
R
e
v
ie

w
s

in
C
a
rd

io
v
a
sc

u
la

r
M

e
d
ic

in
e

Rev. Cardiovasc. Med. 2021 vol. 22(4), 1429-1449
©2021 The Author(s). Published by IMR Press.

Review

Hypertension and cognitive dysfunction: a review of
mechanisms, life-course observational studies and clinical
trial results
Simin Mahinrad1,*, Farzaneh A. Sorond1, Philip B. Gorelick1

1Department of Neurology, Feinberg School of Medicine, Northwestern University, Chicago, IL 60611, USA

*Correspondence: simin.rad@northwestern.edu (Simin Mahinrad)

DOI:10.31083/j.rcm2204148
This is an open access article under the CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).

Submitted: 18 October 2021 Revised: 18 November 2021 Accepted: 23 November 2021 Published: 22 December 2021

Hypertension is one of the most prevalent vascular risk factors and
a leading cause of disability and mortality worldwide. The nega-
tive impact of hypertension on brain health is substantial. Already
well-established as a risk factor for cerebrovascular disease, hyper-
tension also has been shown to increase the risk for cognitive impair-
ment and dementia. Mounting evidence from epidemiological stud-
ies suggests that hypertension, particularly in midlife, is associated
with late-life cognitive impairment and the development of demen-
tia. The link between late-life hypertension and cognitive function is,
however, less clear. Experimental and neuroimaging studies have re-
vealed complexities of mechanisms underlying the link between hy-
pertension and cognitive function. Furthermore, the effect of blood
pressure lowering on cognitive function, the optimal target and tim-
ing of the intervention, and the optimal antihypertensive agent in
the context of cognitive function remain unclear. In this review,
we discuss contemporary science on the link between hypertension
and cognitive function by reviewing experimental, neuroimaging,
and life-course observational studies. Furthermore, we provide a de-
tailed review of randomized clinical trials addressing the effect of
blood pressure lowering on cognitive function. Finally, unanswered
questions, challenges, and other considerations for blood pressure
lowering are highlighted.
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1. Introduction
Vascular risk factors and related disorders contribute to

cognitive decline and Alzheimer’s disease-related dementias
[1, 2]. Chronic hypertension has emerged among vascular
risk factors, as a major contributor to adverse cognitive out-
comes [3]. Particularly, evidence from observational studies
has established a strong link between hypertension during
midlife and negative cognitive outcomes in later adulthood
[4, 5]. Furthermore, recent life-course observational studies
have shown a link between raised blood pressure as early as
young adulthood and worse cognition in midlife [6, 7].

Given that hypertension is a modifiable vascular risk fac-
tor, it represents an important target for preventive and
treatment interventions to mitigate dementia risk. A num-

ber of major clinical trials has shown that lowering blood
pressure reducesmorbidity andmortality associatedwith car-
diovascular diseases and stroke [8]. However, similar bene-
ficial effects on cognition and dementia risk have not been
consistently reported [3, 9, 10]. In fact, the impact of lower-
ing blood pressure on cognitive function in older age is less
clear and remains a matter of debate. Furthermore, the pre-
cise blood pressure lowering target in different age categories
remains controversial as some experts suggest less stringent
blood pressure lowering in the elderly to preserve cerebral
autoregulation [11]. Therefore, a deeper understanding of
the complex relationship between hypertension and brain
structure and function is essential and will help identify po-
tentially effective therapeutic targets.

In this review we provide discussion of the following rel-
evant topics that link hypertension to cognitive outcomes:
(1) Pathophysiology underlying the association with a fo-
cus on hypertension-induced cerebrovascular alterations and
role of the renin-angiotensin system (RAS) and neuroimag-
ing markers; (2) Observational studies across the life course;
(3) Study designs and results of blood pressure lowering
in randomized controlled trials (RCTs); and (4) Guidance
statements, blood pressure lowering targets, and unanswered
questions and challenges going forward.

2. Pathophysiology underlying the link
between hypertension and cognition

The mechanisms underlying the link between hyperten-
sion and cognitive impairment are complex and diverse. Cur-
rent evidence suggests that the synergistic interaction be-
tweenmultiple pathologic factors is likely responsible for hy-
pertension induced cognitive impairment. A detailed review
of this topic has been previously provided by the 2016 Amer-
ican Heart Association statement and others [3, 9, 11, 12].
Below we provide a brief summary of key points, and sum-
marize current evidence using neuroimaging markers to elu-
cidate the link between hypertension and cognition (Fig. 1).

The large and small cerebral vessels are the prime targets
of hypertension in the brain. Hypertension results in struc-
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Fig. 1. Mechanisms linking hypertensionwith brain health. Hypertension results in cerebrovascular structural and functional alterations, disruption in
the renin-angiotensin system’s function, inflammation, and oxidative stress. Such hypertension-induced alterations may compromise brain health by predis-
posing brain to whitematter damage and cerebral small vessel disease, brain atrophy, cerebral macro- andmicrobleeds, brain ischemia/hypoxia, and deposition
of pathologic proteins in the brain. All of the aforementioned brain lesions have been shown to negatively affect cognitive function.

tural and functional alterations in cerebral vessels, which, in
turn, predispose brain to white matter damage, brain atro-
phy, cerebralmacro- andmicrobleeds, brain ischemia and de-
position of pathologic proteins. All of the aforementioned
brain lesions have been shown to negatively affect cognition
and increase the risk for cognitive impairment [11] (Fig. 1).

2.1 Vascular structural changes

Blood flow to the brain is controlled by segmental vas-
cular resistance in and around the brain [13]. Vessels pri-
marily outside the brain including pial arterioles and large ar-
teries, provide approximately 60% of the vascular resistance,
and penetrating arterioles, capillaries and venules provide
about 40% of the vascular resistance. When there is hyper-
tension, cerebral vessels undergo adaptive structural changes
in response to hypertension to protect downstream smaller
vessels from the mechanical stress associated with increas-
ing pressure. However, such adaptive structural changes may
become maladaptive over time, resulting in various patholo-
gies [12]. The interaction between several mechanical, hu-
moral, and cellular factors—such as endothelial damage, in-
flammation, oxidative stress, and calcium deposition—are
likely responsible for structural changes in cerebral vessels
[14, 15]. Such structural changes in the setting of hyperten-
sion include atherosclerosis of larger cerebral arteries, arte-
riosclerosis, lipohyalinosis, microvascular rarefaction, hyper-
trophic and eutrophic vascular remodeling, and vascular stiff-
ness [3, 11]. In particular, cerebral small arteries and arteri-
oles are more vulnerable to the mechanical stress associated
with hypertension [16, 17]. Alterations in these small vessels
supplying the subcortical white matter may ultimately lead
to cerebral small vessel disease (cSVD), which is a significant

contributor to white matter damage, silent brain infarcts and
clinicallymanifest lacunar strokes [3, 10, 11, 16, 17]. All these
structural changes, in concert with alterations in cerebrovas-
cular function, contribute to brain dysfunction and may ulti-
mately lead to cognitive impairment.

2.2 Vascular functional changes

Hypertensionmay adversely impact cerebrovascular func-
tioning by disruption in neurovascular coupling, cerebral
autoregulation, and endothelium-dependent mechanisms.
Neurovascular coupling is a normal physiologic response to
neuronal activation that results in a localized increase in cere-
bral blood flow. This mechanism is regulated by endothelial
cells, neurons, astrocytes, and vascular smooth muscle cells.
Chronic hypertension has been shown to attenuate the in-
crease in cerebral blood flow in response to neuronal acti-
vation, thus creating a mismatch between metabolic demand
and blood flow delivery [16, 18]. Such perfusion mismatch is
thought to contribute to cognitive impairment, although di-
rect data examining the link between hypertension and loss
of neurovascular coupling in humans is lacking. Cerebral au-
toregulation, another normal physiologic mechanism in the
brain, is a regulatory mechanism that ensures relatively con-
stant cerebral blood flow over a wide range of blood pres-
sure fluctuations, which is likely mediated by neurogenic,
myogenic and metabolic mechanisms [19]. In the setting
of chronic hypertension, there is a rightward shift in the
autoregulatory curve, which creates vulnerability to sudden
changes in blood pressure resulting in ischemia and increased
risk for brain hemorrhage [10, 11]. Direct data examining the
link between hypertension and cerebral autoregulation in the
context of cognitive impairment in humans are warranted.
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A recent study in the Coronary Artery Risk Development
in Young Adults (CARDIA) cohort showed that exposure
to a higher burden of vascular risk factors—including higher
blood pressure levels—during young adulthood is linked with
worse cerebral autoregulation during midlife as measured by
transcranial Doppler ultrasound [20]. These results, albeit
limited, support the notion that impaired cerebral autoregu-
lation is a likely earlymechanism underlying the link between
higher blood pressure and negative cognitive outcomes. Fi-
nally, hypertension has been shown to disrupt the function
of endothelial cells. Endothelial cells are critical in the regu-
lation of microvascular blood flow, blood-brain barrier func-
tion, and protecting the vessels against thrombosis, athero-
genesis, and accumulation of vascular amyloid β [3, 21]. Dis-
ruption in endothelial function in the setting of hypertension
may contribute to reduced cerebral blood flow, atherosclero-
sis, and accumulation of harmful proteins in the brain, all of
which may negatively impact cognitive function [3].

2.3 Renin-angiotensin system (RAS)
Emerging evidence supports the involvement of RAS in

hypertension-induced brain injury and points toward the po-
tential impact of drugswithin this family to prevent dementia
[10]. RAS is a complex system of interconnected hormones
and receptors involved in the regulation of important physi-
ologic functions such as water and electrolyte balance, hemo-
dynamic hemostasis, and blood pressure. However, chronic
activation of this system may lead to endothelial injury, ox-
idative stress, and inflammation, which in turn leads to var-
ious pathological conditions such as hypertension [22]. Al-
though RAS was initially believed to be mainly localized to
the systemic circulation, further research has revealed locally
expressed RAS in a number of tissues including the brain
[23]. In fact, all components of RAS are known to be locally
produced in several brain regions and contribute to hyper-
tension development and hypertension-induced brain injury
[23–26]. It has been shown that angiotensin II (Ang-II) in the
brain—the main vasoactive peptide of RAS—promotes a hy-
pertensive state by altering sympathetic neural outflow, the
release of hormones involved in homeostasis regulation and
inflammatory processes [24]. Ang-II in the brain is known
to function through binding to two major receptors: Ang-
II type I receptor (AT1) and Ang-II type II receptor (AT2).
It is generally believed that the AT1 receptor mediates most
of the hypertensive effects of Ang-II, while the AT2 receptor
possesses opposing effects by promoting vasodilation, anti-
proliferation, and increase in cerebral blood flow [23–25].
Activation of the Ang-II/AT1 axis has been shown to result
in vascular remodeling, fibrosis, and vascular stiffness in the
brain. In addition, Ang-II was shown to impair cerebrovas-
cular function through its negative effects on cerebrovascu-
lar autoregulation, and inducing endothelial dysfunction and
blood-brain-barrier breakdown [27, 28]. However, blockade
of theAT1 receptor or angiotensin converting enzyme (ACE)
was shown to reverse cerebrovascular dysfunction induced
by hypertension [29] and improve endothelial cells’ barrier

function via activation of AT2 receptor signaling [30, 31].
Interestingly, the AT1 receptor and ACE signaling were also
linked with exacerbation of cell death in brain regions in-
volved in cognitive function through initiating a cascade of
oxidative stress processes in animal models [25]. The AT2
receptor activation, however, was shown to facilitate cog-
nition and cell survival and possess antioxidant and anti-
inflammatory functions [25]. Furthermore, experimental
data suggest that the RAS in the brain may regulate processes
beyond BP control including learning andmemory behaviors
[25]. Taken together, emerging evidence support the possi-
ble role of centrally acting RAS in hypertension-induced cog-
nitive impairment. However, the interaction between sys-
temic and centrally acting RAS remains largely unknown.

Given the negative effects of RAS on cerebrovascular
function and structure in the setting of hypertension, mod-
ulation of RAS has been a target to study in relation to its
impact not only on blood pressure lowering, but also on cere-
brovascular outcomes [32]. Modulation of RAS has been
documented to have a protective effect on cognitive function
in various experimentalmodels of cognitive impairment such
as Alzheimer’s disease’s (AD) models, hypertensive animals,
and post-stroke cognitive impairment [26]. In humans, ob-
servational studies have provided evidence that RAS modu-
lators are protective against incident stroke [32], cognitive
function, and incident dementia [25, 26]. A meta-analysis
on the impact of antihypertensive use on cognition that
combined results from both observational and RCT studies
showed that Ang-II receptor blockers (ARBs) had a greater
beneficial effect on cognitive function than β-blockers, di-
uretics, and ACE inhibitors [33]. In the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) study among 1629 individ-
uals aged 55–99 years, blood pressure treatment with blood-
brain-barrier crossing ARBs (telmisartan, candesartan, and
valsartan) was associated with better cognitive function and
lesswhitematter hyperintensity (WMH) volume over 3 years
of follow-up, compared to other antihypertensive drugs and
RAS modulators that do not cross blood-brain-barrier [34].
Using observational data of 784 individuals with mild cog-
nitive impairment (MCI), it was also shown that treatment
with either ARBs or ACE inhibitors was associated with
slower conversion to AD at 3 years follow-up, compared to
other antihypertensives (33% vs 40%) [35]. Moreover, evi-
dence from clinical trials suggest that RAS inhibitors reduce
the risk for stroke even beyond the degree expected from
the corresponding blood pressure reduction [32]. Given that
current RCTs have not provided a clear benefit of RASmod-
ulators on cognitive outcomes (see section 4.0 below for a re-
view of RCT studies), more focused studies are warranted by
targeting mechanisms by which RAS may influence cogni-
tion, such as oxidative stress and AT2 receptor stimulation
[25].

2.4 Evidence from neuroimaging studies
Over the past few decades, neuroimaging studies have

played a significant role in advancing our knowledge about
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the mechanisms underlying the link between hypertension
and negative cognitive outcomes. Various neuroimaging
markers, including brain volume, radiographic markers of
cSVD such as WMH, neuronal connectivity, and brain amy-
loid β accumulation, have been studied in the context of
hypertension induced cognitive impairment. Higher blood
pressure values have been consistently shown to be associ-
ated with lower total and regional brain volumes [36–39] and
greater reduction of total brain volume over time using mag-
netic resonance imaging (MRI) [40]. An age-dependent as-
sociation between blood pressure and brain volume also has
been implicated by studies showing a reverse link between
blood pressure and brain volume among older adults. For in-
stance, Foster-Dingley et al. [41] showed that among older
adults (mean age 81± 1 years old) on antihypertensive treat-
ment withmild cognitive deficits (medianMini-Mental State
Exam [MMSE] score = 26), lower systolic and diastolic blood
pressure (SBP and DBP) were associated with lower volumes
of thalamus and putamen compared to higher blood pressure
levels. However, in the CARDIA study among young and
middle-aged adults, worse cardiovascular health during early
adulthood and hypertension in midlife were both associated
with lower total brain volume, higher abnormal whitematter
volume and worse white matter integrity in midlife [38, 39].
More recently, morphometric changes of the brain have also
been linked with higher cumulative exposure to blood pres-
sure during early adulthood. It was shown that higher cu-
mulative exposure to SBP during young adulthood is asso-
ciated with inward deformity in the left lateral caudate head
and lateral nucleus accumbens, the right lateral pallidum and
thalamus, and the medial and lateral putamen during midlife
[42]. Taken together, these findings support the notion that
structural and morphometric changes of the brain, which are
known to impact cognitive function, may be earlier signa-
tures of future hypertensive induced cognitive impairment.

Neuroimaging markers of cSVD that manifest on MRI,
such as WMH, lacunar infarcts, and cerebral micro-bleeds,
have been all shown to have a strong relation with hyper-
tension [9]. In particular, WMH on MRI has been estab-
lished as a radiographic measure of hypertensive brain in-
jury. Hypertension has been associated with higher WMH
volume [43] and greater progression of WMH burden [44].
Moreover, WMH progression has also been associated with
a greater decline in cognitive function [45]. Together, these
findings suggest that white matter in the brain may be par-
ticularly vulnerable to the negative impact of hypertension.
Moreover, accumulating evidence from newer imaging and
analysis techniques, such as diffusion, kurtosis, free water,
and myelin imaging, suggest that WMH represents the end
of a continuous spectrum of white matter injury [46–50].
In fact, microstructural changes in normal appearing white
matter may be measured long before they manifest as WMH
on standard neuroimaging studies [51, 52]. Hypertension
has been associated with worse white matter diffusion prop-
erties and microstructural integrity [53], and these associ-

ations appear to be largely independent of WMH volumes
[54]. Similarly, accumulating evidence links cognition with
white matter microstructural integrity as measured by diffu-
sion imaging [55, 56]. In line with these, our recent results
from the CARDIA cohort showed that higher exposure to
SBP from young adulthood to midlife was associated with
changes in diffusion properties of normal appearing white
matter among middle aged adults without a significant bur-
den of WMH [57]. Therefore, the health or integrity of the
white matter, and even normal appearing white matter on
MRI, may be a significant factor contributing to or leading to
hypertension induced brain injury.

Finally, hypertension has been associatedwithAD specific
markers on neuroimaging, such as cortical thickness on MRI
and amyloid β deposition on Positron emission tomography
(PET) imaging. Although some cross-sectional studies have
reported a positive relationship between hypertension and
greater amyloid β accumulation in the brain [58, 59], oth-
ers have failed to show this relationship, particularly when
blood pressure was assessed in midlife and early adulthood
[60–62]. For example, recent cross-sectional analyses of cog-
nitively normal and AD patients aged 55–90 years showed
that among cognitively normal individuals, hypertension is
associated with lower AD associated cortical thickness (in-
cluding the middle temporal, entorhinal, inferior temporal,
and fusiform gyrus on MRI) but not with brain amyloid β

deposition on PET [63]. Among AD patients, however, hy-
pertension was associated with lower brain amyloid β depo-
sition but not with AD associated cortical thickness [63]. In
another study, among 465 young to middle aged participants
from mainland Britain, it was shown that higher blood pres-
sure and greater increase in blood pressure during the 4th
and 6th decade of life were associated with higherWMH and
smaller brain volumes during the 6th and 7th decade of life
(7% and 15% increase in WMH volume per 10 mm Hg in-
crease in SBP and DBP, respectively). However, blood pres-
sure during young to middle adulthood was not associated
with brain amyloid β deposition in late adulthood [62]. In
322 cognitively normal participants (mean age = 52 years)
in the Atherosclerosis Risk in Communities (ARIC) cohort,
greater number of midlife vascular risk factors was associ-
ated with elevated brain amyloid β deposition more than 20
years later (odds ratio = 1.41 per additional increase inmidlife
vascular risk factors). However, blood pressure in midlife
was not associated with brain amyloid β deposition in late-
life [60]. Similarly, in 942 individuals from the Mayo Clinic
Study of Aging, midlife hypertension was not associated with
late-life brain amyloid β deposition. However, midlife hy-
pertensionwas associatedwith late-life AD-pattern neurode-
generation, defined as cortical thickness in the middle tem-
poral, entorhinal, inferior temporal, and fusiform gyri [61].
Therefore, it can be concluded that hypertension may con-
tribute to AD primarily through a reduction in brain reserve
but not through amyloidogenesis pathways. Interestingly, in
a recent cross-sectional analysis of 1546 non-demented in-
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dividuals with a mean age of 62 (40% female), it was shown
that hypertension in midlife individuals (<65 years of age)
was associated with higher cerebrospinal fluid levels of tau-
related biomarkers. However, no correlation between blood
pressure and cerebrospinal fluid levels of amyloid β protein
was detected. Moreover, cerebrospinal fluid levels of tau pro-
tein were shown to mediate the link between hypertension
and cognition in midlife, but not in late-life (11% to 17% me-
diating effect) [64]. These findings further support the no-
tion that hypertension may contribute to AD development
through amyloid β-independent pathways and highlight the
need for future studies to better understand the mechanism
underlying the relation between hypertension and AD de-
velopment. That is, does hypertension directly lead to AD
and neurodegeneration, or are there indirect pathways con-
ferring additive risk to ongoing neurodegeneration?

3. Epidemiological evidence on the link
between hypertension and cognition

Epidemiological evidence linking hypertension and its
components—SBP and DBP—with adverse cognitive out-
comes is plentiful. A large number of observational studies
have established a strong link between hypertension and a
range of adverse cognitive outcomes [65]. Cognitive out-
comes studied in relation to hypertension include cognitive
function/decline,MCI, and dementia and its subtypes. While
cognitive function assessed by neuropsychological tests al-
lows capturing more subtle changes in cognitive function,
MCI or dementia are clinically relevant outcomes that have
stronger public health implications [10]. Hypertension has
been associatedwith all of these cognitive outcomes [4, 5, 66–
68]. In addition, a role for incident hypertension, preva-
lent hypertension, and prehypertension in relation to cog-
nitive deficits has been implicated. For example, in ~3000
middle-aged participants from the Vieillissement Sante’ Tra-
vail (VISAT) study, Rouch et al. [69] showed that both preva-
lent and incident hypertension were linked with a steeper de-
cline in global cognition. In the ARIC cohort, both hyperten-
sion and prehypertension were shown to increase the risk of
incident dementia [70]. Similarly, ELSA-Brasil cohort results
showed that hypertension and prehypertensionwere both as-
sociated with steeper decline in cognitive function (memory
and verbal fluency) [71].

While epidemiological evidence clearly points toward a
strong link between hypertension and worse cognitive out-
comes, attention has been paid to the age-dependent im-
pact of hypertension on cognition. Recently, results from
the Reasons for Geographic and Racial Differences in Stroke
(REGARDS) study showed that age modifies the relation-
ship between blood pressure and cognitive change over a
period spanning 8 years in older adults. It was shown that
with increasing age, higher blood pressure values were asso-
ciated with steeper global cognitive decline [72]. Further-
more, emerging evidence suggest that the negative impact
of hypertension on cognitive outcomes may start as early as

young adulthood, underscoring the need for primordial pre-
vention of hypertension [73]. In line with this, the recent
Lancet Commission statement indicates that hypertension in
midlife, but not in late-life, is among the 12 potentially modi-
fiable risk factors for dementia with a population attributable
risk of 2% [74]. Given the importance of age at hypertension
onset and its duration in relation to cognitive outcomes, be-
low we summarize evidence from observational studies that
focused on the relationship between hypertension—and its
components—with cognitive outcomes according to differ-
ent stages of life (Table 1).

3.1 Hypertension and cognition in early and middle adulthood
Substantial evidence from observational studies supports

that high blood pressure in middle aged individuals <65
years of age, especially if left untreated, is associated with a
higher risk of cognitive impairment 20–30 years later. The
Honolulu-Asian Study (HAAS) provided early evidence that
increasing SBP inmidlife (53± 5 years old) is associated with
an elevated risk of cognitive impairment approximately 25
years later [4]. In the HAAS study, for every 10 mm Hg in-
crease in midlife SBP, there was a 9% (95% confidence inter-
val [CI], 3% to 16%) increased risk of poor cognitive func-
tion, especially in those who were never treated with antihy-
pertensives [4]. One of the largest studies (>10,000 partici-
pants) showing a link betweenmidlife hypertension and late-
life cognitive decline was the ARIC study [5, 75, 76]. In the
ARIC cohort, hypertension and high SBP in midlife (45–64
years of age) were associated with a 20-year decline in pro-
cessing speed, verbal fluency, and global cognitive function
[5]. Moreover, the ARIC study results suggest that untreated
hypertensives had a steeper decline in cognition compared
to hypertensives on antihypertensive medication (effect es-
timates of –0.079 compared to –0.050) [5]. Results from the
National Heart, Lung, and Blood Institute Twin Study [43],
and theMale Cohort inUpsala study [77, 78] reported similar
findings: higher blood pressure in middle aged men is related
to steeper cognitive decline over a period spanning ten years
[43] and poorer cognitive function 20 years later [77, 78].
Few studies reported a null association between midlife hy-
pertension and cognitive function [79, 80]. However, these
studies are limited by cross-sectional designs or a short dura-
tion of follow-up. For example, the REGARDS study did not
find an association between hypertension assessed at 64 ± 9
years of age and cognitive function assessed only 40 months
later [80].

Hypertension and higher blood pressure values (particu-
larly SBP≥140mmHg) inmidlife have been also linked with
a higher risk of late-life dementia. In theHAAS study, midlife
SBP≥140 mm Hg compared to SBP<120 mm Hg was asso-
ciated with a higher risk of dementia over a 5-year follow-up
time [66]. In the ARIC cohort, midlife prehypertension and
hypertension were both associated with ~1.3-fold higher risk
of dementia over a median follow-up of 23 years [70]. In the
Framingham Offspring cohort, midlife (mean age 55 years)
SBP ≥140 mm Hg was associated with a 1.6-fold higher risk
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Table 1. Summary of key points from observational studies assessing the link between hypertension and cognitive
impairment.

Hypertension is linked with negative cognitive outcomes according to duration of hypertension and life-course time period:

Midlife hypertension is strongly associated with late-life cognitive impairment/dementia.

Young-to-midlife higher blood pressure exposure is associated with midlife cognitive impairment.

The association between hypertension and cognitive outcomes in late-life is complex and less consistent.

Distinct patterns of blood pressure changes over the life-course may be important predictors of late-life cognitive impairment.

of dementia over 18 years of follow-up [81]. Moreover, high
blood pressure in midlife has been consistently linked with
an increased risk for incident AD and vascular dementia [82–
84].

Taken together, growing evidence from epidemiologi-
cal studies suggests a strong link between midlife hyperten-
sion and late-life cognitive deficits. These findings support
the notion that the duration of hypertension during midlife
may represent an important determinant of late-life cogni-
tive deficits [9]. In line with this, longitudinal studies have
shown that a greater duration of time since hypertension on-
set is associated with worse cognitive outcomes in late-life
[85–87]. Moreover, blood pressure patterns during the life-
course may play an essential role in cognitive functioning, as
is discussed in section 3.3 below. However, there remains
several unanswered questions that need to be addressed in
future studies, such as (a) the optimal blood pressure level
that is most protective of cognition in late-life, (b) the pre-
cise period during which blood pressure may be most delete-
rious for cognitive outcomes, and (c) the age-dependent ef-
fect across the life course of antihypertensive treatment on
cognitive outcomes. Finally, to summarize the results of ob-
servational prospective studies on the link between hyperten-
sion and cognitive outcomes in midlife, it is worth noting the
results of a recent systematic review and meta-analyses [65].
In this study, 209 prospective studies published until August
2019 were identified that reported the impact of blood pres-
sure exposure on the risk of cognitive disorders in various
stages of life, from midlife to late-life. This meta-analysis in-
cluded prospective studies of participants with normal cog-
nition or noMCI at baseline, resulting in ~2 million individ-
uals included in the meta-analyses. The mean age of partici-
pants ranged from 35 to 93 years, and the mean duration of
follow-up ranged from 1.5 to 43 years. Overall, this meta-
analysis suggests that midlife blood pressure (defined at<65
years old) has a stronger impact on cognitive outcomes than
late-life blood pressure. Specifically, this study suggests that
according to longitudinal data: (1) midlife hypertension is as-
sociatedwith increased risk of impairment in global cognitive
function and executive function, but not with memory; (2)
midlife hypertension, SBP ≥140 mm Hg, DBP ≥80 mm Hg
and DBP change of ≥5 mm Hg are associated with 37% to
52% increased risk of dementia, and (3) midlife hypertension
and highDBP are associatedwith a higher risk of incident AD
[65], where DBP ≥90 mm Hg is associated with a 1.51-fold
increase in the risk of AD.

While most studies have focused on the link between
midlife hypertension and late-life cognition, emerging evi-
dence suggest that high blood pressure as early as childhood
may negatively impact cognitive function. In the CARDIA
study of young to middle-aged participants from their 20s to
60s years of age, it has been shown that cumulative years of
elevated blood pressure beginning in young adulthood have
a stronger impact on cognitive function [6, 7], as compared
to a single blood pressure measurement in midlife [6]. In
the same cohort, early-onset hypertension (at<35 years old),
but not late-onset hypertension (onset at≥35 years old), was
shown to be associated with lower global cognitive function,
executive function, and processing speed duringmidlife [87].
More recently, the Cardiovascular Risk in Young Finns Study
results showed that consistently high SBP values from 9 to
49 years of age are associated with worse episodic memory
and associative learning at 34–49 years of age [88]. Similarly,
Yaffe et al. [89] showed that consistently elevated SBP values,
especially in early adulthood, were associated with a greater
decline in late-life global cognitive function and processing
speed. Interestingly, in this study the link between high blood
pressure in midlife and cognitive function in late-life was at-
tenuated after controlling for early and late-life blood pres-
sure values [89]. Together, these results suggest that the
detrimental impact of hypertension on cognitive function
may start even earlier than midlife and underscores the po-
tential role for primordial prevention of hypertension in the
quest to help maintain cognitive function as one age.

3.2 Hypertension and cognition in late-life

Studies on the relation between hypertension and cogni-
tive outcomes in older adults have reported conflicting re-
sults. While some studies have reported a deleterious impact
of hypertension on cognition, many others have failed to find
such a relation. For example, results from the Cardiovascular
Health Study [90], FraminghamHeart Study [91], andNorth-
ern Manhattan study [92, 93] in older adults 65–75 years of
age suggest that hypertension is associated with a decline in
global cognition, executive function, processing speed, and
memory. However, in individuals with a mean age of 74± 6
years from the Chicago Health and Aging study, blood pres-
sure was not associated with a change in cognitive function
over 6 years [94]. Similarly, cross-sectional results from the
Italian Longitudinal Study on Aging [95] and East Boston
study [96] of older adults ≥65 years of age did not show a
relationship between blood pressure and cognitive function.
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On the other hand, other evidence suggests a curvilinear U-
shaped or J-shaped association between blood pressure and
cognition in late-life [67, 97–101]. Recent results from the
‘Septuagenarians, Octogenarians, Nonagenarians Investiga-
tion with Centenarians’ (SONIC) study among community-
dwelling older Japanese showed that higher SBP is associated
with lower cognition only among 70-year-olds, while among
90-year-olds, the opposite was found [102]. Glyn et al. [67]
showed that in those aged 65 to 102 years, both SBP <130
mmHg or≥160mmHgwas associated with worse cognitive
function as measured using a mental status questionnaire.
Similarly, a curvilinear association between blood pressure
and cognitive functionwas reported in a cross-sectional study
of ~5800 participants aged 65–104 years of age, where both
SBP <100 mm Hg and >140 mm Hg were associated with
lower MMSE scores [97].

Hypertension in the 7th decade of life has been shown to
increase the risk of MCI [93], while no strong link between
hypertension and risk of dementia has been reported. By con-
trast, most studies support an association between low blood
pressure and increased risk of dementia in late-life. For ex-
ample, in a pooled analysis of adults aged 55–85 years from
the Rotterdam study and the Göteborg H-70 study, higher
blood pressure was associated with reduced risk of dementia
in antihypertensive medication users [103]. The Kungshol-
men project showed similar results. Lower DBP increased
the risk of dementia and AD, especially in those taking anti-
hypertensives or carriers of the Apolipoprotein E (APOE) e4
allele [104]. In the Bronx Aging Study, low DBP was asso-
ciated with a 2-fold higher risk of dementia and AD among
adults>75 years of age [105].

Only a few studies have assessed the link between hyper-
tension and dementia subtypes, including vascular demen-
tia among older adults [83, 103, 106, 107]. However, results
are conflicting, showing both a positive relationship between
hypertension and future development of vascular dementia
[83, 106] or no relationship [103, 105, 107, 108]. It has been
suggested that the relation between blood pressure and vas-
cular dementia is age-dependent, such that high SBP is asso-
ciated with increased risk of vascular dementia only between
ages of 30 to 70, but not after 70 years of age [109]. It may
be challenging to elucidate the relationship between hyper-
tension and dementia subtypes as there is a high prevalence
of mixed neuropathologies among cases of dementia [110],
making such distinction between dementia subtypes difficult.

Taken together, observational evidence on the relation
between blood pressure and cognitive outcomes in late-life
does not show a consistent pattern. In fact, it appears that
the link between blood pressure and cognition is largely de-
pendent on the age at which blood pressure is assessed and
the interval between blood pressure and outcome assessment.
Furthermore, a non-linear curve may better explain the link
between blood pressure and cognition in late-life. Such di-
verse findings in studies of older adults could be attributed
to heterogeneous study populations, varied length of follow-

up time, effects of specific classes of antihypertensive med-
ications, or the confounding effect of other co-existing vas-
cular risk factors in older adults. Finally, it should also be
noted that other blood pressure components such as blood
pressure variability and orthostatic hypotension may play a
significant role in relation to cognitive deficits in late-life.
Both blood pressure variability and orthostatic hypotension
are more prevalent with increasing age and have been linked
to cognitive deficits [111, 112].

In summary, taking into account the results from observa-
tional studies on hypertension and cognitive outcomes in old
age and results from a recent meta-analysis [65] of prospec-
tive cohort studies up to August 2019, the totality of data sug-
gest that in late-life (defined as those>65 years old): (1) hy-
pertensionmay not be related to the risk of dementia andAD,
but is associated with progression from MCI to all-cause de-
mentia and worse episodic memory, (2) high SBP is not as-
sociated with risk of dementia, whereas excessively high SBP
≥180mmHg increases the risk of dementia by 1.45-fold (95%
CI of 1.03–2.06), (3) high DBP≥90mmHg is associated with
a 23% reduced risk of dementia, (4) there is a U-shaped re-
lation between DBP and AD where optimal DBP levels are
~90 to 100 mmHg for lower AD risk, and (5) excessive blood
pressure variability and orthostatic hypotension are associ-
ated with increased risk of dementia, while pulse pressure
does not seem to play a role.

3.3 Patterns of blood pressure over the life-course and cognitive
outcomes

Several studies have identified the pattern of blood pres-
sure changes over the life-course as an important determi-
nant of cognitive outcomes. The Adult Changes in Thought
study showed that in those aged 65–74 years who later de-
velop dementia, SBP is consistently high but also has a steeper
decline two years prior to dementia diagnosis [113]. How-
ever, among those aged >75 years who later developed de-
mentia, SBP consistently fell without any particular patterns
[113]. Similarly, the Kungsholmen project among dementia-
free individuals aged ≥75 years showed that both SBP and
DBP start to decline two–three years prior to a diagnosis
of dementia and continue to decline thereafter [114, 115].
The HAAS and Prospective Population Study of Women in
Gothenburg (PSW) cohorts showed similar patterns: a pat-
tern of steeper rise in blood pressure in midlife followed
by steeper decline after around 78 years of age in those
who developed dementia [116, 117]. The PPSW study also
showed that those who were on antihypertensive medica-
tions had a steeper rise in blood pressure in midlife, but also
an earlier and steeper decline in blood pressure compared to
those not on antihypertensive treatment [117]. These re-
sults were recently confirmed in the ARIC cohort [118]. The
ARIC cohort included 4761 individuals aged 44–66 years at
baseline (59% women, 21% Blacks) and 66–90 years of age
at follow-up. This study showed that those with hyper-
tension from midlife to late-life, and those with a ‘midlife
hypertension—late-life hypotension’ pattern have 1.49- and
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1.62-fold increased risk of subsequent dementia diagnosis, re-
spectively [118]. Similar results were reported in the Age,
Gene/Environment Susceptibility (AGES)-Reykjavik Study,
where a pattern of midlife hypertension and late-life lower
DBP were associated with worse memory function in late-
life [119]. More recently, Cheng et al. [120] assessed the link
between BP trajectory changes 3 years before the diagnosis
of dementia in the Chinese Longitudinal Healthy Longevity
Survey study. Among >10,000 individuals aged ≥60 years,
stabilized SBP group (defined as SBP declining from 175 to
135 mm Hg, 6% of the population) was associated with a
higher risk of dementia compared with normal and elevated
SBP groups (the normal group was defined as SBP at 135
mm Hg, and the elevated group was defined as SBP rising
from 135 to 175 mm Hg) [120]. Overall, current evidence
suggests that hypertension in midlife, and a pattern of high
blood pressure in midlife and low blood pressure in late-life
are associated with impairment of cognitive outcomes [121].
There is limited evidence linking blood pressure trajectory
changes and dementia subtypes, including vascular dementia
and AD. Few studies that addressed this question include the
HAAS and PSW studies. In the HAAS study, the trajectories
of SBP changes were greater in those who developed vascu-
lar dementia than those who developed AD [116]. The PSW
study showed a similar pattern of rising in SBP followed by a
sharper fall in SBP in those with all-cause dementia, AD, and
pure AD [117].

Few studies have focused on patterns of blood pressure
starting from early adulthood (e.g., <40 years of age). Re-
cently, Hakala et al. [88] have identified the patterns of blood
pressure exposure from 9 to 50 years of age among 3596 in-
dividuals. In this study, 5 SBP patterns were identified: (1)
low-stable with consistently low SBP (18% of individuals),
(2) normal-stable with consistently <120 mm Hg (40% of
individuals), (3) moderate-stable with SBP level consistently
~120 mm Hg (17% of individuals), (4) moderate-increasing
with normal SBP in childhood but continuously increasing
from youth to midlife (20% of individuals), and (5) elevated-
increasing with elevated SBP in childhood and continuously
increasing blood pressure throughout adulthood (6% of in-
dividuals). Results suggest that the elevated-increasing SBP
group had worse cognitive performance in midlife (β = –
0.262 [–0.52, –0.005]) [88]. In another recent study, Yaffe
et al. [89] reported the trajectories of SBP from early adult-
hood to late-life, and its association with late-life cognitive
function using pooled analyses of four large prospective co-
hort studies. In this study of ~15,000 individuals aged 20 to 90
years old, SBP values were low in early adulthood, increased
duringmid to late-life, and continued to increase steadily into
late life. Elevated SBP values, especially in early adulthood,
were associated with a greater decline in late-life global cog-
nitive function and processing speed [89]. Midlife high blood
pressure was also associated with late-life cognitive decline,
but this association was attenuated after controlling for early
and late-life blood pressure values [89].

In summary, current evidence suggests that there may be
different patterns of blood pressure exposure from childhood
to late-life in relation to cognitive outcomes. While during
mid to late-life a pattern of high followed by low blood pres-
sure appears to negatively impact cognition [121], in earlier
adulthood, a pattern of consistently elevated blood pressure
seems to be a dominant pattern for negative cognitive out-
comes. Given that the early and middle adulthood periods
are less likely to be confounded by the effect of medication
use and other co-existing vascular risk factors, patterns iden-
tified in these stages of life may be prone to less observational
study bias. Finally, the characterization of risk for cognitive
deficits according to blood pressure patterns may need to be
integrated into future risk assessment studies for better iden-
tification of those at higher risk of dementia.

4. Clinical trials: blood pressure lowering,
antihypertensive medications, and
preservation of cognitive function

As the most important contributor to the global burden
of disease, one of the most important modifiable risk factors
for cardiovascular disease, and one of the largest contributors
to morbidity and mortality worldwide, hypertension is an
ideal target for the study of preservation of cognitive function
[122, 123]. In this section, we reviewRCTdesigns and results
of blood pressure lowering studies to prevent cognitive im-
pairment or decline. In addition, we discuss key systematic
analyses and meta-analyses of blood pressure lowering and
cognition. We first discuss two recent high impact studies
thatmay be considered companion trials, Systolic Blood Pres-
sure Intervention Trial Memory and Cognition in Decreased
Hypertension (SPRINT MIND) and Action to Control Car-
diovascular Risk in DiabetesMemory in Diabetes (ACCORD
MIND).

4.1 SPRINT MIND
4.1.1 Design

SPRINT MIND is arguably the most influential of the
blood pressure lowering studies designed to preserve cog-
nition. SPRINT MIND is a sub-study of a parent study,
the RCT SPRINT, and assessed the effect of intensive SBP
lowering (goal: <120 mm Hg) versus standard treatment
(goal: <140 mm Hg) on prevention of MCI and demen-
tia among 9361 participants [124]. The parent study was
stopped early based on benefit of the intensive blood pressure
lowering strategy on the primary composite of cardiovascu-
lar outcomes and all-cause mortality. The primary outcome
of SPRINTMIND was the occurrence of probable dementia,
and the secondary outcome includedMCI and a composite of
MCI or probable dementia. An expert panel adjudicated cog-
nitive outcomes. Participants were 50 years of age or older,
had a SBP between 130 and 180 mm Hg, and had increased
cardiovascular risk, but were excluded from the study if they
lived in a nursing home, had a diagnosis of dementia or were
treated with medications for dementia, or had diabetes mel-
litus or a history of stroke [124]. Antihypertensive agents
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were provided free of charge, all major classes of blood pres-
sure lowering agents were included, and it was encouraged
but not mandated to administer thiazide-type diuretics as a
first-line agent, loop diuretics in those with chronic kidney
disease, and beta-adrenergic blockers if there was coronary
artery disease. Enrollment was between November 2010 and
March 2013. The intervention period had a median of dura-
tion of 3.34 years, and the total follow-up time had a median
duration of 5.11 years.

4.1.2 Main results

Of the 9361 participants who had a median age of 67.9
years, of which 3332 (35.6%) were women, adjudicated de-
mentia occurred in 149 persons in the intensive treatment
group and 176 in the standard treatment group representing
7.2 versus 8.6 cases per 1000 person-years, respectively, and
a hazard ratio (HR) of 0.83 (95% CI of 0.67, 1.04) [124]. The
risk of MCI, however, was significantly reduced by intensive
SBP lowering as there were 14.6 versus 18.3 cases per 1000
person-years, respectively, and a HR of 0.81 (95% CI of 0.69,
0.95). Similarly, the combined outcome of MCI and proba-
ble dementia were statistically significantly reduced in favor
of intensive SBP lowering treatment (20.2 versus 24.1 cases
per 1000 person-years and a HR of 0.85, 95% CI of 0.74, 0.97)
[124]. SPRINTMIND study follow-up continued for about 3
years after the main phase study was terminated, and the SBP
differences between the treatment groups favoring intensive
therapy went from 13 to 6 mm Hg.

The results have been met with enthusiasm in favor of in-
tensive SBP lowering to maintain cognitive function. Due
to the early study termination of the parent study, SPRINT
MIND may have been underpowered for the primary end-
point probable dementia [124]. SPRINT MIND is undergo-
ing an extension study which may help to clarify the results
in relation to an underpowered primary outcome [123]. In a
prior critique of SPRINT MIND, we recommended healthy
skepticism about blood pressure lowering to prevent cogni-
tive impairment or decline based on difficulty showing a ben-
eficial effect inmany other blood pressure lowering trials (de-
scribed below in other sections) [123].

4.1.3 Substudy results

In a MRI sub-study of cerebral white matter lesions and
total brain volume, intensive SBP lowering was associated
with a smaller increase in cerebral white matter lesion vol-
ume but a greater decrease in total brain volume, although the
absolute differences were minor [125]. In a domain-specific
cognition sub-study of SPRINT and amedian follow-up time
of 4.1 years, there was no statistically significant difference in
composite scores for memory; however, there was a steeper
decline of processing speed in the intensive treatment group.
The differences were slight, and possibly not clinically rele-
vant [126]. Finally, in a sub-study of AD imaging biomarkers
(hippocampal volume, regional atrophy, posterior cingulate
cerebral blood flow, and mean fractional anisotropy of the

cingulum bundle), there was a small but statistically signifi-
cant reduction in hippocampal volume that was higher in the
intensive SBP treatment group, consistent with the findings
for total brain volume [127].

4.2 ACCORD MIND
4.2.1 Design

SPRINT MIND was patterned after ACCORD MIND
with the main difference being the inclusion of patients
with type 2 diabetes mellitus in the latter study [128]. AC-
CORD originally included an intensive glycemic arm (goal:
hemoglobin A1c [HbA1c] <6%) and a standard treatment
arm (goal: HbA1c 7.0% to 7.9%); a lipid lowering arm in
53.8% of the total sample (placebo versus fenofibrate in par-
ticipants with low-density lipoprotein cholesterol [LDL-c]
levels <100 mg/dL); and a blood pressure lowering arm in
46.2% of the total sample of intensive (goal: SBP <120 mm
Hg) versus standard (goal: SBP <140 mm Hg) treatment
[128]. The intensive glycemic intervention was terminated
as therewas increasedmortality in that group, and all patients
were transitioned to standard glycemic treatment. The pri-
mary cognitive outcome was the Digit Symbol Substitution
Test (DSST). The secondary cognitive outcomes were verbal
memory and executive function. Cognition was assessed at
baseline, and at 20 and 40 months, respectively, in 2977 par-
ticipants, and brain MRI was evaluated at baseline and at 40
months in 503 participants.

4.2.2 Main results
The mean age of participants was 62 years, mean dura-

tion of type 2 diabetes mellitus of 10 years, and mean HbA1c
level of 8.3%, and there were no differences in cognition at
40 months in either the intensive SBP lowering group or fi-
brate treatment group [128]. However, there was a statis-
tically significant greater decline in total brain volume (by
–4.4 cm3; p = 0.01) at 40 months with intensive compared
to standard SBP treatment. Parenthetically, stroke was sta-
tistically significantly reduced with intensive SBP lowering
therapy in ACCORD [129] though this was not the case in
SPRINT, whereby the latter study was underpowered for
stroke outcomes, but numerically there were fewer strokes
in the SPRINT intensive SBP lowering group [123]. In a
separate analysis of a randomized open-label sub-study of
ACCORD, intensive glucose lowering was associated with
greater mean total brain volume at 40 months [130], how-
ever, by 80 months, there were no beneficial or adverse ef-
fects on cognition or brain MRI based on the ACCORD in-
terventions. Notably, there was a loss of separation in thera-
peutic targets between the treatment groups [131]. By com-
parison, in ACCORD at 1 year mean SBP was 119.3 mm Hg
and 133.5 mm Hg in the intensive and standard treatment
groups, respectively.

4.3 Two studies that support lowering blood pressure to preserve
cognition

We now discuss Systolic Hypertension in Europe (Syst-
Eur) trial [132, 133] and Perindopril Protection Against Re-
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current Stroke Study (PROGRESS) [134] as less recent RCTs
that provide support for lowering blood pressure in themain-
tenance of cognition.

4.3.1 Syst-Eur

4.3.1.1 Design. Syst-Eur had a vascular dementia project which
investigated whether lowering blood pressure could reduce
the incidence of dementia [132]. Participants included in the
study had no dementia at baseline, were 60 years of age or
older, and had a blood pressure of 160–219 mmHg/<95 mm
Hg. Active treatment was nitrendipine with the possible ad-
dition of enalapril or hydrochlorothiazide or both drugs to
achieve a SBP reduction of at least 20 mm Hg and below 150
mm Hg. Active treatment was compared to placebo. Cogni-
tion was assessed by theMMSE, and dementia was diagnosed
if the MMSE score was 23 or less, and DSM-III-R (the Diag-
nostic and Statistical Manual of Mental Disorders, third edi-
tion) criteria were met. Dementia subtype was determined
according to the modified ischemic score and consideration
of brain imaging or by the Hachinski score.

4.3.1.2 Main results. Among 2418 randomized participants
with amedian follow-up of 2.0 years, the incidence of demen-
tia was reduced by approximately 50% in favor of the active
treatment group (7.7 versus 3.8 cases per 1000-patient years;
21 versus 11 patients; p = 0.05) [132]. The median MMSE
score at baselinewas 29 in both groups, and during the course
of treatment the blood pressure was lower in the active treat-
ment group (8.3 mm Hg/3.8 mm Hg). On average, MMSE
scores did not change substantially in either treatment group,
however, in control participants the MMSE score declined
with declining DBP, but in the active treatment group, the
MMSE scores had a marginal improvement with greater de-
cline in DBP [132]. The investigators estimated that 19 cases
of dementiamight be prevented if 1000 hypertensive patients
were treated for 5 years.

In an extended follow-up study to 3.9 years, active treat-
ment reduced the risk of dementia by 55% (43 versus 21 cases;
p < 0.001) [133]. Both AD and mixed or vascular demen-
tia were reduced by active treatment. The authors concluded
that the long-acting dihydropyridine calcium channel blocker
protected older persons with systolic hypertension from de-
mentia.

4.3.2 PROGRESS

4.3.2.1 Design. PROGRESS included 6105 participants (mean
age of 64 years) with prior stroke or transient ischemic attack
(TIA) [134]. The active intervention was perindopril with
or without indapamide, a thiazide-like diuretic, and the com-
parator was placebo. The primary cognitive outcomes were
dementia according to DSM-IV (the Diagnostic and Statisti-
cal Manual of Mental Disorders, fourth edition) criteria and
cognitive decline defined by a drop of 3 points ormore on the
MMSE.

4.3.2.2 Main results. During a mean follow-up time of 3.9
years, dementia was diagnosed in 6.3% of the participants in
the active treatment group and 7.1% of those in the placebo
group (relative risk reduction 12%, 95% CI of –8%, 28%; p =
0.2) [134]. Cognitive decline was diagnosed in 9.1% of those
in the active treatment group versus 11.0% of the placebo
treatment group (risk reduction 19%, 95% CI of 4%, 32%; p =
0.01). In the active treatment group, there was a statistically
significant reduction in the composite outcomes of recurrent
stroke with dementia (34%, 95% CI of 3%, 55%; p = 0.03)
and cognitive decline (45%, 95% CI of 21%, 61%; p < 0.001),
but there was no clear effect amongst those who did not
have recurrent stroke [134]. The combination of perindopril
plus indapamide therapies resulted in blood pressure lower-
ing of approximately 12/5mmHg, whereas perindopril ther-
apy alone resulted in a blood pressure lowering of about 5/3
mm Hg [134]. Combination therapy had a greater effect on
dementia than single therapy, however, the differences were
not definitive in relation to dementia or cognitive decline.
The authors concluded that blood pressure lowering with
perindopril and indapamide should be considered for all pa-
tients with cerebrovascular disease.
4.4 Neutral studies of the relationship between blood pressure
lowering or treatment and preservation of cognition

We summarize key elements of a number of RCTs that
show neutral results in relation to blood pressure lowering
and preservation of cognition in Table 2 (Ref. [135–143]).
4.5 Systematic reviews and meta-analyses of blood pressure
lowering and cognition

We now briefly discuss recent systematic reviews and
meta-analyses of blood pressure lowering or treatment and
incident dementia or cognitive impairment. We have limited
our review to publications in the past several years as these
studies represent the most up-to-date sources and databases.

In 2019 on the occasion of the publication of SPRINT
MIND, Peters and colleagues carried out a meta-regression
analysis in light of the 8 completed RCTs that have included
different approaches to blood pressure lowering and demen-
tia endpoints [144]. Whereas none of the RCTs showed a
clear beneficial effect, earlier studies that had higher baseline
blood pressure and those with the greatest reduction of blood
pressure from baselinemight be expected to yield positive re-
sults. In fact, the difference in SBP levels ranged from 2 to 17
mm Hg. In meta-regression analysis (>40,000 participants
from 8 studies), Peters et al. [144] showed that larger SBP
lowering (≥10 mm Hg) was associated with a more substan-
tial point estimate across the trials. SPRINT MIND was cer-
tainly congruent with the findings, and the meta-regression
results provided moderately strong supportive evidence and
no major harms in relation to blood pressure lowering. In a
subsequent meta-analysis report, Peters and colleagues pro-
vided no clear and consistent evidence of any blood pressure
lowering drug class being optimal for reducing the risk of in-
cident dementia or cognitive decline (over 50,000 individuals
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Table 2. Key elements of randomized controlled trials with neutral results in relation to blood pressure treatment or lowering and cognitive outcomes.
Study name
(publication date)

Participant
characteristic

Intervention Cognitive outcomes Main results Key conclusions

SHEP* (1994)
[135]

• N = 4736

Active treatment with chlorthalidone
(step 1), atenolol (step 2) or reserpine
if atenolol contraindicated versus
placebo.

Short-CARE administered at baseline
and 6-month intervals for screening
purposes, and once a cut-point is reac-
hed, the participant is referred for for-
mal diagnostic evaluation. In addition,
2034 participants received a Part II ev-
aluation of more specific cognitive tests.

• There were no differences between active
treatment and placebo groups in cognitive
impairment symptoms or mean changes be-
tween cognitive function tests.

Medical treatment did not cause deterioration
in cognitive function in elderly persons with
isolated systolic hypertension.

• Mean age = 72 years
(range 60 to 90 years)

• The active treatment group had an 11–14
mm Hg lower SBP level throughout the trial.

• 57% women, 14% Black

• Blood pressure at baseline
= mean 170.3/76.6 mm Hg

• Follow-up time = mean 5
years

SCOPE** (2004)
[136]

•N= 2098 (who did not re-
ceive additional antihyper-
tensive therapy after ran-
domization)

Candesartan versus placebo.

Cognitive function and dementia were
secondary outcomes (change in MMSE
score, significant cognitive decline de-
fined as≥4 point reduction on MMSE
score documented at 2 consecutive visits).

• The mean adjusted blood pressure reductions
were 21.8/11.0 mm Hg in the candesartan group
and 17.2/8.4 mm Hg in the placebo group resul-
ting in an overall treatment difference of 4.7/2.6
mm Hg in favor of candesartan treatment. At the
last visit, blood pressures were 144.1/80.0 mm
Hg (candesartan group) and 147.6/81.9 mm Hg
(placebo group).

Blood pressure lowering was associated with
no harm in relation to cognitive outcomes, and
the lack of a beneficial effect on cognition may
be explained by the relatively short follow-up
and small blood pressure differences between
comparator groups.

•Mean age = 76± 5

• There was no significant difference between
the candesartan and placebo groups in relation
to mean MMSE change, cognitive decline, or
dementia occurrence.

• 66% women

• Mean blood pressure at
baseline = 1645 ± 9/75 ±
9 mm Hg

• Follow-up time = mean
3.5 or 3.7 years.

• Preserved cognitive func-
tion at baseline

Volum
e22,N
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Table 2. Continued.
Study name
(publication date)

Participant
characteristic

Intervention Cognitive outcomes Main results Key conclusions

HYVET-COG***
(2008) [137]

• N = 3336

Slow release indapamide with the
option of adding perindopril versus
placebo.

After baseline and annual MMSE admi-
nistration, possible cases of dementia
were defined by a fall in the MMSE score
to<24 points or a drop of 3 points in 1
year with diagnostic verification by exp-
ert review meeting standard diagnostic
criteria (DSM-IV).

• The mean reduction in SBP favoring the active
over the placebo treatment group at 2 years was
15/5.9 mm Hg.

There was a short follow-up period because
the study was terminated early as there were
significant results for the primary cardiovas-
cular outcomes, however, the addition of the
HYVET-COG data to a meta-analysis provi-
ded favorable results in support of blood pr-
essure lowering to reduce the risk of incident
dementia.

•Mean age = 84± 3 years

• There were 263 incident dementia cases repre-
senting 38 per 1000 patient-years in the placebo
group and 33 per 1000 patient-years in the active
treatment group showing no statistically signific-
ant difference (HR: 0.86, 95% CI of 0.67, 1.09).

• 60% women

• Mean baseline blood
pressure = 160–200/<110
mm Hg

• Mean sitting SBP of 173
mm Hg and mean standing
SBP of 170 mm Hg

• Mean follow-up time =
2.2 years with at least 1
follow-up assessment

PRoFESS^ (2008)
[138]

• N = 20,332 ischemic
stroke patients

• 2× 2 factorial design of either asp-
irin 25 mg and extended-release dip-
yridamole 200 mg twice a day or clo-
pidogrel 75 mg a day and either tel-
misartan 80 mg or placebo once
daily. Telmisartan was considered to
be add-on therapy.

MMSE was compared at 4 weeks after
randomization and at the penultimate
visit.

In relation to key cognitive outcomes among the
various treatment groups, there was no signific-
ant difference in the median MMSE scores, the
percentage of participants with a MMSE score of
24 points or less, the percentage with a drop in
MMSE score of 3 points or more between 1 mo-
nth and the last study visit, or in the proportion
of patients with cognitive impairment or demen-
tia (as determined by clinical impression).

Cognitive decline in patients with ischemic st-
roke was not affected by telmisartan or either
of the antiplatelet regimens. The lack of a sign-
ificant difference may be explained by the short
follow-up period and relatively small reductions
in blood pressure compared to other studies.

•Mean age = 66± 8 years

• At 1 month SBP was reduced by
telmisartan by 8.3 mm Hg and with
placebo by 2.9 mm Hg.

• 36% women

• Mean blood pressure at
baseline = 144 ± 17/84 ±
11 mm Hg

• Follow-up time = median
2.4 years

1440
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Table 2. Continued.
Study name
(publication date)

Participant
characteristic

Intervention Cognitive outcomes Main results Key conclusions

ONTARGET and
TRANSCEND^^
(2011) [139]

• N = 25,620 in ONTAR-
GET, and 5926 in TRAN-
SCEND. Data from the 2
trials were pooled.

The 2 trials provide different means
of blocking the renin-angiotensin
system (RAS). Secondary outcomes were cognitive im-

pairment established by investigator im-
pression or a score of≤23 on the MMSE,
and cognitive decline defined as a decre-
ase of≥3 points on the MMSE compared
between a baseline and follow-up study
exam.

• There were no clear beneficial effects on
cognition based on the different approaches
to blocking the RAS.

Although there were no clear beneficial effects
of RAS blockade on cognition, persons with the
lowest SBP had a greater likelihood of preserva-
tion of cognitive function though meta-regress-
ion analysis showed no clear benefits of BP low-
ering. Longer periods of blood pressure lowering
may be necessary to achieve microcirculatory and
subsequent cognitive benefit.

•Mean age ~66 years

• In ONTARGET, 7865 were alloc-
ated to ramipril, 7797 to telmesartan,
and 7807 to combination of the latter
2 drugs.

• The trials were not statistically powered
to detect small treatment effects.• 27% women in ONTAR-

GET, and 43% women in
TRANSCEND

• In TRANSCEND, 2694 were alloc-
ated to telmisartan and 2689 were al-
located to placebo, in those intolera-
nt to angiotensin converting enzyme
inhibitors.

• Follow-up time = 56
months

• Participants had cardio-
vascular disease or diabetes
mellitus at entry (but not
heart failure)

SPS3^^^ (2012)
[140–142]

•N=3020 patientswith re-
cent lacunar infarction, of
which 2916 had baseline
CASI scores

• 2× 2 factorial design of antiplatelet
therapy (aspirin versus aspirin plus
clopidogrel) and blood pressure low-
ering therapy to a target SBP<130
mm Hg versus 130–149 mm Hg.

Change in the Cognitive Abilities Screening
Instrument (CASI) during follow-up. The
CASI measures global cognition, attention,
concentration, orientation, short-term me-
mory, long-term memory, and other cogni-
tive domains. Other cognitive tests were
also administered.

• Changes in baseline CASI z-scores during
the follow-up period did not differ statistic-
ally significantly by antiplatelet or blood pr-
essure lowering treatment groups [141].

The authors concluded that cognition was not
influenced by either antiplatelet or blood press-
ure lowering therapies in relatively young par-
ticipants, and future studies should focus on
persons at higher risk of cognitive decline.•Mean age = 63 years • The mean difference in systolic bl-

ood pressure was 11 mm Hg between
the 2 target blood pressure groups at
1 year (138 mm Hg versus 127 mm
Hg), favoring the more intensive tr-
eatment group.

• In exploratory analyses, it was found that
close to 50% of the cohort of lacunar infarc-
tion patients had MCI [140], and the pattern
of MCI differed between Spanish- and Eng-
lish-speaking participants.

• 37% women, 16% Black

• Follow-up time = median
of 3 years and maximum of
5 years
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Table 2. Continued.
Study name
(publication date)

Participant
characteristic

Intervention Cognitive outcomes Main results Key conclusions

HOPE-3*,^ (2019)
[143]

• N = 2361 (1626 com-
pleted baseline and study
end cognitive assessments) 2× 2 factorial design comparing can-

desartan/hydrochlorothiazide versus
placebo and rosuvastatin versus pla-
cebo.

Digit Symbol Substitution Test (DSST),
modified Montreal Cognitive Assessm-
ent (m-MoCA), and Trail Making Test.

• There were no significant differences in any
of the cognitive measures according to treatm-
ent group.

Neither long-term blood pressure lowering nor
lipid lowering significantly influenced cognitive
decline.

•Mean age = 74 years

Part B at baseline and study end.
• SBP was reduced by 6.0 mm Hg in the cande-
sartan/hydrochlorothiazide treatment group
over placebo treatment.

• 59% women

• 45% with hypertension

• Follow-up time = median
5.7 years

*SHEP: Systolic Hypertension in the Elderly Program Study; **SCOPE: Study of Cognition and Prognosis in the Elderly; ***HYVET-COG: Hypertension in the Very Elderly Trial cognitive function assessment; ^PRoFESS:
Prevention Regimen for Efffectively Avoiding Second Strokes trial; ^^ONTARGET and TRANSCEND: Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpont Trial and Telmisartan Randomized
Assessment Study in ACE Intolerant Subjects with Cardiovascular Disease trial; ^^^SPS3: Secondary Prevention of Small Subcortical Strokes trial; *,^HOPE: Heart Outcomes Prevention Evaluation.
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from 27 studies) [145]. The latter findings challenge the hy-
pothesis that RAS blockade may be more likely to preserve
cognition.

In a separatemeta-analysis published in 2020 of individual
participant data from prospective cohort studies (n = 31,090
from 6 studies), Ding et al. [146] found no evidence that a
specific antihypertensive medication drug class was more ef-
fective than any other in reducing the risk of dementia. In
this particular analysis, the authors also concluded that those
persons using a blood pressure loweringmedication had a re-
duced risk of incident dementia (HR 0.88, 95% CI of 0.79,
0.98; p = 0.019) and AD (HR 0.84, 95% CI of 0.73, 0.97; p =
0.021) compared to those not taking blood pressure lowering
medication. However, there was no association between ad-
ministration of blood pressure lowering medication and in-
cident dementia or AD in those with normal blood pressure
[146].

In another publication from 2020 of 14 RCTs and 96,158
participants of which 12 addressed incidence of dementia, 8
reported decline in cognition, and 8 changes in cognitive test
scores, the mean age of subjects was 69 years and approx-
imately 42% were women [147]. At baseline, mean blood
pressure was 154/83.3 mm Hg. There was a reduced risk
of dementia or cognitive impairment among participants fol-
lowed for a mean duration of 4.1 years and who were taking
antihypertensive medication compared to controls (odds ra-
tio 0.93, 95% CI of 0.88, 0.99; absolute risk reduction 0.39%).
In addition, there was a reduction of cognitive decline (odds
ratio 0.93, 95% CI of 0.88, 0.99; absolute risk reduction
0.71%), but blood pressure lowering had no beneficial effect
on cognitive test scores.

Limitations of some of the above methodologies should
be noted. Sub-group and meta-regression analyses from sys-
tematic reviews may be prone to ecological bias, and use of
RCT data rather than observational data may be better suited
to resolve some of the challenging and unanswered questions
of interest.

5. Is blood pressure lowering alone sufficient
to maintain cognition?

Given that many persons who are at risk for cognitive im-
pairment and dementia are older and have multiple cardio-
vascular risks, it may be reasonable to conclude that reduc-
tion of blood pressure alone may not be sufficient to reduce
the risk of cognitive impairment and dementia as it may re-
quire a multi-domain approach of management of multiple
risks. A recent wave of studies has answered the call for such
clinical science, and the topic has been reviewed by one of
us in a separate publication [148]. This is further supported
by results of the recent Lancet Commission study suggesting
12 potentially modifiable risk factors for dementia: less edu-
cation, hypertension, hearing impairment, smoking, obesity,
depression, physical inactivity, diabetes, low social contact,
excessive alcohol consumption, traumatic brain injury and
air population [74]. These modifiable risk factors account

for 40% of dementia cases, with a population attributable risk
of 2% for hypertension alone [74]. In this context, a grow-
ing body of evidence has focused on the cumulative impact
of various vascular and metabolic risk factors and their in-
teraction on cognitive outcomes. For example, Petrova et al.
[149] showed that those with diabetes type II and hyperten-
sion may have a greater cognitive decline than normotensive
diabetic patients (n = 113, mean age of 56 years). Metabolic
syndrome, its components, and exposure to a higher burden
of vascular risk factors as defined by the American Heart As-
sociation/American Stroke Association (AHA/ASA) recom-
mendations have been consistently linked with poor cogni-
tive outcomes [1, 20, 150–153]. Therefore, a multi-domain
approach for the management of modifiable vascular and
metabolic risk factors could be more effective in preventing
dementia and/or its progression than a single component ap-
proach such as hypertension.

Of note, one of the studies provides promise that a multi-
domain approach to prevent cognitive decline in at-risk older
persons in the general population may be effective [154].
The RCT of interest is FINGER (Finnish Geriatric Interven-
tion Study to Prevent Cognitive Impairment and Disability)
[154]. The trial included persons 60–77 years of age who
were screened using the CAIDE (Cardiovascular Risk Fac-
tors, Aging and Dementia Risk Score) to assure high enough
risk (CAIDE scoreswere at least 6 points and cognitionwas at
a mean level or slightly below that expected for age). The ac-
tive intervention group had targeted diet, exercise, and cog-
nitive training, and vascular risk monitoring, whereas a con-
trol group was counseled on general health advice. The pri-
mary outcome was change in cognition according to a com-
prehensive neuropsychological test battery (NTB). Approxi-
mately 630 participants were recruited to each intervention
group.

Over a 2-year follow-up period, there was a mean change
of the NTB total z-score of 0.20 in the intervention group
versus 0.16 in the control group [154]. The between group
differences in the NTB scores annually was 0.022 (95% CI of
0.002, 0.042; p = 0.030), and there were 7% adverse events
in the intervention group (5% musculoskeletal versus 0%,
respectively) versus 1% in controls. Of note, in addition
to beneficial effects on overall cognition, the intervention
group showed significant positive effects on executive func-
tion, processing speed, and body mass index, dietary habits,
and physical activity. Such an intensive interventional pro-
grammay be difficult to adopt on a wider basis. A worldwide
FINGERS Network study has been implemented and is cur-
rently ongoing to seek further evidence of the influence of
cardiovascular risk reduction on dementia, AD and cognitive
impairment prevention in different populations [155]. Of
additional note, SPRINT MIND has an ongoing multi-year
extension study.

Finally, when considering multi-domain interventions,
one must take into account other variables such as pa-
tient frailty, multiple comorbidities, polypharmacy, life ex-
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Table 3. Blood pressure treatment target considerations for maintenance of cognition.
SBP target of 120 mm Hg for patients meeting SPRINTMIND trial eligibility criteria.

For patients not meeting SPRINTMIND eligibility criteria:

SBP target of≤130 mm Hg.

For patients not tolerant to a SBP≤130 mm Hg, aim for a SBP target range of 130–160 mm Hg.

Potential risks (e.g., syncope, electrolyte imbalance) and benefits of intensive BP reduction to reduce cognitive, cardiovascular and stroke outcomes are to be
considered.

Considerations for future BP lowering RCTs aimed at preservation of cognition:

Adequate sample size and follow-up time to ensure adequate statistical power.

Utilization of MCI and/or dementia as the primary outcome rather than individual neuropsychological tests.

Selection of patients with high enough cardiovascular risk.

Multi-domain intervention rather than a single domain intervention.

pectancy, and patient preferences, especially in relation to
values in older adults.

6. Perspectives on blood pressure lowering
and cognition and setting targets for blood
pressure lowering to maintain cognition

Observational epidemiologic study suggests that midlife
hypertension is significantly associated with cognitive im-
pairment and dementia in later life. In contrast, the larger
scale RCTs which have disparate study methodology, have
not consistently shown a beneficial effect of blood pressure
lowering on cognition. The RCTs, however, are informa-
tive in relation to the following key points [148]: (1) Ad-
equate sample size and follow-up time are desirable to as-
sure that the study is adequately statistically powered; (2) In
RCTs, it may be advantageous to utilize MCI and/or demen-
tia as the primary outcome endpoint(s) rather than individ-
ual neuropsychological test domains; (3) Selection of patients
at high enough cardiovascular risk seems prudent; and (4)
Multi-domain interventions may be more desirable than sin-
gle domain interventions (Table 3).

The precise blood pressure lowering target to optimize
cognition remains somewhat elusive. For example, the main
US blood pressure guidance statement suggests that blood
pressure lowering is reasonable to prevent cognitive decline
and dementia but does not set a specific blood pressure low-
ering target [156]. The recent Lancet Commission statement
recommends treatment of hypertension to a SBP target of
<130 mm Hg in midlife but does not address later life blood
pressure lowering targets [74]. Similarly, the US National
Academies of Sciences, Engineering, and Medicine provide
guidance that lowering blood pressure provides encouraging
but not definitive results in relation to preventing cognitive
decline and dementia but does not specify a blood pressure
lowering target [157].

Based on clinical experience and recent guidance state-
ments, and observational epidemiologic data, we provide
consideration of the following blood pressure treatment tar-
gets for individual patients (Table 3): (1) For patients who
meet SPRINT MIND study eligibility criteria, it may be rea-

sonable to aim for a SBP target of 120 mm Hg [124]; (2) For
other persons who can tolerate blood pressure lowering, it
may be reasonable to aim for a SBP lowering target of ≤130
mm Hg (a blood pressure lowering target utilized for a num-
ber of general risk conditions according to the 2017 US guid-
ance statement) [156]; and (3) As there are still many un-
knowns and challenges in relation to blood pressure lowering
and maintenance of cognition which are referred to below,
other persons who have difficulty lowering blood pressure
or do not tolerate blood pressure lowering to the aforemen-
tioned levels, may be candidates for a SBP level range of 130–
160 mm Hg. One should keep in mind that potential bene-
fits of blood pressure lowering on reduction of cardiovascu-
lar diseases and stroke must be balanced against the risk of
adverse events of blood pressure lowering such as dizziness,
syncope, and other adverse events [123, 158].

7. Caveats, unknowns, and challenges to
blood pressure lowering for maintenance of
cognition

A number of unanswered questions, challenges, and un-
knowns remain in relation to blood pressure lowering to
maintain cognition and serve as potential foci for additional
research. The questions and individual patient clinical cir-
cumstances may lead to a higher blood pressure target in cer-
tain cases (e.g., SBP target of 130–160mmHg) [123, 158]: (1)
Is it safe to lower blood pressure in very elderly persons [159],
as a number of observational epidemiologic studies suggest
a higher blood pressure may be better? (2) What should be
the blood pressure strategy if there is evidence of cognitive
impairment (is blood pressure lowering safe)? (3) State of
the cerebral arteries: are we risking causing more brain in-
farcts with blood pressure lowering in some persons, in deep
poorly collateralized brain areas, and can we predict who will
or will not tolerate blood pressure lowering by better under-
standing the mechanism of underlying cerebral artery com-
promise? (4) What is the best strategy for diabetic patients
(e.g., ACC/AHA guidance: blood pressure target: <130/80
mm Hg) [156]?
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