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Background and aim
Association of vitiligo with ocular and auditory abnormalities and other autoimmune
disorders suggests its systemic autoimmune origin. Therefore, this study was
carried out in an attempt to evaluate the effect of melanin deficiency in patients
with vitiligo, as regards the extent and duration of the disease on the auditory
pathway and to study the associated other ocular and systemic abnormalities in
them.
Patients and methods
Forty patients with vitiligo and 20 normal volunteers were examined. Audiological
evaluation including pure-tone audiometry, extended high-frequency audiometry,
transient evoked otoacoustic emissions, and auditory brainstem response was
carried out. Ophthalmic evaluation including visual acuity, intraocular tension, and
fundus examination was carried out. Laboratory investigations including
hemoglobin level, random blood sugar, liver, kidney, and thyroid function tests,
and autoimmune testing (antistreptolysin O titer, erythrocyte sedimentation rate,
rheumatoid factor, and antinuclear antibodies) were carried out.
Results
Sensorineural hearing loss was found in 15 (37.5%) patients; 10 (66.67%) of them
had bilateral hearing loss and at high frequencies (2–8 kHz) sensorineural hearing
loss. Transient evoked otoacoustic emissions were absent or decreased in 67.5%.
There were no statistically significant differences in all auditory brainstem
response parameters in vitiligo patients compared with the control group. Onefourth (25%) of them had decreased visual acuity, 22.5% had anemia, 12.5% had
thyroid dysfunction, 10% had raised random blood sugar, 2.5% had raised liver
enzymes, 32.5% had raised rheumatoid factor, 20% had raised antinuclear
antibody, and 15% had raised erythrocyte sedimentation rate.
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Introduction
Vitiligo is an acquired depigmentary disorder that causes
destruction of melanocytes in the skin, hair bulbs,
mucous membranes, uveal tract and retinal pigment
epithelium of the eyes, inner ear, and leptomeninges [1].
Although loss of melanocytes from the skin is almost
always the primary and initial symptom in vitiligo,
other pigment cells in the body can be affected [2].
Cochlear melanocytes may be affected in vitiligo and
interfere with the conduction of action potentials in the
auditory pathway. Melanocytes are not confined to the
peripheral auditory system; they are also present in the
central auditory system [3]. Damage can also occur to
melanocytes within the iris and retina of the eyes [4].
The affection of extracutaneous melanocytes (auditory
and ocular) in some patients with vitiligo and the

presence of other autoimmune disorders in
association with vitiligo suggest that systemic
immunological events directed against pigment cells
might play a role in the development of the disease.
Therefore, vitiligo may be a part of systemic
autoimmune process [5].
This study attempted to evaluate the effect of melanin
deficiency in patients with vitiligo on the auditory
pathway, to study the associated ocular and systemic
abnormalities in vitiligo patients, and to study the
effect of disease distribution and extent on these
findings.
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Patients and methods
Patients

The study group included 40 patients (27 female and
13 male). Their ages ranged from 18 to 40 years. All
patients were free of middle ear disorders and had
normal tympanograms.

(4)

The control group included 20 healthy volunteers
matched with the study group for age and sex; they
had normal peripheral hearing and normal middle ear
function.

(5)

(6)

Exclusion criteria for both the study and the control
group were a history of ototoxic drug intake, noise
exposure or head trauma, tympanic membrane
perforation, or middle ear disorder.
Informed consent was obtained from all participants in
the study. The study was approved by the Ethics
Committee of Assiut Medical University.
(7)
Methods
Dermatological evaluation (by a specialized dermatologist)

Dermatological evaluation by a specialized
dermatologist included the following: detailed
dermatological history from the patients, including
family history of vitiligo, type, site, duration, onset
and course of vitiligo, and history of other associated
disorders such as diabetes mellitus, thyroid
dysfunction, systemic lupus erythematosus, or
rheumatoid
arthritis.
Full
dermatological
examination was carried out and patients were
classified into four groups: generalized, focal,
segmental, and acrofacial vitiligo [6]. Approximate
percentage of the body surface area involved was
calculated using the rule of nine according to the
Vitiligo European Task Force system [7].
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speech discrimination score and immittancemetry
using impedance audiometer, Interacoustics AZ 26;
Denmark].
Extended
high-frequency
audiometry
at
frequencies 10, 12, 16, 18, and 20 kHz using
dual-channel clinical audiometer (Madsen model
Orbiter 922; GN Otometrics and Sennheiser
HDA-200 Headphone; Sennheiser).
Transient
evoked
otoacoustic
emissions
(TEOAEs) using Intelligent Hearing System for
TEOAEs (USA).
The participant was instructed to remain as quiet
as possible and the probe was properly fitted in the
participant’s outer ear canal using a foam ear tip so
that the TEOAEs would be properly recorded.
TEOAEs were performed using a wide-band click
in continuous mode with an intensity of 80 dBSPL
and a number of sweeps of 1024 pulses/s.
Parameters considered in TEOAE testing were
signal-to-noise (S/N) ratio of greater than or equal
to 6 dB in at least three tested frequency bands [8].
Auditory brainstem response (ABR) using evoked
response audiometer (version 2; Nicolet Spirit,
USA).

The electrodes were placed as follows: active electrode
at the vertex (Cz), reference, and ground electrodes at
the left and right ears (A1 and A2) and recording
between vertex and ear (Cz-A1 for the left side and CzA2 for the right side).
Impedance was maintained below 5 kΩ. The following
parameters were considered: the stimulus used was
click with alternating polarity, intensity of 90 dBHL
and duration of 0.1 ms, filter was 150–3000 Hz
bandpass, time window was 10 ms, number of
sweeps was 1500/s and rate of averaging was
21.1 Hz for low repetition rate (LRR) and 61.1 Hz
for high repetition rate (HRR).

Audiological evaluation

All patients and controls were subjected to the
following:
(1) Otological history taking.
(2) Otoscopic examination.
(3) Basic audiological evaluation in double-wall soundtreated booth (IAC model 1602A-t; Industrial
Acoustic Company, USA) using dual-channel
clinical audiometer (Madsen model Orbiter 922;
GN Otometrics, Copenhagen, Denmark) and
headphones TDH 39 [including pure-tone
audiometry (PTA) air conduction (0.25–8 kHz)
and bone conduction (0.5–4 kHz), speech
audiometry; speech recognition threshold and

Responses were duplicated to ensure reproducibility.
The peaks identified during ABR recording and
determined for each ear separately were absolute
latencies of waves I, III, and V, interpeak latencies
of waves I–III, III–V, and I–V at LRR, absolute latency
of wave V at HRR, difference between wave V latencies
at LRR and HRR in each ear (intra-aural) and
difference between the two ears with regard to wave
V latencies at both LRR and HRR (interaural).
Ophthalmic evaluation (by a specialized ophthalmologist)

Opthalmic evaluation including a history of visual
problems, visual acuity, intraocular tension, and
fundus examination was carried out.
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Laboratory investigations

Results of audiological evaluation

Vitiligo patients underwent the following laboratory
investigations: hemoglobin level, random blood sugar,
liver and kidney function, thyroid function (T3, T4,
and thyroid-stimulating hormone), autoimmune
profile [antistreptolysin O titer (ASOT), erythrocyte
sedimentation rate (ESR), rheumatoid factor, and
antinuclear antibody (ANA)].

Fifteen (37.5%) patients had sensorineural hearing loss
(SNHL) according to the results of conventional PTA
(hearing threshold of >25 dB at any frequency
according to ANSI 1969). Moreover, it showed that
sex has no effect on the occurrence of hearing loss in
vitiligo (Table 3).
Table 1 Characteristic features of vitiligo in the study group
and other associated systemic disorders

Statistical analysis

Data were collected and analysis was performed using the
computer program IBM SPSS (SPSS Inc, Chicago,
Illinois, USA), statistics (version 20). Data were
expressed as mean±SD using Student’s t-test to
determine significance for quantitative variables and
χ 2 to determine significance for qualitative variables.
Furthermore, correlations between different parameters
were assessed using Pearson’s correlation test.

Study [N (%)]
Vitiligo onset
Gradual

32 (80)

Sudden

8 (20)

Vitiligo course
Progressive

34 (85)

Regressive
Stable

3 (7.5)
3 (7.5)

Type of vitiligo

In all statistical procedures, P-value greater than 0.05 is
considered nonsignificant, P-value less than 0.05 as
significant, and P-value less than 0.01 as highly
significant.

Generalized

22 (55)

Localized

18 (45)

Family history of vitiligo
Yes

14 (35)

No

26 (65)

Associated autoimmune disease
Yes (SLE and RA)

Results
The mean ages of vitiligo patients and healthy controls
were 29.33±8.03 and 31.1±6.3 years, respectively. Sex
distribution was as follows: 27 (67.5%) female and 13
(32.5%) male patients in the study group and 14 (70%)
female and six (30%) male patients in the control group.
The mean duration of vitiligo was 9.84±7.24 years and
the mean percentage of body surface area involved was
5.16±6.54%. Other associated systemic disorders and the
laboratory data of patients are presented in Table 1 and 2.

3 (7.5)

No

37 (92.5)

Associated systemic disease
Yes (thyroid disorder and hepatitis)

4 (10)

No

36 (90)

Associated auditory C/O
Yes (hearing loss, tinnitus,
and vertigo)

12 (30)

No

28 (70)

Associated visual C/O
Yes

0 (0)

No

40 (100)

RA, rheumatoid arthritis; SLE, systemic lupus erythematosus.

Table 2 The laboratory data for the study group
Normal range

Hemoglobin level

Study [N (%)]
Normal

Abnormal

12–16 g/dl

31 (77.5)

9 (22.5)

Liver function tests

ALT≤40 IU/l
AST≤40 IU/l
Total bilirubin≤17 μmol/l

39 (97.5)

1 (2.5)

Kidney function tests

Urea≤40 mg/dl
Creatinine≤1.4 mg/dl

40 (100)

0 (0)

Random blood sugar
Thyroid function tests

≤200 mg/dl
T3≤0.8–2.1 ng/ml
T4≤4.6–12.5 μg/dl
TSH≤0.5–5 μIU/ml

36 (90)
35 (87.5)

4 (10)
5 (12.5)

35.5 (87.5)

5 (12.5)

34 (85)

6 (15)

27 (67.5)

13 (32.5)

32 (80)

8 (20)

Autoimmune profile
ASOT

≤200 IU/ml

ESR

First hour=0–7 mm
Second hour=10–17 mm

RF

≤8 IU/ml

ANA

<1A.I.

A.I., activity index; ALT, alanine transaminase; ANA, antinuclear antibody; ASOT, antistreptolysin O titer; AST, aspartate transaminase;
ESR, erythrocyte sedimentation rate; RF, rheumatoid factor; TSH, thyroid-stimulating hormone.
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There was a statistically significant elevation in the
mean values of hearing thresholds at frequencies 4, 8,
and 10 kHz for the study group when compared with
the corresponding values for the control group (at
P<0.05) (Table 4).
The degree, side, and configuration of hearing loss in
the study group are shown in Table 5. Most of them
(11/15; 73.3%) had hearing loss of mild degree and
10/15 (66.7%) had bilateral high-frequency hearing
loss.
Statistically significant differences were found
in the mean values of S/N ratio of TEOAEs at all
tested frequency bands and overall responses for the
study group when compared with the corresponding
values for the control group (at P<0.05)
(Table 6).
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body surface area involved), generalized type of vitiligo,
and abnormal autoimmune profile had higher
hearing thresholds at conventional and highfrequency audiometry and lower S/N ratio values and
overall responses of TEOAEs but did not reach the
level of statistical significance. This suggested that
serial audiological follow-up is needed for those
groups.
In addition, raised rheumatoid factor and/or
ANA were found in the majority of patients with
hearing loss, and hence serial audiological follow-up
may be considered important for those patients
compared with others with raised ASOT and ESR
(Fig. 1).
Table 5 Degree, side, and configuration of hearing loss in the
study group
Study [N (%)]

No statistically significant differences were found in all
tested ABR parameters for the study group when
compared with the corresponding parameters for the
control group (at P>0.05) (Table 7).
It was found that vitiligo patients with a longer disease
duration (>5 years), more disease severity (>5% of
Table 3 Number and percentage of participants with hearing
loss in the study and control groups according to their sex
distribution
Sex

Normal hearing

Hearing loss

Male (n=13)

6 (46.15)

7 (53.85)

19 (70.37)

8 (29.63)

6 (100)

0 (0)

0.095

Female (n=14)

14 (100)

–

0 (0)

Table 4 Results of pure-tone audiometry (conventional and
extended high frequency) in both the study and control
groups
Study (X±SD)

Control (X±S.D)

P-value

0.25

20.56±7.29

18.75±4.77

0.157

0.5

19.38±7.65

17.5±5.66

0.172

1

16.94±7.44

15.13±5.37

0.173

2

14.38±7.22

13.13±6.86

0.365

4
8

16.5±10.54
18.81±9.88

11±6.96
13.13±7.13

0.040*
0.002**

10

32.25±12.3

27.13±9.33

0.022*

12

35.44±16.31

33.63±9.34

0.516

16

64.13±19.42

60.75±22.55

0.397

18

78.63±15.81

78.38±10.88

0.929

20

85.81±12.21

82.63±11.32

0.170

Frequencies (kHz)

11 (73.33)

Moderate

4 (26.67)

Side of HL
Bilateral

10 (66.67)

Unilateral

5 (33.33)

Configuration of HL
High frequencies (2–8 kHz)
Low frequencies (0.25–0.5 kHz)

10 (66.67)
3 (20.0)

All frequencies (0.25–8 kHz)

2 (13.33)

HL, hearing loss.
Table 6 Results of transient evoked otoacoustic emissions in
both the study and control groups
TEOAEs S/N ratio
(kHz)

Control [N (%)]
Male (n=6)

Mild

P-value

Study [N (%)]
Female (n=27)

Degree of HL

Conventional PTA

Study (X
±SD)

Control (X
±SD)

Pvalue

1

8.53±6.02

19.67±6.17

0.001**

1.5

10.65±6.86

20.26±4.78

0.001**

2

10.1±6.46

19.66±5.36

0.001**

3

9.83±6.12

19.34±5.62

0.001**

4

4.05±4.43

10.87±5.65

0.001**

Overall response

15.57±3.46

22.08±3.32

0.001**

S/N, signal-to-noise; TEOAE, transient evoked otoacoustic emission.
**Statistically significant differences between the study and control
groups.
Figure 1

High-frequency PTA

PTA, pure-tone audiometry. *P-value less than 0.05 as significant.
**P-value less than 0.01 as highly significant.

Histogram presented the percentage of patients with raised different
autoimmune tests in both the normal hearing and hearing loss
groups. ANA, antinuclear antibody; ASOT, antistreptolysin O titer;
ESR, erythrocyte sedimentation rate; RF, rheumatoid factor.
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Table 7 Results of different auditory brainstem response parameters at both low repetition rate (21.1/s) and high repetition rate
(61.1/s) for both the study and the control group
Study (X±SD)

Control (X±SD)

P-value

Wave I

1.59±0.14

1.59±0.14

0.867

Wave III

3.71±0.25

3.7±0.23

0.801

Wave V

5.61±0.28

5.54±0.29

0.268

Interpeak I–III

2.12±0.25

2.12±0.23

0.874

Interpeak III–V

1.89±0.38

1.84±0.33

0.485

Interpeak I–V

4.01±0.33

3.96±0.31

0.368

0.1±0.08

0.08±0.08

0.332

ABR parameters
At LRR (21.1/s)

Interaural latency
At HRR (61.1/s)
Wave V HRR

5.87±0.26

5.8±0.28

0.191

Intra-aural wave V LRR and HRR

0.27±0.09

0.26±0.09

0.650

Interaural latency

0.08±0.09

0.08±0.09

0.752

ABR, auditory brainstem response; HRR, high repetition rate; LRR, low repetition rate.

Results of ophthalmic evaluation

One-fourth (25%) of the patients had decreased visual
acuity and four (10%) patients had ocular abnormalities
(iris or retinal hypopigmentary disorders); nevertheless,
none of them complained of visual impairment.
Longer disease duration and more disease severity were
observed in vitiligo patients with ocular abnormalities
compared with those without ocular abnormalities (at
P<0.05) (Table 8).
However, neither the type of vitiligo nor the
autoimmune profile had a statistically significant
effect on the presence or absence of ocular abnormalities.

Table 8 Distribution of ocular abnormalities in vitiligo
patients according to disease duration and severity
Ocular abnormalities

P-value

Present

Absent

Duration

10.46±7.37

4.25±0.87

0.001**

Severity

5.46±6.78

2.39±2.84

0.033*

**Statistically significant differences between the study and control
groups.

Table 9 Comparison between results of pure-tone audiometry
(conventional and extended high frequency) in vitiligo
patients according to their ocular findings
Frequencies (kHz)

Ocular abnormalities
Present

Absent

23.8±6.3
18.8±6.3

21.3±6.5
18.8±7.1

P-value

Conventional PTA

Relation between results of different audiological tests
and presence or absence of ocular abnormalities

0.25
0.5

0.476
0.981

Patients with ocular abnormalities had elevated hearing
thresholds for conventional and extended highfrequency audiometry when compared with the
corresponding values in those without ocular
abnormalities. The mean values of S/N ratio of
TEOAEs at all tested frequency bands and overall
responses were lower in patients with ocular
abnormalities when compared with the corresponding
values in those without ocular abnormalities. However,
this difference did not reach the level of statistical
significance (at P>0.05) (Table 9).

1

18.8±7.5

17.1±6.6

0.642

2

17.5±12.6

13.6±6.7

0.288

4

26.3±12.5

14.3±7.8

0.066

8

23.8±8.5

16.7±8.9

0.131

10

28.4±9.8

27.5±6.5

0.858

12
16

36.3±11.1
72.5±18.5

30.9±14
65.6±23.6

0.459
0.572

18

90±7.1

85.4±12.6

0.479

20

95±0

92.4±5.6

0.366

High-frequency PTA

PTA, pure-tone audiometry.

These findings confirmed the association of ocular
abnormalities with peripheral auditory abnormalities
in vitiligo patients and indicated the importance of
serial ocular follow-up in vitiligo patients, mainly in
those with hearing loss.

have been reported [5]. Otic melanocytes are primarily
situated in the stria vascularis, modiolus of the cochlea,
and vestibular organs [9]. They are not confined to the
peripheral auditory system as both humans and animals
with pigment disorders are found to have abnormalities in
the auditory brainstem [3].

Discussion
Although loss of melanocytes in vitiligo patients is mainly
confined to the skin, alterations in extracutaneous sites

The exact functions of otic melanocytes are not known;
they do not appear to be essential for normal hearing
but these pigments are assumed to play a protective role
against environmental damaging factors such as ototoxic
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drugs, noise exposure, and age-related hearing
loss [10]. Melanin is supposed to have a significant
role in the establishment and/or maintenance of the
structure and function of the auditory system and may
modulate the transduction of auditory stimuli in the
inner ear [11].

wider age range of these studies (5–75 years).
Random blood sugar was found to be raised in only
10% of patients; this is consistent with the findings of
Shankar et al. [19], but in disagreement with the
findings of Gopal et al. [16], who found diabetes
mellitus in a larger proportion of patients.

Deficiency in otic melanocytes is associated with low
K+ composition in the endolymph indicating that those
cells may facilitate K+ transport directly or indirectly.
Low K+ in the endolymph could affect the hair cell
response to the sound-induced motion of the
endolymph [12].

In the current study, five (12.5%) patients had various
thyroid dysfunctions. Some research studies are in
agreement with these results [16,19] but others are
in disagreement [21,22]. As regards autoimmune
profile in this study, it was found that 32.5% of
patients had raised rheumatoid factor, 20% had
raised ANA, 15% had raised ESR, and 12.5% had
raised ASOT. These results are in agreement with
previous studies [19–23], whereas Darmian et al.
[24] found a higher incidence of patients with raised
rheumatoid factor.

Mitf (microphthalmia-associated transcription factor),
which is a protein encoded by Mitf gene in humans, is
involved in the pathway regulation of many types of
cells, including melanocytes, and controls the
expression of various genes that are essential for
normal melanin synthesis; therefore, mutations of
Mitf result in diseases with deafness and
pigmentation disorders such as vitiligo, melanoma,
Waardenburg syndrome, and Tietz syndrome [13].
The precise role of Mitf remains questionable but it
is thought that it has an ongoing postdevelopmental
role in cochlear function [14].
Many patients in the current study had vitiligo of
gradual onset (80%), progressive course (85%),
generalized type (55%), and positive family history
of vitiligo (35%), and these results are in agreement
with several studies [15,16].
Associated autoimmune disorders were found in
three (7.5%) patients; two of them had systemic
lupus erythematosus and one had rheumatoid
arthritis. Other systemic disorders that may be of an
autoimmune origin were found in four (10%) patients:
two with hypothyroidism, one with hyperthyroidism,
and one with raised liver enzymes. This is in agreement
with some studies [17], whereas other previous studies
found autoimmune disorders in a relatively smaller
proportion of vitiligo patients [18].
In the present study, 22.5% of patients had anemia.
This is in agreement with most studies, which reported
nearly similar results [19]. Further, it was found that
only one (2.5%) patient had raised liver enzymes
(alanine transaminase and aspartate transaminase)
and none had abnormal kidney function tests (serum
urea and creatinine). Some previous studies agreed with
these results [20], whereas others found abnormal liver
and kidney function tests in a larger percentage of
vitiligo patients [21]. This may be attributed to a

In the present study, statistically significant differences
were found between the study and control groups in
hearing thresholds at frequencies 4, 8 and 10 kHz.
These results are in agreement with some studies
[2,8,25]. Hearing loss in vitiligo is attributed to the
destruction of inner ear melanocytes, which have
important functions, including maintenance of the
normal function of the stria vascularis and the
cochlea, development of endocochlear potentials and
maintenance of ion and fluid gradient between the
endolymph and perilymph [26]. However, other
studies reported that the elevated hearing thresholds
in vitiligo patients did not reach the level of statistically
significant difference compared with the control group
[27–29].
SNHL was found in 15 (37.5%) patients. This is in
agreement with some researchers [25,30], whereas
others found a lower incidence of hearing loss
among their patients [27,29,31,32].
Both sexes were equally affected by SNHL (eight
female and seven male). This is in agreement with
the finding of Shankar et al. [19] and Sharma et al. [32],
whereas other researchers found a higher incidence of
hearing loss in male patients [2] or in female patients
[30].
Moreover, it was found that, out of the 15 patients with
SNHL, 10 patients had bilateral and high-frequency
hearing loss, which is in agreement with the findings of
Mahdi et al. [25] and Sharma et al. [32].
Although hearing loss was found in 15 patients, only 4
(10%) of them were complaining of hearing loss and
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most of them showed hearing affection at extended
high-frequency audiometry, reflecting the importance
of extended high-frequency audiometry in the early
detection of minimal affection of hearing [28].
Evaluation of cochlear function using TEOAEs
revealed that there were statistically significant
differences between the study and control groups in
S/N ratio at all tested frequency bands and the overall
responses. These results are in agreement with Munjal
et al. [8] and Angrisani et al. [27], who reported that
recording of TEOAEs was a sensitive test for early
detection of cochlear dysfunction before symptoms
become manifest.
The current study revealed that there were no
statistically significant differences between the study
and control groups in all tested ABR parameters. These
results were consistent with some studies [3,28] but in
disagreement with other studies, which found
significant differences in ABR parameters in vitiligo
patients [8,25,31,33–35]. This was attributed to the
differences in both methodology and participants’
characteristics.
There were no significant correlations between the age
of the patients and the results of PTA, TEOAEs, and
ABR; this is in agreement with previous studies
[25,27,31].
In the present study, neither the disease duration nor its
severity had any statistically significant effect on the
results of different audiological tests studied (PTA:
both conventional and high frequency, TEOAEs, and
ABR). This is in agreement with some research studies
[25,32] and in disagreement with others [16,27,34].
This is attributed to the possibility that otic
melanocytes are affected at the start of vitiligo and
then stabilize afterwards [25].
Although hearing loss was present in 60% of patients
with generalized vitiligo and in 60% of patients with
abnormal autoimmune profile, neither the type of
vitiligo nor the autoimmune profile had any
statistically significant effect on the results of different
audiological tests studied. This indicated that vitiligo
patients with generalized type of vitiligo and/or those
with abnormal autoimmune profile should be serially
audiologically assessed for early hearing loss detection.
This is in agreement with the findings of Angrisani
et al. [27], but in disagreement with other researchers
who found that hearing loss was significantly higher in
those with generalized vitiligo [8,16,25,32]. As regards

autoimmune profile, according to the author’s best
knowledge, there were no published papers on the
relation of hearing loss in vitiligo with the abnormal
autoimmune test(s), and hence more research would be
needed to cover this point in the future.
Concerning the different autoimmune tests, vitiligo
patients who had abnormally raised values of
rheumatoid factor and ANA were associated with a
higher percentage of hearing loss (60%) and this
percentage was statistically significant when compared
with those who had hearing loss and normal values of
these laboratory tests, indicating that those laboratory
tests may have more sensitivity compared with others
(ASOT and ESR), but this warrants further research on a
larger number of patients.
In the present study, although none of the patients
complained of visual impairment, 10 (25%) patients had
decreased visual acuity and 4 (10%) patients had
ocular abnormalities (iris or retinal hypopigmentary
disorders). These results are consistent with the findings
of Biswas et al. [36] and Park et al. [37], but in
disagreement with the findings of Gopal et al. [16].
This may be an indicator of the importance of serial
ophthalmic evaluation of vitiligo patients for early
detection and management of any ocular abnormality [36].
Disease duration and severity were significantly higher in
patients with ocular abnormalities when compared with
those without ocular abnormalities; these results are in
agreement with the findings of Gopal et al. [16] and
Biswas et al. [36], but in disagreement with the findings
of Cowan et al. [38]. This was supported by the fact that
ocular abnormalities were common associations with
increasing duration and severity of vitiligo and the
ocular melanocytes were more commonly affected as
well as epidermal melanocytes. [36,39].
However, neither the type of vitiligo nor the autoimmune
profile had any statistically significant effect on the
presence or absence of ocular abnormalities. These
results are in agreement with those of Biswas et al. [36]
and Cowan et al. [38], whereas Gopal et al. [16] found that
ocular abnormalities were significantly higher in patients
with generalized vitiligo. As regards autoimmune profile,
according to the author’s best knowledge, there were no
published papers on the relation of the presence of ocular
abnormalities in vitiligo with the abnormal autoimmune
test(s), and hence further research would be needed to
cover this point in the future.
In this study, although patients with ocular abnormalities
had elevated pure-tone thresholds for conventional and
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extended high-frequency audiometry and had lower S/N
ratio of TEOAEs at all tested frequency bands and overall
responses when compared with those without ocular
abnormalities, these differences did not reach the level
of statistical significance. However, there may be an
association of the ocular abnormalities with the
peripheral auditory abnormalities in vitiligo patients.
Therefore, further studies on a larger number of
patients would be needed.
Conclusion
The results of this study add more evidence to the auditory
and visual involvement and the presence of systemic
associations in patients suffering from vitiligo. Both
extended high-frequency audiometry and TEOAEs
had the advantages of detecting early minimal affection
of hearing sensitivity and in early detection of minimal
cochlear dysfunction, respectively. Moreover, it was
clarified that vitiligo could be presented as a systemic
disease resulting from melanocyte involvement in all parts
of the body and the triggering event mostly was an
autoimmune pathogenesis.
Recommendations

Vitiligo patients should be subjected to both
audiological and ophthalmological evaluations with
regular follow-up for audiological abnormalities
using extended high-frequency audiometry and
TEOAEs, especially those with longer disease
duration, more disease severity, generalized type of
vitiligo and/or abnormal autoimmune profile even if
they do not exhibit hearing difficulties. For ocular
abnormalities, thorough examination of visual acuity
and ocular fundi is recommended. To be able to
extrapolate the findings of the study on the entire
population, further studies with larger sample
including all types of vitiligo are recommended.
Application of more specific laboratory tests such as antiheat shock protein 70 and anti-cochline antibodies is
recommended to prove the presence of possible
autoimmune inner ear disease in vitiligo patients.
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