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Abstract  

Background: Thyroid hormone enhances wakefulness, response to various 

stimuli like auditory sensation, learning and memory capacity. By enhancing 

gene expression, it influences the synthesis of myelin. The purpose of the study 

is to assess the auditory pathway with the help of auditory brainstem response 

(ABR) for risk assessment in hypothyroid patients so as to promote early 

detection and possible prevention of hearing impairment. Materials & 

Methods: This is a cross sectional study done on 100 subjects of 20 - 50 years 

in the Research laboratory of Department of Physiology, S.M.S Medical 

College, Jaipur during period extended from May 2021 to December 2022. The 

BAER was recorded by using RMS EMG 2000 system with installed BAER 

software. Two or three trials were performed in order to demonstrate the 

consistency of the wave form. The absolute latencies of all BAER waves and 

their IPL of I-III, III-V and I-V were marked with the help of digital cursors and 

the values were noted down. Results: The mean age was 38.32 years for newly 

diagnosed hypothyroid cases and 35.82 years for normal healthy controls. There 

was no significant difference between the groups, so they were comparable. The 

mean Body Mass Index of Group A was 24.9 kg and Group B was 22.8 kg. The 

hypothyroid patients had higher BMI than control group. There were not 

statistically significant interaural differences of absolute latencies and interpeak 

latencies in newly diagnosed hypothyroid patients. There was a positive 

correlation between serum TSH and the BAER parameters and a negative 

correlation was found with serum free T3, free T4. Conclusion: We found a 

significant prolongation of absolute latencies and inter peak latencies of 

brainstem auditory evoked responses in newly diagnosed hypothyroid 

individuals even before the hearing loss overt.  

 
 

 

INTRODUCTION 
 

Hypothyroidism is referred to as “Silent Disease” 

because the early stage of disease is asymptomatic. 

About 1.6 billion people are at risk of getting thyroid 

disorders worldwide.[1] According to National Health 

and Nutrition Examination Survey III (NHANES) 

approximately 4- 5% of population in the developed 

world is suffering from hypothyroidism and about 4 

-15% of people by subclinical hypothyroidism.[2] The 

most common cause of hypothyroidism is iodine 

deficiency. In India, hypothyroidism is classified 

under the group of Iodine Deficient Disorders 

(IDD).[3] 

Thyroid hormone governs the rate of metabolism of 

fats, carbohydrates, proteins and also regulates the 

timing and pace of the CNS development. Thyroid 

hormone enhances wakefulness, response to various 

stimuli like auditory sensation, learning and memory 

capacity.[4] By enhancing the gene expression it 

influences the synthesis of myelin. Myelin synthesis 

is an important factor determining the speed of 

impulse transmission along the complex neural 

pathway which mediates the evoked potentials.[5] So, 

thyroid hormone deficiency leads to delayed 

neuronal conduction along the central nervous 

system as well as the peripheral nervous system 

which reduces the perception of all the sensory 

stimuli. 

Hypothyroidism is the most common endocrine 

disorder worldwide. It is associated with delayed 

mental processing and prolonged latencies of evoked 

potentials. Brainstem auditory evoked responses is a 

simple noninvasive procedure helps to detect the 

impairment of CNS as well as the auditory pathway. 

Thyroid hormone has prominent effects on nervous 

systems through its role in gene expression, myelin 

production, neurotransmitter release, and axonal 

transportation. Likewise for the proper development 

of auditory system, adequate levels of thyroid 

Original Research Article 

Received  : 04/04/2023 

Received in revised form : 26/04/2023 

Accepted  : 10/05/2023 

 

 

Keywords: 

BAER, Hearing loss, Hypothyroidism, 

Latencies, Frequency. 

 

Corresponding Author: 

Dr. Sanjay Kumar Singhal,  

Email: emailsksinghal@yahoo.com 

 

DOI: 10.47009/jamp.2023.5.3.360 

 

Source of Support: Nil,  

Conflict of Interest: None declared 

 

Int J Acad Med Pharm 

2023; 5(3); 1812-1817 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Section: Physiology 



1813 

 International Journal of Academic Medicine and Pharmacy (www.academicmed.org) 
ISSN (O): 2687-5365; ISSN (P): 2753-6556 

hormones are required.[6] The exact mechanism of 

thyroid hormone role in the hearing is uncertain, the 

possible relationship is revealed by recent cellular 

level and molecular level experimental studies. 

About 25 to 30% of the adult hypothyroid patients 

have hearing loss. In 1948 Means et al stated that 

hearing loss is one of the troublesome symptoms of 

hypothyroidism and it may be conductive, 

sensorineural or mixed hearing loss.[7] Being a 

metabolic hormone, thyroid hormone deficiency 

leads to reduction in the cell energy production, 

oxygenation and metabolism of all the organs 

including inner ear structures like stria vascularis and 

the organ of corti.[8] 

Thyroid hormone deficiency produces delay in the 

impulse transmission which leads to alterations in 

hearing threshold. All these neurological 

complications of hypothyroidism will resolve 

completely with thyroid hormone replacement 

especially when diagnosed at the early stage.[9] 

Hearing loss in infants and children due to congenital 

hypothyroidism results in serious impairment in 

language, communication skills, cognitive and 

emotional development. In adults hearing loss will 

lead to loneliness, social isolation, psychiatric 

disturbances, depression, occupational stress and 

relatively low earnings.[10] There are literatures 

pointing out that early treatment of hypothyroidism 

will reverse the hearing loss.[11,12] 

Now a days Brainstem Auditory Evoked Response 

(BAER) is mainly used for screening the preterm 

infants and also prior to cochlear implantation. The 

BAER recording for finding the functional integrity 

of auditory pathway is rarely performed in 

hypothyroid patients in neurology and 

otolaryngology practice. The findings of various 

studies stated that the delay in the auditory processing 

time may provide information about the subclinical 

involvement of central as well as peripheral 

neuropathy in hypothyroid individuals. So, BAER 

can be used as a screening test to find the central 

nervous system involvement and the hearing loss in 

hypothyroid patients even in the earlier stage itself. 

The purpose of the study was to assess the auditory 

pathway with the help of auditory brainstem response 

(ABR) for risk assessment in hypothyroid patients so 

as to promote early detection and possible prevention 

of hearing impairment. 
 

MATERIALS AND METHODS 
 

This is a cross sectional study done on 100 subjects 

of 20 - 50 years in the Research laboratory of 

Department of Physiology, S.M.S Medical College, 

Jaipur during period extended from May 2021 to 

December 2022.  

The ethical committee of the SMS Medical College 

approval was obtained prior to the commencement of 

the study. 

Inclusion Criteria  

A total of 100 subjects of 20 - 50 years were included 

in the study. Among them 50 were newly diagnosed 

hypothyroidism patients and 50 were normal healthy 

controls.  

Exclusion Criteria  

• Known patients of hypothyroidism already on 

treatment, 

• Persons working in noisy environment  

• Pregnant females,  

• Known cases of any hearing loss,  

• Systemic illness like diabetes mellitus, 

hypertension, collagen disorders and 

neurodegenerative diseases  

• H/o drug intake - ototoxic drugs, anticonvulsant 

drugs, anticancer drugs.  

• H/o head injury  

Case Selection  

• Patients who came with the symptoms and signs 

suggestive of hypothyroidism such as easy 

fatiguability, dry skin, hoarseness of voice, cold 

intolerance, weight gain, periorbital swelling 

and bradycardia were randomly selected from 

the medicine outpatient department.  

• Thyroid profile was done for all of them which 

include the serum parameters of TSH, free T3, 

free T4. 50 patients diagnosed as 

hypothyroidism were selected as study subjects 

and 50 age matched healthy people with normal 

thyroid profile were taken as controls. 

• They were selected from the general population 

in Jaipur. None of the cases and controls had 

any symptoms and signs of CNS dysfunction 

and none of them showed any abnormality in 

neurologic examination and were not on 

treatment with thyroxine. 

Hormone Measurement 

Thyroid profile includes serum TSH, free T4, free T3 

and they measured by microplate-based Enzyme 

Linked Immuno Sorbent Assay (ELISA) using 

ERBA kit. This method is based on one step immune 

enzymatic principle associated with the Biotin – 

Streptavidin Technology. The reference values are,  

▪ TSH – 0.4 to 5.5 μIU/ml  

▪ FreeT3 – 1.4 to 4.2 pg/ml  

▪ FreeT4 – 0.8 to 4.2 ng/ml  

Procedure for recording Brainstem Auditory 

Evoked Potentials  

The BAER was recorded by using RMS EMG 2000 

system with installed BAER software. The subjects 

were asked to sit comfortably in a fully relaxed state 

and with eyes closed. The skin at the site of 

placement of surface electrode was cleaned with 

spirit and the electrodes were placed on the scalp, 

according to the10 - 20 International System using 

EEG paste.  

The site of placement of electrodes:  

▪ Active electrode on the Verterx (Cz) 

▪ Reference electrodes over the Right and Left 

mastoid process  

▪ Ground electrode on the forearm  

BAER Recording Technique  

The guidelines for clinical and intraoperative 

recordings of BAER was proposed by American 
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clinical neurophysiology society, 2006 and American 

Electroencephalographic society 1994 

respectively.[13] The BAER amplitudes are in the sub 

microvolt range. It is much weaker than the 

surrounding environmental noise, background 

electro cerebral activity and muscle activity. Hence 

BAER recordings require special amplifiers called 

bio amplifier to make these signals large enough for 

further signal processing, filters for filtering the 

undesirable electrical activity, digital converter for 

converting the scalp recorded electrical activity to 

binary format that can be utilized by a digital 

computer and a signal averager.[14] 

Stimulus  

A mixed frequency of broad band clicks (100 to 

8000Hz), using the acoustic energy over a wide range 

of audio frequencies can be used for the neurologic 

evaluation. Clicks are single monophasic square 

wave pulse delivering for 100μsec duration by using 

a standard audiometric ear speaker. These clicks 

stimulates a large number of neurons which fired 

simultaneously and produce a larger response. 13,15 

Stimulus polarity  

Based on the type of pressure applied to the tympanic 

membrane three types of stimulus polarities are 

present. They are,  

▪ Rarefaction click  

▪ Condensation click  

▪ Alternating polarity  

The clicks in which first and most prominent acoustic 

wave creates a positive pressure and displays the 

tympanic membrane outwardly is referred to as 

rarefaction clicks. The clicks in which the acoustic 

wave creates a negative pressure and displays the 

tympanic membrane inwardly are called as 

condensation clicks. Alternating polarity is the clicks 

which creates alternating negative and positive 

pressure and displaces the tympanic membrane 

inwardly and outwardly. 

In this study rarefaction type of stimuli is used, 

because it will produce better resolution of the BAER 

waves. The filter frequency was set between 100 to 

3000 Hz, analysis time 10ms and sensitivity 

1μV/division. A total of 2000 stimuli at the frequency 

of 10Hz were delivered to the testing ear within 

0.1ms.  

The intensity of stimulus was 60dB above the sound 

pressure level. To the contralateral ear 40dB white 

noise was given for masking. Two or three trials were 

performed in order to demonstrate the consistency of 

the wave form. The absolute latencies of all BAER 

waves and their IPL of I-III, III-V and I-V were 

marked with the help of digital cursors and the values 

were noted down. 

 

RESULT 
 

The mean age was 38.32 years for newly diagnosed 

hypothyroid cases and 35.82 years for normal healthy 

controls. There was no significant difference between 

the groups, so they were comparable. The mean Body 

Mass Index of Group A was 24.9 kg and Group B was 

22.8 kg. The hypothyroid patients had higher BMI 

than control group (table 1). There are not statistically 

significant interaural differences of absolute latencies 

and interpeak latencies in newly diagnosed 

hypothyroid patients (table 2). There was a positive 

correlation between serum TSH and the BAER 

parameters and a negative correlation was found with 

serum free T3, free T4 (table 3). 

  
 

Table 1: Demographic characteristics of Study Population 

Variables Group A Group B 

Participants 50 50 

Mean Age 38.32 35.82 

Mean Height (CM) 153.8 155.04 

Mean Weight (Kg) 59.04 54.84 

BMI (mean) 24.9 22.8 

 

Table 2: Interaural differences of Latencies and interpeak latencies in newly diagnosed in Hypothyroid patients 

WAVES Right Ear Left Ear P value 

Mean SD Mean SD  

I 1.68 0.12 1.71 0.15 0.11 

III 3.67 0.16 3.62 0.15 0.11 

IV 4.84 0.2 4.85 0.17 0.1 

V 5.63 0.23 5.6 0.28 0.1 

I-III 2.94 0.83 1.9 0.2 0.0001 

III-V 5.2 0.76 3.89 0.35 0.001 

I-V 2.38 0.76 2.4 0.71 0.1 

 

 Table 3: Correlation between TSH, T3 & T4 and latencies and interpeak Latencies 

Correlation with Correlation coefficient (r) 

TSH T3 T4 

Right ear Latencies    

I 0.60 -0.53 -0.56 

III 0.54 -0.38 -0.45 

V 0.39 -0.31 -0.3 

Left ear Latencies    
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I 0.56 -0.39 -0.46 

III 0.47 -0.26 -0.3 

V 0.25 -0.1 -0.16 

Right ear Interpeak latencies    

I-III 0.32 -0.25 -0.23 

III-V 0.12 -0.03 -0.03 

I-V 0.24 -0.15 -0.27 

Left ear Inerpeak Latencies    

I-III 0.34 -0.14 -0.24 

III-V 0.07 -0.12 -0.02 

I-V 0.27 -0.12 -0.28 

DISCUSSION 

 

Central nervous system dysfunctions are the 

important consequences of hypothyroidism. It is 

associated with motor deficits, hearing impairment, 

mental retardation, depression and memory deficit. 

The most common otolaryngological manifestation 

of hypothyroidism is hearing impairment.[8] It may be 

conductive, sensorineural or mixed type of hearing 

loss. Parving et al[16] in 1983 and Isam et al in 2001[17] 

were reported in their study that SNHL was the 

predominant type of hearing loss in hypothyroid 

people. Early treatment of hypothyroidism with 

thyroid hormone will completely revert the hearing 

impairment.[8] Intact anatomical pathway, relay 

stations and proper myelination of nerves are some of 

the factors that determine the functional ability of the 

auditory pathway.[12] The absolute and inter peak 

latencies in BAER recordings denote the conduction 

of nerve impulses along the different segments of the 

auditory pathway and it also can be used as a tool to 

assess the hearing impairment. 

The present study deals with the BAER changes in 

newly diagnosed hypothyroid individuals. The 

Absolute and interpeak latencies were recorded and 

analyzed between newly diagnosed hypothyroid 

individuals and healthy controls. Various 

electrophysiological studies provide an almost 

unanimous opinion that thyroid hormone substitution 

promotes complete reversal of hearing loss.[10,11] 

Therefore to make sure that the changes in the BAER 

parameters are exclusively due to thyroid hormone 

deficiency, only the newly diagnosed hypothyroid 

cases were selected in this study. 

In the present study 50 newly diagnosed hypothyroid 

cases of mean age 38.32 years and normal healthy 

controls of mean age 35.82 years were included. 

About 70% of the newly diagnosed hypothyroid 

cases were predominantly in the age group of 35 to 

45 years. It is consistent with the report of myxedema 

committee in London which said that middle aged 

women were mostly affected by hypothyroidism than 

men.[18] The BAER are far field subcortical electrical 

potentials which helps to assess the auditory sensory 

process from distal part of the cochlear nerve to the 

brainstem.[19,20] So in this study the BAER was 

recorded among newly diagnosed Hypothyroid cases 

and healthy controls and found that there was 

statistically significant(p<0.0001) increase in 

absolute latencies of wave I, III, IV and V in newly 

diagnosed hypothyroid cases. Similarly, interpeak 

latencies I - III, III-V and I-V were also prolonged 

significantly (p < 0.0001) in them compared to 

controls. This was consistent with the study results of 

other researchers.[21,22] 

In 1981 Himelfarb et al[23] in their study on Auditory 

brainstem responses in thyroid disorders inferred that 

the changes in the BAER pattern were characterized 

by prolonged brainstem conduction time, flattened 

peaks and diminished amplitude. Another study done 

by CL Lai from Taiwan analyzed the brainstem 

auditory evoked responses from 20 patients of 

primary hypothyroidism, observed that the peak and 

interpeak latencies were delayed significantly in 

them.[24] 

Anjana et al in their evoked potential study found a 

delayed conduction of impulses along the superior 

olivary nucleus which leads increased wave III 

latency but did not find any significant difference in 

other absolute and IPL of hypothyroid individuals. 

They found significant improvement in wave III 

conduction time and IPL of I -III after thyroid 

hormone therapy. By this study they proposed that 

optimal thyroid hormone level is required to improve 

the excitability of neuronal generators in the 

brainstem auditory pathway particularly for wave III 

and V.[12] 

In our study there was a significant increase in the 

absolute latencies of wave forms I, III, IV and V was 

observed. Similar to the present study results, 

Thornton and Jarvis from MRC institute of hearing 

research, UK[25], Santos et al[8], Khedr et al[26] and 

Hohmanet al[27] also showed increase in the wave 

latencies. They suggested that this may be due to 

slow conduction of nerve impulses along the auditory 

pathway. Because the BAER wave latencies depend 

on the functional integrity and myelination of the 

auditory pathway.[10] 

Hypothyroidism being a metabolic disorder it affects 

the oxidative activity of mitochondria, lipid level in 

the CNS, protein synthesis and degradation which 

leads to demyelination.[8] The increased absolute 

latency of I, III and V in this study indicates that the 

thyroid hormone deficiency affects the myelination 

of both peripheral and central part of the auditory 

pathway. It was further supported by the molecular 

level experimental studies. 

Moore et al[28] and Knipper et al[29] inferred that 

thyroid hormone is essential for the expression of 

myelin genes like peripheral protein zero (P0), major 

basic protein (MBP) and proteo lipoid protein (PLP) 

in cochlea, brainstem and auditory cortex. So thyroid 
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hormone deficiency will lead to hypomyelination of 

the peripheral and central part of the intradural 

segment of the auditory nerve and produces enhanced 

wave latencies.  

In 1983 Abbott et al[30] said that the prolonged central 

conduction time of nerve impulse in hypothyroidism 

may be attributed to low body temperature and 

altered cerebral metabolism. 

In the present study there was a significant 

prolongation of all IPL observed in newly diagnosed 

hypothyroid patients. This result was consistent with 

the results of Anand et al.[31], Santos et al.[8] and 

Khedr et al.[26] 

The overall findings signify that both peripheral and 

central auditory pathway are affected by 

hypothyroidism. The proposed possible mechanisms 

for the hearing loss in hypothyroidism are 

multifactorial, like defective myelination, reduced 

body temperature, altered cerebral metabolism, 

diminished regulatory protein actions, reduced 

sensitivity of sensory receptors, decreased voltage 

gated sodium current density and axonal 

degeneration caused by deposition of 

glycosaminoglycan. 

In contrary to the above studies, some of the 

researchers have showed disagreeing results in their 

studies. A study by Vanasse et al done on 15 adult 

hypothyroid patients of age ranging from 34 to 82 

years found no significant differences in BAER 

before treatment. They stressed that hearing loss in 

these patients may be due to aging than to 

hypothyroidism.[32] Several studies were done to find 

the normative data of BAER parameters have found 

that no significant difference existed between the 

right and left ears.[10] 

In the present study there was a positive correlation 

of BAER latencies with serum TSH and negative 

correlation with serum free thyroid hormone levels. 

This was consistent with the following study results. 

Himelfarb et al found statistically significant relation 

between the hearing loss and the serum level of low 

free T4.[23] Ben Tovim et al done an experimental 

study on rats, inferred that the BAER changes are 

directly associated with the serum level of free T4. 

This correlation suggests that there is direct 

involvement of auditory pathway by thyroid hormone 

deficiency and results in delaying of impulse 

transmission time in BAER recordings.[33] 

 

CONCLUSION 
 

We found a significant prolongation of absolute 

latencies and inter peak latencies of brainstem 

auditory evoked responses in newly diagnosed 

hypothyroid individuals even before the hearing loss 

overt. So, it should be recommended that BAER may 

be added to the list of screening tools for a more 

accurate and early assessment of neurological 

involvement in hypothyroid individuals to initiate 

treatment to ameliorate symptoms and prevent 

complications. Because better hearing gives better 

life promise. 
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