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1 | INTRODUCTION

The problem of population aging occurs globally, but the process
in western countries is not as rapidly accelerating as in Asia.! As
aging is happening worldwide, neurodegenerative disease numbers
are increasing in parallel.2® As Asia has the highest absolute num-
bers of older people, neurodegenerative disease occurrence in Asia
is unavoidable.* Recent data shows that population aging contributes

Yuda Turana, Robert Shen, and Michael Nathaniel contributed equally to this work.

Asia has an enormous number of older people and is the primary contributor to the rise
in neurodegenerative diseases such as Alzheimer’s and Parkinson’s disease. The ther-
apy of many neurodegenerative diseases has not yet progressed to the point where it is
possible to alter the course of the disease. Mid-life hypertension is animportant predic-
tor of later-life cognitive impairment and brain neurodegenerative conditions. These
findings highlight the pivotal role of preventing and managing hypertension as a risk
factor for neurodegenerative disease. Autonomic dysfunction, neuropsychiatric and
sleep disturbances can arise in neurodegenerative diseases, resulting in blood pressure
variability (BPV). The BPV itself can worsen the progression of the disease. In older
people with neurodegenerative disease and hypertension, it is critical to consider 24-h

blood pressure monitoring and personalized blood pressure therapy.

Alzheimer’s disease, hypertension, neurodegenerative, Parkinson

most to the increase of neurogenerative diseases in east Asia.” World
Alzheimer’s report in 2015 also showed that Asia has the highest num-
ber of people with dementia (22.9 million) compared to the European
region (10.5 million) and the American region (9.4 million).® The trend
is also predicted to increase if adequate interventions are not being
done.” Parkinson disease (PD), the second most common neurode-
generative disorder after Alzheimer disease (AD), also occurs more
commonly with increasing age. It affects more than 1.7% world popu-
lation aged 65 years or older.®? In China alone, it is suggested that PD
affects about 1,7-2 million (1-2%) population aged 60 years or older.1°
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In the rapid development of neuroscience, the treatment of various
degenerative diseases is not yet at the stage of treatment to modify
the course of the disease.’>12 Controlling neurodegenerative diseases’
risk factors, including hypertension, is critical as it is a significant risk
factor for target organ damage, including the brain.13-1 It strongly cor-
relates with brain aging, increasing AD and PD risk, especially in the
Asian population.””1¢ It is also known that each continent has its risk
factor differences regarding blood pressure variability (BPV), which
affects the susceptibility toward neurodegenerative diseases, includ-
ing in Asia.” This paper will discuss further the significance of brain
aging and BPV, and its impact on neurodegenerative diseases in Asia.

2 | HYPERTENSION AND OTHER RISK FACTORS
OF BRAIN AGING

CDC (Centers for Disease Control and Prevention) defines normal
brain aging as a slower processing speed and more trouble multitasking
with remaining stable (or just occasionally forgetting) routine mem-
ory, skills, and knowledge that may improve with age.” In line with
that definition, according to the new diagnostic criteria of AD, brain
aging is defined as normal if there is the absence of an upstream
AD biomarker, the AB in the brain or cerebrospinal fluid, neither
the downstream AD biomarker (CSF tau and phosphor-tau, decrease
glucose utilization, etc.).!® Brain aging is known as one of the most
relevant biomarkers of neurodegeneration which represents a combi-
nation of several homeostatic disruptions, such as protein aggregation,
DNA damage, mitochondrial dysfunction, lysosomal dysfunction, and
changes in epigenetic regulation. These disruptions of the homeostatic
process can result in various diseases depending on their origins in
brain locations and the pattern of propagation.’? Brain tissues are sus-
ceptible to aging because they are primarily composed of post-mitotic
cells, sensitive to age-dependent changes, such as DNA damage or
methylation.2>21 However, a recent study suggests that neurodegen-
erative diseases occurrence are determined by multiple factors such
as genetic predisposition, education, lifestyle, exposure to environmen-
tal risk factors (trauma, smoking, alcohol, drugs, or toxins), presence of
diseases (hypertension, dyslipidemia), early life developmental defects
of the brain, and spatiotemporal distribution of the lesions.1%22-25
In AD, genetic mutations, epigenetic modifications, cellular senes-
cence, and altered intercellular communications are associated with
the production and formation of amyloid-beta plaque, hindering brain
synaptic transmission and impairing mitochondrial function, activa-
tion of microglia, and production of inflammatory signals. In PD,
striatal dopamine deficit is caused by the process of a-synuclein pro-
teostasis, oxidative stress, mitochondrial dysfunction, disrupted axonal
transport, and neuroinflammation.2é Missense and loss of function
mutations in approximately 20 genes have been associated with the
occurrence of PD.2” Together, AD and PD pathophysiology are strongly
related to the advancement of age.®

One of the most prevalent and potentially modifiable brain aging
risk factors is arterial hypertension (Table 1). As a disease of aging,

hypertension is associated with neuroinflammation, disruption of cere-

bral microcirculation’s structural and functional integrity, disruption of
the blood-brain barrier integrity, and production of protein patholo-
gies such as beta-amyloid.?® It is suggested that vascular damages
caused by hypertension in the brain begin earlier in life and gradu-
ally become less reversible.2? Initially, cerebral arteries and arterioles
can still make structural adaptations, which results in an increased
wall-to-lumen ratio that reduces wall stress and increases segmental
resistance.3%31 Young cerebral vasculature may also have an enhanced
pressure-induced myogenic constriction response of segmentally con-
nected cerebral arteries and arterioles, ensuring high arterial pressure
is not transmitted to a more distal location, where it would damage the

thin-walled arteriolar and capillary microvessels in the brain.3233

3 | BLOOD PRESSURE VARIABILITY AS RISK
FACTOR OR CONSEQUENCE OF AGING

Maintaining normal BP is an important strategy in preventing neu-
rodegenerative diseases and cognitive decline, considering that hyper-
tension is a major modifiable risk factor that is most often found in
neurodegenerative diseases such as AD, stroke, PD, cerebral small
vessel disease (cSVD) and cognitive impairment due to other vascu-
lar causes. Whereas, the problem is 75%-85% of the elderly over 65
years were found to have hypertension.?238-41 Human BP fluctuates
widely throughout the day-to-night-time period. Research shows that
clinical use of BPV provides an accurate analysis of homeostatic BP
control mechanisms under physiological and pathological conditions
that affect autonomic control of blood circulation due to cardiovascu-
lar and non-cardiovascular disease within 24 h, as well as information
on the annual progression of organ damage due to hypertension.*?
Measurement of BPV provides broader information than mean BP
alone because it describes the annual trend of SBP and diastolic blood
pressure (DBP) that increases or undergoes biphasic changes with
aging, beat-to-beat to yearly variations.*3 Age has been calculated to
be the determinant factor of BPV, both variability in the calculation of
very short-term (beat-to-beat), short-term (24 h), medium-term (daily),
long-term (visit-to-visit in 5 years), and very long-term (visit-to-visit
more than 5 years).*

Large arteries rigidity as the consequence of aging has been found to
be significantly related to BPV although not directly in terms of causes
relation; In aging, there is an increase in the rigidity of blood vessels
which results in a rise in pulse wave velocity due to a faster blood-
stream which triggers an increasing central systolic pressure which
variably in the short term, indirectly causes BPV in 24 h.*4-4¢ There is
an interrelation between microcirculation and macrocirculation alter-
ations that affect blood flow resistance resulting in BPV due to an
increase in central systolic blood pressure (CSBP) in aging (Figure 1);
In aging of microcirculation, there is a decrease in the diameter of the
blood vessels lumen due to an increase in the media-to-lumen ratio
which disrupts the process of dilation of blood vessels, in the long term
there is an increase in vascular resistance which increases BP and BPV,
indirectly causing remodeling and rigidness of blood vessels and alter-

ing macrocirculation while ultimately increases pulse waves and CSBP



2% | WILEY

TURANAET AL.

TABLE 1 Study on hypertension as a risk factor for neurodegenerative disease by year order

References

Launer LJ, and

Design

Prospective cohort

Diseases

Dementia (not

coworkers, study specified) and MCI
1995.34 (The Honolulu-Asia
Aging Study)

Swan GE, and Prospective cohort MCI, decline in
coworkers, study neurobehavioral
1998.35 (The National Heart, functioning, and

Lung, and Blood brain atrophy
Institute Twin Study)

Igase M, and Comprehensive review Dementia (AD and
coworkers, on five randomized- VaD)
2012.27 controlled

trials

Gottesman RF, and Prospective cohort AD
coworkers, study
2017.%¢

Wei J, and Cross-sectional study MCI
coworkers, (The China Health and
2018.%7 Retirement

Longitudinal
Study/CHARLS)

Cheng YW, and Prospective cohort AD and MCI
coworkers, study
2020.22

Wrigglesworth J, and Systematic review AD
coworkers,
2021.2°

Follow-up

Size (n) duration

3735 28 years
(baseline in
1965-1968;
follow up in
1991-1993)

392 10 years

Key findings
The midlife SBP is a significant

predictor of later-life
cognitive impairment.

The midlife SBP can be used
as a predictor of cognitive
function and brain atrophy
in late life.

Conflicting results regarding
hypertension treatment
benefits in dementia

15,744 The vascular risk factors
(obesity, smoking, diabetes,
prehypertension,
hypertension, and
hypercholesterolemia) and
APOE &4 allele in midlife are
associated with an

increased risk of dementia.

25 years

6,732 - People aged 60 years and
over, the SBP and pulse
pressure significantly
correlated to cognitive
function. In this group,
untreated hypertension,
treated but uncontrolled
hypertension, and high SBP
become the risk factors for
cognitive decline.

295 2 years Follow-up for 2 years showed
that vascular risk factors
were not significantly
associated with cognitive

outcome.

Brain aging is associated with
genetics, lifestyle, health,
and disease, including
cardiovascular disease and
BP as physical markers.

52 papers, -
5-31,227
partici-
pants

Abbreviations: AD, Alzheimer’s Disease; BP, Blood Pressure; MCI, Mild Cognitive Impairment; SBP, Systolic Blood Pressure; VaD, Vascular Dementia.

with complications of end-organ damage.***748 Research shows that
aging on blood vessel rigidity affects systolic BPV more, while diastolic
BPV through its pathophysiology is influenced by endothelial func-
tion and the autonomic nervous system; But aging itself affects both
systolic BPV and diastolic BPV.#7->1

The effect of aging on BPV, both as a risk factor and as a con-
sequence, still needs more confirmatory research because there are
still studies with different results. Adoor and coworkers in explorative
research on the healthy group found that aging affects the imbalance

of neural regulation on cardiovascular so that there is a significant

difference in BPV with aging and also significantly reduces barore-
flex sensitivity (BRS).>2 Long-term BPV and BRS reduction on aging
were also related to poor cardiovascular outcomes and increased
mortality.51 On the other hand, Veerman and coworkers found that
there was no effect of aging on BPV because BPV in resting condi-
tions in the normotensive group did not significantly differ between the
elderly group compared to the adolescent and adult groups; however,
it was found that along with aging, there was a decrease in DBP vari-
ation when in standing position and decrease of pulse (R-R) interval

variability.>®
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FIGURE 1 Effectof aging on BPV. Notes: BPV (Blood Pressure Variability); BV (Blood Vessels); CSBP (Central Systolic Blood Pressure)
4 | NEURODEGENERATIVE DISEASES IN ASIA China, and the surrounding Western Pacific and South Asian coun-

ETHNICITY HAS GREATER IMPACT THAN OTHER
RACES

Research on neurodegenerative diseases and their relationship to eth-
nicity still requires population studies with large samples to show
multi-ethnic variations of brain maps in various neurodegenerative dis-
orders; The UNITED (Uncovering Neurodegenerative Insights Through
Ethnic Diversity) consortium stated that currently neuroimaging sam-
ples for the study of their relationship to genetic variants and cohorts
data mostly come from Europe and North America, but data from
Asia, Africa, and South America are still under-represented.”* As
the most populous region globally, Asia, with its rapidly increasing
aging population, also is the greatest contributor to neurodegen-
erative diseases, such as dementia. This change in epidemiological
status is influenced by various factors such as genetic ethnicity fac-
tor, alteration in demographic profile, urbanization, literacy, perception
toward aging, environmental factors, and even the development of
medical tools and knowledge, including neuroimaging modalities.>” In
Asia itself, Wong and coworkers found that there were ethnic differ-
ences of neurodegenerative diseases neuroimaging markers in three
major Asian ethnicities, which are Chinese, Malays, and Indians, with a
higher burden of neurodegenerative markers (cognitive performance,
intracranial stenosis, and cortical atrophy) in Malays and Indians than
in the Chinese.>®

As a consequence of population aging, it is predicted that in 2050
there will be 2.7 times more dementia cases than in 2019.57 Dementia
prevalence in Asia has been known previously to be lower than demen-

tia prevalence in Western.>> However, the numbers especially in India,

tries are forecasted to quadruple between 2001 and 2040, compared
to just double in developed countries. This issue can be caused by a
more massive population aging condition, altered demographic profile,
urbanization, environmental changes, and advances in neuroimaging
modalities.”® And because Asia is more populous, the region with the
most dementia will be Asiawith 22.9 million while that of Europe is 10.5
million and the America region is 9.4 million.® A recent analysis for the
Global Burden of Disease Study 2019 also showed that dementia inci-
dences in North America and Europe are decreasing, potentially due to
a better educational system and better management of cardiovascular
disease and its risk factors.” Some regions in Asia, including Indonesia,
predicted a more rapid increase in dementia prevalence. A dementia
study (cognitive decline complained by an individual or a reliable infor-
mant, confirmed with an objective cognitive test, which interferes with
daily living activities) in Yogyakarta and Jatinangor on elderly aged >
60 showed a higher dementia prevalence than global prevalence with
20.1% and 29.15%, respectively. Both of these study populations are
dominated by patients with low education who reside predominantly
in rural areas, with lower occupational attainment, less active intellec-
tual and recreational activities, and last but not least take less fruit as a
daily diet.>7:¢0

Different from dementia, studies of PD in the relationship with eth-
nicity yielded mixed results in different time projections. Abbas and
coworkers by the descriptive and meta-analysis study using the review
papers up to May 2017 showed that the prevalence and incidence rate
of PD is slightly lower in Asia compared to Western countries; and this
issue could be explained by different environmental and genetic risk

factors, although no firm conclusions can be drawn due to the small
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number of Asian studies.” However, the meta-analysis by Pringsheim
and coworkers and epidemiological studies of prevalence conducted
in the USA and New Zealand show that the prevalence rates of PD
in Asia are lower than in Western countries only in the 70-79 year
age group.®1-%* This review on prevalence also showed sex differences,
where there was a predominance of PD in the males; On the other
hand, in Japan and South Korea, the prevalence of PD in females was
reported to be higher than in males unlike what is seen in other coun-
tries globally.%2 Due to the large populations in Asian countries and also
because populations aging is happening rapidly in Asia, by 2030 the
number of PD cases in the Western Pacific Region (Parts of Asia, Ocea-
nia, and Pacific countries, including China, Australia, and New Zealand)
and China is estimated to be more than half (60%) of the total PD
population in the world.6265.66

5 | BRAIN AGING AND BLOOD PRESSURE
VARIABILITY IN DEMENTIA AND PARKINSON'’S
DISEASE

Three components determine hemodynamic regulation: BP, blood flow,
and vascular resistance; The brain receives constant feedback infor-
mation from these three components to regulate BP.¢” Constant BP is
maintained by the autonomic nervous system that receives BP infor-
mation by sensory inputs of baroreceptors divided into high-pressure
arterial baroreceptors (carotid sinuses and aortic arch) and low-
pressure volume receptors that so-called cardiopulmonary receptors
(atrium, ventricles, and pulmonary vasculature).?®-7% These barore-
ceptors are very sensitive to arterial stretch. In chronic hypertension,
the adaptative response of baroreflex is blunted and the result-
ing inhibitory response fails to maintain arterial pressure and hence
impairs cardiovascular function.”1~7% With aging, baroreflex impair-
ment caused by autonomic dysfunction results in an increase in BPV
(Figure 1) (Tables 2).”% Aging-associated chronic hypertension may
cause blunted cardiovascular baroreflex because of vascular rigidity
and decreased neural-cardiovascular responsiveness. Under normal
conditions, the activation of the baroreflex to regulate hemostasis
depends on changes in BP, but with aging, the blunted baroreflex causes
anincrease in BPV due to the inability to maintain acute BP changes.”>
Other studies have found that baroreflex control impairment caused
by aging only impairs parasympathetic control, whereas sympathetic
control is not impaired and is well maintained even over several
decades.”>7¢ BPV is influenced by many factors, including behavioral
factors, mechanical factors, vascular factors, neural factors, humoral
factors, environmental factors, and genetic factors, which until now
are still not conclusive evidence.*377.78 However, the exact mecha-
nism of the relationship between hypertension and neurodegenerative
disease is still unclear. Inflammation is speculated to be a pathophys-
iological mediator between the two based on chronic inflammation
both systemically and in the central nervous system (CNS) caused by
hypertension resulting in decreased cerebral blood flow (CBF) and
blood-brain barriers disruption; As a result, proinflammatory cells and

neurotoxins that enter the brain parenchyma chronically cause neu-

roinflammation and ultimately damage brain functions that contribute
to anincreased risk of neurodegenerative disease during brain aging.%?

Hypertension has been found to be one of the modifiable risk factors
underlying chronic neuroinflammation, which activation of microglial
damaging neuronal and non-neuronal cells in the brain, leading to
an increase in dementia incidence that is most commonly caused by
AD and PD.”%89 |ncreased day-to-day BPV significantly increases the
risk and incidence of all subtypes of dementia and the development
of several brain pathologies including white matter hyperintensities,
microbleeding and microinfarct, although the use of BPV as an indi-
cator of the success of dementia prevention and intervention still
needs further investigation.8%-82 However, Ninomiya and coworkers
stated that BP association with dementia is still inconclusive.®3 Those
with midlife to late-life hypertension, and those with midlife hyperten-
sion followed by late-life hypotension, had a higher risk for dementia
incidence than the normotensive group.8384 By exploring the ambu-
latory BP in AD patients in China, Wang and coworkers found that
AD patients are generally characterized by night-time systolic hyper-
tension, day-time diastolic hypotension, and abnormal circadian BP
rhythm of reduced and reverse dipping, which refers to a lower
decrease of nocturnal BP and has higher night-time BP compared to
day-time BP, respectively.2> Elevated BPV is associated with neuronal
injury due to increased shear stress of blood vessels that leads to
small vessel disease and brain hypoperfusion; Dementia development
is more related to autonomic dysfunction due to CNS injury caused by
CNS BPV compared to absolute blood pressure values.818486 A seven-
year cohort study in South Korea proved that BPV is an independent
predictor and has a linear association with all subtypes of demen-
tia; it concluded that BPV reduction potentially becomes a dementia
prevention strategy.®” Controlling BPV as early intervention starting
from middle age might reduce the risk of cognitive impairment rather
than later in life, based on cerebral hemodynamic control to prevent
autonomic dysfunction, such as transient cerebral hypoperfusion due
to orthostatic hypotension, which affects around 30% of the elderly
population, the aim is to prevent brain hypoperfusion implicated in
dementia; Although optimal BP range for elderly depends on earlier
blood pressure characteristics.8388:87

PD as a CNS neurodegenerative disease also has autonomic
dysfunction due to cardiac sympathetic nerve degeneration, which
accounts for about 40% of non-motor symptoms of PD, which can even
occur earlier before the onset of motor symptoms, with signs such
as changes in BPV from OH and postprandial hypotension to supine
hypertension.”%-92 A meta-analysis of case-control studies by Ng and
coworkers in Asian populations, showed that hypertension increases
the risk of PD by 1.9 times, but there are genetic and environmen-
tal factors that may influence it because, in the Caucasian population,
hypertension was found to be a protective factor of PD.2¢ Autonomic
dysfunction that occurs in PD is caused by a neuropathological pro-
cess by abnormal deposits of a-synuclein forming neuronal inclusions
of Lewy body that are found in autonomic neurons in peripheral nerves
and also in CNS, particularly in substantia nigra pars compacta (SNpc)
and locus coeruleus (LC) causing neurodegeneration.”®?% Shen and

coworkers found that the BPV in the advanced stage of the PD group
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TABLE 2 Study on association of BPV and neurodegenerative disease by year order

Reference

Senard JM, and
coworkers,
1992110

Plaschke M, and
coworkers,
1998108

Ejaz AA, and
coworkers,
2006%°

Schmidt C, and
coworkers,
2009197

GuoH, and
coworkers,
2010116

Ninomiya T, and
coworkers,
201184

Sommer S, and
coworkers,
2011111

Tarumi T, and
coworkers,
2015114

Wolters FJ, and
coworkers,
2016%7

Qishi E, and
coworkers,
201781

TanakaR, and
coworkers,
2018112

Walker KA, and
coworkers,
201988

Design

Cross sectional study

Cross sectional study

Cross sectional study

Cross sectional study

Cross sectional study
(The J-SHIPP Study)

Prospective cohort
study
(The Hisayama Study)

Cross sectional study

Cross sectional study

Population-based
prospective cohort
study

Prospective cohort
study
(The Hisayama Study)

Cross sectional study

Prospective cohort
study

(The Atherosclerosis
Risk in
Communities
prospective
population-based
cohort study)

Diseases

PD

PD and multiple
system atrophy

PD

PD, Multiple system
atrophy, and
supranuclear palsy

MCI

VaD and AD

PD

MCI

Dementia

All-cause dementia

PD

Dementia

Size (n)

38

37

13

99

144

668

40

40

6204

1674

137

4761

Follow-up
duration

32vyears

15.3 years

5.3years

30vyears
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Key findings

Orthostatic hypotension in PD is associated with
loss of circadian rhythm of BP, increased diurnal
BPV, and post-prandial hypotension.

Nocturnal hypertension is hypothesized to be a risk
factor in developing the additional
cerebrovascular disease in patients with PD or
multiple system atrophy affected by autonomic
failure.

PD patients have a high tendency for circadian
rhythm reversal, postprandial hypotension, and
nocturnal hypertension. ABPM better identifies
dysregulation of BP than just a one-time
measurement.

Patients with PD, multiple system atrophy, and
supranuclear palsy have a higher tendency of
pathological nocturnal BP regulation than the
control group. Nocturnal hypertension in
multiple system atrophy and PD patients is
associated with orthostatic hypotension events.

An abnormal nocturnal BP profile was a strong
indicator of MCl in otherwise healthy
community-dwelling elderly persons.

Midlife hypertension and late-life hypertension are
significant risk factors for the late-life onset of
vascular dementia but not for that of AD in a
general Japanese population. Midlife
hypertension is strongly associated with vascular
dementia, regardless of late-life blood pressure
levels.

There is a high prevalence of non-dipping patterns
in PD patients with and without orthostatic
hypotension. This result is independent of
coexisting arterial hypertension and
antihypertensive treatment.

A burden in the posterior cingulate and altered
dynamic CBF regulation strongly correlates with
attenuated reductions in sleep BP in patients
with amnestic mild cognitive impairment.

Orthostatic hypotension was associated with an
increase in long-term risk of dementiain a
population predominantly of European descent.

Increased day-to-day BPV is a significant risk factor
for developing all-cause dementia, VaD, and AD
in the general elderly Japanese population.

A relationship exists between a riser pattern
coexisting with orthostatic hypotension and
dementia in PD. Thus, investigating whether
abnormal nocturnal blood pressure profiles may
predict dementiain PD will be helpful.

Sustained hypertension in midlife to late-life and a
pattern of midlife hypertension and late-life
hypotension, compared with midlife and late-life
normal BP, are associated with increased risk for
subsequent dementia.

(Continues)
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TABLE 2 (Continued)

Reference Design Diseases

Arici Duz O, and Cross sectional study PD 35
coworkers,
2020%*

Chen S-W, and Cross sectional study PD 101
coworkers, (SFC BP Multicentre
202018 Study in China)

Yoo JE, and Population-based Dementia
coworkers, retrospective
202087 cohort study

Tan X, and Prospective cohort Dementia and AD 286
coworkers, study
202111°

Wang H, and Cross sectional study AD 106
coworkers,
20218°

ShenL, and Cross sectional study PD 75
coworkers,
202270

Size (n)

7844814

Follow-up

duration Key findings

- PD patients have a high tendency of non-dipping
and reverse dipping BP patterns, independent of
PD severity, drug dose, vitamin D and the other
non-motoric symptoms.

- Orthostatic hypotension can occur in one-fourth of
PD patients without abnormal BP history. A
reverse dipping pattern is suggested to be helpful
in suspecting orthostatic hypotension since it is
present in more than half of patients with PD

Since BPV is an independent predictor of
developing dementia and its subtypes, reducing
BPV may prevent dementia in the general
population.

6.2 years

24 years Reverse systolic BP dipping may represent an
independent risk factor for dementia and AD in
older men. Thus, investigating whether therapies
lowering nocturnal systolic BP below daytime
levels have an association with decreased

development of dementia will be helpful.

- AD patients have high nighttime systolic BP, low
daytime diastolic BP, and abnormal circadian BP
rhythm of reduced and reverse dipping. The AD
patients’ diastolic BP, especially in the daytime, is
adversely correlated with cognitive
deterioration.

- Reverse dipping was more common in PD patients,
especially the advanced PD patients. The 24-h
ambulatory BP monitoring is an important
method to evaluate the BP alterations in PD
patients. Thus, clinicians can prevent severe
clinical events.

Abbreviations: ABPM, Ambulatory Blood Pressure Monitoring; AD, Alzheimer’s Disease; BP, Blood Pressure; BPV, Blood Pressure Variability; CBF, Cerebral
Blood Flow; MCI, Mild Cognitive Impairment; PD, Parkinson’s Disease; VaD = Vascular Dementia.

was significantly higher than in the early stage of the PD group and
the normal group, also the differences between these groups in both
BPV and circadian BP rhythm measurements were statistically signifi-
cant, although there was no significant difference between the groups
of PD with predominantly tremor or non-tremor; This can allow BPV
examination to detect the progression of a stage of PD or various
abnormalities related to BP before other symptoms develop.”%%> It is
also in line with the findings of high SBP that is significantly associ-
ated with a decline of UPDRS Il (Unified Parkinson’s Disease Rating
Scale 1) motor scores and becomes a predictor of motor decline in PD
because of high SBP as the risk factors for white matter hyperinten-
sities development which increases the rate of motoric disability.”6-78
However, controlling blood pressure with therapy, especially in PD
patients with hypertension, will be more difficult due to BPV caused
by fluctuations in BP due to autonomic dysfunction and neuropsychi-
atric disorders and sleep disorders as complications of PD that disrupt
BP stability.”? In our clinical observation of 77 years-old male with PD
and rapid clinical deterioration with office BP 139/ 85 mm Hg without
a history of antihypertensive medication; During 24-h ambulatory BP

measurement, there was a large variation in BP, hypotension during the
administration of Levodopa 100 mg/ Benserazide HCI 25 mg, nocturnal
hypertension and morning surge (Figure 2).

Aging impacts the 24-h circadian rhythm where dysfunction may
further exacerbate the progress of neurodegenerative diseases such
as AD and PD.1% Among many physiological variables, autonomic
blood pressure regulation is one of the most studied variables of cir-
cadian variation which in turn has a high impact on cerebrovascular
and cardiovascular diseases.’01192 As there is a complex relationship
between circadian, and the widespread distribution of neuropathol-
ogy that happened in neurodegenerative diseases, it is difficult to
conclude any specific cause and effect.2%3 However, the hypothala-
mus’s degeneration of the suprachiasmatic nucleus (SCN), the “master
clock”, responsible for anticipating daily environmental changes and
adjusting their physiology and behavior, is suggested to be the core
cause. It is regarded as the circadian main pacemaker and coordinator
that maintains the synchrony of many central and peripheral tissues
by using both neuronal and humoral signals.194-107 A transcriptional-
translational feedback loop consisting of positive transcriptional
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FIGURE 2 BPVinParkinson’s disease patient without antihypertensive medication showed hypotension in 30 min to 1 h after Levodopa
100 mg/ Benserazide HCI 25 mg administration during 24-h ambulatory BP measurement

regulators CLOCK and BMAL1, and their negative feedback inhibitors
PERIOD, CYTOCHROME, and REV-ERB proteins are also suggested
to play the part in the circadian clock. Together with SCN, it is pro-
posed that circadian clock dysfunction may induce pathological toxic
protein aggregation and neurodegeneration, which is also reflected in
the abnormal BPV,100.101

Some abnormal BPV characteristic findings in PD patients are
reversing circadian rhythm, postprandial hypotension, orthostatic
hypotension, and nocturnal hypertension.”>108-112 A" proposed
pathophysiology is sympathetic denervation which may contribute
to supine hypertension during the night due to super sensitivity
of the vascular a-adrenergic receptors which causes exaggerated
vasoconstriction.’* Chen and coworkers found that more than half of
PD patients present with reverse dipping patterns; One-fourth of PD
patients were also found to have orthostatic hypotension even without
abnormal BP history, and in this group had a higher nocturnal SBP
level significantly and more severe autonomic dysfunction, non-motor
symptoms, and cognitive impairment compared to PD patients without
orthostatic hypotension.!13 The rise in nocturnal blood pressure was
also significantly associated with Dementia.'12 A study by Tarumi and
coworkers showed that nocturnal BP abnormality is associated with
a greater AB burden in the posterior cingulate and altered dynamic
CBF regulation in patients with amnestic mild cognitive impairment
(aMClI).1%* The normal dip in nocturnal BP is proposed to play an
essential role in the glymphatic system’s efficacy to remove neurotoxic
metabolites from the brain. If these toxins are not removed prop-
erly, they may aggregate to form plaques and neurofibrillary tangles
in the brain.1*> All of these BPV abnormalities found in neurode-
generative diseases are in line with the burden of cerebrovascular
lesions, cognitive decline, reduced cerebral blood flow, increased

electroencephalographic wave velocity, and the high risk of later
stroke 102.111,112,116,117

6 | MANAGEMENT OF HYPERTENSION IN
NEURODEGENERATIVE DISEASE

A recent meta-analysis consisting of nine randomized controlled tri-
als with 34.994 participants, especially older adults, aged more than
60 years by Gupta and coworkers showed that treatment of hyperten-
sion does not worsen cognition as previously feared by many. In fact, it
may be associated with a reduction in cognitive decline over time.18
Another meta-analysis by Hou and coworkers and Ng and coworkers
suggests that hypertension might increase the risk of PD, specifically
in the Asian population.®2¢ Those studies highlight the importance of
early diagnosis and treatment of hypertension, which will be essential
and critical for those with preclinical neurodegenerative disease.®118
The blood pressure target must also be personalized, especially in frail
and very old patients.’? The largest randomized clinical trial on the
evaluation of intensive blood pressure control on risk of dementia by
SPRINT (Systolic Blood Pressure Intervention Trial) Research Group
for 5 years in 9361 participants aged > 50 years old with hypertension
without diabetes or stroke history provided the benefits of intensive
blood pressure control (SBP goal less than 120 mm Hg) that signifi-
cantly reduced the risk of mild cognitive impairment and the combined
rate of mild cognitive impairment or probable dementia comparing to
standard blood pressure control group (SBP goal less than 140 mm
Hg); However, both groups showed that reduction in the risk of prob-
able dementia was insignificant due to the early study termination and
fewer dementia cases.®8

Relationships between lowering blood pressure and dementia risk
are less well-understood, particularly in very old age. An interesting
result from the Leiden 85 plus study showed that a 10 mm Hg increase
in SBP was associated with better cognitive performance in global tests
and several domain-specific tests in groups aged 80 or older. This study

explored that low BP in this age group may lead to insufficient cerebral
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perfusion, particularly in populations that have advanced cerebrovas-
cular damage.’?° The Vantaa 85 plus study also reported supporting
data, where lower SBP increased mortality among people aged 85 or
more with no significant relationship between baseline BP and demen-
tia occurrence. Hence, the use of antihypertensive in this special group
needs to be evaluated carefully.121.122

Studies suggest that BP decline precedes the onset of mild cognitive
impairment and dementia, although it remains unclear if this pattern is
the consequence of neurodegeneration or a risk factor for later cogni-
tive decline.36:123.124 A study by Stewart and coworkers tried to explain
what happens. This study showed that 58% of those diagnosed with
dementia had experienced a fall in SBP of at least 10 mm Hg over
the previous 6 years compared to 39% of those without dementia,
with an odds ratio of 2,10. Thirty-nine percent of dementia patients
had also experienced a systolic blood pressure fall of greater than
20 mm Hg compared to 24% of those without dementia, with an odds
ratio of 2,09.125 Increased arterial stiffness, deterioration in cerebral
autoregulation, and general metabolic changes associated with neu-
rodegeneration (weight loss and a fall in total cholesterol prior to the
dementia clinical onset) result from untreated midlife hypertension,
which all lead to hypotension later in life.125-134

These facts suggest the importance of early prevention of hyperten-
sionin modifying the risk of neurodegenerative diseases. It is suggested
that vascular damages caused by hypertension in the brain begin ear-
lier in life and gradually become less reversible.2? The effects of midlife
hypertension can be seen through arteriosclerosis measurement in the
brain.’3> BP in midlife is potentially a good target since many stud-
ies have found an association between degenerative disorders and
midlife hypertension. First, midlife hypertension significantly predicts
white matter hyperintensity volume progression and worse execu-
tive function.'3¢137 Moreover, other interesting studies by Walker and
coworkers have also found an association between those with midlife
and late-life hypertension and those with midlife hypertension and
late-life hypotension had both increased risk of dementia compared
with those who remained normotensive.83 An interesting note to be
highlighted here is that midlife hypertension is associated with higher
dementia risk irrespective of late-life blood pressure.8384120 These
suggest that hypertension at a younger age (significantly closer to
midlife) is harmful.3¢

An accurate BP record, especially 24-h blood pressure monitoring,
is significant because it can analyze an individual’s short- and long-term
BP fluctuations.111138.139 BP measurements must be cautious in PD
patients, which might lead to wrong assumptions since the patients
are susceptible to dysautonomia manifestations such as orthostatic
hypotension, postprandial hypotension, or supine hypertension.4°
The BP decline preceding the onset of mild cognitive impairment
and dementia may also lead to wrong assumptions; thus, it states
the importance of comprehending the pathophysiology behind the
issue.36:123124 As awareness and control are poor in most Asian
countries/regions, the highlight must be put on educating about
the importance of keeping normal blood pressure and reducing
other risk factors related to it, such as reducing obesity and salt

intake.1*1 Mental health problems in the hypertensive Asian elderly

have to be taken seriously whenever antihypertensive therapy is
given. It correlates with lower quality of life, lower rate of hyper-
tension treatment adherence, and higher mortality among elderly
individuals.4?

A comprehensive evaluation is a must in choosing medications since
different antihypertensive drugs have different effects on the intra-
and inter-individual blood pressure fluctuations. The first thing to con-
sider is finding a safe neuroprotective drug. As the nocturnal BP is a
big issue to be handled, Kario and coworkers suggested esaxerenone
may be a useful treatment option for this abnormality, especially in
riser patterns.'92 Esaxerenone is a novel drug for hypertension and dia-
betic nephropathies that received its first global approval in 2019; It is
anon-steroidal selective mineralocorticoid receptor (MR) blocker with
high potency and selectivity for MR compared to steroidal MR antago-
nists and has a renoprotective effect.143144 Middelaar and coworkers
showed that calcium channel blockers (CCBs) and angiotensin recep-
tor blockers (ARBs) have neuroprotective effects as seen by changes
in AD pathology, for example, plagques and tangles. Both options are
also associated with decreased risk of dementia, although a stronger
association was with CCBs.1#> CCBs, especially dihydropyridine, which
can penetrate the blood-brain barrier effectively, may regulate calcium
influx.146147 The calcium influx regulation by CCBs may have anti-
inflammatory effects, inhibit the production of pathological proteins
such as amyloid b and neurofibrillary tangles, and may improve cere-
bral blood flow, which prevents the production of pathological proteins
ongoing degenerative neuronal cell death.14¢

Choices of antihypertensive that can induce orthostatic hypoten-
sion or drug interaction must also be well evaluated so as not to
aggravate the symptoms of neurodegenerative disease, as many anti-
hypertensive medicines, as well as drugs used in the treatment of
PD, can make blood pressure fluctuate more.*® As mentioned earlier,
patients with PD often have autonomic dysfunction and neuropsychi-
atric and sleep disorders, which manifest as abnormal BP. These may
make PD therapy more complex because clinicians may have wrong
assumptions in treating supine hypertension, and antihypertensive
may worsen orthostatic hypotension, resulting in falls, physical decon-
ditioning, cognitive decline, and other cardiovascular events. Time to
administer antihypertensive should also be considered as some antihy-
pertensives administered in the morning do not have a lasting effect
until night. This may prone the patient with night-time high blood
pressure uncovered therapeutically.??:140

Other PD therapy, such as L-Dopa, dopamine agonist, or monoamine
oxidase inhibitors, may also affect BP fluctuations.1#?-1>4 |t is sug-
gested that some options such as levodopa sustained-release tablets,
dopamine receptor agonists, continuous infusions of levodopa or
dopamine agonists by intra-duodenal administration, or deep brain
stimulation may avoid BP fluctuations.1>>1°¢ But as not all facilities
have these modalities available, physicians may adopt the chronother-
apy concept, which tries to match the human body’s daily rhythms
and behavioral patterns such as sleep-wake, rest-activity, and fasting-
feeding cycles, by tailoring the timing of doses.157-160
In this way, drug administration modification may be done by divid-

ing the total daily dose into smaller but multiple doses to increase
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beneficial effects and/or minimize any adverse medication effects
across the day and night. The administration of sedative and anxi-
olytic drugs to modify nocturnal- and early-morning hypertension in
neuropsychiatric and sleep disorders can also be considered. Short-
acting pressor agents to control OH such as midodrine or droxidopa
should be preferred over long-acting agents such as fludrocortisone.
NSAIDs or SNRIs, which are not primarily used as pressor agents,
should be avoided since they can cause significant BP increases in
baroreflex dysfunction PD patients. Moreover, non-drugs and more
practical methods to treat postprandial and orthostatic hypotension
are also suggested since these options provide fewer side effects and
costs. The options include body positioning to 10-20° full-body head-
up tilt during sleep, eating frequent smaller meals, consuming enough
daily water (up to 2,5 L/day) and salt (6-10 g/day), and a careful daily

physical exercise.??161-165

7 | CONCLUSIONS

The predicted prevalence increase of neurodegenerative diseases is
strongly related to population aging and hypertension in Asia. Midlife
hypertension has been found to be an important predictor of later
cognitive impairment and neurodegenerative conditions of the brain;
however, the effectiveness of antihypertensive therapy on cognitive
improvement is still inconclusive, and further research is needed to
make evidence-based recommendations. BPV may cause alterations
in the macro-and micro-circulation and this could be one of the
pathophysiology mechanisms causing neurodegenerative diseases. It
is essential to consider personalized blood pressure therapy in the

elderly with neurodegenerative diseases.
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