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Self-reported Hearing Difficulty
and Risk of Accidental Injury in US Adults, 2007 to 2015
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Audio
IMPORTANCE Accidental injuries are a leading cause of morbidity and mortality in the United
States. Hearing problems may be associated with an increased risk for such injuries.

OBJECTIVE To investigate associations between hearing difficulty and risk of accidental
injuries among US adults.

DESIGN, SETTING, AND PARTICIPANTS Cross-sectional analysis of responses of a nationally
representative sample of 232.2 million individuals 18 years or older who participated in the
National Health Interview Survey from 2007 to 2015 and responded to the questions related
to the hearing and injury modules.

MAIN OUTCOMES AND MEASURES The main outcome variable was accidental injury in the
preceding 3 months. Hearing status was self-reported as “excellent,” “good.” “a little trouble,”
"moderate trouble,” “a lot of trouble,” and “deaf.” Prevalence of accidental injuries was
analyzed based on demographic characteristics and hearing status. Odds ratios (ORs) and
95% Cls for injuries adjusted for demographics were calculated for degrees of hearing
difficulty. A secondary outcome was association of hearing status with type of injury and was
classified as driving related, work related, or leisure/sport related.

RESULTS Of 232.2 million US adults, 120.2 million (51.7%) were female, and 116.3 million
(50.1%) considered their hearing to be less than excellent. Accidental injuries occurred in
2.8% of survey respondents. In comparison with normal-hearing adults (those with self-rated
excellent or good hearing), the odds of accidental injury were higher in those with a little
trouble hearing (4.1%; OR, 1.6; 95% Cl, 1.5-1.8), moderate trouble hearing (4.2%; OR, 1.7; 95%
Cl,1.4-1.9), and a lot of trouble hearing (4.8%; OR, 1.9; 95% Cl, 1.6-2.3). Work- and
leisure-related injuries were more prevalent among those with self-perceived hearing
difficulty. Multivariate analysis, adjusted for age and sex, revealed leisure-related injuries was
most consistently associated with various degrees of hearing difficulty. Odds ratios were 1.2
(95% ClI, 1.0-1.4) in those with a little trouble hearing, 1.4 (95% Cl, 1.1-1.9) in those with
moderate trouble hearing, and 1.5 (95% Cl, 11-2.2) in those with a lot of trouble hearing.

CONCLUSIONS AND RELEVANCE Hearing difficulty is significantly associated with accidental
injury, especially injury related to work or leisure. Increased awareness about hearing
difficulty and its proper screening and management may assist in decreasing accidental injury.
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ccidental injuries are among the leading causes of

morbidity and mortality in the United States.! Accord-

ing to the National Health Report by the Centers for
Disease Control and Prevention (CDC), unintentional injuries
comprised 5.0% of all recorded causes of death in 2011.! The
number of emergency department visits for unintentional
injuries was an estimated 28.1 million in 2013.2 Various fac-
tors have been identified to increase the risk of accidental
injuries, including chronic health conditions and sensory
impairments.>* Aslife expectancy increases with advances in
health care technology and delivery, more individuals now
live with chronic health problems® and sensory impairments,®
and these rates are expected to continue to increase.”® Hear-
ing loss is one of the most common sensory impairments
and is estimated to affect 16% of the US population.®

The association between accidental injury and hearing
loss has been the subject of a number of previous investiga-
tions. A study of South Carolina Medicaid billing data for
2002 and 2003 revealed that children with hearing loss were
twice as likely to be treated for injuries in the hospital or
emergency department than those without hearing loss.!°
Another report using data from the National Health Inter-
view Survey (NHIS) from 1985 to 1994 found occupational
injuries to be 1.5 times as likely to occur in adults with hear-
ing impairment and twice as likely to occur in adults with
deafness.! Other studies assessing the risk of accidental
injury with respect to hearing status have revealed no statis-
tically significant difference.*!? Most studies in the litera-
ture have been local or single-institution reports with small
sample sizes or have focused on certain patient populations
or categories of accidental injury.>
In the present study, we used a nationally representa-

tive data set to investigate the association between hearing
difficulty and accidental injury. Furthermore, we sought to
explore the correlation of hearing difficulty with different
types of accidental injuries during work, driving, and leisure
and to use a nationwide data set to generate national esti-
mates for the prevalence of hearing difficulty and risk of
accidental injury.

Methods

The NHIS data set was used as the data source. These surveys
included responses to various health-related questions from
a clustered, nationally representative sample of individuals
from across the United States. Results from the most recent
surveys from 2007 to 2015 were obtained and merged. De-
tailed information regarding the surveys and their proce-
dures and definitions is available on the CDC website.'® A data
use agreement was signed before obtaining the data, and the
Partners Committee on Clinical Investigation deemed that ex-
empt status applied to this study owing to the use of publicly
available, deidentified data.

Noninstitutionalized individuals 10 years or older com-
posed the interviewee pool. Persons 18 years or older who had
responded to the questions related to the hearing and injury
modules were included in this study. The main independent
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Key Points

Question Is hearing difficulty associated with risk of accidental
injuries?

Findings This cross-sectional analysis of National Health Interview
Survey data found that, of the 6.6 million US adults who experienced
accidental injuries annually between 2007 and 2015, approximately
1in 6 considered their hearing to be less than “excellent” or “good.”
Risk of accidental injuries increased with degree of self-perceived
hearing difficulty, with those with “a lot of trouble” hearing being
twice as likely to have incurred an accidental injury.

Meaning Hearing difficulty is associated with an increased risk of
accidental injuries.

variables were age, sex, and self-perceived hearing status. Hear-
ing status was classified as “excellent,” “good,” “a little trouble
hearing,” “moderate trouble hearing,” “a lot of trouble hear-
ing,” and “deaf” The main outcome variable was occurrence
of any accidental injury within the preceding 3 months. Type
of injury was further classified as driving related, work re-
lated, or leisure/sport related. The data were imported into and
analyzed with SPSS software, version 24.0 (SPSS Inc).

National estimates were extrapolated using the reported
weights, clustering, and strata data, which accounted for the
complex clustered design of the surveys (SPSS Complex
Samples Algorithms CSTABULATE, with x2 for significance
testing and CSLOGISITIC for logistic regression). The preva-
lence of accidental injuries and respective 95% CIs were cal-
culated and analyzed based on the respondents’ age, sex,
marital status, educational level (elementary school, high
school, or >college), ethnicity (Hispanic or non-Hispanic),
race (black or nonblack), and hearing status. Adjusted odds
ratios (ORs) and 95% ClIs were calculated for injuries based
on degree of hearing difficulty after adjusting for the above
demographic variables. Two-sided P < .05 was considered
statistically significant.

. |
Results

On average, 272 402 adults were surveyed annually, which ex-
trapolated to 232.2 million adults (95% CI, 228.8 million to
235.7 million) annually, with 120.2 million (51.7%) female.
Table 1 summarizes the demographic and injury characteris-
tics of the study population. Approximately 116.3 million re-
spondents (95% CI, 114.3 million to 118.3 million) (50.1%; 95%
CI, 49.7-50.5) considered their hearing to be less than excel-
lent, and 36.5 million (95% CI, 35.7 million to 37.3 million)
(15.7%; 95% CI, 15.5-16.0) considered their hearing to be less
than good. Accidental injuries in the preceding 3 months were
reported by 6.6 million respondents (95% CI, 6.4 million to 6.8
million) (2.8%; 95% CI, 2.8%-2.9%).

The details of respondents’ hearing status along with
the prevalence of accidental injuries based on this hearing
status are provided in Table 2. There were no differences in
the rate of injuries between male and female respondents
(2.8% vs 2.8%), but the mean age in those who reported
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accidental injuries (48.0 years; 95% CI, 47.5-48.6) was sig-
nificantly higher than in those who did not (46.4 years; 95%
CI, 46.2-46.6).

The Figure depicts the prevalence of different types of
injuries based on hearing status. In these univariate analy-
ses, rate of driving-related injuries did not statistically differ
based on hearing status, but the rate of leisure-related inju-
ries steadily increased from 0.8% (95% CI, 0.8%-0.9%) in
those with excellent hearing to 1.4% (95% CI, 0.6%-3.2%) in
those who considered themselves deaf. The rate of work-
related injuries was higher in those with good hearing or a
little trouble hearing than in those with excellent hearing or
more severe forms of self-identified hearing difficulty.

Table 3 presents the results of multivariate analysis of the
odds of sustaining injuries based on hearing status after ad-
justment for age and sex. When compared with those with ex-
cellent hearing, incurrence of an accidental injury was signifi-
cantly associated with having a little trouble hearing (OR, 1.6;
95% CI, 1.5-1.8), moderate trouble hearing (OR, 1.7; 95% CI,
1.4-1.9), and a lot of trouble hearing (OR, 1.9; 95% CI, 1.6-2.3).
Leisure-related injuries were most consistently associated
with various degrees of hearing difficulty, and ORs steadily
increased from 1.2 (95% CI, 1.0-1.4) in those with a little trouble
hearing to 1.4 (95% CI, 1.1-1.9) in those with moderate
trouble hearing and 1.5 (95% CI, 1.1-2.2) in those with a lot of
trouble hearing.

.|
Discussion

Accidental injuries impose a significant health care and
economic burden in the United States'* and globally.!*!*
According to an analysis conducted by the CDC on injury
data from the National Electronic Injury Surveillance
System, the estimated lifetime costs of medical treatments
and loss of wages for accidental injuries in 2013 were $253.5
billion, whereas the mean cost per injured person was more
than $14 000.'* Of these expenditures, 37% were associated
with injuries from falls and 21% from transportation-related
injuries. Although many risk factors for accidental injury
have been reported in the literature,*'® the association
between these injuries and certain sensory impairments,
such as hearing loss, are not well understood. The near-
universal availability of screening and treatment options for
mild to profound hearing loss would classify hearing loss as
a preventable risk factor for accidental injuries.

In the present study, hearing difficulty was reported by
approximately 15.7% of the adults, and accidental injuries
had occurred in 2.8% regardless of hearing status. The rate
of accidental injury steadily increased from 2.4% in those
with excellent hearing to 4.8% in those with a lot of trouble
hearing. This rate was lower in the persons who considered
themselves to be deaf (2.8%) but higher than in those with
excellent hearing. When the injuries were stratified based
on type, a similar trend was noted in work-related injuries;
those with good hearing or a little trouble hearing had
higher rates (0.5% and 0.6%, respectively) of injury at work
compared with respondents in other hearing categories,

jamaotolaryngology.com
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Table 1. Demographic Characteristics and Distribution
of Self-perceived Hearing Status and Accidental Injury Types
Among NHIS Respondents, 2007-2015

Total
Characteristic No. (95% CI)? % (95% Cl)
Mean age, y 46.4
Sex
Male 112.2 (110.2-113.9) 48.3 (48.0-48.5)
Female 120.2 (118.3-122.0) 51.7 (51.5-52.0)

Hearing status
Excellent
Good
A little trouble
Moderate trouble
A lot of trouble
Deaf

Marital status
Single
Married

Educational level

Elementary school

116.0 (114.0-117.9)
79.8 (78.4-81.2)
23.0 (22.5-23.6)

8.5 (8.2-8.7)
4.4 (4.3-4.5)
0.5 (0.4-0.6)

106.7 (104.8-108.6)
125.1 (122.8-127.4)

11.6 (11.2-12.0)

49.9 (49.5-50.3)
34.4 (34.1-34.7)
9.9 (9.7-10.1)
3.6 (3.5-3.7)
1.9 (1.8-2.0)
0.2 (0.2-0.3)

46.0 (45.5-46.5)
54.0 (53.5-54.5)

5.0 (4.8-5.2)

High school 83.1(81.6-84.7) 36.0 (35.5-36.5)

>College 136.2 (133.7-138.7) 59.0 (58.5-59.5)
Ethnicity

Hispanic 33.5 (32.4-34.6) 14.4 (14.0-14.9)

Non-Hispanic 198.7 (195.5-202.0) 85.6 (85.1-86.0)
Race

Black 28.6 (27.6-29.6) 12.3(11.9-12.7)

Other® 203.7 (200.3-207.0) 87.7 (87.3-88.1)
Accidental injury type

Driving related 0.5 (0.5-0.6) 0.2 (0.2-0.3)

Work related 1.1 (1.0-1.1) 0.5 (0.4-0.5)

Leisure related 2.0(1.9-2.1) 0.8 (0.8-0.9)

Abbreviation: NHIS, National Health Information Survey.
2 Number in millions.

bOther includes white, Native American, Pacific Islander, multiracial, and race
unspecified.

including deaf respondents (0.3%). One possible explana-
tion for lower rates of injury among individuals who con-
sider themselves deaf is that they may not engage in certain
home- or work-related activities or tasks that could increase
their risk of injury.

In contrast, there was a steady increase in leisure-related
injuries as the degree of hearing difficulty worsened, from 0.8%
in persons with excellent hearing to 1.4% in the deaf adults.
This finding indicates that hearing-impaired or deaf individu-
als are at greater risk for sustaining injuries during sports or
leisure activities in contrast to work-related injuries. Multi-
variate analysis further confirmed the association between
work- and leisure-related injuries and the levels of hearing dif-
ficulty discussed above. However, the OR for the deaf cat-
egory did not reach statistical significance in the multivariate
analysis, which may be related to the lower number of inter-
viewees after adjustment for age and sex. Driving-related

JAMA Otolaryngology-Head & Neck Surgery May 2018 Volume 144, Number 5
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Table 2. Prevalence of Any Accidental Injuries Based on Self-perceived Hearing Status

Any Injuries®

Yes No

Hearing Status No. (95% CI) % (95% Cl)

No. (95% Cl)

% (95% CI)

Excellent 2.8 (2.7-2.9) 2.4 (2.3-2.5) 113.2 (111.2-115.1) 97.6 (97.5-97.7)
Good 2.3(2.2-2.4) 2.9 (2.7-3.0) 77.5 (76.2-78.9) 97.1(97.0-97.3)
Alittle trouble 0.9 (0.9-1.0) 4.1 (3.8-4.4) 22.1 (21.5-22.6) 95.9 (95.6-96.2)
Moderate trouble 0.4 (0.3-0.4) 4.2 (3.7-4.7) 8.1(7.9-8.4) 95.8 (95.3-96.3)
A lot of trouble 0.2 (0.2-0.2) 4.8 (4.1-5.6) 4.2 (4.1-4.4) 95.2 (94.4-95.9)
Deaf <0.1 (<0.1) 2.8 (1.7-4.9) 0.5 (0.5-0.6) 97.2 (95.1-98.3)

2 Number in millions.

Figure. Prevalence of Accidental Injuries in the Previous 3 Months by Hearing Status and Type of Injury

2.57
M Driving

2.0 [ work
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E 15
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Driving, P = .07; work, P = .03; and
leisure, P = .01. P values are the
outputs of SPSS Complex Samples
Algorithms CSTABULATE, with x? for
significance (SPSS Inc). The deaf
category was excluded for
driving-related injury because of

Good A Little Trouble

Self-perceived Hearing Status

Excellent Moderate Trouble

A Lot of Trouble Deaf sample size limitations in the number
of deaf drivers. Error bars indicate

95% Cls.

Table 3. Odds of Sustaining Accidental Injuries Based on Self-perceived Hearing Status

Adjusted for Age, Sex, Marital Status, Educational Level, Ethnicity, and Race

OR (95% CI)

Hearing Status Any Injuries Driving Related

Work Related

Leisure Related

Excellent 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Good 1.2 (1.1-1.3) 1.4 (1.1-1.7) 1.3 (1.1-1.5) 1.0 (0.8-1.1) Abbreviations: NA. not applicable;

A little trouble 1.6 (1.5-1.8) 1.8 (1.3-2.5) 1.9 (1.4-2.5) 1.2 (1.0-1.4) OR, odds ratio.

Moderate trouble 1.7 (1.4-1.9) 1.1 (0.6-1.8) 1.4 (0.9-2.0) 1.4 (1.1-1.9) 2 The deaf category was excluded for
A lot of trouble 1.9 (1.6-2.3) 2.4 (1.3-4.5) 1.4 (0.7-2.8) 1.5 (1.1-2.2) driving-related injury because of
Deaf 1.1 (0.6-2.0) NA? 1.0 (0.3-3.5) 1.9 (0.8-4.5) sample size limitations in the

number of deaf drivers.

injuries, when adjusted for age and sex, also had a significant
association with good hearing, a little trouble hearing, and a
lot of trouble hearing.

A systematic review of chronic health problems and risk
of accidental workplace injuries in 2008 identified a positive
association for hearing impairment, neurotic illness, diabe-
tes, epilepsy, and use of sedating medication with injuries.® The
hearing portion of this review included 15 studies. Five of these
studies defined hearing loss according to either pure-tone
audiometry or a physician’s determination, whereas the re-
maining studies relied on participants’ self-determination.
Overall, the review concluded that, in most comparisons, the
ORs of work-related injuries were greater than 1.5 with any type
of hearing loss. A study of hearing loss and agricultural inju-

ries in Iowa revealed that persons with self-reported hearing
loss were twice as likely to sustain injuries.” When pure-tone
thresholds were considered, a pure-tone average greater than

25 dB (hearing level) in the better ear was associated with an

JAMA Otolaryngology-Head & Neck Surgery May 2018 Volume 144, Number 5

OR of 1.6. Exposure to noise at work increased ORs for those
with self-reported hearing loss and a pure-tone average greater
than 25 dBin the more affected ear. In another study in an el-
derly Turkish population, those with hearing problems were
1.3 times more likely to have experienced at-home accidents.'®
Overall, the trends in these studies appear consistent with the
findings of the present investigation.

Limitations

There are several limitations to this study. Survey-based studies
are generally dependent on the accuracy of the data collection
process and respondents’ recall bias. However, the CDC main-
tains high standards for conduction and collection of the NHIS,
and these surveys have been used in previous studies.'®2° The
subjective nature of the hearing status in the surveysis another
limitation. Hearing loss is typically defined based on pure-tone
thresholds, which would provide a more objective, perhaps
more accurate assessment of an individual’s hearing status.

jamaotolaryngology.com

© 2018 American Medical Association. All rights reserved.


http://www.jamaotolaryngology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2018.0039

Self-reported Hearing Difficulty and Risk of Accidental Injury in Adults

However, self-reported hearing difficulty may be more indica-
tive of an individual’s functional hearing ability in daily life.
Notably, in an assessment of the association of agricultural in-
juries with hearing loss, Choi et al'” found that self-reported
hearing status was a stronger predictor of injury than pure-tone
audiometry. In other studies, including a study of the NHIS
1985 t0 1994 databases by Zwerling et al'! and a study of farm
injuries in New York farmers by Hwang et al,?! a positive asso-
ciation between self-reported hearing difficulty and acciden-
tal injuries was identified.

Despite these limitations, our analysis of the NHIS data en-
abled us to characterize the association between hearing dif-
ficulty and accidental injuries and to produce national estimates
using a representative sample. These surveys help investiga-
tors understand health care problems and their burden from the
perspective of patients. Future studies should further investi-
gate the observed trends in the present study and expand on

Original Investigation Research

the current knowledge. Increased awareness about hearing dif-
ficulty and its appropriate screening and management may help
decrease therisks and burden of accidental injuries in the com-
munity. Otolaryngologists and audiologists can play a central
rolein educating the public and in facilitating the development
of local, state, and federal strategies and policies.

. |
Conclusions

An increased rate of accidental injury was strongly associ-
ated with self-reported poorer hearing quality in US adults.
When stratified based on injury type, leisure-related inju-
ries were most consistently associated with the degree of
self-perceived hearing difficulty. Those with good hearing
or a little trouble hearing had higher odds of sustaining
work-related injuries.
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