%rticle published online: 2021-09-10

16 Original Article

THIEME

OPEN
ACCESS

@O®OS

Effect of Caffeine on Otoacoustic Emissions

Drepath Sanish Kumar!

TDepartment of Audiology and Speech-Language Pathology, Nitte
Institute of Speech and Hearing, Mangalore, Karnataka, India

2pepartment of Audiology and Speech-Language Pathology,
Yenepoya University, Mangalore, Karnataka, India

Athira Rajan’

Srikanth Nayak'? Arya Vijay' Sathish Kumar?

Address for correspondence Sathish Sanish Kumar, MSc,
Department of Audiology and Speech-Language Pathology, Madras
ENT Research Foundation (P) Ltd, Chennai, 600028, India

(e-mail: sathish.sreeni58@gmail.com).

3Department of Audiology and Speech-Language Pathology, Madras
ENT Research Foundation (P) Ltd, Chennai, Tamil Nadu, India

Ann Otol Neurotol ISO 2021;4:16-18.

Introduction Caffeine is consumed everyday in a variety of ways by a large popula-
tion around the world, including coffee, tea, and soft drinks. Therefore, there is a sig-
nificant need to explore the effects of caffeine on human auditory system. The present
study aimed to investigate the effect of caffeine on cochlea using distortion product

Materials and Methods Thirty-three young adults were recruited for the study. The
effect of caffeine on cochlea was assessed using DPOAE at frequencies between 1 to

The signal to noise ratio of DPOAE was compared before and after coffee

Abstract

otoacoustic emission (DPOAE).
Keywords 10 kHz before and after caffeine consumption.
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= coffee intake, which revealed no significant differences.
= cochlea

= otoacoustic emissions  functioning.

Introduction

Coffee is a nonalcoholic beverage which is used most widely
in industrialized countries. Coffee is a mixture of many com-
ponents in which caffeine is the active constituent." There
is approximately 60 + 120 mg of caffeine in 150 mL of cof-
fee.2 Caffeine reduces the cerebral blood flow inducing rela-
tive brain hypoperfusion, but at the same time, it increases
energy metabolism throughout the brain.? It has been shown
that a 250-mg dose of caffeine reduces resting cerebral
blood flow by 22% and middle cerebral artery blood velocity
by 13%.% Coffee contains many bioactive substances which
result in physiological effects with functions including
anti-inflammatory, antioxidant, antifibrotic, and anticancer
effects.> Regular coffee intake leads to the risks of cancer,
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Conclusion The current study results suggest that caffeine has no effect on cochlear

diabetes, cardiovascular disease, Parkinson’s disease, liver
disease, dementia, and depression and can even increase the
heart rate and ambulatory blood pressure.5

According to the Global Burden of Disease, hearing loss
is a major health issue and over 5% of the world population
experience hearing loss, leading to communication diffi-
culties and social withdrawal.” Few studies investigated
the long-term effects of caffeine consumption using pure
tone audiometry® and speech in noise test® and found a
low incidence of hearing loss. On the other hand, caffeine’s
short-term effect on the auditory system in humans was
less researched. Thus, the present study investigates the
short-term effect of coffee on the cochlea’s outer hair cell
(OHC) functioning using the distortion product otoacoustic
emissions (DPOAEs) test.

© 2021. Indian Society of Otology.
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Method

Thirtyyoung normal-hearing adults (age range of 18-23 years)
were included in the present study (20 males and 10 females).
Institute ethical committee clearance was taken for the study.
The volunteer participants were informed about the study’s
aim, and written consents were taken before participating in
the study.

All the participants had the habit of consuming coffee
over more than 10 years with a minimum of 100 mL of cof-
fee twice a day, and participants who had DPOAEs with 6 dB
signal-to-noise ratio (SNR) for frequencies between 1,000 and
10,000 Hz were included for the study. Any individual with
middle ear pathology, any medical ear history, the habit of
smoking, alcohol consumption, and hearing music with
headphone for more than 2 hours per day was excluded
from the study. All the participants had pure-tone thresh-
olds < 15 dB hearing level at octave frequencies from 250 to
8,000 Hz for air conduction and 250 to 4,000 Hz for bone
conduction and “A” type tympanogram with acoustic reflexes
present in ipsilateral and contralateral conditions for 500,
1,000, and 2,000 Hz. All the participants were instructed to
avoid the intake of coffee or any caffeine products and avoid
any noise exposure, including listening to music from the
personal music system before 12 hours of participation.

DPOAE testing was performed using Otodynamics
ILO-V6 software. The subjects were made to sit comfortably
and instructed not to move during the test. The probe was
inserted gently into the ear canal with an appropriate probe
tip and was ensured to have a good fit and not removed until
the test’s completion. A ratio of 1.22 between f1 and f2 was
used to elicit the DPOAEs. The intensity level of f1 and 2 were
65 and 55 dB sound pressure level, respectively. Emissions
were measured at eight frequency points. The SNR at vari-
ous 2f1-f2 of frequency was noted down. Initially, baseline
DPOAEs were taken from both ears simultaneously. Then,
these subjects were introduced with 100 mL of coffee which
was customized for the study. DPOAEs were done simultane-
ously in both ears after a break of 15 minutes.

The data obtained were subjected to statistical analysis
to compare the SNRs of DPOAEs pre- and post coffee intake.
Descriptive statistics and Wilcoxon signed-rank test were
done to find the mean and standard deviations and statistical
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significance of the SNR response of DPOAEs pre- and post
coffee intake.

Results

The mean and standard deviation of DPOAE’s SNR, pre- and
post coffee intake is shown in =Table 1. In general, when
compared with the baseline DPOAEs, the mean SNR value
of overall DPOAEs was slightly reduced in both ears post the
intake of coffee. Wilcoxon signed-rank test was done to find
the difference between pre- and post the intake of coffee.
Results showed no statistically significant difference in the
SNRs of DPOAEs in both ears for pre- and post coffee intake.

Discussion

The present study aimed to examine the short-term effect
of coffee on OHC functioning, measured using DPOAEs test.
Our results revealed no significant difference between
baseline and post the intake of coffee DPOAEs at all fre-
quencies. Numerous studies reported caffeine to enhance
cortical arousal and perceptual sensitivity in the auditory
domain.' In support of this mechanism, the electrophysi-
ological studies shred the evidence of enhanced amplitude
and reduced latencies in peripheral and central auditory
responses.!’ The changes in neural responses are attributed
to the increased release of neurotransmitters in the audi-
tory neural pathway. However, the effect of caffeine at the
cochlear level is unexplored.

The caffeine effect on the cochlea in animals has been
reported in the literature. The introduction of caffeine in the
guinea pigs measured using membrane potentials results
in depolarization of OHCs by closing K* channels,' reduces
the movement of OHCs, and suppresses the cochlear ampli-
fier.'®'” On the other hand, Bobbin'® studied the effect of caf-
feine with different doses (1, 3, and 10 mM) on the peripheral
auditory system using high-frequency DPOAE (8 and 12 kHz)
and cochlear and auditory nerve potentials (compound
action potentials [CAP], summating potential [SP], and
cochlear microphonics [CM]) at various signal intensities.
He found that caffeine suppresses the CAP and SP responses,
increased N1 latency, suppression in DPOAE responses only
at low intensities, and increased CM responses for 1 kHz

Table 1 Mean and standard deviation of DPOAEs pre- and post the intake of coffee

Frequencies Right ear Left ear

(kHz) Pre Post Pre Post

1 5.67 (1.71) 5.57 (1.73) 5.39 (1.62) 6.64 (1.75)
1.4 15.16 (1.69) 13.8(1.5) 14.05 (2.03) 14.1(1.94)
2 14.76 (1.58) 13.02(1.42) 12.76 (1.97) 12.63 (1.93)
2.4 10.49 (1.96) 9.82(1.53) 9.35(1.94) 9.31(1.86)
4 13.37(1.51) 12.67 (1.37) 14.6 (1.4) 13.08 (1.67)
6 17.99 (1.77) 15.63 (1.61) 18.25 (1.29) 18.06 (1.42)
8 8.88 (2.09) 7.78 (1.8) 7.87 (2.49) 7.47 (2.34)
10 7.13 (1.95) 5.54 (1.73) 3.9(2.09) 3.81(2.15)

Abbreviation: DPOAE, distortion product otoacoustic emission.

Annals of Otology and Neurotology Vol. 4 No. 1/2021 ©2021. Indian Society of Otology.

17



18

Effect of Caffeine on Otoacoustic Emissions Kumar et al.

tone pips but no changes for 10 kHz tone pips. In general,
caffeine shows strong differences in the peripheral auditory
responses only at low intensities compared with high inten-
sities. The substantial response changes observed for low
intensities can be attributed to the disruption in the OHC
function (cochlear amplification) caused by the caffeine.

To our knowledge, no studies had explored cochlear
function as the effect of caffeine in humans. The result
found in our study must be considered with precaution at
this point due to various limitations. First, the animal stud-
ies mentioned above are difficult to consider to answer our
findings. Since the studies discussed above have caffeine
concentration in millimolar units, such concentrations can-
not be achieved in everyday coffee consumptions. Second,
the effect of caffeine is dose-dependent and varies between
the types of coffee (brewed, instant, or canned).® Third,
since the caffeine effect is dose-dependent, we do not know
caffeine administered to our subjects enough to stimulate
the auditory system. Since the electrophysiological changes
caused by caffeine are well known, they can be used to
determine an appropriate caffeine dose. So, future studies
are recommended to evaluate cochlear response along with
electrophysiological responses with careful consideration of
dose and type of coffee.
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