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Abstract Introduction Benign paroxysmal positional vertigo (BPPV) is one of the common
disorders of the peripheral vestibular system. The prevalence of BPPV is found to be
higher among middle-aged women.

Objectives To estimate the serum levels of calcium and vitamin D in patients with
BPPV, and to study their association.

Methods The present is a hospital-based prospective case-control study. Venous
blood samples of the 49 patients with BPPV and an equal number of age- and gender-
matched individuals were recruited and submitted to an analysis of the serum levels of
calcium and vitamin D.

Results Among the cases, 67.3% were found to be females, and 32.7% were males.
Most of the 30 cases (61.3%) were aged > 40 years. The mean age of the cases was
44.39 years. The mean serum level of vitamin D in the cases was of 21.26 ng/ml
compared with 17.59 ng/ml in the controls. The mean serum level of calcium was of
9.33 mg/dl in the cases, compared with 8.95mg/dl in the controls. There was no
significant difference in the serum levels of vitamin D and calcium between cases and
controls.

Conclusion We could not establish any correlation between the serum levels of
calcium and vitamin D with BPPV. However, a negative relationship was found between
the serum levels of vitamin D and the number of episodes of BPPV (p =0.012).
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the otoconia are labyrinthitis and head trauma; the exact
etiology of BPPV remains unidentified in most cases.’

Introduction

Benign paroxysmal positional vertigo (BPPV) is considered
the most common cause of vertigo. It is characterized by
recurring attacks of vertigo when the head is placed in a
particular critical position.1 The mechanism of BPPV is
explained by the otoconial displacement to the semicircular
canals (SCCs) from the utricle, secondary to the degeneration
of the vestibular system involving the otoliths. Among the
various factors that lead to the damage and dislodgement of
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Benign paroxysmal positional vertigo can be observed in any
age group, but a higher incidence of BPPV has been reported in
the elderly population. Idiopathic BPPV has been linked
to general diseases like diabetes,> chronic thyroiditis,* hyper-
tension, hyperlipidemia, stroke,* osteoporosis/osteopenia,’
and vitamin D deficiency.® Among these, the association of
BPPV with vitamin D deficiency and osteoporosis implies that
deranged calcium metabolism may be underlying BPPV.
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The present study aimed to estimate serum levels of
calcium and vitamin D in patients with BPPV and to study
if there was any association between them and BBPV.

Methods

The present is a prospective study performed in the tertiary
care hospital of our institution between January 2018 and
June 2019. Approval by the institutional ethics committee
was obtained. Patients with clinical features of positional
vertigo were evaluated with the positional maneuver. Those
patients with a positive result on positional maneuvers were
included in the study with written informed consent.
Patients on vitamin D or calcium supplementation, for any
reason, were excluded from the study. With particular
emphasis on the number of episodes of positional vertigo,
their history was recorded, followed by a thorough ear, nose
and throat (ENT) examination. Venous blood samples were
collected and analyzed for serum calcium using automated
standard laboratory methods. The analysis of the serum
levels of vitamin D (25-hydroxyvitamin D) was performed
using a radioimmunoassay test with the cobas e 411 analyzer
(Roche, Basel, Switzerland). The control group was composed
of age- and gender-matched healthy individuals from the
same geographical area, not on calcium or vitamin D sup-
plementation for any other reason. The serum levels of
calcium and vitamin D of the controls were estimated after
we obtained the written informed consent.

Quantitative variables, such as age and serum levels of
calcium and vitamin D are expressed as means and standard
deviations. Qualitative data, such as gender, type of BPPV
(posterior, horizontal, and anterior) are expressed as percen-
tages and proportions. The Chi-squared test was used to assess
the degree of association. The odds of the disease among the
exposed were calculated as discordant pairs (b/c), with a 95%
confidence interval (95%CI). The Statistical Package for the
Social Sciences (SPSS, IBM Corp., Armonk, NY, US) software,
version 22.0, was used to analyze the collected data. Values of
p < 0.05 were considered statistically significant. The Pearson
correlation was used to assess the association between the
serum levels of vitamin D and the number of episodes of BPPV.

Results

The present study included 49 cases of BPPV and an equal
number of age- and gender-matched controls. There was a
female preponderance; 67.3% of the sample were composed
of female patients, and 32.7% were males. This ratio was
maintained during the selection of the control group. The
youngest patient in our study was 21 years old, and the oldest
was 74 years old. Most of the cases were in the age group of
41 to 50 years; 16 patients (32.7%) were in this group. The
mean age of the cases in our study was 44.39 years.

Most of the cases (49%) had experienced 4 to 6 episodes
of positional vertigo before enrolling in the study; 22.5% had
more than 6 episodes. The maximum number of episodes
recorded among the cases was 15, and the minimum was 1
(~Table 1).
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Table 1 Number of episodes among the study sample

Number of episodes Cases (n=49) Percentage
1-3 14 28.5%

4-6 24 49%

> 6 11 22.5%

The clinical diagnosis was made by performing positional
maneuvers. The Dix-Hallpike maneuver was found to be
positive in all the patients in the present study, indicating
the involvement of the posterior SCC. Among the 49 cases, 31
(63.3%) had left-sided BPPV, and 17 (34.7%) had right-sided
BPPV. Only 1 (2.04%) out of the 49 cases had bilateral BPPV.

The mean serum level of vitamin D among the cases was of
21.2ng/ml, and, among the controls, it was of 17.5 ng/ml.
However, the statistical analysis did not show any signifi-
cance (p=0.243).

According to the serum levels of vitamin D, the cases and
controls were further categorized into 3 subgroups. Group 1:
vitamin D < 10ng/ml; group 2: vitamin D > 11 ng/ml and
< 30ng/ml; and group 3 (optimum): vitamin D > 31 ng/ml.

Among the cases, 7 (14.28%: 4 male; 3 female) were in
group 3; 40 (81.63%: 11 male; 29 female) were in group 2;
and 2 (4.08%: 1 male; 1 female) were in group 1 (~Table 2).

Among the 49 controls, 6 (12.24%; 2 male and 4 female)
were in group 3; 37 (75.51%; 13 male and 24 female) were in
group 2; and 6 (12.24%; 1 male; 5 female) were in group 1.

Low serum levels of vitamin D (< 30 ng/ml) were observed
in 42 (85.7%) of the cases and in 43 (87.8%) of the controls.
The mean serum level of vitamin D level in the cases was of
21.26 ng/ml, and of 17.59 ng/ml in the controls (~Table 3).
However, there was no statistically significant association
between the srum levels of vitamin D and BPPV among the
cases or controls (p =0.243).

There was a negative correlation between the serum
levels of vitamin D and the number of BPPV episodes,
suggesting that people with lower levels had more episodes
(Pearson correlation; r =-0.357).

The mean serum level of calcium among the cases was of
9.337mg/dl, and among the controls, it was of 8.955 mg/dl
(=~Table 4). The statistical analysis did not show any significance
between the serum levels of calcium and BPPV (p =0.976).

Discussion

Vertigo is a sensation that the environment is spinning,
indicating a lesion within the vestibular system that can be
either central or peripheral.” Among all the peripheral
vestibular disorders that cause vertigo, BPPV is the most
common® peripheral vestibular disease, contributing to 12%
to 51% of the cases of vertigo in the clinical practice, accord-
ing to studies in different geographical areas.>'0

In the present study, we included 49 clinically-diagnosed
cases of BPPV and 49 controls who were age- and gender-
matched healthy individuals. There was a preponderance of
female patients among the cases, with 33(67.3%) female
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Table 2 Numbers of cases and controls regarding serum levels of vitamin D
Serum level of vitamin D Cases (n=49) Controls (n=49)
(ng/mL) Male Female Total Male Female Total
<10 1 1 2 1 5 6
11-30 11 29 40 13 24 37
> 30 (optimal) 4 3 7 2 4 6

Table 3 Serum levels of vitamin D (ng/mL) in the cases and controls

Mean Standard deviation 95% confidence interval p-value on the t-test
for the mean
Lower bound Upper bound
Cases (n=49) 21.2639 0.56718 18.5159 24.0119 0.243
Controls (n=49) 17.5906 0.06099 15.2752 19.9060

Table 4 Serum levels of calcium (mg/dL) in the cases and controls

Mean Standard deviation 95% confidence interval p-value on the t-test
for the mean
Lower bound Upper bound
Cases (n=49) 9.337 0.5525 9.178 9.495 0.976
Controls (n=49) 8.955 0.8193 8.720 9.190

patients, and 16 (32.7%) male patients. This was in line with a
previous study,"' which reported that BPPV is common
among females.

In the present study, the youngest patient was 21 years
old, and the oldest was 74 years old. The mean age of the
patients in our study was 44.39 years. This observation is in
line with past researches,'"-'> which indicated that BPPV is
not a common disease among the younger age group.

Benign paroxysmal positional vertigo has been found
more frequently among women older than 50 years of
age than in younger women. One of the causes of this may
be the hormonal changes due to menopause, which influence
calcium metabolism.' This could be because of the degen-
eration of the otoconia due to altered calcium metabolism,
which facilitates their dislocation.'

Benign paroxysmal positional vertigo can result either
due to canalithiasis or cupulolithiasis, and it can affect any of
the three SCCs. In the present study, all the cases had
involvement of the posterior SCC. This may be attributed
to the fact that canalithiasis most frequently involves the
posterior SCC as it is the most dependent canal.”

The involvement of the posterior SCC has been reported as
the most common, followed by the lateral semicircular canal
and anterior SCCs. Thoug rare, tere may be a combinations of
posterior and lateral sccs.M

There is no unanimity regarding the laterality of BPPV, as
few studies reported the disease to be common on the right
side, while the others, on the left side.®'® In the present
research, we found that among the 49 cases, 48 (97.9%) had
unilateral BPPV. The left side was more commonly affected

(31 cases - 63.3%) compared with the right side. In the
present study, only 1 out of the 49 cases (2.04%) had bilateral
involvement of the posterior SCCs, a rare phenomenon
accounting for less than 10% of the cases according to
literature."” Bilateral involvement of SCCs is frequently
seen following a head injury.® However, our patient did
not have any such history of head trauma.

Different studies have demonstrated the relationship
between bone metabolism and BPPV.%>' Studies have shown
a similar relationship between the otoconia and bone
biomineralization; the organization of the matrix is identical
in the two tissues,>'® and they share the majority of the
constituents of the proteins. Like the teeth and bones, the
biomineralization of the otoconia involvesa tight regulation
of the organic matrix formation at specific sites, and the
deposition of mineral crystallites in an orderly manner.'® The
evidence that favors the relationship between deranged
calcium metabolism and BPPV are: reduced bone mineral
density is more commonly observed in BPPV patients than in
healthy controls; estrogen deficiency causing otoconia de-
generation and development of BPPV; reduced levels of
vitamin D associated with the development of BPPV; and
supplementation of vitamin D and calcium lowering the
episodes of BPPV.°

The mean serum level of vitamin D in the present
study was of 21.26 ng/mL among the cases compared, with
17.59 ng/mL in the control group; however, there was no
correlation between these levels and BPPV, as both the cases
and controls had almost comparable mean serum levels of
vitamin D (p =0.243).
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A few earlier studies correlated the serum levels of
vitamin D and calcium with BPPV, with a hypothesis of a
higher prevalence of BPPV among people with low levels of
vitamin D. Cikrikci et al.'® determined the median serum
levels of vitamin D among BPPV patients and healthy controls
to be of 9.51 ng/ml and 7.8 ng/ml respectively, but did not
find any statistical significance between the cases and
controls (p =0.99). In the same study, the median total serum
level of calcium was of 9.5 mg/dl among the cases, and of
9.43 mg/dl in the control group, with no statistically signifi-
cant difference between the two groups (r=0.34). They
could not ascertain a significant relationship between the
serum levels of vitamin D and calcium in both groups
(p>0.05), and were also unable to establish a statistically
significant correlation between vitamin D and calcium levels
among the cases and controls.

In the present study, we established a negative correlation
between serum levels of vitamin D and episodes of BPPV.
A few studies have shown that vitamin D deficiency and
insufficiency are associated with increased BPPV
episodes.?%2" There is evidence suggesting an improvement
in the recurrences of BPPV after the correction of the vitamin
D deficiency.'®

Vitamin D levels are influenced by age and seasonal
factors, apart from several other factors like gender, dressing
habits, skin color, diet, body mass index, and supplements.?2
In the present research, most of the cases and controls were
female, and the mean age was also higher. These could be the
reasons why vitamin D was found to be low in both cases and
controls in the present study.

Vitamin D is known to influence calcium metabolism.
However, researchers® could not establish any association
between the serum levels of calcium and BPPV. This rela-
tionship was also assessed in the present study, and we could
not find any significant difference in the total levels of
calcium of the cases and controls.

Recurrence of BPPV is a frequently encountered problem.
A significantly higher recurrence is observed among patients
with osteoporosis as compared with patients with normal
bone mass. The decrease in bone mineral density is associat-
ed with an increase in the frequency of BPPV recurrence,
especially among middle-aged women.?3-4

Conclusion

We concluded that BPPV mainly affects women, and it is a
disease of the older-age group. The results of the present study
showed that the serum levels of vitamin D were generally low
among the study population. No correlation was established
between the serum levels of calcium and vitamin D with BPPV.
This may be because of the overall lower serum levels of
vitamin D among the general population in this geographical
area. However, a negative correlation was established between
the serum levels of vitamin D and several BPPV episodes, which
was statistically significant, suggesting that, as the levels of
vitamin D decrease, there are more chances of recurrence
of BPPV.
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Limitations of the Study

The sample size is small to derive a definite conclusion,
considering the prevalence of BPPV. A study with a large
sample is recommended. The control group was selected
based only on the history of absence of vertigo. We did not
perform any clinical evaluation or positional maneuvers on
the controls, which may have led us to miss unrecognized
cases of BPPV. The seasonality of BPPV, which could have
affected the its presentation, was not recorded. We did not
study the bone mineral density, which could be a better
parameter than the serum levels of vitamin D and calcium. As
the relationship between vitamin D and BPPV is complex, a
causal association can be established with a systematic study
in different geographical regions.
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