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Abstract

Objective Benign paroxysmal positional vertigo (BPPV) was the most common neuro-otological disorder manifests as
recurrent positional vertigo, but its risk factors are elusive. Recent studies suggest that decreased Vitamin D level may be a
risk factor, but the literature is inconsistent.

Methods The databases PubMed, Web of Science, Chinese National Knowledge Infrastructure, Wanfang, SinoMed, and
Embase were systematically searched for studies on the association between BPPV and serum Vitamin D levels published
up to June 2019. Data from eligible studies were meta-analyzed using Stata 12.0.

Results A total of 18 studies were included in the analysis. Serum Vitamin D levels were significantly lower in individuals
with BPPV than in controls (WMD — 2.46, 95% CI — 3.79 to — 1.12, p<0.001). Subgroup analysis by geographical area
showed that vitamin D level was significantly lower in BPPV than in controls in China (WMD — 3.27,95% CI — 4.12 to —
2.43, p<0.001), but not outside China (WMD — 0.90, 95% CI — 4.36 to 2.56, p=0.611). Vitamin D levels were significantly
lower in recurrent than non-recurrent BPPV across all countries in the sample (WMD 2.59, 95% CI 0.35-4.82, p=0.023).
Vitamin D deficiency emerged as an independent risk factor of BPPV (OR 1.998, 95% CI 1.400-2.851, p <0.001).
Conclusion The available evidence suggests that BPPV is associated with decreased levels of serum Vitamin D, and vitamin
D deficiency was an independent risk factor for BPPV.
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BPPV patients than in controls [3-9]. However, other stud-
ies failed to replicate these results [10, 11] or even reported
that vitamin D levels were elevated in BPPV patients [12].
To help resolve this inconsistency, we meta-analyzed the
available literature on vitamin D levels in BPPV patients and
controls, as well as the association between vitamin D level
and risk of BPPV recurrence. Our goal was to determine
conclusively whether vitamin D deficiency is a risk factor
for BPPV.

Methods
Search strategy

The databases PubMed, Web of Science, Chinese National
Knowledge Infrastructure, Wanfang, SinoMed, and Embase
were systematically searched for eligible studies published
up to June 2019. The search string was as follows: [“vitamin
D” or “calcifediol” or “25(OH)vitamin D” or “25-hydrox-
ylvitamin D” or “25-hydroxyvitamin D or “25(OH)D”]
and [“benign paroxysmal positional vertigo” or “BPPV” or
“BPV”]. No language or date restrictions were applied.

Study selection criteria

To be included in the present study, the studies had to (1)
be case—control studies analyzing the association between
BPPV and serum vitamin D; (2) be cohort studies analyzing
the association between BPPV recurrence and vitamin D; (3)
be studies analyzing vitamin D deficiency as an independ-
ent factor of BPPV; (4) clearly define cases and controls
(in case—control studies); (5) report mean levels of serum
vitamin D for cases/controls or for recurrent/non-recurrent
BPPV groups, or sufficient data to calculate these values; or
(6) report the odds ratio (OR) and 95% confidence interval
(CI) for risk of BPPV based on vitamin D level. If more than
one study evaluated the same cohort, only the study with the
most complete data was included.

Studies were excluded if they were reviews, editorials,
case reports, commentaries, or critiques; or if they failed to
report sufficient data for meta-analysis.

Data extraction

Two researchers (XL Yang and BY Yang) searched the
literature and collected data following predefined criteria.
Inconsistencies were resolved through consultation with a
third author (W Zhong). The following information was col-
lected (Table 1): surname of the first author, country of study
cohort, publication year, serum vitamin D levels, as well as
ORs and 95% ClIs for multiple factor analyses.

@ Springer

Quality assessment of studies

Two reviewers (XL Yang and BY Yang) indepen-
dently assessed the quality of studies using the Newcas-
tle—Ottawa quality assessment scale [13]. Discrepancies were
resolved through consultation with a third author (W Zhong).
Scores > 6 indicated a study of high quality (Table 2, 3).

Statistical analysis

Heterogeneity across studies was evaluated by calculating *:
I? <25% was recognized as homogeneity; 25% < I* < 50%,
low heterogeneity; 50% < I* < 75%, moderate heterogeneity;
and 7> 75%, substantial heterogeneity [14]. Pooled results
were meta-analyzed using a fixed-effects model if studies
were homogeneous or of low heterogeneity; a random-effects
model was used if studies showed moderate or substantial
heterogeneity. Meta-analyses were performed using Stata
12.0 (StataCorp, USA). We also pooled ORs and 95% CIs
for multiple-factor analysis to examine whether deficiency of
vitamin D is a risk factor for BPPV. Where appropriate, pooled
results were reported as weighted mean difference (WMD) and
95% CI. Significance was defined as p <0.05. Egger’s and/or
Begg’s tests were conducted to evaluate risk of publication
bias [14, 15].

Results
Literature search and included studies

After database searches and removal of duplicates, 62 poten-
tially eligible articles were identified, of which 41 were
excluded based on titles and abstracts (Fig. 1). Of the remain-
ing 21 studies read in full, two were excluded, because no
detailed serum vitamin D level was reported, and another
two were excluded, because they explored only the treatment
effects of vitamin D.

The remaining 18 studies involved 1859 BPPV cases and
1495 controls [3—12, 16-23]. Eight studies were conducted in
China and nine outside (Table 1). Nine studies compared the
serum level of vitamin D between BPPV and controls [4—12],
while eight compared the vitamin D levels between recurrent
and non-recurrent BPPV (Table 1) [3, 11, 17-20, 22]. Eight
studies used multiple logistic regression to investigate whether
vitamin D deficiency is an independent risk factor for BPPV
[4-9,21, 23].

Comparison of serum vitamin D levels
between BPPV and controls

A random-effects model was used to meta-analyze the 9
studies because of their high heterogeneity (1*=70.1%,
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Table 2 Quality assessment for case—control study

Study Year  Score on dimensions Total score
Selection ~ Exposure = compa-
rability
Jeong 2013 4 2 2 8
Talaat 2014 3 2 2 7
Han 2017 3 3 1 7
Karatag 2017 3 2 1 6
Lee 2017 3 3 1 7
Isik 2017 3 2 1 6
Yang 2017 3 2 1 6
Chen W 2017 3 2 1 6
Zhang X 2018 4 3 1 8
Wu 2 2018 3 3 1 7
Wang 2018 3 3 1 7
Wu 1 2018 3 2 1 6
Ding 2019 3 2 1 6
ZhangW 2019 3 2 1 6

Non non-recurrent BPPV, R recurrent BPPV, NA not available, OR
odds ratio, CI confidence interval

p<0.001). Serum Vitamin D levels were significantly lower
in individuals with BPPV than in controls (WMD — 2.46,
95% CI —3.79 to — 1.12, p<0.001; Fig. 2). Sensitivity anal-
ysis showed that none of the 9 studies significantly affected
the meta-analysis results (Supplementary Fig. 1). The funnel
plot was visually symmetrical (Fig. 3) and non-significant
results were indicated by Egger’s test (p =0.348) and Begg’s
test (p =0.410), suggesting no significant publication bias.
Subgroup analysis by geographical area showed that
vitamin D level was significantly lower in BPPV than in

controls in China (WMD — 3.27,95% CI — 4.12 to — 2.43,
p<0.001), but not outside China (WMD — 0.90, 95% CI
—4.36t02.56, p=0.611; Fig. 2).

Comparison of serum vitamin D levels
between recurrent and non-recurrent BPPV

There was moderate heterogeneity among the 8 studies com-
paring vitamin D levels between recurrent and non-recurrent
BPPV, so a random-effects model was applied. Vitamin D
levels were significantly lower in recurrent than non-recur-
rent BPPV across all countries in the sample (WMD 2.59,
95% CI10.35-4.82, p=0.023; Fig. 4). However, in subgroup
analysis by geographical region, vitamin D levels were simi-
lar between recurrent and non-recurrent BPPV within China
(WMD 2.45,95% CI — 0.37 to 5.27, p=0.089; Fig. 4) and
outside China (WMD 2.83,95% CI — 1.11 t0 6.78, p=0.16).
The funnel plot was visually symmetrical (Fig. 5), and non-
significant results were obtained in Egger’s test (p =0.836)
and Begg’s test (p=0.711), suggesting no significant pub-
lication bias. Sensitivity analysis showed that none of the
eight studies significantly affected the meta-analysis when
removed (Supplementary Fig. 2).

Meta-analysis of multiple logistic regression
to assess vitamin D deficiency as a risk factor
for BPPV

Eight studies applied multiple logistic regression to iden-
tify whether vitamin D deficiency is a risk factor for BPPV
(Table 1). The pooled data were meta-analyzed using a
random-effects model because of the high heterogene-
ity. Vitamin D deficiency emerged as an independent

Table 3 Quality assessment for

Study Biiki 2013 Gu Il Rhim Maslo-
cohort study 2016 vara
2018
Selection
Representativeness of the exposed cohort 1 1 1
Selection of the non-exposed cohort 0 0 0
Ascertainment of exposure 1 1 1
Demonstration that outcome 0 0 0
of interest was not present
at start of study
Comparability
Comparability of cohorts on the basis of the design or 1 1 1
analysis
Exposure
Ascertainment of exposure 1 1 1
Was follow-up long enough for outcomes to occur 0 0 0
Adequacy of follow up of cohorts 1 1 1
Total 5 5 5

@ Springer
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Studies after database
searching and removal of
duplicates (n = 62)

Studies excduded based on title and
*| abstract review (n =41)

Full-text articles assessed
for eligibility (n =21)

Studies excluded after full-text review (n
=4)

®  No detailed serum Vitamin levels were

reported [n=1)

®  Explored only the treatment effects of
Vitamin D (n=2)

4

Studies incduded in
qualitative synthesis (n = 18)

Studies incduded in
meta-analysis (n = 18)

Fig. 1 Flow diagram of study selection

risk factor of BPPV (OR 1.998, 95% CI 1.400-2.851,
p <0.001; Fig. 6). No significant risk of publication bias
was observed based on the funnel plot (Fig. 7), in Egger’s
test (0.887) or in Begg’s test (p=0.711).

Fig.2 Forest plot of vitamin
D levels in BPPV and control

Discussion

Our meta-analysis suggests that the serum level of vitamin D
is lower in patients with BPPV, especially recurrent BPPV,
than in controls. In addition, vitamin D deficiency (< 20 ng/
dl) appears to be an independent risk factor for BPPV.

The main cause of BPPV appears to be the dissolution
and dislodging of otoconia. When the free calcium concen-
tration in internal lymphatic fluid is 20 pM, otoconia can
dissolve completely; when the concentration is 500 pM, the
crystals do not dissolve [24]. Vitamin D can help maintain
a sufficiently high free calcium concentration in the inner
lymphatic fluid to prevent excessive dissolution of otoconia:
1,25-(OH), vitamin D3 increases the expression of transient
receptor potential vanilloid 5 to transport calcium from the
epithelial cells of the utricle and saccule into cells, and 1,25-
(OH), vitamin D3 also up-regulates calcium buffer proteins
in the semicircular canal duct [25]. Vitamin D deficiency
may disrupt calcium metabolism and lead to otoconia dis-
solution, as supported by studies of mice lacking the vitamin
D receptor [26]. Indeed, lower vitamin D levels are associ-
ated with osteoporosis, which is a risk factor of BPPV, and
raising serum levels of 25-hydroxyvitamin D3 can reduce
BPPV intensity and recurrence [27, 28].

The present meta-analysis provides clear, comprehensive
evidence of a close relationship between serum vitamin
D levels and BPPV. At the same time, several limitations
should be considered. One is that the individual studies were
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the subset of studies conducted o WMD (95% CT) Weight
within China or in the subset
conducted outside China. The a '

. non—U s
x-axis shows the 95% confi- !

. . il p 2013 (Korea —_— =470 (=6.61,=2.79 1253
dence interval. WMD weighted - b ) 5
mean difference Karatas 2017 (Turkey) : —_—— 600 (180, 10.20) 6,30

Isik 2017 (Turkey) —_— LS1(424,122) 987
i

Yang 2017 (Korea) —— —1.79(—4.01,043) 11,50

Subtotal (I squarcd =86 1%, p=0.000) —C:::‘- 0.90( 436, 2.56) 40,19
H
i

Chia ;

Han 2017 (China) —_— 140 (-508,~172) 1328
1

Wl 2078 (China) —— 239 (-4.24,-054) 1273
|

Wu2 2018 (China) —_— 218 (—4.34,-0.02) 1167
|

Ding 2019 (China) e 419(-567,271) 1396

Zhany 2019 {China) —_— 3.62 (~6.97.-0.2T) 217
i

Subtatal (1 squared =0.0%, p=0494) <> 327( 412, 243) 5981
i
i

Overall (1 squaced = 70.1%, p = 0.001) <> 246( 379, 1.12) 100,00
'

NOTE: Weights are from random effects analysis i
:

T T
102 0 102

@ Springer



174 European Archives of Oto-Rhino-Laryngology (2020) 277:169-177

Fig.3 Eunnel plot of Wcighted Begg's funnel plot with pseudo 95% confidence limits
mean difference (WMD) in
vitamin D levels between BPPV
and control groups 5
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Fig.4 Forest plot of vitamin D
levels in recurrent or non-recur-
rent BPPV. The x-axis shows Study %
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fairly small, involving from 18 to 249 BPPV patients. Nev-  with canalolithiasis have lower vitamin D levels than those

ertheless, the overall meta-analysis involved a substantial ~ with cupulolithiasis. Future studies should also take into
sample of 1859 BPPV cases and 1495 controls. Second, we account factors that can affect vitamin D levels, including
cannot exclude the possibility of publication bias, although  season, weather, skin color, lifestyle, diet and vitamin assay.
Egger’s and Begg’s tests suggested no significant risk. Third, Even with these limitations, our meta-analysis pro-
future work should examine potential associations between  vides strong evidence that decreased vitamin D levels was
vitamin D level and BPPV subtypes: for example, patients  associated with BPPV and Vitamin D deficiency was an
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Fig.5 Funnel plot of weighted
mean difference (WMD) in vita-
min D levels between recurrent
and non-recurrent BPPV

Fig.6 Forest plot of vitamin D
deficiency as an independent
risk factor for BPPV across all
studies. The x-axis shows the
95% confidence interval

WMD

Begg’s funnel plot with pseudo 95% confidence limits
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Fig.7 Funnel plot of vitamin
D deficiency as an independent
risk factor for BPPV 2]

logor

independent risk factor for BPPV. Vitamin D supplementa-
tion may reduce BPPV intensity and recurrence. Our find-
ings should be verified and extended in large, well-designed
studies involving multiple ethnic groups.
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