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misfolding in the brain. Aβ accumulates extracellularly 
in the form of densely packed fibrils called β-amyloid 
plaques. Hyperphosphorylated tau protein accumu-
lates intracellularly in the form of tightly packed fila-
ments, called neurofibrillary tangles. β-amyloid plaques 
and neurofibrillary tangles are the two hallmarks of 
AD. Current treatment of AD is based on acetylcho-
linesterase inhibitors (donepezil, galantamine and riv-
astigmine) and N-methyl-D-aspartate (NMDA) type 
glutamate receptor antagonist (memantine), which are 
widely used for the cognitive dysfunction, but cannot 
halt AD deterioration.2 Although much effort has been 
made to develop disease-modifying treatments, the lack 
of promising results in human clinical trials has shift the 

Dementia has many etiologies, but the most common 
are Alzheimer’s disease (AD) and vascular demen-

tia (VD). VD has traditionally been considered second-
ary to vascular disease and distinguished from AD, 
considered to be a purely neurodegenerative form of 
dementia. However, these two conditions often coexist 
and there is strong evidence for a continuous spectrum 
of disease, suggesting an association between vascular 
risk factors and dementia, including AD.1

AD is a slowly progressing chronic neurodegenera-
tive disease that is increasing in prevalence worldwide. 
AD typically affect short-term memory at onset, and ad-
vances to impair all cognitive domains. Key pathologi-
cal features of AD are amyloid-β (Aβ) and tau proteins 
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ported an increased incidence of dementia and AD in 
people with low diastolic or systolic BP, especially in 
people aged ≤80 years.10 The severity of atherosclerosis 
increases with age, resulting in high SBP and low DBP 
in later life. Severe atherosclerosis in the very-elderly, 
as well as episodic or sustained hypotension and, pos-
sibly, excessive treatment of hypertension, may induce 
cerebral hypoperfusion, ischemia, and hypoxia in this 
age group.

Clinical and pathological aspects

The association between hypertension and AD is still 
not well understood. Previous findings suggest that the 
combination of high blood pressure (BP) in midlife fol-
lowed by low BP in late-life may place individuals at 
especially high risk of developing AD.

Midlife hypertension (age 40-64 years) increases the 
risk for AD later in life (≥65 years), and hypertension 
has been associated with increased amyloid deposition 
and neurofibrillary tangles, both neuropathologic hall-
marks of AD.12 Hypotension in the elderly has also been 
associated to a higher risk of AD.12

Some autopsy studies have showed that the prob-
ability of manifesting dementia for a given level of AD 
pathology is increased by the presence of cerebrovas-
cular pathology, which is strongly linked to hyperten-
sion.13 It is true that an increased incidence of dementia 
in individuals with hypertension could be due merely to 
its impact on cerebrovascular pathology. However, un-
controlled hypertension appears to predict the level of 
neurofibrillary tangles and neuritic plaques in the brain, 
which could be a direct effect of hypertension on AD.13

Compared to the brains of normotensive subjects, the 
brains of subjects with a history of hypertension show 
greater levels of β-amyloid plaques, atrophy, and neu-
rofibrillary tangles.6, 14 In the same way, hypertension 
has been identified as a risk factor for cortical fibrillar 
β-amyloid deposits, and reduced glucose metabolism in 
AD specific brain regions using positron emission to-
mography in the brains of cognitively normal middle-
aged and older adults.6, 15

By promoting endothelial dysfunction, hypertension 
is believed to disrupt the coordinated coupling among 
neurons, glia, and cerebral blood flow in the micro-
vasculature.16 Hypertension-induced vascular remod-
eling and hypoxia trigger inflammation by activating 

attention into trying to identify preventive measures that 
may delay AD incidence and slow down its progression.

Hypertension, which is the most prevalent vascular 
risk factor worldwide, is a major modifiable risk factor 
for developing cerebrovascular disease such as stroke, 
ischemic white matter lesions, silent infarcts, micro-
bleeds, and also VD.3, 4 There is strong evidence of a 
deleterious influence of midlife hypertension on late-
life cognitive function, but the cognitive impact of late-
life hypertension is less clear.5 Observational studies 
demonstrated a cumulative effect of hypertension on 
cerebrovascular damage, but evidence from clinical tri-
als that antihypertensive treatment improves cognition 
is not conclusive.3, 4 It has increasingly been seen as 
an important contributor to the development of AD as 
well,5, 6 but to date antihypertensive drugs have had lit-
tle effect on AD prevention or slowing its clinical curse.

Relationship between hypertension 
and Alzheimer disease

Several epidemiological and clinical pathological 
studies have reported a link between hypertension and 
AD.5 However, the chronopathology of the relation-
ship between high BP and the development of AD is not 
fully clarified, and this could lead to think that this link 
could be just a spurious association.

Epidemiological aspects

Several forms of cardiovascular disease (CV) have 
been identified as risk factors for both AD and VD.3, 6 
AD, cerebrovascular disease, and CV have shared ge-
netic contributions,6 and approximately 50% of individ-
uals diagnosed with AD show significant cerebrovas-
cular pathology on autopsy.7, 8 These findings suggest 
that CV, AD, and VD may have an overlapping patho-
physiology.6, 9 Hypertension and AD-type pathophysi-
ology appear to share a common pathogenesis in several 
imaging features: white matter lesions, cerebral micro-
bleeds, and brain atrophy.5

It is known that hypertension is the most prevalent 
CV risk factor, and the main risk factor for developing 
cerebrovascular disease, and CV disease as well.3, 4

Chronic hypertension, particularly midlife high BP, 
has been associated with an increased risk for cogni-
tive decline, VD, and AD.10, 11 Some studies have re-

                  COPYRIGHT
© 

2018 EDIZIONI MINERVA MEDICA 

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



MARFANY	 HYPERTENSION AND ALZHEIMER DISEASE

10	 Panminerva Medica	M arch 2018

tion of cerebral blood flow is impaired, and episodes 
of hypotension or hypertension result in undesired fluc-
tuations in cerebral blood flow that may contribute to 
neuronal dysfunction.22

Chronic hypertension precipitates age-induced vas-
cular abnormalities in the brain, such as increased vas-
cular stiffness, and decreased vessel wall pulsatility. 
Increased vessel stiffness alters arterial pulsations, dis-
turbing the glymphatic system and leading to a signifi-
cant increase of β-amyloid deposition in the brain pa-
renchyma. Several amyloid-degrading enzymes destroy 
Aβ peptides, including Neprilysin, angiotensin con-
verting enzyme (ACE), endothelin converting enzyme 
and insulin degrading enzyme. Neprilysin is the most 
potent Aβ-degrading enzyme in the brain and can de-
grade not only monomeric forms of Aβ but also its more 
toxic oligomers. Neprylisin is localized on the pre- and 
postsynaptic neuronal cell cleave. Neprylisin levels and 
activity decrease with aging and after hypoxia and isch-
emic events. That is to say, brain hipoperfusion, a chron-
ic hypertension complication, can lead to a lower degra-
dation of Aβ by neprilysin, resulting in its accumulation 
in the central nervous system parenchyma (Figure 2).

Linking possible beneficial effects of 
antihypertensive therapy on Alzheimer disease

In healthy brain, Aβ levels are regulated by a dynam-
ic equilibrium between Aβ release from the APP and 
its removal by perivascular drainage or by amyloid-de-
grading enzymes. Aβ hydrophobic plaques are toxic not 

microglia that release proinflammatory cytokines such 
as tumoral necrosis factor α (TNF-α) and interleukin 
6 (IL-6). This inflammation increases reactive oxygen 
species (ROS) that can damage cerebral blood vessels, 
deteriorates the blood-brain barrier, and glial function. 
ROS lead to protein misfolding, synaptic degradation 
and amyloid deposition. TNF-α down regulates the 
synthesis of nitric oxide and increases endotheline-1 
production, leading to vasoconstriction an incremen-
tal vascular injury. This inflammatory state contributes 
to amyloid deposition and formation of neurofibrillary 
tangles (Figure 1). 17-19

In normal conditions, autoregulatory mechanisms 
maintain a constant cerebral blood flow over a wide 
range of mean arterial pressures. However cerebral 
regulation is better adapted to compensate for sudden 
increases rather than for decreases in BP. Hyperten-
sion alters the cerebrovascular autoregulation capacity 
by increasing myogenic tone, vascular remodeling, and 
hypertrophy, necessitating higher perfusion pressures 
to maintain the same level of cerebral blood flow. This 
increases the susceptibility of the brain to ischemic and 
hypoxic injury when systemic BP drops, due to its in-
ability to compensate. Therefore, brain hypoperfusion 
and hypoxia is a complication of chronic uncontrolled 
hypertension.20, 21 In animal models of AD with muta-
tions in the amyloid precursor protein (APP), regula-

Figure 1.—Hypertension-induced inflammation increases amyloid dep-
osition.

Figure 2.—Hypertension alters β-amyloid clearance and β-amyloid 
physiological elimination.
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dementia risk.3 A recent systematic review of obser-
vational studies, randomized clinical trials (RCT) and 
meta-analysis showed:1 1) with relation to the effect of 
antihypertensive therapy on cognitive impairment there 
were 7 longitudinal studies showing beneficial effect in 
all of them, and 7 RCT with positive effect in 2 of them 
(HOPE25, PROGRESS26); 2) with relation to the effect 
of antihypertensive therapy on incidence of any demen-
tia there were 11 longitudinal studies with beneficial ef-
fects in 8 of them, and 7 RCT with beneficial effects in 
3 of them (Syst-Eur I-II27, 28, PROGRESS26).

Cognitive decline, even in the course of neurode-
generative disease, is a relatively gradual process, and 
elevated BP in midlife may be the most important de-
terminant of risk for subsequent cognitive decline and 
dementia. Thus, midlife may be the most critical win-
dow during which BP control must begin. Some stud-
ies showed that calcium channel blockers (CCB) and 
renin-angiotensin-aldosterone-system (RAAS) block-
ers would be the most beneficial. They could reduce the 
risk for and progression of cognitive impairment and 
dementia by lowering BP and through a neuroprotec-
tive specific effect.1 In support of this idea, one of the 
last meta-analysis of RCT performed that compared the 
neuroprotective properties of different antihypertensive 
drug classes found angiotensin receptor blockers (ARB) 
to be superior to β-blockers, diuretics, and ACE inhibi-
tors for preventing cognitive decline.29

Pharmacological therapy strategies

Thiazide diuretics

The Ginkgo Evaluation of Memory Study found that 
diuretics were associated with at least a 50% decreased 
risk of developing AD dementia. They found a similar 
decreased risk of AD dementia among potassium-spar-
ing diuretics and nonsparing Diuretics.30 The HYVET-
COG Study with indapamide, a diuretic thiazide, failed 
to prove a significant difference in the rate of dementia 
between treatment and placebo in patients aged 80 years 
or older.31 The SHEP Trial did not confirm that antihy-
pertensive treatment starting with the thiazide diuretic 
chlorthalidone with the possible addition of atenolol or 
reserpine, protects against cognitive impairment.32 The 
CACHE County Study found that dementia risk was 
no changed with thiazide diuretics and loop diuretics 
(Table I).33

only to neurons, which end up inducing their apoptosis, 
but also to brain endothelial cells, whose impairment 
weakens brain blood vessel walls and increases the risk 
of hemorrhage and rupture, in what is called amyloid 
angiopathy.19 Cerebral amyloid angiopathy occurs in 
more than 90% of patients with AD, and to a lesser ex-
tent in about 30% of non-demented elderly people.23 
Two main hypotheses have been described to explain 
the pathophysiology linking hypertension/antihyperten-
sive-treatment and AD. The amyloid hypothesis sug-
gests that high ACE activity decreases the risk of AD by 
reducing accumulation of amyloid-beta (Aβ) protein. In 
addition, some studies have shown that patients with al-
tered genotypes of the ACE gene, were associated with 
lower serum ACE levels, and had an increased risk of 
developing AD and brain atrophy.24

The vascular hypothesis suggests that high ACE ac-
tivity increases the risk of AD by altering cerebral vas-
culature through angiotensin II. Chronic hypertension 
may alter the movement of Aβ into and out of the brain 
across the blood brain-barrier, or along the perivascular 
extracellular matrix. This may in turn contribute to de-
velopment of amyloid angiopathy in blood vessels of 
the brain, which is a common occurrence in AD.24, 25

Antihypertensive treatment and Alzheimer disease

Observational and epidemiological studies have 
shown that antihypertensive therapy could have protec-
tive effects on cognitive impairment and dementia.3 In-
deed, in this kind of studies it has been shown that an-
tihypertensive therapy may decrease the incidence and 
progression of cognitive decline and dementia, not only 
VD but also AD. However few large BP-lowering trials 
have incorporated cognitive assessment or a diagnosis 
of dementia and the results are controversial. To date, 
evidence from large placebo-controlled, randomized 
clinical trials has been conflicting. It could be due to the 
design of the studies (most of them considering cogni-
tive function as a secondary objective), patient popula-
tions, outcomes, brief study durations and insufficient 
power to detect effects. In addition, most of these stud-
ies used the Mini-Mental State Examination, which is 
notoriously incentive to cognitive change, especially 
in domains of executive functioning and processing 
speed. Meta-analyses of these trials neither prove nor 
disprove the efficacy of antihypertensive treatment on 
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mechanism underlying the formation of neurofibrillary 
tangles, causing tau protein hyperphosphorylation.36

It is thought that certain dihydropyridine CCB, which 
are more effective at crossing the blood brain barrier, lower 
Aβ production and facilitate Aβ clearance across the blood 
brain barrier.12 Whether the effects observed in cell culture 
and in animal models translate to humans is less clear. Ac-
cording to the Syst-Eur Trial, a calcium channel blocker, 
nitrendipine, compared with placebo, decreased the risk of 
both vascular and degenerative dementia by 55% (2/3 of 
AD type). The Syst-Eur Trial is the only randomized con-
trol trial of hypertension to have found statistically signifi-
cant positive effects of nitrendipine to reduce the incidence 
of AD.27, 28 Diuretic thiazide chlortalidone in the SHEP 
Trial does not protect against cognitive impairment while 
BP reduction was comparable with the Syst-Eur Trial (12 
mmHg lower SBP in the SHEP vs. 10 mmHg lower SBP in 
the Syst-Eur), suggesting that nitrendipine has a neuropro-
tective effect beyond its goal to reduce BP.27, 28, 32

However, it is not clear whether this benefit resulted 
solely from vasomodulatory properties of nitrendipine 
or from other non-vasomodulatory molecular effects of 
the drug. There have also been more-specific trials with 
nimodipine in AD patients. In these studies, nimodipine 
was not found to slow the rate of progression of AD in 
the overall patient sample but there was some evidence 
in support of more severe patients receiving some ben-
efit.36 Several observational studies, which offer more 
limited interpretation than clinical trial, have suggested 
that calcium channel blockers reduce the rate at which 
AD progress, such as the Ginkgo Evaluation of Mem-
ory Study.30 The CACHE County Study found that de-
mentia risk was no changed with CCB.33

Potassium sparing diuretics

The CACHE County Study found that potassium 
sparing diuretics are associated with the greatest reduc-
tion in AD risk, among other antihypertensive medica-
tions tested. They suggested that increased potassium 
levels might be associated with a reduced risk of demen-
tia. Consistent with this idea, they mention observations 
that low potassium concentrations are associated with 
oxidative stress, inflammation, platelet aggregation, and 
vasoconstriction, all of which are possible contributors 
to AD pathogenesis.33

Beta-blockers

β-blockers worse cognition decline or are neutral ac-
cording to whether or not they cross the blood brain barri-
er (BBB). In general, β-blockers do not impair cognition 
in normal subjects. It has been shown that central nervous 
system-active  β-blockers could affect delayed memory 
function in patients with cognitive impairment.34

Centrally acting sympatholytic agents have a negative 
impact on cognition, as BBB-penetrating β-blockers 
(less liposoluble), probably by blunting the adrenergic 
pathways.35

Calcium channel blockers

Voltage-gated calcium channel are found in neurons in 
the brain where calcium regulation is very important in 
both learning and memory. Aβ peptide causes increases 
of intracellular calcium via these channels. Intracellular 
calcium level has also been shown to contribute to the 

Table I.—�Summary of hypothesized mechanism linking antihypertensive treatment and cognitive outcome and its effect on AD.
Antihypertensive drug Hypothesized mechanism of cognitive outcome AD effect

β-blockers Blunt adrenergic pathways if centrally active Negative
Potassium sparing diuretics Raise and maintain potassium levels Positive
Thiazide diuretics None Neutral
Dihydropiridines calcium channel blockers –– Maintain intracellular calcium homeostasis

–– Decrease amyloidogenic pathway
Positive

Renin inhibitors Attenuate NADPH oxidase mediated oxidative stress Not clarified
Angiotensin-converting enzyme inhibitors –– Improve brain hypoperfusion, acetylcholine release and boost neprylisin anti-

amyloidogenic activity
–– Increase long-term burden of toxic brain β-amyloid

Neutral

Angiotensin II receptor blockers –– Enhance β-amyloid elimination
–– Reduce glutamate excitotoxicity
–– Reduce tau hyper-phosphorylation

Positive

Neprilysin inhibitors Increase long-term burden of toxic brain β-amyloid Not clarified
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leads to memory impairment in AD.39 Another possible 
explanation for the benefits of ACE inhibitors is that 
they increase brain substance P (normally degraded by 
ACE), which in turn is reported to increase Neprilysin 
activity, a recognized amyloid-β degrading enzyme.42 
In contrast, a retrospective cohort study recently as-
sessed the effect of centrally versus non-centrally acting 
ACE-inhibitor on the incidence of AD in a large study 
population and reported no difference between the two 
groups.44 The PROGRESS Study did not show a clear 
effect of perindopril and thiazide diuretic indapamide in 
degenerative dementias or cognitive decline in the ab-
sence of recurrent stroke.26 The CACHE County Study 
found that dementia risk was no changed with ACE-
inhibitors.33 The Amsterdam Dementia Cohort Study 
found that higher cerebrospinal fluid ACE activity is 
associated with a reduced risk of global brain atrophy. 
This result suggest that high ACE might have protec-
tive effects on the brain, and that ACE inhibitors, which 
may lower cerebrospinal ACE levels, are not preferred 
as an antihypertensive treatment in patients at risk of 
AD.24 Another retrospective cohort study showed that 
ACE-inhibitor were associated with increased risk of 
mortality in AD patients. This observation is consistent 
with the evidence from laboratory-based studies that 
interference with ACE catalytic function may have an 
adverse effect on Aβ pathophysiology.45

ACE-inhibitor have an ambiguous influence in brain 
cognition, as on one hand, brain ACE inhibition may 
improve brain hypoperfusion, acetylcholine release and 
boost Neprylisin antiamyloidogenic activity, but on the 
other hand, may increase long-term burden of toxic 
brain beta-amyloid.46

Angiotensin II receptors blockers

Angiotensin II receptors blockers (ARBs) may confer 
cognitive benefits activating AT2R with unbound endog-
enous angiotensin II, which may have a hypotensive and 
protective vascular remodeling benefit that leads to mem-
oryenhancing effects. Blocking AT1R may also increase 
processing of the excess of angiotensin II to angiotensin 
III and in turn angiotensin IV, which activates AT4R in-
volved in memory acquisition and recall.29, 47 That’s why 
ARBs have been proposed to have better cognitive out-
come than other medications for BP control. In mouse 
models, ARB treatment was associated with reduced Al-

ACE-inhibitors

In a laboratory study with APP expressing cells, cel-
lular expression of ACE promoted degradation of natu-
rally secreted Aβ, leading to significant clearance of this 
protein. The inhibition of ACE by captopril, promoted 
the accumulation of cellderived Aβ in the media.37 In an 
animal study, the administration of captopril in transgen-
ic mice with a double mutation in APP gene, promoted 
Aβ deposition in their brain tissue.38 In another rat ex-
periment, chronic cerebral hipoperfusion downregulated 
the relative expression of cholinergic muscarinic recep-
tor and choline acetyltransferase, as well as up-regulated 
the AT1R expression in hippocampus and elevated the 
lipid peroxidation level. The treatment with ACE-in-
hibitor captopril was found to attenuate hypoperfusion-
induced cholinergic downregulation and lipid peroxida-
tion-mediated damage in the hippocampus of rats.39

In human studies, a French cohort study found that the 
use of ACE-inhibitor in older adults with AD is associ-
ated with a slower rate of cognitive decline independent 
of hypertension.40 In the Cardiovascular Health Study it 
was observed that ACE-inhibitor reported to cross the 
BBB and deemed to be centrally active, were associated 
with 65% less cognitive decline per year of exposure. 
This observational study reported that centrally active 
ACE-inhibitor reduced cognitive decline more efficient-
ly than non-centrally active ACE-inhibitor.41 A large ran-
domized trial found that patients treated with the BBB 
penetrating captopril or perindopril slowed cognitive de-
clines more than did the non-BBB penetrating enalapril 
or imidapril.42 The Wisconsin Study found that ramipril 
therapy inhibited cerebrospinal fluid ACE activity and 
improved BP, but did not influence cerebrospinal fluid 
Aβ42. If hypoperfusion and the presence of Aβ lead to 
neuronal damage, in part through dysregulation of cen-
tral nervous system ACE activity and elevated BP, then 
modifying cerebral blood flow and Aβ accumulation 
through the use of ACE-inhibitor may potentially reduce 
the risk of developing AD in high-risk individuals.43

There are some possible explanations to support the 
observations of ACE-inhibitor cognition improvement. 
ACE inhibitors can prevent brain hypoperfusion and 
its complications. Through prevention of angioten-
sin II formation, they help to stop inhibition of potas-
sium-mediated release of acetylcholine in human and 
rat entorhinal cortex slices.23 The cholinergic system 
is involved in memory acquisition and its dysfunction 
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roprotective effect. In addition, unlike ACE-inhibitor, 
ARBs preserve and enhance ACE-induced Aβ degrada-
tion.

Renin inhibitors

Chronic cerebral hypoperfusion cause a significant 
activation of renin activity, and high angiotensin II 
levels, which activate NADPH oxidase and enhances 
oxidative stress in brain tissue. Direct renin inhibition 
by aliskiren was found to prevent cognitive impair-
ment blocking angiotensin II formation and attenuating 
NADPH oxidase-mediated oxidative stress and subse-
quent inhibition of glial activation. Aliskiren amelio-
rated brain damage and working memory deficits in a 
mice model of chronic cerebral ischemia.54 Rat cortical 
neurons exposed to Aβ in vitro have shown to increase 
renin expression. Aliskiren blocked Aβ-mediated neu-
ronal induction of renin and carried neuroprotective ac-
tion against Aβ toxicity.55 At present, there are no results 
from clinical trials concerning the potential of the renin 
inhibitor aliskiren to influence cognition and dementia 
incidence in humans, due to its newness and low use.47

Neprilysin inhibitors

Neprilysin is a zinc-dependent metallopetidase that 
catalyzes the degradation of various peptides including 
atrial natriuretic peptide, brain natriuretic peptide, va-
soactive peptides (bradykinins and endothelin-1), and 
neuropeptides (substance P, enkephalins) and contrib-
utes to the breakdown of Aβ.56, 57 Inhibition of neprilysin 
in order to increase circulating levels of natriuretic pep-
tides has been studied for its therapeutic effect on BP. 
Although neprilysin inhibition alone has little antihy-
pertensive effect, concomitant inhibition of both nepri-
lysin and RAAS has demonstrated a synergic lowering 
on BP. LCZ696 (Valsartan/Sacubitril) is a first-in-class 
angiotensin II-receptor neprilysin inhibitor (NEPi).

While the chronic use of NEPi appears beneficial 
for the treatment of chronic hypertension and heart 
failure, it may compromise Aβ peptide degradation in 
the brain, and may accelerate AD and cerebral amyloid 
angiopathy progression, in patients at risk of develop-
ing AD with genetic factors or vascular factors. Indeed, 
the crossing of the blood-brain barrier by NEPi is an-
ticipated to be deleterious in patients at risk since in-

zheimer’s neuropathology and improved performance 
in learning and memory tests.29 In human studies, re-
sults are more controversial. On one hand, the SCOPE 
Study did not show a significant effect of candesartan on 
prevention of AD.48 The PRoFESS Study with telmis-
artan described no significant change in MMSE score 
and no difference in the numbers of demented patients.49 
In a Taiwan nationwide cohort study ARB treatment in 
a 5-year follow-up was not associated with a reduction 
of risk of AD in Asian patients with essential hyperten-
sion.50 In the SCOPE Trial, candesartan did not decrease 
the risk of all dementia when compared to a false place-
bo, since due to changes in treatment guidelines and for 
ethical reasons, other antihypertensive drugs (diuretics, 
β-blockers, CCB, ACE inhibitor, ARBs) were added in 
patients whose BP remained high, in a higher frequency 
in the placebo group. As a result, the trial actually com-
pared a candesartan based regimen with a usual treat-
ment regimen not containing candesartan. The addition 
of possible dementia protective antihypersive drugs (di-
hydropyridine) to placebo could have mitigated the rela-
tive cognitive effect of candesartan.48 On the other hand, 
the use of ARBs appear also quite promising since in 
the MOSES Trial (performed in patients with a history 
of stroke or transient ischemic attacks), eprosartan was 
found as protective against cognition decline as nitren-
dipine.51 In addition, the neuroprotective effect of AT1R 
blockers is found in the OSCAR cohort Study, where 
eprosartan was associated with an increase of 1.5 within 
12 months in the MMSE Score.52 A network meta-anal-
ysis in 2013 revealed that the benefits on cognition were 
greater with ARBs than with placebo, β-blockers, diuret-
ics and ACE-inhibitors in rank order.29 ARBs reduced 
the incidence of AD by as much as 50%, compared with 
non-RAAS-targeting antihypertensives, independent of 
their effect on BP reduction.47 In a small clinical trial, 
telmisartan was compared to amlodipine for 6months 
in elderly patients with probable AD and essential hy-
pertension. Both groups had a similar significant reduc-
tion in systolic and diastolic BP after treatment, but the 
telmisartan group showed significantly higher cognitive 
scores. In addition, imaging tests shown that telmisartan 
has an increased regional cerebral blood flow than the 
amlodipine group. These findings suggest that telmisar-
tan may have additional benefits and may be useful for 
the treatment of elderly hypertensive patients with AD.53

Current evidence shows that ARBs may have a neu-

                  COPYRIGHT
© 

2018 EDIZIONI MINERVA MEDICA 

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



HYPERTENSION AND ALZHEIMER DISEASE	MAR FANY

Vol. 60 - No. 1	 Panminerva Medica	 15

tific Statement From the American Heart Association. Hypertension 
2016;68:e67-e94.

  6.	 Walker KA, Power MC, Gottesman RF. Defining the Relationship 
Between Hypertension, Cognitive Decline, and Dementia: a Review. 
Curr Hypertens Rep 2017;19:24.

  7.	 Traylor M, Adib-Samii P, Harold D, Alzheimer’s Disease Neuroim-
aging Initiative; International Stroke Genetics Consortium (ISGC), 
UK Young Lacunar Stroke DNA resource, Dichgans M, et al. Shared 
genetic contribution to Ischaemic Stroke and Alzheimer’s Disease. 
Ann. Neurol 2016 Feb 23 Epub ahead of print].

  8.	 Schneider JA, Arvanitakis Z, Bang W, Bennett DA. Mixed brain 
pathologies account for most dementia cases in communitydwelling 
older persons. Neurology 2007;69:2197-204.

  9.	I adecola C. Vascular and metabolic factors in Alzheimer;s disease and 
related dementias: introduction. Cell Mol Neurobiol 2016;36:151-4.

10.	 Qiu C, Winblad B, Fratiglioni L. The age dependent relation of 
blood pressure to cognitive function and dementia. Lancet Neurol 
2005;4:487-99.

11.	 Joas E, Bäckman K, Gustafson D, Ostling S, Waern M, Guo X, et al. 
Blood pressure trajectories from midlife to late life in relation to demen-
tia in women followed for 37 years. Hypertension 2012;59:796-801.

12.	 Kennelly S, Collins O. Walking the Cognitive “Minefield” Between 
High and Low Blood Pressure. J Alzheimers Dis 2012;32:609-21.

13.	 Power MC, Weuve J, Gagne JJ, McQueen MB, Viswanathan A, 
Blacker D. The association between blood pressure and incident 
Alzheimer disease: a systematic review and meta-analysis. Epidemi-
ology 2011;22:646-59.

14.	 Ashby EL, Miners JS, Kehoe PG, Love S. Effects of hypertension 
and anti-hypertensive treatment on amyloid-ß plaque load and Aß-
synthesizing and Aß-degrading enzymes in frontal cortex. J Alzheim-
ers Dis 2016;50:1191-203.

15.	 Langbaum JBS, Chen K, Launer LJ, Fleisher AS, Lee W, Liu X, et 
al. Blood pressure is associated with higher brain amyloid burden 
and lower glucose metabolism in healthy late middle-age persons. 
Neurobiol Aging 2012;33:827.e11-19.

16.	 Girouard H, Iadecola C. Neurovascular coupling in the normal brain 
and in hypertension, stroke, and Alzheimer disease. J Appl Physiol 
2006;100:328-35.

17.	 Nelson L, Gard P, Tabet N. Hypertension and Inflammation in Alzhe-
imer’s Disease: Close Partners in Disease Development and Progres-
sion! J Alzheimers Dis 2014;41:331-43.

18.	 Glodzik L, Rusinek H, Pirraglia E, Mchugh P, Tsui W, Williams S, et 
al. Blood Pressure decrease correlates with tau pathology and memo-
ry decline in hypertensive elderly. Neurobiol Aging 2015;35:64-71.

19.	 Faraco G, Park L, Zhou P, Luo W, Paul SM, Anrather J, et al. Hy-
pertension enhances Abinduced neurovascular dysfunction, promotes 
b-secretase activity, and leads to amyloidogenic processing of APP. J 
Cereb Blood Flow Metab 2016;36:241-52.

20.	 Sierra C, Coca A, Schiffrin EL. Vascular mechanisms in the patho-
genesis of stroke. Curr Hypertens Rep 2011;13:200-7.

21.	 Sierra C. Cerebral small vessel disease, cognitive impairment and 
vascular dementia. Panminerva Med 2012;54:179-88.

22.	 Niwa K, Kazama K, Younkin L, Younkin SG, Carlson GA, Iadecola 
C. Cerebrovascular autoregulation is profoundly impaired in mice 
overexpressing amyloid precursor protein. Am J Physiol Heart Circ 
Physiol 2002;283:H315-323.

23.	 Kehoe PG, Wilcock GK. Is inhibition of the renin - angiotensin sys-
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BMJ 2002;324:699-702.
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tracerebral infusion of the NEPi provokes AD lesions 
in animal models.56 Up-regulation of NEP expression 
and activity represents a new strategy for therapeutic 
intervention in AD.58

Conclusions

The onset and progression of AD is associated with 
multiple factors being hypertension one of the main 
ones. The strongest evidence that hypertension is a risk 
factor for cognitive impairment and dementia comes 
from observational studies with midlife measures of BP 
and late-life measures of the cognitive status. Hyperten-
sion is related to cerebrovascular disease and Aβ deposi-
tion, which are major pathological factors in dementia.

Consequently, different types of approaches are 
needed for effective disease-modifying treatment, such 
as removing amyloid burden, intervening in the amy-
loid or tau accumulation cascade or repairing vascular 
pathology, as well as lifestyle correction. Many anti-
hypertensive drugs, besides its potential to reduce BP, 
have a direct effect on brain structure and function by 
crossing the brain blood-barrier or by targeting brain 
endothelial cells. Antihypertensive drugs are not equal 
in preventing cognitive decline and dementia. ARB may 
offer the most benefit by interfering in amyloid forma-
tion, breakdown and clearance.

In summary, treating hypertension in the early stages 
at midlife and achieving strict and sustained BP control 
below 140/90 mmHg is the only armamentarium in the 
hands of general practitioners to prevent cognitive de-
cline associated with age and AD.
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