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Abstract

Background: Vitiligo is a common chronic disease of pigmentation, which may be accompanied by audiological abnormalities.

Material and methods: The aim of this study was to assess vitiligo patients in terms of hearing thresholds using conventional pure tone 
audiometry (0.25 to 8 kHz), high frequency pure tone audiometry (10 and 12.5 kHz), as well as Transient Evoked Otoacoustic Emis-
sions (TEOAEs). We correlated the audiometric findings with vitiligo duration and severity. The study included 75 subjects with a mean 
age of 29.7 ± 8.6 years. There were 50 vitiligo patients and 25 age and gender matched healthy controls who had never had any audiological 
condition or exposed to excessive noise.

Results: Only 24% of vitiligo patients had high frequency sensorineural hearing loss (SNHL) using conventional audiometry and the majority 
(76%) had bilaterally normal hearing. The majority (90%) of vitiligo patients had SNHL in extended high frequency audiometry. There was 
a statistically significant difference between the cases and controls regarding TEOAE SNR at 5 kHz, and nearly half of the normal hearers 
had an abnormal TEOAE. Vitiligo patients were found to have subclinical inner ear dysfunction compared with the controls. There was a 
statistically significant correlation between PTA and age of the patients but not with vitiligo duration or severity.

Conclusions: The audiometric findings of the vitiligo group and the statistically significant differences from the control group suggest a 
subclinical involvement of the cochlea, probably related to the vitiligo condition, but not affected by vitiligo duration or severity. We there-
fore recommend the use of extended high frequency audiometry and otoacoustic emission tests for early detection of inner ear involve-
ment in vitiligo.
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ZABURZENIA ŚLIMAKOWE U PACJENTÓW Z BIELACTWEM

Streszczenie

Wstęp: Bielactwo jest powszechną przewlekłą chorobą powodującą zmiany pigmentacji skóry. W przebiegu tego schorzenia mogą wystę-
pować zaburzenia słuchu.

Materiał i metody: Celem niniejszego badania było przeprowadzenie oceny słuchu pacjentów z bielactwem nabytym pod kątem progów 
słyszenia przy użyciu standardowej audiometrii tonalnej (0,25 do 8 kHz), audiometrii tonalnej wysokich częstotliwości (10 i 12,5 kHz), a także 
badania emisji otoakustycznych wywołanych trzaskiem (TEOAE). Wyniki audiometryczne zostały skorelowane z czasem trwania i nasile-
niem bielactwa. W badaniu wzięło udział 75 osób w wieku średnio 29,7 ± 8,6 lat. Grupę badaną stanowiło 50 pacjentów z bielactwem, nato-
miast grupa kontrolna objęła 25 zdrowych osób dobranych pod względem wieku i płci, u których nigdy nie wystąpiły choroby uszu i które 
nigdy nie były narażone na nadmierny hałas.

Wyniki: Wyniki standardowej audiometrii tonalnej (PTA) wykazały, że tylko 24% pacjentów z bielactwem miało ubytek słuchu odbiorczy 
w obrębie wysokich częstotliwości (SNHL), a u pozostałych 76% słuch był obustronnie w normie. Z kolei audiometria wysokich częstotliwości 
wykazała, że większość (90%) pacjentów z bielactwem miała SNHL. Różnica między pacjentami z bielactwem a grupą kontrolną dla TEOAE 
dla 5 kHz była istotna statystycznie, a prawie połowa badanych osób zdrowych miała nieprawidłowy wynik TEOAE. U pacjentów z bielac-
twem w porównaniu z grupą kontrolną stwierdzono utajoną (subkliniczną) dysfunkcję ucha wewnętrznego. Istotna statystycznie korelacja 
wystąpiła między PTA a wiekiem pacjentów, ale nie między PTA a czasem trwania lub nasileniem bielactwa.

Wnioski: Wyniki audiometrii tonalnej uzyskane w grupie pacjentów z bielactwem i różnice istotne statystycznie w porównaniu z grupą 
kontrolną sugerują, że zaburzenia ślimakowe u tych osób mają charakter utajony (subkliniczny) i prawdopodobnie są związane ze stanem 
bielactwa, ale nie z czasem trwania czy nasileniem tej choroby. Dlatego u pacjentów bielactwem zalecamy wykonanie audiometrii wysokich 
częstotliwości i badania emisji otoakustycznych w celu wczesnego wykrycia wad ucha wewnętrznego.

Słowa kluczowe: bielactwo • ślimak • wysoka częstotliwość • niedosłuch odbiorczy • audiometria • emisje otoakustyczne

Introduction

Vitiligo is a common chronic disease of pigmentation. Its 
etiology is unknown, but it is characterized by destruction 
of melanocytes in the skin that causes hypopigmented and 

asymptomatic patches with sharply demarcated margins. 
However, recent clinical and experimental studies suggest 
there is a systemic destruction of melanocytes, especially in 
the mucous membranes, eyes, and the membranous laby-
rinth of the inner ear [1]. The mechanism destroying the 
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melanocytes in the skin could also affect the other organs 
with melanocytes. There are different hypotheses: genetic, 
autoimmune, auto-cytotoxic, and neural [2].

Melanocytes are also distributed in the membranous lab-
yrinth of the inner ear with the heaviest pigmentation in 
scala vestibuli. Their role is not fully elucidated, but they 
are believed to be important for the development of endo-
lymphatic potentials as well as for maintenance and nor-
mal function of stria vascularis [2–4]. Despite the fact that 
the specific functions of otic melanocytes are still unclear, 
clinical and experimental studies suggest that melanin has 
semi-conductive properties, responding to acoustic and elec-
trical stimulation. Furthermore, these cells have the ability 
to convert energy states into molecular rotation and vibra-
tion as well as the reverse [5]. Otic melanocytes modulate 
the function of Na+/K+-ATPase and potassium channels, 
which are essential for creating endocochlear potentials 
[6]. In addition, the melanin is reported to have a protec-
tive role against environmental damage [7–10]. Reduced 
levels and/or activity of pigment cells may result in audi-
ological abnormalities [11–17]. However, most patients 
with vitiligo are clinically asymptomatic for audiometric 
abnormalities [18].

Otoacoustic emissions (OAEs) are sounds which arise 
in the ear canal after the tympanum receives vibrations 
transmitted backwards through the middle ear from the 
cochlea. These vibrations occur as a byproduct of a unique 
and vulnerable cochlear mechanism which has become 
known as the ‘cochlear amplifier’ and which contributes 
greatly to the sensitivity and discrimination of hearing. 
Transient evoked otoacoustic emissions (TEOAE) are 
highly sensitive to cochlear pathology in a frequency-
specific way [19].

Normal results in conventional pure tone audiometry 
(PTA) (0.25 to 8 kHz) do not exclude cochlear damage. 
The presence of OAEs is a reliable indicator of structural 
integrity of the outer hair cells (OHCs) in the cochlea, and 
their absence might reveal possible subclinical OHC dam-
age corresponding to a particular conventional frequency 
region (i.e. a cochlear lesion before any evidence occurs 
in pure tone audiometry). Damage to inner hair cells that 
code for frequencies above 8 kHz cannot be detected by 
conventional audiometry, but it is possible with extended 
high frequency (EHF) audiometry, although this is not 
routinely used. EHF audiometry may detect impairment 
in the most basal region of the cochlea [20]. Akay et al. [7]; 
Anbar et al. [3], Fleissig et al. [2], and Carvalho et al. [21] 
found an association between vitiligo and different audi-
ological abnormalities.

The rationale behind the current work is to recognise that 
disturbed auditory function has been associated with vit-
iligo patients, but not all vitiligo patients suffer from con-
ventional hearing loss. This sub-clinical gap might be able 
to be demonstrated using non-conventional tests.

Aim

The aim of this study was to assess hearing thresholds using 
both conventional pure tone audiometry (PTA) (0.25 to 
8kHz) and high frequency pure tone audiometry (10 and 

12.5 kHz) as well as outer hair cell functioning using Tran-
sient evoked Otoacoustic Emissions (TEOAEs) in vitiligo 
patients. We also wanted to correlate the audiometric find-
ings with vitiligo duration and severity.

Subjects and methods

The study was carried out between October 2016 and June 
2017 at the Audiology Unit outpatient clinic, Otorhinolar-
yngology department, and the Dermatology department in 
Kasr Al-Ainy hospital, Cairo University. The study was per-
formed in accordance with the ethical standards of the Fac-
ulty of Medicine, Cairo University research committee and 
with the 1964 Helsinki declaration and its later amendments 
or comparable ethical standards. An informed oral consent 
was signed by all subjects for participation in the study.

This study included 75 subjects, 24 males and 51 females, 
with a mean age of 29.7 ± 8.6, ranging from 18 to 45 years, 
which were divided into two groups:

• A study group (cases), which included 50 adults suffer-
ing from vitiligo, 15 males and 35 females, whose mean 
age was 29.6 ± 8.3 years, ranging from 18–45 years. They 
were recruited from those attending the dermatology 
outpatient clinic.

• A control group, which included 25 healthy adults, 
9 males and 16 females, not complaining of vitiligo 
whose mean age was 29.9 ± 9.2 years, ranging from 
18–45 years, well matched to the cases with respect to 
age and sex. Controls were recruited from those per-
forming assessments at the audiology clinic.

There was no statistically significant difference between 
cases and controls regarding age (t = 0.123; p = 0.902); 
or gender (χ2 = 0.276; p = 0.610). For age, the median 
was 30 with IQR 22–36 in the cases, and 28 (22–38) 
in the controls. The exclusion criteria were: previous 
ear surgery; familial hearing loss; ototoxic drug intake; 
chronic noise exposure; aged above 50 years; any dis-
ease or condition affecting hearing or balance, includ-
ing other autoimmune diseases; and unilateral or asym-
metric hearing loss.

Patients in this study were subjected to vitiligo diagno-
sis and scoring: 1) Clinical diagnosis of vitiligo by the 
dermatologist. 2) Scoring of severity and activity by the 
dermatologist.

a)  Vitiligo area scoring index (VASI): Quantitative para-
metric score calculated using a formula to measure dis-
ease severity [22]. The percentage of vitiligo involvement 
is calculated in terms of hand units. One hand unit is 
approximately equivalent to 1% of the total body surface 
area. The degree of pigmentation is estimated to the near-
est of one of the following percentages: 100% - complete 
depigmentation, no pigment is present; 90% - specks of 
pigment present; 75% - depigmented area exceeds the 
pigmented area; 50% - pigmented and depigmented 
areas are equal; 25% - pigmented area exceeds depig-
mented area; and 10% - only specks of depigmentation 
present. The VASI for each body region is determined by 
the product of the area of vitiligo in hand units and the 
extent of depigmentation within each patch. The VASI 
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is then derived by multiplying the values assessed for the 
vitiligo involvement by the percentage of affected skin 
for each body site and summing the values of all body 
sites together: VASI = ∑ [HAND UNITS] × [RESIDUAL 
DEPIGMENTATION] [23,24].

b)  Vitiligo disease activity score (VIDA): Six-point scale 
to determine the activity of vitiligo [25]. An individu-
al’s own opinion is the base of the VIDA score. Grad-
ing is as follows. VIDA Score +4: activity for 6 weeks 
or less; +3: activity for 6 weeks to 3 months; 2: activity 
for 3–6 months; +1: activity for 6–12 months; 0: stable 
for at least 1 year; and −1: stable for at least 1 year with 
spontaneous repigmentation [23].

Each participant was subjected to 1) Detailed history tak-
ing. 2) Otologic examination including otoscopy and tun-
ing fork tests. 3) Basic audiological evaluation in a sound-
treated room, Amplisilence Model E, and Madsen orbiter 
922 pure-tone audiometer (GN Otometrics, Denmark) cal-
ibrated according to ISO standards. Testing included: Pure 
tone audiometry (PTA):

• Air conduction in the frequency range 0.25–8  kHz. 
Extended high frequency audiometry was performed 
at 10 and 12.5 kHz.

• Bone conduction in the frequency range 0.5–4 kHz.

According to the conventional PTA (0.25 to 8 kHz), nor-
mal hearing was classified as ears with PTA average up to 
25 dBHL; mild SNHL: ears with PTA average 26–40 dBHL; 
moderate SNHL: ears with PTA average 41–55 dBHL; mod-
erately severe SNHL: ears with PTA average 56–70 dBHL; 
severe SNHL: ears with PTA average: 71–90 dBHL; pro-
found SNHL: ears with PTA average: 91+ dBHL [26]. There 
was no indication for ABR testing to exclude any retro-
cochlear lesion, i.e. all patients included in the study had 
symmetric hearing levels.

Tympanometry used a Madsen Zodiac 901 middle ear 
analyzer (GN Otometrics, Denmark), calibrated accord-
ing to ISO standards, and included single frequency tym-
panometry with a 226 Hz probe tone. All participants had 
bilateral type A tympanograms reflecting normal middle 
ear pressure.

Transient evoked otoacoustic emissions (TEOAEs) were 
measured using a 100µs click stimulus at 80 dBSPL, band 
pass filtered 0.3 to 5 kHz, at a rate of 66 Hz. Noise level was 
below 50 dB SPL. 1000 averages were collected to judge the 
response. Responses were recorded in two buffers (A & B) 
and averaged separately. The average amplitude of these 
two waveforms presented the overall echo level in dBSPL. 
The software determined the amplitude of TEOAE in five 
frequency bands (1, 2, 3, 4, and 5 kHz). Signal to noise ratio 
(SNR) was computed for each frequency band. In addition, 
the reproducibility of the TEOAE was tested by the correla-
tion between the signals from the two buffers. All responses 
were stored for analyses. TEOAE were considered present 
if the whole reproducibility was ³50 % according to Kemp 
[27]. The pass criteria were response SNR ≥3 dB with repro-
ducibility ≥70% in at least three frequencies with overall 
SNR ≥ 6 dB and overall reproducibility ≥ 70%. A partial 
pass criterion was if the whole reproducibility was 50–70%.

Statistical analyses

Data was coded and entered using the statistical package 
SPSS (Statistical Package for the Social Sciences) version 
24. Quantitative data was summarized using mean, stan-
dard deviation, median, interquartile range, minimum 
and maximum; for categorical data frequency (count) and 
relative frequency (percentage) were used. Comparisons 
between two groups were done using unpaired t-tests. 
Comparisons between more than two groups were done 
using a Kruskal–Wallis test for non-parametric data. For 
comparing categorical data, a Chi square (c2) test was per-
formed. An Exact test was used instead when the expected 
frequency was less than 5. Correlations between quanti-
tative variables were done using Pearson correlation coef-
ficient. P-values less than 0.05 were considered as statis-
tically significant.

Results

The mean duration of vitiligo in the cases of this study was 
5.7 ± 5.5 years, ranging from 0.04 to 30 years. The mean 
VASI score in the cases was 6.3 ± 10.0 ranging from 0.003 to 
43. Assessed by VIDA scale, 2 cases were VIDA –1; 3 were 
VIDA 0; 2 cases were VIDA+1; 7 cases were VIDA+2; 
11 cases were VIDA+3; and 25 cases were VIDA+4.

Audiometry

All controls were bilaterally normal on conventional PTA 
(0.25–8 kHz). For the vitiligo patients, conventional PTA 
(0.25–8 kHz) revealed 38/50 patients (76%) with bilaterally 
normal hearing and 12/50 patients (24%) had sensorineu-
ral hearing loss (SNHL) – bilateral in 5 patients (10%) and 
unilateral in 7 patients (14%) (5 right; 2 left). Hearing loss 
involved 4 kHz only in 3 patients: bilateral in 1 patient, uni-
lateral in 2 patients (left). Hearing loss involved 8 kHz only 
in 9 patients: bilateral in 3 patients, unilateral in 5 patients 
(4 right; 1 left). Hearing loss involved 4 and 8 kHz in the 
right ear only in 2 patients.

Patients had high frequency hearing loss: mild at 4kHz, rang-
ing from mild to moderately severe at 8 kHz. Although the 
cases showed a statistically significant worse PTA thresh-
olds at 1 kHz in the right ears than the controls, the PTA 
threshold results at 1 kHz were within the normal limits 
in all the vitiligo patients except for a mild hearing loss 
with a threshold of 30 dBHL in one patient only, but many 
patients had a high normal threshold of 25 dBHL which 
might have affected the mean result at 1 kHz. Although 
cases showed a statistically significant better PTA thresh-
olds at 2 kHz in the left ears than the controls, the PTA 
threshold results at 2 kHz were within normal limits in 
the vitiligo patients (Table 1).

The cases showed a statistically significant worse EHF 
PTA thresholds at 10 kHz and 12.5 kHz than the controls 
(Table 1). EHF audiometry showed hearing loss in the 
majority 45/50 (90%) of the vitiligo patients. It was bilateral 
in 34/50 patients (68%) while unilateral in 11/50 patients 
(22%) (2 right, 9 left). Patients had high frequency hear-
ing loss ranging from mild to severe at the extended high 
frequencies. Of the 38 patients who had normal hear-
ing thresholds in conventional (0.25–8 kHz) audiometry, 
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PTA 
Frequencies

Cases (n = 50) Controls (n = 25)

t-value p-value 

Mean SD Min. Max. Mean SD Min. Max.

Right

250 Hz 14.3 4.04 5 25 13 3.82 5 20 1.337 0.185

500 Hz 15.1 4.79 10 25 13.2 3.79 5 20 1.729 0.088

1 kHz 16.5 5.18 5 30 13.6 3.39 10 20 2.538 0.013

2 kHz 13.3 4.36 5 25 13.2 4.76 5 20 0.091 0.928

4 kHz 16.3 7.75 5 40 14.4 5.27 5 20 1.104 0.273

8 kHz 20.2 12.16 5 65 16.4 5.31 5 25 1.489 0.141

10 kHz 35.1 14.79 10 85 22 6.29 5 30 4.229 0.000

12.5 kHz 35.7 16.26 10 85 24.6 5.39 10 35 3.314 0.001

Left

250 Hz 14.4 4.81 5 25 13 2.89 10 20 1.338 0.185

500 Hz 14.9 4.68 5 25 13.8 3.62 5 20 1.03 0.307

1 kHz 14.7 4.45 10 25 13 5 5 20 1.496 0.139

2 kHz 11.7 4.7 5 20 14 4.33 5 20 –2.051 0.044

4 kHz 14.6 7.13 5 35 13.6 4.45 5 20 0.64 0.524

8 kHz 17.8 8.4 5 50 15.6 4.86 5 25 1.21 0.230

10 kHz 35 13.74 10 70 22.4 7.09 5 30 4.298 0.000

12.5 kHz 37.4 15.95 15 85 24.8 6.53 10 35 3.785 0.000

Table 1. Comparison between cases and controls regarding pure tone audiometry (conventional and high frequency) 
thresholds at all tested frequencies
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Figure 1. Hearing thresholds in dB HL at different frequencies in the right and left ears of the vitiligo group (blue) and in 
controls (red)
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5/38 (13%) had within normal EHF hearing thresholds, 
while 33/38 (87%) had high frequency hearing loss was bilat-
eral in 22/38 patients (58%) and unilateral in 11/38 (29%).

Patients had mild to severe hearing loss at the extended 
high frequencies. In the controls, 7/25 subjects (28%) had 
unilateral abnormal EHF audiograms (1 right, 6 left). All 
were of a mild degree, and 13/25 (52%) had bilateral nor-
mal EHF audiograms. Figure 1 shows hearing thresholds 
at different frequencies in the cases and in the controls.

The distribution of the EHF audiometric results in the 
38 patients who had bilaterally normal hearing thresh-
olds in conventional audiometry (0.25–8 kHz) is shown 
in Figure 2. Table 2 shows the distribution of normal and 
abnormal results in the right and left ears of cases and 
the controls. The majority of the cases showed abnormal 
results: 66% and 79% in the right and left ears respectively, 
while the majority of the controls showed normal results 
in either right or left ears, with only 28% and 44% of the 
controls showing abnormal results in the right and left ears 
respectively. There was a statistically significant difference 
between the cases and controls regarding this distribution.

The right ears showed a greater percentage of hearing loss 
in EHF PTA (10 and 12.5 kHz). The distribution of nor-
mal and abnormal EHF PTA results in the different VIDA 
stages was not statistically significant in either the right or 
left ears (p > 0.05).

Transient Evoked Otoacoustic Emission 
(TEOAE)

All controls had bilaterally normal TEOAEs. Of the 38 vitil-
igo patients who had bilaterally normal hearing thresholds 
in conventional audiometry (0.25–8 kHz), Figure 3 shows 
the TEOAE results. TEOAEs were preserved at all frequen-
cies bilaterally in 21 patients (55%) and abnormal in 17 of 
them (45%). The abnormalities were: 1) absent at all fre-
quencies bilaterally in 1/38 patients (3%); 2) preserved at 
all frequencies unilaterally in 9 patients (24%) (4 in the 
right ear and 5 in the left); 3) absent at some frequencies 
bilaterally (partial pass response) in 7/38 patients (18%).

The overall reproducibility was 85 ± 17% (right ears) and 
87 ± 20% (left ears) in the cases compared to 89 ± 10% 
and 86 ± 10% in the respective ears of the controls, but 

the differences were not statistically significant. There 
was a statistically significant difference between the cases 
who had bilaterally normal hearing thresholds in conven-
tional audiometry (0.25–8 kHz) in the right and left ears, 
and controls regarding the TEOAE SNR at 5 kHz in the 
right ears and left ears (Table 3).

Of the 38 vitiligo patients (76 ears) who had bilaterally 
normal hearing thresholds in conventional audiometry 
(0.25–8kHz), 34 had abnormal OAEs, and 42 had normal 
OAEs. The majority (26/34) (76%) of ears with abnormal 
OAEs had EHF PTA hearing loss, and the majority (29/42) 
(69%) of ears with normal OAEs had EHF PTA hearing 
loss, and this distribution was not statistically significant 
(χ2 = 0.518; p = 0.607).

There was a statistically significant positive correlation 
between age and PTA at all tested frequencies, in both the 
vitiligo group and in the controls (p < 0.05).

  Vitiligo patients Controls  χ2 p-value

Right ear EHF PTA no. % no. %

8.616 0.005
Normal 13 34.2 18 72

Abnormal 25 65.8 7 28

Total 38 100 25 100

Left ear EHF PTA no. % no. %

8.104 0.007
Normal 8 21.1 14 56

Abnormal 30 78.9  11 44

Total 38 100 25 100

Table 2. Comparison between vitiligo patients with normal results in conventional pure tone audiometry (0.25–8 kHz) 
and controls regarding the distribution of normal and abnormal extended high frequency results in the right and left ears

5
13%

22
58%

Extended frequencies HL bilaterally

Normal extended frequencies bilaterally

Extended frequencies HL unilaterally

11
29%

Figure 2. Extended frequency hearing loss (HL) – based 
on results for 10 and 12.5 kHz –  in 38 patients who had 
bilaterally normal hearing thresholds in conventional pure 
tone audiometry (0.25 to 8 kHz)
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There was no statistically significant correlation between 
vitiligo duration and PTA. There was no statistically signif-
icant correlation between VASI and PTA (Table 4).

Age was not correlated with TEOAE either in the vitil-
igo group or in the controls (p>0.05), except for a nega-
tive correlation between age and TEOAE at 5 kHz in the 
right ear (p<0.05).

There was no statistically significant correlation between 
vitiligo duration, or VASI, with TEOAE (Table 5).

There was no statistically significant difference among the 
VIDA stages regarding the mean PTA thresholds results 

in either the right or left ears (p>0.05), or among the 
distribution of normal and abnormal conventional PTA 
results (0.25–8 kHz) in the different VIDA stages in either 
the right or left ears χ2 =3.310; p = 0.652 (right PTA); 
χ2 = 4.504; p = 0.479 (left PTA) – (data not shown, Krus-
kal–Wallis test). Figures 4 and 5 show the distribution of 
normal and abnormal conventional PTA (0.25–8 kHz) 
results in the different VIDA stages in the right and left 
ears of the cases respectively.

There was no statistically significant difference among 
the VIDA stages regarding the mean TEOAE SNR, over-
all response, overall reproducibility, or the Mean AB 
value results in either the right or left ears (p>0.05). 

TEOAE
Cases (n = 38) Controls (n = 25)

t-value p-value
Mean SD Mean SD

Right

1 kHz 10.45 6.14 11.93 4.84 –1.012 0.316

2 kHz 15.72 5.39 15.47 4.25 0.193 0.847

3 kHz 12.38 5.99 12.72 4.52 –0.242 0.81

4 kHz 9.09 5.36 10.43 4.43 –1.033 0.306

5 kHz 1.64 6.6 5.89 3.16 –2.992 0.004

 Overall response (SPL) 15.17 6.39 17.9 4.4 –1.862 0.067

 Overall reproducibility (%) 84.63 17.17 88.66 10.03 –1.057 0.295

 Mean AB value (SPL) 15.69 5.96 18.22 4.38 –1.819 0.074

Left

1 kHz 12.5 7.91 10.65 5.15 1.026 0.309

2 kHz 17.68 5.59 15.71 5.96 1.321 0.191

3 kHz 13.2 5.71 13.66 6.13 –0.299 0.766

4 kHz 8.17 4.39 9.57 4.42 –1.217 0.228

5 kHz 2.89 3.9 5.71 2.89 –3.068 0.003

 Overall response (SPL) 15.39 6.1 17.27 4.33 –1.329 0.189

 Overall reproducibility (%) 86.72 20.4 86.34 10.35 0.085 0.933

 Mean AB value (SPL) 15.93 5.42 17.74 4.14 –1.417 0.161

Table 3. Comparison between normal hearing vitiligo patients (according to conventional audiometry, 0.25–8 kHz) and 
controls regarding transient otoacoustic emissions (TEOAEs)

7
18%

21
55%

preserved at all frequencies bilaterally
absent at all frequencies bilaterally

preserved at all frequencies unilaterally

absent at all frequencies unilaterally

9
24%

1
3%

Figure 3. Transient otoacoustic emission (TEOAE) results 
in 38 vitiligo patients who had bilaterally normal hear-
ing thresholds in conventional pure tone audiometry 
(0.25–8 kHz)
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There was no statistically significant difference among 
the distribution of normal and abnormal EHF PTA results 
χ2 = 4.781; p =0.443 (right); χ2 = 3.102; p = 0.684 (left) (data 
not shown, Kruskal–Wallis test). Figures 6 and 7 show the 
distribution of normal and abnormal EHF PTA results in the 
different VIDA stages in the right and left ears of the cases.

Figures 8 and 9 show the distribution of normal and abnor-
mal TEOAE results in the different VIDA stages in the 
right and left ears of the 38 normal hearing cases. There 
was no statistically significant difference among the differ-
ent VIDA stages regarding the distribution of normal and 
abnormal TEOAE results in the right and left ears of the 
cases: χ2 = 4.073; p = 0.850 (right); χ2 = 2.736; p = 0.950 (left).

Discussion

Audiometry

Our PTA findings of the patients revealed that the major-
ity (76%) had bilaterally normal hearing thresholds, while 
24% had high frequency hearing loss (bilateral in 10% 
and unilateral in 14%). Hearing loss was mild at 4 kHz, 
and ranged from mild to moderately severe at 8 kHz. 
This reflects damage to the inner ear melanocytes in vit-
iligo patients.

Our PTA results are in agreement with Dawoud et al. [28] 
whose study revealed that 23/30 (77%) of vitiligo patients 

PTA  Vitiligo 
Duration VASI

Right

250 Hz
r –0.038 –0.129

p 0.793 0.371

 500 Hz
r 0.015 -0.024

p 0.917 0.871

 1000 Hz
r 0.108 –0.162

p 0.455 0.261

 2000 Hz
r 0.030 –0.219

p 0.838 0.127

 4000 Hz
r 0.164 0.012

p 0.256 0.932

 8000 Hz
r 0.314 0.057

p 0.026 0.693

 10000 Hz
r 0.135 0.082

p 0.351 0.573

 12500 Hz
r 0.054 0.136

p 0.711 0.347

PTA  Vitiligo 
Duration VASI

Left

 250 Hz
r –0.037 –0.115

p 0.797 0.425

 500 Hz
r –0.010 –0.188

p 0.946 0.192

 1000 Hz
r 0.111 –0.152

p 0.441 0.294

 2000 Hz
r –0.022 –0.150

p 0.882 0.299

 4000 Hz
r 0.141 0.032

p 0.328 0.826

 8000 Hz
r 0.070 –0.037

p 0.629 0.800

 10000 Hz
r 0.086 0.079

p 0.552 0.583

 12500 Hz
r 0.144 0.099

p 0.317 0.493

Table 4. Correlation between vitiligo duration and VASI score at each pure tone threshold (conventional and high fre-
quency) in the vitiligo patients

Figure 4. Percentages of normal (orange) 
and abnormal (blue) conventional PTA 
results (0.25–8 kHz) in the right ears of the 
vitiligo group at different VIDA stages
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Figure 6. Percentages of normal (orange) 
and abnormal (blue) extended pure tone 
audiometry results in the right ears of the 
vitiligo group at different VIDA stages

TEOAE Duration VASI

Right

1 kHz 
r –0.155 0.086

p 0.289 0.557

 2 kHz 
r 0.034 0.081

p 0.817 0.579

 3 kHz 
r –0.101 –0.192

p 0.489 0.185

 4 kHz 
r –0.179 –0.148

p 0.219 0.312

5 kHz 
r –0.091 –0.032

p 0.535 0.826

 Overall 
response (SPL) 

r –0.155 –0.100

p 0.282 0.490

 Overall 
reproducibility 

(%)

r 0.011 0.103

p 0.942 0.478

 Mean AB value 
(SPL) 

r –0.167 –0.119

p 0.245 0.409

TEOAE Duration VASI

Left

1 kHz 
r –0.010 0.118

p 0.944 0.424

 2 kHz 
r 0.068 –0.036

p 0.647 0.807

 3 kHz 
r –0.006 –0.235

p 0.965 0.108

 4 kHz 
r –0.137 –0.095

p 0.355 0.521

5 kHz 
r –0.147 –0.127

p 0.320 0.389

 Overall 
response (SPL) 

r –0.233 –0.152

p 0.104 0.291

 Overall 
reproducibility 

(%)

r –0.192 0.037

p 0.182 0.796

 Mean AB value 
(SPL) 

r –0.223 –0.184

p 0.119 0.202

Table 5. Correlation between vitiligo duration and VASI score in terms of transient otoacoustic emission (TEOAE) in the 
38 vitiligo patients with normal hearing (according to conventional audiometry, 0.25–8 kHz)

Figure 5. As for Figure 4 but for the left ear.
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Figure 7. As for Figure 6, but for the left ear

Figure 8. Percentages of normal (orange) 
and partial passes (green) for transient 
otoacoustic emission (TEOAE) tests in the 
right ears of the vitiligo group at different 
VIDA stages. There was 1 case of no TEOAE 
response (blue) in the VIDA4 group
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Figure 9. As for Figure 8 but for the left ear
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had normal PTA thresholds and 7/30 (23%) patients had 
mild to moderate SNHL.

In comparison to our study, several studies have shown 
slightly higher percentage of SNHL in vitiligo patients. 
Sahrifian et al. [29] found high frequency SNHL in 19 of 
50 patients (38%), it was bilateral in 63%, and in 11% only 
the left ear and in 26% only the right ear was involved. 
They noted that hearing loss was not seen at speech fre-
quencies, and it was limited to only high frequencies, 
especially above 4 kHz, justifying the lack of hearing loss 
complaints by patients. Akay et al. [7] observed SNHL in 
20/50 patients (40%) of the vitiligo cases and 16% of the 
controls, and the difference was statistically significant. 
There were 9 of the 20 patients who showed unilateral 
minimal hearing loss (<30 dB), while the other 11 demon-
strated bilateral hearing loss (>30 dB) over a large range of 
frequencies (2–8 kHz). Mahdi et al. [10] found statistically 
greater pure tone thresholds at 2, 4, and 8 kHz in both ears 
of 8 patients out of 21 (38%) (p≤0.05); 5 patients had gen-
eralized, 1 had total, and 2 had a segmental type of disease, 
and 3 had unilateral and 5 had bilateral SNHL. The pat-
tern of hearing loss was in the range 2–8 kHz in 3 (14%) 
patients, was limited to 4–8 kHz in another 3, and was lim-
ited to 4 kHz only in 2 others. Nevertheless, the PTA of all 
patients was still within the normal range. Their findings 
strengthen the hypothesis that an alteration of the inner ear 
pigment cells favor the occurrence of hypoacusis.

Fleissig et al. [2] found SNHL in 69% of vitiligo patients 
compared with 6% of the controls. This difference was sta-
tistically significant (p = 0.001). Some 25% of the cases suf-
fered from moderate to severe SNHL. Vitiligo patients dem-
onstrated a significantly higher prevalence of all degrees 
of SNHL compared with the controls (p = 0.002). When 
examining the audiogram shapes, the ‘notch’ shape was the 
most frequent type among vitiligo patients and was sig-
nificantly more common in vitiligo patients (50%) com-
pared with controls (12.5%), (p = 0.021) with no history 
of noise exposure.

In comparison to our study, several studies have 
shown a lower percentage of SNHL in vitiligo patients. Aydo-
gan et al. [9] found sensorineural hypoacusis in 8 patients 
(14%) with generalized vitiligo and VIDA score 3, who pre-
viously had no complaint of any hearing impairment. There 
were 2 of the 8 patients who showed unilateral minimal hear-
ing loss (>30 dB) at only high frequencies (4–8 kHz), while 
the other six demonstrated bilateral hearing loss (>30 dB) 
over a large range of frequencies (2–8 kHz). The find-
ings in the control subjects were all within normal limits 
(p = 0.006). Tosti et al. [11] examined 50 patients with vit-
iligo and auditory abnormalities were detected in 16% of 
them. All had SNHL and they were affected by generalized 
vitiligo. They attributed their findings to the involvement 
of the inner ear melanocytes which are thought to prevent 
damage to hair cells of the inner ear from environmental 
ototoxic agents. They said that this hypothesis was also sup-
ported by the finding that black-skinned persons are less 
commonly affected by noise-induced hypoacusis than are 
white skinned persons who live in the same habitat [30].

Gill and Salt [31] found that in pigmented animals the 
endolymph Ca2+ tended to increase from base to apex of 

the cochlea, while the endocochlear potential systemati-
cally decreased towards the apex. In contrast, no signifi-
cant Ca2+ gradient was found in albinos and the endoco-
chlear potential decline was far less. Their results confirm 
the involvement of melanin in the active transport of Ca2+ 
into endolymph.

Gopal et al. [32] found hypoacusis in 20% of their vitiligo 
patients compared to 2% of the controls. The majority of 
patients with hypoacusis (87%) had a sensorineural type 
of impairment, while the rest had conductive hearing loss.

But a study by Al-Mutairi et al. [33] showed that 22% of 
their vitiligo cases and 18% of the controls showed hypoacu-
sis. This difference was not statistically significant. On the 
other hand, El-Gohary et al. [34] found no significant dif-
ference in PTA thresholds between control and vitiligo 
groups at any frequency from 0.25 to 8 kHz.

The audiometry results of different studies are puzzling. 
Fleissig et al. [2] stated that the dissimilarity in the results 
of different studies may be explained as a consequence 
of the different ethnicities of the populations examined. 
Hong et al. [35] and Sharma et al. [15] had similar results 
to each other when testing populations from the Far East; 
similarly Ardic et al. [13] and Aslan et al. [8] found simi-
lar figures after testing a Turkish population. The number 
of melanosomes in inner ear melanocytes varies between 
ethnic groups and individuals in accordance with skin 
pigmentation [36]. Escalante-Ugalde et al. [37] could not 
find a significant association with vitiligo in their patients 
who were dark-skinned.

In the current study, EHF audiometry showed hearing 
loss in the majority 45/50 (90%) of the vitiligo patients. 
It was bilateral in 34/50 patients (68%) while unilateral in 
11/50 patients (22%). Patients had high frequency hearing 
loss ranging from mild to severe at the extended high fre-
quencies. The cases showed a statistically significant worse 
extended PTA thresholds at 10 kHz and 12.5 kHz compared 
to the controls. Of the 38 patients who had normal hear-
ing thresholds in conventional audiometry (0.25–8 kHz), 
5/38 (13%) had within normal extended hearing thresh-
olds, while 33/38 (87%) had extended hearing loss, which 
was bilateral in 22/38 patients (58%) and unilateral in 
11/38 (29%). This reflects the importance of EHF testing 
to detect subclinical inner hair cells involvement of the 
basal turn of the cochlea.

Aslan et al. [8] found that SNHL was present in 36% of ears 
using conventional pure tone audiometry (0.25–8 kHz), but 
in 59% of the ears at high frequencies (10–12.5 kHz). There 
was audiometric hearing loss in 12 patients, but only four 
of them complained of hearing loss. The authors say that 
the reason for a higher incidence of hearing loss in their 
study might have been due to longer duration of disease 
in their patients than in other previous studies, or that the 
skin types of their patients were types 2 and 3 (68% had 
type 3; 32% had type 2).

Ardic et al. [13] found that the pure tone thresholds of 
their vitiligo group were significantly lower than the con-
trol group, starting from 4 kHz up to 16 kHz. Fleissig et al. 
[2] found that the mean pure tone hearing thresholds in 
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the range 0.25–8 kHz was significantly higher in each ear 
compared with the matched control group (p = 0.023), 
levels that caused significant functional deficit. A mar-
ginal statistical difference was found when the mean pure 
tone hearing thresholds in the range 0.25–12 kHz were 
compared between the groups. No difference was noted 
when the mean pure tone hearing thresholds in the range 
0.5–2 kHz and speech reception thresholds were compared 
between the groups.

Shalaby et al. [38] showed that mean pure tone thresholds 
for 0.25–16 kHz were more elevated in the study group 
than in the control group, but this difference was not sta-
tistically significant. In terms of hearing sensitivity, some 
15% of the patients with vitiligo who demonstrated audio-
logic changes were symptom free. We can therefore assume 
that the hearing organ is minimally affected and hearing 
loss is usually not detected by the patient, although some 
vitiligo patients who had near-normal pure tone thresholds 
in conventional audiometry (0.25–8 kHz) showed deficits 
at extended high frequency.

Transient Evoked Otoacoustic Emission 
(TEOAE)

Of the 38 normal hearing patients in conventional audi-
ometry (0.25–8 kHz) in our current study, TEOAEs were 
preserved at all frequencies bilaterally in 55% and abnor-
mal in 45%. They were mostly absent at some frequencies 
(partial pass response) bilaterally or unilaterally, reflect-
ing outer hair cells dysfunction in the cochlea. They were 
absent at all frequencies bilaterally in 3% of the normal 
hearing patients; preserved at all frequencies unilaterally 
and absent at some frequencies unilaterally in 24% of the 
normal hearing patients; and absent at some frequencies 
bilaterally (partial pass response) in 18% of the normal hear-
ing patients. In the current study, the cases showed a sta-
tistically significant decreased TEOAE SNR at 5 kHz in 
the right ears and left ears compared to the controls. It 
seems that outer hair cell dysfunction involves the high 
frequency region in the basal cochlear turn. This reflects 
the importance of monitoring to provide preclinical evi-
dence of hearing damage, even before evidence of hear ing 
loss is seen in conventional tests.

Moreover, the majority of vitiligo patients in our study had 
EHF hearing loss irrespective of their OAE result, which 
seems logical as both tests assess different parts of the 
cochlea – the inner and outer hair cells respectively. This 
emphasises the need to perform both tests to assess any 
subclinical cochlear effect in vitiligo patients.

In agreement with our TEOAE results, Anbar et al. [3] 
examined 53 patients with vitiligo and normal audio-
grams, and 60% of them had cochlear dysfunction based 
on DPOAEs, often bilaterally, whereas their control group 
showed no abnormality.

Shalaby [38] found a significant decrease in reproducibility 
of TEOAE in the vitiligo group compared with the control 
group. The reproducibility was 33.3% in the vitiligo group 
compared to 98% in the control group. Significant differ-
ences in TEOAE at different frequencies were also detected.

El-Gohary et al. [34] also found smaller SNRs in the 4 kHz 
band and a higher percentage of abnormal TEOAE find-
ings in the form of partial pass responses (35%).

In the Fleissig et al. [2] study, 2 patients in the vitiligo group 
failed the TEOAE test, with one of them having a normal 
audiogram. Their findings may imply that the prevalence of 
cochlear impairment among vitiligo patients is higher than 
estimated by audiogram alone and even patients with nor-
mal audiograms may need further evaluation by TEOAE.

Aslan et al. [8], Fleissig et al. [2], and Angrisani et al. [39] 
found failure only at higher frequencies, 3 or 4 kHz, in vitil-
igo patients (with 70 or 75% reproducibility and a response 
criterion of three frequencies at 3 dB or greater above the 
noise floor). Angrisani et al. reported that in a third of 
the cases they examined, suppression of OAEs was absent 
when white noise was presented to the contralateral ear 
(to test the function of the efferent pathways). Their find-
ings showed that 67% of the vitiligo patients with normal 
audiometry results had partial or total loss, among them 
65% with bilateral failure mostly at high frequencies (63%).

Age

There was a statistically significant positive correlation 
between age and PTA at all tested frequencies, in both the 
vitiligo group and in the controls (p<0.05), so although 
cochlear dysfunction was worse in older patients, it was not 
possible to relate cochlear dysfunction to vitiligo, even when 
presbycusis was excluded (age range from 18 to 45 years).

Age was not correlated with TEOAE in both the vitiligo 
group and in the controls (p>0.05), except that TEOAE 
at 5 kHz in the right ear was worse at older ages.

Vitiligo patients with SNHL tended to be older and have 
late onset vitiligo. Fleissig et al. [2] found age to be a factor 
in SNHL among vitiligo patients, as vitiligo patients older 
than 20 had a higher mean pure tone hearing threshold 
than the control group, whereas no differences in mean 
pure tone hearing thresholds were found between patients 
under 20 years and healthy controls under 20, indicating that 
SNHL in vitiligo patients occurs at an older age and may 
worsen with age. Their data revealed a tendency towards 
increased severity of SNHL in older vitiligo patients and 
late onset of the condition.

Al-Mutairi et al. [33] concluded that, contrary to observa-
tions in early onset vitiligo, late onset vitiligo did not seem 
to be associated with audiological abnormalities.

Duration of vitiligo

In the current study, vitiligo duration did not have any 
effect on cochlear function, not being correlated with either 
hearing loss or with TEOAE. It seems that once the inner 
ear melanocytes get damaged, cochlea dysfunction occurs 
irrespective of time.

In agreement with our study, Iannella [1] stated that audio-
metric findings of no statistical correlation between age, 
duration of disease, and sex can be explained by the hypoth-
esis that otic melanocytes are damaged at the early stage 
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of vitiligo and then become stabilized. Aydogan et al. [9], 
Gopal et al. [32], and El-Gohary et al. [34] did not find any 
relationship between hearing loss and duration of vitiligo.

However, Arya et al. [40], Aslan et al. [8], Ardic et al. [13], 
and Hong et al. [35] found a statistically significant associ-
ation between hearing loss and longer duration of the dis-
ease. Schrott and Spoendlin [41] stated that, over a long 
time, a hypopigmentation disorder may lead to degenera-
tion of the outer hair cells, beginning from the basal turn 
of the cochlea, whereas inner hair cells remain structur-
ally and functionally intact.

In comparison to our study, Bassiouny et al. [42] found that 
the mean of the TEOAE whole reproducibility percentage 
was 49% for vitiligo group with more than 10 years duration.

Vitiligo severity

VASI was not correlated with hearing loss nor with TEOAE. 
There was no statistically significant difference among the 
VIDA stages regarding mean PTA threshold in either the 
right or left ears (p>0.05). Although there was a greater 
percentage of hearing loss in more severe degrees of vitil-
igo (according to VIDA), the distribution of normal and 
abnormal conventional PTA (0.25–8 kHz) results among 
the different VIDA stages was not statistically significant 
in either the right or left ears) (p> 0.05).

The right ears showed greater percentage of hearing loss 
in EHF PTA (10 and 12.5 kHz). The distribution of nor-
mal and abnormal extended PTA results in the different 
VIDA stages of severity was not statistically significant in 
either the right or left ears (p>0.05). There was no statisti-
cally significant difference among the VIDA stages regard-
ing the mean TEOAE SNR results in either the right or left 
ears (p>0.05). The distribution of normal and abnormal 
TEOAE results in the different VIDA stages was not statis-
tically significant in either the right or left ears (p>0.05). It 
seems that once the inner ear melanocytes get destroyed, 
the cochlea shows dysfunction, irrespective of involve-
ment of the severity of involvement of other areas of the 
body such as the skin.

In agreement with our study, Shalaby et al. [38] found no 
relation between duration, severity of the disease (number 

of affected sites), and any audiological parameter. Mahdi et 
al. [10] found no differences in the hearing loss among all 
clinical types of vitiligo, although hypoacusis prevalence 
was higher in vitiligo vulgaris patients than in the other 
clinical types (but not statistically significant, p = 0.407).

Cochlear function was affected equally in both general-
ized and localized vitiligo subgroups [38]. However, Anbar 
et al. [3] demonstrated that bilateral cochlear dysfunc-
tion was common in segmental and non-segmental vit-
iligo subtypes of the disease. Gopal et al. [32] found that 
80% of patients with hypoacusis had non-segmental vit-
iligo. Hong et al. [35] found non-segmental vitiligo to be 
associated with hypoacusis.

Aslan et al. [8] found a correlation between hearing loss in 
vitiligo patients and body percentage involved (an increas-
ing rate of statistically significant hearing loss was observed 
as the body percentage of vitiligo exceeded 10%).

Sharma et al. [15] found generalized vitiligo to be a risk 
factor for SNHL. Patients with mucosal involvement as the 
primary site of onset demonstrated a negative association 
with SNHL (i.e. patients with mucosal involvement as the 
primary site of onset had normal hearing). Fleissig et al. 
[2] did not see any association between SNHL and vari-
ous clinical parameters of vitiligo.

Conclusion

Conventional pure tone audiometry (0.25–8 kHz) revealed 
that only about one-quarter of vitiligo patients had hear-
ing loss. But using extended high frequency audiometry, 
the majority of normal hearing patients showed hearing 
loss, mostly bilateral. Using transient evoked otoacous-
tic emissions, about half of the normal hearing patients 
showed abnormal results, either bilateral or unilateral. 
The audiometric findings of the vitiligo group, and the sta-
tistically significant differences from the control group, sug-
gest a subclinical involvement of the outer and inner hair 
cells of the cochlea in the basal turn, probably related to 
the vitiligo condition, but not influenced by vitiligo dura-
tion or severity. We recommend the use of extended high 
frequency audiometry and otoacoustic emission testing for 
early detection of inner ear involvement in vitiligo patients.
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