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ABSTRACT

BACKGROUND: Hearing loss has been reported linked with the physical obesity. Waist circumference
(WC) is one of the calculated ratios that have been proposed to be used for assessing obesity. It is
stated that the WC provides clue for central obesity which is a risk factor of hearing loss.

OB.JECTIVE: The present study intended to determine the gender base variation in audiometric findings
in relation with increased waist circumference and percentage of study population suffering from
hearing loss associated with increased waist circumference.

METHODS: The present Cross sectional / comparative study was conducted at Research Laboratory,
Department of Physiology, Liaquat University of Medical and Health Sciences (LUMHS) Jamshoro. A
sample of 226 was divided into; Group A. Female (n=113) and Group B. Male (n=113). Group A and B
were further divided in to A, A;, A; and B, B; and B; according to the WC. The WC was measured by
measuring tape halfway between the lower costal margin and the iliac crest. The Audiometry was
performed on Audiometer MAICO® MA-39 BERLIN GERMANY at the Power Lab of Department of
Physiology Pure tone Audiometry (PTA >25 Db) was considered as deafness. The data was entered and
analyzed on the statistical program SPSS version 22.0. {IBM, Incorporation, USA) using Student’s t-test
and Chi square test.

RESULTS:. Male to female ratio was 1:1. WC in sub groups showed statistically significant differences
among A1-A3 female and B1-B3 male groups (P=0.0001). Average PTA was measured as deci-Bells (dB).
Taken 25 dB PTA as reference, PTA showed statistically significant differences among A1-A3 female and
B1-B3 male groups (P=0.0001). The results show significant tendency of hearing loss with increasing
WC particularly the high frequency sounds.

CONCLUSION: The present study reports female gender and increased waist circumference as risk
factors for the hearing threshold loss. The Waist circumference, a surrogate marker of body adiposity,
may be exploited clinically for the prediction of hearing problems in the obese subjects.
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INTRODUCTION hearing loss is permanent, a healthy blood supply and
oxygen are required for the proper functioning of
these hair cells, but as obesity puts a huge tension on
the walls of capillaries, the oxygen as well as blood
cannot be transported efficiently to the hair cells
leading to permanent damage of hair cells and
complete hair loss®.

Deafhess means hearing loss (HL), is defined as a
degree of impairment of hearing, so that a person is
not able to understand the speech, and in its severe
form even in the presence of amplification.?
Conductive HL is a condition in which there is failure
to transmit sound waves from external ear through the
middle ear due to an impedance in its pathway as wax
plug impinging and blocking the auditory meatus
completely. This type of HL is very common®
Sensorineural HL is a pathophysiological condition in
which the sound waves fail to stimulate the cochlea

According to reports of World Health Organization,
approximately 360 milion people are suffering from
hearing loss (HL). HL has many causes including
aging, obesity, ear infections or inborn genetic errors,
etc'. Obesity is an established risk of increased
frequency of HL. The physiological association of HL
due to obesity include the; ischemia, hypoxia, reactive
oxygen species (ROS) load and oxidative stress. The
oxidative stress damages the hair cells, cochlear cells
and spiral ganglion cells and this eventually steals the
hearing of a person'?. The suggestive pathophysiol-
ogy is stated as the portion of inner ears has complex
semi-circular tubes with fluid and nerve endings. The
auditory hair cells are the basic structure responsible
for detecting sound, translating it into electrical signals
and to transmit it to the brain. Once these hair cells
are damaged, they cannot be regenerated and
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due to cochlear or nerve disease, auditory pathways
or central auditory cortex defect. Sensorineural HL is
defined as an average loss of pure tone level >15 dB
for 0.5, 1 and 2 kHz (low frequency) and 3,4, 6, and 8
KHZ (high frequency)®. Currently, a link of hearing
loss and physical obesity has been reported. Obesity
is the presence of body fat. Obesity is derived from
Latin word “obesus” that means excessive fatty due to
excessive eating Quetlet index or body mass index
(BMI) is a weight based measurement of a person’s
body mass and height. Basal metabolic index and
waist circumference (WC) are simple methods for
assessing body weight. The WC used for persons with
a departure of body weight away from what is normal
or desirable. All of above methods and mathematical
calculation formulas have limitations. Limitations are
now established in certain conditions. Thus
alter-native methods are used in cases of perceived
problematic basal metabolic index. Waist circumfer-
ence (WC) is one of the calculated parameter that has
been proposed to be used for assessing obesity”.

WC in obese persons is reported to produce acquired
hearing loss. Prevalence is reported to be very high in
persons who have increased WC. Waist
circumference (WC) >88 cm showed relative risk (RR)
of 1.17-1.38 as analyzed by the multivariate adjusted
analysis (95% Cl).For women with WC of 80- 88cm,
the risk for HL was >11%.While for WC >88 cm, the
risk of HL was increased to>27% °’. This means large
WC is associate and a risk factor for the HL, which
may be due to the impairment of cochlear physiology.
One suggested mechanism of HL in obesity is the
compromised vascular supply, capillary constriction,
cellular damage and deafness. Stria vascularises
show abnormal capillaries and vascular supply in
obesity. Previous cross sectional studies had reported
association of obesity with HL. It was reported that
large WC is associated with threshold of poorer
hearing®®. A cut off values of WC are calculated as
<71cm (71 -79), 80-88cm and >88cm9. Higher the
WC, higher is the risk of hearing loss.’lt is stated that
the WC provides clue for central obesity which is a
risk factor of hearing loss'”.

OBJECTIVES

To determine the gender base variation in audiometric
findings in relation with increased waist circumference.
To determine the percentage of study population
suffering from hearing loss associated with increased
waist circumference.

HYPOTHESIS

The increased waist circumference causes hearing
loss.

METHODOLOGY
STUDY DESIGN: Cross sectional study.

SETTING: The present study was conducted at

Research Laboratory Physiology Department, Liaquat

University of Medical and Health Sciences (LUMHS)

Jamshoro. The medical students and employees of

LUMHS were recruited in this study.

DURATION: Six months after approval of synopsis.

Jan 2016 to June 2016

SAMPLE SIZE

Total sample size n= 226 have been calculated from

the study population (n) based on assumptions of

Cl1=95% and margin of emror=5% p= 18% (prevalence

of obesity13%in men and 23% women in previous

studies and average was 18% in previous study

conducted in Pakistan).''The study sample was 226

subjects.

STUDYGROUPS

Group A

Group A is divided in to 3 subgroups, each subgroup

consist of subjects of females according to waist

circumference.

Group A — subgroups

e A1 has waist circumference29-31 inches

e A2 hasWC of32-34 inches

e A3 has WC>34 inches

Group B

Group B also divided in to 3 subgroups each

subgroup consist of subjects of male according to

waist circumference.

Group B — subgroups

e B1 has WC31-33 inches.

e B2 has WC 34-36 inches.

e B3 has WC>36 inches.

INCLUSION CRITERIA

e Nonsmokers, non diabetic, non hypertensive.

e Adult males and females of age 18 to 35years.

EXCLUSION CRITERIA

Individuals with history of taking ototoxic drugs.

Repeated ear infections and discharge.

Any congenital ear anomaly.

Who has history of nerve deafness running in their

family.

After informing and taking written consent from the

subjects, self-administered questionnaire were filled

regarding their previous medical history and physical

activity. The subjects underwent routine measure-

ments e.g. height, weight, pulse and blood pressure.

Waist circumference was measured by measuring

tape halfway between the lower costal margin and the

iliac crest by using a flexible inch tape. Protocol of

measuring waist circumference measurement

e Ensure that the subject is standing erect.

e Abdominal muscles are relaxed.

e Measurement is taken at the end of normal
expiration.
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e Locate the iliac crest of hip bone, measure above
it where one finger fits between the iliac crest and
the lowest rib cage.

e Measuring tape must be positioned horizontally
(parallel to the floor). Now measure at a level just
above the iliac crest, irrespective of whether the
umbilicus is above or below the tape.

Do not make compressions in the skin with the tape
measure. Specially designed abdominal circumfer-
ence tape measure should be used for measuring
WC. WC should be measured around the narrower
part of the abdomen''. Then whisper test, Rinne's
test, Webber's test, Shaw back test were performed
on all young adult wvolunteers of different groups,
otoscopy to exclude the disorders like otic trauma,
external ear infections and ear discharge.

e The AUDIOMETRY was performed on audiometer
MAICO® MA-39 BERLIN GERMANY at the power
lab of department of physiology.

e For audiometry instructions were given to
volunteers about the procedure and how the
subject is required to indicate (Volunteers were
asked to raise a hand, press a button, or
otherwise indicate when they could hear a sound)
whether hefshe can just hear or cannot hear a
certain sound (the sound level may be increased
from a very low level or reduced from a high
level).

e The subjects were asked to remove anything
which might upset the test results, e.g. spectacles,
earrings, hearing aids. The earphones attached to
the audiometer were fitted carefully over the ears
and the test was then carried out on each ear.

Pure tones of controlled intensity were delivered to
one ear at a time. The minimum intensity (volume)
required to hear each tone was graphed
ETHICAL CONSIDERATION
The study was conducted strictly under the ethical
rules and after approval research ethics committee at
LUMHS JAMSHORO.
DATA ANALYSIS
The data was entered and analyzed on the statistical
program SPSS version 22.0.Continuous and
categorical variables were analyzed by Student’s t-test
and Chi square test. Frequencies and percentage of
the quantitative data were determined. Intensities and
frequencies of sound were also determined. Group
differences were measured and results were held
significant at p value.

RESULTS

Age Distribution

The mean = SD of study subjects in groups A
and B was 26.21 £5.27 and 26.43 +5.11 years
(t-value 0.32, p=0.0749).

e Study subjects were age matched as indicated by
non-significant P-value (Table I).

o Waist circumference in Subgroups

The WC in sub groups as shown in table I

showed statistically significant differences among

A1-A3 female and B1-B3 male groups (P=0.0001). A3

and B3 showed significant differences compared to

group A1, A2 B1 and B2.

e Pure Tone Audiometry (dB) in Subgroups

The PTA in sub groups showed great variation and

hearing loss with increasing WC as shown in table I

(P=0.0001). PTA showed statistically significant

differences among A1-A3 female and B1-B3 male

groups (P=0.0001). A3 and B3 showed significant

differences compared to group A1, A2, B1 and B2.

e PTA-Audiogram

The audiogram in graph | shows the tendency of

hearing loss in sub groups A1-A3 and B1-B3 in

comparison to sound frequency. Low frequency

hearing loss was defined as <2000 Hz and high

frequency hearing loss was defined as >2000 Hz. The

results shows significant tendency of hearing with

increasing WC particularly the high frequency sounds.

TABLE I: AGE DISTRIBUTION OF STUDY
POPULATION (n=226)

Groups Mean + SD P- value
Group A (n=113) 26.21 527
0.0749
Group B (n=113) 26.43 5.11

TABLE II: WAIST CIRCUMFERENCE (INCHES) IN
SUB GROUP (n=2286)

No: of P-
Groups | Subgroups | subjects | Mean | £SD value
and (%)
A1-(29-31) |24 (21%) | 30.02 | 0.86
Group A
(Female) A2-(32-34) |43 (38%) | 33.02 | 0.83
A3-(>34) 46 (41%) | 37.64 | 1.70
0.0001
B1-(31-33) |51 (45%) | 32.02 | 0.82
Group B
(Male) B2- (34-36) |34 (30%) | 35.02 | 0.83
B3- (»36) 28(25% ) [37.94 | 1.65
DISCUSSION

The present study is the first research which
evaluated the association of hearing loss with WC in
young male and female population. The present study
is first time reporting audiometric findings in young
age matched male and female subjects. The majority
of study subjects in present study were in their 3rd
decade with mean age 26.21 527 and 26.43
+511years in female and male respectively
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TABLE Il
PURE TONE AUDIOMETRY (dB) IN SUB GROUPS
Groups Sub groups |Mean | *SD |P-value
A1(29-31 inches) | 24.3 | 3.56
Group A :
femar:a A2 (32-34 inches) | 40.0 | 4.07
A3 (>34 inches) 553 | 1.65
0.0001
B1 (31-33 inches) [ 20.0 | 3.59
Group B :
e B2 (34-36inches) | 35.2 | 4.01
B3 ( >36 inches) 50.1 1.40

GRAPH I: AUDIOGRAM SHOWING HEARING LOSS
WITH INCREASING WAIST CIRCUMFERENCE

B MEAN PTA /db

B Mo of subjects

Mean PTA and number of subjects in sub groups (n=22)

(p=0.0749). The age group was similar to study of
Hwang et al® which include subjects of 3rd decade.

The PTA in sub groups showed great variation and
hearing loss with increasing WC as shown in table 6,
(P=0.0001). PTA showed significant hearing threshold
loss with increasing WC. (P=0.0001). The findings of
WC are consistent with previous studies”'® but
inconsistent to Hwang JH et al® and Fransen E et al’.
The audiogram of present study (graph4) shows the
tendency of hearing loss in sub groups A1-3 and B1-3
in comparison to sound frequency. Low frequency
hearing loss was defined as <2000Hz and high
frequency hearing loss was defined as>2000 Hz. The
results shows significant tendency of hearing loss with
increasing WC particularly the high frequency sounds.
The findings of WC are conducted by, Jung DJ et al,
Curhan SG et al, Kang SH et al and Cruickshanks KJ
et al, but inconsistent study carried by Fransen E et al.
Ucler et al (2016)° has recently reported on the
association of WC with hearing thresholds in young
female subjects. Ucler et al reported positive link of
hearing loss (HL) with obesity. Hence the results are
supporting the present study. In the present study, the

link between WC and hearing loss in women aged 18-
35 year of age. However, the Ucler et al’ had studied
female with 1840 year of age. As the hearing loss
(HL) is a social health problem which interferes with
the normal life style’’. HL is directly linked with the
increased WC, has been reported by Fransen E et al
and Cruickshanks KJ etal "'°.

Ko et al demonstrated that WC is better discriminator
of adiposity and HL18. However, other previous
studies'” have reported conflicting results. This might
be due to different ethnical and geographical
segments and different age groups. Other
cross-sectional studies found positive association of
WC and HL’, the findings are consistent to present
study. The present study enrolled Asian male and
female of 18-35 years which is very young age
suffering from obesity these days. The results of
present study suggest that WC was highly associated
with hearing loss and hearing threshold loss
particularly in female %. These previous studies
suggested increased frequency of HL and hearing
threshold loss in female may be due to blood
adiponectin and circulating oestrogen levels®®. Hence,
the WC related to central obesity is more predictive for
the female than for the male population, this is in
agreement with Kang et al.

CONCLUSION

The present study reports female gender and
increased waist circumference are risk factors for the
hearing loss. This study shows null hypothesis was
rejected and alternate hypothesis was accepted which
proved that there was association between increased
waist circumference and hearing loss and was found
more in female gender.

RECOMMENDATIONS

The present study recommends:

e Large scale and large sample sized prospective
studies are recommended.

e Auditory screening of obese subjects should be
carried at an early stage to prevent hearing
morbidity.

e Public awareness campaigns should be carried
out regarding obesity and possible side effects
related with hearing loss.
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