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Benign paroxysmal positional vertigo (BPPV) is the most common cause of peripheral vertigo, which
results from dislodged vestibular otoliths. Because the otoliths are mainly composed of calcium

. carbonate, it has been suggested that BPPV may be associated with osteoporosis. We aimed to assess

. theincidence and recurrence of BPPV in osteoporosis patients using a nationwide population-based
cohort study with matched control. We used the database of the National Health Insurance Service of
Korea, a universal system covering all 50 million Koreans. Osteoporosis was defined as patients who
underwent bone mineral density tests and visited a clinic three or more times between Jan 2004 and Dec
2006. A control cohort consisted of non-osteoporotic subjects socio-demographically matched in a ratio
of 1:1. The incidence and recurrence of BPPV between Jan 2007 and Dec 2016 were evaluated. A total of
177,797 osteoporosis patients and the same number of matched controls were identified. The incidence
rates (IR) of BPPV in the osteoporosis patients and controls were 31.58 and 18.09 per 1000 persons,

. respectively (ratio of IR, IRR=1.75, 95% Cl 1.67-1.83). The IRs of recurrent BPPV were 187.3/1000 in

* the osteoporosis, 163.5/1000 in the controls (IRR=1.15, 95% Cl 1.02-1.28). In multivariate analysis,

. osteoporosis, female gender (adjusted HR = 1.76), age <65 (adjusted HR =0.8), living in a metropolis,
earning more than the lowest income and hypertension were significantly associated with increased
risk of BPPV development. For recurrence, osteoporosis was the only meaningful risk factor (adjusted
HR =1.12). In conclusion, the risks of BPPV development and recurrence are higher in osteoporosis.

. Physicians might consider informing osteoporosis patients of the risk of developing BPPV and related

. falls.

. Benign paroxysmal positional vertigo (BPPV) is the most common cause of peripheral vertigo, with a lifetime
: prevalence of over 2.4%"% The typical characteristics of BPPV are brief recurrent vertigo attacks provoked by
. head movement®. It is believed that BPPV is caused by dislodged fragments of vestibular otoliths that happen to
. enter the semicircular canals (SCCs). The movement of otoliths in the affected SCC causes an abnormal endolym-
© phatic flow that stimulates or inhibits the vestibular afferent signals and is followed by positional whirling vertigo.
. As otoliths are composed of inorganic calcium carbonate crystals and protein, calcium metabolism is thought to
: beinvolved in the synthesis and resorption of otoliths*.

Osteoporosis is a common metabolic disorder characterized by reduced bone mass and deterioration of bony
architecture, and resulting from an imbalance between bone formation and resorption. Issues of osteoporosis
and related fractures are emerging in our aging society. According to the Korea National Health and Nutrition
Examination Survey, the prevalence of osteoporosis in adults aged 50 years or more was 35.5% in women and

© 7.5% in men in 2008-2009°. In the United States, the number of patients with osteoporosis-related hip fractures
: was 1.3 million people in 1990; it increased by about 25% in the following decade to about 1.6 million in 2000,
. and is still increasing®.
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Patients data from National Health Insurance Service (NHIS) of Korea in 2002-2016

[ Exclusion]

Osteoporosis patients diagnosed before index period (January 1, 2004)
Dizziness-related diagnosis before observational period (January 1, 2007)

Meniere’s disease(H81.0), Benign paroxysmal positional vertigo(H81.1), Vestibular Neuritis(H81.2), Other periphearl vertigo(H81.3)

Labyrinthitis (H83.0), Labyrinthine dysfunction (H832), dizzi and giddi R42), Sudden idiopathic hearing loss (H91.2)
Disorder of acoustic nerve(H93.3), Disorders of vestibula function(H81), Neoplasm of acoustic nerve (C724, D333)
[ Cohort selection ] [ Control cohort selection ]
Adult patients diagnosed with osteoporosis Patients without medical record
with bone mineral density tests regarding osteoporosis
from Jan 1, 2004 to Dec 31, 2006 from Jan 1, 2004 to Dec 31, 2016
177,797 Individuals 23,226,633 Individuals
1:1 Matching

Age, Sex, Income, Urbanized level, Hypertension,
Diabetes, Deaths during follow up period

Osteoporosis Non-Osteoporosis
177,797 Individuals 177,797 Individuals

Figure 1. The diagram shows the design of the retrospective cohort study. The osteoporosis cohort included
patients who were diagnosed with osteoporosis between January 2004 and December 2006. Each osteoporotic
patient was matched with a non-osteoporotic subject. During the follow-up period of 10 years, the development
and recurrence of BPPV were assessed in both cohorts.

As both osteoporosis and the detachment of otoliths causing BPPV are related to calcium homeostasis, an
association between osteoporosis and BPPV has been suggested. Vibert et al., in a study of 32 women with BPPV,
reported that elderly patients with BPPV had a significantly lower T-score on bone mineral density (BMD)*.
Yamanaka et al., in a case-control study of 61 BPPV patients, found that the incidence of osteoporosis in BPPV
patients was similar to that in the general population, whereas the incidence of recurrence was significantly
higher in the osteoporosis patients’. They also reported that the lower the BMD, the higher the frequency of
BPPV recurrence’. However, a case-control study of 78 BPPV patients and same number of controls concluded
that osteoporosis and vitamin D deficiency were not risk factors for BPPV? and concluded that the coexistence of
BPPV with osteoporosis and vitamin D deficiency was coincidental®.

As mentioned above, most previous studies examined the incidence of osteoporosis or vitamin D defi-
ciency in BPPV patients. In the present study, on the other hand, the question posed was whether the risk of
BPPV was higher in osteoporotic patients. Considering that dizzy patients have an increased risk of falling and
osteoporosis-related fractures, this was a question that needed to be answered when considering the relationship
between osteoporosis and BPPV.

To answer this question, a population-based retrospective cohort study was designed. The National Health
Insurance System (NHIS) of Korea is a universal nationwide coverage system insuring the entire Korean popula-
tion, whose medical data is officially managed. Using this extensive medical database, a nationwide retrospective
cohort study was performed to evaluate the development and recurrence of BPPV in an osteoporosis cohort.

Materials and Methods
Study Setting and population. The NHIS of Korea has insured all Koreans since 1989. The information
related to medical care is maintained in the NHIS database, which is available for research purposes with formal
approval®. This study used the National Health Information Database (NHIS-2018-1-230) for medical informa-
tion since January 2002. The diagnostic classifications followed the 10" revision of the International Statistical
Classification of Diseases and Related Health Problems (ICD-10). The authors declare no conflict of interest with
the NHIS.

This investigation was approved by the local ethics review board (Hanyang University Guri Hospital
Institutional Review Board, GURI 2018-03-012) and performed in accordance with the Declaration of Helsinki
and good clinical practice guidelines.

Study design. A retrospective cohort study was designed (Fig. 1). The cohort group was selected for 3 years
of index period from January 2004 to December 2006. During the following observation period from January
2007 to December 2016, the risks of development and recurrence of BPPV were analyzed. As shown in Fig. 2,
previously diagnosed osteoporotic patients during the pre-index period, before the index period, and people
with any preexisting dizziness-related diagnosis before the observational period were excluded from the initial
NHIS population. The patients newly diagnosed with osteoporosis during the index period were selected as the
osteoporosis (OSPO) cohort. The control group (N-OSPO) was selected from the population that never received
osteoporosis-related medical care during the entire study period from January 2002 to December 2016. Each

SCIENTIFICREPORTS| (2019) 9:3469 | https://doi.org/10.1038/s41598-019-39830-x 2


https://doi.org/10.1038/s41598-019-39830-x

www.nature.com/scientificreports/

Pre-Index Index Observation

Jan 2002 Jan 2004 Jan 2007 Dec 2016

Osteoporosis
cohort

Newly diagnosed
during index period BPPV Development & Recurrence

Non-osteoporosis cohort Post-traumatic BPPV excluded

Demographically 1:1 Matched controls
Not diagnosed with osteoporosis
during the whole study period

Figure 2. Flowchart of the construction of the cohorts.

osteoporotic patient was matched 1:1 with a non-osteoporotic subject for gender, age, hypertension, diabetes,
income, and urbanization level.

Operational definitions of osteoporosis and BPPV. Osteoporosis was defined as patients with the
diagnostic code of “osteoporosis” (M80- 82) in ICD -10 who used medical services three times or more and
underwent a diagnostic BMD tests such as dual-energy X-ray absorptiometry (DXA), quantitative computed
tomography, peripheral DXA, or quantitative ultrasound.

BPPYV patients were defined as subjects who received the canalith repositioning treatment with the ICD codes
of dizziness [benign paroxysmal positional vertigo (H811), other peripheral vertigo (H813), other disorder of ves-
tibular function (H818, H819), or dizziness and giddiness (R42)]. Recurrence of BPPV was defined as a repeated
episode more than 90 days after repositioning treatment. Subjects diagnosed with other inner ear diseases at any
point during the study period were excluded from the analysis. These diseases were: Meniere’s disease (H81),
Vestibular Neuritis (H812), Labyrinthitis (H83), Labyrinthine dysfunction (H832), Sudden idiopathic hearing
loss (H912), Disorder of acoustic nerve (H933), Disorders of vestibular function (H81), and Neoplasm of inter-
nal auditory canal (C724, D333). In addition, post-traumatic BPPV was not enrolled, by excluding patients who
suffered from BPPV within 30 days of head trauma (S00-S09).

Statistical analysis. Data were analyzed with the use of SAS Enterprise Guide software version 7.1 (SAS
Institute, Inc., Cary, NC). The demographic characteristics of the study population are presented as percent-
ages for categorical variables, and means and standard deviations for continuous variables. Incidence rates (IR)
per 1,000 person-years were calculated with 95% confidence intervals. Ratios of IR (IRR) for BPPV occurrence
and recurrence were calculated in the OSPO cohort relative to the N-OSPO group. A Cox proportional hazards
regression model was used to analyze the risk of BPPV (Hazard ratio, HR), and Kaplan-Meier curves were plot-
ted of the cumulative incidence of BPPV in each cohort. P values < 0.05 were considered to indicate statistical
significance.

Results

Demographic characteristics of the study population. During the index period, a total of 177,797
patients completed the BMD tests and visited clinics three or more times under a diagnosis of osteoporosis
(Fig. 2). The control cohort consisted of subjects matched 1:1 with the OSPO group for age, sex, comorbidity and
socioeconomic status. Table 1 shows the demographic characteristics of the cohort groups. The average follow-up
periods in the two groups were 8.8 years and 8.7 years, respectively. Women accounted for 91.2% of the total study
population and the mean age was 64.5 years.

Incidence of BPPV development. In the OSPO cohort, 4964 patients developed BPPV during the
observation period (Tables 1, 2). The overall IR of BPPV in OSPO was 31.6 per 1000 persons, 1.75 times higher
than that in N-OSPO (18.1 per 1000 persons) (P < 0.001) (Table 2). In both OSPO and N-OSPO, the IR was
higher in women than men: 32.7 vs 18.2/1000 in OSPO, 18.6 vs 12.6/1000 subjects in N-OSPO, respectively. In
women, BPPV occurred in 2.9% of the OSPO population and 1.6% of the N-OSPO (IRR 1.76, 95% CI 1.68-1.85,
P <0.001). In men, BPPV was observed in 1.3% of the OSPO population and 1.0% of the N-OSPO (IRR 1.44, 95%
CI 1.17-1.77, P=0.005). The reverse Kaplan-Meier curves in Fig. 3A illustrate the occurrence of BPPV in each
cohort (Crude HR 1.75,95% CI 1.67-1.83, P < 0.001).

Incidence of BPPV recurrence. The IR of recurrent BPPV in OSPO was 187.3 per 1000 persons, which was
1.15 times higher than that of N-OSPO (163.5 persons per 1000 persons) (P < 0.021) (Table 3). In women, BPPV
recurred in 17.7% of OSPO patients and 15.8% in N-OSPO patients (IRR 1.13, 95% CI 1.01-1.28, P=0.036). In
men, the IRR of recurrence did not differ between cases and controls: 16.9% in OSPO, 12.6% in N-OSPO (IRR
1.43,95% CI 0.82-2.48, P =10.206). For patients aged 65 years or over, the incidence of recurrent BPPV was higher
in the OSPO cohort (IRR 1.23, 95% CI 1.02-1.48). Figure 3B shows the cumulative incidence of recurrent BPPV
in each cohort (Crude HR 1.12,95% CI 0.998-1.26, P=0.053).
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Gender
Male 15,731 (8.8) 15,731 (8.8)
Female 162,066 (91.2) | 162,066 (91.2)
ﬁ\i‘;an Lgp) | 645E1L5 64.5+115
<65 83,195 (46.8) | 83,195 (46.8)
>65 94,602 (53.2) | 94,602 (53.2)
(Fslli‘a’ﬁrls’g’;a“ 88425 8.7+2.38
E“mcé’a‘;‘ei sp) |13E71 113470
Lowest 48,619 (27.3) | 48,619 (27.3)
Lower mid 23,060 (13.0) | 23,060 (13.0)
Upper mid 36,904 (20.8) | 36,904 (20.8)
Highest 69,214 (38.9) |69,214 (38.9)
Urbanization level
Metropolis 82,863 (46.6) | 82,863 (46.6)
Urban 75,475 (42.5) | 75475 (42.5)
Rural 19,459 (10.9) | 19,459 (10.9)
Diabetes
Yes 17,912 (10.1) 17,912 (10.1)
No 159,885 (89.9) | 159,885 (89.9)
Hypertension
Yes 89,122 (50.1) | 89,122 (50.1)
No 88,675 (49.9) | 88,675 (49.9)
BPPV
Yes 4,964 (2.8) 2801 (1.6)
No 172,833 (97.2) | 174,996 (98.4)
Recurrence of BPPV
Yes 876 (17.6) | 437 (15.6)
No 4,089 (82.4) |2,364 (84.4)

Table 1. Comorbidities and sociodemographic characteristics of the study cohort.

Risk factors for BPPV. In a multivariable analysis of the whole cohort, presence of osteoporosis, female
gender, age under 65 years, earning more than the lowest income, living in a metropolis and having hypertension
were risk factors for development of BPPV (Table 4). The adjusted HR for female gender (1.76, 95% CI 1.68-1.84)
was higher than that for osteoporosis (1.54, 95% CI 1.38-1.70). For BPPV recurrence, presence of osteoporosis
(adjusted HR=1.12, 95% CI 1.001-1.26) was a significant risk factor in the whole cohort (Table 4).

Discussion

This study evaluated the significance of osteoporosis as a risk factor for BBPV development and recurrence using
nationwide medical data. The findings can be summarized as follows: (1) Osteoporosis patients had a 1.75 times
higher risk of developing BPPV than individuals without osteoporosis. (2) The IRR of BPPV recurrence was
1.15, indicating an increased risk of recurrence of BPPV in patients with osteoporosis. (3) The adjusted HRs
of osteoporosis for the development and recurrence of BPPV were 1.76 (95% CI 1.68-1.84) and 1.12 (95% CI
1.001-1.26), respectively. To the best of our knowledge, the present study is the first to assess the risk of BPPV and
its recurrence in osteoporosis patients using the nationwide population data bank. The results support a positive
association between BPPV and osteoporosis.

Otoliths are physiologically contained within the gravity receptor organs of the inner ear. The development,
maintenance and degeneration of otoliths are dynamic processes occurring over a lifetime*. Dislodged otoliths
may travel to the endolymphatic space of the inner ear and enter the SSCs that are responsible for rotational sense.
Once in the canals, the otoliths (canaliths) exaggerate endolymphatic flow in response to head rotation, which
leads to a spinning sensation. Diagnosis of BPPV can be made on the basis of typical canal-specific positional nys-
tagmus with subjective dizziness’. Repositioning of the otoliths from the SCCs to the vestibule is the treatment of
choice, and also further supports the diagnosis. Epidemiologic studies show that the prevalence of BPPV is higher
in elderly people aged 50-60 years, and the female to male ratio is reported to be 2-3:12°. Based on the female pre-
dominance and possible effect of calcium metabolism on BPPV, there has been much interest in the relationship
between BPPV and osteoporosis. A prospective case-control study with 209 subjects found that idiopathic BPPV
patients had lower BMDs than controls. In addition, BPPV accompanied by low BMD required more canalith
repositioning maneuvers and led to frequent recurrence'’. Studies of an osteoporotic rat model showed that the
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Overall 177,797 4,964 1,572,005 31.6 (30.70-32-46) 177,797 2,801 1,548,231 18.1 (17.42-18.76) 1.75 (1.67-1.83) <0.0001
Gender
Male 15,731 219 120,684 18.2 (15.74-20.55) 15,731 151 119,940 12.6 (10.58-14.60) 1.44 (1.17-1.77) 0.0005
Female 162,066 4,745 1,451,321 32.7 (31.76-33.62) 162,066 2,650 1,428,292 18.6 (17.85-19.26) 1.76 (1.68-1.85) <0.0001
Age
<65 83,195 2,838 806,125 352 | (33.91-36.50) 83,195 1,699 809,096 21.0 | (20.00-22.00) 1.67 | (1.58-1.78) <0.0001
>65 94,602 2,126 765,880 27.8 (26.58-28.94) 94,602 1,102 739,135 14.9 (14.03-15.79) 1.86 (1.73-2.00) <0.0001

Table 2. The incidence rate (IR) and incidence rate ratio (IRR) of BPPV development in the study cohort.
"IR: incidence rate (per 1000 persons). IRR: incidence rate ratio (per 1000 persons). Statistically significant
(P <0.05) values are highlighted in bold.
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Figure 3. Reverse Kaplan-Meier curves showing the development (A) and recurrence (B) of BPPV in each
cohort. Note that about half of the recurrent cases were diagnosed within 2 years of initial diagnosis (B).

density and size of otoliths were different in osteoporotic rats than in the controls'! and the authors of that study
suggested that these morphological changes might be the consequences of abnormal calcium metabolism related
to underlying osteoporosis'!. However, a systematic review of the relevant literature from 1966 to 2013 concluded
that the evidence supporting a possible link between osteoporosis and BPPV was not strong, and the authors
noted that further studies were needed to confirm the link'%.

Another nationwide population-based study analyzing 6649 osteoporotic patients was published during the
processing period of the present study. Patients with osteoporosis were found to have a 1.82-fold higher risk of
developing BPPV than subjects without osteoporosis, which is similar to our result'®. However, gender was not
found to be a significant risk factor in that study'. We used stricter criteria for BPPV, involving not only the diag-
nostic code but also canalith repositioning therapy and excluding post-traumatic BPPV caused by mechanical
damage to the otolith organ. In addition, along with the use of a larger cohort of 177,797 individuals, matching of
the control cohort was more accurately performed by considering sociodemographic factors. In addition, we also
evaluated the risk of BPPV recurrence in our study. Based on our results, female patients with osteoporosis have
a higher risk of developing BPPV (HR 1.54) than males.

It has been reported that the age of peak BPPV incidence is 50-60 years®, which is compatible with our data
(Tables 2 and 3). Especially in the OSPO cohort, age <65 years was a risk factor for developing BPPV. As to why
BPPV is less prevalent over the ages of peak prevalence of osteoporosis, there are several possible explanations.
One is that patients over 70 with BPPV frequently experience unsteadiness or imbalance without whirling ver-
tigo and take longer to seek help with their dizziness'. This atypical presentation in the elderly may result in less
diagnosis of BPPV. Another possible explanation is based on the report that BMD remains nearly constant until
the 4th decade and starts to decline rapidly from the 5th decade*: the changes related to the rapid decline of BMD
may also contribute to otolith detachment followed by BPPV occurrence.

SCIENTIFIC REPORTS |

(2019) 9:3469 | https://doi.org/10.1038/s41598-019-39830-x 5


https://doi.org/10.1038/s41598-019-39830-x

www.nature.com/scientificreports/

Overall 4,964 876 46,779 187.3 (174.9-199.7) 2,801 437 26,720 163.5 (148.2-178.9) 1.15 (1.02-1.28) 0.0208
Gender
Male 219 37 1,973 187.5 (127.1-248.0) 151 19 1,447 131.3 (72.24-190.3) 1.43 (0.82-2.48) 0.2063
Female 4,745 839 44,806 188.7 (176.0-201.5) 2,650 418 25,273 166.4 (150.5-182.4) 1.13 (1.01-1.28) 0.0356
Age
<65 2,838 507 27,001 187.8 (171.4-204.1) 1,699 279 16,322 170.9 (150.9-191.0) 1.10 (0.95-1.27) 0.2075
>65 2,126 369 19,778 186.6 (167.5-205.6) 1,102 158 10,398 152.0 (128.3-175.6) 1.23 (1.02-1.48) 0.0309

Table 3. The incidence rate (IR) and incidence rate ratio (IRR) of BPPV recurrence in the study cohort.
IR: incidence rate (per 1000 persons). FIRR: incidence rate ratio (per 1000 persons). Statistically significant
(P <0.05) values are highlighted in bold.

Osteoporosis

No 1 1 1 1

Yes 1.75 | (1.67-1.83) 1.76 (1.68-1.84) | 1.12 | (0.998-1.26) |1.12 (1.001-1.26)
Gender

Male 1 1 1 1

Female 1.60 | (1.44-1.77) | 1.54 (1.38-1.70) | 1.10 | (0.84-1.44) | 1.07 (0.82-1.40)
Age

<65 1 1 1 1

>65 0.81 | (0.77-0.85) 0.80 (0.76-0.84) | 0.93 | (0.83-1.04) 0.92 (0.82-1.04)
Income

Lowest 1 1 1 1

Lowermid | 1.12 | (1.04-1.21) 1.08 (1.00-1.16) | 0.77 | (0.63-0.93) 0.75 (0.62-0.92)

Uppermid | 1.18 | (1.10-1.26) | 1.15 (1.07-1.23) | 0.96 | (0.82-1.13) | 0.95 (0.81-1.12)

Highest 1.20 | (1.13-1.27) 1.20 (1.13-1.27) | 0.92 | (0.80-1.06) 0.93 (0.81-1.07)
Urbanized level

Metro polis | 1 1 1 1

Urban 0.80 | (0.76-0.83) 0.81 (0.77-0.85) | 0.95 | (0.85-1.06) 0.95 (0.85-1.06)

Ruralarea | 0.57 | (0.52-0.63) 0.61 (0.55-0.67) | 0.85 | (0.67-1.08) 0.84 (0.66-1.07)
Hypertension

No 1 1 1 1

Yes 1.05 | (1.00-1.10)* | 1.13 (1.07-1.19) | 0.97 | (0.87-1.08) 0.99 (0.88-1.11)
Diabetes mellitus

No 1 1 1 1

Yes 1.02 | (0.95-1.11) | 1.00 (0.92-1.08) | 0.95 | (0.78-1.16) | 0.97 (0.79-1.19)

Table 4. Multivariate analysis of risk factors for the development and recurrence of benign paroxysmal
positional vertigo during the follow-up period in the whole cohort.

Socioeconomic factors including the household income and urbanization level of individuals were also con-
sidered in this study. People who did not earn the lowest level of income and who lived in cities had higher rates
of BPPV, which can be explained by the accessibility of medical assistance.

In multivariate analysis, hypertension was a risk factor for BPPV (adjusted HR =1.13), as shown in Table 4.
In view of the previous epidemiologic evidence that low dietary calcium intake significantly increases blood
pressure®'®!7, this result could be understood as an effect of calcium homeostasis: theoretically a negative calcium
balance could affect osteoporosis, hypertension and the otolith environment responsible for BPPV. An association
between osteoporosis and hypertension was previously reported in postmenopausal women'®. Those authors
suggested that low dairy calcium intake might increase the risk of both diseases, acting as a possible pathogenic
link!s.

Interestingly, osteoporosis was the only meaningful risk factor for recurrent BPPV (adjusted HR =1.12)
(Table 4). Other factors including gender, age and coexistence of hypertension did not have significant effects.
Although its HR for recurrence was lower than for BPPV development, osteoporosis had an independent effect
on recurrence (Table 4, Fig. 3).
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In South Korea, the medical insurance system was first implemented in 1977 and then expanded to all citizens
in 1989. The NHIS of Korea is a single-payer program for the whole nation. In December 2016, 50.763 million
(97.1%) of the 52.273 million people covered by the NHIS and another 1.51 million (2.9%), who belong to the lowest
income group, were covered by medical aid financed through taxation. In other words, the entire registered Korean
population is insured, and the data related to medical care is maintained in the NHIS database. During the 3-year
index period of this study, a total of 177,797 osteoporotic patients were newly diagnosed among 42.201 million adult
individuals. We used the operational approach of identifying the disease by means of the diagnostic codes (ICD-10)
along with the specific examination (BMD) or treatment (canalith repositioning therapy) performed.

This study has several limitations mostly related to the characteristics of the NHIS data, as they do not include
laboratory results such as DXA or nystagmography. Because preliminary diagnoses made before performing the
laboratory tests have to be excluded, the operational criteria used for diagnosis had to be carefully selected to
provide confirmatory diagnoses. Patients had to fulfill three criteria to be diagnosed as osteoporotic: they had to
be assigned the appropriate diagnostic code, they had to undergo a diagnostic BMD test, and they had to have
used medical services three or more times under the diagnostic code. For the diagnosis of BPPV, patients had to
undergo canalith repositioning treatment. Also, to minimize biases, patients that were osteoporotic or dizzy in the
pre-index period were strictly excluded (Figs 1 and 2). We note also that no individuals in the control cohort were
affected by osteoporosis during the entire study period. Other limitations are that the severity of osteoporosis
as indicated by T or Z scores, as well as treatment compliance, could not be assessed in this study. We anticipate
that future studies employing prospective cohorts will provide further detailed insight into the relation between
osteoporosis and BPPV.

Osteoporosis-related fractures may lead to a reduced quality of life, disability, and even death. Moreover, the
direct and indirect medical costs of osteoporosis and its related fractures are massive'. Management of osteopo-
rosis is an important issue in primary health care in order to minimize the development of fractures and decrease
the social burden. As the present study shows, patients with osteoporosis also have higher risk of BPPV devel-
opment and recurrence. Healthcare providers should consider implementing effective educational interventions
about BPPV for osteoporotic patients since the latter, especially those that are elderly, may have a greater tendency
to suffer falls?.

Conclusions
Osteoporosis patients have higher risks of BPPV occurrence and recurrence. Medical counseling concerning
BPPV should be considered for individuals with osteoporosis.
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