
Int. J. Environ. Res. Public Health 2013, 10, 5257-5265; doi:10.3390/ijerph10115257 

 
International Journal of 

Environmental Research and 
Public Health 

ISSN 1660-4601 
www.mdpi.com/journal/ijerph 

Article 

Tobacco Smoke Exposure during Childhood: Effect on  
Cochlear Physiology 

Alessandra S. Durante 1,*, Beatriz Pucci 2,†, Nicolly Gudayol 2,†, Beatriz Massa 1,†,  

Marcella Gameiro 1,† and Cristiane Lopes 1,† 

1 Faculdade de Ciências Médicas da Santa Casa de São Paulo (FCMSCSP, School of Medical 

Sciences of Santa Casa of São Paulo), Arnaldo Vieira de Carvalho Foundation, Street Dr. Cesário 

Mota Júnior, 61 São Paulo 01221-020, Brazil; E-Mails: beatrizpmassa@hotmail.com (B.M.); 

marcella_113@hotmail.com (M.G.); cristiane.lopes@fcmsantacasasp.edu.br (C.L.)  
2 Irmandade da Santa Casa de Misericórdia de São Paulo (ISCMSP, Santa Casa Sisters of Mercy 

Hospital of São Paulo), Street Dr. Cesário Mota Júnior, 112, São Paulo 01221-020, Brazil;  

E-Mails: beatrizpcpucci@gmail.com (B.P.); nihgudayol@yahoo.com.br (N.G.) 

† These authors contributed equally to this work. 

* Author to whom correspondence should be addressed;  

E-Mail: alessandra.durante@fcmsantacasasp.edu.br; Tel.: +55-11-3367-7785;  

Fax: +55-11-3367-7787. 

Received: 26 July 2013; in revised form: 8 October 2013 / Accepted: 12 October 2013 /  

Published: 24 October 2013 

 

Abstract: The rate of smoking in Brazil is about 18.8%. Exposure to environmental 

tobacco smoke is one of the major factors predisposing children to several hazardous 

health problems. The objective of the present research was to analyze the effect of tobacco 

smoke exposure during childhood on cochlear physiology by measuring the transient 

evoked otoacoustic emissions (TEOAE) response levels. Cotinine, the main metabolite of 

nicotine, was measured in 145 students’ (8–10 years old) urine. Sixty students indicated 

tobacco smoke exposure (TSE) (cotinine urine levels ≥ 5.0 ng/mL) and 85 did not. The 

evaluation of TEOAE of TSE students showed lower response levels, mainly on 

frequencies of 2.8 kHz on the right and left ears and 2.0 kHz on left ear and lower signal 

noise response levels, mainly on the 1.0 kHz and 1.4 kHz frequencies, when compared to 

controls that were not exposed to tobacco. The mean hearing loss in tobacco smoke 

exposure children was 2.1 dB SPL. These results have important implications on the 
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damage to the cochlear structures and indicate a possible loss in hearing and hearing ability 

development.  

Keywords: outer hair cells; spontaneous otoacoustic emissions; cochlea; growth and 

development; smoking; child; tobacco 

 

1. Introduction 

During the last 20 years, Brazil has introduced tobacco control policies, such as cigarette-specific 

taxes, warnings on cigarette packages, smoke-free air laws, bans on tobacco marketing practices, etc. 

In the same period, the smoking rates have fallen by 50% [1]. Recent available data shows that the 

smoking rate in Brazil is about 18.8%, being 22.7% among men and 16% among women [2]. 

Despite the improvements on public health due to tobacco control policies in Brazil, the bad impact 

of tobacco smoke on people that smoke still remains. Furthermore these policies do not include the 

homes where people live, leading to an exposure to environmental tobacco smoke, which is one of the 

major factors predisposing children to premature death and several hazardous health problems [3]. 

Focusing the auditory system, smoking and passive smoke exposure are associated with sensorineural 

hearing loss in children and adults [4]. Experimental studies in mice indicate that passive smoking  

may potentiate the harmful effects of noise on hearing and disturb the recovery mechanism in the 

cochlea. In addition, hair cell loss was reported to occur, and outer hair cells seemed to be particularly 

vulnerable [5,6].  

Otoacoustic emissions (OAE) allow earlier detection of cochlear auditory dysfunction than the 

conventional audiogram [7,8]. OAE are sounds vibrations generated by active and non-linear processes 

of the cochlear outer hair cells as a mechanical feedback. OAE act as an indicator of the cochlear 

physiological mechanism. This new approach to study the cochlea improves the ways to investigate 

and interpret hearing loss. Recent findings suggest that the auditory functions in infants of smoking 

mothers were significantly reduced as measured by OAE [9,10] and auditory brainstem response [11–13].  

The magnitude of each of the adverse effects of smoking and their consequences for medium- and 

long-term child development have yet to be clearly defined. The objective of the present research was 

to analyze the effect of tobacco smoke exposure during childhood on cochlear physiology by 

measuring the transient evoked otoacoustic emissions (TEOAE) response levels. 

2. Experimental Section  

2.1. Subjects 

We obtained data related to 145 children, 8–10 years old, from a public school in the central region 

of the city of Sao Paulo, Brazil. All of the children who were invited to participate in the present study 

had normal hearing test results (including pure tone audiometry, speech audiometry, and tympanometry), 

no neurological or psychiatric syndromes or disorders (exclusion criteria), and met the following 

inclusion criteria: 
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 control group (n = 85) having no history of hearing impairment; having no learning disabilities; 

having no language disorders; not exposed to passive smoking during childhood (urinary 

cotinine < 5.0 ng/mL); 

 tobacco smoke exposure (TSE) group (n = 60): exposed to passive smoking during childhood 

(urinary cotinine ≥ 5.0 ng/mL). 

Approval for this study was granted by the local Ethics Committee (Protocol No. CEP FCMSCSP 

272/11). Written informed consent was obtained from the parent or guardian of each children tested in 

this research and the children agreed to participate.  

2.2. Procedures 

2.2.1. Indirect Cochlear Physiology Evaluation 

In the present study, otoacoustic emission levels were used to assess the effects of tobacco exposure 

on children cochlear physiology. The tests were performed in a sound-treated booth, the TEOAEs 

being recorded by an Echoport Plus ILO292 otoacoustic emission analyzer (Otodynamics Ltd. 

Hatfield, UK) coupled to a laptop running the program Echoport Plus ILO292, version 5.61 

(Otodynamics Ltd.). A UGS TEOAE probe (Otodynamics Ltd.) and a response time window of  

4–20 ms were used. In all children, the TEOAEs were recorded in non-linear mode. For all tests, the 

clicks were delivered at a peak equivalent sound pressure level (SPL) of 78–83 dB, and a total of 260 

sweeps were recorded for both ears. 

2.2.2. Nicotine Metabolite Measurements—Cotinine 

The main nicotine metabolite excreted in urine is cotinine. Cotinine is used in research as a reliable 

marker for smoking status and smoking cessation studies. We used an Abnova ELISA kit (Abnova, 

Taipei, Taiwan) to determine the cotinine concentrations in urine of students. Briefly, the first daily 

urine sample was collected from the child in his/her house in an appropriate container. In a time no 

longer than 2 h it was delivery to us and the sample was immediately stored in a −20 °C freezer. The 

samples were kept frozen till the ELISA assay procedure (1–6 months). From student’s urine samples, 

levels of cotinine, the main metabolite of nicotine, were measured. It was considered that children 

were exposed to tobacco if cotinine urine levels were equal or greater than 5.0 ng/mL [14].  

2.3. Data Analysis 

TEOAE levels was measured in dB SPL and registered in the right and left ears, respectively,  

by frequency bands and by overall response, for both groups (TSE and control).  

Measurements and Statistical Analysis 

The statistical analyses were carried out at the FCMSCSP Center for Applied Statistics. Differences 

between TSE and control children were analyzed using the Student’s t-test by SPSS version 13.0.  

The level of significance was set at p = 0.05.  
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3. Results and Discussion 

A total of 165 children were invited to participate in this research, however only 145 met the 

inclusion criteria. Twenty were excluded for presenting abnormal results—two with hearing loss and 

18 with otitis media. Of them, 16 were in the group of children exposed to tobacco. Tobacco exposure is a 

serious and increasing global paediatric issue [15]. There is evidence that children whose parents 

smoke are two to three times greater risk of having recurrent episodes of otitis media [16], which could 

explain this high difference on the frequency of otitis media comparing students exposed to tobacco or 

not in our sample. 

Regarding tobacco exposure, on the 145 students included, it was found that 60 were TSE and 85 

were not. The ones that showed cotinine levels 0 to 4.9 ng/mL were included in control group.  

The evaluation of TEOAE on right and left ears of TSE students showed lower response levels and 

signal noise response levels when compared to controls that were not exposed to tobacco (Figure 1).  

Figure 1. TEOAE response level and signal/noise response level of right (RE) and left 

(LE) ears of tobacco smoke exposure (TSE) students and their controls. Upper bars indicate 

comparison between groups per ear. * p < 0.05. 

 

Studies involving smoking and nonsmoking adults have demonstrated that the levels of transient 

evoked otoacoustic emissions (TEOAEs) were significantly lower in the smokers [17–22]. Given the 

emerging evidence of a relationship between primary tobacco smoking and hearing loss it is reasonable 

to postulate that a similar association exists between passive smoking and hearing loss. The first study 

to directly assess the relationship between hearing loss and passive smoking using national data and 

biomarkers for secondhand exposure in a nationally representative sample of adults was conducted in 

2011 [23]. Data collected from non-smoking participants aged 20–69 years were included in the analysis 

if they had completed audiometric testing, had a valid serum cotinine value, and provided complete 

smoking, medical co-morbidity and noise exposure histories (n = 3,307). It was found that passive 

smoking is associated with hearing loss in non-smoking adults. Herein we observed a much younger 

population TSE. As the decrease in TEOAE preceded the hearing loss, and it was found that the children 

TSE showed a decrease for signal noise response levels of 2.1 dB SPL (95% confidence interval:  

1.6–2.5), we hypothesized that the continued exposure to tobacco smoke could lead to a hearing loss. 
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After a general analysis of TEOAE responses, different frequency bands were decomposed by fast 

Fourier transform and are shown in Figure 2. Statistical differences were found in the reduced response 

levels of TSE group compared to controls in: (a) the 2.8 kHz frequency band for both ears and (b) the 

2.0 kHz frequency band for the left ear (Figure 2(A,B)). In the signal/noise response levels  

(Figure 2(C,D)) a statistical difference was found for the right ear in the frequency bands of 1.0 kHz and 

1.4 kHz (Figure 2(C)). These statistical differences obtained when decomposing the frequencies could 

partially explain the differences seen in the general responses. The whole difference could be to the 

fact that each frequency band mean in response levels and signal/noise response levels was lower on 

the TSE group when comparing to control, but 4 kHz on signal/noise response levels for the left ear. 

Figure 2. Frequency band TEOAE response level and signal/noise response level of right 

(RE) and left (LE) ears of tobacco smoke exposure (TSE) students and their controls. Upper 

bars indicate comparison between groups per ear. * p ≤ 0.05 and ** p ≤ 0.01. 

 

Cigarette smoking has been shown to decrease hearing levels for frequencies in the 0.25–8 kHz 

range [24]. Regarding the otoacoustic emissions, the smokers group showed a lower response level in 

the frequencies of 1 kHz in both ears and 4 kHz in the left ear [19]. Comparisons between exposed 

newborns to control group revealed statistically significant decreases of TEOAEs amplitudes at 4 kHz [10]. 

A markedly reduced response level observed in the TSE children is consistent with previous reports 

in neonates. Prenatal exposure to nicotine seems to have adverse effects on hearing, which are 

detectable as early as in the neonatal phase as determined by otoacoustic emissions testing [9–11].  
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TSE is a chronic exposure, probably during a whole child’s life. The TEOAE is an indirect measure of 

cochlear physiology which appears reduced in the TSE children. A reduced cochlear physiology during 

all a child’s lifetime, comprising the critical period of hearing abilities development, could lead to a 

progressive auditory disorder.  

Maternal smoking has also been shown to affect child development. Some studies have suggested that 

maternal smoking during pregnancy can lead to intellectual delays, most likely caused by central 

nervous system impairment [25], or can negatively affect language ability through underlying physiologic 

mechanisms (e.g., the outer hair cells in the ear), thus leading to poorer performance on auditory 

processing tasks [26], temporal auditory processing [27], auditory brainstem responses [11–13] and 

attention deficit hyperactivity disorder [28]. The effects of maternal smoking during pregnancy on 

infants’ speech processing ability were previously investigated by event-related potentials (ERPs). 

Infants of smoking mothers initially demonstrated no hemisphere differences, and after a delayed time 

period their ERPs indicated an inconsistent pattern of hemisphere differences, with left hemisphere 

amplitudes larger for some speech sounds and smaller for others. There were notable group differences 

in the speed of the brain responses and the number of discriminations between speech sounds. These 

findings indicate that prenatal exposure to tobacco smoke in otherwise healthy babies is linked with 

significant changes in brain physiology associated with basic perceptual skills that could place the infant at 

risk for later developmental problems. Infants born to smoking mothers may also be more likely to be 

exposed to environmental tobacco smoke, thus further increasing their risk of adverse developmental 

outcomes [29].  

The loss in cochlear physiology here detected in 8–10 year old students is one of impairment of the 

sensorial system. Other indirect effects of nicotine exposure could assume synergistic roles in affecting the 

neural systems. The anorexigenic effects of nicotine are associated with poor nutritional status of 

mothers and fetuses. Low birth weight (due to prenatal exposure to nicotine or otherwise) seems to be 

directly related to neurological disorders such as attention deficit hyperactivity disorder and 

hyperactivity [28,30–32]. 

Questions still remain about the relative roles of prenatal vs. postnatal nicotine exposure and the 

potential of genetic and social factor confounders. The consistency of findings across studies is, however, 

highly suggestive of a causal relationship between environmental tobacco exposure and adverse behavioral 

and cognitive outcomes in children [33]. An important datapoint comes from the Global Youth Tobacco 

Survey that indicates that almost half of the children who had never smoked were exposed to  

second-hand smoke at home (46.8%) or outside the home (47.8%) [34]. Efforts should be intensified to 

increase the knowledge, promotion, and referral to effective interventions to help parents and pregnant 

smokers to quit smoking. 

4. Conclusions  

Tobacco smoke exposure had a negative effect on cochlear function of 8–10 year old students, as 

assessed by otoacoustic emissions testing. The mean loss on tobacco smoke exposure children was  

2.1 dB SPL. These results have important implications for the damage to the cochlear structures and 

indicate a possible loss in hearing and hearing ability development.  
  



Int. J. Environ. Res. Public Health 2013, 10 5263 

 

 

Acknowledgments 

Financial support for this study was provided by the—“National Counsel of Technological and 

Scientific Development” (CNPq Conselho Nacional de Desenvolvimento Científico e Tecnológico) 

and by the “Foundation for the Support of Research in the state of São Paulo” (FAPESP Fundação de 

Amparo à Pesquisa do Estado de São Paulo Grant 2012/00870-2). We are grateful to Érika Tiemi 

Fukunaga of the Center for Applied Statistics- FCMSCSP and for the technical support given by Helio 

Rodrigues da Silva on urine storage and ELISA procedures. We also would like to thank to Maria do 

Carmo Redondo, to allow and help on the procedures of hearing tests on the Speech and Audiology 

Clinic of ISCMSP. Finally we would like to thank the school “EEEF Arthur Guimarães”, the families 

and children who kindly participated in this research.  

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Levy, D.; Almeida, L.M.; Szklo, A. The Brazil simsmoke policy simulation model: The effect of 

strong tobacco control policies on smoking prevalence and smoking-attributable deaths in a middle 

income nation. PLoS Med. 2012, 9, e1001336, doi: 10.1371/journal.pmed.1001336. 

2. Brazil. Tabagismo. Portal Saúde. Available online: http://portal.saude.gov.br/portal/saude/ 

area.cfm?id_area=1446 (accessed on 4 October 2013). 

3. Hill, S.C.; Liang, L. Smoking in the home and children’s health. Tob. Control 2008, 17, 32–37. 

4. Weitzman, M.; Govil, N.; Liu, Y.H.; Lalwani, A.K. Maternal prenatal smoking and hearing loss 

among adolescents. JAMA Otolaryngol. Head Neck Surg. 2013, 20, 1–8. 

5. Ahn, J.H.; Joo, H.S.; Suh, J.K.; Kim, H.; So, H.S.; Chung, J.W. Effects of cigarette smoking on 

hearing recovery from noise-induced temporary hearing threshold shifts in mice. Otol. Neurotol. 

2011, 32, 926–932.  

6. Fechter, L.D.; Young, J.S.; Carlisle, L. Potentiation of noise induced threshold shifts and hair cell 

loss by carbon monoxide. Hear. Res. 1988, 34, 39–48. 

7. Dhar, S.; Hall, J.W. Otoacoustic Emissions Principles, Procedures and Protocols; Plural Publishing: 

San Diego, FL, USA, 2012. 

8. Kemp, D.T.; Chum, R. Properties of the generator of stimulated acoustic emissions. Hear. Res. 

1980, 2, 213–232. 

9. Durante, A.S.; Ibidi, S.M.; Lotufo, J.P.; Carvallo, R.M.M. Maternal smoking during pregnancy: 

Impact on otoacoustic emissions in neonates. Int. J. Pediatr. Otorhinolaryngol. 2011, 75,  

1093–1098. 

10. Korres, S.; Riga, M.; Balatsouras, D.; Papadakis, C.; Kanellos, P.; Ferekidis, E. Influence of smoking 

on developing cochlea. Does smoking during pregnancy affect the amplitudes of transient evoked 

otoacoustic emissions in newborns? Int. J. Pediatr. Otorhinolaryngol. 2007, 71, 781–786.  

11. Katbamna, B.; Klutz, N.; Pudrith, C.; Lavery, J.P.; Ide, C.F. Prenatal smoke exposure: Effects on 

infant auditory system and placental gene expression. Neurotoxicol. Teratol. 2013, 38, 61–71.  



Int. J. Environ. Res. Public Health 2013, 10 5264 

 

 

12. Peck, J.D.; Neas, B.; Robledo, C.; Saffer, E.; Beebe, K.; Wild, R.A. Intrauterine tobacco exposure 

may alter auditory brainstem responses in newborns. Acta Obstet. Gynecol. Scand. 2010, 89,  

592–596.  

13. Kable, J.A.; Coles, C.D.; Lynch, M.E.; Carroll, J. The impact of maternal smoking on fast 

auditory brainstem responses. Neurotoxicol. Teratol. 2009, 31, 216–224.  

14. Balhara, Y.P.; Jain, R. A receiver operated curve-based evaluation of change in sensitivity and 

specificity of cotinine urinalysis for detecting active tobacco use. J. Cancer Res. Ther. 2013, 9, 

84–89. 

15. Lando, H.A.; Hipple, B.; Muramoto, M.; Klein, J.; Prokhorov, A.; Ossip-Klein, D.; Winickoff, J.P. 

Tobacco is a global pediatric concern. Bull. World Health Org. 2010, 88(1), 2,  

doi: 10.2471/BLT.09.069583. 

16. Csákányi, Z.; Czinner, A.; Spangler, J.; Rogers, T.; Katona, G. Relationship of environmental tobacco 

smoke to otitis media (OM) in children. Int. J. Pediatr. Otorhinolaryngol. 2012, 76, 989–993.  

17. Mohammadi, S.; Mazhari, M.M.; Mehrparvar, A.H.; Attarchi, M.S. Effect of simultaneous exposure 

to occupational noise and cigarette smoke on binaural hearing impairment. Noise Health 2010, 12, 

187–190. 

18. Vinay. Effect of smoking on transient evoked otoacoustic emissions and contralateral suppression. 

Auris Nasus Larynx 2010, 37, 299–302.  

19. Paschoal, C.P.; Azevedo, M.F. Cigarette smoking as a risk factor for auditory problems. Braz. J. 

Otorhinolaryngol. 2009, 75, 893–902. 

20. Jerger, J. Smoking and otoacoustic emissions. J. Am. Acad. Audiol. 2007, 18, 641.  

21. Negley, C.; Katbamna, B.; Crumpton, T.; Lawson, G.D. Effects of cigarette smoking on distortion 

product otoacoustic emissions. J. Am. Acad. Audiol. 2007, 18, 665–674. 

22. Torre, P.; Dreisbach, L.E.; Kopke, R.; Jackson, R.; Balough, B. Risk factors for distortion product 

otoacoustic emissions in young men with normal hearing. J. Am. Acad. Audiol. 2007, 18, 749–759. 

23. Fabry, D.A.; Davila, E.P.; Arheart, K.L.; Serdar, B.; Dietz, N.A.; Bandiera, F.C.; Lee, D.J. 

Secondhand smoke exposure and the risk of hearing loss. Tob. Control 2011, 20, 82–85.  

24. Cruickshanks, K.; Klein, R.; Klein, B.; Wiley, T.; Nondahl, D.; Tweed, T. Cigarette smoking and 

hearing loss: The epidemiology of hearing loss study. JAMA 1998, 279, 1715–1719. 

25. Rahu, K.; Rahu, M.; Pullmann, H.; Allik, J. Effect of birth weight, maternal education and prenatal 

smoking on offspring intelligence at school age. Early Hum. Dev. 2010, 86, 493–497.  

26. McCartney, J.S.; Fried, P.A.; Watkinson, B. Central auditory processing in school-age children 

prenatally exposed to cigarette smoke. Neurotoxicol. Teratol. 1994, 16, 269–276. 

27. Sun, W.; Hansen, A.; Zhang, L.; Lu, J.; Stolzberg, D.; Kraus, K.S. Neonatal nicotine exposure 

impairs development of auditory temporal processing. Hear. Res. 2008, 245, 58–64.  

28. Motlagh, M.G.; Sukhodolsky, D.G.; Landeros-Weisenberger, A.; Katsovich, L.; Thompson, N.; 

Scahill, L.; King, R.A.; Peterson, B.S.; Schultz, R.T.; Leckman, J.F. Adverse effects of heavy 

prenatal maternal smoking on attentional control in children with ADHD. J. Atten. Disord. 2011, 

15, 593–603.  

29. Key, A.P.; Ferguson, M.; Molfese, D.L.; Peach, K.; Lehman, C.; Molfese, V.J. Smoking during 

pregnancy affects speech-processing ability in newborn infants. Environ. Health Perspect 2007, 

115, 623–629.  



Int. J. Environ. Res. Public Health 2013, 10 5265 

 

 

30. Veiga, P.V.; Wilder, R.P. Maternal smoking during pregnancy and birthweight: A propensity 

score matching approach. Matern Child. Health J. 2008, 12, 194–203. 

31. Nigg, J.T.; Breslau, N. Prenatal smoking exposure, low birth weight, and disruptive behavior 

disorders. J. Am. Acad. Child. Adolesc. Psychiatr. 2007, 46, 362–369. 

32. Braun, J.; Kahn, R.; Froehlich, T.; Auinger, P.; Lanphear, B. Exposures to environmental toxicants 

and attention deficit hyperactivity disorder in U.S. children. Environ. Health Perspect 2006, 114, 

1904–1909.  

33. Herrmann, M.; King, K.; Weitzman, M. Prenatal tobacco smoke and postnatal secondhand smoke 

exposure and child neurodevelopment. Curr. Opin. Pediatr. 2008, 20, 184–190. 

34. Warren, C.W.; Jones, N.R.; Peruga, A.; Chauvin, J.; Baptiste, J.; Costa de Silva, V.; el Awa, F.; 

Tsouros, A.; Rahman, K.; Fishburn, B.; et al. Global youth tobacco surveillance, 2000–2007. 

MMWR Surveill. Summ. 2008, 57, 1–21.  

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


