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Background: Benign paroxysmal positional vertigo (BPPV) is one of the most common and most successfully treated vestib-
ular disorders. However, there is a lack of predictive factors for BPPV in clinical practice. We aimed to explore
several possible predictive factors for BPPV in the Chinese population.

Material/Methods: We enrolled 240 patients with BPPV from Beijing Chaoyang Hospital between July 2013 and July 2016. Biochemical
and hematological markers were obtained along with the history of cardiovascular and cerebrovascular diseases.
Results: Serum uric acid (SUA) [279.0+84.7 vs. 331.0+82.7], hemoglobin A1C (HbA1c) [5.75+1.17 vs. 6.61+1.00], albu-
min [38.1+3.71 vs. 40.9+4.1], and creatinine [68.4+19.3 vs. 81.5+24.1] were significantly lower in patients with
BPPV compared with controls (P<0.05). Multiple logistic regression analysis showed that lower levels of HbA1lc
and albumin were independently associated with BPPV (P<0.05), with odds ratio (OR) 0.680 (95% CI 0.551-
0.839) and 0.338 (95% CI 0.190-0.603), respectively. However, the level of SUA was not independently related
with BPPV [OR=0.999 (95% Cl 0.991-1.006), P=0.713]. There were no significant differences between the pa-
rameters of systolic blood pressure, diastolic blood pressure, blood routine examination, lipid profiles, homo-
cysteine, pre-albumin, and blood urea nitrogen in patients with BPPV vs. controls (P>0.05).

Conclusions: Lower levels of HbAlc and albumin were independently associated with BPPV. Although the level of SUA was

lower in BPPV patients, SUA was not an independent risk factor for BPPV.
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Background

Vertigo is an important public health care issue, especially in
the elderly. Benign paroxysmal positional vertigo (BPPV) is one
of the most common peripheral vestibular diseases, charac-
terized by brief episodes of vertigo provoked by head move-
ment [1]. BPPV severely decreases quality of life, with reduced
ability to perform activities of daily living, increased morbid-
ity, psychosocial impact, and medical costs. Due to the high
incidence and complications of BPPV in the general popula-
tion, it is of utmost importance to be aware of the predictive
factors for BPPV at an earlier stage, which may improve prog-
nosis. Although most BPPV is diagnosed according to specif-
ic maneuvers, some atypical BPPV is misdiagnosed in clinical
practice. As a result, the clinical applications of blood biomark-
ers may be helpful in diagnosing BBPV. Low level of vitamin
D is an independent predictive factor of BPPV [2], but there
are no known independent factors for prediction of BPPV in
clinical practice.

Serum uric acid (SUA) is one of the products of purine metabo-
lism. Hyperuricemia (HUA) has been widely investigated for its
close relationship with hypertension, intracranial atheroscle-
rosis, cardiovascular events, and stroke [3-5], with increased
morbidity and mortality [6]. Few observational cross-sectional
studies have been performed on the association between lev-
els of SUA and BPPV. In a case-control study of African men,
Adam observed a positive association between BPPV and hy-
peruricemia in 2001 and 2005 [7,8]. Recently, a multiple logistic
regression analysis of 50 BPPV patients and 40 controls from
Turkey demonstrated that decreased albumin and increased
SUA were independently associated with BPPV [9]. However,
some inconsistent results were also found. In contrast, a study
from the United Kingdom failed to find any difference in SUA
levels between 20 patients with BPPV and controls [10]. In
the Asian population, a study from Korea found that SUA lev-
els were decreased in 168 patients with BPPV compared with
194 controls; however, it did not demonstrate that hypourice-
mia is an independent risk factor for BPPV [11].

Due to the size limitations, sex differences, racial background,
and variable lifestyles and diet, the exact relationship between
SUA and BPPV in the Chinese population remains unclear. The
present study investigated the relationships between SUA and
BPPV in a larger cohort in China, and explored the underlying
risk factors for BPPV.

Material and Methods

Our study involved 240 consecutive BPPV patients (134 females
and 106 males) at the Department of Neurology and 72 age-
and sex- matched controls (33 females and 39 males) at the
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Physical Examination Department. Patients with autoimmune
diseases, gout, malignant tumors, chronic renal failure, hypo-
hepatia, hyperthyroidism, hypothyroidism, pregnancy morbid
obesity, use of allopurinol or diuretics, any history of vestib-
ular and neurologic diseases, history of recent trauma, endo-
lymphatic hydrops, and recent fasting were excluded from our
study [9]. All BPPV patients had a typical history of brief at-
tacks of positional vertigo and were diagnosed by using the
vestibular test, in which eye movements are recorded by vid-
eonystagmography. PSC-BPPV was diagnosed when vertical
and torsional nystagmus were induced by the Dix-Hallpike test,
whereas HSC-BPPV was performed as horizontal nystagmus
with the Roll test, and vertical and torsional nystagmus con-
firmed ASC-BPPV. The direction of nystagmus reversed when
patients returned to sitting position from horizontal position
in all 3 circumstances. The duration of nystagmus is usually
less than 1 min in canalithiasis and more than 1 min in cupu-
lolithiasis. All the BPPV patients underwent another positional
test 1 week after treatment. Vascular risk factors (blood pres-
sure, blood sugar, and blood lipids) were assessed, as well as
history of smoking and drinking. Hematological and biochem-
ical analyses were performed in our hospital. The protocol of
our study was approved by the Ethics Committee of Beijing
Chaoyang Hospital. All patients and subjects signed the in-
formed consent form.

Statistical analysis

The data were analyzed by SPSS 16.0 software. Measurement
data with normal distribution are shown as (+s). We used the
independent-samples t test to compare the continuous vari-
ables between BPPV and controls. To determine factors pre-
dictive of BPPV, multiple binary logistic regression analyses
were performed and the odds ratio (OR) was calculated with
95% confidence intervals (Cls). Categorical variables were per-
formed as percentage and the chi-square test was used for its
analysis. We used on-parametric receiver operating character-
istic (ROC) analyses and area under the curve (AUC) measures
were calculated with 95% Cls. Cutoff values were calculated
for each factor. Values of P<0.05 were considered statistical-
ly significant.

Results

The clinical features and laboratory results are summarized
in Table 1. No significant difference was observed between
the 2 groups with respect to age, sex, BMI, systolic and dia-
stolic blood pressures, lipid profiles, homocysteine levels, pre-
albumin levels, blood panels, and blood urea nitrogen levels
(Table 1, P>0.05).
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Table 1. The clinical presentations and laboratory data of patients with BBPV and controls.

Variables BPPV (n=240) Control (n=72) t/y? 4
Age (year) 62.4+£12.5 63.5£11.9 -.641 0.522
""""" BMI(kg/m)  249t29  256:28 158 0113
""""" Sex(/M) 134106 3339 226 o013%
""""" SBP (mmHg)  1402+¢175  137.3t149 1235 0218
""""" DBP (nmHg)  798+114  s8lss64  -1405 0161
""""" CHOL(mmoll) 4541095  446:0.83 067 0531
""""" HDL(mmoll) 130032 138036  -182 0068
""""" DL (mmol)  251x081 251077 0038 0970
""""" SUA(umoll) 2790847 3310£827  -4413 000"
""""" HCY (umol) 15543 15843 0430 0668
""""" WbAlc (%)  575¢117 661100 4937  0001*
""""" ABEU 381371 409:41 5347 0001*
""""" PreAB (/) 025006  026£005  -1348 0179
""""" BUN (mmoll) 5115 53x19  -123 0218
""""" GR(umoll) 684193 sls241  -453  o0001*
""""" WBC (*101)  656+196 638172 0524 060l
""""" HGB (/L) 13284151 1348+140 0705 0482
""""" PLT(100) 22131561  2035¢467 1793 0074

Values are expressed as n (%), mean SD or median. BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic blood
pressure; CHOL — total cholesterol; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol;
SUA - serum uric acid; HCY — homocysteine; HbAlc — hemoglobin A1C; ALB — albumin; PreALB — pre-albumin; BUN — blood urea
nitrogen; CR — creatinine; WBC — white blood cells; HGB — hemoglobin; PLT — platelets. * P<0.05.

Table 2. A multiple logistic regression analysis to identify
independent factors of BPPV.

Variables OR (95% CI) 4

UA 0.997 (0.992-1.001)

level of SUA was independently related with the occurrence
of BPPV [OR 0.999 (95% Cl 0.991-1.006), P=0.163] (Table 2).

ROC analyses were performed to assess the levels of HbAlc
and albumin. The values of AUC for HbA1c and albumin were
0.757 (0.694-0.819) and 0.682 (0.596-0.768), respectively. The

HbAlc(%) ,,,,,,,,,,,, 05 62(0417_0758) ,,,,,,,,,,,,, 0001 ,,,,,,,,,,, cutoff value of HbAlc was 5.89 with a sensitivity of 61.3% and
ALB (g/L) 0.880 (0.799-0.969) 0.009 a specificity of 85.5%. The cutoff value of albumin was 40.7

"""""""""""""""""""""""""""""""""""""""""""""""""""""""" with a sensitivity of 77.3% and a specificity of 56.4% (Figure 1).
CR 0.984 (0.966-1.002) 0.075

SUA - serum uric acid; HbAlc — hemoglobin A1C; ALB — albumin;
CR - creatinine.

SUA [279.0+84.7 vs. 331.0+82.7], HbAlc [5.75+1.17 vs.
6.61+1.00], albumin [38.1+3.71 vs. 40.9+4.1], and creatinine
[68.4+19.3 vs. 81.5+24.1] were significantly lower in patients
with BPPV compared to the controls (P<0.05). According to
multiple logistic regression analysis, lower levels of albumin
and HbA1c were independently associated with BPPV (P<0.05),
with an OR of 0.680 (95% Cl 0.551-0.839) and 0.338 (95% CI
0.190-0.603), respectively. However, we did not find that the

Discussion

In present study, the values of SUA, HbA1lc, albumin, and cre-
atinine were much lower in patients with BPPV. Although the
values of SUA were lower in patients with BPPV, we did not
find SUA as an independent risk factor for the occurrence of
BPPV in multi-factor logistic regression. We also found that
the lower levels of HbAlc and albumin were independently
associated with BPPV.
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Figure 1. Comparison of ROC curves of glycosylated hemoglobin
and albumin to identify BPPV.

Although BPPV is well defined as a clinical entity, its patho-
physiologic mechanisms remain unclear. It is widely accept-
ed that BPPV is also caused when calcium carbonate materi-
al originating from the macula of the utricle falls into one of
the semicircular canals [12]. BPPV is also thought to be related
with some conditions leading to otoconia away from the utri-
cle, such as head trauma, vestibular neuritis, or other inner-
ear diseases. It is also hypothesized that the formation of the
particle occurs within the semicircular canals when a calcium
carbonate crystal becomes dislodged. Despite the above hy-
pothesis, we do not have access to the inner ear in real time,
particularly during attacks of BPPV, and we also have no ap-
proaches or techniques to access the condition of semicir-
cular canals and vestibula at present. As a consequence, we
are limited to clinical observation of symptomatic BPPV pa-
tients. Although most BPPV can be treated with specific ma-
neuvers, atypical BPPV may be misdiagnosed. Thus, informa-
tion helpful in early diagnosis of BBPV from blood tests would
be of great value.

Accumulating data have shown a close relationship between
the levels of SUA and a wide variety of cardiovascular and
cerebrovascular diseases and metabolic syndrome [4,6,13]. In
contrast, SUA may also be neuro-protective as an antioxidant
in multiple sclerosis [14] and Parkinson’s disease [15]. To the
best of our knowledge, however, there are only limited data
about the association of SUA with BPPV. On the one hand, a
study from Africa showed that levels of SUA were significant-
ly higher in 90 patients with BPPV [7,8]. A recent study from
Turkey also indicated an independent positive association be-
tween SUA and BPPV in 50 patients with BPPV [9]. On the oth-
er hand, however, some inconsistent results were also found. A
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United Kingdom study involving 20 patients with BPPV found
no association between SUA and BPPV [10]. A Korean study in-
volving 168 consecutive patients with BPPV and 194 controls
found that SUA levels were decreased in patients with BPPV
compared with controls, but it did not find that lower SUA was
an independent risk factor for BPPV [11]. Our results are in ac-
cordance with the Korean study. The differences and inconsis-
tency of previous studies from Asia and Europe may be part-
ly attributed to the age, sex, racial background, metabolism,
or variable lifestyles in different countries [9, 10]. To date, it
is still not clear why SUA appears to be associated with BPPV.
Therefore, we hypothesize that the results from Asians with
decreased SUA were different from results from Turks with in-
creased SUA, and SUA has different effects in different ethnic
groups. As a result, the mechanism of otoconia and the ex-
act relationship between SUA and BPPV remain unclear and
needs further investigation.

We found that serum albumin was decreased in patients with
BPPV and it was independently related with BPPV in our study.
Our results are in line with the study from Turkey, showing
that the reduced albumin was independently associated with
BPPV [9]. We speculate that recurrent attacks of dizziness and
constant vomiting cause malnutrition, leading to hypoprotein-
emia. However, the exact mechanisms underlying the asso-
ciation of albumin with BPPV requires further investigation.

Regarding HbA1c, according to the study from Turkey, there
was no difference in fasting blood glucose between BPPV pa-
tients and controls, but the indicators of DM severity (e.g.,
HbA1c levels) were not consistently available in that study [9].
To the best of our knowledge, our study is the first to find that
patients with BPPV had lower HbAlc, and HbAlc was inde-
pendently associated with BPPV. This may be a novelty in the
present study. Our findings may be influenced by the nutri-
tional habits in China and the poor nutrition caused by verti-
go attacks. However, the exact of relationship between HbA1lc
and BPPV remains unclear.

Our study has several strengths. First, although we aimed to
test the hypothesis that elevated levels of SUA contribute to
precipitating crystals, resulting in BPPV in the Chinese pop-
ulation, we did not find that SUA is an independent risk fac-
tor of BPPV. To the best of our knowledge, our study has the
largest sample size of BPPV patients from Asia. Furthermore,
our study further supports that albumin is reduced in patients
with BPPV, and the lower albumin is independently associat-
ed with BPPV both in Asian and European populations [9].
Furthermore, because the level of HbA1c was not consistent-
ly available by previous studies to explore its relationship with
BPPV, our study is the first to demonstrate that patients with
BPPV have lower HbAlc, and HbA1lc is independently asso-
ciated with BPPV.
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However, there are some limitations to be considered in our
study. Firstly, some inconsistent results from prior studies have
been reported, perhaps due to differences in age, sex, race, or
other undetermined environmental and demographic factors,
such as different diet or physical exercise habits, which may
have a remarkable impact on the metabolism of SUA. Secondly,
we did not analyze the levels of SUA according to the 3 dif-
ferent variants of BPPV (PSC, HSC, and ASC) or the position of
BPPV (left or right side). Thirdly, we did not perform follow-up
to detect the values of SUA at different stages of disease (e.g.,
acute stage or remission stage). Lastly, due to some technical
limitations, we did not test the biomarkers of osteoporosis,
such as otolin-1, aminoterminal propeptide of protocollagen
type |, aminoterminal telopeptides of collagen, and vitamin D,
which are urgently needed in our future studies [16].
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Conclusions

In summary, we found that lower levels of HbAlc and albu-
min were independently associated with BPPV. Although the
values of SUA were lower in patients with BPPV, we did not
find SUA as an independent risk factor for BPPV. The mecha-
nisms underlying these disorders are unclear. Future studies
need to address the underlying mechanisms and biomarkers
of BPPV [16], and large clinical trials are needed to investigate
other factors associated with BPPV.
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