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Identifying key risk factors for the recurrence @

of benign paroxysmal positional vertigo
following successful canalith repositioning
maneuvers: a meta analysis

Yanling Wen'", Yiyan Fan'" and Baoshan Jian'"

Abstract

Background An increasing occurrence trend of benign paroxysmal positional vertigo (BPPV) after successful canalith
repositioning maneuvers was observed; however, the risk elements for the occurrence of this disease remain unde-
fined. We aimed to conduct a meta-analysis of BPPV occurrence-associated risk factors reported.

Methods A comprehensive search in MEDLINE, EMBASE, PubMed, Springer, and the Cochrane Library up to March
31, 2024. The meta-analysis was carried out with STATA 16.0. Quality evaluation of the articles was performed

with the Newcastle-Ottawa Scales (NOS). Data were pooled by a random-effects model. The meta-analysis was regis-
tered at INPLASY (202430045).

Results Seventeen studies with 229 patients were included in the present analysis. The recurrence rate of BPPV

after Canalith repositioning procedure (CRP) or Epley maneuver in subjects with hypertension [standardized mean
difference (SMD)=0.88,95% confidence interval (Cl) (0.81-0.96), P=0.00], Meniere’s disease [SMD=0.84, 95%Cl
(0.57-1.10), P=0.00], head trauma [SMD=0.48, 95%Cl (0.34-0.63), P=0.00], diabetes mellitus (DM) [SMD =0.87,

95%Cl (0.80-0.94), P=0.00], advanced age [SMD=0.18, 95%CI (0.08-0.28), P=0.00], osteoporosis [SMD=0.32, 95%Cl
(0.20-0.43), P=0.00], female gender [SMD=0.53, 95%Cl (0.40-0.67), P=0.00], migraine headache [SMD=0.20, 95%ClI
(0.06-0.35), P=0.01], and vitamin D deficiency [OR=0.29, 95%Cl (0.18-0.40), P=0.00] were appreciably higher

than those in patients without hypertension, Meniere's disease, head trauma, DM, advanced age, osteoporosis, female
gender, migraine headache, and vitamin D deficiency.

Conclusion This meta-analysis has identified several significant risk factors associated with the recurrence of BPPV
following successful canalith repositioning procedures. These include Meniere's disease, head trauma, diabetes mel-
litus, migraine headaches, female gender, advanced age, osteoporosis, and vitamin D deficiency.

Keywords Benign paroxysmal positional vertigo, Osteoporosis, Migraine headaches, Canalith repositioning
procedure, Risk factors

Introduction
Benign paroxysmal positional vertigo (BPPV) is a com-
mon peripheral vertigo in the clinic, which is character-

"Yanling Wen and Yiyan Fan are Co-first authors.

ng;f;’?igience ized by transient and recurrent intense vertigo caused by
13026540303@163.com a head position change in gravity direction, accompanied
' Department of Otolaryngology, Shengli Qilfield Central Hospital, No. 31 by nystagmus [1]. BPPV usua]ly occurs in middle_aged

Jinan Road, Dongying District, Dongying 257000, Shandong, China and older adults, accounting for 20 to 40% of peripheral

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40001-025-02482-x&domain=pdf

Wen et al. European Journal of Medical Research (2025) 30:262

vertigo, and its lifetime prevalence rate is about 2.4% [2].
The main characteristics of BPPV are recurrent, self-lim-
ited, transient, and high recurrence rate [3]. BPPV is gen-
erally divided into two categories according to etiology:
secondary BPPV, has definite or possible causes, such as
secondary Meniere’s disease, idiopathic sudden deafness,
vestibular neuritis, otitis media, and head trauma, among
others; primary BPPV (or idiopathic BPPV), the etiology
of most diseases is not clear [4]. Patients with head posi-
tion changes in daily life may experience vertigo, which
has a severe impact on their lives and work [5].

Canalith repositioning procedure (CRP) is the most
effective method for treating BPPV at present, and its
effective rate is about 70%—90% [6]. Numerous studies
have suggested the effectiveness of CRP in alleviating
BPPV symptoms, with most patients reporting a decrease
in dizziness following the therapeutic intervention [7].
However, various studies have confirmed that BPPV
symptoms often recur after successful canalith reposi-
tioning maneuvers [8, 9]. Published studies showed that
there are many factors affecting BPPV recurrence, such
as age, sleep disorders, high blood pressure, diabetes,
cervical spondylosis, bone mineral density, and among
others [10]. How to reduce the recurrence of BPPV is
a thorny problem troubling many clinicians. Despite
numerous studies exploring the risk factors for BPPV
recurrence [11, 12], inconsistencies in the results and
a lack of a comprehensive overview have hindered the
development of standardized clinical guidelines. There
is a need for a synthesis of current evidence to identify
consistent risk factors for BPPV recurrence. The present
study performed a meta-analysis to investigate several
recognized risk elements connected to BPPV after suc-
cessful CRP or Epley maneuvers and to explore whether
they have clinical significance.

Methods

Protocol

The current meta-analysis followed the preferred report-
ing items for systematic reviews and meta-analysis
(PRISMA) protocol. The meta-analysis was registered at
INPLASY (International Platform of Registered System-
atic Review and Meta-analysis Protocols, 202430045).

Literature searching
We searched for articles on MEDLINE, EMBASE, Pub-
Med, Springer, and the Cochrane Library up to March
31, 2024. A detailed search strategy was developed using
a combination of Medical Subject Headings (MeSH)
terms and free-text keywords to ensure the retrieval of
all relevant studies. The search terms included: “benign
paroxysmal positional vertigo,” “BPPV; “BPV, “recur-
g« canalith repositioning procedure,’

” o«

rence,” “risk factor;
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“CRP “hypertension,” “osteoporosis,’” “vitamin D defi-
ciency” “diabetes,” “migraine,” “Meniere disease,” “sudden
deafness,” and “head trauma” Two independent reviewers
carried out the search process and assessed all included
articles. Disagreements were determined through

discussion.

Selection criteria

The inclusion criteria were employed: (1) Case—con-
trol study or cohort study reporting the risk factors for
BPPV recurrence; (2) studies that reported OR accom-
panied by 95% CI to quantify the strength of the asso-
ciation between risk factors and BPPV recurrence; (3)
studies with complete data, including the number of
recurrent and non-recurrent cases; (4) follow-up period
>6 months. Reviews, case reports, conference abstracts,
duplicated studies, and/or studies with insufficient data
were excluded from this study.

Data extraction

The following data were extracted by two reviewers (Wen
YL, Fan YY): first author, publication year, country, study
design, follow-up time, population, sample size (trial/
control), outcome indicators, and results. Any incon-
sistencies were determined by discussion with the third
author (Jian BS).

Quality evaluation and publication bias

The NOS was used for the quality evaluation. Two inde-
pendent authors carried out the quality evaluation.
Publication bias was measured by Deeks’ funnel plot
asymmetry test.

Statistical analysis

The statistical analysis was conducted using STATA 16.0
software. All statistical assumptions, including the nor-
mality of the data and the homogeneity of variances,
were tested prior to conducting the meta-analysis. These
tests helped to validate the appropriateness of the statis-
tical methods used. To handle missing data, we adopted
a conservative approach by imputing values where nec-
essary, using the best available data from similar studies
or applying established statistical techniques to ensure
the integrity of our analysis. The choice of imputation
method was based on the nature of the data and the
extent of the missing information. A random-effects
model was selected for data pooling in the analysis. This
model accounts for both between-study and within-study
variability, which is particularly relevant when comparing
the recurrence rates of BPPV after CRP in diverse patient
groups. The random-effects model provides a more con-
servative estimate of the effect size, reflecting the inher-
ent variability across studies. By employing this model,
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we were able to account for the differences in clinical
settings, treatment protocols, and patient demograph-
ics that contribute to the observed heterogeneity in the
data. To further assess heterogeneity within the context
of the random-effects model, we calculated the I statis-
tic and the tau-squared (7%) value. The I* statistic meas-
ures the proportion of total variation across studies that
is attributable to heterogeneity rather than chance. The 7*
value represents the estimated true heterogeneity among
studies, which is the underlying between-study variance.
These measures, along with the Q-test, were used to eval-
uate the degree of between-study variance. Sensitivity
analyses were conducted using a leave-one-out approach
to assess the robustness of the pooled estimates. A fun-
nel plot was employed to investigate publication bias,
and Deeks’ funnel plot asymmetry test was conducted
to quantify the potential bias. The combined effects
were estimated, and P<0.05 was considered statistically
significant.

Results

Article selection

Our retrieval strategy obtained 432 articles. Of the 432
potentially appropriate studies, 160 articles were initially
disqualified for duplication. After assessing titles and
abstracts, 59 articles were disqualified for irrelevance to
our purpose. Next, 84 studies were disqualified for the
following reasons: no full manuscript accessible, being
an inappropriate study design, having a study population
aged less than 18 years, and insufficient data. Finally, the
full-text assessment generated 17 articles that satisfied
the selection criteria; 17 studies were involved in the cur-
rent meta-analysis. The overview of the article selection
is exhibited in Fig. 1, and the features of the 17 involved
articles are summed up in Table 1. Our meta-analysis
has synthesized evidence from studies that, based on the
Newcastle—Ottawa Scales, demonstrate a moderate to
high level of quality (Table 1).

BPPV accompanied by hypertension

Three studies have evaluated whether the recurrence of
BPPV after successful CRP was associated with hyper-
tension. As indicated in Fig. 2, the recurrence rate of
BPPV in patients with hypertension was markedly higher
than that in patients without hypertension [SMD = 0.88,
95%CI (0.81-0.96), P = 0.00].

BPPV accompanied by DM

Four studies have evaluated whether recurrence of BPPV
after reduction was associated with DM. The results
showed that the recurrence rate of BPPV in patients with
DM was markedly higher than that in patients without
DM [SMD =0.87, 95%CI (0.80-0.94), P=0.00, Fig. 3].
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BPPV accompanied by migraine headache

Four studies have evaluated whether the recurrence
of BPPV after reduction was associated with migraine
headaches. The results showed that the recurrence
rate of BPPV in patients with migraine headaches was
markedly higher than that in patients without migraine
headaches [SMD=0.20, 95%CI (0.06—0.35), P=0.01,
Fig. 4].

BPPV accompanied by Meniere’s disease

Four studies have evaluated whether recurrence of
BPPV after reduction was associated with Meniere’s
disease. As exposed in Fig. 5, the recurrence ratio of
BPPV in patients with Meniere’s disease was consider-
ably higher than that in patients without Meniere’s dis-
ease [SMD =0.84, 95%CI (0.57-1.10), P=0.00].

BPPV accompanied by head trauma

Nine studies have assessed whether the recurrence of
BPPV after CRP was associated with head trauma. As
shown in Fig. 6, the recurrence rate of BPPV after CRP
or Epley maneuver in patients with head trauma was
considerably higher than that in patients without head
trauma [SMD =0.48, 95%CI (0.34-0.63), P=0.00].

Influence of advanced age on BPPV recurrence

Three studies have evaluated whether the recurrence
of BPPV after CRP was associated with advanced age
(Fig. 7). The results showed that the recurrence rate of
BPPV after CRP or Epley maneuver in patients with
advanced age was markedly increased compared with
that in younger patients [SMD=0.18, 95%CI (0.08—
0.28), P=0.00].

Influence of female gender on BPPV recurrence

Five studies have evaluated whether the recurrence of
BPPV after CRP was associated with female gender
(Fig. 8). The results showed that the recurrence rate of
BPPV after CRP or Epley maneuver in female patients
was markedly increased compared with that in male
patients [SMD =0.53, 95%CI (0.40-0.67), P=0.00].

BPPV accompanied by osteoporosis

Four studies have evaluated whether recurrence of
BPPV after reduction was associated with osteopo-
rosis (Fig. 9). The results showed that the recurrence
rate of BPPV after CRP or Epley maneuver in patients
with osteoporosis was markedly increased compared
with that in patients without osteoporosis [SMD =0.32,
95%ClI (0.20-0.43), P=0.00].
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Fig. 1 PRISMA flow illustration

BPPV accompanied by vitamin D deficiency

Three studies have evaluated whether recurrence of
BPPV after reduction was associated with vitamin D defi-
ciency (Fig. 10). The results showed that the recurrence
rate of BPPV after CRP or Epley maneuver in patients
with vitamin D deficiency was markedly increased

compared with that in patients without vitamin D defi-
ciency [OR=0.29, 95%CI (0.18-0.40), P=0.00].

Publication bias

The funnel plots associated with the outcomes displayed
significant symmetry (Fig. 11). The significant symmetry
in the funnel plots suggests that the dataset is likely free
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Table 1 The characteristics of the included articles
Reference Year Country Follow up Treatment method Age, year NOS
(months)
Choietal. [32] 2012 South Korea >6 CRP 52+69 7
Webster et al. [33] 2015 Brazil 6 Epley Maneuver N/A 8
Balatsouras et al. [34] 2012 Greece 12 CRP 26-87 8
Babac et al. [35] 2014 Serbia 12 CRP 56+6.7 8
Luryi et al. [36] 2018 USA 36 CRP 64.8+14.6 7
Domhoffer et al. [37] 2000 USA 36 Epley Maneuver 35-83 8
Ogun et al. [38] 2014 USA 6 Epley Maneuver 56.2+13.6 7
Kansu et al. [39] 2010 Turkey 36 CRP 51.9+14.76 6
De Stefano et al. [40] 2014 [taly 24 Epley Maneuver 64-91 7
Tanetal. [41] 2017 China 12 CRP 38-79 8
Suetal.[12] 2016 China 24 CRP 57.7+138 8
Del et al. [42] 2004 USA 6-15 Epley Maneuver 643+113 8
Ahn et al. [43] 2011 South Korea >20 CRP 528+11.25 7
Picciotti et al. [44] 2016 [taly 12-48 Epley Maneuver 61.9+13.7 7
Song et al. [45] 2015 South Korea 12 CRP 57-83 7
Balatsouras et al. [46] 2017 Greece >12 CRP 29-87 8
Casani et al. [15] 2023 [taly >36 CRP 10-92 7
NOS Newcastle-Ottawa quality assessment scale, CRP Canalith repositioning procedure
Treatment Control SMD Weight

Study N Mean SD N Mean SD with 95% CI (%)

Casani et al. 2023 473 2576 894 594 18.65 4.22 —— 0.88[ 0.75, 1.01] 33.18

De Stefano A, et al. 2014 552 25.65 12.58 540 16.24 5.89 —.— 0.85[ 0.73, 0.98] 34.53

Luryi AL, et al. 2018 19 30.12 7.03 69 2438 3.69 —— 0.92[ 0.79, 1.05] 32.29

Overall <l 0.88[ 0.81, 0.96]

Heterogeneity: T = 0.00, I’ = 0.01%, H' = 1.00

Test of 0; = 0;: Q(2) = 0.50, p=10.78

Test of 0 = 0: z=23.78, p = 0.00

7 8 9 1 1

Random-effects REML model

Fig. 2 Forest plot for comparing BPPV recurrence ratio between patients with and without hypertension. C/ confidence interval, BPPV benign

paroxysmal positional vertigo

from significant publication bias, which enhances the
validity and reliability of the findings.

Discussion

The current meta-analysis investigated the risk factors
associated with the recurrence of BPPV following suc-
cessful canalith repositioning procedures. Research has
suggested that chronic hypertension may lead to wide-
spread vascular damage and atherosclerosis, which can
result in injury to the inner ear’s blood vessels and the
gradual separation of otoliths from the otolithic mem-
brane [13]. Przewozny and colleagues [14] have proposed
that ischemia, a condition associated with hypertension,

may contribute to the formation of more otolith residue,
necessitating additional treatments to alleviate vertigo.
Casani et al. have demonstrated that hypertension is a
factor that may increase the likelihood of BPPV recur-
rence [15]. Our meta-analysis further identified a sig-
nificant link between the coexistence of hypertension
and DM and a higher recurrence rate of BPPV. It is well-
established in the literature that DM can lead to neurode-
generative conditions and inner ear ischemia, which may
cause otolith shedding and increase the susceptibility to
recurrent BPPV episodes [16]. Additional studies have
highlighted that patients with both hypertension and DM
face a significantly higher risk of BPPV recurrence [17].
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Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Casani et al. 2023 473 90.32 232 594 88.08 2.71 —— 088[ 0.75, 1.01] 32.43
De Stefano A, etal. 2014 552 53.03 2.61 540 50.62 3.02 —— 085[ 0.73, 0.98] 33.75
Luryi AL, et al. 2018 406 135 34 699 1.02 .37 —-092[ 0.79, 1.05] 31.56
Webster G, et al. 2015 26 1237 895 46 896 9.28 0.37[-0.11, 0.85] 225
Overall € 087[ 0.80, 0.94]

Heterogeneity: T = 0.00, I’ = 0.00%, H' = 1.00
Test of 0; = 0;: Q(3) =4.83,p=0.18
Test of 0 = 0: z=23.74, p=0.00

Random-effects REML model
Fig. 3 Forest plot for comparing BPPV recurrence ratio between patients with and without DM. Cl, confidence interval. BPPV benign paroxysmal
positional vertigo

Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Babac S, et al 2014 62 14.12 392 338 12.6 433 —— 0.36[ 0.08, 0.63] 21.85
Casani et al. 2023 473 8435 252 594 8376 582 M 0.13[ 0.01, 0.25] 57.31
Kansu L, etal. 2010 172 3529 7.19 47 3373 1223 —@&—— 0.18 [ -0.14, 0.50] 16.63
Ogun OA, et al. 2014 9 1587 42 79 1562 47 0.53[-0.16, 1.22] 421
Overall > 0.20 [ 0.06, 0.35]

Heterogeneity: T = 0.01, I' = 22.88%, H’ = 1.30
Test of 6; = 6;: Q(3) =3.35,p=0.34
Test of 0 =0:z=2.76, p=0.01

Random-effects REML model
Fig. 4 Forest plot for comparing BPPV recurrence ratio between patients with and without migraine headaches. C/ confidence interval, BPPV
benign paroxysmal positional vertigo

Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Balatsouras DG, etal. 2012 43 70.1 6.42 217 63.13 7.0l —l— 1.00 [ 0.67, 1.34] 38.37
Choi SJ, et al. 2012 12459 107 93 367 105 = 0.87[0.26, 1.48] 15.67
Dornhoffer JL, etal. 2000 13 44.1 1125 39 353 8.13 - 0.97[0.32, 1.61] 14.14
Kansu L, et al. 2010 39 5432 1038 79 48.15 1132 ——— 0.56[0.17, 0.94] 31.82
Overall -~ 0.84[0.57, 1.10]

Heterogeneity: T = 0.02, I' = 22.65%, H* = 1.29
Test of 0, = 0;: Q(3) =3.13, p=10.37
Test of 0 =0: z=6.29, p=0.00

Random-effects REML model
Fig.5 Forest plot for comparing BPPV recurrence ratio between patients with and without Meniere’s disease. C/ confidence interval
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Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Ahn SK, et al. 2011 26 28.87 9.26 118 2328 7.69 —&B—0.70[ 0.27, 1.13] 8.4l
Babac S, et al 2014 62 4837 543 338 4575 3.46 —l—  0.68[ 041, 0.96] 14.62
Balatsouras DG, et al. 2017 49 39.72 1591 295 35.86 18.97 —— 0.21[-0.09, 0.51] 13.20
Choi SJ, et al. 2012 12 418 6.73 93 3829 10.37 L 0.35[-0.25, 0.95] 5.03
Del Rio M, et al. 2004 21 22.67 1532 83 16.75 20.63 —— 0.30[-0.18, 0.78] 7.22
Kansu L, et al. 2010 39 6191 2326 79 55.87 3237 —— 0.20[-0.18, 0.58]  9.90
Picciotti PM, et al. 2016 139 3829 28.61 336 22.7 21.88 —.— 0.65[ 0.45, 0.85] 19.07
Song CI, et al. 2015 34 33.82 18.25 176 22.69 16.71 —— 0.65[ 0.28, 1.02] 10.29
Su P, etal. 2016 46 19.77 8.45 197 1626 9.25 —— 0.38[ 0.06, 0.71] 12.28
Overall > 0.48[ 0.34, 0.63]
Heterogeneity: T = 0.02, I’ = 39.60%, H’ = 1.66
Test of 0, = 0;: Q(8) = 12.59, p=0.13
Test of 6 =0: z=6.42, p=0.00
S50 s 1

Random-effects REML model

Fig. 6 Forest plot for comparing BPPV recurrence between patients with and without head trauma. C/ confidence interval, BPPV benign paroxysmal

positional vertigo

Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Casani et al. 2023 473 535 11.5 594 512 123 E B 0.19[ 0.07, 0.31] 70.63
Choi SJ, et al. 2012 12 513 86 93 481 11.7 0.28[-0.32, 0.88] 2.89
Picciotti PM, etal. 2016 139 483 94 336 47 89 —i— 0.14 [ -0.05, 0.34] 26.48
Overall &> 0.18 [ 0.08, 0.28]
Heterogeneity: T = 0.00, I’ = 0.00%, H’ = 1.00
Test of 6; = 0;: Q(2) =0.27, p=0.87
Testof 6 =0:z=3.51,p=0.00

50 s i

Random-effects REML model

Fig. 7 Forest plot for comparing BPPV recurrence between patients with and without advanced age. C/ confidence interval, BPPV benign

paroxysmal positional vertigo

Earlier work indicated that the ear symptoms of
migraine patients may result from vasospasm or ion
channel disorder [18]. Ishiyama et al. have also suggested
that patients with migraines may play a role in inner ear
injury due to repeated vasospasm or vestibular-microvas-
cular disorder, resulting in otolith falling off and entering
the semicircular canal, which quickly causes BPPV and
persistent BPPV [19]. However, the study of Strupp et al.
indicated that there was no marked difference between
migraine and BPPV [20]. The direct pathophysiological
relationship between BPPV and migraine has not been
established. The results of this study showed that the

recurrence rate of BPPV in patients with migraine head-
aches was markedly higher than that in patients without
migraine headaches, suggesting that migraine was a criti-
cal risk element for BPPV recurrence. Meniere’s disease
is a common vestibular disease, which is mainly charac-
terized by paroxysmal vertigo, accompanied by fluctuat-
ing hearing loss, tinnitus, ear distension, and tightness.
Emerging evidence indicates that BPPV, accompanied by
Meniere’s disease, has an advanced recurrence rate, and
requires multiple otolith repositioning. Consistent with
this observation, this study has observed that the recur-
rence rate of BPPV in patients with Meniere’s disease was
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Treatment Control SMD Weight

Study N Mean SD N Mean SD with 95% CI (%)
Babac S, et al 2014 62 5535 856 338 51.69 583 —— 0.58 [ 0.30, 0.85] 20.98
Balatsouras DG, etal. 2017 49 42.8 10.33 295 3825 6.2 —— 0.66 [ 0.35, 0.96] 17.25
Kansu L, et al. 2010 39 352 6.65 79 28.77 8.76 —a— 0.79[0.39, 1.18] 10.87
Picciotti PM, et al. 2016 139 404 8.67 336 3645 1034 —jl— 0.40 [ 0.20, 0.60] 35.23
Su P, etal. 2016 46 29.49 10.21 197 25.12 9 —— 0.47[0.15, 0.79] 15.66
Overall @ 0.53 [ 0.40, 0.67]
Heterogeneity: = 0.00, r'= 12.90%, H =1.15
Test of 0, =0;: Q(4)=4.17,p=0.38
Test of 0 =0:z=7.76, p = 0.00

r T 1

0 5 L5

Fig. 8 Forest plot for assessing the influence of female gender on BPPV recurrence. Cl, confidence interval. BPPV benign paroxysmal positional

vertigo

Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Casani et al. 2023 473 2887 162 594 262 887 —J— 0.21[ 0.09, 0.33] 37.06
De Stefano A, etal. 2014 21 33.12 152 83 2892 6.35 a 0.47[-0.01, 0.95]  5.05
Luryi AL, et al. 2018 406 3422 92 699 30.18 11.26 —— 0.38[ 0.26, 0.51] 36.48
Picciotti PM, etal. 2016 139 31.23 16.24 336 25.69 15.6 —a— 0.35[ 0.15, 0.55] 21.42
Overall . 0.32[ 0.20, 0.43]
Heterogeneity: T = 0.01, I’ = 40.28%, H' = 1.67
Test of 6; =0;: Q(3)=4.51,p=0.21
Test of 0 =0:z=15.53, p=10.00

0 s

Random-effects REML model

Fig. 9 Forest plot for comparing BPPV recurrence between patients with and without osteoporosis. C/ confidence interval, BPPV benign paroxysmal

positional vertigo

Treatment Control SMD Weight

Study N Mean SD N Mean SD with 95% CI (%)
Casani et al. 2023 473 352 8.04 594 3238 12.11 —- 0.27[ 0.15, 0.39] 83.05
Del Rio M, etal. 2004 21 2831 10.2 83 2224 9.62 0.62[ 0.14, 1.10] 5.24
Ogun OA, etal. 2014 172 289 1132 47 2538 103 ———&%— 0.32[-0.01, 0.64] 11.71
Overall - 0.29[ 0.18, 0.40]
Heterogeneity: = 0.00, I' = 0.00%, H = 1.00
Test of 6; = 0;: Q(2) =1.93, p=0.38
Test of 0 =0:z=5.18, p=0.00

T T

0 5

Random-effects REML model

Fig. 10 Forest plot for comparing BPPV recurrence between patients with and without vitamin D deficiency. Cl confidence interval, BPPV benign
paroxysmal positional vertigo
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Fig. 11 Analysis of publication bias. A publication bias for hypertension; B publication bias for DM; C publication bias for migraine headache; D
publication bias for Meniere's disease; E publication bias for head trauma; F publication bias for advanced age; G publication bias for female gender;
H pubilication bias for osteoporosis; I publication bias for vitamin D deficiency. DM Diabetes Mellitus

ominously enhanced compared to that in patients with-
out Meniere’s disease, suggesting that Meniere’s disease
is a risk element for recurrence of BPPV.

Head trauma is a common cause of secondary BPPV.
Different natures and degrees of trauma may cause BPPV,
such as traffic accidents and blunt head injuries [21].
Remarkably, it has been indicated that head trauma is a
common cause of secondary BPPV [22]. Honoré et al.
have suggested that head trauma may destroy the otolith
membrane, forming post-traumatic BPPV [23]. Jensen
et al. observe a high recurrence rate of post-traumatic
BPPYV, suggesting that the high recurrence of post-trau-
matic BPPV may be connected to head trauma [24].
This meta-analysis indicated that the recurrence rate of
BPPV in patients with head trauma markedly increased,
suggesting that head trauma was a risk element for the
recurrence of BPPV.

Our meta-analysis also explored the influence of demo-
graphic factors on the recurrence of BPPV following
canalith repositioning procedures. Regarding the impact
of advanced age on BPPV recurrence, our findings
revealed a significant association, with a higher recur-
rence rate observed in older patients. This is consistent
with the notion that the aging process may accelerate the
degeneration of the vestibular system and reduce cellular
regeneration, thus predisposing older individuals to oto-
lith detachment and BPPV recurrence [25]. Furthermore,
our meta-analysis confirmed that female gender is a sub-
stantial risk factor for BPPV recurrence, with a marked
increase in recurrence rates among female patients com-
pared to males. This finding aligns with previous obser-
vations of gender disparities in BPPV recurrence, which
may be attributed to hormonal or anatomical differences
that affect otolith stability and ear function [26]. In addi-
tion to demographic factors, our analysis identified that
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patients with osteoporosis are at a higher risk of BPPV
recurrence after canalith repositioning procedures. Oste-
oporosis, which affects bone density and integrity, may
alter the structure of the otolith membrane, leading to
increased otolith detachment and recurrence of BPPV
symptoms [27]. The meta-analysis also highlighted the
role of vitamin D deficiency in BPPV recurrence. Patients
with vitamin D deficiency exhibited a significantly higher
recurrence rate of BPPV after treatment. Given that
vitamin D is crucial for bone health, its deficiency may
contribute to the compromised integrity of the inner ear
structures and the subsequent shedding of otoliths [28].
These findings underscore the importance of considering
age, gender, and comorbid conditions such as osteoporo-
sis and vitamin D deficiency when assessing the risk of
BPPV recurrence.

In this meta-analysis, our findings contribute to the
ongoing discourse on the risk factors for BPPV recur-
rence, particularly within the subset of patients who have
undergone successful CRP. The discrepancy observed
in the risk factors identified between our study and the
studies by Sfakianaki et al. [29], Chen et al. [30], and Li
et al. [31] can be attributed to several factors, most nota-
bly the difference in study populations. Our study focuses
on patients who have experienced a recurrence of BPPV
after a successful CRP, which is a specific population with
a distinct clinical history and potential risk factors. The
inclusion of patients only after a successful CRP allows
for a more targeted analysis of the risk factors that con-
tribute to BPPV recurrence in this post-treatment set-
ting. In contrast, the studies by Sfakianaki et al., Chen
et al,, and Li et al. included a broader population of BPPV
patients, some of whom have experienced recurrent epi-
sodes before undergoing any treatment, including CRP.
This difference in the study population may explain the
variations in the identified risk factors. Additionally, the
temporal aspect of the risk factor assessment may play a
role in the observed differences. Our study evaluates risk
factors after a successful CRP, which may influence the
risk profile differently than assessments conducted prior
to any treatment. Factors such as the duration of follow-
up, the definition of recurrence, and the criteria for suc-
cessful CRP may also contribute to the heterogeneity of
the findings across studies.

Our meta-analysis is subject to several key limitations.
Firstly, the small sample sizes observed in certain studies
included in our analysis may affect the precision of our
estimated effect sizes and constrain the generalizability
of our results. To mitigate this, we have utilized STATA
16 to conduct a more robust analysis. This approach
allows for a more detailed of between-study variance and
enhances the reliability of our findings. However, larger-
scale research is still needed for validation purposes.
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Secondly, the paucity of studies incorporated into our
analysis may not fully capture the underlying heteroge-
neity, potentially influencing the accuracy of our assess-
ment. This limited number of studies also diminishes
our statistical power, increasing the likelihood of over-
looking smaller effect sizes or significant differences. To
address these limitations, future research should aim to
include a broader array of studies to bolster the reliabil-
ity of the findings and enhance the statistical robustness
of the analysis. Additionally, the retrospective nature of
most of the studies introduces inherent biases in data
collection and presents challenges in controlling for all
potential confounders, which may affect the reliability
of the evidence presented. Furthermore, we have identi-
fied selection bias, information bias, and confounding as
additional sources of potential bias. Despite employing
the Newcastle-Ottawa Scale for quality assessment, its
scope may not encompass all facets of study quality, thus
serving as an additional limitation. Lastly, the observed
heterogeneity among studies, likely due to variations
in design, populations, and measured outcomes, could
influence the meta-analysis results, emphasizing the need
for careful interpretation and further investigation. This
heterogeneity is partially accounted for by the random-
effects model we have used, which allows for the inclu-
sion of between-study variability, but it also underscores
the importance of conducting more extensive research to
understand the factors contributing to this heterogeneity.

Conclusions

In conclusion, this meta-analysis has identified several
factors that may be associated with an increased risk of
BPPV recurrence post-canalith repositioning procedures.
These include hypertension, diabetes mellitus, advanced
age, female gender, vitamin D deficiency, a history of
Meniere’s disease, osteoporosis, prior head trauma, and,
importantly, migraine headaches. The findings under-
score the complex interplay of demographic and clini-
cal factors influencing BPPV recurrence. While these
factors are indicative of potential recurrence risks, the
evidence suggests that the associations may be complex
and influenced by a range of variables. Therefore, while
our findings point towards possible targets for interven-
tion in high-risk patient populations, they also highlight
the need for further research to establish causality and
to develop evidence-based strategies that could reduce
the incidence of BPPV recurrence and improve patient
outcomes.
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