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IMPORTANCE: Although smoking and secondhand smoke exposure are associated with
sensorineural hearing loss (SNHL) in children and adults, the possible association between
prenatal smoke exposure and hearing loss has not been investigated despite the fact that more
than 12% of US children experience such prenatal exposure each year.

OBJECTIVE: To investigate whether exposure to prenatal tobacco smoke is independently
associated with SNHL in adolescents.

DESIGN: Cross-sectional data were examined for 964 adolescents aged 12 to 15 years from the
National Health and Nutrition Examination Survey 2005-2006.

PARTICIPANTS: Participants underwent standardized audiometric testing, and serum cotinine
levels and self-reports were used to identify adolescents exposed to secondhand smoke or active
smokers.

MAIN OUTCOMES AND MEASURES: Prenatal exposure was defined as an affirmative parental
response to, “Did [Sample Person’s Name] biological mother smoke at any time while she was
pregnant with [him/her]?” Sensorineural hearing loss was defined as an average pure-tone
hearing level more than 15 dB for 0.5, 1, and 2 kHz (low frequency) and 3, 4, 6, and 8 kHz (high
frequency).

RESULTS: Parental responses affirmed prenatal smoke exposure in 16.2% of 964 adolescents.
Prenatal smoke exposure was associated with elevated pure-tone hearing thresholds at 2 and 6
kHz (P < .05), a higher rate of unilateral low-frequency SNHL (17.6% vs 7.1%; P < .05) in
bivariate analyses, and a 2.6-fold increased odds of having unilateral low-frequency SNHL in
multivariate analyses (95% CI, 1.1-6.4) after controlling for multiple hearing-related covariates.
CONCLUSIONS AND RELEVANCE: Prenatal smoke exposure is independently associated with
higher pure-tone hearing thresholds and an almost 3-fold increase in the odds of unilateral
low-frequency hearing loss among adolescents. These novel findings suggest that in utero
exposure to tobacco smoke may be injurious to the auditory system.
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Table 1. Pure-Tone Hearing Level at Each Frequency, With or Without Prenatal Exposure in 964 Adolescents Aged 12 to 15 Years®

Average Level (Right and Left Ears), Mean {501}, dB

Worse Ear (Right or Left Ear), Mean {SD), dB

Variable Prenatal SHS Exposure Unexposed P Value® Prenatal Exposure Unexposed P Value®
Frequency, kHz
05 11.2{1.2) 9.3(0.4) .10 14.4 (1.3 121(0.5) .08
1 58{11) 4.21(0.3) .14 9.2(1.4) 7.0{0.4) 10
2 6109 Y O SO 7 O .
3 62(13) 49(0.3) 35 9.5(1.6) 7.6{0.4) .20

8 10.0{1.4) 7.7 (0.5) .07 14.1(1.6) 11.6 {0.6) 10
Abbreviation: SHS, secondhand smoke. P |ndependent ¢ test.
2 Data from National Health and Nutrition Examination Survey 2005-2006.
Table 2. Severity of Hearing Loss With or Without Prenatal Tobacco Smaoke Exposure in 964 Adolescents Aged 12 to 15 Years®
Adolescents, %°
Nermal Mild Moderate Severe
Type of SNHL Total Hearing Hearing Loss Hearing Loss Hearing Loss PValue®

Unilateral low frequency

. Tatal
! Unexposed 809 92.8 5.6
; Exposed 155 822 119
" Bilateral low frequency
Total 964 97.¢ 20
Urexposed 209 98.5 15
Exposed 155 958 4.0
Unilateral high frequency
Total 964 848 116
Unexposed 809 86.0 11.1
Exposed 155 80.0 13.5
Bilaterai high frequency
Total 964 96.0 37
Unexposed 309 96.5 33
Exposed 155 94.1 5.4

0.7
14

0.9
4.5

03

0.0 01
0.0 0.0 A2
0.0 0.2
23 13
19 0.9 12
37 3.0
01 0.2
0.1 0.2 43
0.2 0.2

* Data from Nationzl Health and Nutrition Examination Survey 2005-2006.

®Hearing loss was categorized as follows, according to pure-tone hearing
threshold: normal hearing, threshold =15 dB; mild hearing loss, 215 and =25

dB: moderate hearing loss, »25 and =40 dB; and severe heading loss, =40 dB.
< Cochran-Armitage trend test.

Table 3. Bivariate Analysis for Risk Factars for Sensorineural Hearing Loss Among Adolescents Aged 12 to 15 Years®

Type of SNHLD
Low Frequency High Frequency
Unilateral, Bilaterat, Unitateral Bilateral
Covarizte No. % P Value® % P Value® SNHL, % PValue* SNHL, % P Value®
Total sample size 964 95 21 152 40
Prenatalmalernalsmokln95
D Yes 155 17.6 D42 20.0 59
No 809 7.1 as 15 18 139 1 35 51
-SHSexposure“.
Unexposed 432 7.1 17 176 47
Exposed 400 10.2 o8 2.5 43 11.7 10 2.7 2
Birth weight®
Low (<2.49 kg} 87 17.6 4.9 15.5 33
Normal (2 .49 ka) 815 9.1 18 19 46 154 % 3.7 84
Very low {<1.50 kg) 12 42.5 42.5 60.6 15.5
Moderately low (>1.50 to 2,48 kg) 75 14.9 42 0.7 30 10.5 33 1.9 23
-RecetvedNICUcare".'
PoYes 120 149 5.8 P15 28
PoNo 835 88 16 R Y 73 40 1
‘llslelxlIlllllllllIlllllllllllIlllllllllIlllllllllllIlllllllllIlllllllllllIllllllllllllllllllll
Male 482 8.1 1.6 15.3 3.6
Female 482 11.0 e 2.7 48 15.2 95 46 53
Race
Mexican 241 10.4 2.2 16.0 4.2
Other 308 8.6 3.0 17.5 50
White 339 9.4 o6 18 63 4.0 3 16 19
Black 76 56 1.1 9.8 46
Poverty
Poor 265 14.3 26 200 40
Not peor 669 76.0 7 2.0 9 14.4 26 4.1 57
Abbreviations: NICU, neonatal intensive care unit; SHS, sacendhand smoke; €2 Tast.

SNHL, sensorineural hearing loss.
* Data from Natianzl Health and Nutrition Examination Survey 2005-2006.

BSNHL was defined as a pure-tone hearing threshold »15 dB (average threshold
at 0.5,1, and 2 kHz for low-frequency SNHL and at 3, 4, 6, and 8 kHz far
high-frequency SNHL}.

?Secondhand smoke exposure was defired as serum cotinine levels <15 ng/mL
with no report of simoking in the previous 5 days.

© Data regarding prenatal maternal smeking, low or very low birth weight, and
histary of NICU care were available only for adolescents younger than 15 years.
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Table 4. Bivariate Analysis for Risk Factors for Sensorineural Hearing Loss Among Adolescents Aged 12 to 15 Years?

Type of SNHL®
Low Frequency High Frequency
Unilateral, P Bilateral, P Urilateral, P Bilateral, P
Variable Na. % Value® % Value® % Value® % Value®
Exposure to loud noise or listening to music
with headphones in past 24 h
No 264 5.9 20 13.1 3.2
1 84 43 .63
Yes 670 10.8 23 16.2 4.3
Tirme since exposure to loud noise or music, h
0 673 10.7 2.3 16.0 4.3
21 45 1.7 3 0.0 NA 17.7 . 1.1 3
1t <12 147 6.7 & 21 11.7 76 3.4 2
12to 24 68 6.9 3.0 131 4.3
History of firearm use
Yes 126 8.8 16 15.8 47
.B7 63 17 .63
No 810 9.3 24 14.9 3.7
History of job exposure ta loud naise
Yes 22 .0 0.0 25.2 6.6
NA NA .36 .65
No 915 9.6 23 14.7 3.8
Freguency of wearing hearing protection
Most of the time 40 6.2 2.5 19.7 9.1
Somatimes 115 1a.5 2.2 6.4 34
.45 NA .84 75
Rarely or seldom 45 9.8 0.0 9.6 4.8
Never 7136 9.2 24 149 3.5

Abbreviations: NA, not available; SNHL, sensorineural hearing loss.
2 Datafrom National Health and Nutrition Examination Survey 2005-2006.
Sensorinetiral hearing loss was defined as a pure-tone hearing threshold =15

dB (average threshold at 0.5, 1, and 2 kHz for low-frequency SNHL and at 3, 4,
6, and 8 kHz for high-frequency SNHL).
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Table 5. Multivariate Analyses: Unilateral Sensorineural Hearing Loss

and Prenatal Tobacco Smoke Exposure for 964 Adolescents
Aged 12to 15 Years®

Covariate Odds Ratio (35% Cl)
Prenatal maternal smoking
¥
& 2.6(1.1-6.4)
Neonatal intensive care unit
¥
& 2.0 (0.7-5.7)
No
Secondhand smoke
U d
nexpose 1.1(0.6-2.3)
Exposed
Sex
Male
1.6 (0.7-3.8)
Female
Race
Mexican American 1.6 (0.8-3.3)
Other 1.4 (0.6-3.3)
Non-Hispanic white Reference
Non-Hispanic black 0.9 (0.2-4.0)
Poverty
Poor
0.6 (0.1-3.8)
Not poor
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2 Data from National Health and Nutrition Examination Survey 2005-2006.




