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Abstract

Objective: Benign paroxysmal positional vertigo (BPPV) has a high recurrence rate, but the risk factor—associated recurrence are
elusive. Methods: Searches were performed in PubMed, Embase, Cochrane library, Web of science, Chinese National
Knowledge Infrastructure, and Sino Med up to November 3, 2019. The effect size was analyzed by odds ratio and 95% CI. Data
from eligible studies were meta-analyzed using Stata version 15.0. Results: Our search resulted in a total of 4076 hits. Twenty-
four outcomes of sixty articles were included in the meta-analysis. Risk factors for the recurrence of BPPV included female gender,
age (>65years), hyperlipidemia, diabetes, hypertension, migraine, cervical spondylosis, osteopenia/osteoporosis, head trauma,
otitis media, abnormal vestibular evoked myogenic potential, and long use of computers. No significant differences were found in
side, type of the involved semicircular canals, smoking, alcohol consumption, stroke, ear surgery, duration of vertigo before
treatment, the times of repositioning, Meniere disease, sleep disorders, hypercholesterolemia, and 25-hydroxy vitamin D.
Conclusion: These findings strengthen clinical awareness of early warning to identify patients with potential relapse risk of BPPV
and clinicians should counsel patients regarding the importance of follow-up after diagnosis of BPPV.
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positional testing. In many cases, BPPV settles spontaneously
within a few weeks. It was revealed that more than 95% of
cases can be cured by canalith repositioning therapy (CRT).’
Although BPPV generally responds well to CRT, there is a high
recurrence rate after the initial resolution.® It was reported that
10% to 18% patients relapse during a 1-year follow-up period.’
Brandt suggested that relapse rate can be as high as 50% in 10
years and in addition, most recurrences are observed during the

Introduction

Benign paroxysmal positional vertigo (BPPV), first described
by Barany,' is the most common cause of vertigo.? The definite
etiology of BPPV is still unclear. It was reported that advanced
age, head trauma, inactivity, viral labyrinthitis, and ischemia of
the anterior vestibular artery may dispose individuals to
BPPV.?> The major pathophysiological process in BPPV
involves displaced otoconia from the macula of the utricular

otolith which drop in the semicircular canals. When the posi-
tion of the head changes relative to the direction of gravity, the
otolithic debris will move to a new position within the semi-
circular canals, causing a false sense of rotation.* Typical
BPPV manifests as recurring transient positional-related ver-
tigo and torsional or horizontal nystagmus on provocative head
motion. Nearly 94% of BPPV cases affects the posterior semi-
circular canals (PSCs),” while the horizontal semicircular canal
is the next most common.® The diagnosis of BPPV depends on
the patient’s history and the characteristics of nystagmus on

first year after the CRM.'® Several studies have demonstrated
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that age,'! family history,'? diabetes and hypertension,'?
comorbidities,'* delayed BPPV treatment using CRT,"" multi-
ple canal involvement,'> endolymphatic hydrops,'® bone
mineral density (BMD), and serum vitamin D levels'”'® may
be associated with the recurrence of BPPV. However, the
results are conflicting. Thus, in this study, we try to identify

the factors associated with recurrent BPPV.

Methods

We carried out a systematic review and meta-analysis to test
the association between potential risk factors and recurrent
BPPV along with a protocol developed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA).

Literature Search

A systematic literature search of PubMed, the Cochrane
Library, Web of Science, Embase, Chinese National Knowl-
edge Infrastructure (CNKI) and Sino Med was conducted to
identify relevant studies published from database inception
until November 3, 2019. The search strategy is detailed in
Supplementary 1. All considered studies were imported into
a reference management software (Endnote X-8-0-0) and dupli-
cate publications were deleted.

Study Selection

All search results were reviewed by the lead author (Li) who read
study titles to remove any clearly nonrelevant articles based on the
inclusion and exclusion criteria listed below. The remaining
abstracts were read and judged as possibly relevant based on inclu-
sion and exclusion criteria. All studies deemed to be possibly
relevant were read in full and independently judged against inclu-
sion and exclusion criteria of the individual phase by 2 reviewers
(Li and Wang). Disputes were resolved by consensus and consul-
tation when necessary with a third reviewer (Zheng). Hand
searches of the references from all the included studies were con-
ducted to identify studies missed in the bibliographic searches.

Inclusion and Exclusion Criteria

Studies were included if they satisfied the following PICO(S)
(participant, intervention, comparator, outcome [study design])
criteria:

1. Participant: adults aged 18 years and older, and BPPV
were diagnosed according to guideline.'”

2. Intervention: assessment of the risk factors of BPPV
patients and recurrent BPPV patients, for example, gen-
der, age, the affected side, smoking, alcohol, hyperlipi-
demia, diabetes mellitus, hypertension, migraine,
cervical spondylosis, complication, osteopenia/osteo-
porosis, ischemic heart disease, and so on.

3. Comparator: comparison groups of recurrence and non-
recurrence.

4. Outcome: Recurrence of BPPV was used as an outcome
data on the risk factors for recurrence of BPPV reported
as odds ratios (ORs) with 95% CI or equivalent.

5. Study design: observational studies including cohort,
case—control, or cross-sectional studies.

Studies were excluded if the following criteria were met:

(a) If they lacked a control group or if they were reviews,
theoretical research, systematic reviews and/or meta-
analysis, conference reports, expert comments, or eco-
nomic analysis and case reports.

(b) Chapters from a book

(c) Duplication of results

(d) Studies with too little information or unclear data
description

() Animal studies

Data Extraction

Two reviewers (Li and Wang) independently selected studies
on the basis of inclusion and exclusion criteria. Disparities in
selection were resolved through discussion and ultimately by a
third reviewer (Zheng). Studies were initially reviewed on the
basis of title and abstract, and those deemed relevant were
reviewed in full text to establish the final set of studies ultimately
included. From these studies, data were abstracted in duplicate
(by Li and Wang) to verify the accuracy. The following data were
independently extracted by 2 researchers: first author, year of
publication, location of study, type of study design, population
size (recurrence/non-recurrence), sample ages, follow-up time,
risk factors, and other relevant information. We also contacted
the authors about unclear or missing information when necessary.

Quality Assessment

Risk of bias assessment was analyzed for each article by 2
investigators (Li and Wang) using the Newcastle-Ottawa Scale
(NOS),?° which is a scale for quality assessment of nonrando-
mized studies in meta-analyses, and disagreement was resolved
by discussion. The NOS is based on an accumulative score in
each of 3 categories: selection, comparability, and exposure or
outcome. The NOS scores range between 0 and 9 stars. Studies
with 6 to 9 stars were considered to be at low risk of bias
(ROB), studies with 4 to 5 stars were considered to be at
medium ROB, and studies with 1 to 3 stars were considered
to be at high ROB. Detailed results of the NOS quality apprai-
sal are summarized in Table 1.

Statistical Analysis

Studies evaluating the risk factors for recurrent BPPV were
included in a meta-analysis if relevant outcomes were reported
in at least 2 articles. Dichotomous data were summarized using
OR and 95% CI. Continuous data were summarized using mean
difference (MD) and 95% CI. Statistical significance was set at
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Figure |. Flow diagram of the literature search.

.05. Included studies were then tested for heterogeneity using
the % test with significance set at P < .10 and the amount of
heterogeneity was quantified by the /* statistic as follows: (1)
low 25%, (2) moderate 50%, and (3) high 75%.>' Where sta-
tistical heterogeneity (I*) was >50%, a random effects model
was used. Where statistical heterogeneity (I*) was <50%, a
fixed-effects model was used. Where meta-analysis was not
possible, a narrative summary of study results is provided.
Publication bias was visually evaluated using a funnel plot and
Harbord test. Meta-analyses were conducted where feasible for
each risk factor using Stata SE (version 15.0) software.

Results

Study Selection

According to the search strategy, 4076 records were initially
identified, in which 2036 articles were excluded because of

duplication and 1736 articles were excluded after screening
of abstract. After further evaluation of remaining 99 full-text
studies, sixty eligible studies with 36 646 patients were finally
included in this meta-analysis.”'%!3-16-182278 A PRISMA flow
diagram were presented to describe the detail selection process
(Figure 1).

Study Characteristics

Sixty-three studies examined 24 risk factors for recurrence of
BPPV, and they included 36 646 participants. Twenty-three
were retrospective cohort studies, and 37 were retrospective
case—control studies. The number of patients in the included
studies ranged from 42 to 21355 (Table 1). Studies were con-
ducted in Israel (4), Korea (11), Japan (4), Germany (1), Egypt
(2), India (1), Italy (2), United States (4), Uruguay (1), Croatia
(1), Greece (1), Turkey (1), Serbia (1), and China (26; Table 1).
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Table 2. Meta-Analysis of the Pooled Risk Factors for Recurrent BPPV.

Risk factors

OR (95% Cl)

Gender (female vs male) 43
Age > 65years vs < 65years 6
Left side vs right side 8
PSC vs HSC* J
Hyperlipidemia 13
Diabetes mellitus 17
Hypertension 18
Migraine 13
Cervical spondylosis 7
Smoking 2
Alcohol consumption 2
Osteopenia/osteoporosis 6
Stroke 2
Head trauma 27
Ear surgery 3
Otitis media 4
Duration of vertigo before treatment 4
Twice or more repositioning vs once repositioning 3
Meniere disease 6
oVEMP 3
cVEMP 3
Sleep disorders 6
25-hydroxy vitamin d 3
Hyper cholesterol 2
Long use of computers 2

No. of study No. of participants 12 (%) R/F Q-test, P MD (95% ClI) P
29035 Fl.3 A47 1.22 (1.155 to 1.288) .000
22701 F 0.0 446 1.526 (1.432 -1.626) .000

1080 F 0.0 .569 1.055 (0.806 -1.381) 696
1594 F9.2 .355 1.034 (0.770 -1.387) .862
2481 R 82 .000 2.347 (1.335-4.126) .003
25562 R 88.6 .000 2.867 (1.831-4.490) .000
24437 R 832 .000 2.381 (1.667-3.400) .000
24123 R712 .000 1.664 (1.142-2.424) .008
1335 F10.5 .348 1.368 (1.038-1.803) .026
491 F 36 0.211 0.691 (0.404 -1.181) 177
490 FO .388 0.852 (0.400 -1.815) .679
22750 Fl6 406 1.385 (1.287 -1.491) .000
21464 R 64.3 .094 1.654 (0.670-4.083) 275
28584 R 76.6 .000 1.622 (1.138-2.311) .007
21710 F 0.0 .855 1.403 (0.887-2.218) .147
970 F 0.0 836 2.319 (1.231-4.369) .009
638 R 98.1 .000 1.028 (—0.389 to 2.446) .I155
1320 R 84.8 .001 2.996 (0.712 to 12.606) .134
2163 R 62.8 .020 1.274 (0.633 to 2.566)  .497
137 F 0.0 .801 4.992 (2.015 to 12.368) .001
137 F 0.0 733 2.428 (1.073 to 5.493) .033
1334 R 90.2 .000 1.465 (0.567 to 3.783)  .430
540 R61.8 073 —0.029 (—0.364 to 0.306) .865
198 F 0.0 .809 2.514 (0.984 to 6.427) .054
328 F 0.0 443 2.848 (1.715 to 4.730)  .000

Abbreviations: F, fixed effect model; HSC, horizontal semicircular canal; MD, mean difference; PSC, posterior semicircular canal; R, random effect model; VEMP,

vestibular evoked myogenic potential.

Quality Assessment

All 60 articles were observational studies. Based on the NOS,
50 studies were deemed to have high quality, while 10 studies
were judged to be of moderate quality (Table 1). Supplemen-
tary Table S1 provides an overview of the results of the risk of
bias assessments.

Findings

Thirty risk factors were identified. Thirteen of these were found
to be risk factors for recurrence of BPPV: gender, age, hyper-
lipidemia, diabetes, hypertension, migraine, cervical spondylo-
sis, osteopenia/osteoporosis, trauma, otitis media, ocular
vestibular evoked myogenic potential (0OVEMP), cervical ves-
tibular evoked myogenic potential (c(VEMP), and long use of
computers. Side, type of the involved semicircular canals,
smoking, alcohol consumption, stroke, ear surgery, duration
of vertigo before treatment, the times of repositioning, Meniere
disease, sleep disorders, hypercholesterolemia, and 25-hydroxy
vitamin D did not correlate with BPPV recurrence (Table 2).

Gender. Forty-three studies provided data on gender, and they
included 29 035 patients. Female are more likely to relapse
than men (OR = 1.22, 95% CI: 1.155-1.288). We did not find
significant heterogeneity among these studies (> = 1.3%, P =
.000) in a fixed-effects model (Figure 2).

Age. Six studies examined age as a risk factor for recurrence of
BPPV, and they included 22 701 participants. Patients older
than 65 years are more likely to relapse when compared to
patients <65 years (OR: 1.526; 95% CI: 1.432-1.626, I* =
0%, P = .000; Figure 3).

Hyperlipidemia. A high heterogeneity was detected (I = 82%,
P =.003) to analyze data from 13 studies and a random effects
model was applied. Overall results indicate that patients with
hyperlipidemia are twice as likely to have recurrence BPPV
when compared with patients without hyperlipidemia (OR
2.347, 95% CI: 1.335-4.126). As the heterogeneity was signif-
icant, we tried to seek heterogeneity sources through stratifica-
tion analysis. The results showed that area and study design
were not sources of heterogeneity. Stratified analysis based on
follow-up time can significantly reduce heterogeneity
(Figure 4).

Diabetes mellitus. Seventeen studies reported diabetes mellitus
as a risk factor for recurrent BPPV, and they included 25 562
participants. Patients with diabetes mellitus are more likely to
relapse when compared to patients without diabetes mellitus
(OR 2.867; 95% CI: 1.831-4.490). The analysis was performed
with a random effects model for the evidence of > = 88.6%
and P = .000. Similarly, in order to investigate potential
sources of heterogeneity, we performed subgroup analysis by
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Study %
D OR (95% Cl)  Weight
Alexander et al. (2018) —— 1.39 (1.06, 1.84) 4.39
Yang CJ et al. (2017) —_—T— 1.31(0.57, 2.97) 0.49
Chen Qingguo et al. (2015) — 1.80 (0.93, 3.49) 0.76
Chen Ganget al. (2019) 0.97 (0.27, 3.51) 0.20
Chen XiaoXu et al. (2018) —_ 1.50 (0.77, 2.95) 0.73
Chen XiaoXu et al. (2018) L — 1.40(0.49, 4.03) 0.30
Fang Fang et al. (2015) ———— 1.61 (0.77, 3.39) 0.60
Rhim Gl et al. (2016) ——Ib— 1.29 (0.72, 2.31) 0.97
Rhim Gl et al. (2019) ———— 2.05(0.98, 4.26) 0.62
Han Qian et al. (2016) —_— 0.80 (0.45, 1.42) 1.00
Tanimoto, H et al. (2008) b B s 2.32 (0.92, 5.83) 0.39
Talaat, HS et al. (2015) — 2.28 (0.87, 5.97) 0.36
JY Park TL et al. (2011) —_—— 0.59 (0.22, 1.57) 0.35
Jin XueHong et al. (2015) —_— e 0.85 (0.32, 2.23) 0.36
Jing XiaoZhong et al. (2018) —— 1.03 (0.65, 1.63) 1.58
Lee, JD et al. (2013) * 1.17 (0.22,6.14) 0.12
Sunami, K et al. (2005) —_— 1.03 (0.48, 2.23) 0.56
Pollak L et al. (2018) —_— 1.05 (0.46, 2.39) 0.49
Kansu, L et al. (2010) —_— 1.09 (0.49, 2.42) 0.52
Liu Xianghong et al. (2009) ——— 1.02 (0.47, 2.23) 0.55
Liu XiaoWei et al. (2018) —_—— 1.19 (0.59, 2.42) 0.67
Picciotti PM et al. (2016) —— 1.57 (1.04, 2.39) 1.89
Peijen et al. (2016) ———————————— 2.93(1.00, 8.63) 0.28
Qin HaiYan et al. (2018) —_—r— 1.22 (0.50, 2.95) 0.42
Korres,S et al. (2008) —_—— 1.06 (0.40, 2.82) 0.35
Maslovar S et al. (2018) * 0.45 (0.06, 3.35) 0.08
Babac S et al. (2014) -+ 1.55(0.82, 2.93) 0.81
Kim,SY et al. (2017) . e — 1.24 (0.64, 2.39) 0.77
Su-Jin Han CYK et al. (2019) + 1.21(1.13, 1.29) 74.10
Brandt T et al. (2008) —_—— 2.17 (1.04, 4.52) 0.62
Tian YongSheng et al. (2018) — e 0.83 (0.32, 2.16) 0.36
Wang Yun et al. (2018) ———— 2.34 (0.83, 6.59) 0.31
Wang JiBiao et al. (2016) —_— 1.19 (0.60, 2.37) 0.70
Wei Wei et al. (2018) +— 0.86 (0.25, 3.02) 0.21
Yeo SC et al. (2018) —_—— 1.22 (0.69, 2.17) 1.01
Do Y-K et al. (2011) — 0.44 (0.21, 0.93) 0.61
Yuan YuMei et al. (2015) T 2.50(0.91, 6.86) 0.33
Zhang Yi et al. (2013) —r—— 2.68 (0.97, 7.39) 0.32
Zhou XiaoWei et al. (2015) + 0 89 (0.23, 3.39) 0.18
Zhou Yong et al. (2013) —_ 61(0.78, 3.33) 0.63
Overall (l-squared = 0.0%, p = 0.560) 23 (1.17,1.31) 100.00

I
.0604

-

Figure 2. Forest plot of association between gender and recurrent BPPV. BPPV indicates benign paroxysmal positional vertigo.

contrasting the area, study design, and follow-up time of
included studies. The results showed neither area nor study
design could significantly reduce heterogeneity, except
follow-up time (Figure 5).

Hypertension. Eighteen studies reported hypertension as a risk
factor for recurrent BPPV, and they included 24 437 partici-
pants. Patients with hypertension are more likely to relapse
when compared to patients without hypertension (OR: 2.381;
95% CI: 1.667-3.400). However, statistically significant het-
erogeneity was observed among these results (I* = 83.2%, P =
.000), which are shown in Figure 6. Stratified analysis based on
follow-up time can significantly reduce heterogeneity.

Migraine. Thirteen studies reported migraine as a risk factor for
recurrent BPPV, and they included 24 123 participants.
Patients with migraine are more likely to relapse when com-
pared to patients without migraine (OR 1.664; 95% CI: 1.142-

2.424). The analysis was performed with a random effects
model for the evidence of 12 = 71.2% and P = .008. Stratified
analysis based on follow-up time can significantly reduce het-
erogeneity (Figure 7).

Cervical spondylosis. Seven studies reported cervical spondylosis
as arisk factor for recurrent BPPV, including 1335 participants,
and a fixed effects model was applied (* = 10.5%, P = 0.026).
Patients with cervical spondylosis are more likely to relapse
when compared to patients without cervical spondylosis (OR:
1.37; 95% CI: 1.038-1.803; Figure 8).

Osteopenialosteoporosis. Six studies provided data on osteoporo-
sis, and they included 22 750 patients. Patients with osteoporo-
sis are more likely to relapse when compared to patients
without osteoporosis (OR 1.385; 95% CI 1.287-1.491). No
significant heterogeneity was found across the results (12 =
1.6%, P = .000), which are shown in Figure 8.
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Figure 3. Forest plot of association between age (>65 years or <65 years) and recurrent BPPV. BPPV indicates benign paroxysmal positional
vertigo.

Study %
D OR (95% CI) Weight

follow-up timez6month

1

'
Wang Yun et al. (2018) —_— 1.18(0.40,344)  7.19
Tian YongSheng et al. (2018) _t——i- 0.62 (0.14, 2.80) 5.72
Rhim Gl et al. (2019) '—0-:— 1.91 (0.92, 3.97) 8.37
Chen QingGuo et al. (2015) —_— 2.45(1.32, 4.55) 8.72
Jing XiaoZhong et al. (2018) - TN — 1.96 (0.82, 4.67) 7.90
Chen XiaoXu (a)et al. (2018) + 2.38 (1.22, 4.65) 8.56
Chen XiaoXu (b)et al. (2018) _ 1.41 (0.44, 4.50) 6.89
Han Qian et al. (2016) —_— 1.04 (0.57, 1.89) 8.77
Yuan YuMei et al. (2015) R U — 1.62 (0.53, 4.96) 7.03
Jin XueHong et al. (2015) [ — 0.76 (0.27, 2.09) 7.40
Subtotal (I-squared = 6.6%, p = 0.381) <> 1.58 (1.20, 2.08) 76.55

fG“OW—I.lp time < 6month
Qin HaiYan et al. (2018) —_— 3.25(1.27, 8.30) 7.67
Wang JiBiao et al. (2016) ————  16.70(7.32,38.10) 8.05
Fang Fang et al. (2015) ————— 26.06(10.37,65.47) 7.73

'
'
1
Subtotal (I-squared = 81.5%, p = 0.004) = 11.31(3.41,37.58) 2345
1
1

Overall (l-squared = 82.0%, p = 0.000) Q 2.35(1.34, 4.13) 100.00
]
NOTE: Weights are from random effects analysis k.
T T T
.0153 1 235 65.5

Figure 4. Forest plot of association between hyperlipidemia and recurrent BPPV. BPPV indicates benign paroxysmal positional vertigo.
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Study %

ID OR (95% CI) Weight

follow-up timez6month E

Su-Jin Han CYK et al. (2019) o ' 1.11(0.99,1.23) 7.79

Wang Yun et al. (2018) —— 2.60(0.92,7.39) 550

Tian YongSheng et al. (2018) : 0.80 (0.17, 3.66) 4.10

Sreenivas V et al. (2019) . 7.88 (1.64, 37.95) 3.99

Rhim Gl et al. (2019) —_ 1.16 (0.42,3.20) 558

Luryi AL et al. (2018) — ‘ 0.86 (0.59, 1.25) 7.41

Kim,SY et al. (2017) j—————————— 11.36 (3.14, 41.15)4.76

Cheng QingGuo et al. (2015) —_— 1.50 (0.70,3.23) 6.37

Jing XiaoZhong et al. (2018) | —— 6.18 (3.51, 10.90) 6.85

Cheng XiaoXu (a)et al. (2018) —_— 2.63(1.27,5.40) 6.50

Han Qian et al. (2016) - —— 5.06 (2.43, 10.51) 6.47

Yuan YuMei et al. (2015) . - 0.70(0.14, 3.58) 3.85

Jin XueHong et al. (2015) —_— 5.00 (1.74, 14.39) 5.45

Subtotal (I-squared = 85.6%, p = 0.000) <> 2.34 (1.46,3.74) 74.73
1

¢ 1

follow-up time < 6month -

Li YuJuan et al. (2019) —_— 2.33(1.39,3.90) 7.09

Qin HaiYan et al. (2018) —_— 2.85(1.14,7.11) 5.91

Wang JiBiao et al. (2016) | —— 6.91(3.15,15.13) 6.31

Fang Fang et al. (2015) - —e—— 17.15(7.00, 42.02)5.86

Subtotal (l-squared = 82.1%, p = 0.001) --,.-’_"__:__“‘..:- 5.13(2.10, 12.55) 25.27
1

N 1

Overall (I-squared = 88.6%, p = 0.000) <> 2.87 (1.83,4.49) 100.00
1

NOTE: Weights are from random effects analysis -

.ozlaa 1 2 :37 4|2

Figure 5. Forest plot of association between diabetes and recurrent BPPV. BPPV indicates benign paroxysmal positional vertigo.

Head trauma. Twenty-seven studies reported head trauma as a
risk factor for recurrent BPPV, and they included 28 584 parti-
cipants. Patients with head trauma are more likely to relapse
when compared to patients without head trauma (OR: 1.622;
95% CI: 1.138-2.311, I* = 76.6%, P = .007, random effect
model). Stratified analysis based on area can significantly
reduce heterogeneity (Figure 9).

Otitis media. Four studies reported otitis media as a risk factor
for recurrent BPPV, and they included 970 participants.
Patients with otitis media are more likely to relapse when com-
pared to patients without otitis media (OR: 2.319; 95% CI:
1.231-4.369) with no evidence of heterogeneity in fixed effect
mode (P = 0.0%; P = .836; Figure 8).

Vestibular evoked myogenic potential. Three studies reported
abnormal VEMP as a risk factor for recurrent BPPV, and they
included 137 participants. Patients with abnormal VEMP are
more likely to relapse when compared to patients with normal
VEMP (0VEMP: OR = 4.992; 95% CI: 2.015-12.368, I =
0.0%, P = .801; cVEMP: OR = 2.428; 95% CI: 1.073-5.493,
P = 0.0%, P = .733), with no evidence of heterogeneity in
fixed effect model (Figure 10).

Long use of computers. Two studies reported long use of com-
puters as a risk factor for recurrent BPPV, and they included
328 participants. Patients who use computers for a long time
are more likely to relapse when compared to patients who don’t
(OR = 2.848; 95% CI: 1.715-4.730) with no evidence of het-
erogeneity in fixed effect mode (I = 0.0%, P = .443;
Figure 10).

Meniere disease. Six studies reported Meniere’s disease as a
risk factor for recurrent BPPV, and they included 2163
participants. There aren’t association between Meniere’s
disease and recurrence of BPPV (OR = 1.274; 95% CI:
0.633-2.566). Moderate heterogeneity was found in a ran-
dom effects model (I* 62.8% and P .020;
Figure 11).

Risk factors not associated with recurrent BPPV. The meta-analysis
of side, type of the involved semicircular canals, smoking,
alcohol consumption, stroke, ear surgery, duration of vertigo
before treatment, the times of repositioning, hypercholestero-
lemia, sleep disorders, and 25-hydroxy vitamin D which did not
correlate with recurrent BPPV were presented in supplement
materials.
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Figure 6. Forest plot of association between hypertension and recurrent BPPV. BPPV indicates benign paroxysmal positional vertigo.

Sensitivity Analyses

Because of the heterogeneity between some studies, the results
of meta-analysis may have changed significantly. We used
sensitivity analysis to verify the reliability of the meta-
analysis finding in this study. Statistical analysis of studies
on hyperlipidemia, diabetes, hypertension, migraine, Meniere’s
disease, and head trauma showed that the results of the meta-
analysis did not change after each study was excluded. This
indicated that the meta-analysis had good stability, and the
results of the meta-analysis were reliable (Figure 12—16).

Subgroup Analyses

Studies on hyperlipidemia, diabetes, hypertension, migraine,
and head trauma showed high heterogeneity. We searched for
the source of heterogeneity of these studies through subgroup
analysis and meta-regression. The included studies were
divided into 2 groups according to the region, follow-up period
(<6 months or >6 months), and study design. We also analyzed
the findings of this study by performing meta-regression.
Follow-up time has a statistically significant contribution to
the heterogeneity in the analysis of hyperlipidemia, diabetes,
hypertension, migraine (P < .05), area, and heterogeneity in the
analysis of head trauma (P < .05), indicating that follow-up

time and area may be the source of heterogeneity in the study,
but it cannot explain total heterogeneity

Assessment of Publication Bias

To determine the potential publication bias of the literature, we
performed Harbord test. The publication bias was significant
for hypertension, head trauma, diabetes (P = .009, P = .015, P
= .002). We did not find any existence of publication bias in
the results of hyperlipidemia, migraine, and Meniere’s disease
(P =.724, P = .114, P = .290; Figure 11).

Discussion

This systematic review and meta-analysis provide comprehen-
sive data on the risk factors contributing to recurrent BPPV. We
find female gender, age (>65years), hyperlipidemia, diabetes,
hypertension, migraine, cervical spondylosis, osteopenia/
osteoporosis, trauma, otitis media, abnormal VEMP, and long
use of computers are risk factors for recurrence of BPPV, and
there is no association between side, type of the involved semi-
circular canals, smoking, alcohol consumption, stroke, ear sur-
gery, duration of vertigo before treatment, the times of
repositioning, Meniere’s disease, sleep disorders, 25-hydroxy
vitamin D,and the recurrence of BPPV.
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Figure 7. Forest plot of association between migraine and recurrent BPPV. BPPV indicates benign paroxysmal positional vertigo.

Although paroxysmal positional vertigo is the most fre-
quently observed pathology in otoneurological clinical prac-
tice,”” a definitive causative factor has not been identified
yet. There are 2 main hypotheses to explain the development
of BPPV. Schuknecht®® proposed the cupulolithiasis theory,
which is based on the attachment of otolithic debris to the
cupula in the crista ampullaris. Hall et al®' proposed the theory
of canalithiasis, which is based on the presence of free-floating
debris in the canal. Both these theories indicate that the pres-
ence of foreign particles in the semicircular canal may be the
cause of vertigo. How these particles detach from utricle is still
unclear. When position changes, particles move in the endo-
lymph with the help of gravity and thus cause abnormal dis-
placement of the cupula and aberrant neural stimulation,
producing vertigo.

Some studies showed no correlation between gender, age,
and recurrent BPPV.'*3%677% However, Chau et al and von
Brevern M et al reported that age and gender were related to
recurrent BPPV.#%*2 Our study showed that female and older
patients (>65 years) have a higher level of relapses of BPPV
(OR = 1.22, P =.000; OR = 1.526, P = .000). A menopause-
related reduction in the secretion of female hormones may be
involved in this phenomenon.** A decrease in estrogen secre-
tion may affects calcium/bone metabolism.®> Calcium metabo-
lism also plays a chief role in the synthesis/absorption of
otoconia made of calcium carbonate and so might be an

etiological factor in the onset and recurrence of BPPV 5%’

Additionally, it is believed that during lifetime the number and
volume of otoliths are progressively reduced and the intercon-
necting fibers between the otoliths may weaken from age-
related reduction of calcium carbonate crystals in the process
of demineralization. It was also supposed that age-related
altered endolymphatic pH and calcium concentration may con-
tribute to the pathogenesis of BPPV and worsen the
symptoms.88

The posterior SCC is the more frequently involved SCC in
the pathogenesis of BPPV. The explanation for this is the ana-
tomical location of the SCC at the most dependent position in
the vestibular apparatus in a standing person.®* Von Brevern
et al found BPPV predominantly affects the right labyrinth, and
the probably reason is the habit—of most patients—of sleeping
on the right side.”® Recent studies showed that side and semi-
circular canal attacked were not associated with recurrent
BPPV.'%!332 OQur meta-analysis results also showed that the
recurrence of BPPV wasn’t related to side and semicircular
canal attacked (P > .05).

Increasing studies have proposed that systemic disease,
including hyperlipidemia, hypertension, diabetes, cervical
spondylosis, and stroke, could also increase the recurrence of
BPPV.!314:69.76.77:83.91 \e conducted a meta-analysis of these
indicators, and hyperlipidemia, hypertension, diabetes, and cer-
vical spondylosis showed statistical significance (P <.05). This
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Figure 8. Forest plot of association between risk factors and recurrent BPPV. A, Cervical spondylosis. B, Osteoporosis. C, Otitis media. BPPV

indicates benign paroxysmal positional vertigo.
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Figure 9. Forest plot of association between head trauma and recurrent BPPV. BPPV indicates benign paroxysmal positional vertigo.

may be related to the known effect of hypertension and vascu-
lar disease on the inner ear, causing reduced blood flow to the
labyrinth and contributing to dislodgement of otoliths and man-
ifestation of BPPV.%? In addition to vascular damage, diabetes
generates a balance disorder mediated by variations of blood
glucose and plasma insulin levels with subsequent cupular

deposits and free-floating debris in the semicircular canals.”
In a case—control histopathologic study of temporal bones in
humans,” the authors compared the prevalence of cupular and
free-floating otoconia in the SCCs between the temporal bones
of patients with type 1 diabetes and normal controls. They
found that the presence of otoconia in the horizontal and
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Figure 12. The funnel plots, Harbord test, sensitivity analysis of hypertension.

posterior SCC was significantly higher in the patient group than
in the control group. It has been reported that the occurrence of
BPPV was higher in people with type 2 diabetes (46%) com-
pared to those without the metabolic disease (37%).°* In a

recent report, Jauregui-Renaud et a
horizontal SCCs and utricle in patients with type 2 diabetes,
who did not have any history of dizziness or other vestibular
symptoms. The authors found that the patients had downsized
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responses to unilateral centrifugation compared to healthy
volunteers, but their responses to horizontal SCC stimulation
were similar and they had also a larger sway area and a leng-
thier sway path in the test of posturography. They assumed that
utricular function may be defective even in the absence of
horizontal SCC involvement or a history of falls. Similarly,
in a postmortem study of temporal bones, containing 1031
semicircular canals, basophilic deposits (supposedly degener-
ated otoconia) were observed in 22% of the semicircular canal
cupulae.”” Interestingly, none of those cases had a history of
BPPV. It has been suggested that the size of the debris within
the semicircular canal needs to reach a critical level before
aberrant neural stimulation and BPPV symptoms develop.®'%¢
Circulation to the inner ear is from the vertebrobasilar system,
primarily the anterior inferior cerebellar artery, which branches
into the anterior vestibular artery. Its anatomical location
within the inner ear causes the labyrinth particularly vulnerable
to ischemia. The association between recurrent and stroke has
been proposed by Su-Jin Han et al.”” Wada et al’” used carotid
ultrasonography to evaluate the intima—media thickness of the
common carotid artery in patients with BPPV and vestibular
hypofunction. The study found that the percentage of abnormal
intima—media thickness of common carotid arteries was signif-
icantly higher in patients with BPPV than those with other
vestibular disorders. A study by Zhang et al®® also admitted
increased abnormalities in the vertebrobasilar arteries of BPPV
patients. The severity of vertigo was correlated with vertebral
artery stenosis, occlusion, or tortuosity.’® These reports demon-
strated that patients with BPPV had a higher prevalence of
arteries injury. It is believed that BPPV can be a sequela to
labyrinthine ischemia that probably facilitates detachment of
otoconia from the otolith membrane.” Additionally, diabetes
mellitus or hyperuricemia can sometimes lead to metabolic
acidosis in the blood and result in low pH in the endolymphatic
fluids, which will facilitate the breakdown of calcium carbo-
nate otoliths.'%*'®" Theoretically, age, hyperlipidemia, hyper-
tension, diabetes, and stroke all serve as vascular risk factors
and one could wonder that the common predisposing factor of
BPPV might be ischemia. Yet we did not find an association
between BPPV and other well established vascular risk factors
such as stroke, smoking, and alcohol consumption (P > .05).
Back in 2003, Vibert et al proposed a connection between
BPPV, osteoporosis, and osteopenia.* Since then another inde-
pendent group also noted that bone metabolism has a connec-
tion to BPPV.'% Moreover, there was a study demonstrating
that the treatment of osteoporosis may have a protective effect
against BPPV.'*® Recent research brought to light the impact of
the vitamin D levels on the BPPV with decreased levels being
associated with its occurrence and more frequent recur-
rence.'®1%4195 Recent studies demonstrated a possible season-
ality to BPPV, with fewer cases occurring during the summer
months.'%'°” Theories behind this trend propose calcium
homoeostasis to play a key role as serum Vitamin D levels
surge with increasing daylight. However, Korpon et al suggests
that the variable with the single strongest correlation between
BPPV and seasonal variations is not sunlight or UV index, but

rather barometric pressure.'®® Yet, the correlative evidence
may be weak because recent evidence suggests such associa-
tions to be purely coincidental.'® Yang et al''® evaluated the
relationship between BMD and Vitamin D with the presence
and recurrence of BPPV. The authors found that low BMD in
women and low serum Vitamin D levels in men were signifi-
cantly associated with the recurrence of BPPV, whereas age
was an independent predictor of recurrence. In a rat model with
impaired calcium turnover, due to the bilateral ovariectomy,
the density of otoconia was decreased and their size was
increased compared to the normal group.''' Our results indi-
cate that osteoporosis/osteopenia was contributors to the recur-
rence of BPPV, while vitamin D was not.

Our analysis found that migraine is a risk factor for BPPV
recurrence. Migraine and BPPV are among the most frequently
encountered diseases in otoneurological clinics. The pathophy-
siologic mechanisms of migraine is still not clear, several stud-
ies have hypothesized that genetic and vascular factors and
cortical spreading depression may be the underlying mechan-
ism.''*""'* The mechanism for the vestibular symptoms and
signs associated with migraine is poorly understood.''? Vasos-
pasm of the labyrinthine arteries is a possible mechanism
because vasospasm is a well-documented phenomenon with
migraine.''®> Repeated vasospasm may stress and injury the
vestibular cells, inducing the dropping of otoconia from the
macula. In addition, elimination of the inner-ear microvascu-
lature as a result of vasospasm may generate cochlear symp-
toms, such as hearing disturbance and vestibular symptoms.''®
Additionally, recurrent vasospasm is associated with the oxi-
dative stress of endothelial cells, which is a possible pathoge-
netic mechanism common to both migraine and BPPV.'!7-!'®
The specific pathway for oxidative stress in migraine has not
yet been acknowledged, but several studies have announced a
reduction in superoxide dismutase activity in patients with
migraine.''”'?! In a study of oxidative stress associated with
BPPV, levels of pro-inflammatory mediators, such as interleu-
kin 1B (IL-1p), IL-6, and tumor necrosis factor, were raised in
the serum of patients experiencing a BPPV attack and declined
after repositioning maneuvers such as the Epley maneuver.''®
In addition, total antioxidant capacity and paraoxonase levels,
which are antioxidant parameters, were decreased during a
BPPV attack.''® Therefore, oxidative stress and inflammatory
processes in the inner ear may be connected with the formation
and migration of the otolith. Probably, patients with migraine
have recurrent damage to the inner ear (due to vasospasm or
some other mechanism) that predisposes them to recurrent
bouts of BPPV.'*?

The relationship between Meniere’s disease and BPPV is
complex. The incidence of coexistence of BPPV and Meniere’s
disease ranges from 0.5% to 44%.'**'?* Predominance of ipsi-
lateral existence of BPPV and Meniere’s disease have been
reported in the majority of studies, which indicates a probably
causal relationship between these 2 disorders.'* There is radi-
ological evidence that detached saccular otoconia may cause
obstruction of the reuniting duct and result in endolymphatic
hydrops.'?® The association between BPPV and Meniere’s
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disease has been confirmed by histopathologic temporal bone
studies reporting significantly higher incidence of cupular or
free-floating deposits in SCCs in patients with Meniere’s dis-
ease than in controls.'”” Additionally, repeated episodes of
hydrops may eventually generate sacculoutricular degeneration
and detachment of the otoconia. Patients with unilateral hear-
ing loss generally would like to sleep lying on the ear with
hearing loss to keep the better hearing ear in the open environ-
ment. Shim et al'?® and Sato et al'*® have announced that
sleeping habit is closely related with the effected side in
BPPV. Otoconial debris dislodged from the utricle may fall
into the lateral or PSCs of the undermost ear during sleep.
This may account for more the common lateral canal involve-
ment and ipsilateral occurrence of Meniere’s disease and
BPPV.'* Dornhoffer and Colvin'*® suggested that Meniere’s
disease was associated with recurrent BPPV. Tanimoto et al'®
reviewed risk factors in recurrent BPPV. They found that 75%
of them have endolymphatic hydrops and all were in the same
ear with BPPV. However, in a larger series, Luryi et al®®
reported that there was no association between Meniere’s
disease and recurrence of BPPV, which was keeping in line
with our analysis result (P > .05). Gross et al"*! noted that
BPPV in Meniere’s disease was poorly response to reposition-
ing maneuvers. This phenomenon could be explained by sev-
eral potential mechanisms. Anatomical changes of labyrinth
due to hydrops probably are a main reason for intractability of
BPPV in Meniere’s disease. Partial obstruction of the poster-
ior SCC by a dilated saccule could also result in adherence of
otoliths to the membranous labyrinth.'*? Partial obstruction
allows otoliths to move within canals and keeps them from
returning to vestibules. Stricture of the membranous labyrinth
resulting from loss of its resilience after repeated distension
due to endolymphatic hydrops may be another cause because
the membrane may collapse inward and lead to severe nar-
rowing of the SCC."*!

Approximately 13% of patients with traumatic brain injury
report positional vertigo, and half of these patients have
BPPV.'** When canalolithiasis occurs briefly after an impul-
sive head trauma (rapid head deceleration), a causative rela-
tionship may be suggested.'** When compared with idiopathic
BPPV (i-BPPV), traumatic BPPV (t-BPPV) was associated
with several poor prognostic features, including a higher rate
of bilateral disease and a higher rate of recurrence.’*'*> A
subsequent whiplash injury might be responsible of the otoco-
nia detachment, and microscopic hemorrhages, or ‘“‘tissue
shearing,” results in biochemical changes that boost the for-
mation of otoconial clots. Following a successful maneuver,
these microscopic changes may reactivate the production of
new clots, explaining the recurrence of BPPV. While, in a large
series, there was no important differences in outcomes were
revealed, with the t-BPPV group having rates of resolution and
recurrence similar to those in the i-BPPV group and requiring a
similar number of treatment visits.®' Our result find that head
trauma is a risk factor for recurrent BPPV and there is a high
heterogeneity. This may be the result of lacking definite criteria
for traumatic BPPV. According to Riga et al, for a causative

association to be valid, BPPV should occur on the same side as
the causative disease and the clinical symptoms should appear
either concurrently or soon after the manifestation of the pri-
mary disease.'*® Studies that specifically mention BPPV as one
of the possible causes of posttraumatic dizziness or vertigo are
lacking diagnostic clarity.

Dysfunction of the otoliths has been a suspected pathogen-
esis of BPPV. There have been some reports of VEMP abnorm-
alities in patients with BPPV.'*7"13% In explaining the
pathophysiology of BPPV, the concept of a degenerative pro-
cess that affects the macula of the utricle causing detachment of
otoliths has gained popular support.'>? Nonetheless, there were
only a few reports of association between recurrence of BPPV
and VEMP test.*® In our analysis, there was only 3 paper pro-
viding these data, and we find abnormal VEMP is a risk factor
for the recurrence of BPPV, which is in accord with the find-
ings by Lee et al.>® In BPPV, the degenerative process that
affects the macula of the utricle and causes detachment of the
otoliths might also affect the macula of the saccule.*®

Studies have found that otoliths can easily fall off the oto-
conial membrane and cause BPPV when exposed to inflamma-
tion, infection, or low pH.140 Ca’* concentration in the
endolymph may be increased due to recurrent inflammation,
which will destroying the normal equilibrium between otolith
formation and dissolution, and thus the likelihood of BPPV
increases significantly.'® Otitis media and long use of com-
puters are also risk factors for relapse in our analysis, but only 4
and 2 studies were included, and the quality of the studies was
not high. Therefore, the results should be interpreted with cau-
tion. More high-quality studies are needed in the future to
confirm these findings.

Strengths and Limitations

Our systematic review has several strengths. This is the first
systematic review to comprehensively investigate the risk fac-
tors for recurrent BPPV. We used a strict search strategy to
screen 6 databases with no language restrictions, including
PubMed, Embase, Web of Science, Cochrane Library, CNKI,
and Sino Med. Based on the NOS, 51 of 63 included studies
scored >6 stars, which suggested high-quality studies. We
included a range of publications involving different ethnic
populations from across the world to ensure the applicability
of our findings and to investigate a wide range of risk factors
for recurrent BPPV. Furthermore, we also determined the het-
erogeneity between the studies included in subgroup analysis
and found that most factors showed low levels of heterogene-
ity. Our sensitivity analysis showed that the sequential omis-
sion of a single study did not significantly influence the
observed results and the magnitude of effects.

There are some important limitations to this systematic
review that need to be considered. First, some risk factors
(hyperlipidemia, diabetes, hypertension, migraine, head
trauma, MD) have high degree of heterogeneity between the
studies. These may be explained by differences in the criteria
used to define recurrence, head trauma, and follow-up time. For
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example, the studies that specifically mention BPPV as one of
the possible causes of posttraumatic dizziness or vertigo are
lacking diagnostic clarity. Therefore, we should treat these
results with some caution. Second, according to the figures
(Figures 2 and 3), a paper’’ was weighted (%) very highly and
thus might have caused a bias. So we reanalyze the results after
excluding this article. The results of reanalysis revealed that
gender remains a risk factor for recurrent BPPV, while age is
not. It implied that the biased weights of this paper might dis-
tort the results. Third, some publications involved in our meta-
analysis were of low quality. Considering the limited number
of studies for some factors (for example stroke), the accuracy
and validity of the relationship between these factors and recur-
rent BPPV may also be questionable. Besides, because of the
intrinsic differences in the design of included studies, such as
study design, duration of follow-up, and so on, potential bias
could not be completely ruled out. Therefore, the results should
be interpreted carefully. Last but not least, some studies had
fewer cases, and the negative results may not have been pub-
lished. In terms of the assessment of publication bias, there
were apparent publication bias with respect to hypertension,
head trauma, and diabetes when using the Harbord test. All
of these factors may have led to bias. Although our study had
good stability, it cannot be entirely excluded potential bias.
More high-quality studies are needed in the future to confirm
some of these findings.

Conclusions

This systematic review and meta-analysis evaluated the risk
factors for recurrent BPPV. Female, age, migraine, head
trauma, otitis media, abnormal VEMP, long use of computers,
hyperlipidemia, diabetes, hypertension, osteopenia/osteoporo-
sis, and cervical spondylosis were associated with recurrent
BPPV. Identification of these risk factors provides some insight
into the falls risk evaluation and contributes to help clinicians
counsel patients regarding the importance of follow-up after
diagnosis of BPPV. Because of the limited quality and quantity
of the included studies, rigorous studies with adequate sample
sizes are needed to verify the conclusion.
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