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Prospective Clinical Investigation of the Relationship Between

Idiopathic Benign Paroxysmal Positional Vertigo and Bone Turnover:

A Pilot Study
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Anne M. Kenny, MD

Objective/Hypothesis: Idiopathic benign paroxysmal positional vertigo (BPPV) is a strong indicator of decreased bone
density (osteopenia/osteoporosis) in postmenopausal women, and there is a correlation between BPPV and serum levels of
biochemical markers of bone turnover.

Study Design: Prospective pilot clinical trial.
Methods: Two groups of postmenopausal women were recruited. The BPPV group consisted of 16 women with a diag-

nosis of BPPV. The OSTEO group consisted of 13 women with history of osteopenia/osteoporosis. Dual-energy x-ray absorpti-
ometry scan results were compared, along with serum levels of ionized calcium (iCa), vitamin D, aminoterminal propeptide of
protocollagen type I (P1NP), and aminoterminal telopeptides of collagen (sNTX).

Results: Prevalence of decreased bone mass density among BPPV subjects was 81%, and prevalence of BPPV among
OSTEO subjects was 31%. BPPV subjects had higher P1NP levels. Multiple regression analysis showed that among BPPV sub-
jects, there was positive correlation between P1NP and sNTX and a negative correlation between P1NP and vitamin D level.
Age was positively correlated with serum levels of both biomarkers among the BPPV subjects. T score, serum iCa, and serum
vitamin D levels did not appear to correlate with presence of BPPV.

Conclusions: Idiopathic BPPV subjects have a high prevalence of osteopenia/osteoporosis. Levels of biochemical
markers of bone turnover correlate with presence of BPPV. Our results, based on a sample of U.S. subjects, support an associ-
ation between idiopathic BPPV and disorders of bone turnover.
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INTRODUCTION
Benign paroxysmal positional vertigo (BPPV) is the

most common cause of dizziness in older people. The 1-
year prevalence of individuals with BPPV attacks (new
onset and recurrent) rises steeply with age: from 0.5% in
18 to 39 year olds to 3.4% in individuals over 60 years of
age. The cumulative (lifetime) incidence of BPPV reaches
almost 10% by the age of 80.1 In consecutive examina-
tions of 100 older patients in an urban clinic, 9% were

found to have undiagnosed BPPV.2 Women are two times
more likely to experience BPPV.1 Older patients are 1.7
times more likely to experience recurrences.3

The etiology of BPPV is poorly understood. It is
widely believed that one of the mechanisms that gives
rise to symptoms of BPPV involves displacement of oto-
conia (calcium carbonate crystals) from the macula of
the utricle into the semicircular canals and ampulla of
the semicircular canals (canalithiasis and cupulolithia-
sis, respectively). The displaced otoliths can induce endo-
lymph flow on head movement or convert structures
sensitive to angular acceleration to linear/gravitational
detectors.

BPPV has adverse psychosocial consequences
including reduced health-related quality of life4 and
severe subjective impairment and avoidance behavior in
70% of individuals with BPPV.1 Patients with unrecog-
nized BPPV are more likely to have reduced scores in
activities of daily living, to have sustained a fall in the
previous 3 months, and to experience depression.2

Associations have been reported between BPPV and
diabetes,5 chronic thyroiditis,6 hypertension, hyperlipid-
emia, stroke,1 and osteoporosis.7 Among these, the asso-
ciation with osteoporosis has raised much interest, in
part because it implies that abnormal calcium
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metabolism may underlie BPPV. Vibert et al. reported
that among 32 women with BPPV who were 50 to 85
years old, 75% had osteopenia/osteoporosis on dual x-ray
absorptiometry (DEXA) of spine and hip.7 Jang and
Kang reported that women (20–69 years old) with idio-
pathic BPPV had lower bone mass density (BMD) values
compared to healthy controls.8 They also reported that
patients with low BMD measured by DEXA of spine and
hip had increased recurrence rate and required
increased number of canalith repositioning maneuvers.
Jeong et al. evaluated BMD in lumbar spine and femur
of 209 men and women with idiopathic BPPV and com-
pared them to control subjects without a history of ver-
tigo.9 Prevalences of osteopenia and osteoporosis were
higher in both women and men with BPPV than in con-
trols. In the only study conducted in the United States,
Mikulec et al. conducted a retrospective chart review to
assess the prevalence of “treated osteoporosis” (antire-
sorptive therapy) in 260 women with and without BPPV
who were between 51 and 80 years old.10 They observed
a statistically significant negative association between
BPPV and “treated osteoporosis” in women aged 51 to 60
years and a trend in older women. Finally, a recent pilot
study showed that in a small group of patients with
BPPV recurrence, vitamin D (Vit D) levels were lower
than in those without recurrence and that recurrences
were relieved with Vit D supplementation.11

Although a number of studies have investigated the
association between BPPV and osteoporosis, none has
corroborated their findings by examining serum markers
of bone turnover. Building on the background of these
studies, we hypothesize that patients with idiopathic
BPPV (iBPPV) have increased serum levels of biochemi-
cal markers of bone turnover. As noted, the incidence of
unrecognized BPPV in a geriatric clinic is about 9%.2 We
further hypothesize that if there is a relationship
between BPPV and osteoporosis, the incidence of BPPV
in postmenopausal women with osteoporosis should be
higher than 9%. This prospective investigation was
designed to gather pilot data to examine these
hypotheses.

MATERIALS AND METHODS

Subjects
This study was approved by our institutional review

board. Two groups of postmenopausal women participated in
this pilot study. The first group (BPPV) consisted of women
diagnosed with BPPV. Subjects were recruited from the Division
of Otolaryngology–Head and Neck Surgery patient base. The
second group (OSTEO) consisted of women with history of
osteopenia or osteoporosis. Subjects for the OSTEO group were
recruited from the Osteoporosis Clinic patient base.

Because of the pilot nature of this investigation and the
need to concentrate resources in the group with the highest
potential yield, men and young women were not included in
this study. The following exclusion criteria were applied to sub-
jects of both groups: premenopausal women; male sex; inability
to provide consent (e.g., presence of mental retardation or de-
mentia); vulnerable populations (e.g., trainees and prisoners);
focal findings on routine cranial nerve exam; history of other
vestibular disorders (e.g., labyrinthitis, Meniere’s disease,

Paget’s disease, advanced otosclerosis, vestibular neuritis, ves-
tibular schwannoma, Cogan’s syndrome); history of balance dis-
orders of other etiology (e.g., peripheral neuropathy,
vertebrobasilar insufficiency, hypotension, arrhythmia, Arnold-
Chiari malformation); history of ear surgery; presence of otitis
media; inability to undergo positional testing (i.e., Dix-Hallpike
maneuver) due to neck musculoskeletal disorder; and inability
to lie supine.

Clinical Diagnosis of BPPV
Diagnosis of BPPV was based on history and physical ex-

amination. Brief episodes of vertigo elicited by change in head
position were taken as highly suggestive of BPPV in the ab-
sence of history of other type of vertigo. Routine physical exami-
nation was carried out including cranial nerve examination and
positional testing with Frenzel goggles in place. Posterior canal
BPPV was diagnosed when positioning nystagmus on Dix-Hall-
pike maneuver induced torsional upbeat, geotropic nystagmus
(gaze straight ahead, fixation denied).

Data Collection
A DEXA scan was obtained for all subjects who had not

had one obtained within the 2-year interval before presentation.
A T score, derived from the DEXA measurement, expresses an
individual’s BMD (in standard deviations) compared to the
mean BMD of a “young normal” adult population of the same
sex. A T score of �21 is considered normal BMD; low bone
mass or osteopenia is diagnosed when the T score is between
21 and 22.5; and osteoporosis is diagnosed with a T score of
�22.5. BMD was measured at lumbar spine (L1–L4) and proxi-
mal femur. The lowest T score for each subject was used for the
subsequent analyses.

Morning fasting blood samples were obtained for measure-
ment of the following: ionized calcium (iCa); Vit D, 25(OH)D3
(IDS; distributed in the US by Immunodiagnostic Systems Lim-
ited, Fountain Hills, AZ); marker for bone resorption: aminoter-
minal telopeptides of collagen (sNTX) (Wampole Labs,
Princeton, NJ); and marker for bone formation: aminoterminal
propeptide of protocollagen type I (P1NP) (Orion Diagnostica,
Finland).

Statistical Analysis
Comparisons were carried out between BPPV and OSTEO

groups. Mean comparisons for parametric dependent variables
was carried out using two-tailed t tests. Pearson product correla-
tion coefficient, r, and regression analysis were used to measure
the strength of the linear relationship between two variables.
Statistical significance of correlation coefficient was determined
using one-tailed probability levels. Multiple regression analyses
were carried out with statistical significance determined using
analysis of variance for the R2 values and t statistic for the indi-
vidual regression coefficients. A P value of less than .05 was
accepted as statistically significant. Statistical analyses were
carried out using Excel 2007 (Microsoft Corp., Redmond, WA)
and SYSTAT 13 (Systat Software, Inc. Chicago, IL).

RESULTS

Demographics
Overall, 29 subjects participated in this pilot study.

Participants ranged in age from 49 to 81 years with
a mean age of 66.9 (standard error of the mean [SEM],
1.8 years). The BPPV group consisted of 16 subjects.
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BPPV subjects ranged in age from 52 to 81 years with a
mean age of 68.5 (SEM, 2.5 years). Results showed 56.2%
had history of smoking, 12.5% were current smokers, and
56% consumed alcohol. Fifty percent had a family history
(mother, father, or sibling) of osteoporosis. The OSTEO
group consisted of 13 subjects. OSTEO subjects ranged in
age from 49 to 76 years, with a mean age of 65.1 (SEM,
2.7 years). A two-tailed t test showed no significant statis-
tical difference between the two age distributions
(P 5.39). Among the OSTEO subjects, 46.1% had a
history of smoking, and 7.6% were current smokers;
76.9% of the OSTEO subjects consumed alcohol. Sixty-
one percent had a family history of osteoporosis. All
subjects diagnosed with BPPV had posterior canal BPPV.

BMD
The relationship of BMD (T score) to age is shown

in Figure 1. T score appeared to be directly related to
age in both groups, with older subjects having higher T
scores. Correlation coefficient was 0.35 (P<.05) for the
entire sample and 0.31 (P>.05) and 0.43 (P>.05) in the
BPPV and OSTEO groups, respectively.

The distribution of BMD T scores for the entire sub-
ject population is shown in Figure 2. As expected, the T
scores for the OSTEO group were skewed to �21 (sam-
ple mean 6 SEM, 21.87 6 0.13). The distribution of T
scores of the BPPV group ranged from 23.3 to 1.3
(1.31 6 0.3) and overlapped with that of the OSTEO
group. The difference between the two distributions was
not statistically significant (P 5.065).

Thirteen of 16 BPPV subjects had a T score <21,
giving a prevalence of 81.25%. There were 18.75% with
a T score <22.5. Three of 13 (23.1%) OSTEO subjects
had a T score <22.5. Four of 13 OSTEO subjects had
BPPV, producing a prevalence of 30.78%.

Calcium and Vit D
No cases of hypocalcemia or Vit D deficiency were

identified. Among BPPV subjects, mean iCa level was
1.29 6 0.01 mM/L, and that of OSTEO subjects was
1.28 6 0.01 mM/L. A t test showed no significant differ-
ence between iCa levels of BPPV and OSTEO groups

(P 5.61). However, in the BPPV group there appeared to
be an association between iCa and Vit D levels, such
that iCa levels increased as Vit D levels increased, giv-
ing rise to a correlation coefficient of 0.23 (P>.05) (.05
for the OSTEO group). Lowest T scores in both BPPV
and OSTEO groups tended to be associated with higher
iCa levels. The correlation coefficients of the two groups
were similar (BPPV 20.54, P<.025; OSTEO 20.35,
P>.05; overall 20.43, P<.01).

Mean Vit D level was 101.7 6 6.5 nM/L among the
entire group, and levels of the BPPV and OSTEO groups
were 103.2 6 9.2 and 99.8 6 9.6 nM/L. A t test showed no
significant difference between Vit D levels of BPPV and
OSTEO groups (P 5.8). There did not appear to be a rela-
tionship between T score and Vit D level, nor was there a
difference between the BPPV and OSTEO groups.

Serum Markers of Bone Turnover
Top panel of Figure 3 shows the distribution and

P1NP levels for the BPPV and OSTEO groups. Among
the BPPV subjects, 44% had P1NP levels >60 lg/L,
whereas only 8% of the OSTEO subjects had P1NP lev-
els in this range. Bottom panel of Figure 3 shows mean
P1NP levels and 95% confidence intervals for the two
groups. The mean P1NP level of the BPPV group was
higher (49.25 6 5.6 lg/L) than that of the OSTEO group
(32.1 6 4 lg/L). A t test showed that this difference was
statistically significant (P 5.024).

Figure 4 shows the distribution of sNTX levels for
the two groups. The two groups had similar distributions
with mean levels of 16.96 6 1 nM bone collagen equiva-
lents (BCE)/L for the BPPV group and 18.69 6 1.3 nM
BCE/L for the OSTEO group. A t test showed no signifi-
cant difference between the two groups (P 5.3).

Figure 5 shows P1NP as a function of sNTX levels.
There appeared to be a relationship between the two se-
rum markers among the BPPV patients, such that the
higher the P1NP level, the higher the sNTX was. This
relationship gave rise to a correlation coefficient of 0.75
(P<.0005). In contrast, there was no significant relation-
ship between P1NP and sNTX among the OSTEO
patients (r 5 20.064, P>.05).

Fig. 1. The relationship of T score to age for benign paroxysmal
positional vertigo (BPPV) and osteopenia/osteoporosis (OSTEO)
groups.

Fig. 2. The distribution of bone mass density T scores for the
study subjects. BPPV 5 benign paroxysmal positional vertigo;
OSTEO 5 osteopenia/osteoporosis.
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No statistically significant relationships between
P1NP or sNTX and T score were observed among BPPV
or OSTEO subjects (P>.05). No significant relationships
between P1NP or sNTX and serum iCa level in either
BPPV or OSTEO groups were identified.

Forty-four percent of the BPPV subjects had P1NP
>60 lg/L. This subgroup of BPPV subjects (71.8 6 11.2
lg/L, n 5 7) were compared to those with lower P1NP
�60 lg/L (31.1 6 7.7 lg/L, n 5 9). Despite the small num-
ber of subjects in these two groups, the difference
between them was statistically significant (t test,
P<.0005). When sNTX levels were compared among
these two groups, the high P1NP group also had higher
sNTX (20 6 1.9 vs. 14.6 6 3.5 nM BCE/L). This difference
was also statistically significant (t test, P<.0015). There
were no other statistically significant differences in
terms of age, T score, iCa, or Vit D levels between the
two groups. It is noteworthy that the BPPV subjects
with higher P1NP levels had an average T score of
21.12 (SEM 5 1.2).

To verify the importance of serum P1NP levels, cor-
relation and multiple regression analysis was carried
out for BPPV and OSTEO groups to examine the rela-
tionship between P1NP level and age, serum levels of
P1NP, sNTx, Vit D, and iCa, and worst T score. The mul-
tiple regression model with all five predictors produced
R2 5 0.79, P<.0035 and .41, P 5.5 for the BPPV and
OSTEO groups, respectively. Among predictors of P1NP
for the BPPV group, sNTX showed a statistically

significant positive influence (R 5 4.41, P<.005), and Vit
D had a statistically significant negative influence
(R 5 20.24, P<.045). Age, serum iCa, and T score
showed no correlation with serum P1NP level.

DISCUSSION
A key finding of this prospective pilot study was

that the prevalence of osteopenia/osteoporosis (decreased
BMD) among BPPV subjects was 81%. Our rate, based
on a U.S. sample, is similar to that of Vibert et al. who
reported that among 50- to 85-year-old Swiss women
with BPPV,7 75% had osteopenia/osteoporosis; our find-
ing was also consistent with the findings of Jang and
Kang8 and Jeong et al.9 from South Korea. Among
women >50 years old, it is estimated that 37% to 50%
have osteopenia and 13% to 18% have osteoporosis.12

Therefore, our observed rate of 81% in our BPPV small
sample is much higher than that expected.

We further hypothesized that if there is a relation-
ship between BPPV and osteoporosis, the incidence of

Fig. 3. Top panel: Distribution of aminoterminal propeptide of pro-
tocollagen type I (P1NP) for both benign paroxysmal positional
vertigo (BPPV) and osteopenia/osteoporosis (OSTEO) groups. Bot-
tom panel: Mean P1NP level for BPPV and OSTEO groups. For
reference, serum P1NP levels of women 40 to 44 years old range
from 15.4 to 59.9 lg/L.22 Error bars represent 95% confidence
interval.

Fig. 5. The relationship between aminoterminal propeptide of pro-
tocollagen type I (P1NP) and aminoterminal telopeptides of colla-
gen (sNTX) among benign paroxysmal positional vertigo (BPPV)
and osteopenia/osteoporosis (OSTEO) patients. The four OSTEO
patients diagnosed with BPPV (OSTEO/B) are identified.

Fig. 4. Distribution of aminoterminal telopeptides of collagen
(sNTX) for both benign paroxysmal positional vertigo (BPPV) and
osteopenia/osteoporosis (OSTEO) groups. For reference, sNTX of
women 40 to 44 years of age ranges between 7.5 and 16.5 nM
bone collagen equivalents (BCE)/L (Nishizawa et al.22).
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BPPV in postmenopausal women with osteopenia/osteo-
porosis should be substantially higher than 9%, the rate
of unrecognized BPPV in the geriatric population.2 In
fact this pilot study found that the prevalence of BPPV
among OSTEO subjects was 31%. Given that our rate is
substantially higher than the expected incidence of
BPPV in this population, the association between the
two disorders appears to be strengthened.

Arguably, the co-occurrence of two morbidities is
not by itself supportive of a relationship. We hypothe-
sized that if BPPV and osteoporosis are strongly associ-
ated, then there should also be a correlation between the
presence of BPPV and levels of biochemical markers of
bone turnover in the serum. Our pilot results support
this hypothesis. BPPV subjects had higher P1NP levels
and showed a strong positive correlation between P1NP
and sNTX levels. Multiple regression analysis revealed
that sNTX had a positive influence, and Vit D levels had
a negative influence on P1NP levels.

In adults, bone undergoes a continuous process of
replacement involving the osteoclast, leading to bone
resorption, and osteoblasts, responsible for the compen-
satory bone formation. Under physiologic conditions,
there is a balance between the two. The organic matrix
of bone is 90% constituted by type I collagen. P1NP, a
marker of formation, and NTx, a marker of resorption,
are both metabolites of type-I collagen. Clinically, appli-
cation of markers of bone turnover in osteoporosis has
been useful in the assessment of therapeutic response
and in predicting risk of fracture and bone loss because
of their correlation with BMD.13,14

How otoconia are formed and subsequently embed-
ded in the otoconial membrane remains unclear, but
osteoblasts and osteoclasts do not appear to be involved.
In mammals, this process is initiated during embryogen-
esis.15,16 Turnover in otoconia has been debated after
maturation.17–19 Otoconia, like bone, are a result of or-
dered deposition of inorganic calcium carbonate (calcium
phosphate in bone) crystallites20 onto a preformed
framework of organic matrix. The inner core organic ma-
trix of otoconia is made up of glycoproteins and proteo-
glycans, and the outer surface consists mostly of
precipitated CaCO3. The major core protein is a highly
glycosylated glycoprotein named otoconin 90 (Oc90).
Oc90 is not related to the predominant bone matrix pro-
tein, collagen I bone. The source of calcium in the endo-
lymph is thought to be the extrusion of Ca21 from the
hair cells. It is believed that the ultrastructure and func-
tion of the otoconial matrix in regulating crystal growth
are similar to those in bone. That is, the matrix proteins
in both systems form a fibrous network to regulate the
growth of the mineral crystals. Clearly, there are signifi-
cant differences between bone and otoconia formation.
Therefore, serum markers of turnover are not expected
to be directly involved in pathogenesis of BPPV. Rather,
the strong association between iBPPV and disorders of
bone turnover implies otoconia are subject to the same
systemic regulatory mechanisms whose disruption leads
to osteopenia/osteoporosis.

In an experimental model, when young adult rats
were ovariectomized to induce osteoporosis, density of

otoconia decreased, but their size increased.19 Vibert
et al. hypothesized that, due to decreased estrogen, the
disturbances of calcium metabolism, in terms of
decreased fixation or/and increased resorption, may
induce changes in the otolithic organs.19 They specu-
lated that on the one hand, the decreased fixation of cal-
cium may generate failures in the remodeling of the
internal structure of the otoconia themselves, as well as
in their attachment on the otoconial membrane; on the
other hand, an increased concentration of free calcium
in the endolymph might induce a reduction in its
capacity to dissolve the dislodged otoconia.

Our results failed to identify a direct correlation
between BPPV and serum iCa or Vit D levels. However,
we found that Vit D levels were noted to negatively
influence a biochemical marker of bone formation. This
is consistent with the recent report that 25-hydroxyvita-
min D was significantly and inversely correlated with
markers of bone formation and resorption21 and that Vit
D supplementation may prevent BPPV recurrences.11

Further studies are needed to elucidate the impact of se-
rum calcium and Vit D on BPPV.

As the link between the two disorders appears to be
strong, our findings may lead to a paradigm shift in
management of BPPV away from management of indi-
vidual BPPV episodes with canalith repositioning to
treatment of the acute episode plus prevention of recur-
rent episodes through management of associated disor-
der of bone turnover. Such a proactive management will
lead to a substantial reduction in fall and fracture risk
in the geriatric population. Furthermore, in patients
without known history of osteopenia/osteoporosis, pre-
sentation with BPPV should serve as a harbinger of an
undiagnosed disorder of bone turnover. Therefore, otolar-
yngologists are positioned to have a significant impact
on global health of patients with BPPV, a disorder which
is no longer a purely otologic problem.

CONCLUSION
Postmenopausal women with iBPPV have a high

prevalence of osteopenia/osteoporosis, and postmeno-
pausal women with osteopenia/osteoporosis have higher
than expected prevalence of iBPPV. Levels of biochemi-
cal markers of bone turnover correlate with presence of
iBPPV but not iCa or Vit D. Our pilot results, based on
a sample of U.S. subjects, support an association
between iBPPV and disordered bone turnover.
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