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Introduction

Vitiligo is an acquired pigmentary disorder of unknown etiol-
ogy, clinically characterized by whitish macules caused by
selective loss of melanocytes.1 Vitiligo has been reported in
50% of cases before 20 years old; however, the late onset of the
diseasemay be associatedwith other diseases like rheumatoid
arthritis and diabetes mellitus (DM). Females usually acquire
the disease earlier, that is, in the 1st decade; in the case of
males, the peak of the disease is in the 5th decade. The disease

appears to be transmitted in a multifactorial manner and
lesions typically develop in areas of friction.2,3 Vitiligo may
be classified as localized, generalized and universal, according
to the area of pigmentation loss. Generalized vitiligo is the
most common type and vitiligo vulgaris is the most common
subtype. Based on its etiopathogenesis, vitiligo has been
classified as immune (progressive vitiligo)/nonsegmental,
neural (segmental/dermatomal), and chemical (contact).4,5

Embryonically, melanocytes develop from the neural
crest, later on distributed in the epidermis of hair bulbs in

Keywords

► vitiligo
► stria vascularis
► nonsegmental
► audiometric
► auditory defect

Abstract Introduction Vitiligo is an acquired pigmentary disorder of unknown etiology,
clinically characterized by whitish macules caused by selective loss of melanocytes.
There are many melanocytes in the human cochlea. Recent studies have suggested a
direct relation between cochlear dysfunction and decreased amounts of melanin.
Objective To determine the effect of vitiligo on auditory function.
Methods The present prospective, case control study was performed over a period of
1 year in patients between 15 and 40 years old with nonsegmental disease and the
same number of controls. Pure tone audiometry (PTA) and Otoacoustic emission (OAE)
were performed to analyze the correlation between vitiligo and auditory function.
Results The mean pure tone audiometric threshold in the right ear at 0.5, 8 kHz, and
in the left ear at the frequency of 8 kHz in the case group were significantly higher as
compared with controls. The average band reproducibility (%) in the right and left ear of
controls was significantly higher at the frequency of 4 kHz as compared with cases. It
has been observed that signal to noise ratio was statistically higher at the frequency of
5kHz in the right ear and at 2, 3, and 5kHz in the left ear in controls as compared with
cases. On the basis of disease type and duration of disease; mean pure tone audiometric
threshold, average band reproducibility and signal to noise ratio, no significant effect
was observed in the present study.
Conclusion Vitiligo has an effect on cochlear function irrespective of the duration or
distribution of the disease.
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the skin, the uveal tract, the retinal pigment epithelium, the
inner ear and the leptomeninges, which are collectively
regarded as melanocyte organs.6 Melanocytes appear to be
vital for the normal development and function of the stria
vascularis. Melanocytes may have some direct, essential role
in the production of electrocochlear potential by the stria.7

There are many melanocytes in the human cochlea, particu-
larly in the modiolus, in the osseous spiral lamina, in the
Reissner membrane, and in the vascular stria. Melanin may
have an important role in the inner ear, since hearing is
affected in systemic disorders that affect pigmented areas
(eyes, skin, and hair) such as Vogt-Koyanagi Harada (VKH)
and Waardenburg syndromes.8 Although the loss or reduc-
tion of melanocytes in the inner ear may have a critical effect
on hearing, if it affects the perception of the frequencies of
the sound used in normal verbal communication or only the
higher frequencies, and how duration of the disease affects
normal hearing is still a matter of debate.

Therefore, we conducted a prospective, case control study
to determine the effect of vitiligo as well as of the duration
and type of vitiligo on hearing.

Materials and Methods

After institutional ethical board approval, 40 vitiligo patients
with nonsegmental disease and 40 age-matched healthy
controls were enrolled over a period of 1 year after signing
a written informed consent. Subjects with ear pathology,
history of acoustic/noise trauma, systemic disease (i.e., renal
insufficiency, DM, hypertension, hypercholesterolemia/dys-
lipidemia), family history of hereditary hearing loss, taking
ototoxic drugs or steroids, smokers and having other derma-
tological disorders were excluded from the study.

The cases and controls underwent a battery of audiologi-
cal tests. PTA was performed in all of the subjects with an
Interacoustics AC 40 Clinical Audiometer (Interacoustics A/S,
Assens, Denmark) in a fully sound attenuated room. Hearing
loss was considered if the hearing threshold exceeded 25 dB.

OAE testing was done with a GSI audioscreenerþ (VIASYS
NeuroCare, Madison, WI, USA) to assess distortion product
otoacoustic emissions (DPOAEs) and transient evoked otoa-
coustic emissions (TEOAEs). Total Band Reproducibility (TBR)
in TEOAEs and Signal to Noise Ratio (SNR) in DPOAEs were
considered to analyze the results. A pass or refer result for
each frequency band is basedfirst on the presence or absence
of a DPOAE and TEOAE and second on the absolute level of the
DPOAEs and TEOAEs in dB SPL.

Using the methodology described above, the role of PTA
and of OAE in knowing the correlation between vitiligo and
hearing and its effect on cochlear function was analyzed. All
of the values were expressed as mean� standard deviation
(SD), and significant differences between the case and con-
trol groups were determined using the Student t-test, with a
p-value � 0.05 as cutoff for statistical significance.

Observation and Results

The present studywas conducted in 40 vitiligo patients and 40
healthycontrols,with amean age of 27.65years old in controls
and of 27.25 years old in cases. In the control group, therewere
16males (40%) and 24 females (60%), while among cases there
were 14 males (35%) and 26 (65%) females.

Themeanpure tone audiometric threshold in the right ear
at the frequencies of 0.5 and 8 kHz in the case group were
significantly higher (p � 0.05) as compared with controls.
Pure tone audiometric average in the left ear in the cases as
compared with controls at the frequency of 8 KHz was
statistically high (p � 0.05). (►Table 1)

Transient evoked otoacoustic emissions testing was done
in both groups at different frequencies. In the right ear in
controls and cases at frequencies of 1, 2, and 4 kHz, there
were 57.50%, 60%, 40% and 17.50%, 62.50%, and 5% pass,
respectively; however, refer were 42.50%, 40%, 60% and
82.50%, 37.50%, and 95% respectively, in the control and in
the case groups. In the left ear in controls and cases at
frequencies of 1, 2, and 4 kHz, there were 55%, 65%, 40%

Table 1 Comparison of pure tone audiometric threshold (mean� standard deviation) in controls and cases group

Frequency (kHz) Control Cases T df p-value

Right Ear

0.5 16.38� 4.38 18.75� 5.16 �2.22 78 0.03�

1 17.38� 3.92 17.75� 5.42 �0.35 78 0.72

2 15.88� 4.06 17.13� 5.87 �1.11 78 0.03

4 18.63� 5.88 21.00� 10.08 �1.29 78 0.02

8 19.00� 7.78 22.88� 8.23 �2.16 78 0.05�

Left Ear

0.5 17.63� 3.75 18.50� 4.11 �0.99 78 0.32

1 16.38� 3.75 17.50� 4.67 �1.19 78 0.24

2 15.38� 4.44 16.88� 5.39 �1.36 78 0.19

4 19.50� 8.38 22.38� 10.25 �1.37 78 0.17

8 19.00� 5.45 22.63� 10.62 �1.92 78 0.05�

Abbreviations: df, degrees of freedom; T, t-distribution.
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and 17.50%, 50%, and 2.50% pass, respectively; however, refer
were 45%, 35%, 60% and 82.50%, 50%, and 97.50%, respective-
ly, in the control and case groups. (►Fig. 1)

It has been observed that average band reproducibility (%)
in controls in the right ear, as well as in left ear, was
significantly higher (p � 0.05) at the frequency of 4 kHz as
compared with cases. (►Table 2)

Distortion product otoacoustic emissions was done in both
groups; among the controls, in the right ear, there were 85%,
97%, 92%, 90% and 65% pass whereas refer were 15%, 3%, 8%,

10% and 35%, respectively, at frequencies of 2, 3, 4, 5 and6 kHz.
In the right ear, 92.50%, 85%, 82%, 75%, 65% pass, and 7.50%,
15%, 18%, 25%, 35% refer were obtained in cases at the
frequencies of 2, 3, 4, 5, and 6 kHz respectively. The DPOAEs
results showed that in the left ear of controls there were
97.50%, 92.50%, 97.50%, 97.50%, and 62.50% pass and
2.50%,7.50%, 2.50%, 2.50%, and 37.50% refer at the frequencies
of 2, 3, 4, 5, and 6 kHz, respectively. In cases, 80%,70%,67.50%,
70%, and 50% pass, and 20%, 30%,32.50%,30%, and 50% refer
were obtained at the frequencies of 2, 3, 4, 5,and 6 kHz,
respectively. (►Fig. 2)

Signal to noise ratiowasmeasured at different frequencies,
ranging from 2 to 6 kHz.We obtained a higher value of SNR in
controls as compared with cases, and a statistically higher
value (p� 0.05) at the frequency of 5kHz in the right ear and at
the frequencies of 2, 3, and 5kHz in the left ear. (►Table 3)

On thebasis of typeofdisease, therewere 7 localized and33
generalized cases of vitiligo. On thebasis ofduration ofdisease,
they were divided into 2 groups between 1 and 12 years and
between 13 and 24 years of duration. The mean pure tone
audiometric threshold values were statistically similar
(p> 0.05) at different frequencies among different types of
vitiligo. The average band reproducibility (%) was not signifi-
cantly (p> 0.05) affected by the different type of vitiligo. It has

Fig. 1 Comparison of transient evoked otoacoustic emissions results
in controls and cases.

Table 2 Comparison of transient evoked otoacoustic emissions band reproducibility (%; mean� standard deviation) in controls
and cases

Frequency (kHz) Control Cases T df p-value

Right Ear

1 48.79� 31.67 40.86� 25.57 1.23 78 0.22

2 66.99� 29.27 61.56� 30.63 �0.81 78 0.42

4 50.82� 32.60 35.50� 25.95 2.33 78 0.02�

Left Ear

1 47.04� 33.85 44.17� 23.63 0.44 78 0.66

2 61.40� 32.04 60.97� 29.78 0.06 78 0.95

4 51.18� 27.99 39.27� 26.38 1.96 78 0.05�

Abbreviations: df, degrees of freedom; T, t-distribution.

Fig. 2 Comparison of distortion product otoacoustic emissions results in controls and cases.
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beenobservedthat therewasnostatisticaldifference (p> 0.05)
between the localized and the generalized type of vitiligo on
the mean SNR. The mean pure tone audiometric threshold
values were statistically similar (p> 0.05) at different frequen-
cies among different durations of vitiligo. The average band
reproducibility (%) was not significantly (p> 0.05) affected by
the different durations of vitiligo. There was no significant
effect (p> 0.05) of different durations on DPOAEs signal to
noise ratio was observed in the present study.

Discussion

In the present study, we observed that the pure tone
audiometric value in the study group was numerically
higher at the frequencies of 1kHz, 2kHz, and 4kHz, and
statistically higher (p< 0.05) at speech (0.5kHz) and at a
higher frequency (8kHz) as compared with the control
group. Thirteen patients (32.5%) in our study have shown
a higher value for PTA. Similarly, Shalaby et al (2006)9 stated
that the mean of pure tone threshold in the frequencies
between 0.25 and 16 KHz was more elevated in the study
group than in the control group, but this difference was not
statistically significant. The mean pure tone average in the
study conducted by Shalaby et al at the frequencies of 1kHz,
2kHz, 4kHz, and 8kHz, of cases versus controls, were 21.2,
21.7, 23.3, 23.3 dB and 18.7, 20.4, 22.3, 20.8 dB, respectively,
in the right ear; and in the left ear they were 20.8, 22.9, 23.4,
and 22.8 dB and 18.00, 20.8, 21.2, and 19.9 dB, respectively.
In our study, the mean pure tone averages at the frequencies
of 1kHz, 2kHz, 4kHz, and 8kHz were 17.75, 17.13, 21.00,
and 22.88 dB and 17.38, 15.88, 18.63, and 19.00 dB in the
study and control groups, respectively, in the right ear,
and17.50 and 16.38 dB at 1kHz, 16.88 and 15.38 dB at
2 kHz, 22.38 and 19.50 dB at 4 kHz and 22.63 and
19.00 dB at 8kHz in the left ear in the study and control
groups, respectively. Therefore, we can see that mean pure
tone average values in the study group were higher as

compared with the control group. Fifteen percent of
patients with vitiligo who demonstrated audiologic changes
were symptomatically free regarding hearing sensitivity.
Like the study conducted by Shalaby et al, in our study none
of the patients were symptomatic regarding hearing sensi-
tivity as well. The hearing loss was only subclinical.

Escalante-Ugalde et al10 conducted a case control study
taking 100 vitiligo patients and 50 healthy controls. The
audiometric threshold between 125 and 8,000Hzwas normal
for both cases and controls. As compared with our study, they
found no association between hypoacusis and vitiligo on pure
tone audiometry. They said that their patients were nonwhite
anddifferentethnic groupsmayhavedifferent results.We also
observedvariation forotoacousticemissions, that is,decreased
value of TEOAEs average band reproducibility percentage and
DPOAEs SNR in the case group as compared with the control
group. The average band reproducibility percentage in all
observed frequencies in thestudygroupwere less as compared
with the control group, and it was statistically significant
(p< 0.05) at 4kHz in the right ear (35.50%) and in the left ear
(39.27%) in the study group as compared with the control
group, that is, 50.82% and 51.18%, respectively. Elevenpatients
(27.5%) have shown failure in TEOAE in both the right and left
ears. Similarly, DPOAEs SNR were also decreased in the study
group at all frequencies as comparedwith the control group in
the right and left ear, but was significantly lower (p< 0.05) at
5kHz, 16.65 in cases and 21.17 in controls in the right ear and
14.50, and 18.25 at 2kHz, 15.61 and 19.92 at 3kHz, 15.93 and
21.24 at the frequencyof 5kHz in the studyand control groups,
respectively, in left ear. Ten patients (25%) had shown absent
DPOAE.

Shalaby et al9 revealed a significant decrease in the
reproducibility percent of TEOAE in the vitiligo group. The
reproducibility percent was 33.3% in the study group com-
pared with 98% in the control group. The reproducibility
percentage in our study is 35.50% and 50.82% in the study and
control groups, respectively.

Table 3 Comparison of distortion product otoacoustic emissions signal to noise ratio (mean� standard deviation) in controls and
cases

Frequency (kHz) Controls Cases T df p-value

Right Ear

2 17.29� 8.61 16.56� 9.27 0.37 78 0.71

3 20.09� 6.76 17.99� 9.36 1.15 78 0.25

4 22.34� 8.58 20.59� 9.85 0.85 78 0.39

5 21.17� 8.46 16.65� 10.95 1.15 78 0.05�

6 14.68� 11.73 13.07� 10.04 0.66 78 0.51

Left Ear

2 18.25� 5.90 14.50� 9.57 2.11 78 0.04�

3 19.92� 7.39 15.61� 11.09 2.01 78 0.05�

4 21.79� 6.51 18.25� 11.80 1.66 78 0.10

5 21.24� 6.78 15.93� 11.05 2.59 78 0.02�

6 14.55� 12.03 11.30� 10.46 1.29 78 0.20

Abbreviations: df, degrees of freedom; T, t-distribution.
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Angrisani et al11 observed that out of 24 patients, 17
(70.89%) patients had absence of TEOAEs. Similar to this
study, in our study TEOAEs were absent in 38 (95%) in the
right ear and in 39 (97.50%) in the left ear. Distortion product
otoacoustic emissions were absent in our study in the right
ear in 14(35%) and in 20 (50%) in the left ear. Angrisani et al11

observed no statistically significant differences in conven-
tional audiometry and otoacoustic emissions when compar-
ing different types and durations of vitiligo. In our study, we
found no statistical significant difference in different types of
vitiligo in relation to audiological parameters. So the type of
distribution of vitiligo patches over the skin may not provide
a direct and definite picture of cochlear dysfunction.

Mahdi et al12 found no correlation between the duration
of the disease and the recorded pure tone audiometric
values. Similarly, Sharma et al13 and Elsaied et al14 observed
that there was no effect of duration on the audiological
parameters. In our study, we have found no statistical
significant difference in audiological parameters used to
assess hearing in different durations of vitiligo. They have
explained that it may be possible that otic melanocytes are
affected at the start of vitiligo and then stabilize afterwards.9

Otoacostic emissions (OAEs) are the result of active proc-
essingbyouterhaircells.OAEsarepresentwhenouterhaircells
arehealthyandabsentouterhair cells are damaged. Thus,OAEs
reveal, with exquisite senstivity, the integrity of outer hair cell
function.11 In the present study, decreased otoacoustic emis-
sions, that is, TEOAEs average band reproducibility percentage
and DPOAEs SNR in the case group strengthens the hypothesis
that vitiligo is a significant factor for altered cochlear function,
and that melanin may in fact have an important role in cell
metabolism, facilitating substance exchanges andmaintaining
the endolymph, perilymph and ionic balance.

In our study, none of the patientswas symptomatic regard-
inghearing sensitivity, andhearing losswasonlysubclinical. In
our study, we found no statistical significant difference in
different types of vitiligo and in different durations of vitiligo.
However, the small sample size and limited period of study
may be taken as limitations of the present study. For a
complete evaluation, further studies should include a large
sample size and longer duration of the studies.

Conclusion

Vitiligo has an effect on cochlear function and the affection is
usually asymptomatic subclinical hearing loss for a long time.
Otoacoustic emissions is a valuable tool in the detection of
minimal cochlear lesion. Some patientswith vitiligowill have a
certainamountofauditorydefect irrespectiveof thedurationor

distribution of the disease. All vitiligo patients require routine
monitoring and audiological assessments for early identifica-
tion andmonitoring of changes as the disease progresses, with
pure tone audiometry and OAE. To obtain more precise results
about thehearing statusofpatientswithvitiligo, a larger sample
size and longer duration of studies are recommended.
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