
INTRODUCTION

Parkinson’s disease (PD) is a prevalent neurodegenerative
disorder with a rising global incidence (1). In China alone, it is
projected that the number of PD patients will reach five million
by 2030 (2). Autonomic dysregulation is an early symptom of
PD (3), which typically appears prior to the onset of motor
symptoms. Research indicates that approximately 70% of PD
patients experience autonomic dysfunction before the onset of
motor symptoms (4). The autonomic nervous system governs
various automatic functions, including heart rate, blood pressure,
digestion, and excretion. Notably, blood pressure abnormalities
are prominent manifestations of autonomic dysregulation,
resulting from impaired autonomic function and inadequate
cardiovascular response to postural changes (5-7). Examples
include neurogenic orthostatic hypotension (nOH), neurogenic
supine hypertension (nSH), and postprandial hypotension
(PPH). PD complicated by abnormal blood pressure can lead to
syncope, falls, fractures (8), and long-term damage to vital
organs such as the heart, brain, and kidney (9); significantly
diminishing patients’ quality of life and increasing mortality
rates (10). Additionally, managing these conditions is
challenging due to conflicting hemodynamics in nSH and nOH
and drug interactions for blood pressure treatment (6, 11).
Therefore, developing effective non-pharmacologic
management strategies for PD patients with abnormal blood

pressure is crucial. Currently, the diagnosis rate of PD
complicated by abnormal blood pressure (e.g., nOH, nSH, PPH)
remains relatively low compared to chronic essential
hypertension, indicating the need for increased awareness and
attention (12).

Search strategies

In accordance with the objectives of our research, we
employed the following keywords: Parkinson’s disease,
autonomic dysregulation, abnormal blood pressure, and
management. We conducted searches in PubMed, Embase, and
Web of Science databases from 2000 to 2022. The search
strategy utilized for PubMed was as follows: Search:
((((Parkinson’s disease) OR (Parkinson disease)) AND
(abnormal blood pressure)) AND ((management) OR
(intervention))) Filters: from 2000/1/1 – 2022/12/30. Similar
search strategies were applied in the other databases. A total of
77 articles were retrieved from PubMed, 132 articles from
Embase, and 58 articles from Web of Science. After eliminating
duplicate publications, the full texts of these articles were
meticulously examined and incorporated into the Endnote 20
reference management system. The inclusion criteria for final
selection encompassed articles that explored non-pharmacologic
approaches to managing autonomic dysregulation and abnormal
blood pressure in PD. These articles provided insights into
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recent advancements and innovative methodologies. Exclusion
criteria involved articles solely focused on pharmacological
treatment or conventional therapeutic methods, as well as those
unrelated to PD autonomic dysregulation, or abnormal blood
pressure. The reference lists of identified articles were
scrutinized for additional potential studies.

PATHOGENESIS OF PARKINSON’S DISEASE
COMPLICATED WITH ABNORMAL BLOOD PRESSURE

PD and the co-occurrence of nOH, nSH, and PPH are
common, with two or three of these conditions often presenting
simultaneously. This is attributed to a shared neurogenic
pathogenesis that has been widely acknowledged by experts and
scholars (13). Specifically, autonomic failure leads to
insufficient release of norepinephrine, disruption in blood
pressure regulation within the cardiovascular reflex arc,
impaired vasoconstriction in peripheral and visceral regions, as
well as compromised sympathetic and vagal stress reflexes.
These factors collectively result in abnormal effects on the
sympathetic nerves innervating the ventricular muscle, making
cardiovascular reflex arc lesions the primary cause of early
blood pressure abnormalities in PD patients.

Extensive evidence indicates that the mechanism underlying
PD complicated by nOH involves the failure of pressure
reflexes, severe deficiency in norepinephrine release, impaired
peripheral and splanchnic vasoconstriction, and an inability to
maintain blood pressure (14-16). When transitioning from a
supine or sitting position to an upright posture, venous blood
accumulates in the lower extremities and splanchnic circulation.
Consequently, there is reduced ventricular filling and an
inadequate increase in cardiac output, leading to a drop in blood
pressure and the development of nOH (17, 18). The dysfunction
of the baroreflex-mediated blood pressure control pathway and
hypersensitivity response to residual norepinephrine release may
also contribute to the occurrence of nSH (19). Additionally,
Arnold et al. demonstrated that elevated plasma angiotensin II
levels in autonomic failure and chronic activation of the renin-
angiotensin system were associated with the development of
nSH (20). Disruption of other pressure reflexes, including
vasodilatory centers and effector organs such as the heart, small
arteries, and veins, may also play a role in the mechanism of
nSH (21).

The mechanism of PPH remains incompletely understood
but may involve systemic sympathetic denervation, impaired
pressure reflex-cardiac vagal increase, and inadequate
compensatory sympathetic activation in PD patients. This
includes the lack of a pressure reflex-sympathetic increase in
postprandial visceral vascular pooling, all contributing to the
development of PPH (22). Some theories propose that this could
be attributed to insufficient compensation for the normal
physiological drop in blood pressure after meals. Patients with
PPH may experience increased visceral blood pool volume
following food intake and a delayed sympathetic nervous system
response to elevated heart rate, cardiac output, and systemic
vascular resistance, which helps maintain blood pressure
stability (23).

CLINICAL FEATURES OF PARKINSON’S DISEASE
COMPLICATED WITH ABNORMAL BLOOD PRESSURE

Clinical features of neurogenic orthostatic hypotension

Orthostatic hypotension (nOH), a debilitating manifestation
of autonomic dysfunction in PD, refers to a sustained decrease in

blood pressure (BP) upon standing. According to expert
consensus (11), the current definition of OH involves a systolic
pressure drop of ³20 mmHg and/or diastolic pressure drop of
³10 mmHg within three minutes of assuming an upright position
or tilting at 60 degrees. A heart rate (HR) increase of less than
0.5 beats per minute (i.e., DHR/DSBP ratio <0.5 bpm/mmHg)
per 1 mmHg decrease in systolic pressure is highly sensitive and
specific for diagnosing nOH (14). Patients with PD and nOH
exhibit lower levels of plasma norepinephrine (14), which serves
as a marker of sympathetic integrity, compared to those without
nOH. Episodes of nOH typically occur during standing and
resolve upon lying down. Symptomatology varies among
individuals depending on the extent of BP decline during
standing and individual adaptation to brain autoregulatory
mechanisms (24). Common symptoms include dizziness, blurred
vision, loss of consciousness, and syncope when there is a
significant drop in BP. Some patients may also experience
cognitive impairment, neck and shoulder pain, angina pectoris,
and falls (25). Symptoms of nOH are often most pronounced in
the early morning due to nocturnal intravascular volume loss
(14). Ambulatory blood pressure monitoring can aid in the
diagnosis and management of nOH. The severity of nOH
symptoms tends to increase with longer PD duration, greater
disease severity, older age, and levodopa usage (26).

Clinical features of neurogenic supine hypertension

Supine hypertension (nSH) is observed in 50% of PD
patients with autonomic failure (26). The American Autonomic
Society (AAS) and the European Federation of Autonomic
Societies (EFAS) jointly define nSH as follows (11, 21, 27):
systolic pressure ³140 mmHg and/or diastolic pressure ³90
mmHg after resting in the supine position for ³5 minutes. nSH
can be further categorized into mild nSH (140–159/90–99
mmHg), moderate nSH (160–179/100–109 mmHg), and severe
nSH (³180/³110 mmHg). In individuals with nSH, blood
pressure is elevated while in the supine position, and symptoms
are typically absent; however, some patients may experience
non-specific manifestations such as dizziness, fatigue, headache,
and blurred vision (28). Routine measurements and
examinations often fail to detect nSH since patients exhibit
normal seated blood pressure; nevertheless, nSH contributes to
long-term cardiovascular and cerebrovascular risks (21). If
necessary, 24-hour ambulatory blood pressure monitoring can be
employed. Up to 70% of nOH patients develop nSH (21). nSH
promotes nocturnal stress-induced natriuresis and volume
depletion (28). Frequent nighttime voiding disrupts sleep,
reduces nocturnal urine output, exacerbates morning nOH
symptoms, increases the risk of falls, and raises the likelihood of
hypertensive emergencies in individuals with nSH (24). Studies
have demonstrated associations between nSH and left
ventricular hypertrophy, renal impairment, and brain white
matter injury (26).

Clinical features of postprandial hypotension

Postprandial hypotension (PPH) is defined as a systolic
pressure drop of ³20 mmHg within two hours after a meal, or to
90 mmHg when the pre-prandial blood pressure is ³100 mmHg
(29). The severity of PPH correlates with insulin release (14).
Common symptoms include dizziness, visual disturbances,
presyncope, and syncope. PPH increases the risk of falls,
syncope, cardiovascular accidents, cerebrovascular accidents,
and all-cause mortality (30, 31). A meta-analysis (32) revealed
that the incidence of PPH in PD patients can reach up to 80%. It
often coexists with nOH, typically occurs after breakfast, and
predominantly affects the elderly.
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NON-PHARMACOLOGIC MANAGEMENT
OF PARKINSON’S DISEASE COMPLICATED WITH

ABNORMAL BLOOD PRESSURE (Fig. 1)

Comprehensive patient assessment, documentation of daily
activities, symptom screening, and understanding the patient’s
functional status are vital for managing abnormal blood pressure
in PD patients. Early detection of fluctuations, evaluation of
treatment tolerability and side effects, individual risk
assessment, and consideration of hemodynamic concerns are
crucial for diagnosis (26). Expert consensus (16, 33) emphasizes
non-pharmacologic approaches as a priority, such as adjusting
daily activities and implementing exercise therapy when
necessary. Non-pharmacological interventions like dietary
modifications, exercise programs, pressure garments, standing
training, hydrotherapy, physical therapy, education, and
psychological support can alleviate symptoms of nOH, nSH, and
PPH. However, their effectiveness varies among individuals, and
more severe cases may require pharmacological interventions
(25). Additionally, recommendations include neuromodulation
therapy, exercise therapy, psychological interventions, and
comprehensive care.

Non-pharmacologic management of orthostatic hypotension,
neurogenic supine hypertension, and postprandial hypotension

Non-pharmacological interventions aim to enhance the
quality of life for individuals with nOH by alleviating
symptoms, maintaining cerebral perfusion, optimizing
autoregulation, enhancing orthostatic capacity, reducing
symptom burden, prolonging standing time, and preventing falls
(14, 16, 26).

The objectives include: 1) increasing cardiac output and
blood pressure by augmenting venous return; 2) raising systemic
vascular resistance through vasoconstriction; and 3) expanding
blood volume (26). In cases where severe orthostatic intolerance
is present in nOH patients, a combination of pharmacological
treatment and non-pharmacological interventions may be
employed (34, 35). Generally, when both nOH and nSH coexist,
priority should be given to treating nOH, provided that nSH is
mild to moderate (24).

For managing nSH, the goal of non-pharmacological
interventions is to reduce nocturnal natriuresis (28) and maintain

moderate orthostatic stress (26). Decreased sodium excretion
improves morning orthostatic symptoms, reduces nocturia and
sleep disruption, and lowers the risk of cardiovascular and renal
diseases, as well as morbidity and mortality (8). However, there
are no official guidelines or specific blood pressure targets for
treating nSH (36). Antihypertensive medications are not
approved for patients with nSH, and large-scale clinical trials
and long-term efficacy studies are lacking (26). Non-
pharmacologic management is preferred for individuals with
mild nSH (26). When non-pharmacological measures prove
insufficient for those with moderate to severe supine
hypertension, pharmacological treatment becomes necessary,
but caution should be exercised to avoid lowering systolic
pressure below 130 mmHg during treatment (37).

In PPH management, individualized approaches and
treatment plans should be developed based on each patient’s
overall condition, complications, and tolerance. Given the
significant impact of diet on PPH severity (5), dietary
modifications and exercise are recommended as the initial
strategies for symptom improvement (25, 27).

Avoidance of inducing factors

A comprehensive medication review is essential to identify
and eliminate exacerbating factors. In patients experiencing
nOH worsening, adjustments and simplification of existing
medications should be made based on individual risk-benefit
assessment to avoid polypharmacy. This may involve reducing
the current dose or changing the dosing regimen (25, 38).
Additionally, it’s worth noting that levodopa and dopamine
agonists can also contribute to nOH through their side effects
(39). Modifying PD medication regimens can help minimize
blood pressure fluctuations in individuals with nOH. Drugs used
to raise blood pressure for nOH treatment can also increase nSH.

Patients should avoid lying fully supine and taking evening
doses of BP-raising drugs (the last daily dose should be taken at
least 3–4 hours before bedtime) to prevent potential supine blood
pressure elevation. Furthermore, avoiding long-acting BP-
raising drugs like fludrocortisone can reduce the occurrence of
sleep-related nSH (27, 28).

Polypharmacy (taking three or more drugs) is a risk factor
for postprandial hypotension, and the severity of PPH is
positively associated with the number of cardiovascular and
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psychotropic medications being taken (23). Therefore, it is
recommended to avoid medications that may cause
hypovolemia, particularly diuretics such as furosemide, which
have been shown to worsen postprandial hypotension and
potentially lead to PPH. Moreover, foods high in carbohydrates
and consuming hot meals (drinking a 50°C glucose solution
decreases blood pressure more than a 5°C glucose solution)
should be avoided (23), as they further decrease PPH.

Health education

Education plays a vital role in managing abnormal blood
pressure. The key objectives of patient education include: 1)
helping patients recognize symptoms; 2) providing understanding
of diurnal blood pressure variations and potential morning
hypotension symptoms; and 3) instructing patients to transition
positions gradually, avoid heat exposure, large meals, and
Valsalva-like movements during urination or defecation (24, 39).

Dietary interventions

Increasing water and salt intake: adequate blood volume is
crucial for managing nOH. Drinking 500 ml of water has a rapid
and significant BP-raising effect in patients with nOH (peaking
at approximately 30 minutes) (24, 39, 40), increasing water and
salt intake: adequate blood volume is crucial for managing nOH.

Carbohydrate snacks: consuming small amounts of high-
carbohydrate snacks before bedtime may slightly alleviate nSH
symptoms (26). This is achieved by redirecting blood flow to the
visceral circulation and triggering insulin release, which
possesses direct vasodilatory properties (41).

Limiting water intake before bedtime: excessive water
consumption close to bedtime can trigger a severe osmolarity
response in nSH patients. Therefore, it is recommended that
these individuals limit their water intake 60–90 minutes before
going to bed.

Low-salt diet: when nSH symptoms outweigh those of nOH,
reducing salt intake is an effective approach to manage supine
hypertension, although it may exacerbate nOH symptoms (26).

Smaller and more frequent meals: the volume and caloric
load of food significantly impact postprandial visceral
hypotension. Replacing three large meals with six smaller
ones per day, opting for low-carbohydrate foods, consuming
cooler ingested foods, and avoiding alcohol can improve
symptoms (25).

Pre-meal drinking: pre-meal drinking: it has been
demonstrated that pre-meal drinking alleviates blood pressure
drops in elderly patients and those with autonomic failure. This
simple and relatively safe intervention promotes gastric dilation,
stimulates the gastric vascular reflex, and activates sympathetic
nerves. Additionally, consuming alcohol before bedtime can
help reduce nocturnal nSH. However, it’s important to note that
while alcoholic beverages can dilate visceral vessels and lower
blood pressure, alcohol consumption is not recommended as a
treatment for nSH (16, 20, 27).

Postural and exercise interventions

To alleviate nOH symptoms, patients are advised to elevate
the head of their bed by 10–20° during sleep. This helps reduce
nocturnal sodium excretion and improves morning orthostatic
symptoms (28). Simple physical movements, such as crossing
legs, clenching fists, bending over, squatting, and engaging leg,
abdominal, gluteal, or whole-body muscles, can be incorporated
into daily activities to raise blood pressure (25). These
movements effectively decrease venous pooling, increase return
blood volume and cardiac filling, thereby enhancing cardiac

output, blood pressure, and cerebral perfusion. Activating the leg
muscles is particularly beneficial, as it boosts cardiac venous
return and filling pressure, preventing presyncope and syncope
symptoms through autoregulation even with a slight increase in
blood pressure (39). However, patients should be aware that
while these movements may temporarily improve symptoms,
they can worsen when returning to an upright position (25).

Avoiding complete supine positioning is an effective non-
pharmacologic strategy for managing nSH in most patients (14,
26). By inducing venous pooling below the level of the heart,
this approach reduces the severity of nocturnal nSH. It
minimizes pressure diuresis during nighttime supine positions
while maintaining activation of the renal angiotensin system. As
a result, it decreases the risk of falls when emptying the bladder,
reduces nocturnal blood volume loss, and alleviates nSH
symptoms (20). Simple postural changes, like sitting up, can
lower blood pressure back to normal levels and prevent potential
elevation associated with supine positions (26).

Physical exercise can improve symptoms and quality of life
in PD patients (42, 43). Therefore, it is crucial to encourage
individuals with this condition to engage in regular physical
activity. The recommended duration is a minimum of 150
minutes per week, ideally with at least 30 minutes dedicated to
exercise each day. It is important to maintain a moderate
intensity level, which can be determined by monitoring heart
rate, respiration, and perspiration. Evaluating exercise intensity
using the Borg scale (ranging from 6 to 20) is advised. Optimal
timing for exercise is within 30 minutes to an hour after taking
medication, maximizing its therapeutic effects. Diversifying
exercise routines is also beneficial, including aerobic activities
like walking, cycling, and swimming, strength training involving
weights and resistance bands, as well as balance exercises such
as yoga and tai chi (44). A minimum of two strength training
sessions and two balance training sessions per week are
recommended. It is essential to recognize that each patient’s
circumstances are unique, requiring personalized exercise plans
tailored to their individual needs. Prior consultation with a
physician or professional exercise therapist is highly
recommended before starting any exercise program.

Pressurized clothing

Long high-waisted compression stockings can increase
blood pressure by enhancing venous return. However, patients
with movement disorders often struggle to put them on, limiting
their practicality (14). An elastic abdominal band is a viable
alternative that significantly elevates blood pressure by
pressurizing the abdomen (20–30 mmHg) or thighs (30–40
mmHg) (45). Okamoto et al. (46) have demonstrated the
effectiveness of a new automatic abdominal inflatable
pressurizer in preventing nOH, with selective pressures of 20 or
40 mmHg when the patient is standing. This device shows
promising applications.

Appropriate traditional Chinese medicine techniques

Appropriate traditional Chinese medicine (TMC) techniques
primarily include acupuncture and Chinese herbal medicine.
Clinical evidence suggests that acupuncture or
electroacupuncture has a therapeutic effect on specific types of
hypotension (47). Acupuncture increases plasma norepinephrine
and epinephrine concentrations, inhibits the reduction in cerebral
blood flow rate, and improves symptoms of upright hypotension.
This indicates that acupuncture enhances cardiac function,
activates the peripheral sympathetic nervous system, and
mitigates nOH symptoms by preventing the decrease in cerebral
blood flow (48).
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In a study conducted by Chiu et al., 169 untreated nSH
patients were treated with acupuncture. Thirty minutes after
treatment, there were significant decreases in systolic pressure,
diastolic pressure, and plasma renin activity. However, no
notable changes were observed in plasma pressor or cortisol
concentrations. These findings suggest that acupuncture may
reduce supine hypertension by decreasing renin secretion (49).

Previous studies have indicated that acupuncture’s
mechanisms for regulating blood pressure involve interactions
between multiple systems and targets. It modulates endothelial
function, affects the renin-angiotensin-aldosterone system, and
inhibits oxidative stress. Additionally, acupuncture protects
target organs by improving endothelial function and
inflammatory responses (50). Nevertheless, meta-analyses have
shown limited evidence supporting a sustained antihypertensive
effect of acupuncture in treating chronic elevated blood pressure.
The short-term effects of acupuncture remain uncertain. Future
randomized controlled trials should employ sham acupuncture
controls and assess whether acupuncture maintains an
antihypertensive effect for at least seven days (51).

Herbal medicines also exhibit a modulating effect on blood
pressure. Combining herbal medicines with antihypertensive
drugs has demonstrated positive effects on blood pressure, blood
pressure variability, postmenopausal symptoms, quality of life,
and hormone levels compared to antihypertensive drugs alone.
Notably, no serious adverse effects were observed (52). Many
compounds derived from herbal medicines possess
pharmacological activity comparable to drugs. These
compounds often affect multiple targets and do not conform to
the conventional one compound/one target model of drug
discovery. Network pharmacology, a burgeoning field in drug
development, explores the potential of using multiple
compounds acting on multiple targets in combination (53).

However, existing randomized controlled trials evaluating
herbal medicines have limitations such as small sample sizes and
diverse outcomes, making it challenging to draw definitive
conclusions regarding their benefits and harms. While herbal
medicine may serve as a complementary and alternative
approach to primary and secondary prevention of cardiovascular
disease, further rigorously designed randomized controlled trials
are necessary to assess their impact on long-term hard endpoints
in patients with cardiovascular disease (54).

The incidence of abnormal blood pressure in PD is high, and
its symptoms are hemodynamically conflicting. Pharmacological
treatments for abnormal blood pressure in PD have unclear efficacy
and numerous adverse reactions. Non-pharmacologic interventions
offer safer and simpler alternatives with fewer adverse effects. This
paper provides a summary of non-pharmacological management
strategies.

For patients with neurogenic orthostatic hypotension (nOH),
avoiding triggers, receiving health education, increasing
circulating blood volume through salt and water intake, adopting
appropriate body positions, using elastic lap bands, and
employing TCM techniques such as medicinal dietary therapy,
acupuncture, and auricular point pressing can be beneficial.
Patients with supine hypertension (nSH) should avoid
aggravating factors, adopt specific body positions, follow
dietary recommendations, limit water intake before bedtime, and
utilize TCM techniques like acupressure, auricular pressure,
acupuncture, tea substitution, and Ba Duan Jin exercises. Local
heating of the abdomen has also shown to reduce nSH (8).
Polypharmacy should be avoided in patients with postprandial
hypotension (PPH). Dietary modifications, including smaller
and more frequent meals, pre-meal hydration, alcohol
abstinence, and post-meal walks, play a crucial role in managing
PPH. However, there is limited literature on the use of TCM
techniques for PPH treatment.

It is important to note that research on PD complicated with
abnormal blood pressure, such as nOH, nSH, and PPH, is scarce,
with small sample sizes, short follow-up periods, and limited
clinical trial data. More comprehensive data on the efficacy and
safety of non-pharmacological interventions for abnormal blood
pressure control in PD is needed. Additionally, while TCM
techniques have shown effectiveness in lowering blood pressure,
further studies with larger sample sizes are required, particularly
in China. Future efforts should prioritize patient safety by
exploring different non-pharmacological interventions and
supporting evidence-based non-pharmacologic management
measures for PD patients with abnormal blood pressure.
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