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Introduction: Osteoporosis and osteopenia are progressive disorders characterized by decreased bone
mass, especially in postmenopausal women. These can be associated with body pain, fractures, hearing
loss and balance disorders. The present study aims to evaluate audio-vestibular function in post-
menopausal patients with osteopenia or osteoporosis.
Methods: The study included 48 postmenopausal women (new subjects) diagnosed with osteoporosis
(n ¼ 23) or osteopenia (n ¼ 25) in the age range of 50e66 years, as well as 28 normal women as controls.
Audiological testing included pure tone audiometry (conventional and extended high-frequency audi-
ometry), speech audiometry, impedance audiometry and otoacoustic emissions, including both transient
evoked otoacoustic emissions (TEOAEs) and distortion product otoacoustic emissions (DPOAEs). All
subjects also underwent vestibular evoked myogenic potentials testing (both ocular and cervical VEMPs).
Results: In the present study, hearing was worse at all frequencies in the osteoporosis group in com-
parison with the osteopenia and control groups, with worse speech recognition and discrimination
scores and OAEs. Vestibular function was affected in 95.65% of women with osteoporosis and 76% of
those with osteopenia.
Conclusion: Osteoporosis and osteopenia are risk factors for vestibular dysfunction and hearing deficits
in postmenopausal women. Thus, hearing and vestibular function should be monitored by audiological
and vestibular testing periodically in these individuals.

© 2020 PLA General Hospital Department of Otolaryngology Head and Neck Surgery. Production and
hosting by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Osteoporosis and osteopenia are progressive disorders charac-
terized by decreased bonemass and increased bone brittleness that
can potentially result in bone fractures (Riis, 1993). Osteoporosis,
also called “a silent disease,” remains asymptomatic until it reaches
the advanced stage (Kanis et al., 2013). Data from a World Health
Organization (WHO) survey shows that this disorder is the second
most critical health problem worldwide, following cardiovascular
diseases (World Health Organization, 1994). A recent study in 2017
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indicated that 29% of the Indian population has osteoporosis per
consensus data (Ramalingaiah, 2017).

Osteoporosis and osteopenia can occur at any age, especially in
postmenopausal women (Nilas and Christiansen, 1987), and may
lead to body pain, fractures, hearing loss and balance disorders
(Bigelow et al., 2016; Zuniga et al., 2012; Burke-Doe et al., 2008). A
meta-analysis of five studies from different countries found that a
decrease in bone mineral density (BMD) or osteoporosis was
significantly associated with hearing loss (Upala et al., 2017). A
nationwide cohort study of the Korean population concluded that
osteoporosis increased the risk of sudden sensorineural hearing
loss in patients aged �50 years (Kim et al., 2018). Hearing loss in
individuals with osteoporosis or osteopenia can be conductive,
sensorineural or mixed, potentially due to otosclerosis, ossicular
fracture and neural degeneration (Matsuo et al., 2005; Doherty and
Linthicum, 2004). A few studies have demonstrated that patients
rgery. Production and hosting by Elsevier (Singapore) Pte Ltd. This is an open access
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Table 2
Age among osteoporosis, osteopenia and control groups.

Groups N Mean Age (years)< SD F ratio

Osteoporosis 23 60.78 4.54 1.35
Osteopenia 25 58.80 4.35
Control 28 59.18 4.39

SD: Standard deviation.

Hearing category Audiometric threshold (dB HL)

Normal �10e15
Slight loss 16e25
Mild loss 26e40
Moderate loss 41e55
Moderately severe loss 56e70
Severe loss 71e90
Profound loss >91
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with osteoporosis may suffer from balance disorders as well as
hearing loss (Gargeshwari et al., 2018; Mendy et al., 2014).

Most existing studies so far have focused on the association
between BMD and cochlear function, and research on the impact of
osteoporosis and osteopenia on vestibular function in post-
menopausal women is sparse. Also, results in studies showing
hearing loss in osteoporosis and osteopenia, especially in post-
menopausal females, are variable especially regarding the type of
hearing loss. There also lack data on extended high frequency
hearing in postmenopausal women with osteoporosis and osteo-
penia. It was against this background that the current study was
planned.

1.1. Aim of the study

The study aims to prove the hypothesis that osteoporosis and
osteopenia increase the risk of hearing loss and vestibular
dysfunction in postmenopausal women.

1.2. Objectives

To study the prevalence of hearing loss in postmenopausal pa-
tients with osteoporosis or osteopenia as compared to the control
group.

To compare hearing in postmenopausal patients with osteopo-
rosis or osteopenia with a control group.

To assess and compare vestibular function in postmenopausal
patients with osteoporosis or osteopenia and in a control group.

2. Materials and methods

The present study quantitatively analyzed audiological and
vestibular test data, using a deductive analytical research approach
with a cross-sectional study design in postmenopausal females
with osteoporosis or osteopenia.

2.1. The subjects were divided into three groups according to BMD
measurements by dual-energy X-ray absorptiometry (DEXA)

DEXA value T-scores for osteoporosis and osteopenia were
calculated by comparing to specific normative range for patients of
matched gender and ethnicity (Table 1).

Subjects.

Group 1: postmenopausal subjects with normal BMD values
(n ¼ 28, mean age ¼ 59.18 ± 4.39 years), i.e. control group
Group 2: postmenopausal subjects with osteopenia (n ¼ 25,
mean age ¼ 58.80 ± 4.35 years)
Group 3: postmenopausal subjects with osteoporosis (n ¼ 23,
mean age ¼ 60.78 ± 4.54 years)

Age were matched across the groups (Table 2).
Inclusion criteria included osteoporosis or osteopenia with no

previous history of hearing loss ormiddle ear pathology, no apparent
history of noise exposure, noise trauma or head injury. Patient
evaluation was performed after obtaining ethical clearance and
Table 1
Diagnostic categories based on T-score recommended by WHO (Czerwi�nski
et al., 2007) (Czerwi�nski et al., 2007).

Normal scores better than �1.1

Osteopenia scores between �1.1 and �2.5
Osteoporosis scores � -2.6
written consents. Ear, nose and throat examination was conducted
and demographic data, including sex, age, qualification and income
were obtained for all the patients as well as the control subjects.
2.2. Audiological assessment

All participants underwent pure tone audiometry, speech
reception threshold (SRT), speech discrimination score (SDS) and
otoacoustic emissions (OAEs) testing. Only subjects having type A
tympanogram were included in this study.
2.2.1. Pure-tone audiometry was conducted at octave conventional
and extended high frequencies (0.25 kHze18 kHz) in a sound-
treated room by the same audiologist with a calibrated clinical
audiometer (Madsen Orbiter 922)

The TDH 39 headphones was used for conventional frequency
audiometry and the HDA 2000 headphones for extended high
frequency audiometry. Bone-conduction thresholds were
measured at 250 Hze4000 Hz using a B-71 bone vibrator. Three
pure-tone averages (PTAs) were computed based on air conduction
thresholds, i.e., PTA 1 for 500, 1000 and 2000 Hz, PTA 2 for 4000,
8000 and 10,000 10,000Hz and PTA3 for 12.5, 16 and 18 kHz.
Hearing loss was graded based on the following (Clark, 1981).
2.2.2. Tympanometry
AMaico (MI34) middle ear analyzer was used to assess eardrum

compliance using a probe tone of 226 Hz at 85 dB SPL by varying
pressure from þ200 daPa to �400 daPa.
2.2.3. Otoacoustic emissions
Both distortion product and transient OAEs were measured us-

ing the Smart OAE version 1.0 (Beta Version) (Intelligent Hearing
System, USA) and an ER-10D probe. Nonlinear clicks (100 ms, 85 dB
peSPL) at 19.3/s were used for TEOAE testing, for 1024 sweeps of
20 ms, one ear at a time. TEOAEs were deemed present if the signal
to noise ratio (SNR) at three consecutive frequencies was above
6 dB. DPOAEs were measured from 500 to 8000 Hz and considered
as present if SNR was above 6 dB at three consecutive frequencies.
2.3. Vestibular testing

Vestibular-evoked myogenic potentials (VEMPs) were gener-
ated as inhibitory electrical potentials in response to sound



Fig. 1. Hearing results in patients with osteoporosis.
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stimulation (Neuro Audio, Russia, Version 1.0.95). Table 3 shows the
parameters used in the study. Both ears of all patients and control
subjects were tested.

2.3.1. cVEMP
cVEMPs were recorded from the sternocleidomastoid muscle

(SCM) with the subject in a sitting position and the head rotated
away from the stimulated side. The inverting) (e) electrode was
placed at the sternoclavicular junction; non-inverting (þ) electrode
at the midpoint of the upper ½ of ipsilateral SCM muscle and
ground electrode at the forehead. P1, N1 peak latencies and P1eN1
amplitudes were recorded.

2.3.2. oVEMP
Ocular vestibular evoked myogenic potentials were also recor-

ded with the subject in a sitting position and instructed to look 30�

superomedially at a fixed point to facilitate responses. The non-
inverting electrode was placed approximately 1 cm below the
center of the lower eyelid, the inverting electrode about 1 cm below
the non-inverting electrode on the cheek and the ground electrode
on the forehead. N1, P1 peak latencies and N1eP1 amplitudes were
recorded.

3. Results

3.1. Pure tone audiometry results in patients with osteoporosis or
osteopenia

3.1.1. Patients with osteoporosis
PTA 1 showed normal hearing in 21 patients (91.3%) andmild SN

hearing loss in 2 (8.69%). The result of PTA2 indicated mild SN
hearing loss in 8 patients (34.7%), moderate SN hearing loss in 3
(13.04%), and moderately severe SN hearing loss in 12 (52.17%).
PTA3 revealed moderately severe SN hearing loss in 8 patients
(36.36%) and severe SN hearing loss in 15 (65.21%) (Fig. 1).

3.1.2. Patients with osteopenia
PTA 1 showed normal hearing in 24 patients (96%) and mild SN

hearing loss in 1 patient (4%). PTA2 indicated normal hearing in 4
patients (16%), mild SN hearing loss in 16 (64%) and moderate SN
hearing loss in 5 (20%). PTA3 revealed moderately severe SN
hearing loss in 18 patients (72%) and severe SN hearing loss in 7
(28%) (see Fig. 2).

Table 4 shows better low, mid and high pure tone average
thresholds in the control group than in the osteopenia and osteo-
porotic groups in both ears (p < 0.05). The osteoporosis group had
the worst hearing sensitivity at all frequencies, followed by the
osteopenia and the control group (Fig. 3).

3.2. Speech audiometry

Table 5 shows the speech reception threshold (SRT) and speech
discrimination scores (SDS) in all groups for both ears, with sta-
tistically significant difference among the three groups in speech
Table 3
Stimulus and acquisition parameters for VEMPs.

Stimulus parameters

Stimulus 500 Hz tone burst
Transducer ER3Ainsert phones
Onset phase Rarefaction
Intensity 95dBnHL
Rate 3.1/s
reception threshold (p < 0.01) for both ears and in speech
discrimination score only for the right ear (Fig. 4).

3.3. Otoacoustic emissions

TEOAEs were present in 7 patients with osteoporosis (30%), 8
patients with osteopenia (32%) and 10 control subjects (35%).
DPOAEs were present (SNR ¼> 6 dB at three consecutive fre-
quencies) in 8 osteoporotic patients (34.78), 11 patients with
osteopenia (44%) and 36 control subjects (46%).

3.4. Vestibular myogenic potentials (VEMPs)

cVEMP and oVEMP were affected in 95.65% and 87.33% of the
patients with osteoporosis; and in 68% and 28% of the patients with
osteopenia, respectively, with statistically significant differences as
compared to the control group (p < 0.01).

Table 6 and Fig. 5 shows Mean cVEMP latencies and amplitudes
among the three groups, showing themost prolonged latencies and
lowest amplitudes in the osteoporosis group, followed by the
osteopenia and then the control group.

Table 7 and Fig. 6 show mean oVEMP latencies and amplitudes
among the groups. The most prolonged latencies and lowest am-
plitudes are seen in the osteoporosis group, followed by the
osteopenia group and then the control group (p < 0.01).

4. Discussion

4.1. Audiological results

Our findings demonstrate sensorineural hearing loss over con-
ventional and extended high frequencies as well as affected OAEs in
both the osteoporosis and osteopenia groups, suggesting hair cell
damage at all frequencies, although more so for high frequencies.
We have not come across a single study comparing hearing over
conventional and extended high frequencies in patients with
Acquisition parameters

Filter setting 30e1500 Hz
Time window 50msec
Number of sweeps 100
Notch filter On
Channel (e) Ipsilateral- cVEMP

Contra- oVEMP



Fig. 2. Prevalence of hearing loss in patients with osteopenia.

Table 4
Pure tone average thresholds across osteoporosis, osteopenia and control groups (dB HL).

Osteoporosis Mean SD Osteopenia Mean SD Control Mean SD F-value

PTA1 (500 Hz,1000 Hz,2000 Hz) Right 21.88 1.690 20.60 2.45 20.24 2.26 3.89*
Left 23.62 2.28 19.82 1.94 19.37 2.69 24.44*

PTA2 (4 KHz,8 KHz,10 KHz) Right 52.03 10.27 42.27 17.97 32.38 4.83 16.68**
Left 47.75 10.60 39.67 9.94 32.62 5.04 19.10**

PTA 3 (12.5 KHz,16 KHz,18 KHz) Right 76.09 8.90 67.33 8.91 62.11 5.45 20.40**
Left 75.38 5.35 69.67 8.25 63.10 4.60 24.76**

SD: Standard deviation � p < 0.05.
**p < 0.01.

Fig. 3. Pure tone averages across osteoporosis, osteopenia and control groups.

Table 5
Speech reception thresholds (SRT) and speech discrimination scores (SDS) across osteoporosis, osteopenia and control groups.

Osteoporosis Mean SD Osteopenia Mean SD Control Mean SD F-value

SRT(dB) Right 27.35 1.11 25.92 2.22 23.11 2.85 24.15**
Left 27.61 1.92 24.28 1.95 24.11 2.14 23 .40**

SDS (%) Right 92.00 4.82 94.29 4.95 96.64 2.98 6.79**
Left 92.00 0.00 92.86 6.40 95.20 4.76 2.96

Fig. 4. Mean speech reception thresholds (SRT) and speech discrimination scores
(SDS) across osteoporosis, osteopenia and control groups for both ears.
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Fig. 5. Comparison of cVEMP latency and amplitude among the osteoporosis, osteo-
penia and control groups.

Fig. 6. Comparison of oVEMP latency and amplitude among the osteoporosis, osteo-
penia and control groups.
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osteoporosis and osteopenia, to the best of our knowledge,
although many audiological studies for frequencies up to 8 kHz in
osteoporosis and osteopenia have been reported in the literature.
The results in the present study are in line with studies by Henkin
et al. (1972), Oghan and Coksuer (2012), €Ozkınrış et al. (2013) and
Jung et al. (2016). Studies by Kahveci et al. (2014) and Bhavya (2016)
also found OAEs affected in these patients. In the present study,
extended high-frequency audiometry was conducted to help
measure cochlear function and diagnose sensory injury earlier than
conventional audiometry (Tweed, 2001). Furthermore, it is a sen-
sitive tool to identify underlying causes in individuals classified by
conventional audiometry as having normal hearing but reporting
difficulties in speech recognition (Shaw et al., 1996). All individuals
in this study showed type A tympanograms, revealing normal
middle ear status, similar to studies by €Ozkınrış et al. (2013) and
Bhavya (2016).

In the aging population, osteoporosis is a progressive bone
disease that leads to reduced mineral density in all bones including
the temporal bone, cochlear capsule, internal auditory canal,
mandible and middle ear bone structures (Roth et al., 2011; Clark
et al., 1995). Menopause also leads to a decline in estrogen levels.
Table 6
Mean and standard deviation of latency and amplitude of osteoporosis, osteopenia and c

Latency (msec) Osteoporosis Mean SD O

P1 Right 20.20 0.80 1
Left 19.57 0.49 1

N1 Right 28.80 1.68 2
Left 27.70 2.02 2

Amplitude (microvolt)
P1eN1 Right 16.15 1.42 1

Left 16.30 0.48 1

Table 7
OVEMP latency and amplitude across the osteoporosis, osteopenia and control groups.

Latency (msec) Osteoporosis Mean SD Ost

N1 Right 13.56 1.28 11.2
Left 13.32 0.87 11.5

P1 Right 18.10 1.42 19.5
Left 19.03 0.67 19.3

Amplitude (Microvolt)
N1eP1 Right 6.13 0.47 7.16

Left 6.97 0.10 7.64
Estrogen induces reduction in the rate of bone loss by inhibiting
osteoclastic activity. Therefore, estrogen deficiency causes further
irreversible erosion in bone density (Sayegh and Stubblefield,
2002). It has been hypothesized that demineralization of the
cochlear capsule may lead to sensorineural hearing loss. Upala et al.
(2017), in their meta-analysis, concluded that an imbalance be-
tween bone formation and resorption might lead to dysfunctional
ionic metabolism resulting in sensorineural hearing loss. Similar to
our study, Kahveci et al. (2014) and €Ozkınrış et al. (2013) reported
greater differences at higher frequencies than at lower frequencies
among tested groups, although the underlying reasonwas not clear.
4.2. Vestibular test results

cVEMP and oVEMP were affected the most in patients with
osteoporosis, followed by those with osteopenia and then the
control group. Ekblad et al. (2000), Mendy et al. (2014), Li et al.
(2015) and Bigelow et al. (2016) also found a positive correlation
between reduced vestibular functions and low bone mineral den-
sity. In a study by Gargeshwari et al. (2018) on osteoporosis,
osteopenia and control groups, both subjective and objective
ontrol group for both ears in cVEMP.

steopenia Mean SD Control F-value

4.82 1.54 13.10 0.64 300.14**
5.60 1.57 13.41 0.28 265.55**
2.38 1.22 21.92 0.912 215.59**
3.28 1.06 22.34 0.67 113.51**

9.78 1.83 21.72 1.040 94.45**
9.38 1.97 22.63 0.87 155.63**

eopenia Mean SD Control Mean SD F-value

2 1.20 10.90 0.32 50.98**
6 0.41 11.01 0.46 99.23**
6 1.17 17.06 0.19 38.73**
8 0.75 18.32 0.55 17.90**

0.17 7.98 0.41 10.25**
0.39 7.96 0.23 86.69**
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balance tests showed balance-related deficits in patients with
osteoporosis and osteopenia.

Balance disorders are due to decreased calcium inside the
vestibular system, as reported inmany studies. Calcium plays a vital
part in electrical signal transmission from end organs to higher
centers with proper neurotransmitter support. A feature observed
both in osteopenia and osteoporosis is the decrease in calcium,
which may affect both sensory structures functioning in the pe-
ripheral vestibular system and neural transmission. These func-
tional changes result in hearing loss, imbalance and other
dysfunctions (Mendy et al., 2014). Vestibular function may also be
affected by the role of estrogen inmaintaining calcium homeostasis
via coupled remodeling in postmenopausal women (Reifenstein
and Albright, 1947). Research has proved that the cochlea and
vestibule are functionally and anatomically associated. They share a
continuous membranous labyrinth and similar receptor cell ultra-
structures that are supplied by the labyrinthine artery. Along
with hearing, vestibular functions can therefore also be affected
(Zuniga et al., 2012; Ciaravella et al., 2007). Thus, we speculate that
impaired vestibular function in these individuals may contribute to
the risk of falls and, therefore, fractures.
4.3. Limitations

The sample size was small, owing to the time-bound nature of
the study. Other vestibular tests were not conducted in the study.
4.4. Future investigations may study the correlation between BMD

The degree of hearing loss and vestibular function, imaging,
electrophysiological test results and the relation between abnormal
tests and the onset of menopause.
5. Conclusions

Osteoporosis and osteopenia are risk factors for vestibular
dysfunction and hearing deficits in postmenopausal women.
Hearing loss at high frequencies is present in these women and
manifests its impact as difficulty in speech discrimination. Along
with hearing, vestibular functions can also be affected. Thus,
postmenopausal women with osteopenia and osteoporosis should
undergo audiological and vestibular testing periodically to monitor
hearing and vestibular status.
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