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Blood pressure is maintained by a combined mechanism of the baroreceptor reflex and the
vestibulosympathetic reflex. This study is intended to verify the hypothesis that the orthostatic
hypotension (OH) seen when benign paroxysmal positional vertigo (BPPV) occurred may act as a
factor that affects the recurrence of BPPV. The subjects of present study were selected from among
239 patients diagnosed with idiopathic BPPV. The average age of the group with OH was 59.3 years,
and the age of the group without OH was 50.3 years, with a statistically significant difference
(P=0.013). It was shown that drug-taking increased the risk of OH occurrence by 4.08 times (C.I for
exp(B): 1.20-13.77) compared to the group that did not take drugs. It was shown that the risk of
recurrence of BPPV was significantly reduced in the no recurrence group compared to the multiple
recurrence group when there was no OH (p=0.000; aOR 0.0000002). Also, the risk of recurrence was
significantly reduced in the no recurrence group compared to the multiple recurrence group when
there was no drug-taking (p =0.000 aOR 0.0000001). This study is the first study that studied the effect
of OH on the recurrence of BPPV and showed the possibility that OH could partially influence the
recurrence of BPPV.

The symptoms of vertigo can occur when there is an abnormality in any part of the visual system, the vestibular
sensory system, and the somatosensory system for body balance, and the central nervous system that integrates
the foregoing. Benign paroxysmal positional vertigo (BPPV) is one of the diseases that cause vertigo due to
changes in the position of the vestibular sensory system, and the drop out of the otolith in the semicircular canals
or excessive movements of the cupula cristae ampullaris is thought to be the cause of BPPV.

BPPV is also a disease that is prone to recurrence. In general, its recurrence rates within 1 year and 3 years
are known to be 17% and 50%, respectively. The causes of recurrence are known to be age, vitamin D deficiency,
chronic diseases such as hypertension and diabetes, and otologic diseases'.

The vestibular sensory system is known to send signals through the sympathetic nervous system to the
nucleus tractus solitarius (NTS) and the rostral ventrolateral medulla (RVLM) maintain blood pressure in the
event of position changes®.

The drop in blood pressure (BP) when standing up reduces the blood flow going to the inner ear subsequently
causing ischemic excitation of the peripheral vestibular hair cells, which leads to the excitation of central ves-
tibular nuclei thereby causing vertigo after hypotension. In addition, the excitation of the vestibular nucleus
following the hypotension induces vestibulosympathetic reflex (VSR), and the reflex regulates blood pressure
with a dual control (neurogenic and humoral control) mechanism?®.

Diagnosis of hemodynamic orthostatic dizziness/vertigo requires: (A) five or more episodes of dizziness,
unsteadiness or vertigo triggered by arising or present during upright position, which subsides by sitting or lying
down; (B) orthostatic hypotension, postural tachycardia syndrome or syncope documented on standing or during
head-up tilt test (HUTT); and (C) not better accounted for by another disease or disorder*.

Orthostatic hypotension (OH) is a disease of orthostatic vertigo, refers to cases where the systolic blood
pressure drops by at least 20 mmHg, or the diastolic blood pressure drops by at least 10 mmHg within 3 min of
standing up after lying down, and is diagnosed by measuring blood pressure”.

It is known that repeated occurrence of OH may result in hypoperfusion of the brain, which is responsible
for the central nervous system, and cause blood flow insufficiency in the brainstem and the inner ear®’.
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At the stage of initial enrollment
BPPV (n=256)

Questionnaire drop out(n=17)

" |Didnot undergo HUTT (n=2)
Head-up tilt test Past varicose vein surgery (n=1)
Past history of BPPV (n=14)

Videonystagmography test

BPPV (n=239)

Follow up
Video frentzel glass test Average 9.1 months
No recurrence Single recurrence Multiple recurrence
(n=209) (n=22) (n=8)

Figure 1. Flowchart of study design.

Recent studies have shown that BPPV-induced otolith organ hypofunction can cause transient OH®®. In this
study, how OH and BPPV are associated with each other will be examined.

Since hypertension, diabetes, drugs, age, etc., known as the causes of OH are also known as risk factors for
BPPV, this study is intended to verify the hypothesis that the OH seen when BPPV occurred may act as a marker
of otolith organ hypofunction and thereby becoming a factor that affects the recurrence of BPPV.

Methods

Study subjects. This retrospective study was conducted with patients diagnosed with BPPV among patients
who visited the One Otorhinolaryngology Clinic due to a symptom of vertigo from September 2020 to August
2021. When a patient who visited the hospital due to a symptom of vertigo showed any abnormal finding in the
medical history taking, general otolaryngological examination, and physical examination using frentzel glass,
the following tests were carried out immediately.

All patients did not intake alcohol within 12 h of the test, and drugs such as high blood pressure and diabetes,
excluding stabilizers, were taken as usual.

After resting for at 15 min in a quiet room, the patient was laid down on the test table.

As for the sequence of the test, the blood pressure and pulse rate were measured twice at 1-min interval
after resting for 3 min in a lying position, the table was raised to 70° for 30 s thereafter, the blood pressure and
pulse rate were measured three times at 1-min intervals, and the patient was diagnosed with OH in case where
the systolic blood pressure dropped by at least 20 mmHg or the diastolic blood pressure dropped by at least
10 mmHg. In cases where the patient felt severe vertigo during the test, the test was immediately stopped. In
addition, all patients were subjected to a positional test and a positioning test using videonystagmography test.
Posterior canal BPPV was diagnosed by observation of torsional upbeating nystagmus following Dix-Hallpike
test. Horizontal nystagmus induced by supine roll test was considered as diagnostic sigh for lateral canal BPPV.
Anterior canal BPPV is diagnosed when Dix-Hallpike positioning produces a down-beating nystagmus with
torsional component. After diagnosis with otolithiasis, repositioning maneuvers were performed twice a week,
and treatment was terminated when symptoms disappeared and the nystagmus was resolved based on video
frentzel glass examination. All patients were diagnosed and treated by a physician.

Recurrence was diagnosed with symptoms that occurred one month after the end of the treatment and nys-
tagmus confirmed with video frentzel glass, and treatment was carried out again.

Patients data and variables. During the study period, there were 256 patients with idiopathic BPPV. Of
them, two patients were unable to undergo HUTT, one patient was excluded due to past varicose vein surgery,
and 14 patients were excluded due to a past history of BPPV. Finally, 239 patients were studied, and the average
follow-up period was 9.1 months (Fig. 1). Through the patients’ medical records and questionnaire, age, sex, the
location of otolith at the first occurrence of BPPV, otologic disease, hypertension, diabetes, OH, and whether
drugs were taken (heart disease, cerebrovascular disease, psychiatric disease, thyroid disease, prostate disease)
were identified. All patients gave their informed consent prior to their inclusion in the study and this study
have been performed in accordance with the ethical standards in the 1964 Declaration of Helsinki and its later
amendments. This study was approved by the Myongji Hospital Institutional Review Board.
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95% C.Ifor
Orhostatic hypotension EXP(B)
+ -
Variables N=20 N=219 B Pvalue | Exp(B) | Lower | Upper
Age(mean +SD) 59.3+11.8 | 50.3+16.4 | 0.049 0.013 1.050 1.011 1.091
Male 6 59
Sex -0.217 |0.695 0.805 0.272 2.382
Female 14 160
7 64
Hypertension + -0.983 0.146 0.374 0.099 1.409
13 155
6 29
Diabetics + - 1.073 0.108 2.925 0.791 10.819
14 190
5 19
Medications® + 1.406 0.023 4.081 1.209 13.774
15 200

Table 1. Variables on orthostatic hypotension using binary logistic regression analysis. SD standard deviation,
B unstandardized coefficient, Exp(B) the exponentiation of the B coefficient, CI confidence interval. *The
diseases of the drug-taking were arrhythmia, heart disease, antidepressant, thyroid disease, hypnotic and
prostate disease. Bold values indicate statistical significance (p <0.05).

Orthostatic

BPPV recurrence Canal location Sex Age Hypertension Diabetics hypotension Medications®
episode Post Lat Both | Male Female | <60 >60 - + - + - + - +
No n=209 29 172 8 64 145 136 73 147 62 179 30 190 19 189 20
Single n=22 4 16 5 0 22 14 8 15 7 17 5 21 1 18 4
Multiple’n =8 2 5 1 1 7 5 3 6 2 8 0 8 0 8 0
Total n=239(%) 35(15) [ 193(80) |11(5) |65(27) |174(73) | 155(65) |84(35) |168(70) |71(30) |204(85) |35(15) |219(92) |20(8) |215(90) |24 (10)

Table 2. Characteristics of the no recurrence, single recurrence, and multiple recurrence groups in BPPV.

BPPV Benign paroxysmal positional vertigo, Post posterior canal, lat lateral canal, both involves multiple canal.
Includes seven people who recurred twice and one person who recurred three times. "The diseases of the
drug-taking were arrhythmia, heart disease, antidepressant, thyroid disease, hypnotic and prostate disease.

Statistical analysis. First, attempts were made to identify variables that cause statistical interactions as
effect modifiers between OH and BPPV recurrence among the age, sex, otologic disease, the location of otolith,
hypertension, diabetes, and drug-taking (heart disease, psychiatric disease, thyroid disease, prostate disease),
which are variables investigated in the study.

Through Breslow-Day’s test for homogeneity, age, drug use, hypertension, and diabetes passed the homo-
geneity test. In the tests of conditional independence, the Mantel-Haenszel test value was p=0.963. Based on
this, a model suitable for the study was designed. First, binary logistic regression analysis was performed to
identify factors affecting OH among the study subjects, and polychotomous logistic regression analysis was used
to study the effects of OH on BPPV recurrence. The fit of the model was p=0.006, and polychotomous logistic
regression analysis was carried out in the ascending method based on the multiple recurrence group among no
recurrence group, single recurrence group, and multiple recurrence group. The model verified main effects, and
finally, the overall statistical difference for the variables in the polynomial logistic regression analysis was veri-
fied through the Wald test using covariance. Statistical analyses were conducted using IBM SPSS ver. 19.0 (IBM
Corp., Armonk, IL, USA). Statistical significance was considered to exist when p <0.05.

Results

As shown in Table 1, the prevalence of OH in the study subjects was 8.3% (n =20). The average age of the group
with OH was 59.3 years, and the age of the group without OH was 50.3 years, with a statistically significant dif-
ference (P=0.013).

Drug-taking also had a significant effect on OH. It was shown that drug-taking increased the risk of OH
occurrence by 4.08 times (P =0.023; C.I for exp(B): 1.20-13.77) compared to the group that did not take drugs.
Sex, hypertension, and diabetes did not have any significant effect on the occurrence of OH in this study.

The characteristics of patients in each group are shown in Table 2. Of the entire 239 patients in Table 2, 209
(87%) were in the no recurrence group, 22 (9%) were in the single recurrence group, and 8 (3%) were in the
multiple recurrence group, which comprised 7 patients with 2 recurrences and 1 patient with 3 recurrences. The
locations of otoliths among the entire patients consisted of the posterior canal in 35 patients (15%), the lateral
semicircular canal in 193 patients (80%), and multiple semicircular canals in 11 patients (5%). The male: female
ratio was 1:2.7 and the ages of the patients were younger than 60 years in 155 patients (65%) and at least 60 years
in 84 patients (35%) over 60 years old. Of the total patients, 71 (30%) had hypertension, 35 (15%) had diabetes,
20 (8%) had OH, and 24 (10%) were taking drugs. The diseases of the drug-taking patients were depression in 7
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Single recurrence vs multiple
No recurrence vs multiple recurrence | recurrence
Risk factors Categories or units | B Sig aOR (95% CI) B Sig aOR (95% CI) P (df)
Age <60 0.18 | 0837 | 1.19(0.21-6.78) 0.26 | 0797 |130(0.17-9.74) | 0.888
Sex Male 115 (0294 | 3.15(0.36-27) ~1535 | 0990 | 2.14E-7 0.989
Hypertension No 0.18 | 0.856 | 1.19 (0.17-8.33) 0.2 0918 | 112(0.11-1124) | 0.932
Diabetics No ~16.16 | 0.995 | 9.54E-8 ~1681 | 0.995 | 4.98E-8 0.740
Orthostatic hypoten- |y, ~1571 | 0.000 }:;‘;E:Z)“'”E‘S o) _ 1486 348E-7 0.439
Medications® No ~1575 | 0.000 ;:‘SE:;)(“'WE‘S o 1672 547E-8 0.132

Table 3. Comparison of adjusted risks of BPPV recurrence among no recurrence, single recurrence, and
multiple recurrence groups. BPPV Benign paroxysmal positional vertigo, B unstandardized coefficient. Sig.
significance probability, aOR adjusted odds ratio, CI confidence interval, df degrees of freedom. *The diseases
of the drug-taking were arrhythmia, heart disease, antidepressant, thyroid disease, hypnotic and prostate
disease. p values were calculated using polychotomous logistic regression analysis or Wald test. Bold values
indicate statistical significance (p <0.05).

patients, thyroid disease in 5 patients, heart disease in 4 patients, arrhythmia in 3 patients, sleeping pill-taking
in 3 patients, and prostate disease in 2 patients.

As shown in Table 3, in comparison using polychotomous logistic regression analysis with the no recurrence
group using the multiple recurrence group as a control group, it was shown that the risk of recurrence of BPPV
was significantly reduced in the no recurrence group compared to the multiple recurrence group when there was
no OH (p=0.000; aOR 0.0000002). Also, the risk of recurrence was significantly reduced in the no recurrence
group compared to the multiple recurrence group when there was no drug-taking (p =0.000; aOR 0.0000001).
However, the absence of OH and drug-taking did not show any significant reduction in the risk of recurrence
in the single recurrence group compared to the multiple recurrence group.

In addition, age, sex, hypertension, and diabetes did not show any significant difference in the risk of recur-
rence in both the no recurrence group and the single recurrence group compared to the multiple recurrence
group. In conclusion, age, sex, hypertension, diabetes, OH, and drug-taking did not make any significant differ-
ence in the risk of recurrence among the three groups, and no statistically significant risk was observed.

Discussion

Blood pressure is maintained by a combined mechanism of the baroreceptor reflex and the vestibulosympathetic
reflex. The baroreceptor reflex of the carotid sinus is transmitted to the NTS through the glossopharyngeal nerve,
and the baroreceptor reflex of the aortic arch is transmitted to the NTS through the vagus nerve?. Stimulation
of the vestibular system according to posture changes lead to the excitation of the otolith organ and the relevant
signals are transmitted to the NTS and the RVLM via the vestibular nucleus complex through the sympathetic
nervous system. The information integrated in RVLM functions to maintain blood pressure.

According to the guidelines of the Bardny society, OH is defined by a significant reduction in systolic
(>20 mmHg) and/or diastolic (> 10 mmHg) blood pressure within 3 min upon standing from sitting or during
head-up tilt test. It may cause orthostatic dizziness/vertigo or not. Although the most common cause of ortho-
static dizziness/vertigo is probably OH, it is not the only cause. Thus, the nomenclature, orthostatic dizziness/
vertigo and OH, should be used distinctively. Orthostatic dizziness/vertigo is a symptom while OH is a disorder®.

A large population-based study on OH during postural testing in adults aged > 20 years showed an overall
OH prevalence of 4.8-9% but increased to 10-20% in elderly people'®!!. OH have been explained by a decline
of venous return associated with muscle weakness, the decrease in fluid volume, the increase of venous compli-
ance, dysfunction of the baroreceptor and the degradation of cardiac performance'. Orthostatic hypotension
is common in those who are age 65 and older. Special cells near heart and neck arteries that regulate blood
pressure can slow as aging. It also may be harder for an aging heart to speed up and compensate for drops in
blood pressure. The otolith organs are vulnerable to degradation due to aging, and the vestibulocardiovascular
response may be diminished with age®*.

In our study, the prevalence of OH among all BPPV patients was 8.3%, similar to that of other studies'’. In
this study, age also had a statistically significant effect on the occurrence of orthostatic hypotension (Table 1).
However, hypertension or diabetes, acting as risk factors for OH, did not have any significant effect on the occur-
rence of OH in BPPV patients in this study. In addition, it was found that drug-taking had a significant effect
on the occurrence of OH (Table 1). Of the 20 patients with OH, five were on medication. Two had heart disease,
1 had arrhythmia, 1 took methimazole for hyperthyroidism and 1 took prazosin hydrochloride for prostate
hypertrophy. Of the seven patients who took antidepressant drugs, 5 took escitalopram and 2 took paroxetine.
All seven patients did not develop OH. Of the three patients who took sleeping pills, 2 took alprazolam and 1
took Triazolam. All three patients did not develop OH.

On reviewing the previous studies on OH and BPPYV, it can be seen that all the studies were conducted with
patients with OH and post BPPV. In a study conducted by Jeon et al.'', 10 (9.8%) patients out of 102 patients
had OH, and the prevalence was equal to the general prevalence. The findings of the foregoing study indicated
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that orthostatic dizziness symptoms were not related to OH in BPPV patients, that BPPV was the most common
cause of orthostatic dizziness symptoms, and that the ratio of OH was the highest among orthostatic intolerance
patients. Jeon et al. also assumed that impairment of VSR in BPPV was a cause of OH.

In a study conducted by Kim et al.8, when post-BPPV patients were studied with a group with vertigo symp-
toms and a group without vertigo symptoms, 11 out of 58 patients (19%) were OH patients, and the group with
vertigo symptoms had significantly more OH patients. Interestingly, the foregoing study showed a higher ratio
of OH compared to other studies because it used continuous BP monitoring. Kim et al. explained that continu-
ous BP monitoring is a more sensitive test compared to BP monitoring at 1-min intervals because it can observe
brief episodes of transient OH.

In the study conducted by Kim et al., the medical history and drug-taking of patients with OH were investi-
gated, and contrary to our study, it was concluded that the possibility for drugs or medical history to cause OH
in BPPV patients was very low.

In a study conducted by Pezzoli et al.?, the OH co-occurrence rate of patients with residual dizziness after
BPPV treatment was 34%, which was significantly higher than that of the general population. However, the pres-
ence or absence of OH was not statistically related to age, gender, or symptoms of dizziness, and the number of
samples was not large. The study conducted by Pezzoli also speculated that OH occurred because abnormalities
in the otolith organs affected the control of the sympathetic nerves including the VSR.

In a study conducted with 248 patients with vertigo under the age of 65 years, Aoki et al.' reported that the
absent vestibular evoked myogenic potential group had a significantly higher ratio of OH and that this sup-
ported the hypothesis that otolith organ dysfunction induces OH. However, BPPV does not immediately mean
the dysfunction of the otolith organ, and if the dysfunction due to the degeneration of the otolith organ causes
OH, there may be an indirect relationship between otolith organ dysfunction and OH but it is not clear to what
extent the otolith organ dysfunction affects the occurrence of OH 1 min after standing up in the HUTT test
because the blood pressure drop due to VSR disorder affects the occurrence of OH within several seconds after
standing up, earlier than the baroreceptor.

This study began with the following questions. A hypothesis that the importance of metabolic diseases such
as hypertension and diabetes as risk factors for BPPV are growing and since these risk factors commonly affect
the occurrence of OH, there may be some relationships between OH and BPPV.

The hypothesis of other studies that OH may occur temporarily due to the dysfunction of the otolith organ
partially agrees that BPPV may act as a risk factor for the occurrence of OH, but since the annual prevalence
of BPPV is around 1%'?, the prevalence of OH is significantly higher than that of BPPV so that the hypothesis
that OH affects the otolith organ and can affect the occurrence or recurrence of otoliths was considered more
reasonable.

Therefore, contrary to the existing hypothesis, a hypothesis that OH may affect BPPV was established to
conduct this study.

In this study, age and drug-taking were observed to be statistically significant as factors affecting the occur-
rence of OH in the BPPV patient group using logistic regression analysis. Although both factors were previously
known as risk factors for OH, this study can be said to be significant in that it showed the same result in BPPV
patients too. The age variable used in this study is a confounding variable that is causally related to the occur-
rence and recurrence of BPPV and OH, and it also has the nature of an effect modifier. An effect modifier refers
to a confounding variable that causes different degrees of disturbance depending on its layers. Also drug-taking
may be a confounding variable. Age and drug-taking can be said to act as confounding variables and as effect
modifiers.

In a comparison of the three groups using polychotomous logistic regression analysis (Table 3), the risk of
recurrence was significantly lowered in the no recurrence group compared to the multiple recurrence group
when there was no OH. This is the first study supporting the hypothesis that OH may affect BPPV recurrence.
There was no statistical significance of the association of OH between the no recurrence group and the single
recurrence group, and it was not statistically significant enough to view OH as a factor affecting the recurrence
of BPPV in general. However, unlike previous studies, this study is meaningful because it is not a study on the
effect of OH on the vertigo in post-BPPV patients but is a study that shows the fact that OH present at the time
of diagnosis of BPPV may act as a factor affecting the recurrence later.

In addition, the effect of drugs on the recurrence of BPPV is a newly discovered area. To this author’s knowl-
edge, few studies have mentioned the effect of drugs as a factor for recurrence of BPPV. The study findings
indicating that the risk of recurrence was reduced between the no recurrence group and multiple recurrence
group when drugs such as heart disease drugs, depression drugs, sleeping pills, thyroid drugs, and prostate drugs
investigated in this study were not taken.

There are studies on spontaneous intracranial hypotension (SIH) that can explain the mechanism by which
OH affects the otolith organs. It is well known that SIH causes audiovestibular impairments®.

In a study conducted by Choi et al., 62% of SITH patients showed audiovestibular impairment, and SIH patients
showed peripheral type nystagmus, which was thought to have been caused by endolymphatic hydrops and
irritation of the vestibulocochlear nerve.

In a study by Xia et al., too, venous engorgement in the brain was identified as a factor for the development of
BPPV in patients with SIH, and low cerebrospinal fluid (CSF) pressure was also associated with the development
of BPPV">. When patients experience SIH, the decreased CSF pressure is directly transmitted to the perilymph,
resulting in compensatory endolymphatic hydrops mimicking Meniére’s disease. Then hydropically induced
damage to the maculae of the utricle and saccule may predispose patients to BPPV”16,

There are two possible mechanisms which can be thought to be the mechanisms through which OH causes
BPPV.
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First, the reduction of the perilymph due to CSF hypovolemia would result in compensatory endolymphatic
hydrops that will in turn generate vertigo and auditory dysfunction.

Second, there is an assumption that the irritation of the vestibular and cochlear nerves that are present in
the internal acoustic canal due to the venous engorgement that occurred in the internal acoustic canal affects
the otolith organ.

The venous engorgement of the internal acoustic canal has been identified in magnetic resonance imaging
studies!”. As such, it is speculated that the hypofunction or dysfunction of the otolith organ according to the
two mechanisms that can be caused by OH may act as a trigger or risk factor for BPPV. In addition, the aspect
that orthostatic headache persists for several months after treatment of SIH patients was speculated as indicat-
ing that the recovery from the imbalance between CSF and endolymph takes quite a long time!”. Therefore, it is
assumed that in the case of OH found when BPPV occurred, the momentary decrease in perfusion due to the
hypovolemic state may lead to an unexpectedly long time for the recovery of the otolith organ and may affect
the recurrence later.

For similar reasons, BPPV patients with cardiovascular disease such as hypertension show a low ratio of first
feeling postural vertigo and take longer to diagnosis'®. For this reason, they often feel vertigo similar to BPPV
symptoms, and the threshold for feeling dizziness is lowered so that it is difficult for them to feel symptoms such
as vertigo. The hypofunction of the otolith organ due to the influence of OH, etc. is thought to make the patient
unable to detect vertigo due to positional changes well, and the old BPPV in turn affects the sympathetic nerv-
ous system, which in turn creates a vicious cycle that adversely affects the otolith organ. There is evidence from
studies conducted on animals and humans that vestibular lesions result in a diminished VSR and consequently
in an increased intolerance to the orthostatic position®.

In this study, HUTT, a passive standing method, was measured at 1-min intervals. There are two methods of
tests for measuring OH: the active standing test and the passive standing test. The two methods may have different
blood pressure responses. Most studies have used the active standing test, but many elderly people cannot easily
convert from the lying position to the standing position. Therefore, it is difficult to accurately measure changes
in blood pressure during active standing test, especially in the elderly, and HUTT is considered to be an easier
test through which it is easier to detect OH".

In the case of active standing, the lower extremity muscles are used to sufficiently stimulate the sympathetic
nervous system thereby inducing vestibular sympathetic reflexes, but the foregoing is not the case in the case of
passive standing so that the drop in blood pressure may be smaller'®. Therefore, the OH found during HUTT
reflects the abnormalities of the overall autonomic nervous system rather than the function of the otolith organ.

HUTT does not reflect all patients’ vertigo, because the blood pressure measurements at intervals of 1 min
during HUTT cannot measure all of the VSR or baroreceptor activities that occur within a few seconds. Vestibular
influences on the cardiovascular system operate within one heartbeat after the onset of abrupt head acceleration
and VSRs may operate at a latency of 0.4 s*. Therefore, the blood pressure fall that meets the OH standard in
the HUTT measurements at intervals of 1 min is not completely explained by the abnormality of the vestibular
sympathetic nervous system reflex due to the dysfunction of the otolith organ. This is because, in general, blood
pressure response due to vestibular dysfunction occurs within 30 s'.

This study is the first study that studied the effect of OH on the recurrence of BPPV and showed the possibility
that OH could partially influence the recurrence of BPPV. The conclusions of this study about the relationship
between OH and BPPV means that the absence of OH is related to the absence of recurrences.

It was difficult to statistically organize common factors that exist between OH and BPPV. If the number of
samples in the multiple recurrence group was large, it is thought that the effects of the variables could be known
more clearly. Advanced studies with more samples are thought to be necessary.

Data availability
Data are available from the corresponding author upon reasonable request.
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