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Abstract Introduction There have been reports indicating that patients with frequently
recurring benign paroxysmal positional vertigo (BPPV) had vitamin D deficiency, and
some studies indicated that the treatment of severe vitamin D deficiency is effective in
the reduction of the recurrence of BPPV.

Objective The purpose of the present study was to examine the effects of Vitamin D3
injection on recurrence among patients with a 10 ng/mL or lower 25-hydroxyvitamin D
blood concentration diagnosed with BPPV.

Methods Among 99 patients with idiopathic BPPV with vitamin D deficiency, 25
patients (case group) were submitted to 3 to 4 injections of 200,000 IU of vitamin D3 in
the first year. In total, 50 patients in the control group were selected through frequency
matching, with 25 patients in the case group. Age, gender, and type of BPPV are used in
matching variables with 1:2 matched data. The subjects of the study group were
followed up for 24 months.

Results The differences in relapse rates between the case and the control groups
were examined using the non-parametric Kruskal-Wallis test for k independent
samples. With regard to the relapse rates of the entire case and control groups by
period, from 0 to 6 months (p < 0.531), from 7 to 12 months (p < 1.000), and from 13
to 24 months (p <0.711), and in the entire study period (p < 0.883) there were no
statistically significant differences.

Conclusion The present case-control study indicated that vitamin D3 injection had no
significant effect on the recurrence of BPPV patients with vitamin D deficiency when
age, gender, and type of BPPV were homogeneous between the two groups.
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Some studies indicated that vitamin D is involved in the
metabolic process of calcium in the vestibular organ, and

Introduction

Benign paroxysmal positional vertigo (BPPV) is a disorder
arising in the inner ear, in which otoconia enter the semicir-
cular canal or adhere to the cupula and cause clinical
symptoms due to changes in position.

The particle repositioning maneuver is known to be the
standard treatment, but the 1-year recurrence rate is ~ 20%,
and recurrence rates within 4 to 5 years are of ~ 40% to 50%.' 3
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vitamin D deficiency affects the development of BPPV.*>
Otoconia are biocrystals that couple mechanic forces to the
sensory hair cells of the vestibular system. Otoconia are
composed of calcium carbonate (CaCOs) crystals and glyco-
proteins, and are connected with protein fibers on hair cells.*
Little has been done on issues related to otoconia regeneration
and degeneration in humans. But the generation, growth, and
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degeneration processes of otoconia are known to be regulated
by the calcium metabolic process of the vestibular organ in
animal studies.® Some study results indicated that vitamin
D-related epithelial calcium channel proteins as players for
otoconia formation are involved in determining the crystalline
morphology, growth, and stability of otoconia.’

Recent studies®~'? indicated that osteoporosis, which is
an example of calcium metabolic disease, is associated with
the development and recurrence of BPPV. There have also
been reports indicating that patients with frequently recur-
ring BPPV had vitamin D deficiency, along with study results
indicating that low levels of vitamin D were related to the
development of BPPV, while very low levels were associated
with the recurrence of BPPV.!'-'3 Moreover, a study'* indi-
cated that the treatment of severe vitamin D deficiency is
effective to reduce the recurrence of BPPV.

The present study was conducted to examine the effect
of vitamin Ds injection on BPPV recurrence in vitamin
D-deficient patients diagnosed with idiopathic BPPV who
had 25-hydroxyvitamin D (25-OH vitamin D) blood con-
centrations < 10 ng/mL.

Materials and Methods

The present study was conducted at a primary otorhinolar-
yngology clinic. The subjects of present study were selected
from among 299 patients diagnosed with idiopathic BPPV
with vitamin D deficiency from June 2014 to February 2016
at our outpatient clinic, and, among those, 99 individuals (23
males, 76 females; age range: 15-67 years) were recruited. In
accordance with the Declaration of Helsinki, oral and written
informed consent about the design, aim, and clinical impli-
cation of our study was obtained from all of the participants.

A total of 299 subjects with BPPV were examined to select
the study group. Patients with renal disease, Méniére dis-
ease, or any ear disease, such as chronic otitis media,
vestibular neuritis, and otitis media on the same side accom-
panying BPPV from the beginning, as well as patients
with secondary BPPV were excluded. Patient information
on age, gender, comorbidities (diabetes, hypertension, and

| Case group (N=25) ‘

Matching variables

age, gender,
type of BBPV

99 BPPV patients
with Vitamin D
deficiency (< 10ng/mL)

| Control group (N=50) ‘

Fig. 1 Study design.
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hyperlipidemia), 25-OH vitamin D concentrations and the
type and location of the semicircular canals involved in the
initial BPPV attacks were reviewed retrospectively. The sub-
jects were instructed to return to the clinic immediately if
they suspected BPPV recurrence, and direct patient tele-
phone calls were made to ensure the accuracy of the recur-
rence data. The entire observation period was of 26 months;
The first 2 months were the period of waiting for 25-OH
vitamin D levels in the blood to be normal, and the remaining
24 months were follow-up periods (~Fig. 1).

Blood samples were collected on the first visit to the
hospital and sent for tests on the same day. The 25-OH
vitamin D concentrations of the patients were measured using
a chemiluminescence immunoassay (CIA; Centaur, Siemens,
Munich, Germany) as a serum test. Levels lower than 10 ng/mL
were accepted as vitamin D deficient. In the case group, the
25-0H vitamin D concentration was re-evaluated 12 months
after the initial diagnosis.

Among the 99 patients with idiopathic BPPV with vitamin
D deficiency, 25 were enrolled in the present study. During
the follow-up period of 2 years, 25 patients (the case group)
were injected with 200,000 IU of vitamin D5 through an
intramuscular injection into the buttocks within 2 weeks
after the initial diagnosis. Twenty patients were submitted to
200,000 IU of vitamin D3 every 3 months after that, and 5
patients were submitted to 200,000 IU of vitamin D5 every
4 months. In total, 3 to 4 injections were administered in the
first year. The vitamin D injection solution used was in 1-ml
ampoules containing 200,000 IU (5mg) of cholecalciferol
(Merit D, Huons Pharmaceutical Co., Seongnam, Gyeonggi,
South Korea). The 25-OH vitamin D blood test was conducted
again at the first year of follow-up after the initial diagnosis.
The case group was divided into 2 subgroups: subgroup I
included 10 subjects diagnosed with posterior canal BPPV
and lateral canal BPPV, and subgroup Il included 15 subjects
diagnosed with cupulolithiasis BPPV and multiple BPPV.

Among the 99 patients with idiopathic BPPV with vitamin
D deficiency examined, 50 patients in the control group were
selected through frequency matching with 25 patients in the
case group.

-
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The age variable used in matching is a confounding
variable that is causally related to the occurrence and recur-
rence of BPPV, and it also has the nature of an effect modifier.
An effect modifier refers to a confounding variable that
causes different degrees of disturbance depending on its
layers. Age can be said to act as a confounding variable and as
an effect modifier. Gender is also a variable is related to the
occurrence and recurrence of BPPV. Recurrence affected
especially postmenopausal women due to the changes
caused by sex hormones. And canal types of BPPV are known
to be related with recurrence. Therefore, age, gender, and
type of BPPV are used in matching variables, which were
controlled using statistical analysis with 1:2 matched data.
The control group was divided into 2 subgroups: subgroup III
included 21 subjects diagnosed with posterior canal BPPV
and lateral canal BPPV, and subgroup IV included 29 subjects
diagnosed with cupulolithiasis BPPV and multiple BPPV.

All patients underwent physical examinations using pure
tone audiometry, videonystagmography, and video Frenzel
goggles (SLMED Co., Seoul, South Korea) when they first
visited the hospital and were diagnosed and treated by a
physician. The Dix-Hallpike, supine roll, and supine straight
head hanging tests were performed to determine the loca-
tion of the lesions.'? For posterior semicircular canal BPPV,
the Dix-Hallpike test was positive if nystagmus was recorded
with appropriate positioning, latency, duration, and fatiga-
bility. Lateral semicircular canal BPPV (LC-BPPV) was diag-
nosed by positional nystagmus changing in the horizontal
direction concurrent with vertigo triggered by the supine roll
test. According to the direction of the nystagmus as horizon-
tal geotropic and apogeotropic nystagmus, the LC-BPPV was
classified as canalolithiasis or cupulolithiasis respectively.
Multiple-canal BPPV includes either involvement of the same
canal on both sides, or simultaneous involvement of different
canals on the same or on both sides.

For the treatment, the modified Epley method was used in
the case of canalolithiasis of the posterior semicircular canal,
the Barbecue rotation method was used in the case of
canalolithiasis of the lateral semicircular canal, and the
Appiani and Gufoni methods were used in the case of
cupulolithiasis. The treatment was performed with a particle
repositioning maneuver once a day with intervals of 2 to
3 days. The criteria for a complete cure were determined to
be the disappearance of symptoms and the disappearance of
nystagmus in the physical examinations. The criterion for
recurrence was a diagnosis of BPPV based on the confirma-
tion of nystagmus with video Frenzel goggles due to dizziness
that occurred again at least one month after the complete
cure.

The median (interquartile range, IQR), frequency, and
ratio values were used for the descriptive statistics of the
data, and the parametric quantitative data were compared
using the Student t test. The parametric frequency data were
compared using the Chi-squared test. The non-parametric
Kruskal-Wallis test for k independent samples was mostly
used when there were non-parametric data. Values of
p<0.05 indicated statistical significance. The Statistical
Package for the Social Sciences (SPSS, IBM Corp., Armonk,
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NY, US) software, version 19.0, was used for the statistical
analysis.

Results

There were 25 patients (4 males and 21 females) in the case
group, and their median age was 40 years. The control group
consisted of 50 patients (8 males and 42 females; median
age: 45 years; p < 0.079) selected by 1:2 frequency matching
using age, gender, and canal types of BPPV as matching
variables. In the case group, 14 patients had canalolithiasis
(posterior canal in 1 patient, lateral canal in 9 patients, and
multiple canals in 4 patients), and 11 patients had cupulo-
lithiasis. The control group consisted of 26 patients with
canalolithiasis (posterior canal in 3 patients, lateral canal in
18 patients, and multiple canals in 5 patients), and 24
patients with cupulolithiasis.

During the follow-up period of 24 months, among the
patients in the case group, 3 had 1 relapse and 4 had 2
relapses, and among the patients in the control group, 9 had 1
relapse, 2 had 2 relapses, and 2 had 3 relapses (p < 0.311). The
total number of relapses in the case and control groups was
10 and 18 respectively (p <0.243). The 25-OH vitamin D
concentrations were of 6.06 ng/mL in the case group, and of
7.14 ng/mL in the control group at the beginning of the
experiment (p < 0.792). The 25-OH vitamin D concentration
in the case group was of 31.1ng mL at 1 year of follow-up.
There were 2 hypertensive patients in the case group, and 13
in the control group (p <0.076); regarding diabetes there

Table 1 Characteristics of the case and control groups

Case Control p-value
group group
(n=25) (n=50)
Gender (male;female) 4;21 8;42
Age: years (interquartile 40(13.5) 45(23.75) | 0.079
range, IQR)
Number of subjects 7 13 0.311
with recurrence (3;4;0) (9;2;2)
(single;two;three)
Total number of 10 18 0.243
recurrence attacks
Type of benign 14 26
paroxysmal (1;9:4) (3;18;5)
positional vertigo: 11 24
canalolithiasis
(posterior canal;lateral
canal;multiple canals)
cupulolithiasis
25-hydroxyvitamin D 6.06(3.5) | 7.14(3.0) 0.792
before treatment (IQR)
25-hydroxyvitamin D 31.1(6.8)
after treatment (IQR)
Hypertension 2 13 0.076
Diabetes 0 2 0.256
Hyperlipidemia 1 7 0.550

Notes: Result of t-test are age and vitamin D. The others are Chi-squared
test. No significant differences were detected between the subgroups.
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Table 2 Effect of vitamin D injection on benign paroxysmal positional vertigo patients in the case and control groups

Follow-up period | 0-6 months 7-12 months 13-24 months Total
Recurrence | Exact | Recurrence | Exact | Recurrence | Exact | Recurrence® | Exact
sig. sig. sig. sig.

Subgroups | Case (n=10) 2 1.000 | 1 0323 |0 1.000 | 2 0.756
LIl Control (n=21) 3 0 1 4
Subgroups | Case (n=15) 4 0.695 | 1 0.647 | 2 1.000 | 5 0.998
LIV Control (n=29) 5 4 5 9
Total Case (n=25) 6 0.531 | 2 1.000 | 2 0.711 | 7 0.883

Control (n=50) 3 2 6 13

Abbreviation: Exact sig, Exact test of significance.

Notes: Non-parametric Kruskal-Wallis test for k independent samples. Subgroups I,1ll: posterior canal and lateral canal benign paroxysmal positional
vertigo. Subgroups I1,1V: cupulolithiasis and multiple canal benign paroxysmal positional vertigo. *One patient’s recurrence was counted as once.

were 0 cases in the case group and 2 in the control group
(p<0.256); and there was 1 hyperlipidemic patient in the
case group and 7 in the control group (p < 0.550) (=~Table 1).

As shown in =Table 2, the differences in relapse rates
between the case and control groups were examined using
the non-parametric Kruskal-Wallis test for k independent
samples. The differences in relapse rates between subgroups
I (10 patients in the case group) and III (21 patients in the
control group) were compared by period: from 0 to 6 months,
7 to 12 months, 13 to 24 months, and over the entire period.
There was no statistically significant difference between the
2 groups after 6 months because 2 patients in the case group
and 3 patients in the control group had relapses, with
p < 1.000. In the period of 7 to 12 months, 1 patient in the
case group and O in the control group had relapses
(p <0.323); in the period of 13 to 24 months, 0 patients in
the case group and 1 in the control group had relapses
(p < 1.000); and, during the entire period, 2 patients in the
case group and 4 in the control group had relapses, with
p < 0.756 indicating that there was no statistical significance.

The relapse rates of subgroups II (15 patients in the case
group) and IV (29 patients in the control group) were
compared. Within 6 months, 4 patients in the case group
and 5 in the control group had relapses, with p <0.695
indicating that there was no statistical significance. In the
period of 7 to 12 months, 1 patient in the case group and 4 in
the control group had relapses (p < 0.647); in the period of 13
to 24 months, 2 patients in the case group and 5 in the control
group had relapses (p < 1.000); and, during the entire period,
5 patients in the case group and 9 in the control group had
relapses, with p <0.998 indicating that there was no statis-
tical significance. With regard to the relapse rates of the
entire case and control groups by period, within 6 months, 6
patients in the case group and 8 in the control group had
relapses, with p <0.531 indicating that there was no statis-
tical significance. In the period of 7 to 12 months, 2 patients
in the case group and 4 in the control group had relapses
(p < 1.000); in the period of 13 to 24 months, 2 patients in the
case group and 6 in the control group had relapses
(p<0.711); and, during the entire period, 7 patients in the
case group and 13 in the control group had relapses, with
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p < 0.883 indicating that there was no statistical significance
(=Table 2).

Discussion

There are case reports and other studies indicating that the
episodes of recurrence of BPPV decreased when the patients
took oral vitamin D every time they had a vitamin D deficien-
cy.13'14 In the present study, vitamin D injection therapy was
implemented to reduce recurrences occurring within twenty-
four months after the onset of BPPV, during which the risk of
recurrence is the highest, and case-control studies were con-
ducted. A decrease in the number of recurrences after imple-
menting vitamin D therapy in severe recurrence patients was
also observed by the author of the present study. This experi-
ence was the reason to conduct the study on vitamin D
injection therapy. However, the results of the follow-ups for
twenty-four months showed no significant difference be-
tween the vitamin D injection group and the control group,
which went against the author’s expectations.

The long-term recurrence rate of BPPV is generally known
to reach 40% to 50% between 3 and 5 years.z’3 However, the
results of one study'# indicate that most recurrences occur
within one year, especially within six months after the first
episode. Age, accompanying otologic disease, the female gen-
der, type of canal, number of particle repositioning maneuvers,
chronic disease, and vitamin D deficiency are known as factors
associated with recurrences.?>"'> Among them, the strongest
factor is age. According to von Brevern et al,'® the cumulative
prevalence of BPPV begins to increase rapidly from age 40. In
addition, the prevalence of BPPV among females is twice as
high as the prevalence among males. This difference is often
explained by differences in sex hormones. Therefore, studies
on the association between osteoporosis and BPPV have also
been mostly conducted with postmenopausal women with
rapid changes in sex hormones.®° Vitamin D is an important
factor in calcium metabolism, and is a well-known factor
associated with bone metabolic diseases such as osteoporosis.
Some studies indicated that vitamin D deficiency increases the
risk of fracture, and vitamin D supplementation therapy
reduces the risk of fracture in elderly patients.'”'® In otoconia
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metabolism studies®'? in relation to BPPV, the results indicat-
ed that vitamin D is involved in the calcium metabolic process,
and that vitamin D deficiency affects the occurrence of BPPV.
But there are studies'>2° that show no relationship between
vitamin D deficiency and BPPV. According to Giilsah et al,'® no
relationship was found between vitamin D, total calcium
levels, BPPV incidence and recurrence. And a meta-analysis?'
by AlGarni et al failed to establish a relationship between the
occurrence of BPPV and low vitamin D levels.

However, vitamin D supplementation therapy has recent-
ly been attracting attention in an effort to reduce the recur-
rence of BPPV. Vitamin D injection therapy has the effects of
more rapidly normalizing blood concentrations than oral
therapy, and of maintaining the drug concentration constant
during the treatment period. In addition, the maintained
concentration lasts longer, and there is not the inconve-
nience of taking the vitamin every day as with the oral
therapy. Therefore, the reliability and easiness of the injec-
tion therapy can be said to be higher than those of the oral
therapy. In another study,?? after an intramuscular injection
of 150,000-250,000 IU of vitamin Ds, the blood concentra-
tion of vitamin D was maintained at 20-25 ng/mL on average
12 months later. In a study conducted by Choi et al> with
South Koreans, 93% of the patients maintained blood con-
centrations of vitamin D > 20 ng/mL 3 months after the
injection, and 96% of the patients maintained concentrations
> 20 ng/mL 6 months after the injection. No side effect was
reported during the follow-up period.

The determination of the concentration levels of 25-OH
vitamin D for the treatment is important. This is still under
discussion in the case of vitamin D therapy for osteoporosis.
Although most studies concluded that vitamin D therapy is
effective in the treatment of patients with osteoporosis with
vitamin D deficiency, the results of a randomized, double-
blinded, placebo-controlled trial on the relationships between
vitamin D and bone density and muscle functions conducted
with patients with vitamin D blood concentrations > 21 ng/mL
by Hasen et al?* indicated that there were no differences
between the group submitted to vitamin D therapy and the
control group regarding the effects of the treatment.

In the present study, the target point of therapeutic
concentration of 25-OH vitamin D was set as > 20 ng/mL,
and the blood concentration of vitamin D in the case group
for the first year of follow-up was of 31.1 ng/mL.

The reasons why there was no difference in the rate of
recurrence between the vitamin D injection group and the
control group can be assumed as follows: first, the vitamin D
injection may not have an immediate therapeutic effect. In
general, the vitamin D blood concentration recovers to at
least 20 ng/mL within 2 weeks after vitamin D injections.
However, since the result of a long-term follow-up study'’ on
osteoporosis indicated that the total body bone mineral
density began to recover only one year after the injection,
the normalization of calcium metabolism that is associated
with otoconia in BPPV may also take a long time.

Second, it is assumed that, although vitamin D acts as a
factor associated with BPPV recurrence, it may not be effective
as a therapeutic agent because its role is not important.
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However, according to Talaat et al,'* the recurrence rate
decreased after 18 months of follow-up after vitamin D therapy
in patients with BPPV limited to the posterior semicircular
canal. Given the study® ' results that indicate that recurrence
rates change depending on the type of canal affected (the lateral
canal or multiple canals), vitamin D supplementation therapy
may be effective under limited conditions. The limitations of
our study are as follows: the treatment effects of vitamin D are
not yet clear, and may vary depending on the type of canal
affected. In the present study, there were many cases of lateral
canalolithiasis and cupulolithiasis rather than the posterior
canal type, making it difficult to compare with previous studies.

However, because there are many factors associated with
BPPV recurrence, for vitamin D to be a strong and effective
therapeutic factor regarding BPPV recurrence in vitamin D
deficient patients, case-control studies that are larger than
the present study are necessary.

Among the recent studies on the relationship between
metabolic diseases and BPPV, some studies indicate that
recurrences increase along with the number of chronic
diseases, such as diabetes and hypertension,25 and other
studies'>?® indicate that hypertension and hyperlipidemia
are factors associated with BPPV.

Vitamin D deficiency is known to increase the risk of
metabolic syndrome by increasing insulin resistance, and
vitamin D supplementation is known to be helpful in the
treatment of hypertension by lowering systolic blood pres-
sure.'® Eventually, vitamin D deficiency is thought to act on
metabolic diseases, thereby directly or indirectly affecting
the recurrence of BPPV. However, in the present study, the
diabetes, hypertension, and hyperlipidemia of the vitamin D
deficient patients did not affect BPPV recurrences.

Conclusion

The present case-control study indicated that vitamin Ds
injection had no significant effect on the recurrences of BPPV
in patients with vitamin D deficiency when age, gender, and
type of BPPV were homogeneous between the two groups.
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