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SUMMARY 
Purpose: Smoking is known to cause ototoxicity, hypoxia in cochlear and spiral gaglion cells and an increase in blood viscosity. It was 

also found that nicotine binds to nicotinic acetylcholine receptors and eliminates the modulatory effects of the receptors. Considering that 
cholinergic neurons in the upper auditory pathways are also located in the olivo-cochlear pathway, our study aimed to evaluate the peripheral 
and efferent auditory systems in smokers. 

Methods: In the study, TEOAE and contralateral suppression of TEOAE responses were evaluated in 20 smoker aged 18-30 who had 
smoked for at least 2 years and 20 non-smokers aged 18-30. 

Results: TEOAE-2000Hz, TEOAE-2800 Hz and TEOAE-4000 Hz values were significantly decreased in the group of smokers. There 
was no significant difference in the suppressed emission values of the ears and in the numbers of suppressed ears between the groups. 
 

Conclusions: Although the findings obtained in our study show that smoking may cause cochlear effects, no findings were obtained 
indicating that smoking affects the medial olivocochlear (MOC) reflex. This situation is thought to be related to the fact that the study was 
conducted on young individuals with a short smoking duration. In future studies, it is recommended to use additional tests to reveal the 
efferent auditory system effects. 
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SİGARA KULLANIMININ EFERENT İŞİTME SİSTEMİ ÜZERİNDEKİ ETKİSİ: VAKA KONTROL ÇALIŞMASI 
ÖZET 
Amaç: Sigara kullanımının ototoksisiteye, koklear ve spiral ganglion hücrelerinde hipoksiye ve kan viskozitesinde artışa neden olduğu 

bilinmektedir. Ayrıca nikotinin nikotinik asetilkolin reseptörlerine bağlandığı ve reseptörlerin modülatör etkilerini ortadan kaldırdığı 
bulunmuştur. Üst düzey işitsel yollardaki kolinerjik nöronların olivo-koklear yolda da yer aldığı düşünüldüğünde, çalışmamızda sigara 
içenlerde periferik ve efferent işitsel sistem değerlendirmesi amaçlamıştır. 

Gereç ve Yöntemler: Çalışmada, 18-30 yaş aralığındaki en az 2 yıldır sigara kullanan 20 kişide ve sigara kullanmayan 20 kişide TEOAE 
ve kontralateral supresyonlu TEOAE yanıtları değerlendirilmiştir. 

Bulgular: TEOAE-2000Hz, TEOAE-2800 Hz ve TEOAE-4000 Hz amplitüdleri sigara içen grupta anlamlı olarak düşük elde edilmiştir. 
Kulakların supresyonlu emisyon değerlerinde ve supresyonlu kulak sayılarında gruplar arası anlamlı farklılık elde edilmemiştir. 

Sonuçlar: Çalışmamızda elde edilen bulgular sigara kullanımının koklear etkiye neden olabileceğini gösterse de sigara kullanımının 
medial olivokoklear (MOC) refleksi etkilediğini gösteren bir bulgu elde edilmemiştir. Bu durumun çalışmanın genç bireylerden oluşan sigara 
kullanım süresi kısa olan bireylerde yapılmış olması ile ilişkili olduğu düşünülmüştür. İlerleyen çalışmalarda efferent işitsel sistem 
etkilenimini ortaya koymak amacı ile ek testlerin kullanılması önerilmektedir. 

 
Anahtar Sözcükler: Sigara kullanımı, efferent işitsel sistem, olivokoklear demet, otoakustik emisyon, supresyon 

INTRODUCTION 

Hearing loss is one of the most common 
sensory disorders that interferes with the ability 
to understand speech, causing social and 
communication problems1. There are various risk 
factors for hearing loss, such as genetic factors, 
congenital complications, infectious  
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diseases, ototoxic drug use, noise exposure, and 
old age2. In addition, smoking, which is a serious 
public health problem; It is known to cause 
auditory problems in addition to bacterial 
respiratory infections, acute and chronic viral 
diseases, mouth, larynx, esophagus, pancreas, 
kidney and bladder cancer, arteriosclerosis, 
aortic aneurysm, stroke and multiple organ 
disorders3-6.  

Studies have reported that smoking is a 
risk factor for sensorineural hearing loss, and this 
has been associated with the ototoxic effects of 
various components such as toluene, benzene 
and carbon monoxide found in cigarette 
smoke3,7,8. Hawkins (1971) observed nicotine 
receptors in the hair cells of the subjects after 
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cigarette exposure9. Although the mechanism of 
action of smoking has not been clearly 
determined, many studies have drawn attention 
to cochlear ischemia due to increased 
carboxyhemoglobin levels, and the increase in 
blood viscosity caused by smoking, in addition 
to the ototoxicity of nicotine6,10,11. Smoking has 
also been reported to reduce oxygen levels in 
spiral ganglion cells. 

Furthermore, studies have shown that 
nicotine binds to nicotinic acetylcholine 
receptors (nAChR), which modulate the effects 
of acetylcholine and extend from the trapezoid 
body to the cochlear nucleus, abolishing the 
modulatory effects of the receptors and causing 
central impairments in auditory and visual 
modalities12-15. Cholinergic neurons are nerve 
cells that use acetylcholine (ACh) as a 
neurotransmitter16, the portion of these neurons 
in the upper auditory pathways has been reported 
to involve the olivocochlear pathway17. In the 
light of these data, we suggest that smoking may 
affect cochlea and medial olivocochlear (MOC) 
reflex function. The olivocochlear bundle plays 
an inhibitory role on the activity of outer hair 
cells and its stimulation decreases auditory nerve 
response, basilar membrane motility and OAE 
amplitüde. Contralateral suppressed OAE is the 
only objective and non-invasive method to assess 
MOC activity18. Vinay et al. (2010) observed a 
decrease in the value of suppression in smokers 
aged 20-69, while Paschoal et al. (2009) 
observed an increase. The number of studies on 
this subject in the literature is insufficient and 
conflicting results have been reported in current 
studies.19,20. Therefore, in our study, we aimed to 
evaluate the cochlear and contralateral efferent 
suppression effect due to smoking by performing 
TEOAE test in the presence and absence of 
contralateral stimuli. 

MATERIAL and METHODS 
This study was conducted in Bezmialem 

Vakif University, Audiology Department and 
approval was obtained from Bezmialem Vakif 
University Ethics Committee. Number of the 
ethics committee: 2021/409. 

1 Participants 
Twenty smokers and 20 non-smokers 

between the ages of 18-30 were included in our 
study. The sample size for %80 power and at 
%95 confidence level and 0.05 significance level 

was determined as at least 15 as a result of power 
analysis. People who have been smoking for at 
least 2 years were included in the smokers group. 
As the participants in the smokers group were 
young adult, their maximum duration of smoking 
was 5 years. The amount of cigarette use of the 
participants was calculated as pack/year. The 
pack/year calculation was obtained by dividing 
the number of cigarettes used per day by 20 and 
multiplying by the year of use19. Our participants 
smoked a minimum of 1 pack year and a 
maximum of 2.5 pack years. The non-smoking 
group consisted of individuals with no smoking 
history and normal hearing. To verify bilateral 
normal middle ear function, all participants 
underwent immitansmetric evaluation at 226 Hz 
and acoustic reflex testing at 500-1000-2000-
4000 Hz with GSI's Tympstar Pro device. In 
order to evaluate the auditory sensitivity of the 
patients, 125-8000 Hz air conduction thresholds 
and 250-4000 Hz bone conduction thresholds 
were evaluated with the Madsen Astera device. 
Individuals with pure tone average of air and 
bone conduction better than 20 dB HL at 
frequencies of 500-1000-2000-4000 Hz, bilateral 
Type-A tympanograms, and 
ipsilateral/contralateral acoustic reflexes at 
frequencies of 500, 1000, 2000, and 4000 Hz 
were included in the non-smoker group. 

All participants did not have auditory-
vestibular complaints, history of noise exposure, 
head trauma, ototoxic drug use, otological, 
central, systemic and metabolic diseases. Verbal 
and written consent were obtained from each 
participant of the study. 

2 Procedures 
2.1 Transient Evoked Otoacoustic 

Emissions Test 
Transient evoked otoacoustic emissions 

(TEOAE) measurement was recorded with linear 
click stimulus at 75±4 dB peSPL at frequencies 
of 1000, 1400, 2000, 2800 and 4000 Hz with 
ILO 292 Echoport USB II device. 
Reproducibility [70% and above], stability [80% 
and above], stimulus intensity [75± 4 dB peSPL 
and SNR>3 dB] parameters were followed. 

2.2 Contralateral Suppression of 
Transient Evoked Otoacoustic Emissions 

ILO 292 Echoport USB II device was 
used for contralateral suppression test with 
otoacoustic emissions. Separately for right and 
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left ears, it was recorded with linear click 
stimulus at 75± 4 dB peSPL in the presence of 
broadband white noise provided with 
contralateral 2 sec intervals with 60 dB SPL 
intensity at frequencies of 1000, 1400, 2000, 
2800 and 4000 Hz. The followed parameters 
were as follows: reproducibility [70% and 
above], stability [80% and above], stimulus 
intensity [75± 4 dB peSPL], contralateral 
stimulus intensity [60 dB SPL] sweep [260] and 
broadband white noise as contralateral noise 
type. Presence of suppression was decided if 
there was at least 1 dB amplitude decrease in at 
least 3 frequencies. 

Statistical Analysis 
The results were analyzed using IBM 

SPSS Statistics version 22.0 software. For the 
analyzed data, mean, standard deviation, 
minimum, and maximum values were obtained. 
The normality analysis of the distribution of 
continuous numerical values was performed with 
the Shapiro-Wilk and Kolmogorov-Smirnov 
tests. A comparison between two variables was 
performed using the t-test for normally 
distributed variables and the Mann-Whitney U 
test for non-normally distributed variables. The 
results of all analyses were interpreted at a 95% 
confidence interval and a significance level of p 
< 0.05. 

RESULTS 
The mean ages of the smoking group 

(15female/5male) and non-smoking group (18 
female/2 male) were 22±1.41 and 22.5±0.70, 
respectively. No statistically difference was 
found between the groups according to age 
(p>0,05) 

In audiometric evaluation of the 
participants, 125, 250, 4000 Hz air conduction 
thresholds and 250, 2000, 4000 Hz bone 
conduction thresholds were lower in the 
smokers' groups (Table-1). 

TEOAE-1000, TEOAE-1400, TEOAE-
2000, TEOAE-2800, TEOAE-4000 values were 
compared in order to evaluate cochlear 
sensitivity between groups with Mann-Whitney 
U test. TEOAE-2000Hz, TEOAE-2800 Hz and 
TEOAE-4000 Hz amplitude values were lower 
in the smokers' group (Figure-1). 

The suppression values at 1000 Hz, 1400 
Hz, 2000 Hz, 2800 Hz, and 4000 Hz in the right 
and left ears of participants in the smokers' and 
non-smokers' groups were compared using the t-
test. There was no significant difference in the 
emission values of the right and left ears in both 
groups. Since there was no significant difference 
between the ears in both groups, the total ear 
(n:40/40) was taken as the basis for the 
comparison of suppressed emission values 
between the groups. Suppression was obtained in 
12 of 40 ears in the non-smoking group, while 
suppression was obtained in 13 of 40 ears in the 
smoking group. No significant difference was 
obtained in the number of suppressed ears 
between the groups (p=0,80; p>0,05). The 
suppressed emission values between the groups 
were compared with the t test, and there was no 
significant difference in the suppressed emission 
values of the ears in the smoking and non-
smoking groups (p>0,05) (Table-2). 
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Table-1 Audiometric thresholds of groups 

Groups  

Non-smokers 

(40 Ears) 

Smokers 

(40 Ears) 

Audiometric 

Thresholds 

Mean Sd. Mean Sd. 

p Value 

AC_125 Hz 5,37 5,92 9,87 6,25 0,001* 

AC_250 Hz 3,75 4,90 7,12 7,41 0,013* 

AC_500 Hz 3,00 3,16 5,00 6,60 0,078 

AC_1000 Hz 2,50 3,92 0,87 4,78 0,147 

AC_2000 Hz 0,62 4,11 1,87 5,27 0,161 

AC_4000 Hz 1,37 4,93 5,75 7,38 0,002* 

AC_6000 Hz 6,12 7,96 8,87 7,96 0,202 

AC_8000 Hz 5,12 5,60 5,75 7,12 0,759 

BC_250 Hz -1,62 4,29 1,12 6,25 0,031* 

BC_500 Hz -0,50 5,40 1,37 5,65 0,423 

BC_1000 Hz -2,00 5,40 -1,75 5,37 0,936 

BC_2000 Hz -2,25 3,38 -0,25 5,05 0,030* 

BC_4000 Hz -2,62 4,52 p<0,05 5,66 0,026* 

Mann-Whitney U test *p<0.05 Sd: Standard Deviation  

AC: Air conduction, BC: Bone conduction 
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Table-2 Suppressed emission values of the ears in the smoking and non-smoking groups 

Groups  

Suppressed 

Emission 

Values 

Non-smokers 

(40 Ears) 

Smokers 

(40 Ears) 

Sd. Mean Sd. 

 

p Value 
Mean 

SUP_1000 Hz -0,1 2,6 -1,4 3,5 0,062 

SUP_1400 Hz -1,1 3,6 -0,3 2,5 0,296 

SUP_2000 Hz -0,3 2,4 -0,7 2,6 0,595 

SUP_2800 Hz -0,4 1,7 -0,7 1,8 0,483 

SUP_4000 Hz -0,3 1,6 -0,2 1,5 0,619 

t test *p<0.05 Sd: Standard Deviation 

SUP: Supression 

 

 

 

P=0,019* 

 
 Figure 1: TEOAE amplitude value of groups 
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DISCUSSION 

It is stated in the literature that smoking 
affects the hearing system. The risk of hearing 
loss was found to be 1.69 times higher in 
smokers21. In studies, increased hearing 
thresholds have been observed in smokers, 
especially in the high frequency region5. In our 
study, although the hearing thresholds of both 
groups were within normal limits, a significant 
decrease in 125, 250 and 4000 Hz air conduction 
thresholds was observed in the smoker group. In 
the longer term, it is thought that this decrease 
will be more pronounced with advancing age, 
metabolic diseases and noise exposure19,22. 
Similarly, in OAE studies conducted in smokers, 
although the amplitude decreases are generally in 
the high frequency region such as 4000 Hz and 
6000 Hz, there are also studies in which an 
amplitude decrease is observed at 1000 Hz20,23. 
This influence in the high frequency region is 
explained by the fact that the cochlear artery 
feeding the basal region of the cochlea is more 
sensitive to atherosclerotic changes seen in 
smokers. TE2000 Hz, TE2800 Hz and TE4000 
Hz values were significantly lower in the smoker 
group in our study, also. Some studies in the 
literature have reported that smoking alone 
cannot cause auditory effects, but may increase 
the effect of noise induced hearing loss. People 
who were exposed to noise and had diseases 
such as hypertension, diabetes and high 
cholesterol that could make the stria vascularis 
vulnerable to vascular danger were not included 
in our study. Despite this situation, the decrease 
in amplitude observed in TEOAE in the smoking 
group shows that smoking alone may cause 
cochlear damage. 

Ryan (1990) showed in their animal 
experiment that the central effects of nicotine 
can modulate the response of hair cells through 
efferent neural discharge changes in the olivo-
cochlear bundle pathway24. Vinay (2010), in his 
study investigating the age-related suppression 
levels in smokers, found that suppression values 
decreased in all age groups in smokers. In 
addition, suppression values in individuals aged 
20-49 were higher than in individuals aged 50-69 
in the smoker group19. In contrast, Paschoal et al. 
(2009) revealed in their study that smoking 
increases suppression. They found that this result 

was associated with an increase in inhibition due 
to the stimulatory effect of nicotine on the 
acetylcholine that efferent auditory 
neurotransmitter. In our study, no significant 
difference was found in the suppression values 
and the number of suppressed ears between the 
smoker and non-smoker groups. We think that 
these results may be related to the short duration 
of smoking due to the fact that our study sample 
consists of young adults between the ages of 18-
30. Considering the studies, it is recommended 
to conduct efferent system studies in elderly 
individuals with long-term smoking. In addition, 
we think that the contradictory findings in our 
study with Vinay's (2010) study may be related 
to the duration of smoking, passive smoking, 
smoking dose, nicotine and carbon monoxide 
ratios of the cigarette used. 

CONCLUSION 

Although the findings obtained in our 
study show that smoking may cause cochlear 
effects, no findings were obtained indicating that 
smoking affects the medial olivocochlear (MOC) 
reflex. This situation is thought to be related to 
the fact that the study was conducted on young 
individuals with a short smoking duration. In 
future studies, it is recommended to use 
additional tests to reveal the efferent auditory 
system effects. 
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