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Correlation between age and gender, and parameters
of auditory brainstem evoked response
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Objective To analyze the correlation between age and gender, and the auditory brainstem response
(ABR).

Materials and methods Adult volunteers with no history of ear disease were tested. ABR
parameters; stimulated by click stimuli at 90 and 80 dBnHL, were analyzed. They included 1) abso-
lute latencies of waves |, lll and V, 2) interpeak latency of I-Ill, Ill-V and |-V, and 3) interaural latency
difference of waves V between the ears.

Results Sixteen males and 34 females, aged 25-66 years (mean 42.3+10.4 years) were include in
the analysis. ILD-V at 80 dBnHL clicks showed significant correlation with increased age, and the
equation predicted its value at 0.012 + [0.003 * age (years)]. The absolute latency of waves Ill and
V at 90 dBnHL clicks (p-value = 0.010, 0.024) in the males was significantly higher than the 80 dB-
nHL clicks (p-value = 0.014, 0.017) in the females. There was no significant correlation between 1)
age and absolute latency at 80 or 90 dBnHL clicks; 2) age and interwave latency at 80 or 90 dBnHL
clicks; and 3) age and ILD-V at 90 dBnHL clicks.

Conclusion [LD-V at 80 dBnHL clicks correlated with increased age. The absolute latency of
waves Il and V in the males was significantly higher than in the females at both 80 and 90 dBnHL
clicks. Clinicians need to be cautious when interpreting ABR results in the elderly with increased
ILD-V value at 80 dBnHL clicks, or in males with delayed absolute latency of waves lll and V at 80
and 90 dBnHL clicks. Chiang Mai Medical Journal 2015;54(4):163-9.
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Introduction

An auditory evoked response is activity
within the auditory system produced or stimu-
lated (evoked) by sound (auditory or acoustic
stimuli) via electrodes. Inthe simplestof terms,
auditory evoked responses are brain waves

(electrical potentials) generated and picked
up by electrodes when a person is stimulated
by sound. Their three major categories are
classified by latency and an analysis period
(epoch). Latency is the time interval (in milli-
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seconds; msec) between stimulus presenta-
tion and the appearance of waveforms. The
three categories are: 1) early response, e.g.,
electrocochleography (ECochG), which occurs
at the first 1.5-2.0 msec, and auditory brain-
stem response (ABR) that occurs within 5-6
msec; 2) middle response, e.g., auditory mid-
dle-latency response (AMR), which occurs
within 15-50 msec; and 3) late response, e.g.,
auditory latency response (ALR), which occurs
within 75-200 msec, auditory P300 response
that occurs at approximately 300 msec, and
mismatch negativity (MMN) response occur-
ring within 100-300 msec after specific stimuli.
The two most common alternate terms for ABR
are brainstem auditory evoked responses
(BAER) and brainstem auditory evoked poten-
tial (BAEP)!".

ABR is an objective response that assesses
auditory function from the peripheral audi-
tory system to the lower brainstem levell@.
Most ABR waveforms are plotted in the time
domain, which is a sequence of peaks (ampli-
tude of greater voltage) and valleys (ampli-
tude of lower voltage) (in microvolts) occur-
ring within a specific time period (in msec).
ABR wave components are labeled with
Roman numerals as wave | to wave VII®.
Generators of ABR waves are based on many
sources: e.g., recording in experimental ani-
mals with surgically induced central nervous
system (CNS) lesions, or in humans during
neurosurgical procedures. The presumed
generators are in the medulla, pons, mid-
brain and thalamus, which include the ipsilat-
eral distal auditory nerve (wave 1), ipsilateral
proximal auditory nerve (wave ll), ipsilateral
cochlear nucleus and superior olivary com-
plex (wave lll), bilateral multiple brain origins
(wave V), contralateral lateral lemniscus ter-
mination at the inferior colliculus (wave V),
and medial geniculate body (wave VI and VII)
M. These generators are in the retrocochlear
pathway. Peaks often missing in normal ABR
waveforms include wave |V, wave I, and wave
VIB, Wave |, wave lll, and wave V are usually
well formed, repeatable, and commonly used
for analysis.

The main parameters of the ABR wave-
form are latency and amplitude, and latency is
used predominately as a neurodiagnostic test.
When compared to wave latency, wave ampli-
tude is more variable®. Latency is an absolute
measurement calculated from the onset of
stimulus to some point on or near the peak of
an ABR waveform. Latency interval is calcu
lated commonly between waves, including
latency of wave | to wave lll, wave Il to wave
V, and wave | to wave VB. The interaural la-
tency difference (ILD) for wave V is the abso-
lute latency difference of waveform V between
the ipsilateral recordings of each ear. The ILD
for wave V was used most often by early in-
vestigators of ABR®!,

Normative values of ABR parameters have
a critical effect on determining abnormal
results. The site of a lesion can be determined
by other audiologic tests such as speech dis-
crimination, the tone decay test and acoustic
reflex test, and ABR is the most sensitive in
detecting retrocochlear pathology®?. Vestibu-
lar schwannoma is the pathology of most con-
cern in the retrocochlear pathway by causing
asymmetrical hearing loss. While magnetic
resonance imaging (MRI) of the internal acous-
tic canal (IAC) with gadolinium is the most sen-
sitive test for diagnosing retrocochlear pathol-
ogy, it has some limitations. The high cost of
MRI as a screening test is a major limiting fac-
tor. ABR at Chiang Mai University (CMU) hos-
pital costs 15.8 times less (700 Baht) than for
MRI of the IAC with gadolinium (11,100 Baht),
which is similar to costs at the Christian Medi-
cal College and Hospital, Vellore, India (15
times greater)?. Other limiting factors of MRI
include patients with claustrophobia, obesity,
and noise intolerance!?. Effective utilization of
scarce funding and medical resources, as well
as precise diagnosis in each disease should
be balanced wisely, especially in developing
countries. The higher the accuracy rate in ABR
evaluation, the lower the MRI budget (fewer
MRIs required).

The aim of this study was to analyze the
correlation between age and gender, and the
ABR response.
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Materials and methods

Subjects without a history of ear disease, and aged
25-66 years were recruited into this study at CMU Hos-
pital. Ear examination, tympanometry, and acoustic
reflex of all volunteers showed normal findings. The
pure tone audiometry test showed a normal air-bone
gap of less than 10 dB in all tested frequencies, and
the pure tone average (PTA) hearing threshold at 0.5,
1, and 2 kHz, as well as hearing threshold, was less
than 50 dB at 4 kHz. Subjects with presbycusis could
be enrolled into the study, but any with skin lesions
on the areas of electrode application, high skin imped-
ance after electrode placement, or absence of ABR in
either ear were excluded. The study was approved by
the CMU Ethics Committee. The subjects of this study
gave their informed consent.

The skin was cleansed with alcohol and scrubbed
with an abrasive skin preparation. Gold cup electrodes
filled with conductive paste were placed on the right
and the left mastoid tips (active or inverting electrode),
high on the forehead (inactive or non-inverting elec-
trode), and on the lower forehead (ground electrode).
The subjects were allowed to lay down in supine po-
sition with their eyes closed. The testing room was
quiet and air-conditioned, with the temperature set at
a comfortable level. Rare fraction, with click stimuli
at 90 and 80 dBnHL was presented ipsilaterally via
an ERB3A inserted earphone (Etymotic Research, Elk
Grove Village, IL, USA) at a rate of 19.3 clicks/second.
The signal was amplified and filtered (bandpass 100-
3,000 Hz). The responses at the first 10 msec, total
of 1,024 sweeps, were acquired for each recording by
using the Intelligent Hearing System, Miami, Florida,
USA. The waveforms were labeled by one technician
and reviewed by the authors. Demographic data, and
the following ABR parameters: 1) absolute latencies of
waves |, Il and V; 2) interpeak latency of I-lll, IlI-V and
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I-V; and 3) interaural latency difference of wave V be-
tween the ears, were collected. Pearson’s correlation
was used to analyze the correlation between age and
each parameter. If the value showed significant cor-
relation, simple linear regression was used to analyze
the equation predicting the value of each parameter.
The difference between the parameters and gender
was analyzed using the t-test. A p-value <0.05 was
considered statistically significant. The SPSS 17.0
program (SPSS Inc, Chicago, IL, USA) was used for
analysis.

Results

ABR was obtained from 51 volunteers (16
males and 35 females). One female subject
was excluded for showing no ABR from her
right ear. One hundred ears were analyzed.
Ages of the subjects ranged from 25-66 years
(mean 42.3+10.4 yearst standard deviation;
SD).

The p-value of Pearson’s correlation be-
tween ABR and age is shown in Table 1. Only
ILD-V at 80 dBnHL clicks showed significant
correlation with age. Scatter plots of the ILD-
V at 80 dBnHL clicks and slope estimates of
response change by age (Figure 1). The equa-
tion predicting the ILD-V value at 80 dBnHL
clicks was 0.012 +[0.003 * age (years)] (msec)
(simple linear regression).

The differences in ABR included absolute
latencies of waves |, lll and V, interpeak laten-
cy of I-ll, 11I-V and |-V of 100 ears, and interau-
ral latency differences of wave V and p-value
between males and females. These results
are shown in Table 2. The absolute latency

Table 1. The r and p-value of correlation between ABR and age at 90 and 80 dBnHL clicks

Correlation between

r (p-value®)

80 dBnHL clicks 90 dBnHL clicks

Age and absolute latency of I -0.022 (0.83) 0.024 (0.81)
1 0.044 (0.67) 0.084 (0.41)

\Y, 0.051 (0.61) 0.037 (0.72)

Age and interwave latency of 111 0.059 (0.56) 0.064 (0.53)
-V 0.029 (0.77) -0.19 (0.85)

-V 0.064 (0.53) 0.022 (0.83)

Age and ILD-V 0.305 (0.03%) 0.208 (0.15)

Note: #Pearson’s correlation, *statistically significant
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Figure 1. Scatter plots showing ILD-V at 80 dBnHL clicks and slope estimates of response changes by age.

of waves Ill and V at 90 and 80 dBnHL clicks
in males was significantly higher than that in
females. No other parameters displayed any
gender differences.

Discussion

To develop normative ABR values, a variety
of factors that affect ABR waveforms must
be controlled. These factors include: 1) non-
pathological subject factors: e.g., age, gender,
body temperature, muscular artifact, medica-
tion, and hearing level; 2) stimulus factors:
e.g., stimulus type (click, tone burst), rate, and
intensity; and 3) acquisition factors: e.g., elec-
trodes, amplification, filtering, and analysis
timel. In this study, all subjects were exam-
ined by the authors, with no abnormal clinical
symptoms detected. Before their enrollment,
the hearing level of the subjects was evaluated
by pure tone audiometry. Only subjects with
acceptable audiogram results were recruited.
During the test, the subjects were asked to
relax, and the muscular artifact was then re-
corded and controlled. Recording of the ABR
was performed in the same room with identi-
cal environment, and the stimulus was set up
in the same setting. The ABR was acquired,

amplified, and filtered using a single machine.
Norms of ABR to click stimulus in this study
were comparable to those of other studies, as
shown in Table 3. Delayed ABR norms in this
study certainly conformed to the pathology of
the subject.

In this study, ABR parameters: 1) an ILD-
V value at 80 dBnHL clicks stimulation (dif-
ference by age); and 2) absolute latency of
waves lll and V at 90 and 80 dBnHL clicks
stimulation (difference by gender), may need
to be considered when using age and gender.
Adult females showed shorter latency values
and larger amplitudes than males for wave Il
and V. The explanation offered for gender ef-
fect is smaller head size and brain dimensions,
better hearing sensitivity, and higher average
body temperature in females®'. Watson DR
(1996) reported earlier wave V latencies and
shorter I-V intervals in females than in malest®.
Solanski JD (2010) also reported shorter I-11I
and llI-V interwave latencies in teenage fe-
males than in teenage males!". Therefore,
clinicians should consider the clinical signifi-
cance of the parameters that show statistically
significant differences between males and
females.
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Both ABR peaks and interpeak latencies
became higher with advancing agel”'315l, All
parameters, except for absolute latency of
wave | and interwave IlI-V, showed a positive
correlation in this study. No previous studies
reported a negative correlation of ABR with
age. Increased hearing loss, rise of age-
related systemic disorders, delayed synaptic
transmission associated with age-related loss
of neurons, and changes in neuron membrane
permeability, all contribute to delayed wave
responsel®. Konrad-Martin (2012) reported in-
creased latency of wave V at 0.214 msec over
a span of 40 years!”. Mohammad (2007) found
increased I-lll, llI-V and |-V interpeak laten-
cies with age!®, but the |-V interpeak latency
reported by Burkard (2001) showed no differ-
ence with age!"™. Rupa and Dayal (1993) pro-
posed a formula to predict wave V latency, i.e.
(ms) = 4.911 + 0.007 x hearing loss + 0.004 x
age + 0.081 x gender (where the chronological
age is in years, and gender is expressed with
a value of 1 for females and 2 for males)!"8.
This study found a difference in only ILD-
V at 80 dBnHL clicks, which showed sig-
nificant correlation with age. The formula for
predicting ABR was analyzed only for this
parameter. Data analysis of ILD-V value
changes with age from other studies was not
available. The formula predicting ABR is help-
ful when considering ABR abnormalities in
patients of advanced age.

Conclusions

ILD-V at 80 dBnHL clicks showed correla-
tion with increasing age. The absolute latency
of waves lll and V at both 90 and 80 dBnHL
clicks in males was higher than that in the
females. Clinicians need to be cautious when
interpreting ABR results from the increased
ILD-V value at 80 dBnHL clicks in the elderly,
or delayed absolute latency of waves Ill and V
at 80 and 90 dBnHL clicks in males.
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