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Objective: The objective of the present study was to meta-analyze relevant literature to
gain a comprehensive understanding of the potential relationship between serum uric
acid levels and risk of benign paroxysmal positional vertigo (BPPV).

Methods: The databases of PubMed, Web of Science, Embase, Chinese National
Knowledge Infrastructure, Wanfang, and SinoMed were systematically searched for
observational case-control studies of the association between BPPV and serum uric acid
levels published up to October 2018. Data from eligible studies were meta-analyzed using
Stata 12.0.

Results: Atotal of 12 studies were included in the analysis. There was a strong tendency
for serum uric acid levels to be associated with risk of BPPV among studies conducted
in China (OR 0.69, 95%CI 0.01-1.40, p = 0.0583), but not among studies outside China
(OR 1.07, 95%CI 1.08-3.22, p = 0.33). Across all studies, serum uric acid level was
significantly higher among individuals with BPPV than among controls (OR 0.78, 95%Cl
0.15-1.41, p = 0.015), yet it did not independently predict risk of the disorder (OR 1.003,
95%CI 0.995-1.012, p = 0.471).

Conclusion: The available evidence suggests that BPPV is associated with elevated
levels of serum uric acid, but these levels may not be an independent risk factor of BPPV.

Keywords: benign paroxysmal positional vertigo, peripheral vertigo, otolithiasis, serum uric acid, meta analysis

INTRODUCTION

Benign paroxysmal positional vertigo (BPPV) is one of the most common causes of peripheral
vestibular vertigo encountered in neuro-otology clinics (1). Its main characteristic is short,
recurring episodes of vertigo induced when the head adopts certain positions. This occurs
because the otoconia are dislodged and enters one or more semicircular canals, which disturbs
endolymphatic flow and results in vertigo. BPPV can be diagnosed according to recommended
criteria (2) and repositioning of the head can treat BPPV effectively (3), but preventive treatment
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and monitoring would be improved with better understanding
of the risk factors for BPPV. Old age, vitamin D deficiency, and
osteoporosis have been cited as risk factors (4).

Some studies have also implicated elevated serum levels
of uric acid (5, 6), but other work has not replicated these
findings (7-9). Within China, studies of this question have
reported inconsistent findings (10-17). It is important to clarify
this potential association because humans are susceptible to
accumulation of uric acid in serum, which is produced through
the metabolism of endogenous and exogenous purines (18, 19).
Humans lack the enzyme uricase, which in other mammals
metabolizes uric acid into the more soluble allantoin (20). As a
result, serum uric acid levels can rise if uric acid production is
excessive and/or if uric acid is cleared too slowly. In addition,
some work suggests that increased serum uric acid level might be
an independent risk factor for hypertension (21), cardiovascular
events (22), metabolic syndrome (23), ischemic stroke (24), as
well as BPPV (6).

Here we meta-analyzed the relevant literature to gain a
comprehensive understanding of the potential relationship
between serum uric acid levels and risk of BPPV.

METHODS

Search Strategy

The databases of PubMed, Web of Science, Chinese National
Knowledge Infrastructure, Wanfang, SinoMed, and Embase
were systematically searched for eligible studies published up
to October 2018. The search terms were “benign paroxysmal
positional vertigo” and “serum uric acid.” No language or date
restrictions were applied.

Study Selection Criteria

To be included in the meta-analysis, studies had to (1) be
observational studies with a case-control design analyzing the
association between BPPV and serum uric acid; (2) rely on
diagnosis based on a typical history of brief attacks of positional

vertigo and confirmed by a positive Dix-Hallpike positional
maneuver (posterior canal BPPV), or by the presence of a purely
horizontal paroxysmal nystagmus provoked during the supine
roll test (horizontal semicircular canal BPPV), in which the head
is turned by about 90° to each side while the individual is supine;
and (3) report the mean levels of serum uric acid for case and
control groups, or sufficient data to calculate these values. If more
than one study evaluated the same cohort, only the study with the
most complete data was included.

Studies were excluded if they (1) were editorials, reviews, case
reports, letters without original data, commentaries or critiques;
or (2) they failed to report adequate data to determine mean
serum uric acid levels in the case and control groups.

Data Extraction

Two investigators (XL Yang and BY yang) independently
searched the literature databases and extracted data.
Inconsistencies were resolved through consultation with a
third author (H Ren). The following data were collected from
studies included in the review (Table 1): surname of the first
author, country of study cohort, year of publication, serum
uric acid level as well as odds ratios (ORs) and associated 95%
confidence intervals (Cls) for multiple factor analyses.

Quality Assessment of Studies
Two reviewers (XL Yang and BY Yang) independently
assessed the quality of studies using the Newecastle-Ottawa
quality assessment scale. Discrepancies were resolved through
consultation with a third author (H Ren). Scores>6 indicated
that a study was of high quality (25) (Table 2).

Statistical Analysis

I was calculated to evaluate heterogeneity across studies.
2 < 25% indicated homogeneity; 25% < I < 50%, low
heterogeneity; 50% < I? < 75%, moderate heterogeneity; and I?
> 75%, substantial heterogeneity (26). Data were meta-analyzed
using a fixed-effect model if they were homogeneous or of low
heterogeneity, or using a random-effect model if they showed

TABLE 1 | Main characteristics of studies on benign paroxysmal positional vertigo (BPPV) and serum uric acid included in this review.

References Country n Serum uric acid level (wmol/L) Multiple logistic regression
BPPV group Control group OR 95%ClI
Ziavra and Bronstein (7) UK 20/20 290.35 £+ 96.11 273.4 £+ 88.27 = .
Jeong and Kim (9) South Korea 168/194 285.6 + 77.35 315.35 + 83.3 0.8 0.7-1.0
Celikbilek et al. (6) Turkey 50/40 288.58 + 23.8 214.2 +£18.6 3.35 1.87-5.99
Xu et al. (14) China 150/89 297 + 30.94 201 £ 20.98 3.58 1.67-5.68
Zhaietal. (11) China 80/80 375.48 £ 79.746 331.56 + 62.262 1.009 1.004-1.014
Zhuetal. (17) China 102/85 317.7 £ 78.4 289.2 £71.8 1.005 1.001-1.009
Si(16) China 50/50 888.34 + 245.74 343.9 + 124.36 -
Yuan et al. (8) China 240/72 279.0 £ 84.7 331.0 £ 82.7 0.997 0.992-1.001
Dong et al. (12) China 110/50 333.6 + 84.78 304.3 £ 76.55 0.995 0.990-1.000
Luetal. (13) China 60/119 321 + 98 322 + 92 1.273 0.554-2.926
Wei et al. (15) China 102/100 361.174 + 84.335 298.626 + 87.861 - -
Xia et al. (10) China 80/80 343.52 £+ 72.83 290.36 + 84.23 1.010 1.004-1.016
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TABLE 2 | Quality assessment.

Total
score

References Score on dimensions

Selection Exposure Comparability

Ziavra and Bronstein 3 2 1 6
(7)

Jeong and Kim (9)
Celikbilek et al. (6)
Xu et al. (14)
Zhaietal. (11)
Zhu et al. (17)

Si (16)

Yuan et al. (8)
Dong et al. (12)
Luetal. (13)

Wei et al. (15)

Xia et al. (10)

N W NN WN W W WwN W
N NN NN NN DN DN DN NN
N = DN N =+ NN NN NN

D O oo N O NN NN

moderate or substantial heterogeneity (27). All meta-analyses
were conducted using Stata 12.0 (StataCorp, USA). We compared
the serum uric acid levels between individuals with BPPV and
controls in terms of ORs and 95%ClIs. We pooled ORs for
multiple-factor analysis. Significance was defined as p < 0.05.
Risk of publication bias was assessed using Egger’s and/or Begg’s
tests (27, 28).

RESULTS

Literature Search and Included Studies

After searching the above databases and removing duplicates,
40 potentially eligible articles were identified, of which 25 were
excluded based on the titles and abstracts (Figure 1). Of the
remaining 15 studies read in full, 2 were excluded because they
did not analyze serum uric acid levels in individuals with BPPV,
1 study was excluded because it did not report results for the
control group, 1 study was excluded because its cohort was
identical to that of another study, and 1 study (16) was excluded
because of a low Newcastle-Ottawa score.

Of the remaining 12 studies, involving 1,162 BPPV cases and
929 controls, 8 were conducted in China and 3 outside (Table 1).
Nine studies used multiple logistic analysis to investigate whether
serum uric acid levels are associated with BPPV.

Comparison of Serum Uric Acid Levels

Between Cases and Controls

Heterogeneity was high among the 11 studies (I* = 97.6%,
p < 0.001), so data were meta-analyzed using a random-
effect model. Serum uric acid levels were significantly higher
in individuals with BPPV than in controls (OR 0.78, 95%CI
0.15 to 1.41, p = 0.015; Figure2). These results were not
significantly altered when any one of the 11 studies was removed
(Figure 3). The funnel plot was visually symmetrical, suggesting
no significant publication bias (Figure 4); a similar conclusion
was suggested by Egger’s test (p = 0.827) and Begg’s test (0.702).

Studies after database
searching and removal of
dunlicates (n =4M

Studies excluded based on title and
abstract review (n =25)

Full-text articles assessed
for eligibility (n =16)

Studies excluded after full-text review (n

=4)

® Did not analyze serum uric acid levels
in BPPV (n=2)

® Noresultsfor the control group (n=1)

® [Duplicae cohort (n=1)

r

Studiesincluded in
qualitative synthesis (n =12)

r

Studies included in meta-
analysis (n = 11)

FIGURE 1 | Flow diagram of study selection.

Subgroup analysis based on study location indicated that a
strong tendency for serum uric levels to be associated with risk
of BPPV existed in China (OR 0.69, 95%CI 0.01-1.40, p = 0.053),
but not outside (OR 1.07, 95%CI 1.08-3.22, p = 0.33; Figure 2).
These results were obtained using a random-effect meta-analysis
model because the data showed high heterogeneity.

Meta-Analysis of Multiple Logistic
Analyses to Identify Risk Factors for BPPV

Nine studies performed multiple logistic analyses to identify risk
factors for BPPV (Table 1). These results were meta-analyzed
using a random-effect model because of high heterogeneity in
the data. The pooled results indicate that serum uric acid level
is not an independent risk factor (OR 1.003, 95%CI 0.995-
1.012, p = 0.471; Figure5), and this was also the case for
subsets of studies within or outside China. The funnel plot
was visually symmetrical (Figure 6), and Egger’s and Begg’s tests
were associated with p > 0.05, suggesting no significant risk of
publication bias.

DISCUSSION

To the best of our knowledge, this is the first meta-analysis to
evaluate the potential association between BPPV and serum uric
acid level. The available evidence appears to indicate that serum
uric acid level is elevated in BPPV, but the level may not be an
independent risk factor for the disorder.

In other contexts, elevated serum uric acid levels show
complex relationships with disease. Elevated levels have
been associated with cardiovascular disease and stroke (29),
but they may exert protective anti-oxidant effects against
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Study %
D SMD (95% CI) Weight
!
Studies in non-Chinese population !
Ziavra 2004 (UK) —_— 0.18 (—0.44, 0.80) 8.62
Jeong 2010 (Korea) - E -0.37 (-0.58, —0.16) 9.32
Celikbilek 2013 (Turkey) i —— 3.44(2.78,4.09) 8.54
Subtotal (I-squared = 98.3%, p = 0.000) <:>— 1.07 (-1.08, 3.22) 26.48
|
Studies in Chinese population E
Xu 2015 (China) i ——  3.47(3.06,3.88) 9.05
Zhai 2015 (China) —+E- 0.61(0.30, 0.93) 9.19
Zhu 2016 (China) —— 0.38 (0.09, 0.67) 9.23
Yuan 2017 (China) - E ~0.62(—0.89,-0.35) 925
Dong 2017 (China) —— 0.36 (0.02, 0.69) 9.17
Lu 2017 (China) - ~0.01 (-0.32,030)  9.20
Wei 2017 (China) -0:— 0.73 (0.44, 1.01) 9.23
Xia 2017 (China) —— 0.68 (0.36, 0.99) 9.19
Subtotal (I-squared = 97.6%, p = 0.000) I 0.69 (—0.01, 1.40) 73.52
|
Overall (I-squared = 97.6%, p = 0.000) <> 0.78 (0.15, 1.41) 100.00
|
NOTE: Weights are from random effects analysis E
—4I.09 0 4‘:)9
FIGURE 2 | Forest plot of serum uric acid levels in the BPPV and control groups across all studies, in the subset of studies conducted within China or in the subset
conducted outside China. The x-axis shows the 95% confidence interval. SMD, standard mean difference.

neurodegenerative diseases such as Parkinson’s disease (30).
Most studies in our meta-analysis found a higher serum uric acid
level in individuals with BPPV than in controls. This was first
shown in an African population (5), and supported by several
other studies in other countries (6, 10-12, 14-17). On the other
hand, some studies reported similar serum uric levels in BPPV
and control groups (7, 13), while two studies from Asia reported
lower levels in BPPV (8, 9). Our subgroup analysis suggests that
some of the discrepancy in studies of the association between
serum uric acid level and BPPV relates to ethnicity and/or
geography: we found a strong tendency toward an association
within China but not outside. These results suggest that further
work should examine genetic and environmental factors that
may mediate an association between serum uric acid levels
and BPPV.

While most studies in our meta-analysis linked BPPV with
elevated serum uric acid levels, it is another question whether
such levels can serve as an independent predictor of the
disorder. One study in Turkey reported that elevated levels
are an independent risk factor of the disorder (6), and four
studies from China came to a similar conclusion (10, 14,
17, 31). However, several other studies reported that elevated
uric acid levels are not an independent risk factor, as we
found when we meta-analyzed all studies or subsets of studies
conducted inside or outside China. Evidence suggests that this
conclusion is valid for younger and older populations with
BPPV (13).

Begg’s funnel plot with pseudo 95% confidence limits

SMD

-2

2
s.e. of: SMD

FIGURE 3 | Funnel plot of standard mean difference (SMD) in serum uric acid
level between the BPPV and control groups.

Although our meta-analysis argues against serum uric acid
levels as an independent risk factor for BPPV, serum uric acid
may still contribute to the disorder. One study found a positive
association between gout and peripheral vertigo, leading those
authors to speculate that build-up of purine crystal deposits
within the semicircular canals may trigger BPPV in individuals
with gout (32). It is also possible that elevated serum uric
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Meta—analysis estimates, given named study is omitted
Lower CI Limit O Estimate Upper CI Limit

Ziavra 2004 (UK) | |
Jeong 2010 (Korea)
Celikbilek 2013 (Turkey)
Xu 2015 (China)
Zhai 2015 (China)
Zhu 2016 (China)
Yuan 2017 (China) (
Dong 2017 (China) |
Lu 2017 (China) \
Wei 2017 (China)
Xia 2017 (China) O

—-0.06 0.15 0.78 1.41  1.59

FIGURE 4 | Sensitivity analysis of the studies in serum uric acid level between the BPPV and control groups.

Study odds %

1D ratio (95% Cl) Weight

Studies in non-Chinese population
Jeong 2010 (Korea) —— 0.80 (0.67, 0.96) 0.23

Celikbilek 2013 (Turkey) —+— 3.35(1.87,6.00) 0.02

Subtotal (I-squared = 95.3%, p = 0.000) <:>— 159(039,647) 025

Studies in Chinese population

Xu 2015 (China) —_————> 3.58(1.94, 6.60) 0.02

Zhai 2015 (China) . 1.01 (1.00, 1.01) 19.92
Zhu 2016 (China) . 1.00 (1.00, 1.01) 20.40
Yuan 2017 (China) . 1.00 (0.99, 1.00) 20.15
Dong 2017 (China) . 1.00 (0.99, 1.00) 19.88
Lu 2017 (China) t 1.27 (0.55, 2.93) 0.01

Xia 2017 (China) 1.01 (1.00, 1.02) 19.36

Subtotal (I-squared = 86.7%, p = 0.000) 1.00 (1.00, 1.01) 99.75

Overall (I-squared = 88.2%, p = 0.000) 1.00 (0.99, 1.01) 100.00

NOTE: Weights are from random effects analysis

—_———— e .

I
151 6.6

FIGURE 5 | Forest plot of serum uric acid level as an independent risk factor for BPPV across all studies, in the subset of studies conducted within China or in the
subset conducted outside China. The x-axis shows the 95% confidence interval.

acid levels can trigger inflammation of the gelatinous matrix to  of damaging reactive oxygen species (ROS). Through a similar
which otoconia are connected (33, 34); uric acid can promote  inflammatory mechanism, elevated serum uric acid levels may
the release of inflammatory mediators that induce production  trigger production of ROS that damage the vasculature (35, 36),
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Begg’s funnel plot with pseudo 95% confidence limits

logor

2
s.e. of: logor

FIGURE 6 | Funnel plot of serum uric acid level as an independent risk factor
for BPPV.

compromising blood supply to the inner ear. Consistent with
these processes, a study based on native thiol/disulfide (SH/SS)
homeostasis as a novel indicator of oxidative stress suggested
that oxidative stress contribute to BPPV through both calcium
metabolism and the direct toxic effects of free oxygen radicals
(37). Another study found that frog saccular otoconia dissolved
completely within 1 day in inner lymphatic fluid when the
Ca’*t concentration was physiologically low (20 wmol/L), but
they required hundreds of hours to dissolve when the Ca?"
concentration was 200 pmol/L and did not dissolve when the
concentration was 500 pwmol/L (38). For example, an increase
of calcium resorption in patient with osteoporosis/osteopenia
might generate an increased concentration of free calcium
in the endolymph and reduce its capacity to dissolve the
dislodged otoconia (39). Furthermore, if uric acid enters the
lymphatic fluid, reduces pH will preventing dissolution of
otolith fragments. Thus, either the raised calcium levels induced
by oxidative stress or reduced pH in the endolymph will
destroy the normal equilibrium between otolith formation and
dissolution, potentially leading to BPPV. Consistent with these
considerations, allopurinol lowers serum uric acid levels and
restores endothelial function to nearly normal levels (40).
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