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Obesity is Associated With Sensorineural Hearing Loss in

Adolescents

Anil K. Lalwani, MD; Karin Katz, MD; Ying-Hua Liu, MD, PhD; Sarah Kim, BA; Michael Weitzman, MD

Objectives/Hypothesis: Childhood obesity, defined as body mass index (BMI)� 95%, is a significant health problem
associated with a variety of disorders, and in adults it has been found to be a risk factor for hearing loss. We investigated the
hypothesis that obese children are at increased risk of sensorineural hearing loss (SNHL).

Study Design: A complex, multistage, stratified geographic area design for collecting representative data from noninsti-
tutionalized U.S. population.

Methods: Relevant cross-sectional data from the National Health and Nutrition Examination Survey, 2005 to 2006, for
1,488 participants 12 to 19 years of age was examined. Subjects were classified as obese if their BMI� 95th percentile. SNHL
was defined as average pure-tone level greater than 15 dB for 0.5, 1, and 2 kHz (low frequency) and 3, 4, 6, and 8 kHz (high
frequency).

Results: Compared to normal weight participants (BMI 5%–85%), obesity in adolescents was associated with elevated
pure tone hearing thresholds and greater prevalence of unilateral low-frequency SNHL (15.2 vs. 8.3%, P5 0.01). In multivari-
ate analyses, obesity was associated with a 1.85 fold increase in the odds of unilateral low-frequency SNHL (95% CI: 1.10–
3.13) after controlling for multiple hearing-related covariates.

Conclusions: We demonstrate for the first time that obesity in childhood is associated with higher hearing thresholds
across all frequencies and an almost 2-fold increase in the odds of unilateral low-frequency hearing loss. These results add to
the growing literature on obesity-related health disturbances and also add to the urgency in instituting public health meas-
ures to reduce it.
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INTRODUCTION
Childhood obesity has become an epidemic raising

grave public health concerns. About 17% of U.S. children
are obese, defined as having a body mass index
(BMI)� 95 percentile.1 Obesity in children has consis-
tently been associated with most of the major cardiovas-
cular risk factors, including high blood pressure,
dyslipidemia, and insulin resistance.2 One in three ado-
lescents with obesity have the metabolic syndrome.3 The
spectrum of diseases identified as being associated with
obesity also include disorders of the respiratory,

gastrointestinal, and musculoskeletal systems.4 As the
obesity epidemic continues, it is likely that more and
more adult diseases may manifest during childhood.

In adults, obesity and its concomitant morbidities
have been identified as a risk factor for hearing loss.5–7

In a longitudinal study of Swedish men followed from
birth until young adulthood, high BMI was found to be a
risk factor for hearing loss, particularly among those men
born small for gestational age.6 Another large, multicen-
ter study conducted of men between 50 and 70 years old
found that a high BMI correlated with hearing loss.7 To
our knowledge, there has been no previous study that
has used a large, nationally representative sample to
investigate the relationship between obesity and sensori-
neural hearing loss (SNHL) in a pediatric population.
The present study examines risk factors for SNHL in dif-
ferent age, sex, race/ethnicity, and income groups among
adolescents, ages 12 to 19 years, and investigates the
independent association between obesity and SNHL.

MATERIALS AND METHODS

Participants
Data from 1488 adolescents, 12 to 19 years of age, from the

National Health and Nutrition Examination Survey (NHANES
2005 to 2006) were examined.8 NHANES is a cross-sectional
health survey that uses a complex, multistage design to achieve
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a nationally representative sample of the noninstitutionalized
civilian population in the United States. The survey was con-
ducted by the National Center for Health Statistics (NCHS) of
the Centers for Disease Control and Prevention and was
reviewed and approved by the NCHS institutional review board.

Participants were evaluated during a home interview to
determine family medical history, current medical conditions,
medication use, self-report of the presence of any smokers in
the household, and socioeconomic and demographic information.
In addition, each person was randomly assigned to undergo a
morning, afternoon, or evening examination at a mobile exami-
nation center consisting of physical examinations, including
height and weight measurements, and laboratory testing using
blood and urine samples.

Definition of Weight Status
Weight status among adolescents aged 12 to 19 years is

defined based on BMI. This is calculated as weight in kilograms
divided by height in meters squared. In order to account for
variability by age and sex, BMI in children is compared to age-
and sex-specific reference values. In this study, the definitions
of “overweight” and “obesity” were based on recommendations
by the Centers for Disease Control and Prevention (CDC).9 Sub-
jects with an age- and gender-adjusted BMI>5th percentile
and <85th percentile were classified as normal weight. Subjects
with a BMI<5th percentile were classified as underweight;
those with a BMI�85th percentile but<95th percentile were
classified as overweight; and those with a BMI�95th percentile
were classified as obese. Underweight subjects were excluded
from the analyses.

Audiometric Measures
The NHANES 2005 to 20068 protocol for audiometry

included otoscopic examination. In the pediatric population,
otoscopic examinations were limited to those ages 12 to 19
years. No comparable data were available for younger chil-
dren. The ears were examined with a Welch-Allyn otoscope
(model 25020; Skaneateles Falls, NY) with rechargeable han-
dle and disposable specula. To evaluate the middle ear system,
the Micro Audiometrics Earscan Acoustic Impedance Tympan-
ometer (Murphy, NC) was used to perform tympanometry.
Tympanometry was performed from 2312 daPa to 200 daPa.
The quality of the tympanogram was noted along with the
peak response. Otoscopic examinations were conducted in a
special sound booth (model Delta 143; Acoustic Systems, Cedar
Park, TX) built into the mobile examination center by trained
examiners using a standardized protocol. For hearing testing,
an audiometer (model AD226; Interacoustic, Assens, Denmark)
with standard TDH-39P headphones (Telephonics Corp, Farm-
ingdale, NY) and insert earphones (model EARTone 3A; Ety-
motic Research, Elk Grove Village, IL) was used. The
audiometer was calibrated with the same specifications at the
start and end of testing at each field location using an acoustic
simulator (model BA-201-25; Quest, Oconomowoc, WI). Air-
conduction thresholds were measured for each ear at 0.5, 1, 2,
3, 4, 6, and 8 kHz. Testing was repeated at 1 kHz across an
intensity range of 210 to 120 dB. The correlation of the
threshold for the 1-kHz first test with the retest was 0.9
(P<.001) for the left and right ears of each subject. The 1-kHz
first test was the value used for this analysis. Pure-tone audio-
grams were not accepted when there was a>10 dB difference
between the 1 kHz test-retest thresholds. Additional informa-
tion regarding the methods, calibration equipment, and cali-
bration protocol is available at http://www.cdc.gov/nchs/data/
nhanes/nhanes_05_06/AU.pdf. 10

Definition of Hearing Loss
SNHL was inferred when findings from the otoscopic

examination were normal and there were adequate or good-
quality results from a tympanogram with a peak of more than
0.3 mL. Individuals with abnormal otoscopic results, poor-
quality tympanogram results, or a peak response of less than
0.3 mL were excluded from further analyses because these indi-
viduals may have had conductive hearing loss or mixed hearing
loss. Based on these criteria, 32 subjects were excluded, leaving
1,488 adolescents ages 12 to 19 years available for analysis.

Low- and high-frequency hearing threshold was defined as
the average of pure-tone hearing levels at 0.5, 1, and 2 kHz,
and 3, 4, 6, and 8 kHz, respectively. Low- and high-frequency
hearing loss was defined as low- and high-frequency hearing
thresholds above 15 dB.11–15 Unilateral low- or high-frequency
hearing loss was defined as a pure-tone average greater than
15 dB HL in the worse ear. The hearing loss was deemed to be
bilateral when the pure-tone average for the better ear was
greater than 15 dB HL.

Sociodemographic Variables and Hearing-
Related Covariates

The adolescent participants were divided into 2 age
groups: 12 to 15 years old and 16 to 19 years old. Race/ethnicity
was classified as non-Hispanic black, non-Hispanic white, Mexi-
can American, multiracial and “all other.” The poverty-income
ratio (PIR) was defined as the total family income divided by
the poverty threshold, as determined by the U.S. Bureau of the
Census for the year of the interview. Income was classified as
poverty (PIR�1) and not poverty (PIR>1).

Noise-exposure history was accounted for by the previous
use of firearms, job exposure to loud noise (defined as noise so
loud that they had to speak in a raised voice) for�5 hours a
week, and exposure to loud noise or music using headphones in
the last 24 hours. Exposure to loud noise in the last 24 hours was
further classified based on the time since exposure as no expo-
sure, less than 1 hour, 1 to 12 hours, and 12 to 24 hours. The use
of hearing protection when exposed to loud noise was classified as
most of the time, sometimes, rarely/seldom, or never.

Secondhand Smoke Exposure
Secondhand smoke (SHS) exposure has been associated

with elevated pure-tone thresholds and an increased prevalence
of low-frequency SNHL in U.S. adolescents.16 Cotinine, a
metabolite of nicotine, was used as a biomarker for both active
smoking and exposure to SHS. A total of 424 individuals with-
out available cotinine levels were excluded from further analy-
ses. There were no significant differences between these 424
individuals and those included in the study regarding either
social demographic characteristics, or rates of hearing loss
(P<.05 for all comparisons). Consistent with previously pub-
lished studies, active smokers were defined as those with coti-
nine levels 15.0 lg/L or higher or those who reported smoking
in the past 5 days as NHANES also includes self-reports of
smoking status for adolescents. Those with serum cotinine lev-
els that were detectable but less than 15.0 lg/L and who did
not report smoking in the past 5 days were defined as exposed
to SHS.17 A cotinine level of less than 0.05 lg/L was below the
detection limit. Those with undetectable serum cotinine levels
and without self-reported smoking were defined as unexposed.
To study the association of SHS and SNHL, active smokers
(either cotinine levels of 15.0 lg/L or higher, or self-report of
smoking in past 5 days) were excluded from the study. Duration
of exposure to SHS was not available in the database.
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Statistical Analyses
The sample available for the study comprised 1,488 ado-

lescents, ages 12 to 19 years. Chi-squared tests were used for
bivariate analyses to test for associations between independent
characteristics investigated (including a categorical weight sta-
tus variable, classified as “normal,” “overweight,” or “obese”)
and unilateral- or bilateral low- or high-frequency hearing loss
(defined as a categorical, dummy variable: yes or no) (unilateral
low-frequency hearing loss, bilateral low-frequency hearing loss,
unilateral high-frequency hearing loss, and bilateral high-
frequency hearing loss). Cochran-Armitage trend tests were
used to test for trends between obesity status (defined as a
dummy variable: yes [BMI�95%] or no [< 95%]) and unilat-
eral- or bilateral low- or high-frequency hearing loss at different
severity levels (classified as an ordinal variable:�15 dB, >15
and �25 dB, >25 dB and �40 dB, and >40 dB). Independent t
tests were performed on obesity status (dummy variable: yes
[BMI�95%] or no [<95%]) and its association with different
speech-frequency levels (defined as a continuous variable for
0.5, 1, 2, 3, 4, 6, and 8 kHz).

Logistic regression analysis was used to test for independ-
ent associations between hearing loss and variables of interest.
In addition to sex, age, race/ethnicity, and socioeconomic demo-
graphic characteristics, all variables significant at P<.20 in
bivariate analysis were included in the multivariate logistic
regression model. All analyses were conducted with SAS statis-
tical software (version 9.2; SAS Institute Inc, Cary, NC).
SUDAAN statistical software (Research Triangle Park, NC) 18

was used to account for the complex sample design of the
NHANES and to apply sampling weights to produce national
estimates by adjusting for the oversampling of young children,
older adults, Mexican Americans, and blacks.

RESULTS
Table I shows the prevalence of given levels of audi-

tory thresholds (� 15 dB,> 15 and� 25 dB,> 25 and� 40
db, and>40 dB) for individuals with and without obesity.

For example, among adolescents aged 12 to 19 years
using 15 dB as the threshold for hearing loss, the overall
rates of unilateral low-frequency hearing loss, bilateral
low-frequency hearing loss, unilateral high-frequency
loss, and bilateral high-frequency loss were 9.25, 2.06,
14.92, and 3.38, respectively. The prevalence of hearing
loss was greater among individuals with obesity for both
unilateral low- (15.16% vs. 7.89%) and high- (17.26% vs.
14.37%) frequency hearing and bilateral low- (2.47% vs.
1.96%) and high- (4.94% vs. 3.01%) frequency hearing
compared with those who were not obese; however, these
trends were not statistically significant.

The association of obesity and hearing levels of 0.5,
1, 2, 3, 4, 6, and 8 kHz was evaluated using both the
average threshold for the right and left ears, as well as
the hearing level of the worse ear (Table II). Across fre-
quencies from 0.5 to 4, the mean pure-tone hearing level
was noted to be higher in adolescents with obesity when
compared to individuals without obesity; the thresholds
were statistically significantly elevated at 0.5, 1, 2, 3,
and 4 kHz both when investigating average thresholds
or thresholds for the ear with worse hearing.

Results of bivariate analyses conducted to investi-
gate the relationship of hearing loss with a wide variety
of variables are shown in Table III. Compared to normal
weight participants (BMI 5%–85%), obesity in adoles-
cents was associated with a greater prevalence of unilat-
eral low-frequency SNHL (15.2% vs. 8.3%). The
prevalence of unilateral low-frequency SNHL was 6.5%
in overweight adolescents. These differences were statis-
tically significant (P 5 0.01). Similarly, although the data
suggest an association between secondhand smoke expo-
sure and low-frequency unilateral hearing loss, these
associations were not significant. Age, gender, poverty
status, race/ethnicity, and noise exposure history were

TABLE I.
Prevalence of Hearing Loss Among Adolescents With and Without Obesity (NHANES 2005–2006), N 5 1488.

Hearing Loss
Participants,

No. � 15 dB, %
Overall Rate

of HL,>15 dB, %
> 15 dB

and�25 dB, %
>25 dB

and� 40 dB, % > 40 dB, % P Value*

Unilateral low-frequency

Total 1,488 90.75 9.25 7.19 0.96 1.10

Not obese 1,152 92.11 7.89 6.00 0.66 1.23

Obese 336 84.84 15.16 12.33 2.23 0.55 .10

Bilateral low-frequency

Total 1,488 97.94 2.06 1.93 0.05 0.08

Not obese 1,152 98.04 1.96 1.85 0.03 0.08

Obese 336 97.53 2.47 2.27 0.11 0.10 .65

Unilateral high-frequency

Total 1,487 85.08 14.92 10.80 2.60 1.51

Not obese 1,152 85.63 14.37 10.33 2.34 1.71

Obese 335 82.74 17.26 12.86 3.76 0.64 .60

Bilateral High Frequency

Total 1,487 96.62 3.38 2.87 0.32 0.18

Not obese 1,152 96.99 3.01 2.46 0.36 0.20

Obese 335 95.06 4.94 4.65 0.17 0.11 .45

*P value for the Cochrane-Armitage trend test.
NHANES 5 National Health and Nutrition Examination Survey.
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not significantly associated with unilateral low-
frequency hearing loss in the bivariate analyses.

Multivariable logistic regression analyses were used
to investigate if obesity was independently associated
with unilateral low-frequency SNHL when controlling
for age group, sex, race/ethnicity, SHS exposure, and
poverty status (Table IV). Obesity was independently
associated with a 1.85- fold increase in the odds of uni-
lateral low-frequency SNHL (95% CI: 1.10–3.13). Being
underweight or overweight was not independently asso-
ciated with the risk of unilateral low-frequency hearing
loss in multivariate analyses. Older adolescents (16–19
years) had a greater risk of having unilateral low-
frequency hearing loss compared to 12–15 year olds (OR
1.52, 95% CI: 1.09–2.12). Secondhand smoke exposure
was not independently associated with unilateral low-
frequency hearing loss. Poverty status, gender, and race/
ethnicity were also not independently associated with
unilateral low-frequency hearing loss.

Bivariate and multivariate analyses were also con-
ducted to investigate the relationship between obesity
and unilateral high-frequency, bilateral low-frequency,
and bilateral high-frequency hearing loss (data not
shown). Obesity was not significantly associated with
hearing loss in these analyses.

DISCUSSION
In this study, based on a large, nationally represen-

tative sample of adolescents, obesity was found to be asso-
ciated with higher hearing thresholds across all
frequencies and an almost 2-fold increase in the odds of
unilateral low-frequency hearing loss. While previous
investigations have suggested an association between obe-
sity and hearing loss in adults,5–7 to our knowledge this
is the first study to find that obesity in childhood is asso-
ciated with SNHL. Obesity was significantly associated
with elevated pure-tone thresholds at 0.5, 1, 2, 3, and 4
kHz. In addition, the rates of unilateral and bilateral low-
frequency and unilateral and bilateral high-frequency
SNHL were found to be greater in adolescents with obe-
sity, although these results were not statistically

significant. This difference was most remarkable when
comparing unilateral low-frequency hearing loss in ado-
lescents with and without obesity, as the prevalence of
SNHL was 15.16% and 7.89%, respectively. It is possible
that the unilateral hearing loss identified in adolescents
with obesity represents an early stage of injury, and with
time hearing loss would progress to affect both ears.

In adolescents, low-frequency hearing loss but not
high-frequency hearing loss was linked to obesity. This
preferential involvement of low frequencies is similar to
finding of low-frequency hearing loss in adults associ-
ated with increased weight and cardiovascular disease.
In 4,083 subjects between the ages of 53 to 67 collected
from nine audiological centers across Europe, Fransen
et al.7 found that higher body weight was associated
with worse low-frequency hearing only; in contrast,
greater BMI was associated with both low- and high-
frequency hearing loss. Similarly, in the Framingham
cohort, cardiovascular disease (as reflected by a history
of stroke, coronary artery disease, or intermittent claudi-
cation) was associated with low-frequency hearing loss,
but not high-frequency hearing loss; cardiovascular dis-
ease is seen more frequently in the obese. Like our
study, they did find a higher prevalence of high-
frequency hearing loss in the Framingham cohort, but it
was not statistically significant. The authors suggested
that low-frequency hearing loss may have been due to
strial dysfunction due to vascular disease.

Obesity may directly or indirectly lead to hearing
loss. As adipose tissue secretes hormones and cytokines,
obesity-induced inflammation resulting from the release
of proinflammatory cytokines may directly contribute to
end-organ damage. 19 Adiponectin, which is thought to
have antiinflammatory and antiatherogenic effects,20 is
one of the most studied adipocytokines. Low plasma con-
centrations of adiponectin have been associated with
obesity in children.21 In adults, low level of adiponectin
has been associated with elevated high-frequency
thresholds.19 The authors hypothesized that low levels of
adiponectin may directly contribute to the development
of hearing loss. Obesity may also indirectly contribute to
hearing loss as a result of its comorbidities, such as

TABLE II.
Pure-Tone Hearing Level (dB) at Each Frequency, With and Without Obesity, Among Adolescents (NHANES 2005–2006).

Average, Right and Left Ears,
Mean (SD)

Worse Ear, Among Right and Left
Ears, Mean (SD)

Frequency, kHz Obese Not Obese P Value* Obese Not Obese P Value*

0.5 10.66 (0.60) 8.98 (0.45) 0.021 13.60 (0.73) 11.68 (0.51) 0.014

1 6.35 (0.71) 4.36 (0.32) 0.001 9.67 (0.89) 7.19 (0.42) 0.002

2 5.88 (0.49) 4.33 (0.30) 0.005 8.81 (0.60) 7.19 (0.39) 0.009

3 6.60 (0.59) 4.36 (0.35) 0.005 9.83 (0.65) 7.18 (0.43) 0.002

4 6.95 (0.55) 4.72 (0.39) 0.001 10.44 (0.74) 7.93 (0.47) 0.003

6 11.85 (0.74) 11.82 (0.57) 0.965 16.44 (0.82) 16.07 (0.72) 0.71

8 7.79 (0.84) 7.95 (0.77) 0.87 11.80 (0.91) 11.92 (0.88) 0.91

*For independent t test.
NHANES 5 National Health and Nutrition Examination Survey; SD 5 standard deviation.
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TABLE III.
Bivariate Analysis for Risk Factors for Unilateral Low Frequency SNHL Among Adolescents (NHANES 2005–2006), N 5 1488.

Risk Factor
N

(unweighted)
Unilateral SNHL, %

(weighted)
P

Value

Weight 0.01

Normal weight 895 8.27

Overweight 257 6.47

Obese 336 15.16

Age 0.10

12–15 years 823 8.41

16–19 years 625 10.81

Poverty 0.67

Yes 421 8.45

No 1,010 7.80

Gender 0.42

Male 711 8.33

Female 777 10.18

Secondhand smoke
exposure

0.09

Yes 763 11.27

No 725 7.43

Race 0.66

Mexican American 524 7.54

Other 40 3.37

Non-Hispanic White 341 9.95

Non-Hispanic Black 514 9.90

Multiracial 69 8.91

Exposed to loud noise or
listened to music
with headphones in past
24 hours

0.40

No 1,044 7.45

Yes 439 10.11

Time since exposure to
loud noise or music

0.58

No exposure 1,049 10.12

� 1 hour 71 2.65

1 to�12 hour 260 8.46

12 to 24 hour 108 7.83

Ever used firearms 0.99

Yes 205 9.22

No 1,281 9.25

Ever had job exposure to
loud noise?

0.88

Yes 79 8.57

No 1,408 9.27

How often wear hearing
protection

0.48

Most of the time 66 9.80

Sometimes 181 14.16

Rarely/seldom 86 12.08

Never 1154 7.85

NHANES 5 National Health and Nutrition Examination Survey; SNHL 5 sensorineural hearing loss.
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T2DM, cardiovascular diseases, and dyslipidemia: These
have all been reported to be negatively associated with
peripheral hearing function.22–24 These comorbidities are
also highly prevalent in the pediatric population.2

Among adolescents obesity is associated with rela-
tively mild changes in hearing threshold: The elevation
in the pure tone hearing level at all of the frequencies is
less than 3 dB and the largest increase in prevalence is
in the 15–25 dB range. The finding of a nearly 2-fold
increase in the odds of low-frequency hearing loss in
obese children is nonetheless incredibly worrisome as it
is a harbinger of an early and possibly ongoing injury to
the inner ear that will progress as the obese child
becomes an obese adult with the ever-increasing comor-
bidities of obesity. The prevalence of mild hearing loss
(defined as hearing loss between 16 dB to 40 dB) is
increasing in the United States and is estimated to
affect almost 20% of U.S. adolescents ages 12 to 19.13,25

One large Danish study of 22,000 adolescents found that
those with 20 dB to 40 dB hearing losses scored 3 points
lower on IQ tests, suggesting that even mild hearing
loss has behavioral and cognitive consequences.26

There are several limitations to this study: While
large and comprehensive, the NHANES data set is
cross-sectional, and causal inferences cannot be made.
In addition, it is not possible to determine the progres-
sion of hearing loss among these subjects as prior hear-
ing tests are not available. Furthermore, the NHANES
2005–2006 data set does not include audiometric meas-
ures of children under 12 years old. Therefore, the
results from our study cannot be applied to children in
this age group.

This study has several implications for public
health. In a previous national sample, more than 80% of
adolescents with hearing loss were unaware of a hearing
difficulty.16 If the self-reporting of a hearing loss alone is
inadequate to identify affected individuals, hearing
screening may be necessary to identify mild hearing loss
so that appropriate interventions can be implemented to
avoid cognitive and behavioral issues. Furthermore, the
addition of hearing loss to the growing list of the nega-
tive health consequences of obesity that affect both chil-
dren and adults adds to the impetus to reduce childhood
obesity.

CONCLUSION
This study demonstrates for the first time a rela-

tionship between obesity and hearing loss among adoles-
cents in the United States using a large, nationally
representative sample with objective measures of height
and weight status. The almost 2-fold increase in the
odds of hearing loss among adolescents suggests an early
injury to the auditory system that may progress without
intervention. Future studies need to investigate the
adverse consequences of this early hearing loss on social
development, academic performance, and behavioral and
cognitive function.
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No 1.00 1.00 1.00

Gender Male 1.00 1.00 1.00

Female 1.31 0.79 2.19

Secondhand
smoke
exposure

Yes 1.60 0.90 2.85

No 1.00 1.00 1.00

Race Mexican American 0.73 0.45 1.18

Other 0.28 0.03 2.36

Non-Hispanic white 1.00 1.00 1.00

Non-Hispanic black 0.88 0.42 1.83

Multiracial 0.89 0.26 3.08

SNHL 5 sensorineural hearing loss.
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