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ABSTRACT 
Purpose: to describe the audiological profile of professional disc jockeys acting in 
cities of the Brazilian Federal District. 
Methods: audiometry, tympanometry, transient evoked emissions, and distortion 
product evoked emissions exams were conducted, as well as interviews, in order to 
identify auditory symptoms. Appropriate statistical tests were applied, adopting a sig-
nificance level lower than 0.05. 
Results: a total of 21 disc jockeys, aged between 20 and 45 years, were evaluated. 
The most cited auditory complaints were feeling of ear fullness (86%) and tinnitus 
(57%). Auditory thresholds remained predominantly within normal range (90%), but 
thresholds were increased in frequencies from 3 KHz to 6 KHz (38%). Only 42% of the 
sample presented a pass response in transient evoked emissions, and 81% in distor-
tion product evoked emissions, in both ears. 
Conclusion: the research identified auditory thresholds predominantly within stan-
dards of normality, though with increased high frequencies, that may be associated 
with noise exposure. The otoacoustic emissions presented alterations both in the tran-
sient ones and in the distortion product.
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INTRODUCTION
Over the last years, a greater concern regarding the 

effects of loud noise and music has been observed in 
society at large. It may be justified by the increase in the 
levels of noise people have come to be daily exposed 
to, as a consequence of ever-growing scientific and 
technological development in the modern world. Its 
resulting negative effects vary, especially in regard to 
the degree and frequency of exposure, sound pressure 
level, and duration of the stimulus1.

From the 1960s, the evolution of electronics and 
the consequent increase of power of the amplifiers - 
attached to the modern musical instruments - led the 
intensity of music, and thus the risk of hearing loss 
among musicians, to be enhanced2.

The amplified electronic music is an integral part 
in the schedule of many events, including nightclubs, 
where the disc jockey (DJ) appears as a protagonist. 
Concerning auditory health, this professional has been 
vulnerable to developing auditory alterations due to 
the frequent exposure to high sound pressure levels. 
Another aggravating factor is the resistance on the part 
of some musicians to the use of hearing protection 
devices3-5.

Few studies focus on the possibility of auditory alter-
ations in musicians and DJs who in their occupation, 
be it professionally or as a hobby, are exposed to high 
sound intensity1, and are often exposed to levels higher 
than 85 dB6.

From the occupational standpoint, audiometry is 
the only instrument used as epidemiologic surveil-
lance against hearing loss in noise-exposed workers. 
However, other tests, such as tympanometry and 
otoacoustic emissions, may be applied in research on 
auditory alterations even in subjects with audiometric 
thresholds within standards of normality7.

The use of transient evoked otoacoustic emissions 
(TEOAE) in early diagnosis of noise-induced hearing 
loss (NIHL) can be very effective, as it detects temporary 
changes in the threshold when exposed to high sound 
pressure8,9.

Alterations in amplitude of the distortion product 
otoacoustic emissions (DPOAE) may precede more 
serious audiometric alterations, in which case an 
examination is recommended to diagnose progressive 
hearing loss in order to implement occupational hearing 
loss prevention programs8-10.

It is important to point out that music professionals 
have no legal protection in terms of occupational health 
and safety. The lack of regulation for this profession 

leads to omissions in establishing health-insuring 
criteria for these workers, such as defining the length 
of the workday, requiring the use of personal protective 
equipment (PPE), and scheduling periodic exams 
to verify auditory health11. This situation may give the 
erroneous idea that being a musician is not being a 
worker, or that, if the music is enjoyable, there are no 
risks for health.

This study aimed at describing the audiological 
profile of DJs in the cities of the Federal District of Brazil.

METHODS
This is an observational cross-sectional study, 

approved by the Research Ethics Committee of the 
Centro Universitário do Distrito Federal - UDF, Brazil, 
under evaluation report no. 2.749.134.

The subjects of this study were professional DJs 
from satellite cities of the Federal District - FD. The 
audiometry, acoustic immittance, and evoked emissions 
exams were conducted in a speech-language-hearing 
teaching clinic at the institution of origin.

The inclusion criteria for participating in the 
research were: agreeing to participate in the research 
through the Informed Consent Form (ICF); undergoing 
audiometry, tympanometry and otoacoustic emissions 
exams; being a DJ for at least one year; being in the 
age range from 20 to 45 years; and presenting type A 
curve on the results of the tympanometry.

The exclusion criteria were: subject outside the 
abovementioned age range; hearing altered by outer 
ear problems (presence of cerumen); reporting history 
of hearing loss prior to beginning the profession; Type 
As, Ad, C or B curve resulting from the tympanometry 
exam; and, performing any other noise-exposed profes-
sional activity.

On the day scheduled for collecting data, the 
Informed Consent Form (ICF) and a questionnaire 
on the workers’ auditory health were handed to the 
subjects. The information pertaining to the procedures 
to be conducted were also furnished, such as instruc-
tions on positioning, and reassurance of its quick and 
painless character.

After that, the external acoustic meatus was 
inspected in order to visualize the possible presence 
of cerumen and other agents which could interfere with 
the examining procedures.

With these considerations having been established, 
the participants were submitted to pure-tone threshold 
audiometry - PTA (Midimate brand audiometer, 622 
model), speech audiometry and tympanometry on both 
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ears (acoustic-immittance meter, AZ7 model). Lastly, 
the transient evoked otoacoustic emission (TEOAE) and 
the distortion product otoacoustic emissions (DPOAE) 
exams were conducted, with an Interacoustics brand 
portable device, Oto Read Screening model. The 
complete assessment took approximately 40 minutes.

After the procedures had been finished, the profes-
sionals received the results of the assessments, and 
adequate guidelines regarding the data were furnished. 
Those who presented alterations on the exams were 
referred for an otorhinolaryngologist.

Criteria for the analysis of the results

The classification described in the Pure-Tone 
Audiometry, Speech Audiometry, and Acoustic 
Immittance Measures Procedures Manual from 
the Sistema de Conselhos Federal e Regionais de 
Fonoaudiologia (Federal and Regional Speech-
Language-Hearing Councils System) (2013)12, was 
used for the analysis of the audiometry.

For the TEOAE test, the results obtained with 
amplitude values equal or superior to -12, and signal-
to-noise ratio equal or superior to 3 dB in five out of 
six frequencies tested (1.5 KHz, 2 KHz, 2.5 KHz, 3 
KHz, 3.5 KHz and 4 KHz) were considered normal and/
or “PASS”. For the DPOAE, the results considered as 
normal and/or pass were the ones which obtained 
amplitude equal or superior to -5 dB, and signal-to-
noise ratio equal or superior to 6 dB in at least three out 
of the four frequencies tested (2 KHz, 3 KHz, 4 KHz and 
5 KHz). The results that presented inferior data based 

on the abovementioned parameters in at least two 
frequencies were considered altered (with impairment 
of the external hair cells of the Organ of Corti). The 
criteria used were developed based on previous 
studies13,14.

In the statistical analysis, the variables were 
submitted to the following statistical tests: Pearson’s 
chi-squared test and Fisher’s test. For analyses with 
variables in categorical X and quantitative Y, the ANOVA 
analysis was used. The level of confidence adopted 
was of 5% (p < 0.05).

RESULTS

A total of 21 male DJs participated in this study, 
aged form 20 to 45 years, mean age of 32.1 years (SD 
±7.30).

Regarding musical practice, the time of activity 
ranged from two to 27 years, mean of 12.6 years (SD 
±7.79). Of these professionals, 33% have between two 
and six years of practice; 24%, between seven and 12 
years; 29%, between 13 and 20 years; and 14% over 20 
years.

The average of weekly noise exposure time obtained 
was of 14.3 hours (SD ±11.96). The minimum time was 
of three hours, and the maximum, 56 hours a week. 
Approximately 40% answered that they worked from 3 
to 6 hours a week.

The auditory symptoms most reported by the 
professionals were ear fullness (86%), tinnitus (57%), 
and discomfort when exposed to high intensity sounds 
(48%), as shown in Figure 1.
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In Figure 2, the averages of the airway audiometric 
thresholds are described. It is possible to observe that 
the curve demonstrates an increase in thresholds in the 
frequencies of 3,000, 4,000 and 6,000 Hz, even with 
auditory threshold predominantly normal. 

Concerning the thresholds obtained on the 
pure-tone threshold audiometry, 90% (N = 19) of the 
subjects were found to have audiometry within normal 
range (all thresholds equal or inferior to 25 dB HL), 
and 10% (N = 2) presented alteration in the auditory 
threshold in the 3 to 6 KHz frequency range.
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Figure 1. Distribution of auditory complaints found in the group studied 
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Figure 2. Average of auditory thresholds distributed by frequency of right ear and left ear
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of 3,000 Hz, 4,000 Hz and 6,000 Hz was of 9 dB for the 
right ear and 10 dB for the left one (Figure 3).

The overall average of the sample for the frequencies 
of 500 Hz, 1,000 Hz and 2,000 Hz was of approximately 
6 dB on both ears, and the average for the frequencies  
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Legend: TA = three-tone average; RE = right ear; LE = left ear

Figure 3. Three-tone averages of 500, 1,000 and 2,000 Hz in comparison with the averages of 3,000, 4,000 and 6,000 Hz         

There was no statistically significant difference when 
period in professional activity was compared to airway 
auditory thresholds in the frequencies of 6,000 Hz on 
the right (p = 0.5) and/or left (p = 0.9).

In the analysis of the TEOAE results in relation to the 
pass/fail criteria, it has been observed that 42.9% (9) of 
the participants passed on both ears (Table 1).

The participants were divided into three groups, 
according to the thresholds presented on the 
air-conduction audiometry, namely: from 0 to 15 dB; 
20 and 25 dB; and thresholds superior to 25 dB (right 
and left ear). As the chi-squared test was applied 
(significance level: 0.05), it was possible to observe 

a correlation between the results on the audiometry 
and on the TEOAE (p: 0.002 RE, and p: 0.0006 LE). 
Therefore, it can be statistically stated that the classifi-
cation of the auditory thresholds affect the results of the 
TEOAE (Tables 2 and 3).

Table 1. Occurrence of alterations of transient evoked otoacoustic emissions according to the test results and laterality

Prevalence of alterations of the TEOAE
Right Ear Left Ear Both Ears

Result N % N % N %
Pass 12 57.1 10 47.6 9 42.9
Fail 9 42.9 11 52.4 10 47.6

Total 21 100 21 100 - -

Legend: N = number; % = percentage; TEOAE = transient evoked otoacoustic emissions.
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Table 2. Correlation between audiometric thresholds and results of transient evoked otoacoustic emissions on right ear

Audiometry Classification Fail Pass Overall Total
0 - 15 dB 3 4 7

20 dB and 25 dB 4 8 7

Over 25 dB 2 0 2

Overall Total 9 12 21
 p-value 0.002484

Legend: dB = decibel; Statistical Test = Pearson’s chi-squared.

Table 3. Correlation between audiometric thresholds and results of transient evoked otoacoustic emissions on left ear

Audiometry Classification Fail Pass Overall Total
0 - 15 dB 3 4 7

20 dB and 25 dB 4 8 7

Over 25 dB 2 0 2

Overall Total 9 12 21
 p-value 0.002484

Legend: dB = decibel; Statistical Test = Pearson’s chi-squared.

In the analysis of the results of the DPOAE in relation 
to the pass/fail criteria, it was observed that 81.0% (17) 
of the participants passed on both ears (Table 4).

In the DPOAE analysis by specific frequency, a 
greater percentage of failures in the higher frequencies, 
of 4 and 5 KHz was observed (Table 5).

Table 4. Occurrence of alterations of distortion-product otoacoustic emissions according to test result and laterality

Prevalence of alterations of the DPOAE
Right Ear Left Ear Both Ears

Result N % N % N %

Pass 13 61.9 17 81 17 81

Fail 8 38.1 4 19 2 9.5

Legend: N = number; % = percentage; DPOAE = distortion-product otoacoustic emissions

Table 5. Percentage of pass and fail by frequency in the analysis of distortion-product otoacoustic emissions

2 KHz Pass 2 KHz Fail 3 KHz Pass 3 KHz Fail 4 KHz Pass 4 KHz Fail 5 KHz Pass 5 KHz Fail
RE 95% 5% 81% 19% 67% 33% 38% 62%

LE 95% 5% 81% 19% 76% 24% 52% 48%

Legend: RE = right ear; LE = left ear; KHz = kilohertz
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The one-way ANOVA test was used for the analysis 
of dependence between time of noise exposure and 
the results with the criterion of amplitude and signal-to-
noise ratio. The significance value was of 5%, or 0.05.

In the analysis of the DPOAE results in relation to 
amplitude averages, it was observed in the frequency 
of 2 KHz an average of 2.85 for the RE, and 4.67 for the 
LE. In the frequency of 3 KHz, the average was of -1.75 
for the RE, and -2.10 for the LE. As for the frequency of 
4 KHz, the average was of -4.14 for the RE, and -3.67 
for the LE. And in the frequency of 5 KHz, the average 
was of -9.00 for the RE, and -5.86 for the LE.

In the comparison between the amplitude averages 
and the time of the professional’s weekly exposure 

statistical evidence was found in all the frequencies 
tested, except for 2 KHz on the RE (Table 6). This 
means that the time the professional is exposed makes 
the results of the test with amplitude criterion to be 
altered on both ears.

As for the average of the signal-to-radio parameter, 
in the frequency of 2 KHz, an average of 18.90 was 
observed for the RE, and 20.48 for the LE. In the 
frequency of 3 KHz the average was of 17.71 for the RE, 
and 17.24 for the LE. As for the frequency of 4 KHz, the 
average was of 15.86 for the RE, and 15.86 for the LE. 
Lastly, in the frequency of 5 KHz, the average was of 
11.00 for the RE, and 14.90 for the LE.

Table 6. Final results of correlations by amplitude criterion

Frequency 2 KHz 3 KHz 4 KHz 5 KHz
Right Ear (p = 0.090) (p = 0.000005*) (p = 0.0000004*) (p = 0.000000002*)
Left ear (p = 0.000009*) (p = 0.000009*) (p = 0.000006*) (p = 0.000006*)

Legend: KHz = kilohertz; Statistical test = one-way ANOVA 

Table 7. Final results of correlations by signal-to-noise criterion

Frequency 2KHz 3KHz 4KHz 5KHz
Right Ear (p = 0.092) (p = 0.236) (p = 0.576) (p = 0.577)
Left ear (p = 0.029) (p = 0.321) (p = 0.585) (p = 0.585)

Legend: KHz = kilohertz; Statistical test = one-way ANOVA

The analysis revealed that, statistically, the time the 
professional is exposed does not make the results of 
the test with signal-to-noise ratio criterion to be altered 
on both ears. Nonetheless, it was noted that in the 

frequency of 2 KHz there is a possible correlation that 
could be better analyzed with the expansion of number 
of samples (Table 7).

DISCUSSION

When disc jockeys first appeared as professionals, 
their role was to not let the music stop, changing 
records and using a vast repertoire. In Brazil, only in 
the 1980s this professional stopped being seen as 
one who played records and took on the role of a DJ, 
considered as an essential professional in events15.

In this research, the results related to hearing 
complaints demonstrated that 86% of the participants 
reported having feeling of ear fullness, and 57%, 
tinnitus. These findings serve as a warning, since, 

according to some authors16, tinnitus and feeling of ear 

fullness after exposure to noise may be the first signs of 

music-induced hearing loss.

Regarding the symptom most cited by the inter-

viewees - ear fullness - the findings were different 

from those of other studies conducted with individuals 

exposed to occupational noise17-20, in which tinnitus 

was the most recurrent complaint. One of the possi-

bilities that may have influenced the symptom of ear 

fullness in the population of this study is the constant 
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use of earphones in at least one of the ears during their 
professional practice.

Tinnitus, defined as the perception of sound in the 
head without an external acoustic source, and which 
has adverse effect on the daily quality of life21, was also 
present in more than half of the sample researched 
(57%). A study demonstrated that workers with an 
average working experience of 6.8 years already have 
complaint of tinnitus, with this symptom occurring in 
70% of the individuals with normal thresholds exposed 
to occupational noise. In this study, 67% of the sample 
had worked for longer than that average and refer to 
complaint of tinnitus22.

The audiometries conducted pointed to normal 
auditory thresholds in all frequencies for 90% of the 
individuals. Only two subjects presented sensorineural 
hearing loss (three ears). Nevertheless, there was a 
portion (38%) that presented increase in the frequencies 
of 3 KHz and 6 KHz, with worse average found in the 
frequency of 6 KHz, even with auditory thresholds 
within standards of normality. The same occurred in 
other studies evaluating hearing in individuals exposed 
to noise17,23. Other studies, though, reported the 
frequency of 4,000 Hz as the most impaired6,24.

It is also emphasized that this increase of thresholds 
in the frequencies in the range from 3 KHz to 6 KHz 
may be considered as an important warning sign, once 
it can indicate a tendency to trigger noise-induced 
hearing loss throughout time, taking into consideration 
factors as age group of this sample (20 to 45 years) 
and noise exposure time, important elements for the 
development of NIHL24.

A relevant factor which may justify predominantly 
normal auditory thresholds is the musician’s exposure 
for shorter periods of time, with peak periods and 
pauses in between them, when the ear can recover, 
different from workers in factories, who are exposed to 
continuous noise for almost all day long25. According to 
the same author, music has intense periods followed 
by periods of silence, and such intermittence is felt by 
many studies to be the reason why exposure to music 
may be less dangerous than an equivalent exposure 
to industrial noise. However, it should be taken into 
account that the musician will be exposed to intense 
levels of sound pressure (music) all along their profes-
sional career, so that it is essential that they present 
hearing within standards of normality.

The data presented demonstrate that the population 
analyzed is at greater risk of developing noise-induced 
hearing loss. Information furnished by the Comitê 

Nacional de Ruído e Conservação Auditiva (National 
Committee of Noise and Auditory Conservation) 
(1994)26 indicate that NIHL is characterized by the 
audiogram with hearing loss in the high frequencies, 
with downward-sloping curve, sensorineural, as well 
as presenting audiological complaints, among which, 
tinnitus is one of the most frequent.

The justification for the use of the otoacoustic 
emissions test is the fact that the very intense noise 
causes lesions in the structures of the organ of Corti, 
degenerating first the external hair cells (EHC) in 
greater amounts and, posteriorly, the internal hair cells 
(IHC)27. Since the OAE exam picks up the functioning 
of the cochlea through the response of the external 
cells, the test may reveal the integrity or the alteration of 
these structures before they indicate irregularities in the 
pure-tone audiometry exam.

With a sample composed of participants in their 
majority with normal hearing, a smaller number of alter-
ations was expected; thus, the sensitivity of the TEOAE 
assessment was a considerable factor.

The percentages found demonstrated that 
the absence of TEOAE may take place even with 
supposedly normal auditory thresholds, as it was 
observed in a research with rock and roll musicians6, in 
which the subjects, despite not presenting hearing loss 
diagnosed by audiometry, already had cochlear alter-
ation perceived by otoacoustic emissions (OAE). This 
shows that, in spite of the audiometry not yet revealing 
hearing loss, these subjects already presented cochlear 
lesion.

Therefore, it can be suggested that auditory 
assessment conducted exclusively through pure-tone 
audiometry may not portray the actual situation of 
the cochlea functioning of the individuals exposed to 
noise8.

In the comparison between the frequencies of the 
DPOAE test, it is noted that the frequency of 5,000 Hz 
presented diminished amplitude and signal-to-noise 
ratio - and greater amount of fails - when compared 
to the other frequencies. Similar datum was found in 
a study conducted with individuals exposed to drums 
noise in a college band, which demonstrated, in the 
frequency of 6,000 Hz in both ears, a tendency of the 
control group to present better responses than the 
exposed group14. The amplitude of the otoacoustic 
emissions represents the amount of external hair cells 
that are sound. Hence, the reduction of amplitude may 
predict possible auditory alterations9,27.
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It is highlighted that statistical evidence was found 
in the comparison between the average of amplitudes 
and the time of the interviewee’s weekly exposure. This 
means that the time the professional is exposed makes 
the results of the test with amplitude criterion to be 
altered on both ears. The decrease in amplitude of the 
transient and distortion product otoacoustic emissions 
may result from the factory workers’ or musicians’ 
exposure to noise14.

Considering such facts, as NIHL is irreversible but 
possible to be prevented, the TEOAE may be of great 
usefulness in early detection of noise-related cochlear 
alterations. They may be used as a preventive method 
in the monitoring of cochlear function in individuals 
exposed to noise, in this case by the high levels of 
sound pressure generated by music, detecting altera-
tions before the audiometric results do.

Lastly, it is concluded that hearing loss prevention 
programs are necessary, as hearing loss in these cases 
is irreversible, possibly affecting these professionals’ 
performance and quality of life.

CONCLUSION
The audiological profile of the professionals 

assessed is characterized by auditory thresholds 
predominantly within standards of normality, with 
increase of thresholds in the frequencies of 3 KHz, 4 
KHz and 6 KHz, which are precisely the ones first 
affected in the process of NIHL triggering.

The TEOAEs were absent in a greater number of 
responses, as compared to the records of the DPOAE, 
in this sample, even with auditory thresholds within 
standards of normality.

Music excessively amplified in professional activity 
may trigger auditory complaints in musicians, such as 
tinnitus and sensation of ear fullness, identified in this 
study.
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