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Age-related differences in the 
characteristics of persistent 
postural-perceptual dizziness
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Objective: To investigate differences in the clinical characteristics of patients 
with persistent postural-perceptual dizziness (PPPD) according to age.

Methods: We retrospectively reviewed 143 patients diagnosed with PPPD. 
Patients were classified into three groups by age: young group (19 to 44  years, 
n  =  60), middle-age group (45 to 64  years, n  =  56), old group (65 to 85  years, 
n  =  27). Demographic data, scores of the Dizziness Handicap Inventory (DHI), 
the Niigata PPPD Questionnaire (NPQ), the Hospital Anxiety and Depression 
Scale (HADS), precipitating conditions, and the results of vestibular function 
tests including caloric testing, video head impulse test (vHIT), cervical and 
ocular vestibular evoked myogenic potentials (cVEMPs and oVEMPs), and 
posturography, were compared among the three groups.

Results: While there were no significant differences in the scores of the DHI 
or NPQ, the total score and anxiety score in HADS in the young group were 
significantly higher than in the old group (p  <  0.05, each). On the other hand, 
for precipitating conditions, the rate of peripheral vestibular diseases was 
significantly greater in the old group (77.8%) compared to the young group 
(41.7%, p  <  0.01). There was no significant difference in the results of caloric 
testing, vHIT, cVEMPs, or oVEMPs among the three groups. For posturography, 
the velocity of the center of pressure with eyes-open as well as with eyes-closed 
was significantly greater in the old group compared to the young group and the 
middle-age group (p  <  0.005, respectively).

Conclusion: The clinical characteristics of PPPD were different according to 
age. Young patients tended to have stronger anxiety than old patients whereas 
the old patients had a higher proportion of peripheral vestibular diseases among 
the precipitating conditions compared to young patients.
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1 Introduction

Persistent postural-perceptual dizziness (PPPD) is a functional chronic vestibular 
syndrome that is characterized by dizziness lasting more than 3 months exacerbated by an 
upright posture or walking, active or passive movement, and exposure to moving or complex 
visual stimuli (1). The onset of PPPD is typically preceded by peripheral and central vestibular 
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disorders, such as vestibular neuritis, benign paroxysmal positional 
vertigo (BPPV), or vestibular migraine. However, other precipitants 
such as depression, anxiety, or central degenerative disorders may also 
precede (1, 2).

PPPD was originally coined as a composite of four precursor 
diseases: phobic postural vertigo (PPV), space-motion discomfort 
(SMD), visual vertigo (VV), and chronic subjective dizziness (CSD) 
(1). While these four diseases share clinical features that form the basis 
of the diagnostic criteria of PPPD, the clinical characteristics and 
symptoms of PPPD are heterogenous (3–5). In fact, Yagi et al. recently 
performed factor analysis on the clinical symptoms of PPPD patients, 
and classified them into the three clusters: visual-dominant, motion-
dominant, and mixed subtypes (3).

The incidence and prevalence of vestibular disorders as well as 
mental disorders are different according to age. A population survey 
in Germany reported that vestibular vertigo is almost three times 
more frequent in the elderly compared to young adults (6). The 
prevalence of peripheral vestibular diseases including BPPV, vestibular 
neuritis, and Ménière’s disease increases with age, being highest at 
over 70 years old (7). On the other hand, the onset of the most mental 
disorders is below 25 years old (8). The prevalence rates are highest at 
15–25 years for anxiety disorders and at 35–49 years old for depression, 
and both anxiety and depression decrease in the elderly (more than 
65 years old) (9–11).

While the average age of PPPD patients is in the mid-40s, ranging 
from adolescence to late adulthood (1), it is possible that the clinical 
characteristics of PPPD differ according to the patients’ age. The 
objective of this study was to examine whether there are any 
age-related differences in the clinical characteristics of PPPD patients 
including vestibular and psychological symptoms, precipitating 
conditions, and vestibular function.

2 Materials and methods

This study was a retrospective chart review in a tertiary referral 
center. This study was approved by the Research Ethics Committee, 
Graduate School of Medicine, Nagoya City University (60-22-0106) 
and was conducted according to the tenets of the Declaration 
of Helsinki.

2.1 Subjects

We reviewed the clinical records of 143 patients who were newly-
diagnosed as having PPPD at the Department of Otolaryngology, 
Head and Neck Surgery, Nagoya City University Hospital from 
January 2019 to December 2022. We diagnosed PPPD according to 
the diagnostic criteria of the Bárány Society (1). All of the patients 
received detailed medical interviews and physical examinations, a 
neurological examination, pure-tone audiometry, and positional/
positioning nystagmus testing under infrared CCD goggles. In 
addition, they answered three questionnaires at their initial visit: the 
Dizziness Handicap Inventory (DHI) (12), the Niigata PPPD 
Questionnaire (NPQ) (13), and the Hospital Anxiety and Depression 
Scale (HADS) (14). They underwent vestibular function testing 
including caloric testing, the video head impulse test (vHIT), cervical 

and ocular vestibular evoked myogenic potentials (cVEMPs and 
oVEMPs), and posturography.

2.1.1 Precipitating conditions
All patients were identified precipitating conditions before the 

onset of PPPD. The method of identification of precipitating 
conditions was based on the medical records of the referring physician 
and/or our clinic and a detailed medical interview with the patients, 
with additional physical examinations if necessary. The diagnostic 
criteria used in this study were: BPPV (15), Ménière’s disease (16), 
vestibular neuritis (17), sudden deafness with vertigo (18), delayed 
endolymphatic hydrops (19), Ramsay Hunt syndrome (20), vestibular 
migraine (21), psychiatric dizziness; vestibular symptom due to panic 
disorder, anxiety, or depression (22), orthostatic dysregulation (23). 
We defined peripheral vestibular dysfunction as comprising patients 
who experienced vertigo or dizziness, showing abnormalities in one 
or more vestibular function tests, such as caloric testing, vHIT, 
cVEMPs, or oVEMPs, yet did not satisfy the established criteria for 
peripheral vestibular diseases (BPPV, Ménière’s disease, vestibular 
neuritis etc.). Definitions of abnormalities are given in the vestibular 
function tests section below.

2.1.2 Questionnaires
The DHI is a 25-item self-assessment scale designed to evaluate 

the self-perceived handicap caused by dizziness (12). The DHI 
includes three subscales: functional (9 items), emotional (9 items), and 
physical (7 items). Each item can be scored as a 4 (yes), 2 (sometimes), 
or 0 (no). A DHI score of 0 means no handicap, and 100 means a 
significant perceived handicap due to dizziness.

The NPQ was developed for making diagnoses as well as for 
assessing the severity of PPPD (13). The NPQ consists of 12 questions 
that evaluate the degree of symptom exacerbation by three 
exacerbating factors: upright posture or walking, active or passive 
movement, and visual stimulation. The severity of each factor is 
evaluated using 4 questions which are scored from 0 (none) to 6 
(unbearable).

The HADS is a 14-item self-assessment questionnaire consisting 
of 7 items each on anxiety and depression (14). Each question is 
scored on a four-point scale (0–3). The total score ranges from 0 (no 
anxiety and depression) to 21 (high anxiety and strong depression).

2.1.3 Vestibular function tests
Caloric testing was carried out using air at 24°C and 50°C for 60 s 

each. Maximum slow-phase eye velocity (MSPV) was measured using 
video-nystagmography and canal paresis (CP)% was calculated using 
Jongkee’s index formula (24). An abnormal caloric response was 
defined as having either of the following criteria: (i) CP% greater than 
20% for unilateral dysfunction (25) or (ii) MSPV <10 deg./s bilaterally 
for bilateral dysfunction (26).

The vHIT was performed to assess the vestibulo-ocular reflex 
(VOR) in the three semicircular canal planes using an Eye-See-Cam 
system (Interacoustics, Denmark). The vHIT was used to measure 
VOR gain, the ratio of the eye velocity to head velocity when the head 
is rotated quickly through an angle of 10–20° with the eyes fixed on a 
target. In this study, a mean VOR gain <0.8 for the horizontal 
semicircular canal and <0.7 for the vertical canals was considered 
abnormal (27).
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The testing of cVEMPs assessed the saccule-inferior vestibular 
nerve function and the testing of oVEMPs assessed the utricle-
superior vestibular nerve function, using the Neuropack system 
(Nihon Koden, Japan). Short-tone bursts of 500 Hz (95 dB normal 
hearing level, 135 dB SPL (peak value), rise/fall time = 1 ms, plateau 
time = 2 ms) were used with air conduction for cVEMPs and 
oVEMPs. The amplitude of p13-n23 was recorded at the 
sternocleidomastoid muscles (SCM) in cVEMPs and the amplitude 
of n10-p15 was recorded at external eye muscles in oVEMPs. 
We calculated the asymmetry ratio (AR) for the amplitude with the 
following formula using the amplitude on the affected side (Aa) and 
that on the unaffected side (Au): AR (%) = 100 * (Au − Aa)/(Au + Aa). 
On the basis of results from normal subjects, the upper limit of the 
AR was set to 34.0 for cVEMPs (28) and 34.4 for oVEMPs (29). When 
no reproducible waveforms were present in 2 consecutive runs, 
we  regarded it as an “absent” response. When a reproducible 
waveform was present and the AR was greater than the predefined 
upper limit for normal subjects, we  regarded it as a “decreased” 
response. Both “decreased” and “absent” responses were classified 
as abnormal.

Posturography was used to assess the sway of the center of 
pressure (COP) in a standing posture, using a Gravicorder GW-5000 
(Anima, Japan). The sway path with eyes-open and eyes-closed in a 
standing posture was measured for 60 s. We assessed the velocity of 
the movement of the COP with eyes-open and eyes-closed and the 
Romberg ratio of velocity.

2.2 Statistical analysis

The Shapiro–Wilk test was used to check the normal distribution 
of the data. The Kruskal–Wallis test was used to compare continuous 
data. The Bonferroni test was used as a post-hoc test and the Mann–
Whitney U test was used for pairwise comparisons. We used Fisher’s 
exact test to evaluate binary data. All statistical tests were two-sided. 
A difference of p < 0.05 was considered significant. All statistical 
analyses were performed using EZR version 1.37 for Windows 
(Saitama Medical Center, Jichi Medical University, Saitama, 
Japan) (30).

3 Results

We classified 143 PPPD patients (mean age ± SD: 49.2 ± 15 years 
[range, 19–85]; 40 men and 103 women) into the three groups 
according their age: (1) the young group (age range: 19–44 years; 
n = 60), (2) the middle-age group (age range: 45–64 years; n = 56) and 
(3) the old group (age range: 65–85 years; n = 28). Table 1 shows the 
demographics of these patients. There were no significant differences 
in the gender or the duration from the onset of symptoms among the 
three groups (p = 0.831 for gender and p = 0.069 for duration 
from onset).

The scores of the DHI or NPQ were not significantly different 
among the three groups (one-way ANOVA: p > 0.05 each). On the 
other hand, there were significant differences in the total scores as well 
as the anxiety subscales of HADS among the three groups (one-way 
ANOVA: p = 0.022 for total score and p = 0.013 for anxiety subscale; 
Table 2 and Figure 1). Post hoc-analysis revealed that both the total 
scores and anxiety subscales of HADS in the young group were 

significantly higher than those of the old group (Bonferroni test: 
p = 0.029 for total score and p = 0.022 for anxiety subscale).

Table 3 shows the precipitating conditions in each PPPD patient 
group. In all the three groups, BPPV and Ménière’s disease were the 
most common. Peripheral vestibular diseases accounted for 41.7% of 
the precipitating conditions in the young group, 55.4% in the 
middle-age group, and 77.8% in the old group. There were significant 
differences among them (Fisher’s exact test, p = 0.007), and the rate of 
peripheral vestibular diseases in the old group was significantly greater 
than that in the young group (Bonferroni test: p = 0.007). While 
vestibular migraine was common in the young and middle-age groups 
(11.7 and 12.5%, respectively), there were no patients with this 
disorder in the old group (Fisher’s exact test, p = 0.134). Psychiatric 
dizziness was more frequent in the middle-age group (10.7%) 
compared to the young or old groups (5 and 3.7%, respectively; 
Fisher’s exact test, p = 0.468).

Table 4 shows the results of vestibular function tests in the three 
PPPD patient groups. There were no significant differences in the 

TABLE 1 Demographics of PPPD patients grouped by age.

Young 
(19–

44  years) 
N  =  60

Middle-
age (45–
64  years) 
N  =  56

Old (65–
85  years) 
N  =  27

p-
value

Age: mean 

(SD) years

35.0 (7.0) 53.6 (5.5) 71.5 (5.6) <0.001

Gender, N (%)

Male 15 (25.0%) 17 (30.4%) 8 (29.6%)
0.831

Female 45 (75.0%) 39 (69.6%) 19 (70.4%)

Duration: 

mean (SD) 

months

25.0 (34.7) 39.0 (45.4) 44.8 (48.7) 0.069

SD, standard deviation; Duration, duration from symptom onset.

TABLE 2 DHI, NPQ, and HADS of PPPD patients grouped by age.

Young 
(19–

44  years) 
N  =  60

Middle-
age (45–
64  years) 
N  =  56

Old (65–
85  years) 
N  =  27

p-
value

DHI

Total 60.9 (21.0) 59.4 (20.0) 55.4 (22.5) 0.542

Physical 17.3 (5.9) 18.5 (6.4) 16.2 (6.9) 0.365

Emotional 22.1 (7.5) 19.5 (8.4) 18.9 (8.8) 0.142

Functional 21.5 (9.8) 21.4 (8.9) 19.0 (10.2) 0.549

NPQ

Total 41.1 (14.8) 40.9 (13.0) 37.0 (12.1) 0.451

Standing 13.9 (6.3) 12.5 (5.2) 12.7 (4.6) 0.281

Movement 13.4 (5.0) 13.3 (4.8) 11.5 (4.8) 0.245

Visual 13.8 (5.8) 15.0 (4.8) 12.8 (5.4) 0.243

HADS

Total 19.3 (8.1) 16.4 (8.4) 14.2 (6.7) 0.022*

Depression 9.5 (4.6) 8.3 (4.4) 7.2 (4.5) 0.057

Anxiety 9.8 (4.2) 8.1 (4.6) 7.0 (3.3) 0.013*

Data are shown as mean (SD). DHI, dizziness handicap inventory; NPQ, the Niigata PPPD 
questionnaire; HADS, hospital anxiety and depression scale. *p < 0.05.
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abnormality ratios in the caloric test, vHIT, cVEMPs, or oVEMPs among 
the three groups (Fisher’s exact test, p = 0.328, p = 0.188, p = 0.074, and 
p = 0.767, respectively). For posturography, the velocities of the COP with 
eyes-open and eyes-closed in the old group were significantly greater 
than those in the young group and the middle-age group (Kruskal–
Wallis test, p = 0.001 and p = 0.002, respectively; Figure 2). There were no 
significant differences in the Romberg ratios of the velocity of the COP 
among the three groups (Kruskal–Wallis test, p = 0.335).

4 Discussion

In the present study, we investigated the differences in the clinical 
characteristics of PPPD patients classified according to their age, and 

revealed that the total HADS score and its anxiety subscale were 
significantly higher in the young group compared to the old group 
while there were no differences in the DHI or NPQ scores between 
them. On the other hand, the proportion of peripheral vestibular 
diseases among the precipitating conditions was significantly higher 
in the old group compared to the young and middle-age groups. The 
abnormal ratios of the vestibular function tests were not significantly 
different among the three age groups. Our results suggest that the 
clinical characteristics of PPPD patients in different age groups differ 
in their psychiatric conditions as well as in the precipitating conditions.

The diagnostic criteria of PPPD were made based on the common 
clinical features of the four precursors: PPV, SMD, VV, and 
CSD. However, it is still under debate whether PPPD is a single 
disorder with one pathophysiologic mechanism or just a composite of 

FIGURE 1

Hospital Anxiety and Depression Scale (HADS) scores of the PPPD patients in different age groups. (A) The total scores of HADS. The total scores were 
significantly different among the three groups (p  =  0.022). The young group showed a significantly higher score than the old group (p  =  0.029). (B) The 
depression subscale scores of HADS. There was no significant difference among the three groups. (C) The anxiety subscale of HADS. The anxiety 
subscale scores were significantly different among the three groups (p  =  0.013). The young group showed a significantly higher score than the old 
group (p  =  0.022). *p  <  0.05.

TABLE 3 Precipitating conditions of PPPD patients grouped by age.

Young (19–44  years) N  =  60 Middle-age (45–64  years) 
N  =  56

Old (65–85  years) N  =  27

Peripheral vestibular diseases 25 (41.7%) 31 (55.4%) 21 (77.8%)

Benign paroxysmal positional vertigo 9 (15.0%) 9 (16.1%) 7 (25.9%)

Ménière’s disease 8 (13.3%) 10 (17.9%) 6 (22.2%)

Vestibular neuritis 1 (1.7%) 2 (3.6%) 2 (7.4%)

Sudden deafness with vertigo 2 (3.6%) 2 (7.4%)

Delayed endolymphatic hydrops 1 (1.8%)

Ramsay-Hunt syndrome 1 (1.8%) 1 (3.7%)

Peripheral vestibular dysfunction 7 (11.7%) 6 (10.7%) 3 (11.1%)

Other conditions 35 (58.3%) 25 (44.6%) 6 (22.2%)

Vestibular migraine 7 (11.7%) 7 (12.5%)

Psychiatric dizziness 3 (5.0%) 6 (10.7%) 1 (3.7%)

Orthostatic dysregulation 1 (1.7%) 1 (1.8%)

Dizziness of unknown cause 19 (31.7%) 5 (8.9%) 4 (14.8%)

No precipitating conditions 5 (8.3%) 6 (10.7%) 1 (3.7%)

Data are shown as number (%).
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multiple conditions that produce similar symptoms from different 
mechanisms (1). PPV, SMD, VV, and CSD originally have different 
areas of emphasis: postural provocation is the characteristic feature of 
PPV, discomfort in self-motion is emphasized in SMD and CSD, and 
trouble with moving visual stimuli is the primary feature of VV. Thus, 
the clinical characteristics of PPPD are heterogeneous, and several 
subtypes may exist. Yagi et al. performed factor and cluster analyses 
on answers to the NPQ in PPPD patients, and revealed that PPPD 
patients can be categorized into three clusters: the visual-dominant 
subtype, the motion-dominant subtype, and the mixed subtype (3). In 
the present study, there were no significant differences in the scores of 
standing, motion, or visual subscales of the NPQ among the different 
age groups of PPPD patients.

The pathophysiological mechanisms of PPPD are still unclear. 
Anxiety-related personality traits and high levels of anxiety and 

vigilance about acute vestibular symptoms have been associated with 
the initial pathologic processes (1). Alterations in postural control 
strategies (31), shifts in multi-sensory information (32), and reduced 
cortical integration of spatial orientation (33) have been considered as 
the underlying mechanisms of sustained dizziness in PPPD. Previous 
studies have shown that patients with a history of anxiety disorders 
before the onset of vestibular symptoms were more at risk of 
developing chronic dizziness (34, 35). In contrast, patients with higher 
resilience, sense of coherence and general satisfaction with life were 
less likely to develop persistent dizziness after an acute vestibular event 
(36). In the present study, the total score of HADS and its anxiety 
subscale in the young group were significantly higher compared to 
those in the old group, suggesting that psychological factors, especially 
the degree of anxiety, are more severe in the younger PPPD patients 
than in older patients. This result might have an association with the 
early onset of mental disorders. Epidemiological studies have shown 
that more than half of the patients with any mental disorders including 
anxiety disorders develop symptoms at under 25 years old (8) and that 
the prevalence rate of anxiety disorders is highest at 15–25 years (9, 
10). It is also possible that vestibular symptoms in younger patients 
can lead to psychiatric comorbidities (37, 38). It has been reported that 
distress due to dizziness was more severe in younger patients with 
chronic dizziness in comparison with older patients (37) and that the 
tolerance to dizziness intensity increases with age in chronic dizziness 
(38). Our result is compatible with a previous study that compared the 
clinical characteristics of PPPD patients in different age groups (39). 
It reported that the proportion of PPPD patients having emotional 
disorders and the scores of the Beck anxiety inventory were lower in 
the old group than in the middle-age group (39).

PPPD is usually precipitated by conditions that cause vertigo, 
unsteadiness or balance problems (1). Previous studies reported 
that the most common precipitating conditions are peripheral 
vestibular diseases including BPPV, vestibular neuritis and 
Ménière’s disease (1, 3, 39). In contrast, another study reported that 
psychological distress in the form of post-traumatic stress disorder 
was the most frequent co-morbidity followed by vestibular migraine 
(40). These studies suggest that the nature of the precipitating 

TABLE 4 Results of vestibular function tests in PPPD patients grouped by age.

Young (19–
44  years)

Middle-age (45–
64  years)

Old (65–
85  years)

p-value

Caloric testing
Normal 30 (68.2%) 28 (54.9%) 10 (53.6%)

0.328
Abnormal 14 (31.8%) 23 (45.1%) 9 (47.4%)

vHIT
Normal 33 (94.3%) 29 (85.3%) 7 (77.8%)

0.188
Abnormal 2 (5.7%) 5 (14.7%) 2 (22.2%)

cVEMPs
Normal 26 (83.9%) 23 (71.9%) 4 (44.4%) 0.074

Abnormal 5 (16.1%) 9 (28.1%) 5 (55.6%)

oVEMPs
Normal 12 (63.2%) 13 (52.0%) 2 (40.0%) 0.767

Abnormal 7 (36.8%) 12 (48.0%) 3 (60.0%)

Posturography

Romberg ratio of velocity 1.6 (0.5) 1.6 (0.4) 1.7 (0.5) 0.335

Velocity with eyes-open (cm/s) 1.5 (0.6) 1.6 (0.6) 2.2 (0.9) 0.001

Velocity with eyes-closed (cm/s) 2.4 (1.1) 2.6 (1.3) 3.6 (1.5) 0.002

Data are shown as number (%) in caloric testing, vHIT, cVEMPs, and oVEMPs. Data are shown as mean (SD) in Romberg ratio and velocity of posturograhy.

FIGURE 2

The results of posturography in PPPD patients with different ages. 
(A) The velocity of the center of pressure (COP) with eyes-open. The 
velocities of the COP with eyes-open were significantly larger in the 
old group than in the young group (p  =  0.001) and the middle-age 
group (p  =  0.007). (B) The velocity of COP with eyes-closed. The 
velocities of the COP with eyes-closed were significantly larger in 
the old group than in the young group (p  =  0.002) and the middle-
age group (p  =  0.014). *p  <  0.05 and **p  <  0.01.
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conditions may vary depending on clinical departments, 
institutions, or countries. In the present study, the rate of peripheral 
vestibular diseases in the precipitating conditions was significantly 
higher in the old group than in the young group of PPPD patients. 
Our results might have an association with a higher incidence of 
peripheral vestibular diseases including BPPV, vestibular neuritis 
and Ménière’s disease in the elderly (6, 7, 41). On the other hand, 
psychiatric dizziness exhibited a greater prevalence in the 
middle-age group compared to the young or old groups among the 
precipitating conditions. This finding was consistent with a previous 
study demonstrating a higher prevalence of psychiatric 
comorbidities among middle-aged PPPD patients compared to 
their younger or older counterparts (39).

In the present study, there were no significant differences in the 
abnormal ratios of the vestibular function tests including caloric 
testing, vHIT, cVEMPs or oVEMPs among the three different age 
groups of PPPD patients. A previous study examined the association 
between vestibular function and preceding balance disorders in 
PPPD patient (42). It showed that PPPD patients with preceding 
vestibular neuritis had a significant positive association with 
abnormal caloric responses whereas patients with preceding BPPV 
had significantly lower rates of abnormal oVEMPs. While more than 
half of PPPD patients exhibited peripheral vestibular diseases as 
precipitating conditions in the present study, the rate of abnormalities 
in the vestibular function test was relatively diminished. These may 
be  due to the considerable intervals between the onset of 
precipitating conditions and the administration of vestibular 
function assessments, along with the elevated prevalence of BPPV 
among the precipitating conditions. In posturography, the velocity 
of the COP with eyes-open as well as with eyes-closed was 
significantly greater in the old group than in the young group in the 
present study. This might be due to deterioration of postural stability 
with aging (43).

This study has several limitations. First, this is a retrospective 
study. There is the potential risk for selection bias in the distribution 
of patients with PPPD. Second, the number of patients in each group 
was small. Third, we could not examine the association between the 
effect of treatment and ages of the patients since the treatment 
strategies varied among the patients. A large-scale study including 
multiple clinics taking into the long-term outcome is necessary to 
elucidate the characteristics of PPPD with different ages.

In conclusion, we  investigated the differences in the clinical 
characteristics of PPPD patients classified according to age, and 
showed that younger patients tended to have stronger anxiety than 
older patients whereas the older patients had a higher proportion of 
peripheral vestibular diseases in the precipitating conditions compared 
to the younger patients. Our results suggest that in treating PPPD 
patients, psychiatric conditions such as anxiety and depression should 
be carefully checked in younger patients whereas peripheral vestibular 
comorbidities should be  taken into account when treating older 
PPPD patients.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Research 
Ethics Committee, Graduate School of Medicine, Nagoya City 
University. The studies were conducted in accordance with the 
local legislation and institutional requirements. The participants 
provided their written informed consent to participate in 
this study.

Author contributions

AF: Writing – review & editing, Writing – original draft. KK: 
Writing – review & editing, Writing – original draft. TM: Writing 
– review & editing. SK: Writing – review & editing. SE: Writing – 
review & editing. SI: Writing – review & editing, Writing – 
original draft.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported by the Ministry of Education, Culture, Sports, Science and 
Technology (20K11161 and 21H03088).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

References
 1. Staab JP, Eckhardt-Henn A, Horii A, Jacob R, Strupp M, Brandt T, et al. Diagnostic 

criteria for persistent postural-perceptual dizziness (Pppd): consensus document of the 
Committee for the Classification of vestibular disorders of the Barany society. J Vestib 
Res. (2017) 27:191–208. doi: 10.3233/VES-170622

 2. Kabaya K, Tamai H, Okajima A, Minakata T, Kondo M, Nakayama M, et al. 
Presence of exacerbating factors of persistent perceptual-postural dizziness in patients 
with vestibular symptoms at initial presentation. Laryngoscope Investig Otolaryngol. 
(2022) 7:499–505. doi: 10.1002/lio2.735

https://doi.org/10.3389/fneur.2024.1378206
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3233/VES-170622
https://doi.org/10.1002/lio2.735


Fukushima et al. 10.3389/fneur.2024.1378206

Frontiers in Neurology 07 frontiersin.org

 3. Yagi C, Morita Y, Kitazawa M, Yamagishi T, Ohshima S, Izumi S, et al. Subtypes of 
persistent postural-perceptual dizziness. Front Neurol. (2021) 12:652366. doi: 10.3389/
fneur.2021.652366

 4. Murofushi T, Nishimura K, Tsubota M. Isolated otolith dysfunction in persistent 
postural-perceptual dizziness. Front Neurol. (2022) 13:872892. doi: 10.3389/
fneur.2022.872892

 5. Trinidade A, Cabreira V, Goebel JA, Staab JP, Kaski D, Stone J. Predictors of 
persistent postural-perceptual dizziness (Pppd) and similar forms of chronic dizziness 
precipitated by peripheral vestibular disorders: a systematic review. J Neurol Neurosurg 
Psychiatry. (2023) 94:904–15. doi: 10.1136/jnnp-2022-330196

 6. Neuhauser HK, von Brevern M, Radtke A, Lezius F, Feldmann M, Ziese T, et al. 
Epidemiology of vestibular Vertigo: a Neurotologic survey of the general population. 
Neurology. (2005) 65:898–904. doi: 10.1212/01.wnl.0000175987.59991.3d

 7. Yang TH, Xirasagar S, Cheng YF, Wu CS, Kuo NW, Lin HC. Peripheral vestibular 
disorders: Nationwide evidence from Taiwan. Laryngoscope. (2021) 131:639–43. doi: 
10.1002/lary.28877

 8. Solmi M, Radua J, Olivola M, Croce E, Soardo L, Salazar de Pablo G, et al. Age at 
onset of mental disorders worldwide: large-scale Meta-analysis of 192 epidemiological 
studies. Mol Psychiatry. (2022) 27:281–95. doi: 10.1038/s41380-021-01161-7

 9. Penninx BW, Pine DS, Holmes EA, Reif A. Anxiety Disorders. Lancet. (2021) 
397:914–27. doi: 10.1016/S0140-6736(21)00359-7

 10. Mack S, Jacobi F, Gerschler A, Strehle J, Hofler M, Busch MA, et al. Self-reported 
utilization of mental health services in the adult German population--evidence for 
unmet needs? Results of the DEGS1-mental health module (DEGS1-MH). Int J Methods 
Psychiatr Res. (2014) 23:289–303. doi: 10.1002/mpr.1438

 11. Hirschfeld RM. Depression epidemiology and its treatment evolution. J Clin 
Psychiatry. (2012) 73:e29. doi: 10.4088/JCP.11096tx3c

 12. Jacobson GP, Newman CW. The development of the dizziness handicap inventory. 
Archives of otolaryngology—head & neck surgery. (1990) 116:424–7. doi: 10.1001/
archotol.1990.01870040046011

 13. Yagi C, Morita Y, Kitazawa M, Nonomura Y, Yamagishi T, Ohshima S, et al. A 
validated questionnaire to assess the severity of persistent postural-perceptual dizziness 
(Pppd): the Niigata Pppd questionnaire (Npq). Otol Neurotol. (2019) 40:e747–52. doi: 
10.1097/MAO.0000000000002325

 14. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr 
Scand. (1983) 67:361–70. doi: 10.1111/j.1600-0447.1983.tb09716.x

 15. von Brevern M, Bertholon P, Brandt T, Fife T, Imai T, Nuti D, et al. Benign 
Paroxysmal Positional Vertigo: Diagnostic Criteria. J Vestib Res. (2015) 25:105–17. doi: 
10.3233/VES-150553

 16. Lopez-Escamez JA, Carey J, Chung WH, Goebel JA, Magnusson M, Mandala M, 
et al. Diagnostic criteria for Meniere’s disease. J Vestib Res. (2015) 25:1–7. doi: 10.3233/
VES-150549

 17. Strupp M, Bisdorff A, Furman J, Hornibrook J, Jahn K, Maire R, et al. Acute 
unilateral Vestibulopathy/vestibular neuritis: diagnostic criteria. J Vestib Res. (2022) 
32:389–406. doi: 10.3233/ves-220201

 18. Chandrasekhar SS, Tsai Do BS, Schwartz SR, Bontempo LJ, Faucett EA, Finestone 
SA, et al. Clinical practice guideline: sudden hearing loss (update). Otolaryngol Head 
Neck Surg. (2019) 161:59885. doi: 10.1177/0194599819859885

 19. Schuknecht HF. Delayed endolymphatic Hydrops. Ann Otol Rhinol Laryngol. 
(1978) 87:743–8. doi: 10.1177/000348947808700601

 20. Sweeney CJ, Gilden DH. Ramsay hunt syndrome. J Neurol Neurosurg Psychiatry. 
(2001) 71:149–54. doi: 10.1136/jnnp.71.2.149

 21. Lempert T, Olesen J, Furman J, Waterston J, Seemungal B, Carey J, et al. Vestibular 
Migraine: Diagnostic Criteria. J Vestib Res. (2012) 22:167–72. doi: 10.3233/
VES-2012-0453

 22. Furman JM, Jacob RG. Psychiatric Dizziness. Neurology. (1997) 48:1161–6. doi: 
10.1212/wnl.48.5.1161

 23. Kim HA, Bisdorff A, Bronstein AM, Lempert T, Rossi-Izquierdo M, Staab JP, et al. 
Hemodynamic orthostatic dizziness/Vertigo: diagnostic criteria. J Vestib Res. (2019) 
29:45–56. doi: 10.3233/VES-190655

 24. Jongkees LB, Maas JP, Philipszoon AJ. Clinical Nystagmography. A detailed study 
of electro-Nystagmography in 341 patients with Vertigo. Pract Otorhinolaryngol. (1962) 
24:65–93.

 25. Iwasaki S, Takai Y, Ito K, Murofushi T. Abnormal vestibular evoked myogenic 
potentials in the presence of Normal caloric responses. Otol Neurotol. (2005) 26:1196–9. 
doi: 10.1097/01.mao.0000194890.44023.e6

 26. Fujimoto C, Murofushi T, Chihara Y, Suzuki M, Yamasoba T, Iwasaki S. Novel 
subtype of idiopathic bilateral Vestibulopathy: bilateral absence of vestibular evoked 
myogenic potentials in the presence of normal caloric responses. J Neurol. (2009) 
256:1488–92. doi: 10.1007/s00415-009-5147-x

 27. Yang CJ, Lee JY, Kang BC, Lee HS, Yoo MH, Park HJ. Quantitative analysis of gains 
and catch-up saccades of video-head-impulse testing by age in Normal subjects. Clinical 
Otolaryngol. (2016) 41:532–8. doi: 10.1111/coa.12558

 28. Murofushi T, Matsuzaki M, Wu CH. Short tone burst-evoked myogenic potentials 
on the sternocleidomastoid muscle: are these potentials also of vestibular origin? Arch 
Otolaryngol. (1999) 125:660–4. doi: 10.1001/archotol.125.6.660

 29. Chihara Y, Iwasaki S, Ushio M, Murofushi T. Vestibular-evoked extraocular 
potentials by air-conducted sound: another clinical test for vestibular function. Clin 
Neurophysiol. (2007) 118:2745–51. doi: 10.1016/j.clinph.2007.08.005

 30. Kanda Y. Investigation of the freely available easy-to-use software 'Ezr' for medical 
statistics. Bone Marrow Transplant. (2013) 48:452–8. doi: 10.1038/bmt.2012.244

 31. Wuehr M, Pradhan C, Novozhilov S, Krafczyk S, Brandt T, Jahn K, et al. Inadequate 
interaction between open- and closed-loop postural control in phobic postural Vertigo. 
J Neurol. (2013) 260:1314–23. doi: 10.1007/s00415-012-6797-7

 32. Cousins S, Kaski D, Cutfield N, Arshad Q, Ahmad H, Gresty MA, et al. Predictors 
of clinical recovery from vestibular neuritis: a prospective study. Ann Clin Transl Neurol. 
(2017) 4:340–6. doi: 10.1002/acn3.386

 33. Indovina I, Riccelli R, Chiarella G, Petrolo C, Augimeri A, Giofre L, et al. Role of 
the insula and vestibular system in patients with chronic subjective dizziness: an Fmri 
study using sound-evoked vestibular stimulation. Front Behav Neurosci. (2015) 9:334. 
doi: 10.3389/fnbeh.2015.00334

 34. Best C, Tschan R, Eckhardt-Henn A, Dieterich M. Who is at risk for ongoing 
dizziness and psychological strain after a vestibular disorder? Neuroscience. (2009) 
164:1579–87. doi: 10.1016/j.neuroscience.2009.09.034

 35. Heinrichs N, Edler C, Eskens S, Mielczarek MM, Moschner C. Predicting 
continued dizziness after an acute peripheral vestibular disorder. Psychosom Med. (2007) 
69:700–7. doi: 10.1097/PSY.0b013e318151a4dd

 36. Tschan R, Eckhardt-Henn A, Scheurich V, Best C, Dieterich M, Beutel M. 
Steadfast-effectiveness of a cognitive-behavioral self-management program for patients 
with somatoform Vertigo and dizziness. Psychother Psychosom Med Psychol. (2012) 
62:111–9. doi: 10.1055/s-0032-1304575

 37. Prell T, Finn S, Axer H. How healthcare utilization due to dizziness and Vertigo 
differs between older and younger adults. Front Med (Lausanne). (2022) 9:852187. doi: 
10.3389/fmed.2022.852187

 38. Prell T, Mendorf S, Axer H. Tolerance to dizziness intensity increases with age in people 
with chronic dizziness. Front Neurol. (2022) 13:934627. doi: 10.3389/fneur.2022.934627

 39. Zhang L, Jiang W, Tang L, Liu H, Li F. Older patients with persistent postural-
perceptual dizziness exhibit fewer emotional disorders and lower Vertigo scores. Sci Rep. 
(2022) 12:11908. doi: 10.1038/s41598-022-15987-w

 40. Waterston J, Chen L, Mahony K, Gencarelli J, Stuart G. Persistent postural-perceptual 
dizziness: precipitating conditions, co-morbidities and treatment with cognitive behavioral 
therapy. Front Neurol. (2021) 12:795516. doi: 10.3389/fneur.2021.795516

 41. Iwasaki S, Kawahara T, Miyashita T, Shindo S, Tsubota M, Inoue A, et al. Estimated 
incidence and characteristics of vestibular neuritis in Japan: a Nationwide survey. Auris 
Nasus Larynx. (2023) 51:343–6. doi: 10.1016/j.anl.2023.09.009

 42. Oka M, Ichijo K, Koda K, Kamogashira T, Kinoshita M, Igarashi K, et al. Preceding 
balance disorders affect vestibular function in persistent postural-perceptual dizziness. 
J Clin Med. (2023) 12:2589. doi: 10.3390/jcm12072589

 43. Fujimoto C, Egami N, Demura S, Yamasoba T, Iwasaki S. The effect of aging on 
the center-of-pressure power spectrum in foam posturography. Neurosci Lett. (2015) 
585:92–7. doi: 10.1016/j.neulet.2014.11.033

https://doi.org/10.3389/fneur.2024.1378206
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3389/fneur.2021.652366
https://doi.org/10.3389/fneur.2021.652366
https://doi.org/10.3389/fneur.2022.872892
https://doi.org/10.3389/fneur.2022.872892
https://doi.org/10.1136/jnnp-2022-330196
https://doi.org/10.1212/01.wnl.0000175987.59991.3d
https://doi.org/10.1002/lary.28877
https://doi.org/10.1038/s41380-021-01161-7
https://doi.org/10.1016/S0140-6736(21)00359-7
https://doi.org/10.1002/mpr.1438
https://doi.org/10.4088/JCP.11096tx3c
https://doi.org/10.1001/archotol.1990.01870040046011
https://doi.org/10.1001/archotol.1990.01870040046011
https://doi.org/10.1097/MAO.0000000000002325
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://doi.org/10.3233/VES-150553
https://doi.org/10.3233/VES-150549
https://doi.org/10.3233/VES-150549
https://doi.org/10.3233/ves-220201
https://doi.org/10.1177/0194599819859885
https://doi.org/10.1177/000348947808700601
https://doi.org/10.1136/jnnp.71.2.149
https://doi.org/10.3233/VES-2012-0453
https://doi.org/10.3233/VES-2012-0453
https://doi.org/10.1212/wnl.48.5.1161
https://doi.org/10.3233/VES-190655
https://doi.org/10.1097/01.mao.0000194890.44023.e6
https://doi.org/10.1007/s00415-009-5147-x
https://doi.org/10.1111/coa.12558
https://doi.org/10.1001/archotol.125.6.660
https://doi.org/10.1016/j.clinph.2007.08.005
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1007/s00415-012-6797-7
https://doi.org/10.1002/acn3.386
https://doi.org/10.3389/fnbeh.2015.00334
https://doi.org/10.1016/j.neuroscience.2009.09.034
https://doi.org/10.1097/PSY.0b013e318151a4dd
https://doi.org/10.1055/s-0032-1304575
https://doi.org/10.3389/fmed.2022.852187
https://doi.org/10.3389/fneur.2022.934627
https://doi.org/10.1038/s41598-022-15987-w
https://doi.org/10.3389/fneur.2021.795516
https://doi.org/10.1016/j.anl.2023.09.009
https://doi.org/10.3390/jcm12072589
https://doi.org/10.1016/j.neulet.2014.11.033

	Age-related differences in the characteristics of persistent postural-perceptual dizziness
	1 Introduction
	2 Materials and methods
	2.1 Subjects
	2.1.1 Precipitating conditions
	2.1.2 Questionnaires
	2.1.3 Vestibular function tests
	2.2 Statistical analysis

	3 Results
	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

