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Abstract
Background—Hearing loss has been associated with tobacco smoking, but its relationship with
secondhand smoke is not known. We sought to investigate the association between secondhand
smoke exposure and hearing loss in a nationally representative sample of adults.

Methods—The National Health and Nutrition Examination Survey, a nationally representative
cross-sectional dataset, was utilized to investigate the association between secondhand smoke
exposure and hearing loss. 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). Hearing loss was assessed from averaged pure-tone thresholds over low- or mid-
frequencies (500, 1,000, and 2,000 Hz) and high-frequencies (3,000, 4,000, 6,000, and 8,000 Hz),
and was defined as mild or greater severity (pure-tone average in excess of 25 dB HL).

Results—SHS exposure was significantly associated with increased risk of hearing loss for low-/
mid-frequencies (Adjusted Odds Ratio = 1.14; 95% CI = 1.02-1.28 for never smokers and 1.30;
1.10-1.54 for former smokers) and high-frequencies (1.40; 1.22-1.81 for former smokers), after
controlling for potential confounders.

Conclusions—Findings from the present analysis indicate that SHS exposure is associated with
hearing loss in non-smoking adults.
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What this study adds

Although previous studies have shown an association between active smoking and
increased risk of hearing loss, this is the first study to directly assess the relationship
between hearing loss and passive smoking using national data and biomarkers for
secondhand exposure among US adults. We report significantly increased adjusted odds
for hearing loss among former smokers for both low-/mid- and high-frequency hearing
loss and increased risk of low-frequency hearing loss among never smokers. The stronger
findings among former smokers suggest that continued SHS exposure, even at low levels,
may continue the progression of high-frequency hearing loss that began when they were
active smokers.

INTRODUCTION
Hearing loss is a major public health concern affecting more than 16.1% (29 million) of
adults in the United States.1 The consequences of untreated hearing loss include: reduced
health-related quality of life in elderly populations2, increased risk of occupational3 and
non-occupational injuries4, and reduced earning potential.5 Increased risk for hearing loss is
associated with occupational and non-occupational noise exposure, age, male gender, and
lower educational attainment.6-8 Numerous studies have shown primary tobacco smoke to
be associated with a significant risk of hearing loss.7-12 For example, Cruickshanks et al.,7
using a population-based, cross-sectional study design, reported that current smokers were
1.69 times more likely to have a hearing loss relative to non-smokers after adjustment for
other risk factors. 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 secondhand smoke (SHS) exposure and hearing loss. However, the results of the
few available studies of secondhand smoke (SHS) exposure, however, have been
contradictory, associated with only a slightly increased or no increased risk of hearing loss.7
The aim of the present study was to investigate the relationship between SHS exposure in
former or never smokers and sensorineural hearing loss from a large, representative study of
US households.

METHODS
Description of Survey

The National Health and Nutrition Examination Survey (NHANES), a household survey
combined with a medical examination, is conducted every year by the National Center for
Health Statistics (NCHS) of the Centers for Disease Control and Prevention.13 The survey is
designed to be representative of the non-institutionalized civilian US population. We
extracted data from the 1999-2004 NHANES, which included audiometric testing. During
these years, the response rate to the household interview and medical examination ranged
from 71-76% (73% [n=11,405] of the potential subject population aged 20-69 years
[n=15,669]).14 One-half of these participants (n= 5,742) were randomly assigned for
audiometric evaluation; 89.5% of this total (n=5,147) completed audiometric testing.

Measures
SHS exposure—Survey participants identified as having tried smoking were asked: “Do
you smoke cigarettes now?” Those respondents who answered “yes” were classified as
current smokers and were excluded from the analysis. Cotinine, the primary metabolite of
nicotine, is widely used as a biomarker of exposure to tobacco for both active smoking and
SHS.15 Cotinine levels above 3 ng/mL have been suggested to indicate a current smoker
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status for the majority of racial/ethnic groups.16 We therefore eliminated those with cotinine
values above this threshold. Survey participants who had a serum cotinine level at or above
the level of detection (0.050 ng/mL) were classified as SHS-exposed. For analysis purposes,
the value for data below detectable limits was the limit divided by the square root of two.17

Audiometric Evaluation
Pure-tone air conduction hearing thresholds were obtained for each ear at frequencies of
500, 1,000, 2,000, 3,000, 4,000, 6,000, and 8,000 Hz using calibrated equipment and
standard testing procedures. Using the methods employed by Bainbridge et al,18 test results
were classified as the average worse-ear thresholds over low- or mid-frequencies (500,
1,000, and 2,000 Hz) and high-frequencies (3,000, 4,000, 6,000, and 8,000 Hz) and were
defined as mild or greater severity (pure tone average in excess of 25 dB HL).19

Statistical Analysis
The dichotomous outcome for low-mid and high-frequency hearing loss was analyzed using
multivariate logistic regression. The independent variable of interest was SHS exposure as
measured by natural log-transformed cotinine level. All analyses were adjusted for age,
gender, race/ethnicity, education level, diabetes status, exposure to firearms noise, and
exposure to occupational noise to control for their possible confounding effects.18 SAS 9.2
survey procedures were used to perform the analyses, using the proper weights and adjusting
for the complex sampling design effects.20 Estimated probabilities of low-mid and high-
frequency hearing loss were computed as a function of log-transformed cotinine level from
the logistic regression parameters, substituting means or proportions of the sample for
covariate values to represent the average US adult population. These adjusted probabilities
were used to plot the association between SHS exposure and hearing loss across the range of
exposure values. We also conducted analyses stratified by age group (20-44, 45-64, and
65+) and by sex. Among the NHANES participants who completed the audiometric testing
(n=5,147), we eliminated the data of those who: 1) had incomplete audiometric data (n=5);
2) did not have a cotinine measure (n=312); 3) were missing a covariate measure (n=7); and
4) were self-reported smokers and/or had a measured cotinine value > 3 ng/ml (n=1,516). As
a result, the analytic sample included only former smokers (n=972) and never smokers
(n=2,335). In addition, among former smokers, we assessed the relationship between
number of years smoked, pack-years, and years since quitting and hearing loss.

RESULTS
Among former smokers the prevalence of low-/mid-frequency hearing loss and high
frequency hearing loss was 14.0% and 46.6%, respectively. Among never smokers these
prevalence estimates were 8.6% and 26.6%. The results of the multivariate analysis revealed
a significant positive association between SHS exposure and low-/mid-frequency hearing
loss for both former and never smokers (p=0.003 and p=0.027, respectively). A highly
significant positive association was also observed between SHS exposure in former smokers
and high-frequency hearing loss (p<0.001).

Covariates and Hearing Loss
Increased age, male gender, and diabetes were associated with significantly increased risk of
high-frequency hearing loss for both never and former smokers (Table). Being older was
associated with significantly increased risk of hearing loss for low-/mid-frequencies in both
never and former smokers. Male gender and diabetes were associated with increased risk of
low-/mid-frequency hearing loss in never smokers. Black former and never smokers were
significantly less likely to have high-frequency hearing loss than whites, and college-
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educated never smokers were significantly less likely to have high-frequency hearing loss
than those with high school education.

SHS and hearing loss
SHS exposure was significantly associated with increased risk of age-adjusted hearing loss
for low-/mid-frequencies (Adjusted Odds Ratio (AOR) = 1.14; 95% CI = 1.02-1.28 for
never smokers and 1.30; 1.10-1.54 for former smokers) and high-frequencies (AOR 1.40;
(96% CI 1.22-1.81 for former smokers), after adjusting for all potential confounders. The
Figure illustrates the probability of hearing impairment as a function of cotinine level for a
former smoker and never smoker, after adjusting for age, race/ethnicity, gender, diabetes,
loss due to firearm use, and loss due to occupational noise exposure. The graph showed very
little increase in hearing loss risk as a function of SHS exposure levels despite a significant
AOR for low-/mid-frequencies and a near significant effect for high-frequency hearing loss.
However, for former smokers, a greater probability of hearing loss was associated with
increased cotinine levels. There were no notable differences in the association between
hearing loss and SHS in analyses stratified by age-group or sex. There was no statistically
significant relationship between number of years smoked, pack-years, or years since quitting
and hearing loss.

DISCUSSION
In this population-based study, we found SHS to be associated with increased hearing loss
among former smokers. The dramatic effects for former smokers raise the possibility that
continued SHS exposure in this group, even at the relatively low levels as documented in the
Figure, may continue a pathogenic process leading to the progression of high-frequency
hearing loss possibly initiated when they were active smokers. This finding is even more
intriguing given that even though current smoking has been shown to be associated with
hearing loss in numerous studies,7-12 post-hoc analyses conducting using NHANES data
revealed no increased risk of hearing loss among former smokers relative to never smokers
(results not shown). These results are consistent with one previously published report.7
However, among reported never smokers, the association with SHS was not as strong.
Additional epidemiologic research and animal studies will be needed in order to confirm our
findings and to explore patho-physiologic mechanisms which could explain such an
association. Regardless, 65% of the working US population is potentially exposed to SHS in
the workplace,21 and over 29 million US adults suffer from hearing loss.1 Thus, our finding
that SHS exposure is associated with the risk of hearing loss among former smokers and
never smokers is of clear public health significance.

Possible Pathophysiologic Mechanisms
Several possible mechanisms may account for the relationship between smoking and hearing
loss. Smoking has been reported to be both a direct ototoxic (nicotine effect) and as an
inducer of ischemia in the cochlea through production of carboxyhemoglobin, vasospasm,
increased blood viscosity, and its action in relation to blood vessel arteriosclerosis.22

However, these exposures may also interact with other ototoxic exposures such as noise and
a variety of chemicals leading to synergistic adverse effects on the auditory system.23,24

Furthermore, one recent study reported smokers and former smokers with genetic variability
in the cochlear antioxidant system (GSTM1 deletion) were at increased risk for noise-
induced hearing loss than for never smokers, raising the possibility that select population
sub-groups may be more vulnerable to the pathogenic effects of tobacco smoke exposure on
the auditory system.23 Animal studies which systematically examine the otologic effects of
SHS exposure are needed, yet there has not been any recent studies on this topic in recent
years, with most research occurring decades earlier.25 Future investigators may consider
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studies which mimic ‘smoking’ conditions, followed by continued low-level exposures
versus a control group of animals which live in smoke-free environments in order to further
study potential pathophysiologic processes leading to hearing loss.

STRENGTHS AND LIMITATIONS
This is the only study to assess using nationally representative data the association between
SHS and hearing loss, using a well-validated biomarker for secondhand exposure among US
adults. In addition, the large sample size of the study allowed for high statistical power even
after performing analyses in non-smokers stratified by former smoking history. Despite the
strengths, there are limitations that should be noted which includes the cross-sectional
design of the NHANES, which does not allow for causal inferences. In addition, there may
be misclassification of SHS given that exposure estimates are based on serum cotinine levels
which has a half life of 16-18 hours. A more accurate determination of SHS exposure would
require repeat measurements of serum cotinine over a period of several days or the use of
hair nicotine assays which reflect longer-term cumulative exposure. History of SHS
exposure is not assessed in the NHANES; therefore, an estimate of cumulative or long term
SHS is not possible. In an attempt to measure long term exposure to SHS, we conducted
post-hoc analyses adding an indicator of the presence of household smoking, assuming that
if an individual is exposed in the home, it is likely this exposure had occurred for a number
of years. The prevalence of such exposure was less than 7% in both former and never
smokers and this variable was not predictive of hearing loss when included in any of our
multivariable models.

CONCLUSIONS
Although previous studies have reported the link between active smoking and increased risk
of hearing loss,7-12 this study found significantly increased adjusted odds for hearing loss by
former smokers for both low-/mid- and high-frequency hearing loss. Furthermore, never
smokers exposed to SHS had increased risk of low-frequency hearing loss. As Figure 1
illustrates, the toxic threshold exposure level, in terms of serum cotinine levels, is extremely
low. Although an active smoker is personally responsible for his/her own toxic exposures,
involuntary exposures via SHS may also place never smokers and former smokers at
increased risk for hearing loss. Furthermore, although several studies suggest a synergistic
effect between active smoking and risk for noise –induced hearing loss,9, 11 further research
is required to determine whether SHS exposure potentiates the effect of noise exposure and
aging on hearing. If this finding is independently confirmed by other researchers then
hearing loss can be added to the growing list of health consequences associated with
exposure to SHS. 26,27 However, longitudinal studies are needed that assess, in a
comprehensive fashion, all potential sources of SHS exposure (e.g., lifetime histories,
including prenatal exposures) 28 as well as repeat assessment of cotinine and/or longer
exposure biomarkers such as hair nicotine.29 Regardless, given the well documented toxic
effects of SHS exposure, policy makers and employers should continue their work toward
the development of policies to ban and/or prevent SHS exposure which can be applied in a
variety of settings including the workplace, the community, and individual homes.30 Finally,
the Audiologist’s role should be to advise patients that no level of active smoking or SHS
exposure should be considered “safe”, and help to lower the burden of tobacco use by
educating and advising their patients regarding the benefits of smoking cessation on hearing
preservation.
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Figure 1.
Probability of low-mid frequency and high frequency hearing impairment as a function of
cotinine level for an average former smoker and never smoker adjusted for age, race/
ethnicity, gender, diabetes, loss due to firearms use, and loss due to occupational noise.
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