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Benign paroxysmal positional
vertigo a systematic review of the
effects of comorbidities
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Background: The prevalence of benign paroxysmal positional vertigo (BPPV)
increases with age, as does the occurrence of other chronic health conditions.
Although treatment with canalith-repositioning procedures (CRPs) is relatively
successful, efficacy on the first attempt varies. Several studies have examined
the influence of risk factors on BPPV occurrence and the efficacy of initial CRPs.
However, findings are controversial. The objective of this study is to identify
comorbidities associated with BPPV occurrence and explore their influence on
the success of initial CRPs.

Methods: The electronic databases PubMed, Scopus, Web of Science, Embase,
MEDLINE and CINAHL were searched to identify eligible English original studies
published from January 2019 to June 2024. All search results were reviewed
based on our inclusion and exclusion criteria.

Results: Of the 463 studies identified, 50 studies that satisfied the inclusion
criteria were analysed. Eighteen studies focused on BPPV occurrence, 24 on
the initial-CRP outcome and eight on both BPPV occurrence and the initial-
CRP outcome. Twenty-five risk factors and comorbidities were identified to
be associated with BPPV occurrence, and 15 were noted to impact the efficacy
of the initial CRP. The most common reported risk factor for BPPV occurrence
was head trauma (16 studies) and showed the poorest success rate after one
CRP requiring a maximum of 18 manoeuvres to reach complete resolution (9
studies). Other factors included cardiovascular and endocrine comorbidities,
neurological/neurotological comorbidities, musculoskeletal comorbidities,
anxiety, obsessive-compulsive disorder, body mass index, serum vitamin D level
and idiopathic BPPV.

Conclusion: This systematic review assess the strength of evidence of risk
factors influencing the development of BPPV and outcome of the initial CRP.
Hypertension, hypotension, anaemia, ischaemic heart disease, hyperlipidaemia,
stroke, diabetes mellitus, hypothyroidism, migraine, vestibular disorders,
peripheral neuropathy, osteoporosis, cervical spondylosis, head trauma and low
vitamin D were associated with BPPV incidence. Low levels of vitamin D, head
trauma, migraine, inner ear diseases including Méniere's disease, hypertension,
high cholesterol, diabetes mellitus, hypothyroidism, hyperlipidaemia,
osteoporosis, and reduced cervical mobility are all associated with failed first
canal repositioning manoeuvre. There is an identified need to explore risk
factors across different BPPV subtypes and their impact on the efficacy of
various treatment manoeuvres.
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Alolayet and Murdin

Introduction

Benign paroxysmal positional vertigo (BPPV) is one of the most
common peripheral vestibular disorders, characterised by episodic
vertigo provoked by head movement (1). BPPV arises through two
distinct mechanisms: canalithiasis, the more widely accepted theory,
where detached otoconia from the utricular macula float freely within
the semicircular canal, or cupulolithiasis, where otoconia abnormally
attach to the cupula (2).

The prevalence of BPPV increases with age, as does the
occurrence of other acute or chronic health conditions (3-5). The
majority of BPPV cases are idiopathic (6). Conversely, some
individuals develop secondary BPPV from identifiable causes of
otoconial displacement, which is seen in approximately 30% of
cases (7).

BPPV can severely impact quality of life by reducing physical
activity and increasing the risk of falls (6). It is treated with canalith-
repositioning procedures (CRPs) to relocate the dislodged otoconia
back into the vestibule (8). Although the treatment is relatively
successful, its efficacy on the first attempt varies among patients (9).
Evidence suggests that the underlying aetiology of BPPV may affect
the treatment outcomes, delaying recovery (10). Several studies have
examined the influence of risk factors and comorbidities on BPPV
occurrence and the efficacy of initial CRPs. However, the findings are
relatively controversial.

In this systematic review we aimed to determine the state of the
science by examining the most recent evidence on the prevalence of
comorbidities during the initial presentation of BPPV and their
influence on the success of initial CRPs. Identifying these factors could
significantly enhance clinical practice by facilitating the prevention of
BPPV through mitigation of these risk factors, thereby reducing the
impact of the condition on the health of high-risk populations.
Moreover, understanding how comorbidities influence the
effectiveness of CRPs enables clinicians to more accurately predict
patient prognosis and anticipate the need for repeated CRP sessions.
Additionally, identification of high-risk populations may optimise
clinical outcomes, decrease the frequency of follow-up visits and
improve the allocation of healthcare resources, ultimately enhancing
the quality of care for patients experiencing BPPV.

Methods

This study adhered to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses 2020 (PRISMA 2020) reporting guidelines
to identify and assess studies (11).

Literature search strategy

The electronic databases PubMed, Scopus, Web of Science,
Embase, MEDLINE and CINAHL were systematically searched by
two reviewers (HA and LM) for English studies published from
January 2019 to June 2024. We developed a search strategy that
included the following search terms: ‘occurrence, Tisk factor,
‘comorbidity, ‘BPPV’, ‘benign paroxysmal positional vertigo, ‘CRP;,
‘CRM, ‘canalith repositioning, ‘efficacy’, ‘outcome’ and ‘success. These
terms were also combined with all related free words to search for
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relevant literature as comprehensively as possible. The detailed search
strategy and process can be found in Supplementary Table 1.

Selection process

All records identified were imported into an online tool
(Covidence, 2024). Initially, reviewers screened the titles and abstracts
of the identified studies using the eligibility criteria. Studies were
included according to the following criteria: (1) adult patients over the
age of 18 years diagnosed with any type of BPPV according to Barany
Society’s (12) criteria or equivalent guidelines (13); (2) BPPV treated
with any type of CRP; (3) successful CRP defined as patients not
showing positional vertigo or positional nystagmus; (4) sufficient data
on comorbidities to answer either research question 1 or 2; (5) analysis
of relevant comorbidities associated with BPPV occurrence; and (6)
case—control, cohort or other observational studies. Articles were
excluded according to the following criteria: (1) patients below the age
of 18 years; (2) insufficient information on the diagnosis and treatment
of BPPV; (3) BPPV recurrence as the study outcome; (4) insufficient
information on the initial-CRP outcome; (5) non-peer-reviewed
articles, non-original research, reviews, case studies/series/reports,
letters, editorials or clinical protocols; and (6) animal studies.
Following this, the remaining articles were retrieved for manual full-
text review to identify any further relevant literature to establish the
final set of studies ultimately included.

Data extraction and quality assessment

The following data were extracted from the final set of included
studies: author, publication year, study design, study location, sample
size, mean participant age, comorbidities included, involved
semicircular canal, outcome of the first CRP and number of CRPs
conducted. The risk of bias for observational studies was assessed
using the Newcastle-Ottawa Scale (NOS) (14, 15), and the randomised
controlled trials (RCTs) were assessed using the Cochrane risk-of-bias
tool for randomised trials (RoB 2) (16). The total NOS score is based
on an accumulative score across three categories, a score of 7-9 is
considered to indicate a low risk of bias; 4-6, an unclear risk of bias;
and <3, a high risk of bias. RoB 2 tool assesses bias across five
domains, studies are rated as low risk of bias if all domains indicate
low bias; unclear risk of bias if at least one domain suggests high bias
while others were low bias; and high risk of bias if at least one domains
indicate high bias or multiple domains suggest unclear bias, potentially
contributing to a loss of confidence in the results. The results of the
NOS and RoB 2 quality assessment of the included studies are
summarised in Tables 1, 2 and detailed description is given in
Supplementary Tables 2-5.

Results
Study characteristics
A total of 1,383 studies were initially identified for screening. The

review ultimately included 50 studies (17-66) 18 studies on BPPV
occurrence, 24 studies on the initial-CRP outcome and eight studies
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TABLE 1 Characteristics of the included studies on the initial-CRP outcome.

Sample
size
(case/
control)

BPPV Design Country Mean patient
age (SD), year

(n)

Basis of BPPV diagnosis

Risk factors
and
comorbidities
included

Involved SCC

Outcome of
the first CRP

CRP
performed

(n)

Quality
score

Kim et al. 63 63 Cohort Korea 54 (n/a) American Academy of Head trauma Posterior SCC Horizontal | Epley manoeuvre Reversed 49% (31/63) failed 1 to 6 times in NOS: Low
(39) Otolaryngology-Head and Neck SCC cupulolithiasis/ Epley manoeuvre Barbecue roll general risk of bias
Surgery guideline canalolithiasis Anterior manoeuvre Gufoni manoeuvre
SCC Multicanal Barbecue roll manoeuvre with
involvement mastoid bone vibration
Jensen and 85 6 Cross- Denmark 43.46 + 17.19 Bardny Society guideline Head trauma Posterior SCC MRC Barbecue roll manoeuvre | All failed Mean of 2 NOS:
Hougaard sectional canalolithiasis/ Deep head-hanging manoeuvre treatments per Unclear risk
(46) cupulolithiasis Horizontal patient of bias
SCC canalolithiasis/
cupulolithiasis Anterior
SCC canalolithiasis
Multicanal involvement
McCormick 50 11 Cohort USA 42.56 £17.72 American Academy of Head trauma Posterior SCC Appropriate CRP per BPPV 8/11 failed 2'to 17 times for NOS: Low
and Kolar Otolaryngology-Head and Neck canalolithiasis/ based on the American those who failed risk of bias
(36) Surgery and Barany Society cupulolithiasis Horizontal | Academy of Otolaryngology—
guidelines SCC canalolithiasis Head and Neck Surgery
Bilateral posterior SCC guideline
canalithiasis
Louetal. 230 230 RCT China Not reported Bardny Society guideline Idiopathic BPPV Horizontal SCC Manual and automatic swivel 65/230 failed 2 to 3 times for
(61) (115/115) canalolithiasis/ chair CRP: Barbecue those who failed
cupulolithiasis Posterior manoeuvre Epley manoeuvre
SCC canalolithiasis
Leeetal. 41 41 RCT Korea 54.1+104 No clear guidelines but BPPV Idiopathic BPPV Posterior SCC Modified Epley manoeuvre 7/41 failed Not reported RoB 2: Low
(62) definition similar to that in the with/without a pillow under risk of bias
Bérdny Society/ American Academy the shoulders
of Otorhinolaryngology-Head and
Neck Surgery guideline
Martellucci 69 69 Cohort Italy 57.79 +15.05 No clear guidelines but BPPV Idiopathic BPPV Posterior SCC Epley manoeuvre 30/69 failed 2 to 6 times for NOS:
etal. (26) definition similar to that in the those who failed Unclear risk
Bérdny Society/ American Academy of bias
of Otorhinolaryngology-Head and
Neck Surgery guideline
Nahm et al. 277 277 Cohort Korea Not reported No clear guidelines but BPPV Idiopathic BPPV Posterior SCC Horizontal | Modified Epley manoeuvre 133/277 failed 2 or more sessions | NOS: Low
(24) definition similar to that in the SCC canalolithiasis/ Yacovino manoeuvre Barbecue risk of bias
Bérdny Society/ American Academy cupulolithiasis Anterior roll manoeuvre Gufoni
of Otorhinolaryngology-Head and Neo manoeuvre Appiani manoeuvre
Neck Surgery guideline
Fuetal 181 181 Cohort China 51.98 + 4.29 (for the Bérany Society guideline Idiopathic BPPV, HTN, | Posterior SCC Horizontal | Epley manoeuvre Barbecue 51/181 failed 2 or 3 sessions NOS: Low
(25) 45-59-year age group) DM scc rotation manoeuvre Gufoni risk of bias
70.17 + 7.29 (for the manoeuvre
over 60-year age group)

(Continued)
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TABLE 1 (Continued)

Sample BPPV Design Country Mean patient Basis of BPPV diagnosis = Risk factors Involved SCC Outcome of CRP Quality
size (n) age (SD), year Elgle] the first CRP  performed  score
(case/ comorbidities (n)
control) included
Leeetal. 57 57 RCT Korea A:50.8 +14.6 B: No clear guidelines but BPPV Idiopathic BPPV Horizontal SCC A: Cupulolith-repositioning A:14/22 (63.6%) 2 or 3 sessions RoB 2:
(63) 50.7 +11.9 definition similar to that in the cupulolithiasis manoeuvre with mastoid failed B: 25/35 Unclear risk
Bardny Society/ American Academy oscillation B: New manoeuvre | (71.64%) failed of bias
of Otorhinolaryngology-Head and
Neck Surgery guideline
El-Anwar 114 114 Cohort Egypt 432+ 11.36 Bérdny Society guideline DM, HTN, Posterior SCC Horizontal | Epley manoeuvre Barbecue 16/114 (14%) failed | 2 sessions NOS: Low
etal. (32) hypothyroidism, head | SCC Anterior SCC manoeuvre Deep midline risk of bias
trauma, idiopathic Bilateral SCC head-hanging manoeuvre All
BPPV manoeuvres followed by
post-procedure restriction for
1 week
Wu et al. 251 251 Cohort China 55.2+14.3 American Academy of Serum vitamin D level, | Posterior SCC Horizontal | Epley manoeuvre Barbecue 89/251 failed Not reported NOS: Low
(23) Otolaryngology-Head and Neck osteoporosis, vascular | SCC manoeuvre Gufoni manoeuvre risk of bias
Surgery and Barany Society comorbidities (e.g.,
guidelines HTN, DM, coronary
heart disease and
hyperlipidaemia)
Khaftari 43 43 RCT Iran 52.18 +8.16 American Academy of Idiopathic BPPV Posterior SCC Half Somersault manoeuvre 39% of the Epley 2 to 4 sessions RoB 2:
etal. (64) Otolaryngology-Head and Neck Epley manoeuvre manoeuvre group Unclear risk
Surgery guideline failed 65% of the half of bias
Somersault
manoeuvre group
failed
Kjeersgaard 70 70 RCT Denmark A:60.9 +£16.8 B: American Academy of Idiopathic BPPV Posterior SCC A: Conventional Epley A:18/33 (54.5%) 2 to 10 sessions RoB 2:
etal. (65) 63.7 £14.6 Otolaryngology-Head and Neck canalolithiasis manoeuvre with the MRC B: failed B: 10/28 Unclear risk
Surgery and Bérany Society Potentiated version of the Epley | (35.7%) failed of bias
guidelines manoeuvre with the MRC
Leeetal. 96 96 Cohort Taiwan Epley: 55.9 + 15.3 Epley = No clear guidelines but BPPV HTN, hyperlipidaemia, | Posterior SCC Epley manoeuvre Epley 32/96 failed 2 or more sessions | NOS: Low
(66) + supine to prolonged | definition similar to that in the idiopathic BPPV manoeuvre + supine to risk of bias
lateral position: Bérdny Society/ American Academy prolonged lateral position
52.5+12 of Otorhinolaryngology-Head and
Neck Surgery guideline
Yang et al. 40 40 Cohort Korea 61.43 +13.14 Bardny Society guideline HTN, DM, Anterior SCC Yacovino manoeuvre 23/40 failed Not reported NOS: Low
(1) hyperlipaemia, cupulolithiasis/ risk of bias
coronary heart disease, | canalolithiasis Multicanal
cerebral infarction, involvement
SNHL, TBI
(Continued)
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TABLE 1 (Continued)

Author | Sample BPPV Design Country Mean patient Basis of BPPV diagnosis Risk factors Involved SCC Outcome of | CRP

and size (n) age (SD), year and the first CRP | performed

year (case/ comorbidities (n)

control) included

Zhang et al. 36 36 Cohort China 49.1+14.9 No clear guidelines but BPPV Head trauma Posterior SCC Horizontal | Computer-controlled 22/36 (61.1%) failed | 2 to 18 sessions NOS: Low

(30) definition similar to that in the SCC Multicanal repositioning Computer- risk of bias
Barany Society/ American Academy involvement controlled Epley manoeuvre
of Otorhinolaryngology-Head and Computer-controlled barbecue
Neck Surgery guideline manoeuvre Computer-

controlled Gufoni manoeuvre

Gupta and 120 120 Cohort India 43.5 (n/a) No clear guidelines but BPPV Head trauma, HTN, Posterior SCC Epley manoeuvre 12/120 (10%) failed | 2 to 4 sessions NOS: Low

Solanki (29) definition similar to that in the DM, hypothyroidism, risk of bias
Bérdny Society/ American Academy | migraine,
of Otorhinolaryngology-Head and | hyperlipidaemia
Neck Surgery guideline

Chen et al. 65 65 RCT China Control: 51.59 + 14.74 | Barany Society guideline HTN, DM, idiopathic | Posterior SCC Epley manoeuvre Modified 17/65 failed 2 to 3 sessions RoB 2:

(60) Experimental: BPPV Epley manoeuvre Unclear risk

7.09 +14.3 of bias

Imai et al. 180 180 RCT Japan A:70.7 (n/a) B: 71.1 American Academy of Idiopathic BPPV Posterior SCC A: Epley manoeuvre B: 28/180 failed 2 to 3 sessions RoB 2:

(59) (n/a) Otolaryngology-Head and Neck Repeated Dix-Hallpike Unclear risk
Surgery and Barany Society manoeuvre of bias
guidelines

Maas et al. 102 102 Cohort Netherlands | Median reported Bérdny Society guideline Idiopathic BPPV Horizontal SCC Lempert manoeuvre Gufoni 33/102 failed 2 or more sessions | NOS: Low

1) manoeuvre Modified Gufoni risk of bias

manoeuvre Head-shaking
manoeuvre

Nadagoud 90 90 RCT India 45.34 + 10.96 No clear guidelines but BPPV Head trauma, HTN, Posterior SCC Epley manoeuvre Semont 15/90 failed 2 or 3 sessions RoB 2:

etal. (58) definition similar to that in the DM, idiopathic BPPV manoeuvre Gans manoeuvre Unclear risk
Barany Society/ American Academy of bias
of Otorhinolaryngology-Head and
Neck Surgery guideline

Han et al. 54 54 RCT Korea Not reported American Academy of Idiopathic BPPV Horizontal SCC Cupulolith-repositioning 46/54 (85.2%) failed | 2 to 4 sessions RoB 2:

(57) Otolaryngology-Head and Neck canalolithiasis manoeuvre Unclear risk
surgery guideline of bias

Celis- 38 38 RCT Mexico 59.85 +13.10 No clear guidelines but BPPV DM, HTN, Posterior SCC Brandt-Daroff exercises 18/34 failed (4/38 2 sessions RoB 2:

Aguilar definition similar to that in the hypothyroidism, Semont manoeuvre Epley lost to follow-up) Unclear risk

etal. (56) Bérany Society/American Academy | dyslipidaemia, manoeuvre of bias
of Otorhinolaryngology-Head and | idiopathic BPPV
Neck Surgery guideline

Saruhan 80 (40/40) 40 Case- Tiirkiye 52.3+9.0 No clear guidelines but BPPV Idiopathic BPPV Posterior SCC Modified Epley manoeuvre 6/40 failed 2 sessions NOS: Low

etal. (53) control definition similar to that in the risk of bias
Bérany Society/American Academy
of Otorhinolaryngology-Head and
Neck Surgery guideline

(Continued)
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TABLE 1 (Continued)

Author = Sample BPPV Design Country Mean patient Basis of BPPV diagnosis = Risk factors Involved SCC Outcome of CRP Quality
Egle] size (n) age (SD), year Elgle] the first CRP  performed  score
year (case/ comorbidities (n)
control) included
Kher (42) 200 200 Cross- India 44.50 £ 12.20 Bérdny Society guideline HTN, DM, Posterior SCC Horizontal | Epley manoeuvre Barbecue roll | 28/200 (14%) failed | 2 sessions NOS:
sectional hypothyroidism, head | SCC Anterior SCC manoeuvre Deep midline Unclear risk
trauma, idiopathic head-hanging manoeuvre of bias
BPPV
Kong et al. 49 49 RCT Korea 57.29 +14.97 American Academy of Idiopathic BPPV Horizontal SCC Modified Lempert manoeuvre | 35/49 failed 2 sessions
(55) Otolaryngology-Head and Neck Head-shaking manoeuvre
Surgery guideline Cupulolith-repositioning
manoeuvre
De Hertogh 148 88 Cohort Belgium 59.3 +16.22 American Academy of DM, neck pain, Posterior SCC Horizontal | Epley manoeuvre Lempert 47/83 failed (5/88 2 to 8 sessions NOS:
etal. (20) Otolaryngology-Head and Neck idiopathic BPPV SCC Bilateral SCC manoeuvre spontaneous Unclear risk
Surgery guideline recovery) of bias
Lee] etal. 25 25 RCT Korea A:533+119B: No clear guidelines but BPPV Idiopathic BPPV Horizontal SCC A: Gufoni manoeuvre B: 21/25 failed 2 to 3 sessions RoB 2:
(22) 50.3 + 14.1 definition similar to that in the Appiani manoeuvre Unclear risk
Barany Society/ American Academy of bias
of Otorhinolaryngology-Head and
Neck Surgery guideline
Schuricht 74 74 RCT Denmark TRV: 56.6 + 17.6 American Academy of Idiopathic BPPV Posterior SCC Epley manoeuvre Lempert 28/74 failed 2 to 14 sessions RoB 2:
and Manual treatment: Otorhinolaryngology-Head and canalolithiasis/ manoeuvre TRV chair Unclear risk
Hougaard 63.9+143 Neck Surgery guideline cupulolithiasis Horizontal of bias
(54) SCC canalolithiasis/
cupulolithiasis Multicanal
involvement
Zhao et al. 254 254 Cohort China 53.52+13.86 No clear guidelines but BPPV Idiopathic BPPV Horizontal SCC Gufoni manoeuvre Li 98/254 failed 2 to 3 sessions NOS: Low
(19) definition similar to that in the manoeuvre risk of bias
Bérany Society/American Academy
of Otorhinolaryngology-Head and
Neck Surgery guideline
Martellucci 47 47 Cohort Italy 62.06 + 13.09 Bérdny Society guideline Reduced cervical Posterior SCC Epley manoeuvre 18/47 (38.3%) failed | 2 to 4 sessions NOS: Low
etal. (18) mobility risk of bias
Jiang et al. 220 220 Cohort China 57.2 (n/a) American Academy of Idiopathic BPPV Posterior SCC Horizontal | Epley manoeuvre Barbecue 83/220 failed 2 or 3 sessions NOS: Low
(17) Otorhinolaryngology-Head and Neo manoeuvre risk of bias
Neck Surgery and Barany Society
guidelines
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A quality score in (green) indicates a low risk of bias; (yellow) indicates an unclear risk of bias; (red) indicates a high risk of bias. BPPV, benign paroxysmal positional vertigo; SCC, semicircular canal; CRP, canalith-repositioning procedure; n/a, not available; TRV,
Thomas Richard Vitton; MRC, mechanical rotational chair; NOS, Newcastle-Ottawa Scale; RoB 2, risk-of-bias tool for randomised trials; RCT, randomised controlled trial; DM, diabetes mellitus; HTN, hypertension; TBI, traumatic brain injury; SNHL, sensorineural
hearing loss.
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TABLE 2 Pooled results of the participant characteristics associated with the first BPPV occurrence.

10.3389/fneur.2025.1595693

Comorbidity Number of =~ Number of Number of studies Quality of studies
included participants = reporting an association reporting an association
studies with BPPV occurrence with BPPV occurrence

Cardiovascular comorbidities

Hypertension 14 5,805 10 9 Good-quality, 1 fair-quality

Hypotension 2 769 1 Good-quality

Anaemia 1 320 1 Good-quality

Ischaemic/coronary heart disease 4 588 2 Good-quality

Hyperlipidaemia/dyslipidaemia 11 5,431 7 Good-quality

Stroke 4 5,882 3 Good-quality

Endocrine comorbidities

Diabetes mellitus 14 5,805 10 9 Good-quality, 1 fair-quality

Hypothyroidism 4 489 4 3 Good-quality, 1 fair-quality

Thyroid disease 2 791 0 n/a

Psychiatric comorbidities

Depression 1 618 0 n/a

Anxiety/obsessive-compulsive disorder 1 2,612 1 Good-quality

Neurological comorbidities

Migraine 6 1,211 6 5 Good-quality, 1 fair-quality

Labyrinthitis 2 699 2 Good-quality

Neuritis 1 457 1 Good-quality

Meniere’s disease 3 1,156 3 Good-quality

SNHL 3 273 2 Good-quality

Sleep disorder (insomnia) 1 2,612 1 Good-quality

Peripheral neuropathy 1 618 1 Good-quality

Musculoskeletal comorbidities

Osteopenia 2 87 2 Good-quality

Osteoporosis 7 4,240 6 Good-quality

Cervical spondylosis 1 2,612 1 Good-quality

Other conditions/factors

Head trauma 16 2,169 16 11 Good-quality, 5 fair-quality

BMI 3 816 1 Good-quality

Serum vitamin D level 8 1,123 8 7 Good-quality, 1 fair-quality

Kidney disease 1 173 0 n/a

BPPV, benign paroxysmal positional vertigo; CRP, canalith-repositioning procedure; SNHL, sensorineural hearing loss.

on both BPPV occurrence and the initial-CRP outcome. Reasons for
exclusion are described in Figure.1.

Of the 50 studies, twenty-five studies were cohort studies; six
were cross-sectional studies; six were case—control studies; and
13 were randomised control trials. Half of the studies (n = 25)
had fewer than 100 participants, and the research included
studies from 18 different countries, with no geographical
restrictions. BPPV diagnosis was based on the Bardny Society
guideline (12) or American Academy of Otolaryngology-Head
and Neck Surgery guideline (13) for BPPV in most studies
(n = 33); the remaining studies (n = 17) did not specify which
guideline they used but reported their diagnostic methods and
their findings. In regard to quality assessment, 30 studies were
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considered to have a low risk of bias; 18, an unclear risk of bias;
and two, a high risk of bias (Tables 1, 3).

Among the 26 included studies on BPPV occurrence (Table 3), 28
risk factors and comorbidities were identified. Seven studies presented
the risk factors and comorbidities as background health characteristics
when patients were first diagnosed with BPPV and were not
statistically studied. Three studies examined only the serum vitamin
D level and presented the remaining risk factors as the baseline
characteristics of BPPV occurrence. The remaining 16 studies
examined the statistical association between the risk factors and
BPPV occurrence.

Of the 32 included studies on the efficacy of the first CRP
(Table 1), 15 risk factors and comorbidities were identified. The
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PRISMA 2020 flow diagram for the identification of studies via databases ]
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FIGURE 1
Flow diagram detailing the search and study selection processes.

most commonly involved semicircular canal was the posterior
canal (n =25), followed by the horizontal canal (n = 18), the
anterior canal (n = 6), the bilateral canals (n = 3) and multiple
canals (n =5) (Table 1). Across all studies, 24 different CRP
manoeuvres were employed. Three studies did not report the
number of manoeuvres performed after participants failed the
first CRP.

Frontiers in Neurology

Synthesised findings

Risk factors and comorbidities associated with
BPPV occurrence

Twenty-eight risk factors and comorbidities were identified
(Table 2). The most common risk factor for BPPV occurrence was
head trauma, reported in eleven good-quality studies and five
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TABLE 3 Characteristics of the included studies on BPPV occurrence.

Author
and year

Sample
size
(case/
control)

Design

Country

Mean
patient
age (SD),
year

Basis of BPPV diagnosis

Risk factors and
comorbidities included

Findings

Quality
score

Bietal. (49) 52 (27/25) Case- China 51.63 £15.82 | American Academy of Otolaryngology- Osteopenia, osteoporosis, serum vitamin | The association with BPPV occurrence was NOS: Low risk
control Head and Neck Surgery guideline D level statistically examined. of bias
Ding et al. 522 Cross- China Median American Academy of Otolaryngology- Serum vitamin D level, DM, HTN, DM, HTN and hyperlipidaemia were NOS: Low risk
(48) (174/348) sectional reported Head and Neck Surgery guideline hyperlipidaemia background health characteristics when patients | of bias
were first diagnosed with BPPV. Only the serum
vitamin D level was examined.
Cheng et al. 640 Case- China 68.2+6.02 American Academy of Otolaryngology- DM, HTN, osteoporosis, anaemia, The association with BPPV occurrence was NOS: Low risk
(50) (320/320) control Head and Neck Surgery guideline hyperlipidaemia, coronary heart disease, statistically examined. of bias
serum vitamin D level, BMI

Ren et al. 364 Case— China Median American Academy of Otolaryngology- Serum vitamin D level, BMI The association with BPPV occurrence was NOS: Low risk
(51) (182/182) control reported Head and Neck Surgery guideline statistically examined. of bias
Ghosh and 151 Cohort India Not reported | No clear guidelines but BPPV definition Vestibular migraine, Meniere’s disease, The association with BPPV occurrence was NOS: Low risk
Dorasala (27) similar to that in the Barany Society/ labyrinthitis, orthostatic hypotension statistically examined. of bias

American Academy of

Otorhinolaryngology-Head and Neck

Surgery guideline
Kim et al. 255 Cohort USA 63.0+13.4 Bardny Society guideline Migraine The association with BPPV occurrence was NOS: Unclear
(41) statistically examined. risk of bias
Cobb et al. 6,135 Cross- USA 66.2+11.8 No clear guidelines but BPPV definition Migraine, serum vitamin D level, HTN, The association with BPPV occurrence was NOS: Low risk
(47) (173/5,962) sectional similar to that in the Barany Society/ DM, hyperlipidaemia, kidney disease, statistically examined. of bias

American Academy of heart disease, thyroid disease, hearing

Otorhinolaryngology-Head and Neck loss

Surgery guideline
Andersson 117 Cohort Norway 50 (n/a) Barany Society guideline Head trauma The association with BPPV occurrence was NOS: Low risk
etal. (40) statistically examined. of bias
Kim et al. 63 Cohort Korea 54 (n/a) American Academy of Otolaryngology- Head trauma The association with BPPV occurrence was NOS: Low risk
(39) Head and Neck Surgery guideline statistically examined. of bias
Jensen and 85 Cross- Denmark 43.46 +£17.19 | Barany Society guideline Head trauma The association with BPPV occurrence was NOS: Unclear
Hougaard sectional statistically examined. risk of bias
(46)

(Continued)

ulpiniy pue yaAejoly

£695651'52021N3U4/68¢5 0T


https://doi.org/10.3389/fneur.2025.1595693
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

ABoj0INaN Ul s191uU0I4

o1

610" uISIa1U0L

TABLE 3 (Continued)

Author Sample Design = Country Mean Basis of BPPV diagnosis Risk factors and Findings Quality
and year size patient comorbidities included score
(case/ age (SD),
control) year
Jafarzadeh 21 Cross- India 45.0 +12.7 No clear guidelines but BPPV definition Head trauma The association with BPPV occurrence was NOS: Unclear
etal. (45) sectional similar to that in the Barany Society/ statistically examined. risk of bias
American Academy of
Otorhinolaryngology-Head and Neck
Surgery guideline
Alvarez- 457 Cohort Spain Median Bardny Society guideline Migraine, TBI, head trauma, Meniere’s The association with BPPV occurrence was NOS: Low risk
Morujo de reported disease, vestibular neuritis, statistically examined. of bias
Sande et al. hyperlipidaemia, HTN, DM
(38)
Elmoursy 60 Cohort Egypt 46.02 +£12.56 | American Academy of Otolaryngology- Serum vitamin D level, HTN, DM, head HTN, DM, head trauma, osteopenia, NOS: Low risk
and Abbas Head and Neck Surgery guideline trauma, osteopenia, osteoporosis, SNHL osteoporosis and SNHL were background health | of bias
(37) characteristics when patients were first
diagnosed with BPPV. Only the serum vitamin D
level was examined.
McCormick 50 Cohort USA 42,56 +£17.72 | American Academy of Otolaryngology- Head trauma The association with BPPV occurrence was NOS: Low risk
and Kolar Head and Neck Surgery and Barany statistically examined. of bias
(36) Society guidelines
Harrell et al. 73 Cross- USA 53.9+224 No clear guidelines but BPPV definition Head trauma The association with BPPV occurrence was NOS: Unclear
(44) sectional similar to that in the Barany Society/ statistically examined. risk of bias
American Academy of
Otorhinolaryngology-Head and Neck
Surgery guideline
Yehuda et al. 55 Cohort Israel Median American Academy of Otolaryngology- HTN, DM, high cholesterol level, All were background health characteristics when | NOS: Low risk
(35) reported Head and Neck Surgery guideline osteoporosis, vitamin D deficiency, head patients were first diagnosed with BPPV. of bias
injury, heart or blood vessel problems,
hypothyroidism, migraine
Shu et al. (34) 2,612 Cohort China 52.98 (n/a) Bérany Society guideline Dyslipidaemia, osteoporosis, cervical All were background health characteristics when = NOS: Low risk
spondylosis, posterior-circulation patients were first diagnosed with BPPV. of bias
ischaemia, cerebral infarction, DM, HTN,
obsessive-compulsive disorder, insomnia,
anxiety
(Continued)
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TABLE 3 (Continued)

Author Sample Design  Country Mean Basis of BPPV diagnosis Risk factors and Findings Quality
and year size patient comorbidities included score
(case/ age (SD),
control) year

Singh et al. 628 Case- USA Not reported | No clear guidelines but BPPV definition HTN, DM, BM]I, dyslipidaemia The association with BPPV occurrence was NOS: Low risk
(52) (314/314) control similar to that in the Barany Society/ statistically examined. of bias

American Academy of

Otorhinolaryngology-Head and Neck

Surgery guideline
Hyland et al. 618 Cross- Australia 77.7+9.3 American Academy of Otolaryngology- Osteoporosis, DM, thyroid disease, HTN, | The association with BPPV occurrence was NOS: Low risk
(43) sectional Head and Neck Surgery guideline stroke, hyperlipidaemia, depression, statistically examined. of bias

postural hypotension, peripheral
neuropathy

Kong et al. 548 Cohort Korea 54.3 + 14.6 American Academy of Head trauma, labyrinthitis, Meniere’s All were background health characteristics when = NOS: Low risk
(33) Otorhinolaryngology-Head and Neck disease, HTN, DM, hyperlipidaemia, patients were first diagnosed with BPPV. of bias

Surgery guideline osteoporosis
El-Anwar 114 Cohort Egypt 43.2+11.36 Bérany Society guideline DM, HTN, hypothyroidism, head trauma | All were background health characteristics when | NOS: Low risk
etal. (32) patients were first diagnosed with BPPV. of bias
Yang et al. 40 Cohort Korea 61.43+13.14 | Barany Society guideline HTN, DM, hyperlipaemia, coronary heart | All were background health characteristics when | NOS: Low risk
31) disease, cerebral infarction, deafness, TBI | patients were first diagnosed with BPPV. of bias
Zhang et al. 36 Cohort China 49.1 +£14.9 No clear guidelines but BPPV definition Head trauma The association with BPPV occurrence was Low risk of
(30) similar to that in the Barany Society/ statistically examined. bias

American Academy of

Otorhinolaryngology-Head and Neck

Surgery guideline
Gupta and 120 Cohort India 43.5 (n/a) No clear guidelines but BPPV definition Head trauma, HTN, DM, All were background health characteristics when | NOS: Low risk
Solanki (29) similar to that in the Barany Society/ hypothyroidism, migraine, patients were first diagnosed with BPPV. of bias

American Academy of hyperlipidaemia

Otorhinolaryngology-Head and Neck

Surgery guideline
Martens et al. 132 Cohort Norway 57+13 Bérany Society guideline Head trauma, serum vitamin D level Head trauma was a background health NOS: Unclear
(28) characteristic when patients were first diagnosed | risk of bias

with BPPV. Only the serum vitamin D level was
examined.
Kher (42) 200 Cross- India 44.50 £12.20 | Bardny Society guideline HTN, DM, hypothyroidism, head trauma | All were background health characteristics when | NOS: Unclear
sectional patients were first diagnosed with BPPV. risk of bias

A quality score in (green) indicates a low risk of bias; (yellow) indicates an unclear risk of bias.

traumatic brain injury; SNHL, sensorineural hearing loss.

BPPV, benign paroxysmal positional vertigo; n/a, not available; NOS, Newcastle-Ottawa Scale; DM, diabetes mellitus; HTN, hypertension; BMI, body mass index; TBI,
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fair-quality studies involving a total of 2,169 patients. Cardiovascular
comorbidities were explored in 36 studies, with hypertension reported
in 14 studies involving 5,805 patients; only 10 (28%) showed an
association with BPPV occurrence, primarily from good-quality
studies. Hyperlipidaemia and dyslipidaemia were identified as risk
factors in seven out of 11 (64%) good-quality studies with 5,431
participants. Stroke was investigated in four studies involving 5,882
participants, and three studies of good-quality showed an association
with BPPV. Out of the four good-quality studies on ischaemic and
coronary heart diseases involving 588 participants, only two studies
reported a link with BPPV occurrence. Two good-quality studies
involving 769 participants investigated hypotension as a factor, and
the association with BPPV incidence was reported in one study. A
single study of good-quality involving 320 participants reported an
association between anaemia and BPPV occurrence.

Eight studies involving 1,123 patients reported the serum vitamin
D level as a risk factor for the first occurrence of BPPV, this association
was supported primarily from good-quality studies. Among the three
good-quality studies on body mass index (BMI) involving 816
participants, only one study reported BMI as a risk factor for BPPV
occurrence. A single good-quality study involving 173 participants
investigated kidney disease and showed no association with BPPV
occurrence. Twenty studies analysed the influence of endocrine
comorbidities on BPPV occurrence. Ten out of the fourteen studies
involving 5,805 participants reported diabetes mellitus as a risk factor,
with most findings coming good-quality studies. An association
between BPPV occurrence and hypothyroidism was reported in four
studies involving 489 participants. Three of the studies were of good-
quality, while one had fair-quality. Two good-quality studies involving
791 participants investigated the association between thyroid disease
and the first presentation of BPPV, and none of them showed
any association.

Migraine, labyrinthitis, neuritis, Meniere’s disease,
sensorineural hearing loss (SNHL), sleep disorder (insomnia) and
peripheral neuropathy were reported in 17 studies. Six studies
involving 1,211 participants indicated migraine as a risk factor for
BPPV occurrence. This association was based on findings coming
primarily from good-quality studies. The correlation between
Meniere’s disease and BPPV occurrence was investigated in three
studies of good-quality involving 1,156 patients with BPPV. Two of
the three good-quality studies including 273 patients with BPPV
showed the impact of SNHL on BPPV occurrence. Labyrinthitis was
reported as a risk factor in two good-quality studies involving 273
participants. A single good-quality study involving 457 participants
found neuritis as a risk factor for BPPV occurrence. Two studies of
good-quality involving 3,230 patients analysed the influence of
sleep disorder (insomnia) and peripheral neuropathy on
BPPV occurrence.

Psychiatric comorbidities were investigated in two good-quality
studies involving 3,230 participants. Anxiety and obsessive-
compulsive disorder were found to be associated with BPPV
occurrence, while depression was not. Studies of good-quality
analysed the influence of musculoskeletal comorbidities on BPPV
occurrence. Two studies including 87 and 2,612 participants reported
osteopenia and cervical spondylosis, respectively, as a risk factor for
BPPV occurrence. Six out of the seven studies involving 4,240 patients
with BPPV  reported the
BPPV development.

influence of osteoporosis on
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Risk factors and comorbidities affecting
the efficacy of initial CRPs

Fifteen risk factors and comorbidities were identified to affect the
efficacy of initial CRPs (Table 4). Head trauma was reported in nine
studies involving 680 participants where up to 18 manoeuvres were
needed to reach complete resolution. This association was based on
findings from six good-quality and three fair-quality studies.
Idiopathic BPPV was assessed in 24 studies involving 2,594
participants, requiring 14 manoeuvres for complete symptom
resolution. Nine of the studies were of good-quality, thirteen had fair-
quality and two were of poor-quality. Two good-quality studies
involving 331 participants showed that the serum vitamin D level,
osteoporosis, SNHL and stroke (cerebral infarction) were risk factors
for a poorer response to the first CRP; however, the number of
manoeuvres performed to reach complete resolution was not reported
in these studies.

The impact of coronary heart disease was shown in two studies
of good-quality involving 291 participants, with no reported data
on the number of manoeuvres needed for successful treatment.
Endocrine comorbidities including hypothyroidism and diabetes
mellitus reported in 14 studies involving 1,659 participants reduced
the efficacy of the first CRP, and participants needed a maximum of
four to eight sessions, respectively, for complete recovery. This
association was based on findings from seven good-quality studies
and seven fair-quality studies with an unclear risk. The effect of
reduced cervical mobility and neck pain on treatment efficacy after
one manoeuvre was demonstrated in two studies of fair-to-good
quality including 135 participants; these risk factors increased the
probability of an increased number of CRPs performed, and data
showed that a maximum of eight sessions were needed to reach
complete resolution.

The influence of migraine on the efficacy of the first treatment was
reported in a single good-quality study involving 120 participants, and
the maximum number of manoeuvres necessary to achieve complete
symptom resolution was four. Ten studies including 1,195 patients
with BPPV showed that participants with hypertension needed a
maximum of four manoeuvres to achieve the resolution of nystagmus
and remission of BPPV symptoms. Six of the studies were of good-
quality, while four had fair-quality. Five studies involving 545
participants indicated hyperlipidaemia and dyslipidaemia as risk
factors that worsen the prognosis of the first CRP, and the maximum
number of manoeuvres needed to reach complete resolution of
symptoms was four. Four of these studies were of good-quality and
one was of fair-quality.

Discussion

Our systematic review of 50 studies summarised the recent
literature from the last 5 years on the risk factors and comorbid
condition associated with the occurrence of BPPV, as well as their
influence as outcome predictors of the success of initial CRP
treatment. Twenty-five risk factors were identified as associated with
BPPV development, while 15 were associated with poorer outcome
from the first CRP. Our study builds on previous work, reviewing the
most recent studies, and, in contrast to some previous reviews, using
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TABLE 4 Pooled results of the participant characteristics associated with failed first CRP.

Number of
participants

Number of
studies

Comorbidity

Maximum number of
reported CRP

Quiality of studies reporting
poor efficacy of initial CRPs

Cardiovascular comorbidities

Hypertension 10 1,195 4 sessions 6 Good-quality, 4 fair-quality
Coronary heart disease 2 291 Not reported Good-quality
Hyperlipidaemia/dyslipidaemia 5 545 4 sessions 4 Good-quality, 1 fair-quality
Stroke (cerebral infarction) 1 40 Not reported Good-quality
Endocrine comorbidities

Diabetes mellitus 10 1,187 8 sessions 5 Good-quality, 5 fair-quality
Hypothyroidism 4 472 4 sessions 2 Good-quality, 2 fair-quality
Neurological comorbidities

Migraine 1 120 4 sessions Good-quality

SNHL 1 40 Not reported Good-quality
Musculoskeletal comorbidities

Osteoporosis 1 251 Not reported Good-quality
Reduced cervical mobility/neck 2 135 8 sessions 1 Good-quality, 1 fair-quality
pain

Other conditions/factors

Head trauma 9 680 18 sessions 6 Good-quality, 3 fair-quality
Serum vitamin D level 1 251 Not reported Good-quality
Idiopathic BPPV 24 2,594 14 sessions 9 Good-quality, 13 fair-quality, 2 poor-quality

BPPV, benign paroxysmal positional vertigo; CRP, canalith-repositioning procedure; SNHL, sensorineural hearing loss.

a robust definition of BPPV. Furthermore, our work, unlike previous
reviews, has included a formal evaluation of study methodology using
a risk of bias tool to allow appropriate weighting of the different
included studies.

BPPV occurrence

Bone mineral density and serum vitamin D level

Our findings suggest that low levels of vitamin D are a risk factor
for BPPV occurrence. This is consistent with recent meta-analysis
(67). Vitamin D plays a major role in calcium metabolism, which can
affect the density and matrix of otoconia, potentially leading to BPPV
(68). Moreover, studies suggest that the severity of BPPV attacks and
their recurrence are correlated with vitamin D insufficiency (69, 70).
Previous studies have found lower bone mineral density in BPPV
patients compared to controls (71, 72). Our pooled results indicated
that osteoporosis and osteopenia are risk factors for the occurrence
of BPPV. This result was consistent with a previous systematic review
(73). Osteoporosis is reported to be associated with a 1.34 times
higher odds of developing BPPV (74). Moreover, the treatment of
vitamin D deficiency and osteoporosis is reported in some studies to
have a protective effect against BPPV occurrence and improve
recovery by reducing relapses of attacks and BPPV recurrence
(70, 75).

Head trauma and migraine

Consistent with previous studies (76, 77), this review presents
evidence suggesting that BPPV is strongly linked to head trauma

Frontiers in Neurology

or migraine. Pisani et al. (78) in an observational study of 3,060
BPPYV patients, found a clear association with traumatic events in
23.4% of cases. A national epidemiological survey also reported
interesting findings, highlighting that the prevalence of migraine
in BPPV patients was twice as high as that in age-and sex-matched
controls (6). The pathophysiologic association between migraine
and the development of BPPV is not well understood. A study
proposed that migraine is associated with the vasospasm of
intracranial arteries, and repeated vasospasm can cause ischemic
damage to the inner ear structure, eventually leading to the
displacement of otoconia from the macular membrane (79).
Moreover, head trauma has been increasingly linked to the onset
of migraine (80), and may also act as a cofactor triggering the
development of BPPV.

Inner ear diseases

BPPV can be caused by various inner ear diseases, including
Meniere’s disease, sudden SNHL, labyrinthitis and vestibular neuritis.
Consistent with our findings, a meta-analysis reported a significant
correlation between Menieres disease and BPPV, with a pooled
average frequency of 14% (95% CI 9-18%) (81). The relationship
between Meniere’s disease and the occurrence of BPPV could
be explained by secondary damage to the hydrops in the utricle and
subsequent otoconia detachment (82). This review confirmed the
previously reported relationship between neurolabyrinthitis and
related conditions and BPPV occurrence (83). Mandala et al. (84)
observed that approximately 10% of vestibular neuritis patients
developed BPPV, and its occurrence was associated with a lower age
at onset.
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Following our assessment of the included studies, we can assume
that the relationship between SNHL and BPPV found by other
researchers may be controversial. A study by Hong and Yeo suggested
that BPPV does not commonly accompany SNHL, as only 5.4% of
their sample had BPPV secondary to SNHL (85). However, in a
review, Yetiser (86) reported a higher incidence of BPPV post-
idiopathic SNHL, with onset ranging from days to several years after
the occurrence of hearing loss. This variability in BPPV onset may
account for the mixed findings in studies examining this correlation,
as outcomes likely depend on the duration and follow-up periods of
the research. Further studies are needed to better understand and
clarify the relationship between SNHL and the subsequent
development of BPPV.

Psychiatric comorbidities and insomnia

A systematic review reported an association between anxiety and
BPPV but no significant association between depression and BPPV
(87), aligning with our findings. The psychogenic hypothesis proposes
that pre-existing psychological distress and secondary hyperventilation
can result in vertigo or dizziness (88). This review suggests that the
presence of obsessive-compulsive disorder (OCD) may increase the
risk of BPPV occurrence. Although this association is not well studied,
a single cohort study showed that 46% of patients with vertigo had
OCD (89). However, as their findings were based on an uncontrolled
study, the independent or causal association remains unclear and
needs further investigation.

Observational studies have indicated a connection between poor
sleep quality and an increased risk of BPPV, with 17% of BPPV
patients exhibited insomnia (90, 91). These reports align with our
finding that insomnia was associated with BPPV occurrence. Sleep
deprivation is associated with increased vestibulo-ocular reflex
asymmetry, neuroendocrine dysfunction, and inflammation of
vestibular neurons, which are suggested to play a crucial role in the
occurrence of BPPV (92, 93). Moreover, anxiety and depression are
increasingly reported to lead to insomnia and sleep disorders and
potentially act as cofactors triggering the development of BPPV
(94, 95).

Cardiovascular and endocrine comorbidities
Several studies showed an association between BPPV
occurrence and systemic diseases, including hyperlipidaemia,
dyslipidaemia, hypertension, diabetes mellitus and stroke (6, 96,
97). However, recent meta-analyses indicate these are not risk
factors for BPPV (98). Theoretically, hypertension, stroke and
hyperlipidaemia can lead to inadequate blood supply and vascular
damage to the inner ear, disrupting normal functioning and stability
of the otoliths, potentially leading to the development of BPPV (99).
A study of the temporal bone from patients with diabetes revealed
a high prevalence of otoconia debris migration from the utricle in
this population compared to healthy individuals (100). The
literature suggests that this could be attributed to vasculopathy,
neuropathy or reduced recovery from slight injury, trauma or
infection induced by diabetes, which could increase the
vulnerability of the vestibular system (101). Each of these factors
individually or combined could affect inner ear function and
potentially lead to BPPV. These results are consistent with the
findings of our review, but contradict the results of a study by Chen
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and colleagues (98). The contrasting findings with Chen and
colleagues study may be attributed to the influence of factors such
as age, sample size, number and design of included studies and
definition of BPPYV, affecting the true association between BPPV
and these factors.

An observational study showed that anaemia is not a risk factor
for BPPV when comparing BPPV patients with a healthy group
(p >0.05) (102), although our review suggested an association
between the two. To the best of our knowledge, this association has
only been reported in a single study and thus awaits further
confirmation. A case-control study reported a higher hypothyroidism
rate in the BPPV group than in controls (21% vs. 0.02%, p < 0.001)
(103), consistent with our findings. However, a recent study found no
causal relationship between hypothyroidism and BPPV (104). The
assessment and analysis measures, along with the inclusion/exclusion
criteria for this study, may have influenced the observation. Lima et al.
in their meta-analysis, reported controversial findings on the
association between hypothyroidism and BPPV development but
noted an association between BPPV with other thyroid diseases (105).
Their statement contrasts with our findings of an association between
hypothyroidism and BPPV development but no association of BPPV
with thyroid disease. Based on these mixed results, the relationship
between these factors and BPPV occurrence is controversial, and
further studies are required to clarify this link.

Ischemic and coronary heart disease and hypotension are reported
to cause inner ear vascular damage, potentially leading to BPPV (99,
106). Studies included in the present review showed that the evidence
regarding this association is mixed. However, a nationwide cross-
sectional study involving 1,003 participants demonstrated that
coronary heart disease was not associated with BPPV after controlling
for age and gender, with possible selection bias from self-reported data
(6). The association between BPPV and cardiovascular conditions,
such as hypertension and orthostatic hypotension in Parkinson’s
disease patients, suggests that vascular instability can influence
vestibular health (107). Moreover, Pezzoli et al. (108) found no
significant association between orthostatic hypotension and residual
dizziness post-BPPV recovery, although the prevalence of residual
dizziness was higher (34%) than in the general population, indicating
a potential role. No direct link between hypotension and BPPV has
been confirmed, further research is required.

Cervical spondylosis

The present review suggests that cervical spondylosis increases the
risk of developing BPPV. In line with our findings, observational
studies have shown that a history of cervical spondylosis is a risk
factor for BPPV, with significant differences between BPPV groups
and controls (102). The degenerative changes in the cervical spine can
compress the vertebral artery and cervical sympathetic nerve, causing
ischemia in the vertebral-basilar system. Reduced blood flow to the
vestibular system may cause otoliths to dislodge, triggering BPPV
(102, 109).

Body mass index (BMI)

The evidence on the association between BMI and BPPV is
mixed in this review. Studies showed no statistically significant
association between BMI and BPPV compared to healthy groups
(102, 110). This suggests that BMI may not directly trigger the
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development of BPPV. Higher BMI is often associated with
comorbidities like diabetes and hypertension (111), which may act as
cofactors to trigger the development of BPPV. Further research is
needed to confirm or refute the direct association between BMI
and BPPV.

Neuropathy and kidney disease

Literature shows that peripheral neuropathy often involves
balance disorders and vertigo, possibly due to vestibular nerve
degeneration, leading to BPPV (112). Our findings suggest an
association between peripheral neuropathy and BPPV occurrence.
However further studies are needed. This review also presents
evidence indicating no association between kidney disease and BPPV
incidence. To our knowledge, studies suggesting that kidney disease
is directly associated with BPPV are limited; however, shared risk
factors such as diabetes, cardiovascular disease and vitamin D
deficiency suggest a potential indirect association (6, 113-115).
Further research is needed to confirm the direct association between
kidney disease and BPPV.

Initial CRP outcomes

Head trauma, restricted neck mobility and
idiopathic BPPV

An observational study on 104 patients found that the poorest
success rate after one CRP session was associated with a history of
labyrinthitis/neuronitis (57.1%), a history of trauma (35.7%),
endolymphatic hydrops (30%) and idiopathic BPPV (20%) (116). The
highest number of sessions was associated with labyrinthitis/
neuronitis, followed by endolymphatic hydrops, trauma and idiopathic
BPPV. Consistently, our review showed that idiopathic BPPV and a
history of trauma were predictors of a poor prognosis after one CRP
and that patients with a history of trauma required more CRP sessions
to treat BPPV than patients with idiopathic BPPV.

The pathogenesis of posttraumatic BPPV may involve utricular
microscopic haemorrhages from shear force, which enhances the
formation of otoconial debris in the canal (117). Therefore, the poor
CRP prognosis could be attributed to otoconial detachment and/or
the presence of otoconial debris, leading to an increased number of
treatment sessions (117, 118). Moreover, traumatic events may
simultaneously cause neck pain and restricted mobility (119).
Although patients with neck pain can benefit from the CRP, the
efficacy of the initial treatment remains uncertain as these manoeuvres
require movement of the head and neck (120). Korres et al. (121)
found restricted neck mobility reduced initial CRP efficacy and
increased the need for several sessions, highlighting that BPPV
aetiology is an important prognostic factor for treatment outcomes.
This is in line with our finding that neck pain and reduced cervical
mobility were associated with poor CRP outcomes.

Controversially, Yoon et al. reported that the underlying
aetiology does not affect CRP efficacy and the number of sessions
required for BPPV treatment (122). In their study of 1900 patients,
idiopathic BPPV required more sessions for symptom resolution
than posttraumatic BPPV. However, they only investigated BPPV
secondary to vestibular neuritis, sudden SNHL, and trauma,
excluding comorbidities, such as cardiovascular diseases, limiting
the generalisability of their findings. The poor outcomes in
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idiopathic BPPV could be attributed to several factors. First,
detached otoconia may reverse direction if the manoeuvre is
improperly performed. Second, an obstruction may exist within the
membranous duct. Third, cupulolithiasis may underlie some BPPV
cases resistant to CRP treatment, and finally, the location of the
affected canal may contribute to CRP treatment failure (123, 124).
The findings of our review suggest that idiopathic BPPV may be a
predictor of a poorer CRP prognosis and an increased number of
treatment sessions compared to BPPV associated with other
comorbidities. However, the quality of studies included varied from
poor-to-good, warranting cautious interpretation of these results.
Furthermore, some studies on idiopathic BPPV did not fully
account for the patient’s medical characteristics, raising the
possibility of unreported comorbidities that could influence the
treatment outcome. Different findings regarding prognosis after one
CRP treatment could be attributable to variations in the treatment
method/modifications, follow-up protocols or the number of
enrolled patients. Further high-quality studies are needed in this
area to confirm the true association between idiopathic BPPV and
the efficacy of initial CRP treatment and whether idiopathic BPPV
predicts poorer CRP outcomes compared to other comorbidities.

Cardiovascular and endocrine comorbidities

This review suggests that hypertension, coronary heart disease,
hyperlipidaemia, dyslipidaemia, stroke, diabetes mellitus and
hypothyroidism are risk factors for poor first CRP outcomes. Our
findings agree with the work of Zhou et al., who observed that
hypertension, diabetes and heart disease as factors influencing CRP
prognosis (125). Similarly, Korkmaz and Korkmaz (126) reported
that patients with hypertension required a higher number of
treatment visits compared to patients without hypertension
(p < 0.05) and reported no association with diabetes mellitus. In
their study population, the prevalence of hypertension was reported
as 26.1%, while diabetes has a prevalence of 11.1%. This discrepancy
may have influenced their conclusions. Faralli et al. (127) in their
study of 536 patients, found vascular comorbidities including
hypertension, hyperlipidaemia, dyslipidaemia, ischemic heart
disease and stroke increased the need for more than one CRP
session, with those having multiple vascular comorbidities requiring
significantly higher number of treatment sessions. On the contrary,
Babac et al. (10) found no statistical association between CRP
efficacy and hypertension, heart disease, hyperlipoproteinemia,
cerebrovascular disease, diabetes mellitus and thyroid dysfunction
(p > 0.05). The relationship between these factors and CRP efficacy
is relatively controversial due to these mixed results. Different
findings regarding the prognosis of CRP treatment could
be attributable to variations in the treatment method, the definition
of success, follow-up protocols, or the number of enrolled patients.
Further studies are required for clarification.

Osteoporosis and serum vitamin D level

A cohort study of 400 patients, identified age over 50 years
(p = 0.014), osteoporosis (p = 0.038) and head trauma (p = 0.000) as
factors negatively affecting CRP outcome (10). This aligns with our
findings demonstrating that osteoporosis is a predictor of poor first
CRP outcomes. The present review demonstrates an association
between low vitamin D levels and poor CRP outcomes, consistent
with previous studies indicating that BPPV patients with vitamin D
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deficiency experience lower success rates with the initial CRP and
have high recurrence rates (128, 129). Moreover, patients with vitamin
D deficiency required more CRP sessions for successful treatment
compared to those with normal serum vitamin D levels (p = 0.037)
(130). Jeong et al. (71) proposed that calcium metabolism and vitamin
D affect the homeostasis of otoconia metabolism, which regulates the
formation and absorption of otoconia, potentially leading to otoconial
detachment. Elevated concentrations of free calcium in the endolymph
reduce the dilution capacity of the detached otoconia (131).
Additionally, morphologic changes in otoconia (decreased density and
increased size) can cause poor attachment to the utricular macula
(71). This could potentially impact treatment efficacy and cause
recurrent BPPV symptoms. Further clinical research is necessary to
better understand this association.

SNHL and migraine

Consistent with our findings, previous studies indicate that
CRP has a poor prognosis in patients with SNHL, often requiring
multiple sessions for full recovery from BPPV symptoms (132-
134). Lee and Ban in a review of 38 patients with sudden SNHL
and BPPYV, suggested that the co-occurrence of these conditions
represents definite vestibular damage and is closely associated with
a poor prognosis (135). In contrast, Dominguez-Durén et al. (136)
demonstrated that inner ear diseases, including SNHL, did not
affect initial CRP outcome. This discrepancy could be attributed to
the study design, patient population, involved canal or type of CRP
manoeuvres used and highlights the need for further research to
clarify the impact of SNHL on CRP outcomes and determine the
conditions under which SNHL may or may not affect
treatment outcomes.

Interesting data also emerged concerning the impact of migraine
on CRP outcomes. Dominguez-Durén et al. (136) found no significant
differences in the rate of loss of nystagmus during initial CRP in BPPV
patients with and without migraine. Other studies also reported no
differences in recovery rates or the number of CRPs necessary for
symptom resolution (127, 137). In the present review, we identified a
single study by Gupta and Solanki suggesting that migraine serves as
a predictor of poor CRP outcomes (29). This finding stands in contrast
to the conclusions drawn by other researchers. It is important to note
that this association was observed in a single study, based on patient’s
baseline health characteristic at the time of initial CRP treatment, and
was not subjected to statistical analysis. Further studies are required
to clarify this link.

Limitations

This review has some limitations. First, its scope was limited
by the narrow time window of 5 years for studies in English
language. Second, the results were very mixed, and there was a
large degree of heterogeneity between studies, including variability
in the definition and diagnosis of BPPV, involved semicircular
canal, type of CRP, treatment modifications, and patient age.
Additionally, some studies presented comorbid conditions solely
as background health characteristics without statistical
examination, limiting our ability to assess their impact on BPPV
accurately. Finally, some studies on idiopathic BPPV did not

account for the medical characteristics of included patients,
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unreported comorbidities could potentially influence treatment
outcomes. Large-scale studies of these risk factors are needed to
confirm the reliability of these results.

Conclusion

This systematic review provides a comprehensive listing of
recent studies into possible risk factors and comorbidities outlined
in the literature that are associated with BPPV occurrence and
poor outcome of the initial CRP. Some risk factors were identified
for BPPV occurrence that are confirmed in more than one good
quality study, including head trauma, vascular risk factors
including hypertension and diabetes mellitus, stroke; vitamin D
metabolism, osteoporosis and hypothyroidism, although there was
some variability documented across multiple studies. Some factors
were identified that have weaker or less consistent support from
single, smaller or less robust studies including insomnia, peripheral
neuropathy, neck disease, raised body mass index and some
psychological disorders, with only negative results for renal disease
and depression. Similarly, factors affecting outcome of initial CRP
in more than one good quality study include head injury, idiopathic
cases and vitamin D levels, and cardiovascular conditions.
Consequently, the co-occurrence of multiple comorbidity could
further increase the risk of BPPV and necessitate multiple CRP
session for effective management. We recommend future studies
on risk factors for BPPV use internationally agreed diagnostic
criteria to facilitate meta analysis, and ensure study design
minimises risk of bias; we also recommend that comorbidity,
especially all the factors discussed in this review is recorded in the
study population descriptors in any future trials of BPPV CRP
outcomes given the potential that they may have to influence
outcomes. Clinicians may also wish to consider paying particular
attention to identified risk factors in this review when assessing
patients with BPPV, especially those which are potentially
modifiable. Future research could also aim to investigate candidate
risk factors and comorbid conditions across BPPV subtypes and
explore how these factors influence the efficacy of different
treatment maneuvers.

Author contributions

HA: Writing - original draft, Writing - review & editing. LM:
Writing - original draft, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

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.

frontiersin.org


https://doi.org/10.3389/fneur.2025.1595693
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Alolayet and Murdin

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

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,

References

1. Teggi R, Guidetti R, Gatti O, Guidetti G. Recurrence of benign paroxysmal
positional vertigo: experience in 3042 patients. Acta Otorhinolaryngol Ital. (2021)
41:461-6. doi: 10.14639/0392-100X-N1233

2. You P, Instrum R, Parnes L. Benign paroxysmal positional vertigo. Laryngoscope
Investig Otolaryngol. (2018) 4:116-23. doi: 10.1002/1i02.230

3. Ciodaro F, Mannella VK, Nicita RA, Cammaroto G, Bruno R, Galletti B, et al.
Therapeutic efficacy of the Galletti-Contrino manoeuvre for benign paroxysmal
positional vertigo of vertical semicircular canals in overweight subjects. Eur Arch
Otorrinolaringol. (2018) 275:2449-55. doi: 10.1007/s00405-018-5086-1

4. Ibekwe T, Rogers C. Clinical evaluation of posterior canal benign paroxysmal
positional vertigo. Niger Med J. (2012) 53:94-101. doi: 10.4103/0300-1652.103550

5. Argaet EC, Bradshaw AP, Welgampola MS. Benign positional vertigo, its diagnosis,
treatment and mimics. Clin Neurophysiol Pract. (2019) 4:97-111. doi:
10.1016/j.cnp.2019.03.001

6. von Brevern M, Radtke A, Lezius F, Feldmann M, Ziese T, Lempert T, et al.
Epidemiology of benign paroxysmal positional vertigo: a population based study. J
Neurol Neurosurg Psychiatry. (2007) 78:710-5. doi: 10.1136/jnnp.2006.100420

7. Parnes LS, Agrawal SK, Atlas J. Diagnosis and management of benign paroxysmal
positional vertigo (BPPV). Can Med Assoc J. (2003) 169:681-93.

8. Power L, Murray K, Szmulewicz DJ. Characteristics of assessment and treatment in
benign paroxysmal positional vertigo (BPPV). J Vestib Res. (2020) 30:55-62. doi:
10.3233/VES-190687

9. Wei W, Sayyid ZN, Ma X, Wang T, Dong Y. Presence of anxiety and depression
symptoms affects the first time treatment efficacy and recurrence of benign paroxysmal
positional vertigo. Front Neurol. (2018) 9:178. doi: 10.3389/fneur.2018.00178

10. Babac S, Djeric D, Petrovi¢-Lazi¢ M, Arsovic N, Miki¢ A. Why do treatment failure
and recurrences of benign paroxysmal positional Vertigo occur? Otol Neurotol. (2014)
35:1105-10. doi: 10.1097/ma0.0000000000000417

11. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BM]J. (2021) 372:71. doi: 10.1136/bmj.n71

12.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

13. Bhattacharyya N, Gubbels SP, Schwartz SR, Edlow JA, El-Kashlan H, Fife T, et al.
Clinical practice guideline: benign paroxysmal positional Vertigo (update). Otolaryngol
Head Neck Surg. (2017) 156:51-S47. doi: 10.1177/0194599816689667

14. Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. (2021) The
Newcastle-Ottawa scale (NOS) for assessing the quality of nonrandomised studies in
meta-analyses.  Available online at:  https://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp (Accessed July 13, 2024).

15. Moskalewicz A, Oremus M. No clear choice between Newcastle-Ottawa scale and
appraisal tool for cross-sectional studies to assess methodological quality in cross-
sectional studies of health-related quality of life and breast cancer. J Clin Epidemiol.
(2020) 120:94-103. doi: 10.1016/j.jclinepi.2019.12.013

16. Sterne JAC, Savovi¢ ], Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2:
arevised tool for assessing risk of bias in randomised trials. BMJ. (2019) 366:14898. doi:
10.1136/bm;.14898

17.Jiang CY, Wu J, Shu L, Sun XH, Pan H, Xu Q, et al. Clinical and cVEMP
evaluation predict short-term residual dizziness after successful repositioning in
benign paroxysmal positional Vertigo. Front Med. (2022) 9:881307. doi:
10.3389/fmed.2022.881307

18. Martellucci S, Attanasio G, Ralli M, Marcelli V, de Vincentiis M, Greco A, et al.
Does cervical range of motion affect the outcomes of canalith repositioning procedures
for posterior canal benign positional paroxysmal vertigo? Am ] Otolaryngol. (2019)
40:494-8. doi: 10.1016/j.amjoto.2019.04.003

Frontiers in Neurology

17

10.3389/fneur.2025.1595693

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.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1595693/
full#supplementary-material

19. Zhao P, Li ], Ding Y, Wang Y, Zou S. Li maneuver for geotropic horizontal canal
benign paroxysmal positional vertigo (HC-BPPV) -a better choice. Am J Otolaryngol.
(2021) 42:103132. doi: 10.1016/j.amjot0.2021.103132

20. De Hertogh W, Castien R, Jacxsens L, De Pauw J, Vereeck L. Outcome for dizzy
patients in a physiotherapy practice: an observational study. Ann Med. (2022)
54:1787-96. doi: 10.1080/07853890.2022.2091790

21. Maas BDPJ, van Leeuwen RB, Masius-Olthof S, van Benthem PPG, Bruintjes TD.
Treatment results of geotropic and Apogeotropic Horizontal Canal benign paroxysmal
positional Vertigo in a tertiary dizziness clinic. Front Neurol. (2021) 12:720444. doi:
10.3389/fneur.2021.720444

22.Lee CJ, Lee CY, Wu PH, Wang CH, Chen HC, Shih CP. Efficacy of combined
canalith-repositioning procedure and supine to prolonged lateral position in treating
posterior canal benign paroxysmal positional vertigo. Auris Nasus Larynx. (2021)
48:834-40. doi: 10.1016/j.an1.2021.01.009

23.Wu J, Jiang CY, Bai YX, Xu Q, Sun XH, Pan H, et al. Effect of the serum
25-hydroxyvitamin D level on risk for short-term residual dizziness after successful
repositioning in benign paroxysmal positional vertigo stratified by sex and onset age.
Front Neurol. (2023) 14:1144958. doi: 10.3389/fneur.2023.1144958

24. Nahm HJ, Han K, Shin JE, Kim CH. Benign paroxysmal positional Vertigo in the
elderly: a single-center experience. Otol Neurotol. (2019) 40:1359-62. doi:
10.1097/MA0.0000000000002385

25.Fu W, He F, Bai Y, An X, Shi Y, Han J, et al. Risk factors of residual dizziness after
successful treatment for benign paroxysmal positional Vertigo in middle-aged and older
adults. Front Neurol. (2022) 13:850088. doi: 10.3389/fneur.2022.850088

26. Martellucci S, Stolfa A, Castellucci A, Pagliuca G, Clemenzi V, Terenzi V, et al.
Recovery of regular daily physical activities prevents residual dizziness after Canalith
repositioning procedures. Int ] Environ Res Public Health. (2022) 19:490. doi:
10.3390/ijerph19010490

27.Ghosh A, Dorasala S. Epidemiology of benign paroxysomal positional vertigo
(BPPV) and risk factors for secondary BPPV: a population-based study. The Egyptian.
J Otolaryngol. (2023) 39:56. doi: 10.1186/543163-023-00456-6

28. Martens C, Goplen FK, Aasen T, Nordfalk KF, Nordahl SHG. Dizziness handicap
and clinical characteristics of posterior and lateral canal BPPV. Eur Arch Otorrinolaringol.
(2019) 276:2181-9. doi: 10.1007/s00405-019-05459-9

29. Gupta D, Solanki B. Epley’s manoeuvre: a single line treatment for posterior
Semicircular Canal benign paroxysmal positional Vertigo. Indian ] Otolaryngol Head
Neck Surg. (2022) 74:3877-82. doi: 10.1007/s12070-021-02695-6

30. Zhang G, Chang B, Li C, Xu D, Chen Y. Efficacy of computer-controlled
repositioning maneuvers for post-traumatic benign paroxysmal positional vertigo. Acta
Otolaryngol. (2023) 143:274-9. doi: 10.1080/00016489.2023.2196299

31. Yang X, Xia L, Shen B, Hong Y, Li K, Si L, et al. Diagnosis strategy and Yacovino
maneuver for anterior canal-benign paroxysmal positional vertigo. J Neurol. (2019)
266:1674-84. doi: 10.1007/s00415-019-09312-1

32. El-Anwar MW, Mesriga RMKM, Mobasher MA, Heggy M, Meky A, Nofal AA.
Benign paroxysmal positional vertigo: a multi-center study. Egypt. J. Otolaryngol. (2022)
38:98. doi: 10.1186/5s43163-022-00295-x

33. Kong TH, Song MH, Shim DB. Recurrence rate and risk factors of recurrence in
benign paroxysmal positional Vertigo: a single-center long-term prospective study with
a large cohort. Ear Hear. (2022) 43:234-41. doi: 10.1097/aud.0000000000001093

34. Shu Y, Liao N, Fang E, Shi Q, Yan N, Hu Y. The relationship between psychological
conditions and recurrence of benign paroxysmal positional vertigo: a retrospective
cohort study. BMC Neurol. (2023) 23:137. doi: 10.1186/s12883-023-03169-8

35.Yehuda B, Rachima D, Katz-Leurer M. Anxiety characteristics in benign
paroxysmal positional vertigo: first vs. recurrent episodes. Eur Arch Otorrinolaringol.
(2024) 281:3245-51. doi: 10.1007/500405-024-08615-y

36. McCormick K, Kolar B. Research letter: rate of BPPV in patients diagnosed with
concussion. ] Head Trauma Rehabil. (2023) 38:434-8. doi: 10.1097/htr.0000000000000867

frontiersin.org


https://doi.org/10.3389/fneur.2025.1595693
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2025.1595693/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2025.1595693/full#supplementary-material
https://doi.org/10.14639/0392-100X-N1233
https://doi.org/10.1002/lio2.230
https://doi.org/10.1007/s00405-018-5086-1
https://doi.org/10.4103/0300-1652.103550
https://doi.org/10.1016/j.cnp.2019.03.001
https://doi.org/10.1136/jnnp.2006.100420
https://doi.org/10.3233/VES-190687
https://doi.org/10.3389/fneur.2018.00178
https://doi.org/10.1097/mao.0000000000000417
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3233/VES-150553
https://doi.org/10.1177/0194599816689667
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1016/j.jclinepi.2019.12.013
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.3389/fmed.2022.881307
https://doi.org/10.1016/j.amjoto.2019.04.003
https://doi.org/10.1016/j.amjoto.2021.103132
https://doi.org/10.1080/07853890.2022.2091790
https://doi.org/10.3389/fneur.2021.720444
https://doi.org/10.1016/j.anl.2021.01.009
https://doi.org/10.3389/fneur.2023.1144958
https://doi.org/10.1097/MAO.0000000000002385
https://doi.org/10.3389/fneur.2022.850088
https://doi.org/10.3390/ijerph19010490
https://doi.org/10.1186/s43163-023-00456-6
https://doi.org/10.1007/s00405-019-05459-9
https://doi.org/10.1007/s12070-021-02695-6
https://doi.org/10.1080/00016489.2023.2196299
https://doi.org/10.1007/s00415-019-09312-1
https://doi.org/10.1186/s43163-022-00295-x
https://doi.org/10.1097/aud.0000000000001093
https://doi.org/10.1186/s12883-023-03169-8
https://doi.org/10.1007/s00405-024-08615-y
https://doi.org/10.1097/htr.0000000000000867

Alolayet and Murdin

37. Elmoursy MM, Abbas AS. The role of low levels of vitamin D as a co-factor in the
relapse of benign paroxysmal positional vertigo (BPPV). Am J Otolaryngol. (2021)
42:103134. doi: 10.1016/j.amjot0.2021.103134

38. Alvarez-Morujo de Sande MG, Gonzélez-Aguado R, Guerra-Jiménez G,
Domenech-Vadillo E, Galera-Ruiz H, Figuerola-Massana E, et al. Probable benign
paroxysmal positional vertigo, spontaneously resolved: incidence in medical practice,
patients’ characteristics and the natural course. J Otol. (2019) 14:111-6. doi:
10.1016/j.joto.2019.04.002

39.Kim CH, Kim H, Jung T, Lee DH, Shin JE. Clinical characteristics of benign
paroxysmal positional vertigo after traumatic brain injury. Brain Inj. (2024) 38:341-6.
doi: 10.1080/02699052.2024.2310790

40. Andersson H, Jablonski GE, Nordahl SHG, Nordfalk K, Helseth E, Martens C, et al.
The risk of benign paroxysmal positional Vertigo after head trauma. Laryngoscope.
(2022) 132:443-8. doi: 10.1002/lary.29851

41.Kim EK, Pasquesi L, Sharon JD. Examining migraine as a predictor of benign
paroxysmal positional Vertigo onset, severity, recurrence, and associated falls. Cureus.
(2022) 14:€28278. doi: 10.7759/cureus.28278

42. Kher PS. Treatment of benign positional paroxysmal vertigo at tertiary care
teaching hospital. Int ] Acad Med Pharm. (2023) 5:831-4. doi: 10.47009/jamp.2023.5.2.175

43. Hyland S, Hawke L], Taylor NE. Benign paroxysmal positional vertigo without
dizziness is common in people presenting to falls clinics. Disabil Rehabil. (2024)
46:6108-13. doi: 10.1080/09638288.2024.2320271

44. Harrell R, Manetta C, Guthrie M, Enam N. The prevalence of symptom reporting
for benign paroxysmal positional Vertigo in a traumatic brain injury population. Otol
Neurotol. (2023) 44:172-6. doi: 10.1097/ma0.0000000000003770

45. Jafarzadeh S, Pourbakht A, Bahrami E. Vestibular assessment in patients with
persistent symptoms of mild traumatic brain injury. Indian ] Otolaryngol Head Neck
Surg. (2022) 74:272-80. doi: 10.1007/s12070-020-02043-0

46. Jensen JK, Hougaard DD. Incidence of benign paroxysmal positional Vertigo and
course of treatment following mild head trauma—is it worth looking for? PubMed
Central. (2022) 18:513-21. doi: 10.5152/ia0.2022.21629

47. Cobb LH, Bailey VO, Liu YE, Teixido MT, Rizk HG. Relationship of vitamin D
levels with clinical presentation and recurrence of BPPV in a southeastern United States
institution. Auris Nasus Larynx. (2023) 50:70-80. doi: 10.1016/j.an1.2022.05.011

48.Ding ], Liu L, Kong WK, Chen XB, Liu X. Serum levels of 25-hydroxy vitamin D
correlate with idiopathic benign paroxysmal positional vertigo. Biosci Rep. (2019)
39:142. doi: 10.1042/bsr20190142

49.Bi ], Liu B, Zhang Y, Zhou Q. Study on the bone metabolism indices and
Otoconin-90 in benign paroxysmal positional Vertigo. Otol Neurotol. (2021) 42:¢744-9.
doi: 10.1097/ma0.0000000000003087

50. Cheng Z, Wang M, Yu J. Benign paroxysmal positional vertigo and serum
transthyretin in Chinese older adults. Asia Pac J Clin Nutr. (2021) 30:383-91. doi:
10.6133/apjcn.202109_30(3).0005

51.Ren YY, Wang Y], Li JL, Liu M, Xia E Low vitamin D and uric acid status in
patients with benign paroxysmal positional vertigo. Sci Prog. (2023)
106:368504231205397. doi: 10.1177/00368504231205397

52.Singh JM, Corser WD, Monsell EM. Cardiovascular risk factors and benign
paroxysmal positional Vertigo in community otolaryngology-head and neck surgery.
Otolaryngol Head Neck Surg. (2020) 162:283-9. doi: 10.1177/0194599820902116

53.Saruhan G, Gokgay A, Gokeay F, Celebisoy N. Cervical vestibular evoked
myogenic potentials in patients with the first episode of posterior canal benign
paroxysmal positional vertigo before and after repositioning. Acta Otolaryngol. (2021)
141:147-51. doi: 10.1080/00016489.2020.1837393

54. Schuricht A, Hougaard DD. Is a mechanical rotational chair superior to manual
treatment maneuvers on an examination bed in the treatment of benign paroxysmal
positional Vertigo? Otol Neurotol. (2022) 43:€235-42. doi:
10.1097/ma0.0000000000003380

55. Kong TH, Song MH, Kang JW, Shim DB. Double-blind randomized controlled
trial on efficacy of cupulolith repositioning maneuver for treatment of apogeotropic
horizontal canal benign paroxysmal positional vertigo. Acta Otolaryngol. (2020)
140:473-8. doi: 10.1080/00016489.2020.1736339

56. Celis-Aguilar E, Mayoral-Flores HO, Torrontegui-Zazueta LA, Medina-Cabrera
CA, Le6n-Leyva IC, Dehesa-Lopez E. Effectiveness of Brandt Daroff, Semont and Epley
maneuvers in the treatment of benign paroxysmal positional Vertigo: a randomized
controlled clinical trial. Indian ] Otolaryngol Head Neck Surg. (2022) 74:314-21. doi:
10.1007/s12070-021-02516-w

57.Han K, Lee ], Shin JE, Kim CH. Treatment efficacy of forced prolonged position
after Cupulolith repositioning maneuver in Apogeotropic HSCC BPPV. Ear Nose Throat
J. (2024) 103:NP234-40. doi: 10.1177/01455613211038274

58. Nadagoud SV, Bhat VS, Pragathi BS. Comparative efficacy of Epley, Semont and
Gans maneuver in treating Posterior Canal benign paroxysmal positional Vertigo. Indian
] Otolaryngol Head Neck Surg. (2024) 76:48-54. doi: 10.1007/s12070-023-04071-y

59.Imai T, Uno A, Yamato A, Takimoto Y, Sato G, Matsuda K, et al. Comparison of
the efficacy of the Epley maneuver and repeated dix-Hallpike tests for eliminating
positional nystagmus: a multicenter randomized study. Front Neurol. (2023) 14:1095041.
doi: 10.3389/fneur.2023.1095041

Frontiers in Neurology

10.3389/fneur.2025.1595693

60. Chen X, Mao J, Ye H, Fan L, Tong Q, Zhang H, et al. The effectiveness of the
modified Epley maneuver for the treatment of posterior semicircular canal benign
paroxysmal positional vertigo. Front Neurol. (2023) 14:1328896. doi:
10.3389/fneur.2023.1328896

61.Lou Y, Cai M, Xu L, Wang Y, Zhuang L, Liu X. Efficacy of BPPV diagnosis and
treatment system for benign paroxysmal positional vertigo. Am J Otolaryngol. (2020)
41:102412. doi: 10.1016/j.amjot0.2020.102412

62. Lee HJ, Jeon EJ, Lee DH, Seo JH. Therapeutic efficacy of the modified Epley
maneuver with a pillow under the shoulders. Clinic Exp Otorhinolaryngol. (2020)
13:376-80. doi: 10.21053/ce0.2019.01830

63. Lee DH, Park JY, Kim TH, Shin JE, Kim CH. New therapeutic maneuver for
horizontal Semicircular Canal Cupulolithiasis: a prospective randomized trial. J Clin
Med. (2022) 11:4136. doi: 10.3390/jcm11144136

64.Khaftari MD, Ahadi M, Maarefvand M, Jalaei B. The efficacy of the half
somersault maneuver in comparison to the Epley maneuver in patients with benign
paroxysmal positional Vertigo. J Int Adv Otol. (2021) 17:417-21. doi:
10.5152/ia0.2021.9072

65. Kjeersgaard JB, Petersen NK, Hougaard DD. Adding kinetic energy does not
further improve treatment outcomes with a mechanical reposition chair: a randomized
controlled trial. Otol Neurotol. (2023) 44:e33-41. doi: 10.1097/ma0.0000000000003757

66. Lee ], Lee D, Noh H, Shin JE, Kim C. Immediate and short-term effects of Gufoni
and Appiani liberatory maneuver for treatment of ageotropic horizontal canal benign
paroxysmal positional vertigo: a prospective randomized trial. Laryngoscope Investig
Otolaryngol. (2021) 6:832-8. doi: 10.1002/1i02.600

67. Wood H, Kluk K, BinKhamis G. Association between vitamin D deficiency and
benign paroxysmal positional vertigo (BPPV) incidence and recurrence: a systematic
review and  meta-analysis. BMJ  Open. (2024) 14:¢077986-6.  doi:
10.1136/bmjopen-2023-077986

68. Pillai N, Gopinath I. A prospective analysis of vitamin D and recurrent benign
paroxysmal positional vertigo. Int ] Otorhinolaryngol Head Neck Surg. (2019) 5:1548-8.
doi: 10.18203/issn.2454-5929.ijohns20194924

69. Biiki B, Ecker M, Jiinger H, Lundberg YW. Vitamin D deficiency and benign
paroxysmal positioning vertigo. Med Hypotheses. (2013) 80:201-4. doi:
10.1016/j.mehy.2012.11.029

70. Talaat HEA, Kabel AH, Khaliel LH, Abuhadied G, El-Naga HA, Talaat AS.
Reduction of recurrence rate of benign paroxysmal positional vertigo by treatment of
severe vitamin D deficiency. Auris Nasus Larynx. (2016) 43:237-41. doi:
10.1016/j.anl.2015.08.009

71. Jeong SH, Choi SH, Kim JY, Koo JW, Kim HJ, Kim JS. Osteopenia and osteoporosis
in idiopathic benign positional vertigo. Neurology. (2009) 72:1069-76. doi:
10.1212/01.wnl.0000345016.33983.e0

72.LiJ, YuL, An P, Pang W, Yan X, Deng D, et al. Low bone mineral density and the
risk of benign paroxysmal positional Vertigo. Otolaryngol Head Neck Surg. (2024)
170:877-85. doi: 10.1002/0hn.600

73.Yu S, Liu E Cheng Z, Wang Q. Association between osteoporosis and benign
paroxysmal positional vertigo: a systematic review. BMC Neurol. (2014) 14:110. doi:
10.1186/1471-2377-14-110

74.Kim SY, Kim HJ, Min C, Choi HG. Association between benign paroxysmal
positional vertigo and osteoporosis: two nested case-control studies. Osteoporos Int.
(2020) 31:2017-24. doi: 10.1007/s00198-020-05478-x

75. Mikulec AA, Kowalczyk KA, Pfitzinger ME, Harris DA, Jackson LE. Negative
association between treated osteoporosis and benign paroxysmal positional vertigo in
women. ] Laryngol Otol. (2010) 124:374-6. doi: 10.1017/s002221510999209x

76. Kim SK, Hong SM, Park IS, Choi HG. Association between migraine and benign
paroxysmal positional Vertigo among adults in South Korea. JAMA Otolaryngol Head
Neck Surg. (2019) 145:307-12. doi: 10.1001/jamaoto.2018.4016

77.Kim M, Lee DS, Hong TH, Joo Cho H. Risk factor of benign paroxysmal positional
vertigo in trauma patients; a retrospective analysis using Korean trauma database.
Medicine. (2018) 97:¢13150. doi: 10.1097/md.0000000000013150

78. Pisani V, Mazzone S, Di Mauro R, Giacomini P, Di Girolamo S. A survey of the
nature of trauma of post-traumatic benign paroxysmal positional vertigo. Int ] Audiol.
(2015) 54:329-33. doi: 10.3109/14992027.2014.989454

79. Ishiyama A, Jacobson KM, Baloh RW. Migraine and benign positional Vertigo.
Ann Otol Rhinol Laryngol. (2000) 109:377-80. doi: 10.1177/000348940010900407

80. Chen MH, Sung YF, Chien WC, Chung CH, Chen JW. Risk of migraine after
traumatic brain injury and effects of injury management levels and treatment modalities:
a Nationwide population-based cohort study in Taiwan. J Clin Med. (2023) 12:1530. doi:
10.3390/jcm12041530

81. Kutlubaev MA, Xu Y, Hornibrook J. Benign paroxysmal positional vertigo in
Meniere’s disease: systematic review and meta-analysis of frequency and clinical
characteristics. ] Neurol. (2021) 268:1608-14. doi: 10.1007/s00415-019-09502-x

82.Takeda N, Koizuka I, Nishiike S, Kitahara T, Ogino H, Kubo T. Clinical
features and Utricular dysfunction in patients with benign paroxysmal positional
Vertigo. Nippon Jibiinkoka Gakkai Kaiho. (1997) 100:449-56. doi:
10.3950/jibiinkoka.100.449

frontiersin.org


https://doi.org/10.3389/fneur.2025.1595693
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.amjoto.2021.103134
https://doi.org/10.1016/j.joto.2019.04.002
https://doi.org/10.1080/02699052.2024.2310790
https://doi.org/10.1002/lary.29851
https://doi.org/10.7759/cureus.28278
https://doi.org/10.47009/jamp.2023.5.2.175
https://doi.org/10.1080/09638288.2024.2320271
https://doi.org/10.1097/mao.0000000000003770
https://doi.org/10.1007/s12070-020-02043-0
https://doi.org/10.5152/iao.2022.21629
https://doi.org/10.1016/j.anl.2022.05.011
https://doi.org/10.1042/bsr20190142
https://doi.org/10.1097/mao.0000000000003087
https://doi.org/10.6133/apjcn.202109_30(3).0005
https://doi.org/10.1177/00368504231205397
https://doi.org/10.1177/0194599820902116
https://doi.org/10.1080/00016489.2020.1837393
https://doi.org/10.1097/mao.0000000000003380
https://doi.org/10.1080/00016489.2020.1736339
https://doi.org/10.1007/s12070-021-02516-w
https://doi.org/10.1177/01455613211038274
https://doi.org/10.1007/s12070-023-04071-y
https://doi.org/10.3389/fneur.2023.1095041
https://doi.org/10.3389/fneur.2023.1328896
https://doi.org/10.1016/j.amjoto.2020.102412
https://doi.org/10.21053/ceo.2019.01830
https://doi.org/10.3390/jcm11144136
https://doi.org/10.5152/iao.2021.9072
https://doi.org/10.1097/mao.0000000000003757
https://doi.org/10.1002/lio2.600
https://doi.org/10.1136/bmjopen-2023-077986
https://doi.org/10.18203/issn.2454-5929.ijohns20194924
https://doi.org/10.1016/j.mehy.2012.11.029
https://doi.org/10.1016/j.anl.2015.08.009
https://doi.org/10.1212/01.wnl.0000345016.33983.e0
https://doi.org/10.1002/ohn.600
https://doi.org/10.1186/1471-2377-14-110
https://doi.org/10.1007/s00198-020-05478-x
https://doi.org/10.1017/s002221510999209x
https://doi.org/10.1001/jamaoto.2018.4016
https://doi.org/10.1097/md.0000000000013150
https://doi.org/10.3109/14992027.2014.989454
https://doi.org/10.1177/000348940010900407
https://doi.org/10.3390/jcm12041530
https://doi.org/10.1007/s00415-019-09502-x
https://doi.org/10.3950/jibiinkoka.100.449

Alolayet and Murdin

83. Karlberg M, Hall K, Quickert N, Hinson J, Halmagyi GM. What inner ear diseases
cause benign paroxysmal positional Vertigo? Acta Otolaryngol. (2000) 120:380-5. doi:
10.1080/000164800750000603

84. Mandala M, Santoro GP, Awrey J, Nuti D. Vestibular neuritis: recurrence and
incidence of secondary benign paroxysmal positional vertigo. Acta Otolaryngol. (2009)
130:565-7. doi: 10.3109/00016480903311278

85.Hong SM, Yeo SG. Clinical analysis of patients with idiopathic sudden
sensorineural hearing loss and benign paroxysmal positional vertigo. Acta Otolaryngol.
(2013) 133:439-42. doi: 10.3109/00016489.2012.754996

86. Yetiser S. Review of the pathology underlying benign paroxysmal positional
vertigo. J Int Med Res. (2019) 48:030006051989237. doi: 10.1177/0300060519892370

87. Yeo BSY, Toh EMS, Lim NE, Lee RS, Ho RCM, Tam WWS, et al. Association of
Benign Paroxysmal Positional Vertigo with depression and anxiety—a systematic review
and Meta-analysis. Laryngoscope. (2024) 134:526-34. doi: 10.1002/lary.30957

88. Sakellari V, Bronstein AM, Corna S, Hammon CA, Jones S, Wolsley CJ. The effects
of hyperventilation on postural control mechanisms. Brain. (1997) 120:1659-73. doi:
10.1093/brain/120.9.1659

89. Ketola S, Havia M, Appelberg B, Kentala E. Psychiatric symptoms in vertiginous
patients. Nord ] Psychiatry. (2015) 69:287-91. doi: 10.3109/08039488.2014.972976

90. Wang Y, Xia F, Wang W, Hu W. Assessment of sleep quality in benign paroxysmal
positional ~ vertigo recurrence. Int ] Neurosci. (2018) 128:1143-9. doi:
10.1080/00207454.2018.1486835

91.Su P, Liu YC, Lin HC. Risk factors for the recurrence of post-semicircular canal
benign paroxysmal positional vertigo after canalith repositioning. J Neurol. (2016)
263:45-51. doi: 10.1007/s00415-015-7931-0

92. Lin BY, Young YH. Effect of short-duration sleep deprivation on the vestibulo-
ocular reflex system evaluated by ocular vestibular-evoked myogenic potential test. Acta
Otolaryngol. (2014) 134:698-703. doi: 10.3109/00016489.2014.895039

93.Irwin MR. Why sleep is important for health: a psychoneuroimmunology
perspective. Annu Rev Psychol. (2015) 66:143-72. doi:
10.1146/annurev-psych-010213-115205

94. Taylor DJ, Mallory LJ, Lichstein KL, Durrence HH, Riedel BW, Bush AJ.
Comorbidity of chronic insomnia with medical problems. Sleep. (2007) 30:213-8. doi:
10.1093/sleep/30.2.213

95. Shih CP, Wang CH, Chung CH, Lin HC, Chen HC, Lee JC, et al. Increased risk of
benign paroxysmal positional Vertigo in patients with non-apnea sleep disorders: a
Nationwide, population-based cohort study. J Clin Sleep Med. (2018) 14:2021-9. doi:
10.5664/jcsm.7528

96. Polensek S, Tusa R. Unnecessary diagnostic tests often obtained for benign
paroxysmal positional vertigo. Med Sci Monit. (2009) 15:MT89-94.

97.Zhang D, Zhang S, Zhang H, Xu Y, Fu S, Yu M, et al. Evaluation of vertebrobasilar
artery changes in patients with benign paroxysmal positional vertigo. Neuroreport.
(2013) 24:741-5. doi: 10.1097/wnr.0b013e328364b948

98. Chen J, Zhao W, Yue X, Zhang P. Risk factors for the occurrence of benign
paroxysmal positional Vertigo: a systematic review and Meta-analysis. Front Neurol.
(2020) 11:506. doi: 10.3389/fneur.2020.00506

99. Lindsay JR, Hemenway WG. LVII postural Vertigo due to unilateral sudden partial
loss of vestibular function. Ann Otol Rhinol Laryngol. (1956) 65:692-706. doi:
10.1177/000348945606500311

100. Yoda S, Cureoglu S, Yildirim-Baylan M, Morita N, Fukushima H, Harada T, et al.
Association between type 1 diabetes mellitus and deposits in the semicircular canals.
Otolaryngol Head Neck Surg. (2011) 145:458-62. doi: 10.1177/0194599811407610

101. Cohen HS, Kimball KT, Stewart MG. Benign paroxysmal positional Vertigo and
comorbid conditions. ORL ] Otorhinolaryngol Relat Spec. (2004) 66:11-5. doi:
10.1159/000077227

102. Cao W, Geng Y, Chang J, Li F. Risk factors for benign paroxysmal positional
vertigo and construction of a nomogram predictive model. Am J Transl Res. (2024)
16:2435-44. doi: 10.62347/dhaj4799

103. Papi G, Corsello SM, Milite MT, Zanni M, Ciardullo AV, Donato CD, et al.
Association between benign paroxysmal positional vertigo and autoimmune chronic
thyroiditis. Clin Endocrinol. (2010) 70:169-70. doi: 10.1111/j.1365-2265.2008.03311.x

104. Yildirim TO, Kaya $, Kaya BE. Evaluation of the Tp-e interval and Tp-e/QTc ratio
in patients with benign paroxysmal positional vertigo in the emergency department
compared with the normal population. J Electrocardiol. (2020) 58:51-5. doi:
10.1016/j.jelectrocard.2019.11.002

105. Lima CM, Felipe D, Corona AP, Lessa MM. Association between benign
paroxysmal positional Vertigo and thyroid diseases: systematic review and Meta-
analysis. Int Arch Otorhinolaryngol. (2023) 28:¢530-6. doi: 10.1055/5-0043-1769496

106. Nair D, Shlipak MG, Angeja B, Liu HH, Schiller NB, Whooley MA. Association
of anemia with diastolic dysfunction among patients with coronary artery disease in the
heart and soul study. Am J Cardiol. (2005) 95:332-6. doi: 10.1016/j.amjcard.2004.09.029

107. van Wensen E, van Leeuwen RB, van der Zaag-Loonen HJ, Masius-Olthof S,
Bloem BR. Benign paroxysmal positional vertigo in Parkinson’s disease. Parkinsonism
Relat Disord. (2013) 19:1110-2. doi: 10.1016/j.parkreldis.2013.07.024

Frontiers in Neurology

19

10.3389/fneur.2025.1595693

108. Pezzoli M, Garzaro M, Pecorari G, Cena M, Giordano C, Albera R. Benign
paroxysmal positional vertigo and orthostatic hypotension. Clin Auton Res. (2010)
20:27-31. doi: 10.1007/s10286-009-0032-3

109. Rashad UM. Patients with benign paroxysmal positional vertigo and cervical
spine problems: is Epley’s manoeuvre contraindicated, and is a proposed new manoeuvre
effective and safer? ] Laryngol Otol. (2010) 124:1167-71. doi: 10.1017/50022215110000927

110. Yuan ], Dai J, Li WA, Hu W. Factors associated with benign paroxysmal positional
Vertigo: a Chinese case-control study. Med Sci Monit. (2017) 23:3885-9. doi:
10.12659/msm.905716

111. Cetinkaya ND, Ertugrul S, Séylemez E, Sunay D. Comorbidities and the effect of
comorbidities on recurrence in benign paroxysmal positional Vertigo. Med Rec. (2022)
4:405-9. doi: 10.37990/medr.1108147

112. Fujikawa S, Starr A. Vestibular neuropathy accompanying auditory and
peripheral neuropathies. Arch Otolaryngol Head Neck Surg. (2000) 126:1453-6. doi:
10.1001/archotol.126.12.1453

113. Meghji S, Murphy D, Nunney I, Phillips JS. The seasonal variation of benign
paroxysmal positional ~Vertigo. Otol Neurotol. (2017) 38:1315-8. doi:
10.1097/ma0.0000000000001534

114. Jankowski J, Floege J, Fliser D, Bohm M, Marx N. Cardiovascular disease in
chronic kidney disease. Circulation. (2021) 143:1157-72. doi:
10.1161/circulationaha.120.050686

115. Ganimusa I, Chew E, Lu EM. Vitamin D deficiency, chronic kidney disease and
periodontitis. Medicina. (2024) 60:420. doi: 10.3390/medicina60030420

116. del Rio M, Arriaga MA. Benign Positional Vertigo: Prognostic Factors.
Otolaryngol Head Neck Surg. (2004) 130:426-9. doi: 10.1016/j.0tohns.2003.12.015

117. Schuknecht HE. Mechanism of inner ear injury from blows to the head. Ann Otol
Rhinol Laryngol. (1969) 78:253-62. doi: 10.1177/000348946907800205

118. Gordon CR, Levite R, Joffe V, Gadoth N. Is posttraumatic benign paroxysmal
positional Vertigo different from the idiopathic form? Arch Neurol. (2004) 61:1590-3.
doi: 10.1001/archneur.61.10.1590

119. Molvzer OI. Chronic benign paroxysmal positional Vertigo (BPPV): a possible
cause of chronic, otherwise unexplained neck-pain, headache, and widespread pain and
fatigue, which may respond positively to repeated particle repositioning manoeuvres
(PRM). Scand J Pain. (2013) 4:231-2. doi: 10.1016/j.sjpain.2013.06.005

120. Iglebekk W, Tjell C, Borenstein P. Treatment of chronic canalithiasis can
be beneficial for patients with vertigo/dizziness and chronic musculoskeletal pain,
including whiplash related pain. Scand ] Pain. (2015) 8:1-7. doi:
10.1016/j.sjpain.2015.02.002

121. Korres S, Balatsouras DG, Ferekidis E. Prognosis of patients with benign
paroxysmal positional vertigo treated with repositioning manoeuvres. J Laryngol Otol.
(2006) 120:528-33. doi: 10.1017/s0022215106000958

122. Yoon J, Lee JB, Lee HY, Lee BD, Lee CK, Choi S]. Potential risk factors affecting
repeated Canalith repositioning procedures in benign paroxysmal positional Vertigo.
Otol Neurotol. (2018) 39:206-11. doi: 10.1097/ma0.0000000000001634

123. Blanks RH, Curthoys IS, Markham CH. Planar relationships of the semicircular
canals in man. Acta Otolaryngol. (1975) 80:185-96. doi: 10.3109/00016487509121318

124. Parnes LS, Price-Jones RG. Particle repositioning maneuver for benign
paroxysmal positional Vertigo. Ann Otol Rhinol Laryngol. (1993) 102:325-31. doi:
10.1177/000348949310200501

125. Zhou E, Fu M, Zhang N, Xu Y, Ge Y. Investigation of the relationship between
chronic diseases and residual symptoms of benign paroxysmal positional vertigo.
Journal of Clinical Otorhinolaryngology, Head, and Neck Surgery. (2015) 29:1627-9.

126. Korkmaz M, Korkmaz H. Cases requiring increased number of repositioning
maneuvers in benign paroxysmal positional vertigo. Braz ] Otorhinolaryngol. (2016)
82:452-7. doi: 10.1016/j.bjor.2015.08.018

127. Faralli M, Ricci G, Molini E, Bressi T, Simoncelli C, Frenguelli A. Paroxysmal
positional vertigo: the role of age as a prognostic factor. Mediterr ] Otol. (2006) 26:25-31.

128. Jang YS, Kang MK. Relationship between bone mineral density and clinical
features in women with idiopathic benign paroxysmal positional Vertigo. Otol Neurotol.
(2009) 30:95-100. doi: 10.1097/mao.0b013e318185777

129. Kahraman SS, Ozcan O, Arli C, Ustun I, Erduran R, Akoglu E, et al. Calcium
homeostasis during attack and remission in patients with idiopathic benign paroxysmal
positional Vertigo. Otol Neurotol. (2016) 37:1388-92. doi:
10.1097/ma0.0000000000001167

130. Im JH, Kim JM, Lee SH. Differences in clinical characteristics of idiopathic
benign paroxysmal positional vertigo according to the serum vitamin D status (4195).
Neurology. (2020) 94:95. doi: 10.1212/wnl.94.15_supplement.4195

131. Lins U, Farina M, Kurc M, Riordan G, Thalmann R, Thalmann I, et al. The
otoconia of the guinea pig utricle: internal structure, surface exposure, and interactions
with the filament matrix. J Struct Biol. (2000) 131:67-78. doi: 10.1006/jsbi.2000.4260

132. Monobe H, Sugasawa K, Murofushi T. The outcome of the Canalith repositioning
procedure for benign paroxysmal positional Vertigo: are there any characteristic features
of treatment failure cases? Acta Otolaryngol. (2001) 121:38-40. doi:
10.1080/000164801750388081

frontiersin.org


https://doi.org/10.3389/fneur.2025.1595693
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1080/000164800750000603
https://doi.org/10.3109/00016480903311278
https://doi.org/10.3109/00016489.2012.754996
https://doi.org/10.1177/0300060519892370
https://doi.org/10.1002/lary.30957
https://doi.org/10.1093/brain/120.9.1659
https://doi.org/10.3109/08039488.2014.972976
https://doi.org/10.1080/00207454.2018.1486835
https://doi.org/10.1007/s00415-015-7931-0
https://doi.org/10.3109/00016489.2014.895039
https://doi.org/10.1146/annurev-psych-010213-115205
https://doi.org/10.1093/sleep/30.2.213
https://doi.org/10.5664/jcsm.7528
https://doi.org/10.1097/wnr.0b013e328364b948
https://doi.org/10.3389/fneur.2020.00506
https://doi.org/10.1177/000348945606500311
https://doi.org/10.1177/0194599811407610
https://doi.org/10.1159/000077227
https://doi.org/10.62347/dhaj4799
https://doi.org/10.1111/j.1365-2265.2008.03311.x
https://doi.org/10.1016/j.jelectrocard.2019.11.002
https://doi.org/10.1055/s-0043-1769496
https://doi.org/10.1016/j.amjcard.2004.09.029
https://doi.org/10.1016/j.parkreldis.2013.07.024
https://doi.org/10.1007/s10286-009-0032-3
https://doi.org/10.1017/s0022215110000927
https://doi.org/10.12659/msm.905716
https://doi.org/10.37990/medr.1108147
https://doi.org/10.1001/archotol.126.12.1453
https://doi.org/10.1097/mao.0000000000001534
https://doi.org/10.1161/circulationaha.120.050686
https://doi.org/10.3390/medicina60030420
https://doi.org/10.1016/j.otohns.2003.12.015
https://doi.org/10.1177/000348946907800205
https://doi.org/10.1001/archneur.61.10.1590
https://doi.org/10.1016/j.sjpain.2013.06.005
https://doi.org/10.1016/j.sjpain.2015.02.002
https://doi.org/10.1017/s0022215106000958
https://doi.org/10.1097/mao.0000000000001634
https://doi.org/10.3109/00016487509121318
https://doi.org/10.1177/000348949310200501
https://doi.org/10.1016/j.bjorl.2015.08.018
https://doi.org/10.1097/mao.0b013e31818f5777
https://doi.org/10.1097/mao.0000000000001167
https://doi.org/10.1212/wnl.94.15_supplement.4195
https://doi.org/10.1006/jsbi.2000.4260
https://doi.org/10.1080/000164801750388081

Alolayet and Murdin

133. Kim MB, Ban JH. Benign paroxysmal positional vertigo accompanied by sudden
sensorineural hearing loss: a comparative study with idiopathic benign paroxysmal
positional vertigo. Laryngoscope. (2012) 122:2832-6. doi: 10.1002/lary.23607

134. Lee JB, Choi §J. Canal paresis in benign paroxysmal positional Vertigo secondary
to sudden sensorineural hearing loss. Otol Neurotol. (2015) 36:1708-13. doi:
10.1097/mao0.0000000000000899

135. Lee NH, Ban JH. Is BPPV a prognostic factor in idiopathic sudden sensory hearing
loss? Clinic Exp Otorhinolaryngol. (2010) 3:199-202. doi: 10.3342/ce0.2010.3.4.199

Frontiers in Neurology

20

10.3389/fneur.2025.1595693

136. Dominguez-Duran E, Domeénech-Vadillo E, AlvareZ—Morujo
de Sande MG, Gonzélez-Aguado R, Guerra-Jiménez G, Ramos-Macias A, etal.
Analysis of risk factors influencing the outcome of the Epley
maneuver. Eur  Arch  Otorrinolaringol.  (2017)  274:3567-76.  doi:
10.1007/s00405-017-4674-9

137. Yetiser S, Gokmen MHA. Clinical aspects of benign paroxysmal positional
vertigo associated with migraine. Int Tinnitus J. (2015) 19:11. doi:
10.5935/0946-5448.20150011

frontiersin.org


https://doi.org/10.3389/fneur.2025.1595693
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1002/lary.23607
https://doi.org/10.1097/mao.0000000000000899
https://doi.org/10.3342/ceo.2010.3.4.199
https://doi.org/10.1007/s00405-017-4674-9
https://doi.org/10.5935/0946-5448.20150011

	Benign paroxysmal positional vertigo a systematic review of the effects of comorbidities
	Introduction
	Methods
	Literature search strategy
	Selection process
	Data extraction and quality assessment

	Results
	Study characteristics
	Synthesised findings
	Risk factors and comorbidities associated with BPPV occurrence
	Risk factors and comorbidities affecting the efficacy of initial CRPs

	Discussion
	BPPV occurrence
	Bone mineral density and serum vitamin D level
	Head trauma and migraine
	Inner ear diseases
	Psychiatric comorbidities and insomnia
	Cardiovascular and endocrine comorbidities
	Cervical spondylosis
	Body mass index (BMI)
	Neuropathy and kidney disease
	Initial CRP outcomes
	Head trauma, restricted neck mobility and idiopathic BPPV
	Cardiovascular and endocrine comorbidities
	Osteoporosis and serum vitamin D level
	SNHL and migraine

	Limitations
	Conclusion

	 References

