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Prevalence of Hearing Loss in US Children and Adolescents

burden given its impact on early speech and lan-
| guage development, and subsequently on academic
and workforce performance later in life. Even mild levels of
hearing loss have been found to negatively affect educational
- outcomes and social functioning.> With multiple existing clas-
sifications of hearing impairment and limited availability of ob-
jective measures, assessing the epidemiology of pediatrichear-
ing loss has been challenging.** There have been growing
concerns that the prevalence of hearing loss in children and
adolescents, particularly noise-induced hearing loss, is ris-
ing, possibly due to recreational noise exposure. 68
Two studies using the National Health and Nutrition Exami-
nation Surveys (NHANES) have described changesin the preva-
lence of hearing loss from 1988 to 1994 through 2005 to 2006 in
USyouthages 12to19 years. In 2010, Shargorodsky et al°reported
anincreasein prevalence of any hearing loss from 14.9%t019.5%.
In 2011, Henderson et al'® reported an increase in noise-induce
threshold shifts (NITS) among female youths over the same time
period, as well as an increase in exposure toloud noise or music
with headphones within 24 hours of the testing session. 10
There are now audiometric data available from NHANES
through 2010 for US children and adolescents ages 12 to 19
years. We aimed to further characterize changes in preva-
lence of hearing loss and noise exposures in this population
from 1988 to 2010, to evaluate whether the previously de-
scribed trends have continued.

| | earing impairment in children is a major public health

Methods

NHANES

The NHANES is an ongoing, nationally representative series of
surveys designed to provide estimates of health and nutri-
tional status for the noninstitutionalized civilian population
of the United States. Each cycle consists of questionnaires and
a standardized health examination. Individual cycles and sur-
vey design have been previously described."

The third NHANES, or NHANES 111, was conducted from
1988 to 1994 and provides cross-sectional estimates for the pe-
riod as a whole, The health examination included an audiom-
etry component.!2! Starting in 1999, the NHANES became a
continuous survey with data released in 2-year cycles. The au-
diometry component for participants ages 12 to 19 years was
only conducted during NHANES 2005-2006, 2007-2008, and
2009-2010.3

Sample

The study population consisted of all survey participants ages
12 to 19 years in NHANES I (n = 3425), NHANES 2005-2006
(n = 2288),2007-2008 (n = 1238), and 2009-2010(n = 1339). Par-
ticipants with a missing or incomplete audiometric exam, ora
greater than or equal to 10 decibel (dB) difference between1kHz
test-retest thresholds, were excluded from the analysis.

Audiometric Measures
For all NHANES cycles, standardized audiometry protocols
were conducted in a sound-isolated room by technicians
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trained by a certified audiologist from the National Institute
for Occupational Safety and Health. The equipment and test-
ing protocols changed between NHANES Il and NHANES 2005-
2006, but did not change from 2005 to 2010. Air-conduction
thresholds for each ear were determined, using standard au-
diometric headphones, from 0.5 to 8 kHz, across an intensity
range of -10 dB to 110 dB in NHANES Ill and -10 dB to 120 dB
in NHANES 2005-2010. The 1 kHz frequency was tested twice
in each ear to assess reliability of participant response.’®
Aretesting protocol was used to prevent signal crossover be-
tween ears through bone conduction. If there was a difference
in threshold between ears at any frequencyby 40 dBin NHANES
111, a masking procedure was performed and the masked values
were used for analysis. From 2005 to 2010, if there was a differ-
ence in threshold between ears of 25 dB at 0.5 and 1 kHz, or by
40 dB at all higher frequencies, retesting was performed using
insert earphones and the retest values were used. Participants
with cochlear implants or unable to tolerate headphones were
excluded. NHANES ITI also did not test participants with drain-
age or discharge from either ear.">¢ Full audiometric procedure
manuals for each cycle are available online (http://www.cdc.gov
/nchs/nhanes/nhanes_questionnaires.htm).

Demographic and Hearing-Related Variables
Participants were grouped into 2-year categories by age (12-
13,14-15, 16-17, and 18-19 years), as done in preceding studies.®
Race and ethnicity were recorded differently between NHANES
TI and 2005 to 2010, and for this analysis were grouped into
the following categories: non-Hispanic white, non-Hispanic
black, Mexican-American, and other (including other His-
panic, and nonblack, non-Hispanic groups such as Asian-
American, native American, mixed race). The surveys hadin-
sufficient sample size for reliable estimates of all Hispanic
persons prior to 2007, and for non-Mexican-Ametrican His-
panic subgroups from 1999 to 2010." Poverty-income ratio
(PIR) was determined by family income divided by the fed-
eral poverty threshold each year.'” For comparison with prior
studies, 3 PIR categories were created: 1.3 or less (low), 1.4 to
3.5 (middle), and higher than 3.5 (high). 10,18

In NHANES IIi, participants were asked about number of
ear infections, if they had ever worn a hearing aid, ifthey had
been exposed to loud noise in the 24 hours prior to the exam,
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and if they had listened to music through headphones in the
past 24 hours. In NHANES 2005-2010, participants were asked

if they had ever had 3 or more ear infections, and so the cor- .

responding NHANES Il answers were re-coded into “lessthan
3” and “3 or more” ear infections; NHANES 2005-2010 also in-
cluded the same question on hearing aids but combined the
recent noise and music with headphones exposures into a
single question, so for this analysis wecombined the NHANES
HI responses into 1 group (“yes” meaning either noise or mu-
sic exposure). Additionally, NHANES 2005-2010 asked about
both job-related and non-job-related exposure to loud noise
of at least 5 hours per week, firearm use, and how often par-
ticipants used hearing protection. For ease of analysis, an-
swers to the question on hearing protection were dichoto-
mized to “most or some of the time” and “rarely or never.”

Hearing Loss and Noise-induced Threshold Shifts Criteria

We replicated definitions of hearing loss used by Shargorod-
sky et al® and Henderson et al'®: low-frequency hearing loss
(LFHL) was defined as a pure-tone average (PTA)at 0.5, 1, and
2 kHz thresholds of 15 or more dB in either ear. High-
frequency hearing loss (HFHL) had separate definitionsin those
2 studies (Shargorodsky et al defined as PTA at 3, 4, 6, and
8 kHz »15 dB; Henderson et al used PTA at 3, 4, and 6 kHz
>15 dB).21° We created a variable of HFHL for participants that
met criteria for either of the definitions. Overall hearing loss,
as defined by Shargorodsky et al was any hearingloss 15 or more
dB in either ear (including HFHL or LFHL).® A second, more
conservative measure of overall hearing loss was defined as
PTA 20 or more dB at 0.5, 1, and 2 kHz.

Noise-induced threshold shifts (NITS), as defined in prior
studies,'® show a noise-notch audiometric pattern meeting the
following 3 criteria: (1) thresholds at 0.5and 1 kHzboth 15 dB
orless; (2) the maximum threshold at 3,4, or 6 kHzis 15 ormore
dB higher than the highest threshold at 0.5 and 1kHz; and (3)
the threshold at 8 kHz is 10 or more dB lower than the maxi-
mal threshold at 3, 4 or 6 kHz*®

Statistical Analysis
Analytical techniques accounting for the multistage survey
sampling and clustering design were used to obtain descrip-

tive statistics using NHANES-provided sampling weights for .

each survey cycle. Data are reported as weighted and nation-
ally representative estimates of means and frequencies un-
less otherwise stated. Sample means were compared using
2-sided t tests, and sample proportions were compared using
Rao-Scott ) tests. The z score test was used for comparison
of proportions between survey cycles, and 95% Cls were con-
structed using the Wald method. Multivariate logistic regres-
sion accounting for survey design was used to evaluate there-
lationship of dependent variables such as demographic
characteristics and hearing-related risk behaviors to the odds
of hearing loss or NITS for each survey cycle. The 3 cycles from
2005 to 2010 were also appended, using appropriate new sam-
pling weights as provided by NHANES," into anaggregated data
set for further regression analysis (for identifying secular trends
in prevalence as well as increasing statistical power to iden-
tify risk factors for hearing loss).
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Andiometric results of “noresponse” were recoded as the

.maximumdB threshold tested. Questionnaireresponses of “re-

fused® or “don’t know” were recoded as missing. Missing val-
ueswere treated asnot missingat random. SAS version 9.4 (SAS
Institute) was used for all analyses, and all statistical tests were
performed with a significance level of P < .05.

Because of the NHANES sampling design, estimates based
on a denominator of less than 30 unweighted sample events
are considered unreliable.'”2° Some variables (hearing aid use
and race/ethnicity categories) were collapsed or excluded from
regression models due to small sample size.

[ - .
Results

Longitudinal Demographics
Atotal of 7036 participants were included across the 4 NHANES
cycles; 1254 were excluded for incomplete examinations or dis-
crepancy in the 1-kHz test-retest thresholds. The percentage
of excluded participants was 23.7% from NHANES III, 18.0%
from NHANES 2005-2006, 14.9% from NHANES 2007-2008,
and 15.2% from NHANES 2009-2010. There were no signifi-
cant differences between the sample and excluded partici-
pants by age, sex, race/ethnicity, or PIR except in NHANES I
(mean PIR of sample is higher by 0.34) and NHANES 2009-
2010 (average age of sample is 0.5 years older).

We assessed general and hearing-specific demographic fea-

“tures of the populations across all survey cycles (Table). Sex

and age distribution remained stable. PIR increased signifi-
cantly from 2.34 in NHANES II to 2.74 (difference in means,
0.4; 95% CI, 0.12-0.67) in NHANES 2005-2006 and was un-
changed through NHANES 2009-2010. The percent of partici-
pants reporting 3 or more ear infections decreased from 71.1%
in NHANES III to 34.2% to NHANES 2005-2006 (difference,
32.6%; 95% CI, 26.8%-38.4%); however, there were many miss-
ing responses in NHANES III (34.0%) compared with subse-
quent cycles (<1.0%), making this comparison unreliable. The
proportion of participants exposed to loud noise or music with
headphones 24 hours before audiometry increased from 20.8%
in NHANES 1I to 44.7% in NHANES 2007-2008 (difference,
24.0%; 95% CI, 19.3%-28.6%) before stabilizing in NHANES
2009-2010. Job-related and job-unrelated exposures to loud
noise, as well as firearm use, did not change. Hearing protec-
tion use decreased from NHANES 2005-2006 with 22.4% re-
porting use at least some of the time to only 14.6% in 2010 (dif-
ference, 7.8%; 95% CI, 2.4%-13.2%).

Hearing Loss Prevalence

The prevalence of hearing loss defined asa PTA of 20 or more
dB did not show significant change from NHANES III to
NHANES 2009-2010 (Figure 1). With a PTA of 15 or more dB,
the prevalence was much higher. From NHANES I1l to NHANES
2007-2008, the proportion rose from 17.0% o 22.5% (differ-
ence, 5.5%; 95% CI, 0.6%-10.4%), before dropping to 15.2% (dif-
ference, 7.3%; 95% CI, 2.1%-12.5%) in NHANES 2009-2010.
Prevalence of HFHL and LFHL followed a similar pattern of rise
from NHANES III to a peak in NHANES 2007-2008 before de-
creasing in NHANES 2009-2010; though the change in HFHL
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Table. Demographic Characteristics for US Children and Adolescents From NHANES il NHANES 2005 t0 2010

% of Weighted Sample
iR NHANES NHANES NHANES
Characteristic NHANES il! 2005-2006 2007-2008 2009-2010
Sample size, No. : o
Unweighted 2 e T 14 1165
WEIghteda I 26704433 282452827 o 29066 140 T 29405342‘ T
Age, mean;y ‘ 1545 1553 .
EY 211
70 . 25.:1"””*»—_ i
26.9 w5
T 4 240
Male - 50.7 s T s1a T sl
Female 493 489 486 48.8
Race/ethnicity T T T T
Non-Hispanic white . T eed 620
Non-Hispamic black 151 145
Mexican American 81 116
Other (including othér T 'iE 4 120
Hlspamc) '
PR, mean” AR % Y 274
e e e
By 374
B Y S v
Had23 ea 711 385
Wornahearingaid T e T e L
E:&%s:gtt: mﬂc"fm or 207 343 Abbreviations.: NA, not applicable;
headphiones in the past 24 h . NHANES, National Health and
"Had a job exposure to oud - NA T e T T e 68 Nutrition Exa'minationS.urveys;
noise for 5 h a week PIR, poverty income ratio.
Had exposure (non;joﬁ NA T 77;25-0 o ) ig ih : 722 1 2 All percentages shown are of
related) to loud noise for . weighted sample.
Shaweek . i e - PMissingresponses: 88 in NHANES
Used firearms A 293 B8 207 I;44,2005-2006: 9,2007-2008;
Wear hearing protectuon 47,2009-2010.
Maost or some of the time -~ NA T a6 © Missing responses: 1953 in NHANES
R arely or~ ;Igle;““"”" o “"‘7‘7.6 83.6 T "8’5“4“ T 14; 1, 2005-2006; 6, 2007-2009;

14, 2009-2010.

was significant, the changes in LFHL were not. The preva-
lence of NITS also increased, though not significantly, from
15.8% in NHANES III to 17.5% in NHANES 2007-2008 (differ-
ence, 1.7%; 95% CI, -1.9% to 5.3%), then dropped to 12.8% by
NHANES 2009-2010 (difference, 4.7%; 95% CI, 1.4%-8.0%).
To investigate for secular trend, the 3 survey cycles from
2005 to 2010 were appended into a single aggregate data set,
as has been donein previous studies.? Linear regression analy-
sis of hearing loss prevalence (including HFHL, LFHL, and
NITS), with survey cycle year as the dependent variable, did
not reveal any significant trend over time (data not shown).

Predictors of Hearing Loss

Overall, multivariate regression analysis showed little consis-
tency among risk factors associated with hearing loss or NITS
across survey cycles (eTable in the Supplement). Male sex and
older age were associated with increased odds of hearing loss
by certain definitions, and high PIR with lower odds of hear-
ing loss, which have been previously described.%-'81° Ad-
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justed odds ratios (ORs) for hearing loss at 15 or more dBin the
most recent cycle NHANES 2009-2010 are shown in detail in
Figure 2. Non-Hispanic whites and those with high PIR (>3.5)
had a lower likelihood of hearing loss than any other race/
ethnicity category (OR, 0.659; 95% CI, 0.444-0.976) or thelow
PIR category (OR, 0.538; 95% Cl, 0.295-0.979). History of 3 or
more ear infections was also associated with increased odds
of hearing loss (OR, 2.159; 95% CI, 1.463-3.185).

InFigure 3, individuals with 3 or more ear infections or low
PIR maintained a higher prevalence of hearing loss compared
to those with less than 3 ear infections or high PIR across all
survey cycles. In contrast, whereas white, non-Hispanic chil-
dren had a lower prevalence of hearingloss compared with all
nonwhites through NHANES 2007-2008, this relationship
changed in NHANES 2009-2010. By NHANES 2009-2010, non-
white children had a significantly higher incidence of hearing
loss when compared with white children. To increase statis-
tical power (but at the cost of temporal resolution), we aggre-
gated the 3 NHANES survey cycles from 2005 to 2010 and
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Figure 1. Prevalence Estimates of Hearing Loss and Noise Exposures
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A, Prevalence estimates and 95% confidence intervals (error bars) for several
common definitions of hearing loss, and (B) exposure to loud noise or music
through headphones in the 24 hours prior to audiometry, compared with
prevalence of hearing loss at or greater than 15 dBs. dB indicates decibels:

HFHL, high-frequency hearing loss; HL, hearing loss; LFHL, low-frequency
hearing loss; NHANES, National Health and Nutrition Examination Survey;
NITS, noise-induced threshold shifts.

Figure 2. Odds Ratios From Multivariate Logistic Regression for Hearing Loss at 15 dB or More

for NHANES 2009 to 2010
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significant odds ratios. White,
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vs all other groups due to small
sample size, and hearing aid use was
not included in models due to small
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analyzed this data set with multivariable logistic regression at
a single time point. In this model, male sex, a history of 3 or
more ear infections, and low PIR were found to be signifi-
cantly associated with increased odds of hearing loss at 15 or
more dB (Figure 4).

None of the regression models tested above demon-
strated any constant, significant associations between NITSand
noise exposure, including reported exposures to loud noise or
music through headphones 24 hours prior to testing, pro-
longed job-related or job-unrelated noise exposures, firearm
use, or hearing protection habits. '

|
Discussion

Aswas previously reported through NHANES 2005-2006, we
confirmed an increase in the prevalence of hearing loss and
NITS from 1988 t0 1994 through 2007 to 2008.%'° Those trends
did not continue, and prevalence of hearing loss actually de-
creased significantly between 2007 and 2010 to levels even

MA Otolanyngology-Head & Neck Surgery September 2017 Volume 143, Number 9

lower than in NHANES III. Meanwhile, the percentage of par-
ticipants reporting exposure to loud noise or music through
headphonesincreased and remained elevated, and use of hear-
ing protection declined. Notably, despite these seemingly con-
current changes in hearing loss prevalence and reported noise
exposure through 2008, regression analysis did not reveal an
association between noise exposures and hearing loss. There
was also no association between NITS and noise exposures. In
aggregate analysis of all survey cycles, we identified male sex,
a history of 3 or more ear infections, and lower socioeco-
nomic status as risk factors for hearing loss, corroborating re-
sults from NHANES 11l and NHANES 2005-2006.%'81° These
findings in total call into question previous conclusions that
increasing noise exposure is responsible for increasing levels
of pediatric hearing loss.'**®

In NHANES 2009-2010, participants with the lowest PIR
were more likely to have hearing loss than those participants
with high PIR, even adjusting for known associations with sex
and number of ear infections (as a proxy for access to medical
care). This finding, while consistent with the literature and also
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Figure 3. Prevalence Fstimates for Hearing Loss of 15 dB or More Among Different Demographic Groups .
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status; C, hearing loss by history of 3 or more vs fewer than 3 ear infections;

and D, hearing loss by high or low PIR. Error bars represent 95% Cls.
AOM indicates acute otitis media; HL, hearing loss; NHANES, National Health
and Nutrition Examination Survey; PIR, poverty income ratio.

present globally, is concerning because it has persisted from
1988 through 2010.918-22 Participants from racial/ethnic mi-
nority backgrounds were also shown in NHANES 2009-2010
to have a higher likelihood of hearing loss than non-Hispanic
whites.

When comparing hearing loss in NHANES with rates of
hearing loss identified via universal newborn hearing screen-
ings across the United States, the prevalence is higher in the
12-to-19-year-old age group by any PTA definition of hearing
loss (when compared with an average of 1.1% of newborns in
2004-2006).%23 Yet, this comparison is likely misleading, given
that these early detection and intervention programs vary
widely between states. Furthermore, over 40% of infants who
fail the newborn screen are lost to audiologic follow-up, which
suggests the true prevalence of newborn hearing loss may be
higher than is currently reported.?®
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Limitations
Large survey databases can only provide cross-sectional esti-
mates, often primarily based on participant self-report, and so
must be interpreted with caution. Though NHANES has been
used widely foramyriad of conditions, it shares those limitations:
hearing-related behaviors such as noise exposure and hearing
protection use were all self-reported.?** However, because
NHANES conducts standardized audiometric examinations, we
did not use self-reported datain calculating prevalence of hear-
ingloss. There is evidence too that such survey participants tend
tounderreportinformation suchas health careuse.>> Itisthere-
fore possible that the levels of noise exposure and hearing-related
behaviors presented here underestimate the true prevalence.
This study included 3 sampling designs across 4 survey
cycles; participant selection, questionnaires, daudiomet- -
ric protocols and equipment for NHANES Til were di :







