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Abstract 

The efficiency of hyperbaric oxygen (HBO) treatment according to ABO blood group system 

was evaluated in patients with idiopathic sudden sensorineural hearing loss (ISSNHL). Serum 

lipid values and novel atherogenic risk calculations of 346 patients who came to the clinic for 

HBO treatment were performed. HBO treatment efficiency was evaluated on ABO blood 

groups. The effect of serum lipid levels and atherogenic risk levels on HBO treatment was 

measured according to the blood groups of ISSNHL patients. The most important finding is 

that ISSNHL patients with O blood group antigen benefit the least from HBO therapy. 

Moreover, patients with O blood group antigen had statistically lower serum lipid values and 

atrogenic risk index than patients with non-O blood group. In addition, the frequency of O 

blood group in ISSNHL patients was higher than in non-O blood groups. The effect of serum 

lipid values and atherogenic risk indices in ISSNHL patients receiving HBO therapy may vary 

according to ABO blood groups. The relationship between hyperbaric oxygen therapy and the 

ABO blood grouping system should be supported by further research. 

Key words: Hyperbaric oxygen therapy, Atherogenic index, Atherogenic plasma index, 

Lipoprotein combine index, Blood groups, Non–O blood group. 

 

 

 

Introduction: 

Human ABO blood type is determined by a 

gene on chromosome 9.Moreover, ABO 

blood group is the first genetic 

polymorphism recognized in humans (1). 

The ABO histocompatibility-expression of 

blood group antigens on the surface of 

erythrocytes and it is also expressed on the 

surface of platelets, endothelial and 

epithelial cells. Therefore, there is a large 

literature on the relationships between 

ABO blood group and different 

pathologies (1-3). 

ISSNHL, in which HBO therapy is used in 

the treatment, is a common otological 

emergency with still uncertain cause 
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(4).The ABO blood group, which has a 

role in the pathophysiology of a wide range 

of diseases in the literature, may also 

include ISSNHL (5).Because there are 

studies showing that there is a relationship 

between ABO blood groups and hearing 

loss. For example, according to studies, 

individuals with O blood group have the 

lowest amplitude in both ears (6-8). People 

with blood type O show a higher 

prevalence of hearing loss after exposure 

to industrial noise. However, it is not clear 

whether the blood group status affects the 

auditory brainstem responses reflecting 

cochlear hair cell and auditory nerve 

bioelectric activity (6-8).In addition,  

among the various factors reported to 

affect the susceptibility to hearing loss, 

race, geographical region, eating habits, 

dyslipidemia, cholesterol, etc. factors can 

be included (9). Therefore, the importance 

of blood lipids in the pathogenesis of 

ISSNHL has been widely reported in the 

literature (9-11). In fact, high levels of 

low-density lipoprotein cholesterol (LDL), 

total cholesterol (TC), and apolipoprotein 

B (Apo-B) have been suggested as risk 

factors for ISSNHL pathology (7-10). 

Consequently, the importance of blood 

lipids in the pathogenesis of ISSNHL has 

been widely discussed in the literature (9). 

But, the role of atherogenic risk factors in 

the pathogenesis of ISSNHL is still 

controversial (5, 9). 

A clinical study showed that TC, LDL-C, 

and Apo-B levels were significantly higher 

in patients with ISSNHL compared to 

control subjects (11). Also it has been 

reported that ISSNHL is associated with 

many vascular and coagulation diseases (3- 

5) 

Dyslipidemia is one of the most important 

cardiovascular risk factors, which is also 

defined as a cardiovascular risk factor in 

European societies and evidence has 

shown that there is a relationship between 

ISSNHL and dyslipidemia (6, 7). These 

findings led to the hypothesis that non-O 

blood group antigens may have higher 

levels of dyslipidemia and an inflammatory 

condition and oxidative stress may occur 

(3-5). Inflammation and oxidative stress 

may play a critical role in ISSNHL disease 

(11, 12). Because impaired cochlear 

perfusion appears to be an important 

etiopathogenetic event in ISSNHL. The 

cochlea is an end organ that is 

metabolically dependent on a supply of 

nutrients and oxygen to maintain its normal 

physiological function. It is very sensitive 

to changes in blood circulation. Early 

histopathological studies showed that 

sclerotic changes in the blood vessels of 

older ears contribute to inner ear 

degeneration and other cochlear changes 

(11-13). Therefore, the effect of the ABO 

blood system on atherosclerosis 

susceptibility is thought to be mediated in 

part by its changed on blood lipid levels. 

Today, it is well known that atherogenic 

risk calculation plays an important role in 

clinical practice. However, despite their 

obvious clinical significance, the 

computational risk of atherogenicity of 

ABO blood group antigens is poorly 

known (1, 9). However possible 

relationship of blood lipids levels to blood 

groups may be one of the causes of 

ISSNHL. 

However, there is no study in the literature 

showing the distribution of atherogenic 

indices in ISSNHL according to blood 

groups. In addition, the contribution of 

ABO blood group distribution to the 

response efficiency of HBO therapy in 

ISSNHL patients is unknown. The aim of 

this preliminary study is to evaluate the 

possible effect of the distribution of new 
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atherogenic risk indices by blood groups in 

ISSNHL patients on HBO therapy. 

 
Materials and Methods 

Subjects 

Patients known according to ABO blood 

type laboratory records and ISSNHL 

patients who came to hyperbaric clinic for 

treatment were included in the study. 

Those selected for inclusion in this study 

are adults over the age of 18 who have 

been informed about the study and have 

voluntary consent. The age range of the 

working group formed is 18-58. A total of 

346 patients affected by ISSNHL were 

included in the study. Exclusion criteria for 

patients with ISSNHL were: acute 

inflammation, infection, autoimmune 

disorders, cochlear-vestibular dysfunction, 

otologic surgery, neurological disorders, 

ototoxic drug use, neoplasm, or other 

chronic diseases. In addition, those who 

used drugs due to lipid metabolism  

disorder and those with features suggestive 

of diabetes and metabolic syndrome were 

also exclusion criteria. Body mass index, 

waist circumference, systolic blood 

pressure, and diastolic blood pressure 

measurements were performed by 

physicians in all patients at rest in the 

hyperbaric clinic. In addition, data on 

clinical and demographic characteristics 

such as age, chronic disease history, and 

smoking status were collected from 

medical          records. Post-treatment 

improvement of hearing results were 

analyzed according to ISSNHL criteria. All 

subjects included gave their informed 

consent to participate in the study. The 

study was approved by the ethics 

committee of the relevant institute. 

HBO therapy 

HBO treatment was applied as follows in 

patients with ISSNHL. Each consecutive 

HBO treatment session was administered 

five days a week, each session was 120 

minutes. Clinical follow-up of all patients 

in the hyperbaric clinic was performed and 

a multi-atmospheric hyperbaric chamber 

(Baroks, MUL35) was used. During HBO 

therapy, each patient breathes 100% 

oxygen at 2.5 at high atmospheric pressure. 

Also, all sessions of HBO had five-minute 

air break times every 30 minutes. In each 

HBO treatment session, patients were also 

given 15 minutes of compression and 10 

minutes of opening time. 

Samples 

Venous blood samples were collected from 

patients and control subjects after at least 

12 h of fasting for the evaluation of serum 

lipids. The samples were collected into no- 

additive vacutainer tubes. Blood samples 

were centrifuged, and serum was 

transferred to laboratory until further 

analysis. 

Lipid parameters 

Auto-analyzer Beckman AU5800® 

(Beckman Coulter Diagnostics, CA, USA) 

for the measurement of, TC, low density 

lipoprotein cholesterol (LDL-C), high 

density lipoprotein cholesterol (HDL-C) 

and triglyceride (TG) were used in the 

study and commercial diagnostic reagent 

kits of the same brand were used. 

Estimation of serum very low density 

lipoprotein (VLDL) and non-HDL-C 

concentrations were calculated using the 

formula as follows: [VLDL cholesterol] 

(mmol/L) = [Triglyceride]/2.2 and non- 

HDL-C = (TC) – (HDL).TC, LDL-C, and 

TG were measured by enzymatic methods 

and HDL-C by a direct method. TC, TG, 

HDL-C and LDL-C concentrations were 

double measured in all subjects. 

Non-traditional atherogenic indices 

Especially in this study, the atherogenic 

index (AI), atherogenic plasma index 
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(AIP), lipoprotein combine index (LPCI) 

were calculated from the values of routine 

lipid parameters (mmol/L). In fact, AI is 

defined as the ratio of non-HDL-C to 

HDL-C (non-HDL-C / HDL-C); LCI is 

defined as the ratio of TC x TG x LDL to 

HDL-C. 

AIP was calculated as a logarithm of the 

ratio of the molar concentration (mmol/l) 

of TG to HDL-C (i.e., log [TG/HDL-C]) 

[29]. 

Simply atherogenic indices were calculated 

using the following formulas: AI; non- 

HDL-C / HDL-C, LCI;  TC  x TG  x LDL / 

HDL-C.      Unlike      these      new   index 

calculations, logarithm values of base 10 

were used in the calculation of AIP.AIP; 

log10 (TG / HDL-C). It was calculated 

according to the ratio of logarithmic TG 

concentration in the AIP to logarithmic 

HDL-C. AIP is an index that has been 

classified for atherosclerosis in the 

literature:  Low  risk  of  AIP<0.1,     0.1 to 

0.24 for medium risk and more than 0.24 

for high risk. 

 
Statistical Analyses 

All continuous variables are presented as 

the median and interquartile range (25th 

and 75th percentiles) and compared using 

the Mann-Whitney test. Categorical data 

are shown as percentages and compared 

using the Chi square test. The statistical 

analysis was performed using MedCalc® 

software.     A     value     of p < 0.05     was 

considered statistically significant. 

 
Results 

The mean age of ISSNHL patients and the 

number of female patients (n: 204) of 346 

patients included in this study are given in 

table 1. Other demographic and clinical 

data of the patients are given in Table 1. In 

addition, the distributions of blood group 

antigens of all ISSNHL patients are given 

in Table 1.While the majority of patients 

had O (n: 154) blood type, ISSNHL 

patients with AB blood group had a 

statistically higher smoking percentage 

than other blood group patients. In 

addition, serum uric acid (UA) level was 

statistically higher in patients with blood 

type A, but UA and fasting blood glucose 

(FBG) levels were within normal limits in 

all blood groups (Table 1). 

 
Table 1: Characteristics of the ISSNHL patients. 

Baseline 

characteristics 

A (n:133) B (n:32) AB (n:27) 0 (n:154) 
 Mean ± SD  

Age(years) 44.9 ± 11 43.9 ± 8.4 47.03 ± 8 44.05 ± 10 

BMI((kg/ m2) 26.3 ± 3 25.8 ± 2.9 26.8 ± 2.61 25.4 ± 2.77 

Smoking(%) 45 38 47* 21 

HT(%) 7.2 7.8 8.2 7.9 

FBG(mg/dl) 101 ± 11 98 ± 9 103 ± 12 100 ± 13 

UA(mg/dl) 5.8 ± 1.3* 5.5 ± 1.4 5.5 ± 1.46 5.36 ± 1.24 

*p<0.05 BMI=Body mass index, HT=hypertension, FBG=Fasting blood glucose, UA=Uric acid, 

SD=Standard deviation. 
 

The serum lipid values of the patients 

included in the study and the atherogenic 

risk indexes calculated from these lipid 

values are given in table 2. Also lipid 

values of ISSNHL patients are given in 

table 2. 

The important finding is that the AIP and 

LPCI are statistically significantly lower in 

individuals with O blood group than other 

blood groups. Also, TG and TG / HDL-C 

ratio are lower in patients with O blood 

group. However, in patients with AB blood 
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group, TC and AI risk index were 

significantly higher than other blood 

groups (Table 2). 

In addition, the response of ISSNHL 

patients to HBO therapy differed 

significantly compared to blood group 

antigens. Perhaps an important finding that 

draws  attention  is   that   patients   with   

O   blood   group   antigen   had   the 

lowest response to HBO therapy despite 

low atherogenic risk values. 

Unfortunately,  only  16%  of   patients 

with blood type O antigen showed 

complete recovery with HBO therapy. 

 

 
 

Table 2: Lipid parameters of ISSHL Patients. 
Overall lipid variables(n:345)  ABO Blood Groups  

 A (n:133) B (n:32) AB (n:27) O (n:153) 

Traditional Lipid Parameters 

TC(mmol/L) 5.6 5.1 5.8* 5.18 

TG(mmol/L) 1.76 2.27 1.79 1.44** 

LDL-C(mmol/L) 3.54 3.23 3.62 3.28 

HDL-C(mmol/L) 1.47 1.57 1.24* 1.45 

VLDL(mmol/L) 0.35 0.59 0.36 0.11*** 

Novel Lipid Indices 

API 0.18 0.17 0.20 0.15** 

AI 2.87 2.24 3.5* 2.9 

LPCI 24.1 23.8 24.8 20.4** 

TG/HDL-C 1.19 1.44 1.41 0.99** 

AB versus A, B and O (*p<0.05) O versus A,B and AB ( **p<0.01) , O versus A,B and AB ***p<0.001. TC; 
  total cholesterol, AI; atherogenic index, API; atherogenic plasma index, LPCI; lipoprotein combine index.  

 

On the contrary, the rate of those who did 

not respond to HBO treatment was 30%. 

Fortunately, 54% of patients improved 

after HBO therapy (Table 3). 

However, the number of patients recovered 

the most was in ISSNHL patients with B 

blood group antigen (31%), followed by 

AB (27%) and A (18.3) blood groups, 

respectively. Also, AB blood group had the 

lowest rate of response to failed treatment 

with HBO therapy in ISSNHL patients 

(Table 3). 

 
Table 3: Patients recovering with HBO. 

ABO Blood 

Groups 

0- 0+ A- A+ AB- AB+ B- B+ n 

As it is 2 48(30%) 4 24(20%)  5(22%)  1(0.03%) 84 

Improvement 4 76(54%) 9 74(69.7%) 4 12(72%) 3 19(75.8%) 201 

Healing  24(16%) 1 21(18.3%) 1 5(27%)  9(31%) 61 

n: 6 148 14 119 5 22 3 29 346 

 

 

Discussion 

Previous studies have reported several 

atherogenic risk factors for ISSNHL. 

Among these risk factors, the rates of 

diabetes mellitus and hypercholesteremia 

are higher in patients with ISSNHL 

compared to the control group (14, 15). In 

addition, studies have also shown that 

patients with ISSNHL have a higher risk of 

stroke (14, 15).Indeed according to the 

results of this study, atherogenic risk 

factors and blood group data may be cost 

effective in determining the efficacy of 

HBO therapy. 

In this preliminary study, we first showed 

the lower efficacy of ISSNHL patients 
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with blood group antigen O in the 

treatment HBO. Also this study has 

showed that more patients of ISSNHL who 

applied for HBO treatment had O blood 

group antigen. 

We also show that the distribution of 

atherogenic risk indexes is not associated 

with the risk of ISSNHL. Because the 

ISSNHL patients included in this study did 

not have a high atherogenic risk index. 

Relationships between hearing and blood 

lipid levels have long been the focus of 

scientific research. Patients with ISSNHL 

often have hyperlipidemia. The cochlea is 

an end organ that is metabolically 

dependent on a supply of nutrients and 

oxygen to maintain its normal 

physiological function. It is very sensitive 

to changes in blood circulation. Cochlear 

ischemia is considered one of the most 

important causes of ISSNHL. 

Hyperlipidemia may contribute to cochlear 

ischemia due to increased blood viscosity. 

Increased blood viscosity can reduce inner 

ear blood flow and cause inner ear damage 

[17]. Moreover, lipid metabolic disorders 

can lead to lipid accumulation in cochlear 

hair cells and damage to cochlear nerve 

cells, followed by inhibition of neural 

transduction (17, 18). Moreover, hearing 

loss due to hyperlipidemia tends to 

improve with diet control and anti- 

lipidemic therapy (19). 

However, the findings obtained in this 

study showed that the O blood group 

ISSNHL patients with normal TC and TG 

values gave the lowest response to HBO 

treatment. On the contrary, patients with 

AB and A blood groups gave a higher 

response to HBO treatment compared to O 

blood group, although they had TC and TG 

levels above normal values. In addition 

individuals with B blood group gave the 

best response to HBO treatment despite 

high borderline TG levels. Yet there is no 

study showing the relationship of blood 

group antigens with HBO treatment in 

ISSNHL patients. The findings of this 

preliminary study need to be supported by 

further studies. The finding that might be 

suggested from this study is that ISSNHL 

patients with O blood group antigen are 

less likely to be injured than HBO therapy. 

The negative might be effects of O blood 

antigens on microcirculation may lies in its 

affecting the rheological properties of 

blood,   the    composition  of membrane 

lipids,    protein-lipid  interactions  in 

membrane structures and the activities of 

membrane-bound enzymes.  Recently, 

researchers   reported that individuals with 

blood  group O are   relatively  more 

susceptible to noise-induced hearing loss 

(20). To  confirm  ABO   blood group 

hypothesis, measuring ultrahigh-frequency 

auditory sensitivity in individuals with 

different blood groups would be beneficial 

Also the  reduction in  amplitude of 

ultrahigh-frequency  in  blood  group O 

indicates a possible reduction in outer hair 

cell function. However, HBO therapy is 

generally very effective on recovery from 

ISSNHL patients. In patients with ISSNHL 

blood group O, the lipid profile indicates a 

statistically lower atherogenicity. As a 

result, the novel atherogenic indexes AIP 

and AI index are lower in patients with 

blood group O than non-O blood groups. 

To date, atherogenic indices by blood 

grouping have not been studied in ISSNHL 

patients. The results of the present study 

are in consensus with reports by previous 

studies who also reported reduced HBO 

treatment response in individuals with 

blood group O (20, 21). 

 
Conclusion 

This study attempted to determine effects 



E. Eren et al. 

182 

 

 

 

of blood group type on ISSNHL using 

atherogenic indices and lipid  

measurements during HBO therapy. The 

results of the study showed a significant 

reduction in good response to HBO  

therapy in individuals with blood type O 

compared to individuals with other blood 

groups. However, there was no significant 

difference in response to HBO treatment 

between non-O blood groups. Therefore, it 

can be considered that ISSNHL patients 

with blood group O antigen may be 

genetically susceptible to ISSNHL and 

their lipid levels are not effective. Further 

studies on larger individual groups are 

required to generalize the results. 
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