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Persistent postural-perceptual dizziness (PPPD) is characterized by one or more 
symptoms of dizziness, unsteadiness, or non-spinning vertigo, which persist on 
most days for at least 3 months. The most common symptom of PPPD worsens 
when standing or walking, often leading to confusion with other forms of orthostatic 
dizziness (OD). There are some main differential diagnosis as follows: hemodynamic 
OD, postural orthostatic tachycardia syndrome, vestibular syncope, BPPV, bilateral 
vestibulopathy, primary orthostatic tremor, sensory neuropathy, neurodegenerative 
disorders, cerebral small vessel disease associated with gait disorders, dizziness 
due to cardiac problems, orthostatic cerebral hypoperfusion syndrome, intracranial 
hypotension, and the possible mechanisms by which these diseases are associated 
with OD are briefly elaborated. However, the mechanism underlying OD in PPPD 
patients remains unclear. There are some impact factors of OD with PPPD, including 
sex and age, anxiety state and neurotic personality, comorbid vestibular disorders. 
There are some underlying mechanisms of OD with PPPD, such as altered activity 
and connectivity of cerebral cortical networks, vestibular-autonomic dysfunction 
and sensory-perceptual dysfunction, hemodynamic changes, changes in postural 
control, otolith dysfunction, visual and somatosensory dependence, neurotransmitter 
abnormalities. For patients with established PPPD, it is important to distinguish 
the etiologies of OD from other relevant diseases, enabling early intervention and 
preventing adverse effects on workability, and evaluate responses to therapies to 
reduce diagnostic errors and missed diagnoses.
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1 Introduction

Persistent postural-perceptual dizziness (PPPD) is a significant public health concern, 
accounting for the principal diagnosis in 20% of all dizzy patients in general neurology clinics 
(1). It is typically associated with moderate-to-severe disability and a poor quality of life (2). 
PPPD is characterized by one or more symptoms of dizziness, unsteadiness, or non-spinning 
vertigo, which persist on most days for at least 3 months (3). The most common symptom of 
PPPD worsens when standing or walking (4), often leading to confusion with other forms of 
orthostatic dizziness (OD) (5).

OD is a common complaint that causes gait and balance issues, often described as 
lightheadedness or a feeling of impending fainting with postural changes. It is frequently 
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reported in general practice and is defined as dizziness triggered by a 
change in body posture, such as moving from lying to sitting or sitting 
to standing (6). OD accounts for 42% of all dizziness cases and 55% of 
non-vestibular dizziness diagnoses, with a 12-month prevalence of 
10.9% and a lifetime prevalence of 12.5% (6). Statistics show that OD 
leads to syncope in 19% of affected individuals, falls in 17%, and 
traumatic injury in 5%, especially occurring in change of severely 
hemodynamic abnormality (7). In working individuals, OD is 
associated with a loss of work days in 12% (8). Historically, OD has 
been attributed to orthostatic hypotension (OH). However, the 
relationship between spontaneously occurring OD, measured OH, 
and symptoms of OD during postural testing is complex, as they do 
not correlate well and do not share the same epidemiological 
characteristics (9). With an increasing understanding of the various 
diagnoses related to OD (Table 1), there is a pressing need to improve 
the identification of underlying etiologies.

OD in the context of PPPD is generally considered benign, with 
somatosensory inputs such as touching fixed objects (e.g., furniture or 
walls), using gait aids, or holding onto others alleviating symptoms 
(10). However, many patients with OD suspected PPPD report more 
severe symptoms when standing or walking compared to sitting or 
lying down, which may lead to reduced work ability and increase the 
risk of adverse events, including syncope, trauma, and falls, 
particularly among elderly patients with comorbid conditions, which 
is a flag sign diagnosed from PPPD (11). Furthermore, OD can trigger 
or present as one of the most prominent symptoms, either associated 
with organic disease or in conjunction with PPPD. On account of this, 
when diagnosed PPPD with OD, clinicians firstly should 
be distinguished from hemodynamic orthostatic dizziness, chronic 
anxiety and depressive disorders, bilateral vestibulopathy, peripheral 
neuropathy, other clinical or subclinical gait disorders, cardiac 
problems, orthostatic cerebral hypoperfusion syndrome. Secondly, 
PPPD with OD also should be distinguished from positional dizziness, 
which is triggered by a change in the head position with respect to 
gravity. Therefore, it is essential to perform thorough differential 
diagnoses of PPPD with OD and better understand the possible 
mechanisms involved to guide clinical practice. This review aims to 

summarize the differential diagnosis of OD with PPPD and explore 
the potential mechanisms of common diseases associated with OD to 
enhance understanding and management strategies.

2 Differential diagnosis of OD with 
PPPD

2.1 Hemodynamic orthostatic dizziness

Patients with hemodynamic OD may experience sensations of 
veering from side to side when walking, and in severe cases, one may 
be  unable to stand or experience a pre-syncopal state. Detailed 
history-taking focusing on the patient’s symptoms can help to identify 
hemodynamic orthostatic dizziness. Clinicians need to ask patients if 
they are experiencing disequilibrium in their legs or lightheadedness 
during orthostasis.

2.1.1 Orthostatic hypotension
OH can arise from sympathetic adrenergic failure, which leads to 

inadequate peripheral vasomotor responses due to insufficient 
norepinephrine release from sympathetic nerves (neurogenic OH) 
(12). It is often associated with diabetic and non-diabetic autonomic 
neuropathy, neurodegenerative diseases such as Parkinson’s disease 
(PD) or multiple system atrophy (MSA), and primary autonomic 
failure (13). Additionally, non-neurogenic causes can include 
medications, hypovolemia, deconditioning, or systemic infections 
(non-neurogenic OH).

There are various patterns of OH in patients with OD. Blood 
pressure and heart rate responses vary in representative subjects with 
classic OH, delayed OH, early OH, and transient OH. Understanding 
these patterns can assist clinicians in comprehending the autonomic 
dysfunction mechanisms associated with OD.

2.1.2 Postural orthostatic tachycardia syndrome
Postural orthostatic tachycardia syndrome (POTS) is a common 

cause of OD. It is characterized by the emergence of orthostatic 
symptoms alongside a heart rate increase of 30 or more beats per 
minute upon standing (12). Females are more frequently affected than 
males. POTS may coexist with PPPD or exhibit similar features. The 
onset of POTS typically occurs between the ages of 15 and 50 (14).

The pathophysiology of POTS is complex and diverse. Potential 
causes include a partially denervated circulatory system, a 
hyperadrenergic state, hypovolemia, peripheral blood pooling, or 
prolonged bed rest (15). Some patients with POTS possess anti-
ganglionic (α3) acetylcholine receptor antibodies, indicating a limited 
form of autoimmune autonomic neuropathy (16). Additionally, 
hyperventilation and psychological factors may play a role in POTS 
development (17). Patients often display overlapping characteristics 
from several mechanisms.

In hyperadrenergic POTS, the pathophysiology merges with 
increased sympathetic nervous system (SNS) activity. Common 
comorbidities, such as deconditioning, autoimmune disorders, and 
autoantibodies, contribute to the POTS phenotype by entering the 
pathophysiological cascade at different points (18). Abnormal cerebral 
blood flow (CBF) is central to POTS pathophysiology, with findings 
indicating reduced cerebral perfusion, impaired autoregulation, and 
oscillatory CBF associated with cognitive dysfunction. Altered EEG 

TABLE 1  Considerations for the differential diagnosis of orthostatic 
dizziness with PPPD.

The 12 diagnoses of orthostatic dizziness with PPPD

Hemodynamic orthostatic dizziness (orthostatic hypotension, postural orthostatic 

tachycardia syndrome)

Vestibular syncope

Benign paroxysmal positional vertigo

Anxiety/depressive disorder

Bilateral vestibulopathy

Primary orthostatic tremor

Peripheral neuropathy

Gait disorder with cerebral small vessel disease

Neurodegenerative disorders

Dizziness due to cardiac problems

Orthostatic cerebral hypoperfusion syndrome

Intracranial hypotension
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amplitude modulation may reflect abnormal brainstem 
physiology (19).

POTS presents ongoing diagnostic and therapeutic challenges for 
clinicians in various specialties, including cardiology, neurology, and 
autonomic disorders (20). Enhancing clinician awareness is essential 
to addressing these challenges. Traditionally, POTS was seen as a 
peripheral nervous system dysfunction. However, recent studies 
suggest it should also be regarded as a central nervous system (CNS) 
disorder (21).

2.2 Vestibular syncope

Vestibular syncope is a newly recognized syndrome in individuals 
diagnosed with OD. Vestibular syncope, often resulted from vertigo-
related diseases and also probably accompanied PPPD, and 
comorbidity is prone to misdiagnosis. This condition involves vertigo-
induced hemodynamic changes that lead to syncope following vertigo 
attacks while in an upright position (22). Vestibular syncope is 
associated with various vestibular disorders and requires careful 
evaluation and intervention to prevent recurrent falls and 
significant injuries.

A study (22) retrospectively analyzed 53 patients with vestibular 
syncope. Of these, 20 patients (37.7%) experienced multiple episodes 
of syncope, and seven patients (13.2%) sustained potentially life-
threatening injuries. The most common underlying vestibular 
disorders were Meniere’s disease and benign paroxysmal positional 
vertigo (BPPV). Abnormal vestibular function tests included impaired 
cervical vestibular-evoked myogenic potentials and positive head 
impulse tests. However, many patients exhibited abnormal vestibular 
function without sufficient evidence to pinpoint specific 
vestibular disorders.

The dual reflex pathways—vestibulo-sympathetic and 
baroreflex—suggest that vestibular syncope is a neurally mediated 
reflex syncope. This is associated with sudden hemodynamic 
changes during vertigo (23). To ensure proper vestibulo-sympathetic 
reflex activity, accurately estimating gravitational and inertial 
accelerations is essential. This estimation relies on the functional 
integrity of both the velocity-storage circuit and the peripheral 
vestibular system (24, 25). Future studies with larger sample sizes 
and more detailed designs will be necessary to further investigate 
vestibular syncope.

2.3 Benign paroxysmal positional vertigo

BPPV should be distinguished from PPPD with OD. In cases of 
vertical canal BPPV, symptoms can occur not only when sitting up 
from a supine position but also when lying down from sitting. 
Conversely, PPPD patients with OD typically present symptoms only 
upon standing, without issues during other positional changes (26). 
Positional tests for BPPV should still be conducted in patients with 
OD, even if their dizziness is not positional (27). A study found that a 
considerable number of patients with OD were diagnosed with BPPV, 
accounting for 36.3% of cases (28). One explanation for OD in BPPV 
may be  otolith organ dysfunction. Alternatively, orthostatic 
intolerance could contribute to OD in these patients. Therefore, it is 
advisable to conduct orthostatic testing, such as orthostatic vital sign 

measurements or head-up tilt table tests, as part of the initial 
evaluation for individuals with simple OD.

On the contrary, OH as a common OD, can influence the 
recurrence of BPPV. A report indicated that OH may partially impact 
BPPV recurrence. Among 239 patients studied, 9% experienced a 
single recurrence, while 3% had multiple recurrences. The prevalence 
of OH in the overall BPPV patient population was found to be 8.3% 
(27). Two mechanisms can be considered regarding how OH leads to 
BPPV. First, a reduction in perilymph due to cerebrospinal fluid (CSF) 
hypovolemia may cause compensatory endolymphatic hydrops, 
resulting in vertigo and auditory dysfunction. Second, irritation of the 
vestibular and cochlear nerves in the internal acoustic canal, caused 
by venous engorgement, may affect the otolith organ (29).

Another study involving 58 BPPV patients revealed that 25 (43%) 
experienced residual dizziness after successful canal repositioning 
procedures. Orthostatic disorders were common among these 
complaints. The incidence of OH was significantly higher in patients 
with residual dizziness at follow-up—40% compared to 3% in those 
without residual dizziness (30). In BPPV, residual dizziness after 
treatment may be linked to sympathoneural autonomic dysfunction, 
contributing to OD. This investigation may enhance our 
understanding of residual dizziness mechanisms in BPPV patients.

These findings suggest that OD could be  a complaint among 
BPPV patients. Additionally, BPPV with OD may arise due to 
comorbidities with OH, which can occur during acute episodes or as 
residual dizziness post-treatment.

2.4 Chronic anxiety and depressive 
disorders

PPPD often accompanies chronic anxiety, including generalized 
anxiety disorder, agoraphobia, social phobia, obsessive-compulsive 
disorder, depression, and post-traumatic stress disorder (31). 
Therefore, when patients with chronic anxiety and depressive 
disorders report lightheadedness upon moving from sitting or supine 
to an upright position, OD related to PPPD should be considered in 
the differential diagnosis. Simple self-report questionnaires can 
effectively identify psychiatric morbidity (12). However, some 
dizziness patients with autonomic symptoms may not exhibit signs of 
psychiatric disorders.

A study (32) enrolled patients showing symptoms of autonomic 
dizziness. The autonomic tests included 45 min of head upright tilt 
(HUT), followed by 20 min of inhaling 5% CO2, and then another 
round of HUT, concluding with 2 min of voluntary hyperventilation 
and one more HUT. Most participants displayed signs of autonomic 
dysfunction, including abnormal heart rate, blood pressure, or 
respiratory responses to HUT. However, many of these abnormalities 
could be overlooked by current autonomic testing methods. Therefore, 
there may be a need to update autonomic testing protocols to identify 
clinically relevant issues in patients with dizziness.

Another study focused on patients with PPPD and had an equal 
number of subjects with other types of dizziness. Participants 
completed the Dizziness handicap inventory (DHI), hospital anxiety 
and depression scale (HADS) questionnaires. The DHI indicated 
significant disability in the majority of patients, whereas HADS 
revealed considerably higher levels of pathological anxiety in the 
PPPD group (33). Most patients in both groups experienced mild 

https://doi.org/10.3389/fneur.2025.1642869
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Dao Pei et al.� 10.3389/fneur.2025.1642869

Frontiers in Neurology 04 frontiersin.org

anxiety; however, those with pathological anxiety were more 
prevalent in the PPPD group. We  can consider only those with 
pathological anxiety as predisposed to developing PPPD. Nevertheless, 
a positive screen for anxiety or depression does not exclude an 
underlying disorder related to PPPD or other symptom causes, as 
psychiatric disorders frequently co-occur with medical issues. 
Heightened anxiety about postural stability leads to co-contraction 
of anti-gravity muscles, resulting in increased sensitivity of 
sensorimotor balance reflexes and rigid control of body sway. This 
causes a subjective sense of imbalance, which further intensifies 
anxious control of posture (34).

2.5 Bilateral vestibulopathy

Bilateral vestibulopathy (BVP) is a chronic vestibular syndrome 
marked by postural imbalance and unsteadiness of gait due to 
vestibular hypofunction. However, some patients with bilateral 
vestibular hypofunction may not exhibit clinical symptoms of BVP, 
which only present with OD, it is very easy to be confused with PPPD 
(35). Typically, BVP patients experience no symptoms whereas sitting 
or lying down in static conditions, as they do not heavily rely on the 
vestibular system in those positions. However, walking or making 
quick head or body movements can trigger blurred vision or 
oscillopsia (36). A bilaterally reduced or absent angular vestibulo-
ocular reflex (VOR) function is critical for diagnosing BVP. Symptoms 
such as dizziness or unsteadiness tend to worsen in dark environments 
or on uneven ground for patients with BVP, unlike those with other 
disorders, especially hard to distinguish PPPD (36).

When vestibular hypofunction is suspected, it is advisable to begin 
with the video head impulse test (vHIT). This test has a low burden 
on the subject (37). If the vHIT results are abnormal, further vestibular 
testing is unnecessary. However, if the vHIT results are normal, caloric 
testing may be  recommended. This is because caloric testing can 
be more sensitive than vHIT for detecting vestibular hypofunction in 
certain disorders, particularly Menière’s disease (38). Additionally, 
there may be  a dissociation between caloric testing and vHIT, 
especially in cases of endolymphatic hydrops due to altered inner ear 
mechanics (39). For BVP, rotatory chair testing can be included to 
enhance testing specificity (though not sensitivity) and to assess 
residual vestibular function. Responses to rotatory chair testing are 
often better preserved than those from vHIT or caloric 
stimulation (37).

The etiology of BVP varies based on clinical course and associated 
findings. Genetic abnormalities are increasingly recognized in both 
isolated and complicated forms of BVP (40). Recent advancements in 
vestibular function evaluation have significantly improved BVP 
detection, and the introduction of consensus diagnostic criteria by the 
Barany Society has facilitated related research. BVP can occur in 
various neurodegenerative disorders affecting the cerebellum or 
brainstem, such as spinocerebellar ataxia (SCA) and MSA (40). 
CANVAS (Cerebellar Ataxia, Neuropathy, and Vestibular Areflexia 
Syndrome) is characterized by late-onset ataxia, sensory neuropathy, 
and BVP (41). Genetics is playing an expanding role in identifying 
previously unknown causes of BVP. Vestibular prostheses may 
improve vestibular function, posture, gait, and quality of life for 
patients with BVP, thereby broadening therapeutic options in the 
near future.

2.6 Primary orthostatic tremor

Primary orthostatic tremor (OT) is marked by unsteadiness 
whereas standing, caused by a high-frequency (14–18 Hz) tremor in 
the legs or arms during weight-bearing (42, 43). In a population 
referred to a dizziness and balance clinic, primary orthostatic tremor 
accounted for 0.7% of patients. Thus, it may be a more common cause 
of dizziness than previously thought. It is also an important differential 
diagnosis for psychogenic dizziness and PPPD, both of which are 
characterized by subjective unsteadiness (12, 44).

PPPD with OD may be accompanied by tremor during upright 
posture, while OT can cause a sensation of imbalance while standing. 
These features should be considered in the differential diagnosis of OD 
in PPPD. Notably, OT symptoms improve quickly when patients sit or 
walk. In some cases, the urge to sit or move may be so intense that 
individuals with OT avoid situations requiring them to stand still (42). 
OT can be  diagnosed swiftly using Fourier frequency analysis of 
signals from a posturography platform or superficial 
electromyography (45).

Functional imaging studies suggest that abnormal activation of 
the ponto-cerebello-thalamo-motor cortex may underlie primary OT 
(46). However, the predominant evidence supports the notion of a 
central oscillatory network involving the cerebellum and its 
connections (47).

Research has identified consistent ponto-cerebello-thalamo-
primary motor cortical activations in OT patients (48), observed both 
at rest and during standing. Variations in neuronal excitability during 
upright posture might act as triggers for activating the OT circuit. This 
circuit includes the pontine brainstem tegmentum, the cerebellum, the 
ventral intermediate and posterolateral thalamic nuclei, and the 
primary motor cortex bilaterally. All these components may exhibit 
oscillatory behaviors, but the pontine tegmentum is likely crucial for 
tremor generation, especially compared to other tremor disorders 
(Figure 1) (48).

2.7 Sensory neuropathy

Patients with peripheral sensory neuropathies often report OD, 
and it needs to be differentiated from PPPD, especially feelings of 
unsteadiness, which sometimes appear more severe than the 
underlying neuropathy (49). Even when the loss of balance seems 
disproportionate, most individuals with significant large fiber 
peripheral neuropathy exhibit distal paresthesia, sensory deficits, and 
diminished ankle reflexes. Nerve conduction studies, Romberg tests, 
and measurements of blood pressure and heart rate during position 
changes can help differentiate between sensory neuropathy and OD 
(50). Additionally, dizziness due to postural imbalance may coexist 
with PPPD and OH when sympathetic vascular fibers are affected.

A study shows that vestibular dysfunction occurs in 53.2% of 
individuals with peripheral sensory neuropathy (51). This raises the 
question of whether the pathological process affecting peripheral 
sensory nerves may also impact the vestibular nerve. This possibility 
is supported by the similarity in histologic structure between the 
vestibular nerve and peripheral sensory nerves. In patients with type 
2 diabetes mellitus receiving primary healthcare, utricular function 
may be impaired even if they do not seek care for sensory or balance 
decline. This can occur despite the absence of horizontal canal 
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dysfunction or a history of falls (52). Thus, it is crucial to consider 
abnormal vestibular function in patients with type 2 diabetes mellitus 
who report dizziness, alongside peripheral neuropathy.

2.8 Neurodegenerative disorders (PD and 
MSA)

Dizziness and disequilibrium are common in PD and 
MSA. However, early diagnosis of these neurodegenerative diseases 
are challenging. When patients seek medical attention with chief 
complaints of unsteady gait or dizziness, they are prone to being 
misdiagnosed with PPPD. Both Parkinsonian gait and cerebellar 
ataxia can coexist in patients with OD, as PD and MSA are major 
causes of neurogenic OH (53). However, neurodegenerative disorders 
might compromise vestibular function, possibly influencing the 
symptoms seen in PD and MSA rather than being directly associated 
with OH.

The integrity of the VOR in patients with PD and MSA needs 
further investigation (54). During vHIT, reversed and perverted 
catch-up saccades were more frequent in MSA than PD. Additionally, 
the gain difference between the anterior and posterior canals was 
greater in MSA and positively correlated with disease duration (55). 
Both PD and MSA patients exhibited poorer pure-tone audiometry 
(PTA) thresholds at high frequencies. In PD patients, cVEMPs were 
absent bilaterally in 46.7% and unilaterally in 13.3%. For MSA 
patients, cVEMPs were absent bilaterally in 26.7% and unilaterally in 
40% (56). A significant inverse association between disease duration 
and cVEMP amplitude was found in MSA patients. High-frequency 
hearing loss and cVEMP abnormalities frequently occur in both MSA 

and PD, indicating potential audio-vestibular dysfunction even in the 
absence of reported auditory or vestibular symptoms. These findings 
suggest that auditory and vestibular dysfunction should be recognized 
and investigated as nonmotor features in both diseases.

2.9 Cerebral small vessel disease 
associated with gait disorders

Cerebral small vessel disease (CSVD) is a notable contributor to 
imbalance and falls in the elderly (57). The incidence of dizziness 
symptoms in patients with CSVD ranges from 35% to 44% (58, 59), 
which usually manifests as exacerbated symptoms during walking, 
and is very easy to be misdiagnosed as PPPD.

The frequency of severe lesions with white matter hyperintensities 
(WMH) at Fazekas stage 3 was notably higher in patients experiencing 
‘unexplained’ dizziness compared to those with ‘explained’ causes of 
dizziness (60). The increased severity of WMH in unexplained cases 
suggests that these abnormalities may contribute to the onset of 
dizziness. White matter lesions may cause such dizziness by either 
inducing a degree of objective unsteadiness or through a disconnection 
syndrome affecting vestibular or locomotor brain areas.

Damage to interconnecting premotor gait centers and basal 
ganglia networks, crucial for balance and movement, results in altered 
gait and stability. Disrupted connectivity between vestibulo-spatial 
and vestibulo-motion centers (such as the temporoparietal junction, 
parieto-insular vestibular cortex, and insula) across the cerebral 
hemispheres can lead to spatial disorientation and a vague sensation 
of dizziness (Figure 2) (61). Localized oxidative stress processes can 
damage cerebral blood vessels, causing endothelial dysfunction and 

FIGURE 1

A hypothetical pathophysiological concept of an orthostatic tremor oscillatory circuit and its modulation during upright stance and locomotion (48). 
(A) During the resting condition an intrinsic oscillatory circuit exists but there is no apparent clinical tremor (red). (B) Upright stance triggers the 
network oscillations and consequently causes clinical signs and symptoms. PFC, prefrontal cortex; ACC, anterior cingulate cortex; SMA, supplementary 
motor area.
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promoting neurodegenerative changes in brain tissue due to reactive 
oxidative species. This microvascular dysfunction disrupts cerebral 
autoregulation (62), leading to intra-cerebral OH and perfusion issues, 
which manifest as dizziness.

2.10 Dizziness due to cardiac problems

Dizziness may affect more than half of patients with cardiovascular 
issues, such as cardiogenic embolism or hemodynamic abnormalities, 
and can occur in isolation (63), when cardiac symptoms are not 
obvious or atypical, it can easily be  misdiagnosed as 
PPPD. Approximately 10% of patients with acute myocardial 
infarction report dizziness as a dominant or presenting symptom (64). 
Dizziness related to cardiac problems may occur during exertion or 
when supine, often accompanied by palpitations, chest discomfort, or 
dyspnea. Patients may have a family history of unexplained sudden 
death at a young age, structural heart disease, coronary artery disease, 
or arrhythmias (65), and these symptoms and medical history are 
helpful for differentiating from PPPD.

Early identification of cardiogenic vertigo (CV) is crucial to 
prevent serious complications associated with cardiovascular disease. 
However, the existing literature is limited to case reports, which lack 
detailed clinical features or diagnostic criteria. In a study of 27 patients 
with CV, recurrent vertigo occurred without syncope in 52% of cases, 
whereas it preceded or followed syncope in others (66). The most 
common cardiac abnormality during vertigo episodes was 
bradyarrhythmia. Onset age, vertigo duration, accompanying 
symptoms, and underlying cardiac conditions can help differentiate 
CV from other vestibular disorders. Early recognition of CV can 
reduce morbidity and mortality associated with cardiac syncope.

Whether CV occurs in isolation or with syncope may depend on 
factors such as the duration and extent of brain hypoperfusion, 

individual variations in cerebral vasculature, and differences in 
susceptibility to decreased perfusion (67). Presyncopal dizziness 
typically indicates generalized cerebral ischemia due to a 
cardiovascular cause. However, the mechanism behind CV remains 
unclear. A study noted downbeat nystagmus during a presyncopal 
attack with vertigo in a patient with recurrent asystole due to sick 
sinus syndrome (68). Given the recurrent isolated vertigo with no 
other neurological symptoms and the presence of pure downbeat 
nystagmus, the CV in this patient was more likely caused by cerebellar 
ischemia, rather than labyrinthine or brainstem ischemia (69). These 
findings suggest that primary cardiovascular disorders can lead to true 
vestibular vertigo, often presenting as dizziness.

2.11 Orthostatic cerebral hypoperfusion 
syndrome

OD without OH is common, but its underlying pathophysiology 
is poorly understood. Orthostatic cerebral hypoperfusion syndrome 
(OCHOs) is a novel condition characterized by low orthostatic CBF 
velocity presenting with OD, which is extremely difficult to 
differentiate this from PPPD. However, clinically, many patients with 
PPPD accompanied by OD have experienced treatment for cerebral 
ischemia, and the therapeutic effect is unsatisfactory for most of 
patients. OCHOs is defined by (1) an abnormal orthostatic decrease 
in CBF velocity (CBFv) during a tilt test and (2) the absence of OH, 
arrhythmia, vascular abnormalities, or other causes of abnormal 
orthostatic CBFv (70).

A retrospective study of 1,279 patients referred for evaluation of 
unexplained OD found that 102 (7.8%) met the criteria for OCHOs, 
with mean CBF velocity decreasing without OH (71). Two main 
pathophysiological mechanisms have been proposed: active cerebral 
vasoconstriction and passive increase in peripheral venous compliance 

FIGURE 2

Cerebral hemispheres leading to spatial disorientation and a “vague” feeling of dizziness. (A) Theoretical framework underpinning of interconnecting 
premotor gait centers and basal ganglia networks (cortico-basal-thalamo-cortical loops) (61). (B) Schematic of cerebral small vessel disease associated 
dizziness. In addition to cortico-subcortical (1), and cortico-cortical (2) disconnectivity, localized oxidative stress processes damage the cerebral 
vasculature, which disrupts cerebral autoregulation leads to intra-cerebral orthostatic hypotension and perfusion, manifest as postural light-
headedness and imbalance. TPJ, temporoparietal junction; PIVC, parieto-insular-vestibular cortex; ROS, reactive oxidative species.

https://doi.org/10.3389/fneur.2025.1642869
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Dao Pei et al.� 10.3389/fneur.2025.1642869

Frontiers in Neurology 07 frontiersin.org

(72, 73). Detection of OCHOs is straightforward with simultaneous 
monitoring of hemodynamic variables and CBFv during the tilt test. 
The concept of OCHOs, which presents as OH with stable CBFv 
during the tilt test, offers a physiologically plausible mechanism for 
unexplained OD, which is very common (Figure 3) (71).

Several post-infectious, presumably autoimmune, complications 
of COVID-19 affecting the brain or peripheral large nerve fibers have 
been reported. Post-COVID-19 patients may develop chronic fatigue, 
OD, and brain fog, who be treated according to the scheme of PPPD 
and the therapeutic effect is discontented, however, some patients are 
consistent with OCHOs and have responded to immunotherapy with 
intravenous immunoglobulins (74). Further studies are needed to 
confirm the association between OCHOs and COVID-19, as well as 
the benefits of immunotherapy.

2.12 Intracranial hypotension

Intracranial hypotension is characterized by orthostatic headache, 
with some patients presenting OD, which should be  differential 
diagnosis with PPPD, especially in patients with mild symptoms and 
a long disease course. Intracranial hypotension often induces 
audiovestibular impairments due to low CSF volume caused by 
spontaneous or post-traumatic dural lacerations (75, 76).

Intracranial hypotension has been associated with neurotological 
symptoms, including dizziness (30%), tinnitus (20%), aural fullness 
(20%), and hearing loss (3%) (77), with another study reporting 
auditory symptoms in approximately 70% of patients (78). In addition 
to endolymphatic hydrops and irritation of the vestibulocochlear 

nerve, compression or traction of the brainstem or cerebellum due to 
loss of CSF buoyancy may contribute to frequent spontaneous or 
positional vertical nystagmus in patients with intracranial hypotension 
(79). BPPV was detected in 11.54% of patients with spontaneous 
intracranial hypotension, which may contribute to OD (80).

The summarizing diagnosis, treatment, prevention, and prognosis 
of differential diagnosis from PPPD with OD is provided with 
Supplementary Table 1, along with an algorithm to assist in diagnosing 
common OD in Figure 4.

3 The underlying mechanisms of OD 
with PPPD

OD is common in patients with PPPD, often leading them to 
avoid going out, walking, or fearing falls. If effective treatment is 
available, it will be of great significance for improving the quality of 
life with PPPD patients. However, the mechanism underlying OD in 
PPPD patients remains unclear. The present review also discussed the 
underlying impact factors and current understanding of probable 
pathogenesis of OD with PPPD in this section. The pathogenesis is 
summarized as shown in Figure 5.

3.1 Impact factors of OD with PPPD

The most common aggravating factors for OD in PPPD are 
physical exertion or exercise (53%) and environmental warming 
(32%) (1). Physical activities that provoke symptoms are typically 

FIGURE 3

Representative examples of normal orthostatic blood pressure and cerebral blood flow velocity (CBFv) (left panel), orthostatic hypotension (OH) with 
stable CBFv during tilt test (middle panel), and orthostatic cerebral hypoperfusion syndrome (OCHOs) (right panel) (71).
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FIGURE 4

Algorithm to help diagnose the common OD.

FIGURE 5

PPPD often have acute vestibular disease as triggering events leading to brain network mismatch, body excessive vigilance, abnormal spatial 
positioning, visual dependence and high anxiety, coupled with otolith dysfunction and autonomic dysfunction, increasing the strengthening cycle of 
postural dizziness, when upright or walking demonstrated OD. PPPD, persistent postural-perceptual dizziness; OD, orthostatic dizziness.
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routine, such as climbing stairs or doing housework. Environmental 
warming includes activities on hot days, taking hot showers, or 
immersion in hot tubs. Postprandial symptom aggravation is 
recognized in 24% of patients (10), whereas only 6% report symptom 
aggravation during specific periods of their menstrual cycle (2).

3.1.1 Sex and age
Sex and age influence the occurrence of OD in PPPD. Patients 

with PPPD tend to be  older, with those over 40 significantly 
outnumbering those under 40 (81). The male-to-female ratio is 1/5.7, 
with a significantly higher prevalence in females (82). Sex differences 
in dizziness occurrence can be  attributed to the influence of sex 
hormones, which affect postural dizziness via peripheral sympathetic 
and parasympathetic activity, as well as central adrenergic and 
serotonergic systems, vascular tone, and adrenergic control (83). 
Age-related differences occur because the postural control system 
degenerates as people age. Maintaining an upright posture requires 
integration of vision, proprioception, and vestibular input in the 
central neurological system. As people age, postural control is 
impaired by various factors (84), including loss of ankle position 
sense, increased vibration perception thresholds, decreased visual 
function (e.g., visual acuity, depth perception, contrast sensitivity, and 
peripheral vision), and reduced vestibular function. Wiesmeier et al. 
(85) analyzed postural control in 20 healthy elderly individuals and 
found that compared to younger individuals, the elderly had 
significantly larger spontaneous sway amplitude and speed, with 
higher swing frequency. Aging leads to increased reliance on 
proprioception, decreased feedback loop gain, and increased sensory-
motor time delays. Additionally, cognitive decline with age may 
increase the risk of postural instability. Lamoth et al. (86) found that 
gait variability in cognitively impaired older adults was significantly 
greater than in cognitively intact older adults, with cognitive 
dysfunction impairing the ability to allocate attention between 
cognitive and motor tasks, contributing to gait instability and balance 
disorders. Age-related nervous system lesions (e.g., white matter 
lesions) and cardiovascular disease (e.g., heart failure) also increase 
the likelihood of postural dizziness. As individuals age, the balance 
system, including semicircular canals and otolith organs, becomes less 
responsive, contributing to OD in PPPD (87).

3.1.2 Anxiety state and neurotic personality
Approximately three-quarters of PPPD patients experience 

anxiety (84). Central vestibular pathways and anxiety-related neural 
networks overlap in the brain. Structural and functional 
abnormalities in these networks, occurring in patients with mood 
disorders, may affect vestibular pathways and disrupt postural 
control (88). Functional MRI studies have shown abnormal 
connectivity between the prefrontal cortex and visual and motor 
areas in PPPD patients, with increased activity and connectivity in 
these regions during vestibular stimulation. This stimulation induces 
anxiety, postural control issues, and balance dysfunction (89). 
Indovina et al. (90) found hypofunction and altered connectivity 
between precortical structures and the parieto-insular vestibular 
cortex (PIVC), which plays a role in anxiety regulation. This altered 
connectivity may hinder the return of high-risk postural control to 
a normal, low-threat strategy. Furthermore, central sensitization is 
thought to contribute to functional disorders. Anxiety and depression 
can lead to central sensitization of vestibular sensory pathways under 

chronic stress, resulting in inappropriate processing of sensory 
information and contributing to OD in PPPD (91). The interaction 
of visual-vestibular, sensorimotor, and emotional networks in PPPD 
patients forms the anatomical basis for increased sensitivity to 
dizziness during postural and body movement changes. Anxiety 
states affect motor postural control and spatial orientation, causing 
heightened sensitivity to somatic posture and movement. This 
reduces the threshold for adopting high-risk strategies during 
postural challenges and triggers transitions to high-risk postural 
control (92). Current drug treatments for PPPD, such as selective 
serotonin reuptake inhibitors (SSRIs) and serotonin-norepinephrine 
reuptake inhibitors (SNRIs), target the anxiety circuit and respond 
to vestibular central neurons, improving anxiety and balance 
disorders. This confirms the association between anxiety and OD 
in PPPD.

Neuroticism, a personality trait characterized by excessive worry 
and negative emotions, is closely associated with psychological 
dizziness (93). Individuals with confident and optimistic personalities 
are less likely to experience persistent dizziness after acute vestibular 
disorders. Neuroticism influences spatial localization and vestibular 
information processing (94) in PPPD, with mechanisms involving 
increased responsiveness in the vestibular cortex and subcortical 
vestibular regions, as well as enhanced connectivity between the 
vestibular and anxiety systems. Neuroticism affects the visual-
vestibular-anxiety system, which in turn influences postural control 
under stress. Functional MRI studies have confirmed that individuals 
with a neurotic personality show increased brain network sensitivity 
in postural control, with hyperactivity in the prefrontal cortex and 
greater functional connectivity with the motor, premotor, and superior 
parietal cortex (95). Neuroticism is a risk factor for postural instability 
in vestibular disease and a predisposing factor for anxiety, with 
heightened vigilance toward balance (96) potentially contributing to 
OD in PPPD.

3.1.3 Comorbid vestibular disorders
PPPD can develop following an acute or episodic vestibular 

disorder. Studies have shown that the chronicity of vestibular neuritis 
(VN) is significantly increased, with 25%–50% of VN patients unable 
to fully recover within 3–12 months, ultimately transitioning to PPPD, 
which exacerbates dizziness during head and physical movements 
(97). Additionally, vestibular migraine (VM) is one of the most 
common causes of PPPD, accounting for 49% of cases (98). VM is 
known for its complex clinical manifestations, often referred to as the 
“chameleon” of vestibular diseases. Symptoms of VM are typically 
paroxysmal but can include positional dizziness and persistent 
postural symptoms. In some cases, VM becomes chronic, which can 
easily be  confused with PPPD. The balance-migraine-anxiety 
syndrome proposed by Balaban et  al. (99), which highlights the 
overlap between vestibular and pain pathways, involves the imbalance 
of multiple neural conduction networks, further impacting balance 
function. Some studies suggest that VM may cause balance disorders 
through vestibular nucleus dysfunction, leading to self-motion 
perceptual sensitization (100). The pathogenesis of VM is associated 
with hyperexcitability in central regions and activation of peripheral 
vestibular organs. Both the chronic phases of VM and VN can result 
in excessive sensitivity and vulnerability of central and peripheral 
nerves, mediating changes in postural control and overlapping with 
the pathogenesis of PPPD, which likely contributes to OD in PPPD.
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3.2 The pathogenesis of OD in PPPD

3.2.1 The altered activity and connectivity of 
cerebral cortical networks

The altered activity and connectivity of cortical networks involved 
in spatial orientation and threat assessment may contribute to OD in 
PPPD (101). The PIVC is a core area in the vestibular cortex that 
processes vestibular input, self-motion perception, and verticality 
estimation, as well as visual motion, particularly gravity-related 
motion. A study suggested that reduced activation of the PIVC, 
hippocampus, anterior insula, inferior frontal gyrus, and anterior 
cingulate cortex, along with altered connectivity between these 
regions, may be associated with long-term vestibular symptoms in 
PPPD patients (90). Some researchers have proposed that the reduced 
connectivity between the vestibular cortex, frontal regulatory regions, 
and the hippocampus may underlie the impaired spatial orientation 
and self-motion perception in PPPD patients (102). Functional MRI 
(fMRI) has revealed abnormal activation and connectivity in PPPD 
and related conditions, particularly in the PIVC, visual cortex, 
cerebellum, and anxiety-related networks (103). In PPPD patients, 
activity and connectivity between key cortical regions that process 
spatial motor information (e.g., the posterior insula and hippocampus) 
and those that modulate threat responses (e.g., the anterior cingulate 
cortex) were reduced. Changes in the PIVC and hippocampal function 
impair their ability to assess the relevance of sensory input, whereas 
inactive and poorly interactive cortical networks fail to suppress the 
bottom-up influence of threat on instinctive postural control and 
spatial orientation. This leads to the continued use of high-risk 
strategies in postural control, making lower levels of posture and gaze 
control poorly integrated. Studies have also shown that patients with 
PPPD exhibit altered cortical regulation of visual, vestibular, and 
sensory input, resulting in a “sensory weighted” disorder (104). This 
leads to reduced tolerance for perceived instability and deviations in 
movement perception. Consequently, errors in self-motion prediction 
and the adoption of high-risk postural control strategies occur, 
contributing to OD.

Alternatively, diminished functional connectivity between the 
precuneus and precentral gyrus may be associated with increased 
symptoms during upright posture and movement in PPPD. Some 
studies have found that PPPD patients show weakened functional 
connectivity between the precuneus and precentral gyrus, reducing 
the ability to use vestibular and visual information to regulate body 
movement and posture, prompting patients to adopt high-risk 
postural control strategies to maintain balance (105). Therefore, 
patients with PPPD exhibit altered cortical network activity and 
connectivity related to movement control and spatial orientation 
(106). Brain regions responsible for spatial orientation, multisensory 
integration, and threat assessment may show reduced activity or 
connectivity compared to healthy individuals. These changes result in 
impaired movement control (e.g., upright posture) and abnormal self-
motion sensations, such as dizziness.

3.2.2 Autonomic nerve dysfunction
Autonomic dysfunction is prevalent in patients with chronic 

persistent dizziness. Studies have shown that approximately 80% of 
patients with chronic persistent dizziness of unknown origin exhibit 
at least one autonomic abnormality (107). Autonomic dysfunction is 
also common in PPPD patients, who often experience symptoms such 

as palpitations, sweating, elevated blood pressure, nausea, anxiety, and 
fear during episodes of dizziness. Both internal and external stimuli 
and stress can lead to autonomic imbalance. The autonomic nervous 
system regulates emotional behavior, cognitive function, and 
cardiovascular activity, including blood pressure and heart rate, and 
plays a crucial role in the occurrence of OD in PPPD.

3.2.2.1 Vestibular-autonomic dysfunction and 
sensory-perceptual dysfunction

Vestibular-autonomic reflex dysfunction and mood disorders are 
common in patients with OD. The vestibular-autonomic reflex, 
mediated by vestibular stimulation, activates both sympathetic and 
parasympathetic pathways, affecting various sympathetic and 
parasympathetic functions (108). Perception involves the integration 
of afferent sensory information and internal expectations, and when 
there is a mismatch between the expected and actual sensory input, 
persistent dizziness symptoms can arise. The vestibular sensory system 
and the autonomic nervous system are highly interconnected in the 
insular cortex and anterior cingulate cortex. The insular cortex plays 
a key role in interoceptive sensory integration and participates in 
vestibular and autonomic input and output, whereas the cingulate 
cortex is crucial for processing emotions like depression and anxiety. 
Abnormalities in the function of both the insular and cingulate 
cortices can mediate the perceptual dysfunction of the vestibular-
autonomic system and affect central postural control. Imaging studies 
have shown that anxiety disorder patients exhibit sensory dysfunction 
and abnormal insular function (109). One study showed that vagus 
nerve stimulation in PPPD patients significantly improved posture, 
likely by inducing the release of neurotransmitters that regulate the 
central cortices (cingulate and insular cortices), positively affecting 
postural control (110). Autonomic dysfunction can mediate anxiety 
and depression, which in turn contribute to sensory dysfunction, 
leading to OD in PPPD. Studies have found that anxiety and sleep 
disorders are closely associated with autonomic dysfunction. PPPD 
patients often experience anxiety, sleep disorders, and OD as 
symptoms of autonomic abnormalities (111). Anxiety and depression 
are associated with structural, functional, and connectivity changes in 
brain regions involved in emotional processing, self-reward, and the 
perception of external stimuli, including networks composed of the 
hippocampus, amygdala, anterior cingulate cortex, and medial 
prefrontal cortex. Research has shown that vagal nerve stimulation 
can improve the abnormal connectivity of these neural networks in 
depressed patients, leading to improved postural balance control 
(112). This highlights the close association between the autonomic 
nervous system and vestibular and cerebral neural networks. PPPD 
often occurs after acute vestibular events, and vestibular-autonomic 
dysfunction may be a key mechanism behind OD in PPPD.

3.2.2.2 Vestibular-autonomic dysfunction and 
hemodynamic changes

Autonomic dysfunction can affect hemodynamics, leading to 
reduced CBF and OD, which may overlap with diagnostic criteria for 
OH or POTS (113). When moving from a sitting to a standing 
position, the body compensates for changes in blood pressure by 
increasing sympathetic activity, which raises vascular tension, heart 
contraction, and heart rate to stabilize blood pressure. The maintenance 
of CBF also relies on sympathetic nerve fibers mediating peripheral 
vascular contraction and the brain’s own regulatory ability. Without 
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rapid autonomic regulation, individuals are prone to OD in the upright 
position. The vestibular system is an important regulator of autonomic 
function and plays a significant role in blood pressure regulation 
during postural changes. The vestibular-cardiovascular reflex, a 
component of the vestibular-autonomic reflex, can cause hemodynamic 
changes when disrupted. The vestibular nerve is closely associated with 
the cardiovascular system through the medulla’s cardiovascular control 
center. Clinical studies have shown that stimulation of the vestibular 
otolith organs can induce peripheral vasoconstriction (114), and 
during postural shifts from supine to upright, vestibular activation 
helps stimulate cardiovascular sympathetic nerves, maintaining blood 
pressure stability. The vestibular-cardiovascular reflex is critical in this 
process. Studies have shown that when the vestibular nerve is cut, 
blood pressure fluctuations increase significantly (115), highlighting 
the role of vestibular stimulation in regulating cardiovascular responses 
during exercise and postural changes (116). In fact, the vestibular 
system is involved in controlling blood pressure (117) as part of the 
autonomic regulation during body movement and postural shifts. 
Vestibular dysfunction can impair the stability of the cardiovascular 
baroreceptor reflex, reducing upright endurance in some individuals 
and contributing to OD. The development of OD due to autonomic 
dysfunction is primarily associated with widespread hypoperfusion in 
the cerebral cortex. A study (118) also reported that vertigo regressed 
after treating autonomic dysfunction. Autonomic nerve-related 
treatments have been shown to improve dizziness symptoms. As 
autonomic dysfunction is common in PPPD patients, the 
hemodynamic changes mediated by this dysfunction may contribute 
to OD in PPPD.

3.2.3 Changes in postural control
PPPD patients often adopt high-risk postural control strategies, 

focusing dynamic attention on head and body movements. This results 
in overshooting of posture and the emergence of postural dizziness 
symptoms. The subjective imbalance and fearful postural dizziness in 
PPPD are due to anxiety and excessive sensitivity to posture, which 
leads to the application of inappropriate balance strategies (119). 
Several studies have shown that PPPD is associated with high-
frequency, low-amplitude postural sway associated with calf muscle 
co-contraction (58, 120). In a study of chronic subjective dizziness 
(CSD) patients, similar results were found (59). Although healthy 
individuals adopt such strategies only under challenging balance 
conditions, PPPD patients apply these high-risk strategies even in less 
demanding situations, possibly due to misunderstandings of body 
movement and excessive sensitivity to positional changes (121). OD in 
PPPD may be related to a lower threshold for engaging in the closed-
loop feedback mechanism that adjusts posture. Postural control is 
typically governed by a closed-loop mechanism, relying on sensory 
feedback from the visual, vestibular, and proprioceptive systems to 
correct deviations from ideal posture caused by gravity, postural 
changes, or muscle tone fluctuations. A reduced threshold for postural 
control feedback can lead to the adoption of high-risk strategies 
unnecessarily, thus diminishing effective postural control. Subjective 
imbalance is associated with changes in the coordination of open-loop 
and closed-loop mechanisms in postural control (122). This imbalance 
further intensifies conscious control of posture, creating a vicious cycle 
that contributes to OD. Additionally, pathological postural strategies 
may arise from anticipatory contractions of antigravity muscles due to 
anxiety (123). As a result, patients with PPPD experience difficulties in 

postural control across various sensory challenges, and altered postural 
control may be one of the mechanisms causing OD in PPPD (124).

3.2.4 Otolith dysfunction
Isolated otolith dysfunction (IOD), a newly recognized vestibular 

condition (125), refers to dysfunction of the saccule and utricle (the 
otolith organs) whereas maintaining normal semicircular canal 
function. About 20%–46% of PPPD patients show IOD (126). Chronic 
otolith dysfunction is closely associated with the development of 
PPPD. The otolith apparatus has two stimulus response systems: the 
instantaneous dynamic system and the continuous static system (127), 
both of which are critical for detecting linear acceleration and head 
movement, as well as maintaining balance. When the saccule and 
utricle are dysfunctional, the body experiences abnormal perception 
of horizontal and vertical accelerations, leading to symptoms of 
OD. Vestibular examinations in PPPD patients have found that most 
patients exhibit otolith dysfunction, with many showing IOD (128). 
Moreover, otolith dysfunction can reduce the vestibular-sympathetic 
reflex, contributing to OD. Studies involving linear acceleration 
movements have demonstrated that vestibular regulation of autonomic 
activity plays a role in blood pressure regulation (129). Another study 
on otolith disorders and cardiovascular autonomic function (130) 
found a higher incidence of OH during active standing in patients with 
otolith dysfunction compared to those with normal cervical vestibular-
induced myogenic potentials. This suggests that otolith dysfunction 
may induce OH. Given its role in sensing linear acceleration and 
mediating the vestibular-sympathetic reflex, dysfunction of the otolith 
organs may contribute to increased OD in PPPD patients.

3.2.5 Visual and somatosensory dependence
PPPD patients primarily rely on visual input rather than vestibular 

input for spatial orientation, leading to altered sensory integration that 
favors visual or somatosensory cues (131). During acute vestibular 
syndromes, patients may depend on visual and somatosensory inputs 
to control posture. However, in PPPD patients, this physiological shift 
in sensory reliance does not return to normal. As a result, when upright 
or walking, patients excessively depend on vision to perceive their 
external environment, and visual stimulation combined with vestibular 
dysfunction leads to “sensory weighted” disorder. These disorders cause 
abnormal postural control. Functional MRI (fMRI) studies in PPPD 
patients show enhanced functional connectivity between the 
sensorimotor network (including the motor cortex, sensorimotor 
cortex, and secondary somatosensory cortex) and the occipital visual 
network (94). These patients also exhibit increased activity in the visual 
cortex and reduced connectivity with the precentral gyrus (the primary 
motor center). Neuroimaging studies in PPPD further support the role 
of visual dependency in influencing motor control and spatial 
orientation. Sensory organization tests (SOT) in PPPD patients revealed 
that 45% showed abnormal sensory processing, with a marked tendency 
towards visual or somatosensory dependence, which worsens postural 
control (132). It has been suggested that in standing posture, PPPD 
patients rely more on visual input and less on somatosensory input than 
healthy individuals (133). This aligns with clinical observations, where 
vision significantly influences standing posture control in PPPD 
patients (134). Combined with their dependence on somatosensory 
input, this explains the patients’ heightened visual sensitivity and 
reliance. It also clarifies why standing dizziness decreases when patients 
touch an object, highlighting a key mechanism underlying OD in PPPD.
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3.2.6 Neurotransmitter abnormalities
Serotonin (5-HT) and norepinephrine (NE) play crucial roles in 

regulating the activities of central and peripheral neurons, contributing 
to the central balance control pathways. These neurotransmitters may 
be  involved in the postural control mechanisms of PPPD. In an 
experiment involving repetitive brain injury in male rats (135), balance 
was significantly impaired, with NE levels significantly increased in the 
locus coeruleus, decreased in the vestibular nucleus, and 5-HT levels 
increased in the motor cortex. This suggests that dysregulation of NE 
and 5-HT in areas related to motor control may contribute to balance 
disorders. The brainstem vestibular nucleus is vital for posture and 
balance control. The inferior vestibular nucleus (IVN), the largest 
nucleus in the vestibular complex, plays a significant role in integrating 
information signals that control body posture. NE induces excitatory 
responses in neurons of the IVN. A study on CSD patients found 
abnormalities in both NE and 5-HT levels in their serum (136). 
Extracellular recordings of rat brainstem slices and quantitative real-
time RT-PCR studies revealed that NE directly regulates the activity of 
IVN neurons through α1-, α2-, and β2-receptors, indicating that the 
central noradrenergic system may actively participate in IVN-mediated 
vestibular reflexes and postural control (137). Serotonin receptors are 
found throughout the vestibular pathway in the brain, with spirochetes 
and vestibular ganglion cells expressing 5-HT receptors. In the CNS, 
5-HT neurons are mainly distributed in the raphe nuclei, with dense 
projections throughout the brain. When 5-HT is released, it binds to 
5-HT receptors, which then regulate brain functions. Some studies 
have shown that square dancing combined with SSRIs has a positive 
effect on dizziness and balance in middle-aged and elderly women 
with PPPD (138). This suggests that dysregulation of NE and 5-HT 
levels in motor-related brain regions may contribute to balance 
disorders. Current pharmacological treatments for PPPD, primarily 
SSRIs and SNRIs (3), may work by reducing excessive excitability or 
improving psychological symptoms (such as anxiety) commonly seen 
in PPPD patients. These medications may also directly influence the 
extensive balance network in the brain, suggesting a role in 
regulating balance.

4 Summary

In conclusion, management of OD associated with PPPD, attention 
should be paid not only to differential diagnosis but also to the presence 
of PPPD comorbidities with many chronic dizziness disorders. The 
present review also emphasizes the importance of considering the fact 
that OD is not necessarily associated with orthostatic hypotension. 
Given the growing evidence of the extensive mechanisms between the 
vestibular system and various OD relevant diseases, a comprehensive 
approach to diagnosis and treatment is essential for PPPD patients. OD 
in PPPD is a complex process influenced by multiple factors and 
mechanisms. Ongoing research aims to better understand the 
mechanisms and identify diagnostic biomarkers for OD in PPPD, 
enabling early intervention and preventing adverse effects on 
workability. For patients with established PPPD, it is important to 
identify the etiologies of OD, track progress, and evaluate responses to 
therapies to reduce diagnostic errors and missed diagnoses. When 
treating OD in PPPD, it is recommended to consider multimodal 

integration rather than focusing solely on posturography deficits or 
imaging abnormalities.
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