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Abstract 
Background: An important impact of estrogen on auditory tract has been studied. Few research has been done 
on different menstrual cycle phases and menopause. Here, comparison of the Brainstem Auditory Evoked 
Potential (BAEP) between menstruating females during follicular phase and menopausal group has been done.  
Materials and Methods: Case control study. Group 1, N=25 menstruating females in follicular phase group 
between 19-26 years. Group II, N=30 menopausal female group, between 42-50 years. Student unpaired t test 
for analysis. Brainstem auditory evoked potential (BAEP) mean wave latencies I, III, V, and Interpeak Latencies 
(IPL) I-III, III-V and I-V were recorded. 
Results: BERA waves III, V and all interpeak latencies at 80 dB and 2 KHz in Group 2 menopausal females 
were delayed and significant as compared to Group 1 menstruating females. 
Conclusion: Brain stem evoked response audiometry (BERA) detects hearing derangement early in menopausal 
females at 2 KHz and 80 dB. 
Keywords: Brainstem auditory evoked potential, Brainstem evoked response audiometry, Estrogen, 
Menopause. 
This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under 
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access 
Initiative (http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, 
provided original work is properly credited. 

Introduction 

Menopause is marked since one year from the date 
of the last menstrual cycle.[1] Plasma estradiol 
level is at very low levels.[2] The menstruating 
females in follicular phase of menstrual cycles has 
increased level of plasma estrogen while the 
menopausal females have decrease estrogen level. 
Studies reported that the mean latencies of waves 
(I, III & V) and the IPL I‑III, III‑V and I‑V were 
delayed in menopausal females [3,4,5]. 

The main advantages of evoked potential are its 
repeatability, noninvasive and easy to perform.[6] 
Evoked potential assesses the integrity and 
functionality of the nerve tract.[7] The observed 
changes in evoked potentials show an increase in 
excitability in the CNS neurons. This study was 
conducted to compare the BAEP patterns of 
menstruating females in their follicular phase of 
menstrual cycle with high levels of estrogen at the 
time of the study and those females who attained 
natural menopause of at least 1 year period with 
low levels of estrogen. BERA is noninvasive test. 
Waves are recorded by placing ground electrode on 

forehead [8], recording electrode placed at mastoid 
process and and reference electrode at vertex of 
scalp. It assesses brainstem functions. A click 
stimulus by headphone is given. BERA diagnoses 
defects from cochlear nerve, pons, midbrain till 
auditory cortex.[9] The BERA waves are recorded 
within 10-millisecond.[10]  

Aim: To study the comparison of Brainstem 
evoked response audiometry between menstruating 
and menopausal females at 2 KHz and 80 dB 

Material And Methods 

Ethical clearance taken from the IGIMS Institute. 
Written informed consent was taken from 
menopausal and menstruating females. Case 
control study, conducted between Oct 2023 till Sept 
2024 in the Dept of Physiology, Neurophysiology 
Lab IGIMS, Patna. 

Inclusion Criteria: Group 1, N=25 females 
between 19-26 years age, during follicular phase of 
menstrual cycle when estrogen level is at its peak 
with 28 days normal cycle were enrolled. Group 2, 
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N=30 females between 42-50 years age, who were 
in menopause phase in natural (non‑surgical) of at 
least 1 year duration. BERA was recorded on 
Neurosoft machine made in Russia in the Dept of 
Physiology, IGIMS, and Patna. Increase in 
neuronal excitability was observed in CNS in 
evoked potential recording. Females who had no 
hearing impairment or peripheral neuropathy were 
enrolled. Hypothesis was latency and interpeak 
intervals of BERA waves would be prolonged in 
menopausal females.  

Exclusion Criteria: Diabetes, hypertension, 
genetic hearing disorder, furosemide, neuropathy, 
noise induced hearing loss, traumatic ear disorder, 
cardiac disorder were excluded. Neuroleptics, anti- 
depressant, anti-psychotic drugs, on tobacco, 
tinnitus, smokers, burning sensations around ear, 
Covid positive subjects were also excluded. 
Rennie’s and Webbers tests were done for hearing 
assessment. BMI was calculated as in weight in 
kilogram and height in square meters (kg/m2). [11]  

Procedure: Active electrode was placed at the 
mastoid and at vertex of skull reference electrode 
was placed. At forehead ground electrode was 
placed. Impedance was kept less than 5 kohm. 

Filter was set between 100 Hz to 3000 Hz. [10] 
Right ear was tested first and masking of other ear 
was done with white noise 40 dB. A click stimuli in 
ear of short duration was given on right ear by 
headphone with 80 dB and 2 KHz. [12] two 
readings were recorded to check reproducibility. 
2000 sweeps were given.  

Statistical Analysis: Data was analysed using 
GraphPad Quickcals online student unpaired t-test. 
Mean, standard deviation of BERA waves and 
interpeak latencies were compared between 
menstruating and menopausal groups. P value < 
0.05 was considered significant.  

Result 

BERA waves were compared between Group 1 and 
Group 2 females. Mean data of waves I, III, V and 
inter-peak latencies of I-III, III-V, I-V of Group 1 
at 80 dB and 2 KHz were 1.60 ± 0.19, 3.70 ± 0.19, 
5.60 ± 0.20, 1.84 ± 0.10, 1.90 ± 0.20, and 3.77 ± 
0.20 and Group 2 were 1.61± 0.20, 3.81 ± 0.21, 
5.73 ± 0.22, 1.97 ± 0.21, 2.03 ± 0.21, and 3.91 ± 
0.21 ms respectively. Wave I was normal (p-
value>0.05). Group 2 mean values of waves III and 
V and all interpeak values were significant (p-
value<0.05) [Table-2]. 

 
Table 1: Demographic Data 

Parameters Group 1 (n=25) Group 2 (n=30) 
Age (Years) 24.2 ± 3.1  46.8 ± 1.6 
Weight( Kg) 50.16 ± 1.61 51.17 ± 1.85 
Height (cm) 157.85 ± 1.85 158.71 ± 1.22 
BMI 20.1 ± 3.03 20.3 ± 2.12 
Duration Since Menopause (years) 0 3.5 
 

Table 2: BERA waves & inter peak latencies comparison at 80 dB and 2 KHz in menstruating Group 1 
and menopausal Group 2 females. 

Waves Group 1(n=25) 
 Mean ± SD (msec) 

Group 2(n=30) 
 Mean ± SD (msec) 

P Value 

I 1.60 ± 0.19 1.61 ± 0.20 0.850(NS) 
III 3.70 ± 0.19 3.81 ± 0.21 0.048 (S) 
V 5.60 ± 0.20 5.73 ± 0.22 0.027(S) 
Interpeak Latency I-III 1.84± 0.10 1.97 ± 0.21 0.01 (S) 
III-V 1.90 ± 0.20 2.03 ± 0.21 0.023 (S) 
I-V 3.77 ± 0.20 3.91 ± 0.21 0.015 (S) 

*p < 0.05 – Statistically Significant. 

Discussion 

In above study, BERA waves and interpeak latency 
were recorded and compared between Group I (N = 
25) menstruating and Group II (N = 30) 
menopausal females on right ear. In Group 2 
menopausal females, wave III and wave V were 
prolonged as compared to Group 1 menstruating 
females. Wave I latency was unaffected. So, 8th 
nerve transmission till cochlear nucleus was 
normal. A significant prolonged absolute latencies 
of waves III & V and inter peak latencies I-III, III-

V and I-V in Group 2 as compared to Group 1 at 2 
KHz was observed. Increase level of estrogen in 
menstruating females and decrease level of plasma 
estrogen in menopausal females could be 
responsible. The prolonged latency in menopausal 
females may be due to prolonged conduction time 
in central pathway. Ach, GABA, etc. in auditory 
synapses depend on the level of estrogen which 
monitors the auditory conduction.[13-15]  

Prolonged latencies in menopausal females may be 
due to decrease temperature in the body core and 
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metabolic rate due to hormonal imbalance.[16] 
McFadden study reported about the increase 
concentration of estradiol in inner ear decreased the 
latency of wave I in ABR and increased 
amplitude.[17] Tremere et al. reported that increase 
estradiol increases metabolites flow to inner ear 
cells, which processes auditory signals processing, 
and help in auditory signals detection.[18]  

Conclusion 

Hearing derangement can be detected early in 
menopausal females by BERA at 80 dB and 2 KHz.  
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