypertensive patient
is more exposed to ischaemic cerebrovascular lesions

which, although often occurring in an asymptomatic form,
can lead to the development of dementia, especially if nu-
merous and bilateral.> Hypertension is often associated
with the finding of white matter lesions, alterations of the
cerebral white matter frequently found in patients with
cognitive impairment and characterized by areas of demy-
elination and narrowing of the lumen of small-calibre ar-
teries.> Finally, it is possible that alterations of the
cerebral blood flow, district or diffuse, sustained by the ex-
posure of the cerebral vessels to chronically elevated blood
pressure levels, even without being able to determine the
appearance of frank ischaemic lesions, could induce neuro-
nal metabolic impairment capable of triggering over time,
the neuronal inflammatory and degenerative phenomena
that underlie Alzheimer’s disease, phenomena in which the
accumulation of B-amyloid and other neurodegenerative
proteins plays a central role.>” After the clinical manifes-
tation of dementia, the pressure levels often tend to de-
crease gradually, even up to complete normalization,
probably due to the patient’s reduced perception of envi-
ronmental hypertensive stimuli and to a possible direct in-
fluence of the specific brain lesions on the mechanisms of
regulation of the blood pressure.® Considering the enor-
mous spread of high blood pressure, it is easy to imagine
the impact in terms of prevention regarding the cognitive
decline that could derive from an adequate control of
blood pressure in all hypertensive patients.

Antihypertensive therapy and cognitive
decline

Numerous longitudinal studies over the past few years have
led to the hypothesis that antihypertensive treatment may
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represent a valuable tool to prevent the appearance of
cognitive deterioration and dementia.” The evidence de-
rived from clinical studies, indeed, are not defined mainly
because of the short duration of the various therapeutic
interventions experimented from time to time with respect
to the pathophysiological course of the pathology and the
lack in many of these studies of a clear diagnostic charac-
terization of dementia or mild cognitive impairment (MCI).
The most solid evidence in this regard derives from con-
trolled clinical trials. In the Systolic Hypertension in Europe
(Syst-Eur) study, conducted in the elderly with isolated sys-
tolic hypertension, a 50% reduction in the risk of dementia
was observed after 2 years of treatment with nitrendipine
compared to what was observed in patients who received
placebo.™ Prolonged follow-up with extension of active
treatment also in patients initially randomized to placebo
demonstrated a 55% reduction in the risk of dementia at
4years in patients who had received active treatment im-
mediately, compared to those initially randomized to pla-
cebo.” Similarly, in the Perindopril Protection Against
Recurrent Stroke Study (PROGRESS), the perindopril/inda-
pamide combination resulted in a 30% reduction in the risk
of dementia compared to placebo in patients with pre-
existing cerebrovascular disease.'”> More recently, the
Study on Cognition and Prognosis in the Elderly (SCOPE) has
shown significant efficacy of treatment with the angioten-
sin Il AT1 receptor inhibitor candesartan in preserving cog-
nitive functions in elderly hypertensive patients with initial
cognitive deficits,' while in the Hypertension in the Very
Elderly (HYVET) study, conducted in hypertensive patients
over the age of 80, a trend was described towards a reduc-
tion in new cases of dementia in patients assigned to anti-
hypertensive treatment.'® Quite recently, the results of
the Systolic Blood Pressure Intervention Trial Memory and
Cognition in Decreased Hypertension (SPRINT MIND) study
have provided new and more vigorous support to the hy-
pothesis of possible prevention of dementia through effec-
tive treatment of high blood pressure, producing the first
convincing demonstration of the effectiveness of antihy-
pertensive therapy in preventing senile cognitive de-
cline.” The SPRINT study enrolled ~9400 hypertensive
individuals (average age 68years) at increased cardiovas-
cular risk (but without a history of stroke or diabetes), ran-
domized to a standard antihypertensive treatment
(systolic pressure target <140 mmHg) or intensive (pres-
sure target systolic <120 mmHg). The study was stopped
early due to the evident superiority of intensive treatment
in reducing cardiovascular events.'® The SPRINT MIND study
was designed as part of the SPRINT study with a primary
outcome represented by the diagnosis of probable demen-
tia and with a composite secondary outcome of probable
dementia or MCI. The evaluation of cognitive aspects was
prolonged for at least 3 years after the conclusion of the
SPRINT study with an average follow-up of 6years. In
patients assigned to intensive treatment (systolic pressure
target <120 mmHg), an interesting trend was observed to-
wards a reduction of dementia of all types (7.2 vs. 8.6 cases
per 1000 person-years, hazard ratio 0.83 with a confidence
interval between 0.67 and 1.04) and a significant reduction
in the risk of developing MCI (14.6 vs. 18.3 cases per 1000
person-years, hazard ratio 0.81 with a confidence interval

between 0.69 and 0.95) and in the risk of the composite
outcome of MCI or probable dementia (20.2 vs. 24.1 cases
per 1000 person-years, hazard ratio 0.85 with a confidence
interval between 0.84 and 0.97). It does not seem useless
to underline how the blood pressure in the SPRINT study
was measured in the majority of cases directly by the pa-
tient in a context that could substantially replicate the
home self-measurement of blood pressure. It is therefore
legitimate to hypothesize that in the interpretation of the
pressure values reached in the SPRINT study, the absence of
a ‘white coat effect’, which could justify differences in the
measured pressure values of even 12-15mmHg compared
to the traditional measurement, should be considered,
compared to ‘office’ measurement adopted in all other
clinical trials (thus bringing the pressure target reached in
the intensive arm of the SPRINT study to values not far from
the target of 140-130 mmHg suggested for the systolic pres-
sure measured in the clinical setting).

Antihypertensive drugs and pathogenesis of
cognitive decline

The main benefit of antihypertensive treatment is related
to the reduction of blood pressure. Some interesting evi-
dence, however, seems to suggest the possibility that some
classes of antihypertensive drugs present added value in
the prevention of cognitive impairment in the hypertensive
patient. Calcium antagonists, in particular, have shown a
particular protective efficacy against cerebrovascular
events and cognitive impairment.'®'" Some experimental
evidence suggests the possibility that these alleged neuro-
protective and antidegenerative effects may be at least
partially mediated by a beneficial effect on calcium homeo-
stasis in the brain and by a scavenging action of oxygen-free
radicals.”® Similarly, the protective effect against cognitive
functions exerted by drugs active on the renin-angiotensin-
aldosterone system—angiotensin-converting enzyme (ACE-
I) inhibitors and angiotensin Il type 1 (AT1) receptor
blockers (ARB)—seems to be at least partially independent
of the blood pressure reduction.’ The biological assump-
tions of the possible neuroprotective efficacy of these drugs
are to be found in the existence of an intrinsic brain renin-
angiotensin system capable of modulating cognitive pro-
cesses at various levels, probably through the AT2 and AT4
receptors, and of intervening in the pathogenesis of the
neurodegenerative damage through the induction of in-
flammatory cytokines and free radicals of oxygen, the inhi-
bition of the release of acetylcholine, the accumulation of
B-amyloid and the district reduction of cerebral blood flow.
The different point of action of ACE-l and ARB on the renin-
angiotensin system accounts for some evidence of a possi-
ble superiority of ARB compared to ACE-I in improving cog-
nitive performance and in preventing the appearance of
both vascular and type Alzheimer’s dementia, evidence
however, in line with what has already been hypothesized
also with regard to stroke prevention.’

The earlier the better

The appearance of a variable degree of decline up to overt
dementia in the hypertensive patient represents the final
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moment of a complex pathophysiological path started
many years earlier. It is therefore clear that the opportu-
nity for early intervention should be taken to defuse the
pathophysiological mechanisms underlying the develop-
ment and progression of cognitive decline in the hyperten-
sive patient as soon as possible. The current possibilities of
an early clinical diagnosis of a possible cognitive deficit in
the hypertensive patient are rather limited due to the rela-
tive complexity of adequately sensitive and specific neuro-
psychological tests which makes them difficult to apply on
a large scale. The tools commonly used in clinical practice,
such as the Mini Mental State Examination, despite the un-
deniable advantage of being able to be administered by
anyone who has performed a minimum of training, cannot
identify the earliest stages of cognitive impairment from
hypertension. Modern technology seems to be able to open
the doors to a really early diagnosis. A recent study based
on an advanced magnetic resonance technique—tractogra-
phy or diffusion tensor—through which it is possible to re-
construct the white matter fibres for each subject and
study the microstructural integrity of the same to obtain a
precise profile of the hypertensive damage, it seems to
provide interesting perspectives in this regard.'” The study
was conducted on a group of hypertensive patients who
were compared with normotensive subjects. In hyperten-
sive patients, a deterioration of those nerve fibres that
connect brain areas typically involved in attention, emo-
tions, and memory has been found. An important aspect to
consider is that all the patients studied did not show clini-
cal signs of dementia and on a conventional neuroimaging
radiological examination they were free of signs of
damage.

Hypotension and dementia: the downside

In elderly patients, the impact of arterial hypertension on
the progression of cognitive decline tends to become pro-
gressively less evident while the impact of low blood pres-
sure values is increasingly relevant'®'® (Figure 2). The
causes of this association between low blood pressure and
cognitive decline are probably to be found in the reduction
of cerebral blood flow due to low blood pressure in a

Prevalence of Dementia

Risk factor Hypertension

Risk factor Hypotension

Age
(years) 50 75 100

Figure 2 Relationship between hypertension, hypotension and demen-
tia (from ref. 18).

vascular bed which, due to age and/or chronic exposure to
cardiovascular risk factors, has lost much of its self-
regulation capacity.?® Therefore, the evidence of a more
rapid cognitive decline in elderly patients with low blood
pressure induced by antihypertensive treatment but not in
those spontaneous hypotheses is not surprising. It is there-
fore clear the importance of avoiding excessively low blood
pressure in the elderly and of routinely seeking orthostatic
hypotension as this condition, very often iatrogenic, is as-
sociated with an increased risk of cognitive decline and
dementia.®

Conclusions

The progressive aging of the population is causing a pro-
gressive expansion of those age groups in which hyperten-
sion is more frequent and the susceptibility to develop
dementia is greater. The socio-economic impact of demen-
tia, which is already very significant, appears destined to
assume even greater proportions in the near future.
Prevention is more than ever the only truly winning strat-
egy against dementia. The association between hyperten-
sion and cognitive decline is certainly not causal. In the
meantime, that the pathophysiological mechanisms under-
lying this relationship are definitively clarified and that the
tools for a certain early diagnosis of cerebral organ damage
from hypertension are available for large sections of the
population, considering the devastating clinical and socio-
economic impact of dementia, it has a profound ethical as
well as clinical sense to draw from the numerous scientific
evidence already available a further incentive to seek,
with determination, the optimal blood pressure control in
all hypertensive patients.
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