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Benign paroxysmal positional vertigo (BPPV) is the most common cause of peripheral

vertigo. Numerous investigations have reported an increased BPPV incidence in females

and in the aged population. The hormonal characteristics of BPPV patients have not

been previously investigated. This study aimed to determine the risk of BPPV in relation

to menopause in a population-based study.

Materials and Methods : This retrospective population-based study was designed

to use a nationwide longitudinal health insurance database to follow and analyze the

incidence of and protective factors against BPPV in a Taiwanese population.

Data Analyses : Univariate and multivariate analyses were performed to calculate the

adjusted hazard ratio (aHR) for the incidence of BPPV using Cox-proportional regression

models.

Results : In the multivariate analyses, we found that older people (older than 65 years

old) were more prone to develop BPPV (aHR: 5.37, 95% CI: 0 4.83–5.97, p < 0.001).

The risk of BPPV was analyzed in two specific age subgroups of elderly females. Results

revealed that in both age groups (45–65 years old and >65 years old), patients who took

estrogen for menopausal syndromes had a significantly lower incidence of BPPV (aHR;

0.01, 95% CI: 0.06–0.23, p < 0.001).

Conclusion : Our study provides a novel etiology and possible treatment method for the

prevention of BPPV. Further studies may focus on the pathophysiological mechanism of

estrogen in BPPV patients and the development of new drugs for the prevention and

treatment of BPPV.
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INTRODUCTION

Benign paroxysmal positional vertigo (BPPV) is the most
common dizziness problems. BPPV is characterized by brief
period of vertiginous attacks precipitated by changes in head
position (Bárány, 1920) and causes balance disorders in elderly
patients (Baloh, 1992). Utricular otoconia have been reported to
separate from the mass and dislocate to the semicircular canals.
Then, the canals become sensitized and generate inaccurate
information, causing BPPV (Schuknecht, 1969; Hall et al., 1979).
We made diagnosis of BBPV by clinical observations and
nystagmus elicited by Dix–Hallpike test (Dix and Hallpike, 1952;
Furman and Cass, 1999).

The etiology of BPPV remains unclear. In our previous
investigation, BPPVwas an independent risk factor of subsequent
ischemic stroke (Kao et al., 2014). Furthermore, aging, brain
trauma, sedentary life style, viral labyrinthitis, and the anterior
vestibular artery occlusion may contribute population to BPPV
(Baloh et al., 1987; Steenerson et al., 2005). BPPV can cause
physical and psychological distress due to attacks. Comorbidities,
such as, depression, anxiety, and chronic dizziness, may be
undervalued, particularly in females (Ferrari et al., 2014).

Menopause is defined as the absence of menstrual cycles
and ovarian activity for more than 12 months. Women may
experience sleep disorders, night sweats, mood fluctuation,
and vasomotor instability. Long-term estrogen deficiency may
result in severe complications, including cardiovascular diseases
and osteoporosis. Abundant investigations have presented an
increased BPPV incidence in women and the elderly individuals
(Lynn et al., 1995; Angeli et al., 2003; Yimtae et al., 2003;
Steenerson et al., 2005; Kao et al., 2009). Ogun et al. (2014a)
suggested that hormonal fluctuations (particularly during
menopause)may incline to develop BPPV. Park andViirre (2010)
proposed that unstable levels of ovarian neurosteroids during the
perimenopausal period might trigger vestibular migraine.

The hormonal characteristics of BPPV patients have not
been comprehensive explored. Therefore, this study aimed to
investigate the risk of BPPV in relation to menopause in a
population-based study. This retrospective study may provide
useful information concerning to the demographic risk factors of
BPPV and its connection with hormone replacement therapy in
Taiwanese populations.

MATERIALS AND METHODS

Study Design
This retrospective population-based study was designed to use
a nationwide longitudinal health insurance database to follow
and analyze the incidence of and protective factors against BPPV
in a Taiwanese population. The study was approved by the
Institutional Review Board of National Yang-Ming University,
Taiwan (YM105080E).

The National Health Insurance (NHI) program in Taiwan was
established in 1995. It is a single-payer, mandatory medical care
system covering more than 99% of residents and medical utilities
in Taiwan. One million registered participants were randomly
selected from the database of this program in 2000. These subjects

represented∼4% of all citizens in Taiwan at that time. All claims
data between 1997 and 2011 were collected from all sampled
subjects.

Inclusion and Exclusion Criteria
When calculating the incidence of BPPV, all subjects in the
database were included, and all claims data were reviewed.
Subjects with abnormal registry claim data, such as unknown
gender or unknown birthdate, were excluded. Subjects younger
than 15 years old were excluded. Subjects with any previous
diagnosis of endometrial or breast cancer were excluded from the
analysis.

Incidence of BPPV
Subjects were defined as having BPPV when more than
2 consensus International Classification of Disease, Ninth
Revision, Clinical Modification (ICD-9-CM) diagnostic codes
of BPPV (386.11) were identified from the database. The first
date when the patient was diagnosed with BPPV in the database
was defined as their incident time. The annual incidence was
calculated as the number subjects with newly diagnosed BPPV in
a particular year divided by the total population not diagnosed
before the first day of that year. The annual prevalence was
calculated as the number of subjects with a diagnosis of BPPV
divided by the total registered population in that year. The age
group-stratified incidence and prevalence were also calculated.

To avoid the misclassification of prevalent cases as incident
cases, data obtained before January 1, 2000 were excluded from
the table and subsequent analysis.

Risk Factors for BPPV
Patients diagnosed prior to January 1, 2000, were excluded from
the analysis of the risk factors for BPPV. All subjects were
followed up from January 1, 2000, to the date when the first
diagnostic code relevant to BPPVwas identified or to the last date
when the last participant in the database was identified. Age was
then stratified in to four groups: 15–25 years old, 25–45 years old,
45–65 years old, and older than 65 years.

Urbanization of insurance regions and insurance wages were
used as indicators of socioeconomic status. Urbanization of
insurance regions is an important indicator of socioeconomic
status in Taiwan. This factor was classified into three categories
(urban, suburban, and rural) based on population density,
medical resources, age, and education levels in the areas. Seventy
regions were defined as urban, 144 regions were defined as
suburban, and 96 regions were defined as rural areas in Taiwan
based on these criteria. In Taiwan, the insurance wages of
individuals are defined based on their occupations and monthly
incomes. The subjects’ insurance wages were categorized as equal
to or greater than NT $40,000 (US $1,250), between NT $20,000
and NT $40,000 (US $625–1,250), lower than NT $20,000 (US
$625), and fixed-premium if the participants’ insurance types
were dependent, farmer, fisher, or other fixed-premium types.
However, the degree of health care utilization was categorized
into four groups based on the total numbers of ambulatory
and in-patient claims that were not related to BPPV. The
comorbidities of BPPV such like anxiety disorder (Chen et al.,
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2016), hypertension, type 2 diabetes mellitus, and hyperlipidemia
were all included as covariate (De Stefano et al., 2014).

A subgroup of elderly females was analyzed after being
divided into two groups (age between 45 and 65 years, as the
para-menopausal stage, and older than 65 years, as the post-
menopausal stage). The database was searched to determine
whether the subject had been prescribed estrogen before the
BPPV diagnosis, and these data were analyzed during the
subgroup analyses. The type of estrogen therapy in our study is
conjugated equine estrogens (CEE) and oral estradiol (E2).

Data Analyses
Univariate and multivariate analyses were performed to calculate
the adjusted hazard ratio (aHR) for the incidence of BPPV using
Cox-proportional regression models. The SAS statistical package
version 9.2 (SAS Inc., Cary, North Carolina, USA) was used for
all estimations. The 95% confidence intervals (CIs) of the aHRs
were calculated, and the two-sided significance level was set at
0.05.

RESULTS

A total of 7,200 BPPV patients were included in the analysis.
The average age of the BPPV patients in the study was 51.81
± 16.1 years old. Of the BPPV patients, 63.30% were female.
A total of 55.3% of the BPPV patients lived in urban regions,
according to the geographic distribution of Taiwan. The fixed-
premium type of insurance wage accounted for the largest
percentage (46.7%) of BPPV patients. The comorbidities such
as hypertension (48.2%), cardiovascular disease (26.2%), diabetes
mellitus (19%), dyslipidemia (30.5%), and anxiety disorder
(36.8%) were presented, respectively. The demographic data of
the BPPV patients are shown in Table 1.

TABLE 1 | Baseline characteristics of BPPV patients.

BPPV Patients N = 7,200

Age Mean ± SD 51.81 16.1***

Gender (M) n, % 2,640 36.70%***

Gender (F) n, % 4,560 63.30%

Urban (Urban) n, % 3,980 55.30%***

Urban (Suburban) n, % 2,400 33.30%

Urban (Rural) n, % 820 11.40%

Insurance Wage (≥NT$40,000) n, % 491 6.80%

Insurance Wage (NT$20,000–40,000) n, % 814 11.30%

Insurance Wage (<NT$20,000) n, % 2,533 35.20%

Insurance Wage (Fixed) n, % 3,362 46.70%

Hypertension n, % 3,467 48.20%***

Cardiovascular disease n, % 1,889 26.20%***

Diabetes mellitus n, % 1,365 19.00%***

Dyslipidemia n, % 2,198 30.50%***

Anxiety disorder n, % 2,649 36.80%***

***p < 0.001 indicates statistically significant.

All 7,200 patients were followed until 2011. The incidence
and prevalence of BPPV in the different age groups from
2000 to 2011 is shown in Figure 1. To further evaluate the
risk of developing BPPV among population with different
characteristics, a subgroup analysis stratified by gender was
performed. Table 2 shows the risk factors for BPPV according to
gender groups. In the multivariate analyses, we found that older
people (older than 65 years old) were more prone to develop
BPPV (aHR: 5.37, 95% CI; 4.83–5.97, p < 0.001). Interestingly,
females living in rural areas were found have an increased risk
of BPPV (aHR; 1.17, 95% CI; 1.06–1.29, p < 0.001). Individuals
with greater health care utilization had a higher incidence of
BPPV diagnoses (aHR; 11.32, 95% CI; 9.76–13.13, p < 0.001).
Furthermore, male and female gender groups showed similar
health care utilization rates. Only males with an insurance wage
between NT $20,000 and 40,000 had a high risk of BPPV (aHR;
1.18, 95% CI; 1.02–1.137, p < 0.05); the other insurance wage
categories did not have a significant risk.

The risk of BPPV was analyzed in two specific age subgroups
of elderly females (i.e., “para-menopausal stage” and “post-
menopausal stage”) (Table 3). We found that in both age groups
(45–65 years old and >65 years old), patients who took estrogen
for menopausal syndromes had a significantly lower incidence of
BPPV (aHR; 0.01, p < 0.001).

DISCUSSION

Our study results provided clinical information about BPPV. The
mean age of BPPV patients in the study was 52 years old, and
females exhibited a higher incidence of BPPV than males. These
characteristic findings were similar to those of a previous cohort
study (von Brevern et al., 2007). Our 1-year prevalence and 1-year
incidence of BPPV were 0.16 and 0.06%, respectively (Figure 1).
Compared to a previous study by Von Brevern et al. that found
a BPPV incidence rate of 0.6%/year, our result (∼0.06%) is
only slightly higher than one-tenth of the value reported. The
difference between our data and the previous study may be
due to the following reasons. First, our data reflect the treated
incidence of BPPV. Only individuals with more severe dizziness
visit clinics. Additionally, only physicians in specialties related
to dizziness, such as neurologists or otolaryngologists, diagnosed
BPPV. Second, the main purpose of codes in the NHI database is
for insurance payments. Some comorbidities will have crowding-
out effect among the codes due to the application of premium
subsidies. Finally, the differences in BPPV between Caucasians
and Asians have never been documented; therefore, further large-
scale demographic studies must be conducted to determine these
differences.

Interestingly, the 1-year incidence was exceedingly high in
2008 and 2009 (0.089 and 0.095%, respectively). On possible
reason for this increase could be the 2008 world financial crisis.
The financial crisis affected the health status of many individuals
(Zavras et al., 2016). Increased diagnoses of tinnitus and vertigo
were reported in Greece after the financial crisis (Karatzanis
et al., 2012). Furthermore, a recent systematic review determined
that the proportion of suicides increased and mental health
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FIGURE 1 | The incidence (A) and prevalence (B) of BPPV in the different age groups from 2000 to 2011.

worsened during the crisis (Parmar et al., 2016). An increased
proportion of psychiatric disorders has been reported among
patients with vertigo syndromes and has been attributed to
vestibular dysfunction (Eckhardt-Henn et al., 2008). In addition,
patients with anxiety disorders tend to develop BPPV (Chen
et al., 2016). Therefore, the increased mental distress in 2008 may
be related to the high incidence rate of BPPV.

The risk factors for BPPV were examined in stratified group
analyses. Old age is one significant risk factor among all groups.
Several studies have demonstrated an increased incidence of
BPPV among aging population (Neuhauser, 2007; von Brevern
et al., 2007). Vestibular function decline has been shown to
associate with the age-related degenerate in the number of
neurons and vestibular hair cells (Iwasaki and Yamasoba, 2015).
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TABLE 2 | Multivariable regression analysis of the incidence of BPPV.

Total Male Female

Characteristics HR p-valuea aHR (95% CI) aHR (95% CI) aHR (95% CI)

Gender (Female/Male) 1.8 <0.001 1.43 (1.36–1.5)***

AGE

15–25 1 (ref) 1 (ref) 1 (ref) 1 (ref)

25–45 2.20 <0.001 1.91 (1.72–2.13)*** 1.87 (1.5–2.27)*** 1.94 (1.7–2.2)***

45–65 6.48 <0.001 3.91 (3.52–4.34)*** 3.96 (3.27–4.8)*** 3.90 (3.44–4.42)***

>65 11.40 <0.001 5.37 (4.83–5.97)*** 7.15 (5.92–8.63)*** 4.50 (3.95–5.13)***

URBAN

Urban 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Suburban 1.19 <0.001 1.14 (1.09–1.2)*** 1.14 (1.05–1.24)** 1.15 (1.08–1.23)***

Rural 1.42 <0.001 1.11 (1.02–1.2)* 1.01 (0.88–1.16) 1.17 (1.06–1.29)***

HEALTH CARE UTILIZATION

Low 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Mid–Low 2.89 <0.001 2.70 (2.3–3.18)*** 2.75 (2.08–3.65)*** 2.57 (2.17–3.05)***

Mid–High 6.94 <0.001 5.38 (4.62–6.27)*** 5.68 (4.37–7.37)*** 4.56 (3.88–5.35)***

High 20.23 <0.001 11.32 (9.76–13.13)*** 12.22 (9.46–15.78)*** 8.65 (7.4–10.11)***

INSURANCE WAGE

≥40,000 1 (ref) 1 (ref)

2000–40,000 1.08 0.2 1.08 (0.97–1.21) 1.18 (1.02–1.37)* 0.93 (0.78–1.11)

<20,000 1.12 0.03 1.06 (0.96–1.17) 0.96 (0.95–1.24) 0.95 (0.82–1.11)

Fixed 1.08 0.1 1.1 (0.99–1.22) 0.99 (0.98–1.28) 1.00 (0.85–1.17)

aHR, adjusted hazard ratio;

ref, reference.
aUsing Cox-proportional regression models.

*p <0.05; **p <0.01; ***p <0.001 indicates statistically significant.

TABLE 3 | Incidence of BPPV (Females).

Age 45–65 yr. Age >65 yr.

Characteristics aHR p-valuea aHR p-valuea

Age 1.03 0.14 0.9 0.09

URBAN

Urban 1 (ref) 1 (ref)

Suburban 1.30 0.26 3.10 0.11

Rural 1.54 0.22 4.07 0.06

INSURANCE WAGE

≥NT$40,000 1(ref) 1(ref)

NT$20,000–40,000 0.24* 0.02 1.32 0.99

<NT$20,000 0.49 0.08 10,391 0.96

Fixed 0.58 0.21 15,382 0.96

HEALTH CARE UTILIZATION

Low 1 (ref) 1( ref)

Mid-Low 2.48 0.24 2,413 0.94

Mid-High 4.48* 0.04 5,540 0.93

High 6.52* 0.01 9,215 0.3

Estrogen prescription (Yes/No) 0.01*** <0.001 0.01*** <0.001

aHR, adjusted hazard ratio;

ref, reference.
aUsing Cox-proportional regression models.

*p < 0.05; ***p < 0.001 indicates statistically significant.

Urbanization of insurance regions and insurance wages were
used as the indicators of socioeconomic status. Female patients
living in rural areas was a risk factor for BPPV according

to the multivariate regression. Lower socioeconomic status
was associated with the development of BPPV. Consistent
with previous epidemiologic studies, Neuhauser and Agrawal
demonstrated that a lower education level and socioeconomic
status were associated with vestibular vertigo (Neuhauser et al.,
2005; Agrawal et al., 2009).

The high health care utilization patient group had a ∼20
times higher risk of having BPPV than the group with low
health care utilization. The likely reason is that the symptoms
of BPPV are extremely uncomfortable. Patients who suffer
from rotational vertigo, nausea, and vomiting may seek medical
support immediately. Recurrent BPPV can also contribute a
higher rate of medical utilization.

As previously mentioned, an older age and female
preponderance were found among BPPV patients. Some
authors have suggested that estrogen may play a role in the
formation of BPPV (Yamanaka et al., 2013; Ogun et al., 2014a).
To date, the relationship between estrogen and BPPV remains
unclear. A previous animal study found that ovariectomy affects
otoconia morphology in rats (Lynn et al., 1995). Recently, in
a population-based study, Ogun, et al. found that hormonal
fluctuations (particularly during menopause) may increase
the trend to develop BPPV (Ogun et al., 2014a). The likely
pathophysiology is related to the estrogen receptors in the
inner ear, primarily the vestibular dark cells in the ampulla
and utricle; estrogen may also affect the ionic and anionic
homeostasis of endolymph by regulating the expression of
ion and anion channels and pumps (Lee and Marcus, 2001;
Chen and Nathans, 2007). Ogun et al. speculated that a sudden
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decrease or increase in estrogen would disrupt electrical charge
homeostasis and influence neurosensory function (Ogun et al.,
2014b). Marino et al. (2010) found that reduced autophagic
activity may cause unbalanced homeostasis of otoconial
biogenesis in Atg4b null mice, causing enlarged calcium crystals
formation. Further investigation on the relationship between
the autophagic activities in inner ears and estrogen deficiency
requires further investigation. The proposed mechanism for
the relationship between BPPV and menopause is shown in
Figure 2.

One novel finding of our study was that females who took
estrogen for menopause syndrome had a significantly lower
incidence of BPPV. A previous study reported that impaired
postural balance was correlated with estrogen insufficient
after menopause (Winner et al., 1989; Hammar et al., 1996;
Naessen et al., 1997). Moreover, the perception of disturbances
in postural balance has been linked to the frequency of
vasomotor symptoms (Ekblad et al., 2000). Accordingly,
Naessen et al. found that starting hormone therapy soon after
menopause ameliorated postural balance to levels normally
observed in young female subjects (Naessen et al., 2007).
Similar findings were reported by Coksuer et al., the vertigo
symptom gone after took hormone therapy (Coksuer et al.,
2011). Furthermore, Yang et al. conducted an animal study
and the result showed the bilateral ovariectomy rat accepted
female sex hormone replacement therapy were reversed the
decrease of otoconin 90 levels (Yang et al., 2017). Otoconin
90 acts as main protein to maintain the normal morphology
and growth of otoconia (Petko et al., 2008). The epigenetic

FIGURE 2 | Proposed mechanism for estrogen replacement and the

incidence of BPPV. Aging causes estrogen deficiency in para-menopausal and

post-menopausal women. Estrogen replacement may reduce to progression

of osteoporosis, and at the same time, possibly reduce BPP formation. The

disruption of inner ear otoconia biogenesis homeostasis, possibly caused by

reduced autophagic activities, may cause enlargement of calcium crystals in

the inner ears, leading to BPPV formation.

regulation of estrogen on Otoconin 90 may need further
investigation.

These findings might support our results that estrogen
replacement therapy can reduce the incidence of BPPV
in menopausal women. We can speculate that a sufficient
and more stable estrogen blood level may provide
protective effects, according to our study results. However,
the effects of estrogen on autophagic activity and the
possible influence of epigenetic regulation require further
investigation.

Another explanation for a higher BPPV incidence in the
older female population is its relationship with osteoporosis.
A systematic review study indicated that BPPV is associated
with osteoporosis (Yu et al., 2014). One recent study reported
that vitamin D deficiency and decreased ionized Ca levels
may be risk factors for BPPV (Kim et al., 2016). However,
the concurrence of two morbidities is not encouraged of a
relationship (Talaat et al., 2015). Our findings provide an
explanation other than Ca homeostasis for this issue. Estrogen
deficiency is the major predisposing factor to bone loss after
menopause. Selective estrogen receptor modulators (SERMs)
have been widely used to treat post-menopausal osteoporosis.
According to our study, loss of estrogen protection is a risk
factor of BPPV. Therefore, further research on the relationship
between estrogen and BPPVmay help prevent the recurrence and
occurrence of BPPV.

One strength of this study is its nationwide population setting;
its wide age range and numerous sample size provide satisfactory
power for hazard ratio analyses.Moreover, our risk factor analysis
had a cohort design and was performed through the assessment
of a reliable insurance system. Nevertheless, our study has some
limitations. First, the diagnosis of BPPV in this study primarily
depended on the ICD codes recorded in the NHI database. Even
though we have included only subjects who were diagnosed with
BPPV at least twice in outpatient clinics to reduce the bias of
over/under diagnosis, the exact number of BPPV patients is still
different from a prospective study design. Second, our database
primarily consists of Taiwanese population, therefore, our results
may not explain the racial difference in relationship between
BPPV and estrogen. Last, due to the lack of clinical data, we
couldn’t obtain the exact hormone level or status of menopause
syndrome of subjects.

Our study provides a novel etiology and possible treatment
method for the prevention of BPPV. Further studiesmay focus on
the pathophysiological mechanism of estrogen in BPPV patients
and the development of new drugs for the prevention and
treatment of BPPV.
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