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A B S T R A C T
Background and Aim:  The human blood group system can have an effect on the health 
and auditory system. The present study aimed to determine the differences in the Auditory 
Brainstem Response (ABR) recordings among persons with different blood groups (AB, 
A, B, O).

Methods: Sixty adults aged between 18 and 25 years with normal hearing sensitivity took 
part in the study. Further, they were grouped into four groups based on their blood groups 
(A, B, AB, O). Each group consisted of 15 participants. Auditory brainstem responses 
were recorded for all the participants at different rates (11.1/s and 90.1/s).

Results: The results of the study showed that the amplitude of ABR waves was 
significantly reduced for individuals with blood group O at lower repetition rate. The 
amplitude and latency of wave V was reduced at higher repetition rate among individuals 
with blood group O. There was no significant difference for all the other parameters 
across the groups.

Conclusion: The result of the study suggests the possibility of lesser auditory nerve 
functioning and increased risk of cochlear synaptopathy in persons with the O blood 
group.
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             Introduction

T he human blood group system 
influences the health and auditory 
system. The eight major types of blood 
groups (A+, A–, B+, B–, O+, O–, AB+, 
AB–) are established by the presence 

of two antigens (A and B) on the surface of red blood 
cells and the presence of a protein (Rhesus factor). The 
variations in the antigen structure of the blood groups 
modify the blood function. This may be associated 
with vulnerability to certain diseases such as pancreatic 
cancer, hemorrhagic disorders, infections, and peptic 
ulcers [1]. Susceptibility to high noise levels varies 
among individuals because of factors such as race, 
cholesterol level, blood pressure, melanin content, etc. 
[2, 3]. Genetic differences among persons with various 
blood groups can influence susceptibility to some 
disorders [4]. Previous studies have reported increased 
susceptibility to Noise-Induced Hearing Loss (NIHL) 
in individuals with the O blood group [5, 6]. Several 
biological differences in the blood group system could 
be a risk factor for the susceptibility of developing 
certain diseases, such as gastric cancer in A blood 
group individuals and peptic ulcer in O blood group 
individuals [7]. Research also indicates that noise-
exposed industrial workers and military personnel with 
blood group O may have heightened risk of acquiring 
NIHL. These findings suggest that NIHL susceptibility 
might be linked to the ABO blood group status [8, 9].

The internal auditory artery supplies blood to the 
stria vascularis in the cochlea, which is associated with 
the production of endocochlear potentials. Adequate 
functioning of hair cells depends on the regulation 
of endocochlear potentials [10]. ABO blood group 
system influences the hematological function of the 
stria vascularis. Two important glycoproteins –von 
Willebrand Factor (vWF) and thrombospondin (TSP), 
are responsible for monitoring hearing status among 
ABO blood group individuals. vWF contains a protein 
essential for clotting blood, and reduction in these levels 
results in a higher possibility of hemorrhagic disorders. 
The difference in the levels of vWF can alter the 
hearing status. Prolonged bleeding and clotting time are 
reported in persons with an O blood group due to lower 
vWF levels [11, 12]. It is reported that persons with 
blood group O had reduced amplitude in otoacoustic 

emissions (OAE) at ultra-high frequencies and altered 
middle ear functioning [13-15]. Hence, persons with the 
O blood group are more prone to cochlear dysfunction 
than others.

A large-scale study reported that there were no 
significant differences for transient evoked otoacoustic 
emissions (TEOAEs), distortion product otoacoustic 
emissions (DPOAE), and DPOAE input-output measures 
in adults with O blood groups compared to those with 
non-O blood groups. In addition, there were no significant 
differences across different age groups [16].

Considering the previous studies, it is understood 
that ABO blood group status could be associated with 
cochlear function. However, it is unclear, whether 
Auditory Brainstem Response (ABR) outcomes are 
also affected by blood group status. In general, ABR 
recordings are affected by stimulus rate. Studies have 
shown that when the rate of stimulation is beyond 
30/s, there is prolongation in latency of all components 
and decrease in amplitude of earlier components were 
observed [17-20]. A recent literature also indicates 
that auditory brainstem response findings in people 
with O blood group have decrement in wave I and 
cochlear microphonic amplitude and with the trend of 
prolongation of wave I latency [21]. These findings 
suggest that ABR outcomes could be influenced by 
the ABO blood group status. In addition, people with 
O blood group might have a higher risk of neural 
dysfunctioning compared to others [21].

The aim of the current study was to estimate 
the differences in the auditory brainstem response 
recordings of younger adults with normal hearing 
across varying groups of blood (AB positive, A positive, 
B positive, O positive) at two stimulus rates (11.1/s and 
90.1/s).

Methods

A total of sixty college-going young female adults, 
aged between 18 to 25 years (mean age: 19.6 years) 
with known blood group status, were recruited using 
a non-random sampling method. They were divided 
into four groups depending on their blood group status 
(A, B, AB, and O), and each group consisted of 15 
participants. The participants blood group details were 

https://www.redcrossblood.org/donate-blood/blood-types/a-blood-type.html
https://www.redcrossblood.org/donate-blood/blood-types/b-blood-type.html
https://www.redcrossblood.org/donate-blood/blood-types/o-blood-type.html
https://www.redcrossblood.org/donate-blood/blood-types/ab-blood-type.html
https://www.redcrossblood.org/donate-blood/blood-types/ab-blood-type.html
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retrieved from the individuals’ hematological test 
report which was conducted during their academic 
period. All the participants had positive rhesus factors. 
Only female participants were included in the study 
because latency and amplitude of the ABR components 
are reported to vary across gender [22, 23]. Other 
factors such as skin or eye colour were not considered 
in the study.

Procedure

Prior to audiological evaluation, a detailed case 
history was obtained from all the individuals to rule 
out otological problems, hearing loss, history of noise 
exposure. Any participants with above mentioned 
conditions were excluded from the study. Air conduction 
thresholds were estimated using a calibrated, two-
channeled clinical audiometer ‘Inventis Piano’ (Inventis 
Padova, Italy) with Telephonics Dynamic Headphones 
39 earphones enclosed in MX-41/AR supra-aural ear 
cushions and the bone conduction thresholds were 
measured using the Radio Ear B-71 bone vibrator. 
A Criterion for normal hearing sensitivity (≤15 dB 
HL) at octave frequencies from 250 Hz to 8000 Hz in 
air conduction and from 250 Hz to 4000 Hz in bone 
conduction was considered in pure tone audiometry 
using “modified Hughson-Westlake procedure” in 
both the ears to rule out any peripheral hearing loss 
[24]. Immittance audiometry was carried out using a 
calibrated ‘Inventis Clarinet’ (Inventis Padova, Italy) 
middle ear analyzer to assess the middle ear functioning. 
Tympanogram was measured using a probe tone of 226 
Hz and acoustic reflexes at 500, 1000, 2000, and 4000 
Hz. The modality used was quick mode (screening). 
All the participants had ‘A’ type tympanogram with 
acoustic reflexes present at 500, 1000, 2000 and 4000 
Hz [25-27]. OAE measurements were carried out using 
the calibrated “Intelligent Hearing Systems Duet” (IHS, 
Miami, FL). TEOAEs were measured using screening 
mode for the frequencies 1000, 1500, 2000, 3000 and 
4000 Hz with the click stimulus at the presentation level 
of 80 dB pe SPL. Presence of TEOAEs were based on 
the lax criteria of 50% reproducibility and +3 dB signal 
to noise ratio at three consecutive frequencies [28, 29]. 
All the Participants were met the inclusion criteria 
and underwent for further evaluation. All the tests 
were conducted in an acoustically treated room. The 
permissible noise level of the room was as per ANSI/
ASA S3.1-1999 standards [30].

Auditory brainstem response

Auditory brainstem response was recorded using 
a dual-channel calibrated auditory evoked potentials 
system, Intelligent Hearing Systems Duet (IHS, Miami, 
FL). According to the 10–20 International system [31], 
one positive electrode was placed on the scalp at Fz (high 
forehead). Two negative electrodes were placed at the 
mastoid region of the right (M2), and left side (M1), and 
one ground electrode was placed at FPz (lower forehead), 
with the absolute and interelectrode impedances below 5 
KΩ and 2 KΩ, respectively [32]. Stimulus and acquisition 
parameters of ABR are as follows. Clicks stimulus with 
the duration of 100-micro seconds was presented at 90 
dB nHL at a rate of 11.1/s and 90.1/s through Etymotic 
Research 3A insert receivers. Single presentation 
level was used in the study because recording ABR at 
higher intensity level along with higher stimulation 
rate is useful in detecting the retrocochlear lesions i.e. 
beyond the cochlea which including abnormalities in the 
auditory nerve and structures of the auditory brainstem 
[33]. Recorded responses were amplified with a gain 
of 100,000 times, band pass filter settings used was 
between 100 Hz and 3000 Hz, and rarefaction polarity 
was used. To obtain better replications, three repetitions 
of 1500 sweeps were obtained at each rate. For waveform 
analysis, 12-ms analysis time was used for both the ears 
[33]. The ABR was measured for both ears independently 
in every participant. The absolute latency, inter peak 
latencies, and amplitudes of waves I, III, and V at 11.1/
sec and absolute latency and amplitude of wave V at 
90.1/sec were measured and compared. Other parameters 
were not considered as earlier peaks were not present in 
all the participants of the study.

Statistical analysis

IBM SPSS (Statistical Package for the Social 
Sciences) statistics version 21.0 was used for data 
analysis. The normal distribution of the data was 
analysed using the Shapiro-Wilk test of normality, 
which showed non-normal distribution of the data 
across the participants (p<0.05). Hence, non-parametric 
tests were carried out for further statistical analysis.

Results

A descriptive statistical analysis of the data was 
done to determine the mean and standard deviation. 
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The study demonstrated the reduction in the amplitude 
of waves of ABR at 11.1/s and 90.1/s and prolongation 
of absolute latency of wave V at 90.1/s in adults with 
blood group O compared to the adults with other blood 
groups. The other parameters were similar between the 
blood groups. The mean absolute latency and inter-
peak latencies of auditory brainstem response waves for 
different blood groups is shown in Table 1.

The mean values for amplitude of ABR waves for 
different blood groups is shown in Table 2.

Kruskal-Wallis H tests were carried out for the 
statistical analysis across all the blood groups for 
absolute latency, absolute amplitude, and inter peak 
latencies separately, demonstrating a significant 
difference between absolute amplitude and absolute 

latency (p<0.05). Mann-Whitney U tests were carried 
out to estimate the differences between the blood 
groups. The results showed that significant decrement 
(p<0.05) in the amplitude of wave I, III, and V for 
individuals with blood group O at 11.1/s. The mean and 
standard deviation of amplitude of ABR waves across 
blood groups is shown in Figure 1.

The results also showed that there was a no 
significant difference (p>0.05) for absolute latencies 
and inter peak latencies for at 11.1/s. Thus, the 
amplitudes of ABR waves were reduced in individuals 
with blood group O compared to other blood groups. 
In addition, there was a significant prolongation of 
wave V and reduction in amplitude (p<0.05) at a 90.1/s 
rate for blood group O compared to persons with other 
blood groups. The results also showed that there was no 

 
 
Figure 1. Mean and standard deviation of amplitudes of auditory brainstem response waves for individuals with 
different blood groups A, B, AB, O. ABR; auditory brainstem response 
 

Table 1. Mean absolute latency and inter-peak latencies of auditory brainstem response waves for different blood groups

 
Table 1. Mean absolute latency and inter-peak latencies of auditory brainstem response waves for different blood groups 
 

      

Repetition rate Parameter A B AB O 

11.1/sec 

Wave I latency 1.70 ms 1.67 ms 1.63 ms 1.71 ms 

Wave III latency 3.57 ms 3.72 ms 3.43 ms 3.56 ms 

Wave V latency 5.43 ms 5.49 ms 5.53 ms 5.59 ms 

Inter peak I-III 1.91 ms 1.85 ms 1.97 ms 2.07 ms 

Inter peak III-V 1.93 ms 1.89 ms 1.95 ms 2.09 ms 

Inter peak I-V 3.81 ms 3.94 ms 3.89 ms 4.15 ms 

90.1/sec Wave V latency 5.93 ms 5.97 ms 5.91 ms 6.15 ms 

 
 
  

Figure 1. Mean and standard deviation of amplitudes of auditory brainstem response waves for individuals with different blood 
groups A, B, AB, O. ABR; auditory brainstem response
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significant difference in amplitude, latencies and inter-
peak latencies at 11.1/sec and 90.1/sec between blood 
groups A, B and AB.

Discussion

The current study investigated the effect of different 
blood groups on ABR results across blood groups. The 
results showed a reduction in amplitude of wave I, III 
and V at 11.1/s and a trend of reduced amplitude of 
wave V at 90.1/s was observed for persons with blood 
group O compared to other blood groups. In general, 
amplitude denotes the number of neurons firing [32]. 
The amplitude of wave I reflects the neural activity of 
synaptic connections between the inner hair cells and 
spiral ganglion neurons from the cochlear nerve. The 
amplitude of ABR wave I at suprathreshold levels can 
be a good indicator for predictive of degree of cochlear 
synaptopathy. Therefore, the decrement in the amplitude 
of wave I was attributed to the lesser neural activation 
and reduced cochlear synaptic transmission for persons 
with blood group O [34, 35, 21].

The current study findings are agreeable to the 
results of previous study which reported that decreased 
amplitude of wave I in individuals with blood group 
O indicates reduced cochlear and neural dysfunction 
[21]. Glycoproteins such as TSP and vWF plays an 
essential role in the formation of cochlear blood vessels 
and synaptic growth. Deletion of TSP genes might 
result in the dysfunction of cochlear synapses, which 
is associated with a heightened risk of reduced cochlear 
function in individuals with the O blood group [36].

These findings suggest that O blood group 
individuals might have a higher chance of diffuse 
cochlear dysfunction than others. It is also well-
stated that cochlear synaptopathy leads to auditory 
abnormalities [34]. Furthermore, reduction in amplitude 

of waves III and V at lower stimulus rate and reduction 
of amplitude of wave V at higher stimulus rate could be 
linked to reduced number of neurons firing at the level 
of cochlear nucleus and lateral lemniscus [21, 33].

In the present study, no significant difference was 
observed in absolute latency of ABR waves I, III and V 
at lower stimulation rate across different blood groups. 
These findings are in contrast to previous study results 
showed that there is a trend of prolonged latency of 
wave I at lower stimulation rate was observed in O 
blood group persons compared to other groups [35].

However, in the current study there were no significant 
difference in the other ABR parameters such as inter 
peak latencies of wave I-III, III-V and I-V across the 
individuals with the different blood groups. In addition, 
the prolongation of latency of wave V at 90.1/s was 
observed in persons with blood group O. This finding 
could be attributed to the effect of stimulation rate.

In ABR, the latency of wave V are contribution of 
both axonal and neuronal transmissions. Therefore, 
increasing stimulation rate i.e. at 90.1/s could result 
in prolongation of wave V of ABR [33]. At higher 
stimulation rates, cochlear neuron firing might be 
stressed for individuals with O blood group [21]. From 
the above finding it is suggested that adults with blood 
group O might have relatively reduced functioning of 
the cochlear nerve compared to non-O blood group 
individuals. The cochlear/neural function of persons 
with different blood groups could be also influenced by 
biological differences [4, 14].

Conclusion

The current study conducted the auditory brainstem 
responses measurements among persons with varying 
blood groups. The findings of the present study indicate 

Table 2. Mean absolute amplitude of auditory brainstem response waves for different blood groups

Table 2. Mean absolute amplitude of auditory brainstem response waves for different blood groups 
 

      

Repetition rate Parameter A B AB O 

11.1/sec 

Wave I amplitude 0.20 µV 0.23 µV 0.22 µV 0.13 µV 

Wave III amplitude 0.37 µV 0.33 µV 0.35 µV 0.28 µV 

Wave V amplitude 0.69 µV 0.75 µV 0.77 µV 0.57 µV 

90.1/sec Wave V amplitude 0.53 µV 0.57 µV 0.55 µV 0.43 µV 
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that persons with blood group O might have a higher 
risk of cochlear synaptopathy and/or neural dysfunction 
at the level of the brainstem compared to persons with 
other blood groups. Hence, it is recommended to monitor 
cochlear/neural function status among the persons 
with blood group O. Future studies can be carried out 
on other electrophysiological measures with varying 
stimulus/acquisition parameters in a large sample size 
might provide insights and extend the current findings.
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