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ABSTRACT

INTRODUCTION: Recreational noise exposure has become a major threat to the hearing system, and this
includes exposure to loud noise during group exercises such as Zumba Fitness, where loud music plays an
important role. This study aimed to assess the noise exposure and hearing threshold profile among Zumba
Fitness regulars in Kuantan, Malaysia. MATERIALS AND METHODS: Noise exposure and hearing profile
threshold were measured during Zumba Fitness sessions at a fitness studio in Kuantan, Malaysia from 24"
June 2014 to 12" August 2014. Noise exposure was measured using a noise dosimeter for one hour of Zumba
Fitness session with a total of nine sessions run by three different instructors while sound level pressure was
taken using a sound level meter during ambient, peak session and during cooling down. Thirty participants
answered questionnaires and underwent pure tone diagnostic audiometry test at a local clinic for hearing
threshold documentation. RESULTS: Some areas of the hall posed higher risks of causing noise-induced
hearing loss especially near the amplifiers. There were periods when the hearing level exceeded 115 dBA.
Early abnormal pattern could be observed in the hearing profiles of some of the participants to suggest
preliminary hearing problems. CONCLUSION: Zumba Fitness regulars have a risk of developing noise-induced
hearing loss and preventive steps should be properly addressed as NIHL is permanent and irreversible.

KEYWORDS: Zumba fitness, hearing loss, recreational noise, pure tone audiometry, noise-induced hearing
loss.

INTRODUCTION

Hazardous exposures to loud noise can come from a
myriad of sources, often times from inconspicuous
locations and activities such as the hustle and bustle
of traffic to the leisure enjoyment of music.'
Prolonged exposure of excessive noise of or
exceeding 85dBA could cause noise-induced hearing
loss (NIHL).? Occupational noise exposure is a major
cause of NIHL and has been on a rising trend in
Malaysia from 2008 to 2014, based on a report by
Social Organization Security (SOCSO).? NIHL however,
has also been reported from non-occupational
origin, and recreational noise has been strongly
implicated.* This exposure ranges widely from
the popular usage of personal listening devices’ to
loud noise exposure in discotheques.® Continuous
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exposure to loud music exceeding 85 dBA could cause
pathophysiological changes to the auditory system
that could lead to hearing impairment.” This study
seeked to examine this latest exercise trend that
could be a source of hazardous noise exposure.
Zumba Fitness is a form of group exercise using up-
beat loud music andt is popular not just in Malaysia
but around the world. It combines Latin American
music and dances with aerobics steps and movement.
Recent study has reported that Zumba Fitness has
significant effect on body composition of women
especially their body weight, fat percentage and fat
mass.® Literature review on noise exposures during
Zumba fitness programme is noticeably scarce at the
time this manuscript was written. This study aims to
explore the noise exposure andhearing threshold
profile among Zumba Fitness regulars in Kuantan,
Pahang, Malaysia and hopes that this study would
trigger more awareness on the dangers of noise-
induced hearing loss so that appropriate preventive
steps could be implemented.
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MATERIALS AND METHODS

Study Location

This study was conducted at a local fitness studio in
Kuantan, Pahang from 24™ June 2014 to 12" August
2014. The fitness studio is located on level 2, Try My
Gym. The premise is fully air-conditioned, and there
are two speakers (a) placed next to each other at the
right side of the hall. The studio could accommodate
about 40 people comfortably at any particular time
and the class sessions are conducted and managed by
three licensed Zumba instructors and a manager.

The floor of the fitness studio is made of wooden
plank and the front wall (b) is covered with mirrors.
A fitting room (h) is located at the back left-hand
side of the studio. The height of the studio is 2.984
meter with the length (c) of 20.539 meter. The back
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Figure 1: Sketch of the studio from above view. It
provides 2 amplifiers at (a) and mirrors (b) which cover the
front wall. Fitting room (h) is located at the back, left side
of the studio.

Study population

Two issues are investigated in this study; the noise
exposure during Zumba Fitness sessions and hearing
profile of the Zumba Fitness regulars. For the first
part, the studio was divided into five different areas
with the amplifier as the referred point. The aerial
sketch for the noise exposure study is as follow
(Figure 2):
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Figure 2: The aerial sketch of the studio which have
been divided into Instructor’s (1), Nearest (2), Middle (3),
Furthest (4) and Between the Wall (5)
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wall has 2 extended compartments; the one nearest
to the speakers (I) measured 6.551 meters x 1.22
meters while the other compartment (ll) measured
4.2069 meters x 2.202 meters. The aerial sketch of
the studio is as follows (Figure 1):

Noise Exposure

The three instructors running the Zumba Fitness
classes; Instructor A, B and C each takes turn to run 9
classes a week. Noise exposure was recorded in nine
different sessions, three sessions for each instructor.
In each session, five volunteers were selected and
placed at five different areas as mentioned above. A
QuestPro Edge4 personal noise dosimeter was
attached on each volunteer’s right shoulder and the
microphone placed as near to the ear level as
possible. It measures the noise exposure for a Zumba
Fitness session (about one hour) and the results were
extracted using ProQuest2. Sound pressure level was
also taken on three different occassions in all five
areas; at ambient, peak session and during cooling
down. All readings were measured using sound level
meter. Among the parameters collected were noise
dosage, Time Weighted Average (TWA), Equivalent
Continuous Sound Pressure Level (Leq) and Upper
Limit time when the noise reaches beyond 115dB
(UL115). All data were analyzed by SPSS 19.0.

Hearing Profile

Convenient sampling strategy was used for the study
where only those who answered the questionnaires
and agreed to do the Pure Tone Audiometry (PTA)
test are taken as test subjects. Prior to the test, a
written consent was obtained to ensure subjects’
confidentiality and anonymity. The questionnaires
comprised of contact information for PTA
assessment, personal data and questions to identify
any ear and hearing problems. The exclusion criteria
included existing ear or hearing problems. The
remaining respondents were called for PTA
assessment to assess the ear and hearing threshold at
0.5, 1, 2, 3, 4, 6, and 8 kHz for both ears. A total of
47 women answered the questionnaires, but only 30
participants undergone PTA assessment. Reasons for
their exclusion included not consenting for PTA
assessment (n=7), no respond for appointment (n=6),
not available for PTA assessment session (n=2), and
active ear diseases (n=2). The participants’ data on
socio-demographic, Zumba activities, symptoms of
having ear problems and all risk factors of hearing
loss were analyzed using SPSS 19.0.
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The volunteers were seen and examined at a local
Ear and Hearing Clinic. Upon determining that they
have not been exposed to loud noise 14 hours prior
to the appointment we proceeded to perform
diagnostic pure tone audiometry (GSI61) conducted
in a sound-proof room using head-phone (TDH49P)
and bone-conductor (RadiogearB71W).

RESULTS
Part One: Noise Exposure

From the personal dosimeter, we documented the
noise exposure in different areas of the fitness studio
conducted by the three different instructors.
Subsequently, we compared specific areas in the
studio and also classes run by the three different
instructors.

Table 1 showed the average reading of dosimeter for
five different areas in three different instructors’

classes. For Instructor A, areas 1 and 3 are the two
areas that were at risk. The mean dose for both
areas were 78.6% and 49.5% respectively. The mean
TWA for both areas were also above the permissible
limit which were 88.8 dBA and 86.3 dBA
respectively. Additionally, the mean Leq were also
excessive with 97.4 dBA for Area 1 and 94.9dBA for
Area 3. All the areas in Instructor A’s class recorded
at least 1 second of exceeding the upper limit time
except for Area 5; with Area 1 recording exposure of
more than 30s. For instructor B, the only area at risk
was Area 1 with the mean TWA of 86.3 dBA and
mean Leq of 94.7 dBA.

Additionally, except for the Area 4 and 5, other
areas had at least 1 second recorded duration
exceeding the upper limit time. Meanwhile, for
instructor C, Area 2 was the only area that had a
reading where the mean Leq exceeded the 94 dBA
limit. No upper limit time was recorded during her
class.

Table 1: Average of three dosimeter readings conducted by three different Zumba instructors (A, B and C).

Parameters
Session**

Mean Dose + S.D. Mean TWA = S.D. Mean Leq £ S.D. Upper Limit

(%) (dBA) (dBA) Time (sec)*
A
Area 1 78.6 +25.8 88.8+1.5 97.4+1.3 30
Area 2 21.1 £4.0 83.2+0.9 91.9 £ 1.1 1
Area 3 49.5 + 46.3 86.3+3.2 94.9 + 3.4 3
Area 4 7.9+0.9 82.6+6.4 91.6 + 6.3 1
Area 5 8.1+1.7 80.0+1.0 87.9+0.8 0
B
Area 1 48.1 +26.8 86.3£2.8 94.7 + 2.6 4
Area 2 28.6 + 10.9 84.3+1.6 92.7 £ 1.4 1
Area 3 21.1 £ 8.1 83.0+1.6 91.5+1.4 1
Area 4 9.4+4.2 79.4+£1.9 87.9+2.4 0
Area 5 6.9+1.5 78.3+0.9 86.8+0.9 0
c
Area 1 17.1 £ 3.9 82.4+09 91.3 + 1.1 0
Area 2 22.8+3.4 83.5+0.7 94.2 + 2.4 0
Area 3 13.1 + 3.1 80.9+1.4 89.8+1.4 0
Area 4 6.2 0.5 77.7 £ 0.3 86.6 + 0.5 0
Area 5 7.6 2.2 78.7 + 1.2 87.6 +1.3 0

*total time recorded when the noise reaches beyond 115 dBA

** Area 1(Instructor), Area 2 (Nearest), Area 3 (Middle),
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Area 4 (Furthest) and Area 5 (Between the walls)
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Table 2 showed the average reading for all the five
areas in the Zumba session. Generally, Area 1 was
the most hazardous area. The mean dose was almost
50% with mean TWA of 85.8 dBA and 94.4 dBA for the
mean Leq. There was also an average of 2 seconds

exposure to the noise above 115dBA. Area 2 had the
second highest reading with about 25% of dose,
83.7dBA of TWA and 93.1 dBA for Leq followed by
Area 3, Area 5 and Area 4.

Parameters Mean % S.D.

Position*** Mean Dose + S.D.  Mean TWA + S.D. Mean Leq + S.D.  Upper Limit
(%) (dBA) (dBA) Time (sec)**
Area 1 48.0 + 32.9 85.8+3.2 94.4 + 3.1 2+7.0
Area 2 242 +7.0 83.7+ 1.1 93.0+1.9 0+1.0*
Area 3 17.4 + 14.6 83.4 3.1 92.1+3.0 0<+1.0*
Area 4 7.8+2.6 78.4+2.7 87.2 +11.8* 0+0.0
Area 5 7.5+1.8 78.7+ 1.0 87.4 +1.1 0+0.0
p-value <0.001 <0.001 <0.001 <0.02

*in Median (IQR)

**total time taken when the noise reach beyond 115dB
*** Area 1 (Instructor), Area 2 (Nearest), Area 3 (Middle), Area 4 (Furthest) and Area 5 (Between

the walls)

Table 3 showed the mean results for each
instructor’s classes. Class A was the noisiest among
all three classes followed by class B and C with the
mean dose of about 20% while the mean TWA and
Leq almost reaching the maximum limit; 84 dBA and

92.7 dBA respectively. Although the mean TWA of
all classes did not exceed the upper limit, the result
was significant with a p-value of less than 0.05. Only
class A had an average of 1 second recorded for
exposure to a noise of more than 115 dBA.

Table 3: Dosimeter readings of noise exposure conducted by the three instructors.

Parameters Mean £ S.D.

Mean Dose + S.D.

Mean TWA +S.D.

Mean Leq + S.D.

Class Upper Limit Time
(%) (dBA) (dBA) (sec)*

A 17.5 + 42.6 84.0 + 4.5 92.7 + 4.4 1:1.0

B 17.5+23.2 82.3+3.5 90.7 + 3.4 0+1.0

C 13.5 1 6.9 80.6 + 2.4 89.9 + 3.1 0+0.0

p-value  0.08 <0.05 0.10 0.06

Part Two : Hearing Profile

Socio-demographic distribution of all participants was
collected via a questionnaire. In terms of age,
majority of them (47 %) were between 21 to 30 years
old. 30 % were between 31 to 40 years old and only
23 % were between 41 to 50 years old.

To investigate the women’s noise exposures during
Zumba with their hearing profile, their position
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during Zumba class must also be taken into
consideration. Most of them stood in the middle (46
%) of the studio, followed by furthest from the
speaker (30 %), between wall (17 %) and only 7 % at
nearest to the speaker area. This is crucial to
determine the position of those who has the highest
risk exposure to the noise.

Confounding factors to developing hearing loss were
investigated among the participants of this study
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which includes the usage of earphone daily, frequent
caffeine intake, history of allergic rhinitis, and
family history of hearing problem. None of the
participant reported the presence of noise exposure
in their workplace.

Only 2 frequencies (500Hz and 8000Hz) of the
average hearing levels of the right ear exceeded
20 dBHL. The rest of the hearing threshold is
considered normal (20 dBHL and below). The average
hearing levels of all the participants also showed no
configuration of noise notch at 3000 Hz to 6000 Hz.
For the left ear, all the frequencies were normal
(20dBHL and lower) and no noise notch was
observed.

We also compared the average PTA results between
two different age groups, less than 40 years old and
above 40 years old. The younger sample population
has normal hearing levels which were between 5 dB
to 15 dB for both ears. Portentiously, there was a
change observed for the older sample group from

3000 Hz onwards where the audiogram configuration
deteriorated towards 8000 Hz. The same pattern was
observed on the left ear for both age groups where
the younger group had a base line of 5 dBHL and the
older group had a higher base line hearing level of 20
dBHL.

Figure 3 showed the average PTA result based on the
participants’ preferred position based on the four
different areas in the studio. There was almost a
similar pattern of hearing level for both right and left
ear. For the right ear, the average reading for all
positions was within the normal range except for
the nearest (red line) to the speaker position where
there was a marked deterioration in hearing
threshold from 4000 Hz toward 8000 Hz which
reached 40 dBHL. For the left ear, the decrease was
not as steep as the right although it still exceeded
the normal range, that is 25 dBHL. Participants
preferring all the other positions were within the
normal range of hearing which is 0 - 25 dBHL.
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Figure 3: Average PTA result based on four different positions
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DISCUSSION

Our results showed that the mean total weighted
average (TWA) for the instructor area (area 1) and
area 2 (nearest area) were within the permissible
limit which were 88.8+1.5 dBA and 83.2+0.9 dBA
for instructor A, 86.3+2.8 and 84.3+1.6 dBA for
instructor B, and 82.4+0.9 dBA and 83.5+0.7 dBA for
instructor C. Based on the Factories and Machinery
(Noise Exposure) Regulations 1989,"" the maximal
exposure time allowed for noise exposure at 90 dB
(A) is 8 hours per day. These two areas were
considered at risk as the noise would come from the
two amplifiers nearby and from the shouting of the
instructors in front. This indoor noise exposure has
similar findings with a study in a discotheque in
Netherlands that found frequent visitors tend to
stand closest to the loudspeakers, thus exposing
themselves to the highest risk of hazardous noise
level.® In Korea, similar situation was revealed in
karaoke rooms which also posed a threat to the
hearing due to the existence of loudspeakers within
a small room." In these three scenarios, music plays
a crucial element and the louder the music, the
more excitement and entertainment it generates.
With the usual maximum output of a speaker having
the capability to scale up to 100 to 120 dBA," it is
recommended that a safety limit of noise level
should be implemented in enclosed, indoor areas
where activities such as Zumba Fitness is held. This
could markedly reduce the risk of noise-induced
hearing loss while still allowing the participants to
enjoy the health benefits from this fitness activity.

Not surprisingly, the elder group of Zumba Fitness
regulars (more than 40 years old) presented with
worse hearing thresholds especially on the high
frequencies from 3000 Hz to 8000 Hz. This similar
pattern was also observed among steel band
musicians aged 40 years and above who had
prolonged exposure to loud music.™ In our study, the
noise exposure were highest amongst Zumba Fitness
regulars who placed themselves at the nearest area
to the speakers (Area 2). The hearing threshold
deterioration was very prominently seen on the right
ear, documented at 40 dBHL. The right ear was
severely affected due to the position of the women
in area 2 in which the amplifier was located on the
right side of their ear. The audiogram for the older
group and those in area 2 did not show high
frequency ‘notch’ typically observed in noise-
induced hearing loss patients, hence there is a need
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to rule out concurrent presbycusis.' Thus, it could
not be concluded that noise during Zumba per se
contributed to their hearing problem as ageing
might also be the cause of their hearing threshold
deterioration. Other risk factors should be
considered as well such as the daily usage of
earphone and family history of hearing loss among
others.

Nevertheless, imposing a safe sound level during
Zumba  Fitness session should really be
implemented, because unlike any other music
avenues such as discotheques that has to take into
consideration their customer’s satisfaction in
experiencing music,'® Zumba Fitness class with safe
sound level would not hamper the whole exercise
activity where health benefit from the exercising is
the priority. Additionally, protective hearing device
such as earplugs and earmuffs should be encouraged
as an additional noise control strategy.' This is an
important preventive measure as a study in America
has reported that all the participants interviewed
did not use hearing protection during dance and
aerobic activities."” This showed that the awareness
of the hearing protection during noisy activities is
still inadequate and more campaigns should target
these groups to increase awareness against noise-
induced hearing loss.

CONCLUSION

This study found that some noise levels during the
Zumba Fitness sessions done at this particular studio
exceeded the maximum allowable level of 115 dBA
even though the total weighted-average did not
exceed the allowable 85 dBA level. This is a
pertinent fact that needs to be disseminated and
communicated to the Zumba Fitness regulars; for
despite its many health benefits, Zumba fitness with
its accompanying loud music has the potential to
harm the hearing as prolonged exposure to this level
has been proven to causing hearing loss. Future
research should focus on cohort studies documenting
hearing levels of participants before and after
joining Zumba classes while controlling for other
causes of sensorineural hearing loss.
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