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Abstract

Head size gender and BMI have found to have correlation with Brainstem Auditory Evoked Potentials (BAEPs) in some
studies but other have expressed doubts. There is no common consensus. To add to the complexity, the range of normative
values also vary. The present pilot study was done aiming to study effect of gender and anthropometric parameters on
the variables of BAEPs in audiometrically normal young adults and collect normative values for further studies. This was
an observational prospective, cross sectional, pilot study conducted among 100 medical students with 50 males and 50
females. The selected students fulfilled the inclusion and exclusion criteria and had given informed consent for the study.
In the study RMS EMG EP MARK Il machine was used to measure and record the absolute, interpeak and wave amplitudes.
The data was collected and statistically analysed. The BAEP measurements from the subjects were compared with gender
and anthropometric measurements. The age of students enrolled in subject ranged from 18-21 years. The difference
between Left and Right ears Wave |, IIl and V, besides I-I1a and V-Va difference was found to be significant; while differences
between male and female peak latencies of Wave III (left and right) and V (left and right) and Wave IV right ear, I-V IPL and
V-Va of Right ear were found to be statistically significant. BMI did not show any statistically significant correlation with
BAEPs. AEP results were definitely individual effected by gender, with latency duration more among males than females in
most BAERs but were significant in few. The head circumference of a person appears to affect the BAER. BMI in the study
was not significant with BAER variables.
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1. Introduction a transient acoustic stimulus (Figure 1)'. The concept
—_— of BAERs was first proposed by Jewett et al. (1970) to
Brainstem Auditory Evoked Potentials (BAEPs) or describe a set of 5-7 vertex positive waves evoked by
Brainstem Auditory Evoked Response (BAERs) are neural acoustic stimuli which originated from the brainstem’.
originated electrical pulses which arise within 10 ms after Clinically, it has been used to identify the dysfunction
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of the auditory pathways especially the auditory nerve
and brainstem and used in audiology, neurology,
neonatology and anesthesiology’. Research studies on
these physiology-based studies have implicated subject
based factors (including age and gender) which might
have a role on BAERs if stimulus, recording parameters
are standardized or universal guidelines are present®.

(8)]

(8}

Figure 1. Normal BAEPs to monaural stimulation, (a)
Vertex to ipsilateral ear lobe waveforms, with vertex-positive
peaks shown as upward deflections (b) Vertex to contralateral
ear lobe waveforms. Note that wave I is absent and the peak
latency of wave IV has decreased, whereas that of wave V has
increased (dotted lines)'.

Women have shown a greater sensitivity to hearing
while differences in behavioral, morphological and
physiological exist throughout the auditory system
with males. These changes are likely to affect the nerve
conduction.

However, lack of common consensus among
studies makes the clinical role of BAERs uncertain. The
availability of advanced neuroimaging techniques (MRI
and CT) which can pinpoint the lesions in the auditory
nerve and brainstem have posed questions on the clinical
relevance of BAERs™®. In a developing like India, the use
of BAERs for the screening and diagnosis of diseases
of auditory pathways provides a better and a relatively
cheaper alternative as compared to costlier imaging
techniques like MRI and CT. Hence, studies are required
to fill in the paucity of data in the Indian context’ so as to
establish BAERSs as the diagnostic modality.

The present pilot study was aimed to study the
influence of gender and anthropometric parameters on
the variables of brainstem auditory evoked potentials in
audiometrically normal young adults (As per Cambridge
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Dictionary Young adult “a person who is in his or her late
teenage years or early twenties”; for the present study
young adult taken as age group 18 years to 22 years).

2. Materials and Methods

This study was conducted in the Physiology Department,
GMC & RH, Patiala after due approval by the institutional
ethics committee. The study is a Prospective, Cross
sectional, Observational Pilot Study conducted over a
period of 1 year among Medical MBBS Students of phase
I and IL Inclusion criteria included age between 18 to
22 years, normal hearing tests (In this study Rinne’s test
and Weber’s test were used) and exclusion of history
as mentioned in exclusion criteria; while the Subjects
excluded were who had age <18 years or more than 22
years, had a history of head/ear trauma, intake of known
ototoxic drugs (e.g., aminoglycosides) or any other
medication that might affect normal functioning of the
nervous system (e.g., antidepressants, antipsychotics,
methyldopa, etc.), family history of deafness or any
systemic illness that might affect the nervous system
(uremia, diabetes mellitus, stroke, hepatic encephalopathy,
multiple sclerosis, thyroid disorders, anemia, meningitis,
etc.), history of tobacco chewing, chronic alcoholism
or cigarette smoking, an year surgery, radiotherapy
or chemotherapy. Besides included abnormal hearing
tests (Rinne’s test and Weber’s test) and hearing loss
(conductive as well as sensorineural) due to any cause.

The sample size (being a pilot study) was purposively
decided to be 25% of the total population. i.e.; 25%
of 400 students is 100. Since the % of the male and
female students is approximately 45-49% and 51-55%
respectively; the sample was equally divided into 50 each
for male and female group.

Line list of all the students were prepared for males
and females separately. Since approximately 200 female
and 200 male students are there every 4" student in the
male and female list was enrolled after the first student
being selected randomly. In case of ineligibility or no
consent the next student in the list was enrolled. Informed
consent was taken from all the enrolled subjects after
explaining procedure, purpose and other aspects of the
study in their native language.

After initial screening, the participants who fulfilled
the selection criteria were enrolled in the study. Before
starting the test, following were recorded
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+ Age (in years rounded to nearest year)

+ Height while standing with no shoes (in cm),
+ Body weight (in kg) with minimal clothing

o Head circumference (in cm)

o Ear to ear Distance (in cm).

 Inion to Nasion (IN) distance (in cm)

The recording machine used in the study was ‘RMS
EMG EP MARK IT’ of Recorders and Medicare. As per
protocol recordings were done in a semi-dark room to
decrease visual excitement and with quiet surroundings
to reduce audio excitement. The participants were made
to sit relaxed with their back towards the recording
machine after ensuring all the metallic ornaments worn
by subject were removed. The participants were explained

the skin was cleaned thoroughly before the placement
of electrodes. The electrodes were placed on the mastoid
processes bilaterally (reference), forehead (ground) and
vertex (active)®. The variables of BAER included waves I to
V (in milliseconds), amplitude (millivolts) and interpeak
latency (IPL in milliseconds) measured as the distance
between the peak of two waves e. g. I-V, I-IIT and III-V2°.
The BAER values were obtained in the form of numerical
and graphical data for each participant.

Study Parameters include Anthropometric measures
of height, weight, BMI, Ear to Ear distance, Inion to
Nasion (IN) distance, head circumference besides gender
and BAER parameters. The subjects were considered as
one unit and right and left ears were considered pairs
when gender differentiation was not made.

the details of the procedure. To reduce the impedance,

Table 1. Demographic and anthropometric data of the study participants

Parameters Obs | Mean gti, Min | 25% Median 75% | Max | Mode Test* p-value
Age (In years)
Overall 100 18.64 0.77 18 18 18 19 21 18
Females 50 18.54 0.65 18 18 18 19 20 18 Mann-

Whitney p=0.367
Males 50 18.74 0.88 18 18 18.5 19 21 18 test
Height (in m)
Overall 100 1.66 0.09 1.47 1.59 1.65 1.72 1.95 1.64
Females 50 1.59 0.06 1.47 1.53 1.59 1.64 1.75 1.52

t test <0.001

Males 50 1.72 0.07 1.55 1.67 1.72 1.76 1.95 1.7
Weight (in Kg)
Overall 100 60.3 13.0 35 50 59 68 110 52
Females 50 52.2 7.3 35 47 51.5 57 75 52 Mann-

Whitney <0.001
Males 50 68.4 12.3 48 61 65.5 78 110 63 test
BMI (Kg/m?)
Overall 100 21.8 33 16.2 19.5 21.5 24.2 32.8 22.6
Females 50 20.7 2.9 16.2 18.5 20.5 21.9 30.0 18.4 Mann-

Whitney 0.0003
Males 50 23.0 3.3 16.8 20.8 22.6 25.1 32.8 22.6 test
Head circumference (in cm)
Overall 100 55.5 1.8 52.5 54 55.3 57 60 55
Females 50 54.5 1.5 52.5 53.5 54.3 55 59 55 Mann-

Whitney <0.001
Males 50 56.5 1.4 53.5 55.5 56.5 57.5 60 57 test
Ear to Ear (in cm)
Overall | 100 | 1781 | o084 | 155 | 17 | 18 | 185 | 195 | 18 |
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Females 50 17.3 0.7 15.5 16.6 17.45 17.5 19 17.5 Mann-

Whitney <0.001
Males 50 18.3 0.6 17 18 18.5 19 19.5 18 test
Nasion to Inion (in cm)
Overall 100 10.7 0.7 9.5 10.2 10.5 11 12 11
Females 50 104 0.5 9.5 10 10.5 10.7 11.5 10.5 Mann-

Whitney <0.001
Males 50 11.1 0.7 9.5 10.5 11 11.5 12 11 test

*Since most of the data except height was non-parametric as per Shapiro-Wilk Test and D’Agostino-Pearson test for
normality hence Mann Whitney Test mostly used while t test used in height only

3. Results

Data collection and analysis was done using Microsoft
Excel with Xrealstats'® add-on, Epi info version 7.2.4.0
(CDC Atlanta)'! and Medcalc Statistical Software version
20.006'%. Parametric and non-parametric methods were
used especially Descriptive analysis and Spearman’s rank
Coefficient. The p-value (for two tailed analysis) less than
0.05 was considered significant and p-value less 0.01 was
considered highly significant.

The age of participants ranged from 18-21 years. The mean
age of the participants was 18.64 +£0.77 years (males: 18.74
+0.88 years and females: 18.54 +0.65 years). The mean
BMI was 21.8 +3.3 kg/m?* (males: 23.01 +3.3 kg/m?* and
females: 20.71 +2.9 kg/m?) with a range 16.2-32.8 kg/m’.
The head circumference of the participants ranged from

Table 2. Descriptive statistics of BAER variables of the study participants

Parameter Side Mean | Std Dev Min 25% Median 75% Max Mode | p-value*
Left 1.66 0.18 1.17 1.52 1.65 1.79 2 1.65

I (ms) <0.0001
Right 1.56 0.17 1.38 1.44 1.48 1.63 2.2 1.42
Left 2.78 0.20 2.46 2.6 2.73 2.98 3.13 3.08

II (ms) 0.1846
Right 2.74 0.21 2.17 2.56 2.73 2.9 3.08 2.5
Left 3.68 0.20 3.35 3.52 3.69 3.85 4.4 3.65

III (ms) 0.0001
Right 3.61 0.17 3.35 3.48 3.6 3.69 3.94 3.35
Left 4.91 0.22 4.5 4.73 5.02 5.08 5.27 5.08

IV (ms) - 0.3228
Right 4.90 0.18 4.49 4.73 4.94 5.08 5.29 5.08
Left 5.61 0.35 5.21 5.35 5.56 5.73 6.92 5.21

V (ms) - 0.0049
Right 5.53 0.35 5.21 5.27 5.48 5.65 6.94 5.21

I-III IPL Left 2.03 0.22 1.35 1.92 2.04 2.17 2.98 2.08 0.1083

difference (ms) | Right 2.06 0.21 1.35 1.92 2.05 2.17 2.95 1.92 '

-V IPL Left 3.95 0.37 3.21 3.71 3.88 4.1 5.27 3.88

. 0.2942
difference (ms) | Right 3.97 0.36 3.21 3.75 391 4.08 5.46 3.79

I11-V IPL Left 1.92 0.39 1.17 1.71 1.8 2.04 3.27 1.75 0619

difference (ms) | Right 1.92 0.36 1.27 1.75 1.87 2.04 3.5 1.88 '

I-Ia difference | Left 1.46 1.89 0.05 0.47 0.75 1.29 8.49 0.75 0.0366
(mV) Right 0.94 1.09 0.08 0.46 0.69 0.99 8.17 0.69 '
V-Va difference | Left 1.98 2.45 0.12 0.77 1.21 1.5 13.6 127 0.0003
(mV) Right 1.21 1.27 0.26 0.79 0.99 1.25 9.64 1.02 )

g
Amplitude Left 1.98 2.10 0.03 0.98 1.46 2.10 15.8 1.12 07531
(mV) Right 1.80 1.59 0.05 1 1.45 2.18 12.8 1.80 '
g

*Wilcoxon test (paired samples)- non parametric data
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52.5-60 cm with mean 55.5 £1.8 cm (males: 56.5 +1.4 cm
and females: 54.5 +1.5 cm) (Table 1).

All the Anthropometric measures (Table 1) had
statistically significant difference in male and females.
Age did not show any statistically significant difference.

Table 2 shows variables of BAER documented for
the Left and Right ears of the study participants. The
difference between Left and Right ears was found to be
significant for Wave I, III and V, besides I-I and V-V,
difference. The rest of values of the BAER variables were
comparable (non-significant) for Left and Right ear.

Tables 3 and 4 depict the comparison of various
BAEDP latencies in males and females for left and right ear
respectively. It is evident from the results that for both
ears, although all the peak latencies (except wave II and
IV in left ear) and IPL were higher in males as compared
to females while the amplitude was higher in females in
both ears.

The present study shows that the differences between
male and female peak latencies of Wave IIT and V of left
ear; Wave III, IV and V of right ear, I-V IPL and V-Va of
Right ear were found to be statistically significant.

Table 3. Descriptive statistics of BAER variables of left ear gender wise

Parameter Gender | Mean | Std Dev Min 25% Median 75% Max Mode p-value*
Female 1.63 0.15 1.42 1.52 1.65 1.77 1.94 1.52
I (ms) 0.189
Male 1.68 0.20 1.17 1.52 1.65 1.85 2 1.65
Female 2.78 0.20 2.46 2.6 2.73 2.98 3.08 3.08
II (ms) 0.866
Male 2.78 0.20 2.5 2.65 2.75 2.98 3.13 2.65
Female 3.66 0.20 3.35 3.52 3.63 3.77 44 3.52
111 (ms) 0.045
Male 3.71 0.20 3.35 3.6 3.77 3.85 4.02 3.85
Female 4.94 0.20 45 4.77 5.02 5.08 5.27 5.08
IV (ms) 0.572
Male 4.88 0.23 45 4.65 4.96 5.08 5.21 5.08
Female 5.56 0.40 5.21 5.31 5.44 5.65 6.92 5.21
V (ms) 0.005
Male 5.66 0.29 5.21 5.52 5.6 5.81 6.79 5.56
[-III IPL Female 2.02 0.23 1.54 1.88 2 2.13 2.98 1.96 0,488
difference (ms) Male 2.04 0.22 1.35 1.94 2.05 2.17 2.77 2.08 '
IV IPL Female 3.93 0.40 3.42 3.69 3.83 4.02 5.27 4 0102
difference (ms) |  Male 3.98 0.34 3.21 3.79 3.92 4.1 5.23 3.88 '
LV IPL Female 1.90 0.43 1.17 1.71 1.79 1.92 3.27 1.75 0325
difference (ms) | Male 1.94 0.35 1.46 1.71 1.865 2.13 3.15 1.75 '
(mV) Male 1.57 2.09 0.15 0.41 0.655 1.52 8.32 0.15 '
V-Va difference | Female 1.90 235 0.58 1 1.25 1.49 13.55 1.27 0176
(mV) Male 2.07 2.56 0.12 0.63 1.10 1.51 10.18 1.38 '
Amplitude Female 2.18 2.61 0.3 1.06 1.53 1.94 15.84 1.55 0.457
(mV) Male 1.79 1.41 0.03 0.97 1.30 232 8.18 1.12 '
Table 4. Descriptive statistics of BAER variables of right ear gender wise
Parameter Gender | Mean | Std Dev Min 25% Median 75% Max Mode p-value*
Female 1.54 0.15 1.38 1.42 1.48 1.6 2.15 1.42
I (ms) 0.624
Male 1.57 0.18 1.4 1.44 1.48 1.69 2 1.42
Female 2.72 0.20 233 2.52 2.71 2.85 3.08 2.52
1I (ms) 0.382
Male 2.76 0.21 2.17 2.6 2.73 2.94 3.08 2.5
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Female | 3.56 0.15 3.35 3.44 3.56 3.65 3.85 3.35
III (ms) 0.0016
Male 3.67 0.18 3.35 3.56 3.65 3.81 3.94 3.35
Female | 4.87 0.19 4.6 4.69 4.85 5.06 5.29 5.08
IV (ms) 0.0484
Male 4.93 0.18 4.49 4.77 4.98 5.08 5.13 5.08
Female | 5.48 0.39 521 521 5.35 5.52 6.85 521
V (ms) 0.0036
Male 5.58 0.31 521 5.4 5.52 5.73 6.94 5.52
I-II1 IPL Female | 2.02 0.18 1.35 1.92 2 2.13 2.44 1.92
difference 211 0.23 1.67 1.94 2.09 221 2.95 1.92 0.058
Male
(ms)
-V IPL Female | 3.94 0.39 321 3.73 3.81 4.04 5.25 3.79
difference 401 0.32 3.52 3.79 4 413 5.46 4 0.0347
Male
(ms)
I11-V IPL Female | 1.92 0.39 1.52 1.67 1.83 1.92 3.25 1.65
difference 1.92 0.33 127 1.79 1.92 2.04 35 1.88 0.097
Male
(ms)
I-Ia Female | 0.93 0.76 0.1 0.46 0.8 1.04 4.67 0.79
difference 0.95 1.35 0.08 0.43 0.61 0.82 8.17 0.37 0.0598
Male
(mV)
V-Va Female | 1.12 0.43 0.26 0.85 1.09 1.33 2.74 1.19
difference 1.30 1.75 0.28 0.69 0.91 1.06 9.64 1.02 0.016
Male
(mV)
Amplitude | Female | 1.9 1.98 0.17 0.97 1.36 2.06 12.77 0.4 02
(mV) Male 1.71 1.07 0.05 1.05 1.51 2.28 5.42 1.42 '

IPL= Interpeak Latency; * Mann-Whitney U Test for Two Independent Samples -non parametric data

Tables 5 and 6 show the correlation between BAER
variables and anthropometric measures of the present
study. BMI and Ear to Ear measurement showed no
correlation to any BAER variables.

Height shows a positive correlation for peak latency of
Wave V and I-V IPL difference for left ear while with peak
latencies of Wave II, IIT and IV of right ear.

Weight

also had a positive correlation with peak

latency of Wave V of left ear and peak latency of Wave III
and I-IIT IPL difference of right ear.

In the present study Inion to Nasion (IN) distance
showed a positive correlation with peak latency of Wave
III and IV besides I-IIT and I-Ia IPL difference and
Amplitude of Right ear.

Table 5. Spearman Coefficient Correlation between BAER variables with Height, Weight and BMI

Spearman’s Height* Weight BMI
Parameter .
coefficient Test Left Right Left Right Left Right
I (ms) rho 0.135 0.0939 0.0284 -0.0235 -0.0438 -0.0770
ms
p-value 0.1796 0.3529 0.7790 0.8168 0.6653 0.4465
11 (ms) rho -0.00151 0.133 -0.0658 0.0750 -0.0698 0.0208
ms
p-value 0.9881 0.1884 0.5154 0.4581 0.4902 0.8370
rho 0.179 0.239 0.0849 0.221 -0.0155 0.126
III (ms)
p-value 0.0743 0.0165 0.4012 0.0269 0.8781 0.2109
rho -0.0622 0.197 -0.141 0.0959 -0.173 -0.00462
IV (ms)
p-value 0.5386 0.0494 0.1615 0.3425 0.0844 0.9636
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¥ (ms) rho 0.333 0.197 0.205 0.123 0.0229 0.0423
p-value 0.0007 0.0490 0.0403 0.2246 0.8210 0.6758
L-ITT IPL rho 0.0396 0.153 0.104 0.224 0.101 0.181
difference (ms) p-value 0.6958 0.1283 0.3016 0.0253 0.3150 0.0708
I-V IPL rho 0.213 0.130 0.131 0.104 0.00531 0.0517
difference (ms) p-value 0.0335 0.1974 0.1925 0.3047 0.9581 0.6097
III-V IPL rho 0.166 0.0921 0.0823 0.0137 -0.0154 -0.0208
difference (ms) p-value 0.0995 0.3620 0.4157 0.8920 0.8794 0.8371
I-Ia difference rho -0.153 -0.160 -0.174 -0.138 -0.107 -0.00444
(mV) p-value 0.1293 0.1125 0.0830 0.1710 0.2914 0.9650
V-Va rho -0.148 -0.146 -0.108 -0.106 -0.0308 -0.0307
difference
(mV) p-value 0.1424 0.1476 0.2849 0.2921 0.7612 0.7621
Amplitude rho -0.0364 0.104 0.0320 0.119 0.0719 0.0437
(mV) p-value 0.7192 0.3048 0.7520 0.2382 0.4770 0.6656

IPL= Interpeak Latency; *Height alone was parametric data but BAER parameters were non-parametric in nature hence
Spearman’s rank coefficient test applied

Table 6. Spearman coefficient correlation between BAER variables with Ear to Ear, IN and Head Circumference

Spearman’s Ear to Ear IN Head Circumference
Parameter .
coefficient Test Left Right Left Right Left Right
£ (as) rho -0.00912 0.0253 0.00438 0.0728 0.0644 -0.0134
ms
p-value 0.9283 0.8029 0.9655 0.4715 0.5245 0.8946
11 (ms) rho -0.117 0.0777 0.110 0.117 -0.0284 0.0799
ms
p-value 0.2457 0.4424 0.2748 0.2459 0.7788 0.4297
rho 0.0418 0.168 0.105 0.321 0.145 0.218
III (ms)
p-value 0.6794 0.0953 0.2963 0.0011 0.1498 0.0295
rho -0.114 0.137 -0.179 0.218 -0.132 0.215
IV (ms)
p-value 0.2597 0.1756 0.0743 0.0295 0.1906 0.0318
rho 0.161 0.0385 0.161 0.110 0.325 0.178
V (ms)
p-value 0.1104 0.7038 0.1091 0.2755 0.0010 0.0757
[-III IPL rho 0.0628 0.129 0.0916 0.213 0.0928 0.192
difference (ms) p-value 0.5350 0.2017 0.3645 0.0331 0.3587 0.0559
I-V IPL rho 0.138 -0.0108 0.141 0.00910 0.273 0.119
difference (ms) p-value 0.1719 0.9153 0.1608 0.9284 0.0060 0.2368
III-V IPL rho 0.176 -0.0159 0.0687 -0.0245 0.176 0.0599
difference (ms) p-value 0.0805 0.8756 0.4971 0.8091 0.0805 0.5536
I-Ia difference rho -0.0764 -0.0587 -0.116 -0.221 -0.116 -0.114
(mV) p-value 0.4502 0.5617 0.2494 0.0273 0.2517 0.2572
V-Va rho -0.0737 -0.0087 -0.130 0.00983 -0.143 -0.139
difference
(mV) p-value 0.4664 0.9314 0.1978 0.9227 0.1553 0.1665
Amplitude rho -0.0272 0.108 0.0130 0.264 -0.106 0.0497
(mV) p-value 0.7885 0.2870 0.8980 0.0080 0.2934 0.6233

IPL= Interpeak Latency
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Head circumference measurements also had positive
correlation with peak latency of Wave V of Left ear, III
and IV of Right ear along with I-V IPL difference of Left
ear.

4. Discussion

The present pilot study was conducted to study the
influence of gender and anthropometric parameters on
the variables of brainstem auditory evoked potentials in
audiometrically normal young adults.

4.1 BAER Parameters

4.1.1 Wave Peak Latency

The electrophysiological activity of the VIII"™ cranial
nerve i.e., the cochlear nerve and nuclei is reflected by
wave 1; wave III of superior olivary nucleus and wave V
of inferior colliculi. The present study wave peak latencies
are comparable to studies of Chalak et al” Jiang et al',
Gupta et al” and Hall et al'® but relatively more than
Amaral et al'” as shown in Table 8.

The present study found statistically significant
differences between the peak latencies of Left and Right
ear in wave I, IIT and V. (Table 2) Similar significant
difference in latencies in right and left side in wave III was
documented by Santos et al.'®.

4.1.2 Interpeak Latency (IPL)

The commonest Interpeak latencies (IPLs) employed in
clinical practice are I-V, I-IIT and III-V.

IPL between I-III, referred to the conduction in the
brainstem auditory system between the eighth nerve

Table 7. Mean Wave V/I Amplitude ratio in subjects

closed to the cochlea and the lower pons and III-V
conduction between the lower pons and the midbrain;
while I-V the conduction from Cochlea to midbrain.

The present study wave peak latencies are comparable
to studies of Chalak et al." Jiang et al."*, Gupta et al'*, Hall
et al.'® and Amaral et al.'” as shown in Table 8.

There was a significant difference I-V IPL and V-V,
difference of the right ear between male and females.

4.1.3 V/I Ratio

The present study found V/I ratio had significant
difference between left and right side. But no significant
difference was there between males and females of
respective ear (Table 7).

The mean amplitude ratio between wave V and I was
not consistent with findings in adults by Gathe et al.’’ and
Ghugare et al.*, but the difference between right and left
ear was also reported in control group by Thakur et al.?'.

Inter study variations documented within side the
BAER values may be attributed to variable cohort and
sample sizes in distinctive different study populations
from distinctive different geographical areas™.

4.2 Gender

The present study reported prolongation of latencies and
IPL in males in most of BAEPs but statistically significant
were only in peak latencies of Wave III and V of left ear;
Wave III, IV and V of right ear, I-V IPL and V-Va of Right
ear.

Similar findings were reported in many studies. Aoyagi
et al” reported significantly shorter wave Il and V along
with I-IIT and I-V IPL in females as compared to males.

Parameters Mean Std Dev Min 25% Median 75% Max Mode va{;e’*
V/I ratio Left Ear
Overall** 3.42 0.40 2.61 3.16 3.37 3.62 4.68 3.22
Female 343 0.35 2.87 3.19 3.39 3.62 4.34 3.22 >0.05
Male 3.41 0.44 2.61 3.14 3.35 3.68 4.68 3.14
V/I ratio Right Ear
Overall** 3.58 0.37 2.60 3.34 3.62 3.83 4.69 3.62
Female 3.58 0.35 2.60 3.38 3.62 3.74 4.65 3.62 >0.05
Male 3.59 0.39 2.76 3.34 3.62 3.84 4.69 3.83

*Mann-Whitney U Test for Two Independent Samples -non parametric data; **V/I ratio of Left and Right ear difference
was significantly significant (overall, in females and males separately)-Wilcoxon test (paired samples)
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Table 8. Mean * SD comparison of BAER Parameters in different studies

Similar results were echoed by Gupta et al.*, Soares et al."”
and Harinder et al.*. Maurizi et al.” reported statistically
significant difference between boys and girls in wave
III and V latency values and in III-V and I-V intervals
below 2 years and seemed to increase with age.

A similar I-V IPL difference was reported by Stockard
et al.*. Solanki et al.”” found significant difference in IPL
I-IIT and III-V but not for I-V.

In general, for BAEP latency, amplitude and IPL
differences in late components of waveforms are observed
more consistently**. A study by Tandon et al.”* showed
no sex related differences in 3-13 years age group while
Harinder et al.** showed significant differences between
sexes in more than 15 years age group in IPL besides
latencies. Gupta et al.” reported statistical insignificance
of BAEP latency differences among age matched elderly
male and female subjects and excluded gender as a basis
of variation in BAEP among elderly age group.

Inspite many studies the age of onset for sex-related
difference to begin is uncertain® and to what extent these
differences exist are unknown.

Many Authors like Aoyagi et al.”> and Nikiforidis
et al.”’, have tried to explain these differences due to
differences in head sizes but other authors like Trune et
al’' documented males had longer latencies than females
with comparable head diameter, suggesting that factors
other than head size are differentiating them and Durrant
et al.”* suggested extent to which relationships exist
between head dimensions and ABR latency measures, this
nonpathological variable may be completely neutralized
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BAER Parameter | Side | Present Study | Chalaketal” | Jianget al* Gupta et al"® Hall et al'* | Amaral et al”
o) Left | 166+018 | 1.66+022 | 1714011 | 168+012 | 1654014 | 15+015
Right | 156+017 | 166+023
L (ms) Left | 3.68+020 | 3.68+0.18
Right | 3.61+0.17 | 365+039
Left | 5614035 | 564+0.29
Vms) Right | 5534035 | 559+0.71
L-II1 IPL Left | 2034022 | 2024023
difference (ms) | Right | 2.06+0.21 2.04 £0.26
LV IPL Left | 3.93+037 | 3.92+048
difference (ms) | Right | 3.98+0.36 4.03+0.35
III-V difference | Left | 190039 | 2.02+049
(mV) Right 1.94 +0.36 1.98 +0.36

through the use of interpeak latency ratios (e.g., wave V
latency divided by wave I latency).

Evidences from recent studies have documented
difference of cortical and subcortical processing due
to gender making explanation of role of gender more
complex.

4.3 Anthropometric Measurements
4.3.1 Head size

The head size taking the 3 parameters of head circum
ference, Inion to Nasion (IN) distance and Ear to
Ear distance in males was significantly larger than
females; (Table 1) this is being attributed to the normal
physiological growth differentiation between the two at
the given age group.

No correlation was found in ear-to-ear measurement
with BAERs while positive correlation was found between
Inion to Nasion (IN) distance and peak latencies wave III,
wave IV, I-III IPL and I-Ia difference beside Amplitude
of right ear only. Head circumference was found to have
positive correlation with peal latency of wave III, IV of
right ear and V of the left ear besides I-V IPL of left ear
(Table 6).

Dempsey et al.”” reported a strong positive correlation
between head size and the I-V interpeak interval in
healthy individuals. Ghugare et al.* also reported positive
correlation between head size and V wave latency and a
weaker positive correlation between head size and AEP
interpeak latencies (IPLs) I-V and III-V.
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A positive correlation between with head circum
ference reinforce the fact that it reflects brain size, which
affects the conduction time of neural pathway, thus should
be considered an independent variable while interpreting
results”* but IPL have a stronger correlation with brain
stem size than Head circumference’. Durrant et al.*
concluded IPL has no clinical relevance in their study
where the weak correlation with I-V IPL was further lost
in large samples.

4.3.2 BMI

The present study documented no significant correlation
was found between various BAER variables with BMI.
Although components of BMI i.e., weight (in wave V left
ear and wave III and I-IIT IPL in right ear) and height
(in wave V and I-V IPL in left ear and wave III, IV and
V in right ear) showed positive correlations with some
parameters of BAER.

The study concurred with authors like Ghugare et
al® that BMI showed no significant correlation with
BAER variables; but varied with others like observations
of Subramaniam et al.*® who reported an increase in the
absolute latencies of waves I, III, and V obese adults with
non-significant difference between interpeak latencies;
Gupta et al.** reported prolongation of BAEP absolute
latencies III and V and interpeak latencies I-III and I-V
(for both ears) in obese patients and Solanki et al.”’ in
their study emphasized BMI as an important variable
influencing BAEP records.

The variance of present study to the above studies may
be attributed to duration and type of obesity. Gupta et al.*
attributed the alteration in myelination in obese persons
resulting in altered transmission and delay in latencies
resulting in the said changes. In the present study only
16% were overweight and 2% were obese, hence the
variance in results due to small sample representation is
likely.

5. Limitation of Study

The relatively small sample size and regional nature of the
data limits the generalization of study results to different
geographical population. The sample representation of
sub grouping e.g., age grouping and BMI is inadequate
to come to conclusions. Also, the study does not take
in account the influence of factors which are known to
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affect hearing e.g., diseases (like diabetes mellitus*’) and
personal habits (like smoking and alcohol use®**).

6. Conclusion

This study was an exploratory pilot study only on healthy
controls. Being a pilot study sample size is small, but
provides us baseline data for future studies which will be
conducted for establishment of baseline values.

AEP results are definitely affected by gender, with

latency duration more among males than females in most
BAERs but were significant in few.

The head circumference of a person appears to affect

the BAER; although further studies with larger age and
head circumference ranges are required for a definitive

conclusion.
BMI in the study was not significant with BAER

variables; further studies are advised with proper
representation of sub groups of BMI with duration of

Obesity.
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