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Amag Sigara igcmenin isitme {izerindeki potansiyel etkisine iliskin dnceki ¢aligmalarda geliskili sonuglar elde
edilmistir. Celiskili sonuglarin bir nedeni olarak genisletilmis yiiksek frekansl isitme esiklerini degerlendiren
calisma sayisinin sinirli olmasi gosterilebilir. Bu nedenle, bu calisma, genisletilmis yiiksek frekansli igitme esikleri
kullanarak sigara igmenin igitme iizerindeki potansiyel etkisini degerlendirmeyi amaglamaktadir.

Gere¢ ve Yontem Bu calismaya 20-30 yaslar1 arasinda normal isiten (0.125-8 kHz isitme esigi < 15 dB HL)
toplam 80 katilimci dahil edildi. Tiim katilimcilarin her iki kulagindaki genisletilmis yiiksek frekansl igitme
esikleri 9-20 kHz araliginda degerlendirildi. Sigara igenlerin sigara tiiketimi Brinkman indeksine gore belirlendi.
Bulgular Saf ses isitme esikleri agisindan ¢alisma ve kontrol gruplari arasinda istatistiksel olarak anlaml bir fark
elde edilmistir. Bu fark sag kulakta 9 kHz, sol kulakta 10 kHz'den sonra istatistiksel olarak anlamli diizeyde
artmaya baslamustir. Ayrica, Brinkman Indeksi ile genisletilmis yiiksek frekans isitme esikleri arasinda istatistiksel
olarak anlamli diizeyde yiiksek derecede pozitif bir korelasyon elde edilmistir.

Sonu¢ Sonuglar sigara igmenin isitme lizerinde, 6zellikle yiiksek frekansli isitme esikleri tizerinde potansiyel bir
etkisi oldugunu diisiindiirmektedir. Ayrica bu ¢aligma sigara kullanimi durumunda saf ses isitme esiklerinin hangi
frekanstan itibaren etkilendigini gosteren ilk ¢aligmadir. Klinisyenler, isitmeyi etkileyebilecek olasi durumlari
gozden kacirmamak igin rutin odyolojik degerlendirmede kullanilan frekans araligi ile sinirli kalmayip
genisletilmis yiiksek frekans isitme esiklerini ihmal etmemelidir.

Anahtar kelimeler: Sigara kullanimi; Isitme kaybi; Isitme saglhgi; Genisletilmis yiiksek frekans isitme
esikleri; Brinkman indeksi
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Abstract

Objectives Previous studies have had conflicting results regarding the potential effect of smoking on hearing.
One reason for the conflicting results may be the limited number of studies evaluating extended high-frequency
hearing thresholds among these studies. Therefore, this study aims to evaluate the potential effect of smoking on
hearing using extended high-frequency hearing thresholds.

Materials and Methods A total of 80 participants aged 20-30 with normal hearing (0.125-8 kHz hearing
thresholds < 15 dB HL) were included in this study. Extended high-frequency hearing thresholds in each ear of
all participants were evaluated in the range of 9-20 kHz. The cigarette consumption of smokers was determined
according to the Brinkman Index.

Results There was a significant difference between the study and control groups in pure-tone hearing thresholds.
This difference started to increase after 9 kHz in the right ear and 10 kHz in the left ear. Also, there was a highly
positive correlation between Brinkman Index and hearing thresholds at all extended high-frequencies.
Conclusion The present study suggests that smoking has a potential effect on hearing, especially on high-
frequency hearing thresholds. Also, this is the first study to show from which frequency pure tone hearing
thresholds are affected in smoking. Clinicians should not be limited to the frequency range used in the routine
audiological evaluation and should not ignore extended high-frequency hearing thresholds not to overlook
possible conditions that may affect hearing.

Keywords Smoking; Hearing loss; Hearing health; Extended high-frequency hearing; Brinkman Index
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Introduction

Sense of hearing is the most important factor that provides opportunities for
individuals’ social communication. Conditions such as ageing, exposure to noise, and use of
ototoxic drugs can cause hearing loss. In particular, noise exposure is one of the most important
environmental factors that can cause hearing loss (Hong et al., 2013). However, smoking can
lead to life-threatening chronic diseases and the risk of hearing loss (Ohgami et al., 2011).

There are discussions in the literature on the mechanism of the effect of smoking on
the inner ear. Previous studies showed that nicotine directly affects the inner ear (Harkrider et
al., 2001). In addition, different studies stated that the level of carboxyhemoglobin is high in
smokers. Therefore, the oxygen level that the organ of Corti can use may decrease (Sung et al.,
2013). In another study, they showed that the inner ear blood perfusion of participants exposed
to high noise and smoked at the same time could decrease more due to tobacco. As a
consequence, hearing loss may occur because the amount of oxygen required for cellular
metabolism is not sufficient (Raub & Benignus, 2002; Tavanai & Mohammadkhani, 2017). In
another study, they suggested that diastolic blood pressure increased in smokers. As a result,
arterial hypertension could also affect the organ of Corti (Figueiredo et al., 2015; Mosnier et
al., 2001).

There are differences in the results of studies on the effect of smoking on hearing.
Ohgami et al. compared 14 smokers and 37 non-smokers with 1, 4, 8 and 12 kHz pure-tone
hearing thresholds (PTTs) (Ohgami et al., 2011). As a result of the study, there was no
difference between the 1, 4 and 8 kHz PTTs between the two groups. In comparison, the 12
kHz PTTs were higher in the smoking group. Cunningham et al. compared 18 smokers and 25
non-smokers using extended high-frequency hearing thresholds (EHFTSs) between 8 and 18
kHz. As a result of the study, the PTTs of the smoking group were higher than the control group.
However, this difference in hearing thresholds was not statistically significant (Cunningham et
al., 1983). Oliveira et al. compared 30 smokers and 30 non-smokers using PTTs between 0.25
and 18 kHz. As a result of the study, the PTTs of the smoking group at all frequencies were
statistically significantly higher (de Oliveira, 2009). On the other hand, Pearson et al. evaluated
the effects of risk factors for hearing loss, such as age, blood pressure, smoking, and alcohol
use, on hearing thresholds in participants using PTTs between 0.5 and 8 kHz. They could not
find any factor that would cause a statistically significant increase in hearing thresholds except
for blood pressure (Pearson & Morrell, 1996). Also, Karlsmose et al., in their study evaluating
the hearing thresholds of the participants between 0.25 and 8 kHz, could not find a relationship

between smoking and hearing loss (Karlsmose et al., 2000).
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In previous studies, it is seen that while some of the researchers consider the high-
frequency hearing thresholds in smokers, some ignore this and investigate the effect of smoking
on hearing. Therefore, conflicting results have emerged regarding the potential effect of
smoking on hearing. However, it is thought that factors such as smoking, which affect hearing,
cause metabolic problems in the body and affect extra high-frequency hearing thresholds more
than the hearing thresholds used in routine audiometry frequencies (Lasso de la Vega et al.,
2016; Makishima, 1978; Manju, 2014; Thottan, 2019) Therefore, this study aims to evaluate
the potential effect of smoking on hearing with EHFTSs in participants who do not have a history

of hearing loss, such as noise exposure and ototoxic drug use.

Material and Methods

Ethical approval of this study was obtained from the Non-Interventional Clinical
Research Ethics Committee (GO20/835) and was completed in accordance with the standards
set by the Declaration of Helsinki. The present research’s type is a case-control study.
Participants

The study and control groups were formed from individuals who applied to the
announcement created for the study on the university campus, which met the criteria for
participation in the study. A total of 65 participants aged 20-30 with normal hearing (0.125-8
kHz hearing thresholds < 15 dB HL) were included in this study. The study group consisted of
37 (21 Males, 16 Females) participants with a mean age of 24.9 + 3.35 who smoked for one
year or longer. The control group consisted of 43 non-smokers (22 Females, 21 Males) with a
mean age of 24.7 £ 4.9 years. It was considered that there were no conditions (noise exposure
and history of ototoxic drug use) that could cause differences in hearing thresholds between the
groups for all participants. The function and appearance of all participants' external and middle
ears were examined by otoscopy and tympanometry and defined as normal. The cigarette
consumption of smokers was determined according to the Brinkman Index (BI). This index was
obtained by multiplying the number of cigarettes consumed per day by the participants and the
number of years they smoked. All assessments were applied alternately, from a study group to
a control group. Individuals who agreed to participate in the study were informed about the
purpose of the study, and their written consent was obtained.
Pure Tone Audiometry

Pure tone audiometry was performed in a soundproof room with Interacoustics AC-40
audiometer and calibrated TDH-39P (for 0.125-8 kHz) earphones, Sennheiser HDA200 (for 9-

20 kHz), and Radioear B-71 bone vibrator. The participants were given a button to put on
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appropriate headphones. Participants were asked to respond to the sounds they heard through
the headphones by pressing the button. The descending method was used when determining
hearing thresholds. First, it was confirmed that the participants' air conduction hearing
thresholds of 0.125-8 kHz were lower than 15 dB HL. Afterwards, it was confirmed that there
was no difference of more than 10 dB hl between the bone conduction hearing thresholds and
the air conduction hearing thresholds. After individuals met the study criteria, EHFTs were
evaluated at 9, 10, 11.2, 12.5, 14, 16, 18, and 20 kHz, respectively.
Statistical Analysis

The sample size of the study was determined by the G*Power program. It should include
a minimum of 15 participants from each group with a 5% type | error level and 95% power to
detect a clinically significant difference, according to the power analysis. Data were evaluated
with SPSS version 24.0 (IBM Inc., Armonk, NY, USA). In comparing two numerical
independent data groups, to decide which non-parametric or parametric tests will be used,
whether the data is normally distributed or not was evaluated by visual (Histogram, Detrended
Plot) and analytical methods (Skewness/Kurtosis, Shapiro-Wilk, Coefficient of Variation).
Descriptive analyses of the study data, observed to be normally distributed, were given using
the mean and standard deviations. Independent samples t-test was used to compare the hearing
thresholds of the study and control groups. The assumption of homogeneity of variance was
checked via Levene's test (p<0.001). The Repeated Measure ANOVA test was used to compare
the differences between the hearing thresholds of the study and control groups according to the
frequencies in each ear. The Greenhouse-Geisser correction was used when the sphericity
assumption was not met. The relationship between two normally distributed data sets was
evaluated with Pearson's correlation coefficient. A p-value <0.05 was considered statistically

significant.

Results

Descriptive Statistics of the Participants

A total of 80 individuals, 38 female and 42 male, were included in our study. The study
group consisted of 37 (21 Male, 16 Female) smokers, and the control group consisted of 43 (22
Female, 21 Male) non-smokers. While the mean age of the study group was 23.08 = 3.16, the
mean age of the control group was 24.7 + 4.9. There was no statistically significant difference
between the groups regarding age and gender (p>0.05). The BI values of the participants were
between 40 and 220, and the average Bl value was 116,43. Demographic information and Bl

values of the study group are shown in Table 1.
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Hearing Thresholds Differences Between Groups

The PTTs (0.125-8 kHz) were less than 15 dB HL. Considering the PTTs in the right
ears of the participants, there were significant differences between the study and control groups
in terms of 11.2, 12.5, 14, 16, and 20 kHz PTTs (p<0.05). No significant difference was found
in pure-tone hearing thresholds of 9, 10, and 18 kHz (p>0.05). The distribution of the average
hearing thresholds for each frequency in the 9-20 kHz range in the participants’ right ear
according to the groups and the statistical differences between the groups are shown in Table
2.

Considering the PTTs in the left ears, all frequencies’ PTTs differ statistically between
the study and control groups (p<0.05). The distribution of the average hearing thresholds for
each frequency in the 9-20 kHz range in the left ear of the participants according to the groups
and the statistical differences between the groups are shown in Table 3.

In addition, the average hearing threshold differences between the study and control
groups at each frequency for the right ear are shown in Table 4. There was a significant
difference between the averages of PTTs differences from 9-10 kHz, 10-11.2 kHz, and 11.2-
12.5 kHz (p<0.01). There was no significant difference between the averages of PTTs between
12.5 and 20 kHz (p>0.05). The frequency ranges where these values differ statistically are
shown in Figure 1.

The average hearing threshold differences between the study and control groups at each
frequency for the left ear are shown in Table 5. There was a significant difference between the
averages of 10-11.2 kHz PTTs (p<0.01). There was no significant difference between the
averages of PTTs differences between 9-10 kHz, and 11.2- 20 kHz (p>0.05). The frequency
ranges where these values differ statistically are shown in Figure 2.
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Table 1: Demographic information and Bl values of the study group

Participants No Sex Age Bl
1 M 21 96
2 F 21 85
3 F 22 90
4 M 26 150
5 M 26 180
6 M 27 140
7 F 20 80
8 F 19 60
9 M 18 72
10 F 28 200
11 M 30 220
12 F 27 180
13 M 25 160
14 F 21 100
15 F 20 60
16 M 19 80
17 M 18 40
18 F 21 48
19 M 26 150
20 M 23 120
21 F 20 51
22 M 21 66
23 F 22 90
24 M 20 100
25 M 23 144
26 M 24 160
27 F 27 190
28 M 21 50
29 F 26 200
30 M 25 120
31 M 22 91
32 F 23 85
33 F 26 180
34 M 25 80
35 M 27 120
36 F 19 144
37 M 25 126

Bl: Brinkman Index
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Table 2: Distribution of average hearing thresholds for the right ear in the range of 9-20 kHz by groups

Group Mean (dB) P-value
Frequency N Std.
e oo & g% 0% om
w8 s i3, o
wawe S B2 DL oo
poe S B 01 oo
T LI o
w08 2 L2 oo
o SO B 22 T
ok Qe e 23 oo

Std.: standard deviation

* Independent samples t-test

Table 3: Distribution of average hearing thresholds for the left ear in the range of 9-20 kHz by groups

Group Mean (dB) P-value
Frequency N Std.
9 KHz Control 43 3,06 9,41 0.01%

Study 37 11,76 10,74

Control 43 1,39 9,36 0,03*
0kHz  gdy 37 1088 14,92

Control 43 -1,94 8,59 <0.01*
12kHz gy 37 17,35 22,78

Control 43 -2,78 10,03  <0.01*
125kHZ gy 37 17,94 22,50

Control 43 -1,94 12,26  <0.01*
14 kHz Study 37 20,00 24,17

Control 43 -2,50 1526  0,04*
16 kHz Study 37 18,24 27,09

Control 43 -1,18 9,92 <0.01*
18KHzZ  gdy 37 2059 27,43

Control 43 0,83 12,27 <0.01*
MkHz gy 37 2012 26,23

Std.: standard deviation

* Independent samples t-test
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Table 4: The difference values between the study and control group average hearing thresholds

according to the frequencies for the right ear

Frequency N Mean (S-C) Std.
9 kHz 37 -3,82 12,18
10 kHz 37 1,47 14,87
11.2 kHz 37 9,70 21,89
12.5 kHz 37 18,52 23,30
14 kHz 37 18,52 29,93
16 kHz 37 19,12 20,70
18 kHz 37 18,23 22,56
20 kHz 37 19,41 18,61

Std.: standard deviation

20,00

15,007 * /
10,00 f',/

5,00 /

-5,00

T T T T T T T T
8 kHz I0kHz 112kHz 125kHz 14 1Hz 16 kHz 18 kHz 20 KHz

Figure 1: The difference values between the control and study group average hearing thresholds

according to the frequencies for the right ear

Table 5: The difference values between the control and study group average hearing thresholds

according to the frequencies for the left ear

Frequency N Mean (S-C)  Std.

9 kHz 37 941 13,90
10 kHz 37 10,00 27,32
11.2kHz 37 19,11 23,86
125kHz 37 20,58 23,10
14 kHz 37 20,88 24,05
16 kHz 37 22,05 20,16
18 kHz 37 22,94 19,45
20 kHz 37 22,64 21,87

Std.: standard deviation
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Figure 2: The difference values between the control and study group average hearing thresholds
according to the frequencies for the left ear

The relationship between the hearing thresholds and the Brinkman Index of the
participants in the study group was investigated using Pearson's correlation. As a result of the
analysis, the correlation coefficients and statistical significance values are shown in Table 6.
According to this, there was a weak correlation between Brinkman Index and 9 kHz hearing
thresholds (r= 0.37, p<0.05) and a moderate positive correlation with 10 kHz (r=0.44, p<0.01).
There was a highly positive correlation between the Brinkman Index and hearing thresholds of
11.2 (r=0.69), 12.5 (r=0.74), 14 (r=0.69), 16 (r=0.73), 18 (r=0.70) and 20 kHz (r=0.67)
(p<0.01).

Table 6: Statistical analysis of hearing thresholds and Brinkman Index results from the study group

9 kHz 10 kHz 11.2kHz 125kHz 14 kHz 16 kHz 18 kHz 20 kHz

Correlation ) o7v g4y~ 0g9™  074™ 069" 073" 070" 067"
Coefficient

Bl p.value 0,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00
N 37 37 37 37 37 37 37 37

BI: Brinkman Index

268



. . H.U. Saglik Bilimleri Fakiiltesi Dergisi
The Effect of Smoking on Hearing agut mum gll ”ao MS:;: 5 ezrgg

Doi: 10.21020/husbfd.1176193
Discussion and Conclusion

In this study, there was no difference in the mean age of the participants between the
smoking group and the control group. Considering the previous studies, it is seen that the age
variable alone causes the degeneration of the cochlea, and as a result, it may cause an increase,
especially in the EHFTs (Ciorba et al., 2011; Huang & Tang, 2010). In the current study, it was
considered that the mean age did not differ between the groups to evaluate the effect of smoking
on hearing independently of age.

In the present study, EHFTs in the right and left ears of the smoking and control group
were compared. Considering the PTTs in the right ears of the participants, there was a
significant difference between the two groups at 11.2, 12.5, 14, 16 and 20 kHz. On the other
hand, in the left ear, there was a significant difference between the two groups at all frequencies.

There are several hypotheses in the literature regarding the pathophysiology of the
effect of smoking on the inner ear. Hultcrantz et al. reported that nicotine in cigarettes directly
affects the inner ear and causes hearing loss (Hultcrantz et al., 1982). Stewart et al. showed that
carboxyhemoglobin levels increased in smokers. They stated that the increase in
carboxyhemoglobin level causes a decrease in the oxygen level that the organ of Corti can use,
and thus hearing loss may occur (Stewart, 1976). In another study, they stated that noise
exposure might cause an increase in the cellular metabolism of the cochlea and that smoking
may decrease the perfusion of the cochlea. Consequently, they stated that hearing loss might
occur due to the inability to meet the required amount of oxygen for the cellular metabolism
needs of individuals exposed to high-intensity noise and who smoke (Hawkins Jr, 1971).
Another hypothesis suggested that diastolic blood pressure increased in smokers and that
arterial hypertension could also affect the organ of Corti (Pyykké et al., 1989). In addition to
the cigarette mentioned above effects on the cochlea, studies show that cochlear perfusion is
more intense in the basal region of the cochlea, which is responsible for high-frequency hearing
than in the apex region (Chen et al., 2013). Therefore, potential metabolic problems can be
expected to affect the basal region of the cochlea more than the apex. As an indicator of this
situation, in the present study, unlike previous studies, we tried to show in which frequency
range cigarette smoking affects hearing thresholds more. According to the results, the mean
values of the differences between the hearing thresholds of the control and research groups in
both ears increase as the frequency increases. This increase is statistically significant in the
frequency range of 9-10 kHz, 10-11.2 kHz, 11.2-14 kHz in the right ear, and 10-11.2 kHz in
the left ear. According to these results, considering that the participants' 0.125-8 kHz hearing

thresholds are within normal limits, it can be thought that smoking creates a difference in high-
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frequency hearing thresholds in individuals. This difference increases significantly, especially
after 9 and 10 kHz. Also, in the current study, a correlation was observed between the hearing
thresholds of each frequency evaluated regardless of the ear and the Brinkman Indices. The fact
that this correlation is weak at 9 kHz hearing thresholds, moderate at 10 kHz hearing thresholds,
and high at and higher at 11.2 kHz and above may indicate that the negative effect of smoking
increases towards the basal region in the cochlea.

In addition, when PTTs were compared between the groups, it was observed that
smoking created more hearing threshold differences between the groups in the left ear. This
finding may indicate that smoking has more negative effects on the left ears of the participants.
It can be seen that there are findings in previous studies that could explain this finding. Moffat
et al. treated individuals with bilateral symmetrical hearing loss with gentamicin. As a result of
the study, it was shown that the improvement in hearing levels in the right ear was more
significant than in the left ear (Moffat & Ramsden, 1977). In another study, it was reported that
noise-induced hearing loss was more common in the left ear than in the right ear (Berg et al.,
2014). Schmidt et al., on the other hand, showed that the left ears of the participants who
received cisplatin treatment were significantly more affected than their right ears (Schmidt et
al., 2008). It has been stated that conditions such as noise-induced hearing loss, ototoxic and
age-related hearing loss cause damage to the cochlea through reactive oxygen-based molecules
(Henderson et al., 2006; Peters et al., 2000). It has also been shown that reactive oxygen-based
molecules can cause damage to the cochlea through nicotine in smokers (Ahn et al., 2011; Gatto
et al., 2014; Stewart, 1976). Considering all these findings, it can be concluded that either
reactive oxygen-based molecules affect the left ear more than the right ear or the hearing loss
caused by these molecules may suggest that the right ear has a more advanced healing
mechanism. However, it is not easy to reach a definite conclusion with the data we have.

The limitations of the present study can be summarised. In the current study, the
participants' smoking habits, previous disease history, etc., were obtained through the subjective
histories of the patients. The accuracy of the information has been directly accepted without
relying on any objective data. In addition, although we consider that there is no difference
between the average age of the groups so that age-related hearing loss does not affect the study
results, there are many pathologies that affect the high-frequency hearing thresholds of
individuals. For this reason, we think that the results should be interpreted carefully and that
the effect of this situation can be reduced by increasing the number of participants included in

the study. In this study, the effect of smoking on hearing was demonstrated by the difference in
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hearing thresholds. Future studies may evaluate the higher levels of the auditory system,
considering the potential effects of smoking on EHFTSs.

To the best of our knowledge, the present study is the first study in which high-frequency
hearing thresholds are evaluated, including 20 kHz, which draws attention to the frequency after
which smoking begins to affect hearing. At the same time, the relationship between smoking
level (with Brinkman Index) and EHFTs were evaluated for the first time with this study. There
is a difference between the smoker's group and the non-smoker's group in terms of EHFTSs in
the current study. This difference started to increase after 9 kHz in the right ear and 10 kHz in
the left ear. Also, a relationship was found between the participants' Brinkman Indexes and
EHFTSs. These findings may indicate the potential effect of smoking on hearing in individuals,
especially on EHFTSs. Since high-frequency hearing thresholds evaluated outside of routine
audiometric examination may reflect factors that may affect the hearing system, such as
smoking, it is recommended to evaluate EHFTs to avoid missing some pathologies even in

patients who are clinically evaluated as normal hearing in the 0.125-8 kHz range.
Funding
This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Conflict of interest

The authors declare that they have no conflict of interest.

271



H.U. Saglhik Bilimleri Fakiiltesi Dergisi
Cilt: 10, Sayi:2, 2023
Doi: 10.21020/husbfd.1176193

The Effect of Smoking on Hearing

References

Ahn, J. H., Joo, H. S., Suh, J. K., Kim, H., So, H. S., & Chung, J. W. (2011). Effects of cigarette
smoking on hearing recovery from noise-induced temporary hearing threshold shifts in mice.
Otology & Neurotology, 32(6), 926-932.

Berg, R. L., Pickett, W., Linneman, J. G., Wood, D. J., & Marlenga, B. (2014). Asymmetry in noise-
induced hearing loss: evaluation of two competing theories. Noise and Health, 16(69), 102.

Chen, W., Wang, J., Chen, J., Chen, J., & Chen, Z. (2013). Relationship between changes in the
cochlear blood flow and disorder of hearing function induced by blast injury in guinea pigs.
International journal of clinical and experimental pathology, 6(3), 375.

Ciorba, A., Benatti, A., Bianchini, C., Aimoni, C., Volpato, S., Bovo, R., & Martini, A. (2011). High
frequency hearing loss in the elderly: effect of age and noise exposure in an Italian group. The
Journal of Laryngology & Otology, 125(8), 776-780.

Cunningham, D. R., Vise, L. K., & Jones, L. A. (1983). Influence of cigarette smoking on extra-high-
frequency auditory thresholds. Ear and hearing, 4(3), 162-165.

de Oliveira, D. C. C. M. (2009). Low and high frequency tonal threshold audiometry: comparing
hearing thresholds between smokers and non-smokers. Brazilian journal of
otorhinolaryngology, 75(5), 738-744.

Figueiredo, R. R., de Azevedo, A. A., & Penido, N. d. O. (2015). Tinnitus and arterial hypertension: a
systematic review. European Archives of Oto-rhino-laryngology, 272(11), 3089-3094.

Gatto, M., Fioretti, M., Fabrizi, G., Gherardi, M., Strafella, E., & Santarelli, L. (2014). Effects of
potential neurotoxic pesticides on hearing loss: a review. Neurotoxicology, 42, 24-32.
Harkrider, A. W., Champlin, C. A., & McFadden, D. (2001). Acute effect of nicotine on non-smokers:

I. OAEs and ABRs. Hearing research, 160(1-2), 73-88.

Hawkins Jr, J. E. (1971). The role of vasoconstriction in noise-induced hearing loss. Annals of
Otology, Rhinology & Laryngology, 80(6), 903-913.

Henderson, D., Bielefeld, E. C., Harris, K. C., & Hu, B. H. (2006). The role of oxidative stress in
noise-induced hearing loss. Ear and hearing, 27(1), 1-19.

Hong, O., Kerr, M. J., Poling, G. L., & Dhar, S. (2013). Understanding and preventing noise-induced
hearing loss. Dis Mon, 59(4), 110-118.

Huang, Q., & Tang, J. (2010). Age-related hearing loss or presbycusis. European Archives of Oto-
rhino-laryngology, 267(8), 1179-1191.

Hultcrantz, E., Hillerdal, M., & Angelborg, C. (1982). Effect of nicotinic acid on cochlear blood flow.
Archives of oto-rhino-laryngology, 234(2), 151-155.

Karlsmose, B., Lauritzen, T., Engberg, M., & Parving, A. (2000). A five-year longitudinal study of
hearing in a Danish rural population aged 31-50 years. British journal of audiology, 34(1), 47-
55.

Lasso de la Vega, M., Villarreal, I. M., Lopez-Moya, J., & Garcia-Berrocal, J. R. (2016). Examination
of hearing in a rheumatoid arthritis population: role of extended-high-frequency audiometry in
the diagnosis of subclinical involvement. Scientifica, 2016.

Makishima, K. (1978). Arteriolar sclerosis as a cause of presbycusis. Otolaryngology, 86(2), ORL-
322-ORL-326.

Manju, J. (2014). Assessment of hearing loss in high risk individuals using high frequency pure tone
audiometry Madras Medical College, Chennai].

Moffat, D., & Ramsden, R. (1977). Profound bilateral sensorineural hearing loss during gentamicin
therapy. The Journal of Laryngology & Otology, 91(6), 511-516.

Mosnier, I., Teixeira, M., Loiseau, A., Fernandes, I., Sterkers, O., Amiel, C., & Ferrary, E. (2001).
Effects of acute and chronic hypertension on the labyrinthine barriers in rat. Hearing research,
151(1-2), 227-236.

Ohgami, N., Kondo, T., & Kato, M. (2011). Effects of light smoking on extra-high-frequency auditory
thresholds in young adults. Toxicology and industrial health, 27(2), 143-147.

Pearson, J. D., & Morrell, C. H. (1996). Risk Factors Related to Age-Associated Hearing Loss in the
Speech Frequencies. J Am Acad Audiol, 7, 152-160.

Peters, U., Preisler-Adams, S., Hebeisen, A., Hahn, M., Seifert, E., Lanvers, C., Heinecke, A., Horst,
J., Jirgens, H., & Lamprecht-Dinnesen, A. (2000). Glutathione S-transferase genetic

272



. . H.U. Saglik Bilimleri Fakiiltesi Dergisi
The Effect of Smoking on Hearing agut mum gll ”ao MS:;: 5 ezrgg

Doi: 10.21020/husbfd.1176193

polymorphisms and individual sensitivity to the ototoxic effect of cisplatin. Anti-cancer drugs,
11(8), 639-643.

Pyykkd, 1., Koskimies, K., Starck, J., Pekkarinen, J., Farkkild, M., & Inaba, R. (1989). Risk factors in
the genesis of sensorineural hearing loss in Finnish forestry workers. Occupational and
Environmental Medicine, 46(7), 439-446.

Raub, J., & Benignus, V. (2002). Carbon monoxide and the nervous system. Neuroscience &
Biobehavioral Reviews, 26(8), 925-940.

Schmidt, C.-M., Knief, A., Lagosch, A. K., Deuster, D., & am Zehnhoff-Dinnesen, A. (2008). Left-
right asymmetry in hearing loss following cisplatin therapy in children—the left ear is slightly
but significantly more affected. Ear and hearing, 29(6), 830-837.

Stewart, R. D. (1976). The effect of carbon monoxide on humans. Journal of Occupational and
Environmental Medicine, 18(5), 304-3009.

Sung, J. H,, Sim, C. S, Lee, C.-R., Yoo, C.-1., Lee, H., Kim, Y., & Lee, J. (2013). Relationship of
cigarette smoking and hearing loss in workers exposed to occupational noise. Annals of
occupational and environmental medicine, 25(1), 1-10.

Tavanai, E., & Mohammadkhani, G. (2017). Role of antioxidants in prevention of age-related hearing
loss: a review of literature. European Archives of Oto-rhino-laryngology, 274(4), 1821-1834.

Thottan, G. G. (2019). Effect of Diabetes Mellitus of Patients on Sensorineural Hearing Loss in a
Tertiary Health Care Center Sree Mookambika Institute of Medical Sciences, Kulasekharam].

273



