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IMPORTANCE Hearing loss (HL) is common among older adults and is associated with poorer
health and impeded communication. Hearing aids (HAs), while helpful in addressing some of
the outcomes of HL, are not covered by Medicare.

OBJECTIVE To determine whether HA use is associated with health care costs and utilization
in older adults.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study used nationally
representative 2013-2014 Medical Expenditure Panel Survey data to evaluate the use of HAs
among 1336 adults aged 65 years or older with HL. An inverse propensity score weighting
was applied to adjust for potential selection bias between older adults with and without HAs,
all of whom reported having HL. The mean treatment outcomes of HA use on health care
utilization and costs were estimated.

EXPOSURES Encounter with the US health care system.

MAIN OUTCOMES AND MEASURES (1) Total health care, Medicare, and out-of-pocket spending;
(2) any emergency department (ED), inpatient, and office visit; and (3) number of ED visits,
nights in hospital, and office visits.

RESULTS Of the 1336 individuals included in the study, 574 (43.0%) were women; mean (SD)
age was 77 (7) years. Adults without HAs (n = 734) were less educated, had lower income,
and were more likely to be from minority subpopulations. The mean treatment outcomes of
using HAs per participant were (1) higher total annual health care spending by $1125 (95% CI,
$1114 to $1137) and higher out-of-pocket spending by $325 (95% CI, $322 to $326) but lower
Medicare spending by $71 (95% CI, −$81 to −$62); (2) lower probability of any ED visit by 2
percentage points (PPs) (24% vs 26%; 95% CI, −2% to −2%) and lower probability of any
hospitalization by 2 PPs (20% vs 22%; 95% CI, −3% to −1%) but higher probability of any
office visit by 4 PPs (96% vs 92%; 95% CI, 4% to 4%); and (3) 1.40 more office visits (95% CI,
1.39 to 1.41) but 0.46 (5%) fewer number of hospital nights (95% CI, −0.47 to −0.44), with no
association with the number of ED visits, if any (95% CI, 0.01 to 0).

CONCLUSIONS AND RELEVANCE This study demonstrates the beneficial outcomes of use of
HAs in reducing the probability of any ED visits and any hospitalizations and in reducing the
number of nights in the hospital. Although use of HAs reduced total Medicare costs, it
significantly increased total and out-of-pocket health care spending. This information may
have implications for Medicare regarding covering HAs for patients with HL.

JAMA Otolaryngol Head Neck Surg. 2018;144(6):498-505. doi:10.1001/jamaoto.2018.0273
Published online April 26, 2018.

Invited Commentary
page 505

Supplemental content

CME Quiz at
jamanetwork.com/learning
and CME Questions page 548

Author Affiliations: Department of
Family Medicine, School of Medicine,
University of Michigan, Ann Arbor
(Mahmoudi, Zazove, McKee);
Institute for Healthcare Policy and
Innovation, University of Michigan,
Ann Arbor (Mahmoudi, Zazove,
Meade, McKee); Department of
Physical Medicine & Rehabilitation,
School of Medicine, University of
Michigan, Ann Arbor (Meade).

Corresponding Author: Elham
Mahmoudi, PhD, Department of
Family Medicine, School of Medicine,
University of Michigan, North
Campus Research Complex, 2800
Plymouth Rd, Building 14, Room
G234, Ann Arbor, MI 48109
(mahmoudi@med.umich.edu).

Research

JAMA Otolaryngology–Head & Neck Surgery | Original Investigation

498 (Reprinted) jamaotolaryngology.com

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoto.2018.0273&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2018.0273
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoto.2018.0274&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2018.0273
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoto.2018.0273&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2018.0273
http://www.jamanetwork.com/learning/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2018.0273
mailto:mahmoudi@med.umich.edu
http://www.jamaotolaryngology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2018.0273


H earing loss (HL) is estimated to affect two-thirds of
adults older than 70 years and is associated with worse
health care professional–patient communication, more

frequent hospitalization, more social isolation, functional de-
clines, and falls.1-4 With the aging population expected to in-
crease to 98 million individuals by 2040, the need to address
HL and issues associated with use of and access to hearing aids
(HAs) continues to grow.1,5,6 Poor communication adversely
affects many health outcomes, including patient satisfac-
tion, treatment adherence, use of health services, education
regarding healthy behaviors, and medical costs.7-12 Hearing loss
represents a major source of poor health care communica-
tion that can potentially affect delivery of health care.13 Hear-
ing aids have been shown to reduce communication barriers
and disability-related outcomes of HL.14,15

In addition, HL affects individual finances as well as health
and well-being.16 Medical expenditures associated with self-
reported HL in individuals aged 65 years or older in the United
States totaled approximately $3.1 billion in 2010.17 Medicare
and many private insurers, however, do not cover routine hear-
ing examinations, HAs, or fitting examinations.18 The Over-
the-Counter Hearing Aid Act recently signed into law19 cre-
ated some regulations regarding over-the-counter HAs for
people with hearing difficulty. Although this law is a positive
move, the large price associated with the purchase, adjust-
ment, and maintenance of this assistive technology and the
lack of coverage of it by either private or public health insur-
ance may keep people from using HAs. In the United States,
only 14% of adults aged 50 years or older with HL use HAs.18

Insurance plans that include HA packages often have mini-
mal coverage, which leaves people pursuing HA remedies with
substantial out-of-pocket costs.20 Research shows that older
adults with HL experience more hospitalization than those
without hearing difficulties.21 Whether use of HAs would help
to reduce emergency department (ED) visits and hospitaliza-
tions for older adults with HL is not known. In addition, ow-
ing to the high cost of HAs, the association of HA use and out-
of-pocket and total health care spending is not clear.

The purpose of this study is to examine the mean treat-
ment outcomes of HA use on health service cost and use. We
hypothesized that use of HAs reduces hospitalizations and ED
visits and increases out-of-pocket costs for patients with HL.
The findings from this study will have policy implications for
payers, particularly Medicare, and policymakers in their de-
cisions regarding HA coverage for patients with HL.

Methods
Data Source
We performed a retrospective study using 2013-2014 data from
the Medical Expenditure Panel Survey (MEPS), a nationally rep-
resentative sample of noninstitutionalized individuals in the
United States.22 The Agency for Healthcare Research and Qual-
ity collects, verifies, and manages data for MEPS. We used the
MEPS Household Component files. At the time of data analy-
sis, 2014 was the last year for which data were available. MEPS
provides data that are publicly available and cannot be tracked

to humans. Therefore, our study was exempt from review by
an institutional review board and was approved by the Uni-
versity of Michigan.

Patient Selection
We selected all people aged 65 years or older who self-
reported having hearing loss (eFigure 1 in the Supplement). Our
original sample included 1360 individuals with positive val-
ues for the person weight variable—provided by the Agency for
Healthcare Research and Quality—who responded yes to
whether they had serious difficulty hearing.23 Among those,
612 individuals responded yes to a query on whether they used
an HA.23 After excluding individuals with missing values (24
patients [1.8%]), our final sample included 1336 individuals,
602 of whom used HAs and 734 of whom did not.

Dependent and Explanatory Variables
Our outcomes of interest were the mean annual treatment out-
comes of using HAs on (1) total, out-of-pocket, and Medicare
expenses; (2) any hospitalizations, any visits to the ED, and any
office visits; and (3) number of nights hospitalized, number of
ED visits, and number of office visits, if any. We adjusted our
regression models for age, sex, race/ethnicity, marital status,
any physical limitations, presence of certain chronic condi-
tions, interview language, region of the country, educational
level, and federal poverty level. Objective audiometric data are
not available in MEPS and, therefore, we could not control for
the degree and type of hearing loss.

Age was measured as a continuous variable in years (range,
65-85 years). We also included square of age in our models to
account for nonlinear outcomes of age on use of HAs rather
than assuming a constant association for all ages (eFigure 2 in
the Supplement). Sex (male/female); marital status (married/
unmarried); physical limitations based on any self-reported dif-
ficulty with standing, walking, climbing stairs, bending, reach-
ing, and grasping; whether the individual was ever diagnosed
with any of 10 chronic conditions (hypertension, any heart dis-
ease [including coronary heart disease, angina, myocardial in-

Key Points
Question Is the use of hearing aids associated with the probability
of hospitalizations and emergency department visits as well as
health care use and spending among older people with
self-reported hearing loss?

Findings In this cohort study of nationally representative data
from 1336 US Medicare beneficiaries who reported hearing loss,
self-reported use of hearing aids was associated with reducing any
visits to the emergency department and hospitalizations, both by
means of 2 percentage points. Use of hearing aids increased the
number of office visits, if any, by 1.40 days and reduced the
number of nights in the hospital, if any, by 0.46 nights; hearing
aids also increased total health care spending by $1125 and
out-of-pocket costs by $325 but decreased Medicare spending by
$71.

Meaning This information might be useful for the Centers for
Medicare & Medicaid in deciding on insurance coverage of hearing
aids for older adults with hearing loss.
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farction, and other heart diseases], stroke, emphysema, high
cholesterol levels, cancer, diabetes, joint pain, arthritis, and
asthma); and interview language (English/other) were dichoto-
mous variables. We also controlled for race/ethnicity (white,
Hispanic, African American, Asian, other minority, or mixed
race), educational attainment (less than high school, high
school diploma or general educational development, some col-
lege education, and college degree), and residential region
(Northeast, Midwest, South, and West) as categorical vari-
ables. Finally, household income was measured according to
the federal poverty level (FPL). We used 5 mutually exclusive
categories (poor [<100% of the FPL], near poor [100%-124%
of the FPL], low income [125%-199% of the FPL], middle in-
come [200%-399% of the FPL], and high income [≥400% of
the FPL]).

Statistical Analysis
We examined the mean treatment outcomes24 of using HAs
on use and costs of health care services, particularly hospital-
izations, ED visits, and office visits. Mean treatment outcome
is a counterfactual analysis estimating the adjusted esti-
mated difference in an outcome variable, such as total costs
of health care or any hospitalization, assuming that everyone
in the population of interest uses the treatment option vs as-
suming that no one in the population of interest uses it.25 This
method provides a mechanism to estimate causal inferences
for observational data to examine the outcome of a treatment
option.26-28 Our target population was older adults (aged ≥65
years) who reported having difficulty hearing. The treatment
option was self-reported use of HAs. First, we used mean treat-
ment outcome without any adjustments (eFigures 3-5 in the
Supplement). Second, to adjust for potential selection bias be-
tween older adults who use and do not use HAs, we applied
an inverse propensity score weighting.29 We used all indepen-
dent variables (Table 1) to estimate an inverse probability of
treatment weighting to generate a synthetic distributional
equivalence of older adults with and without HA (eTables 1 and
2 in the Supplement).30 We assessed and confirmed the bal-
ance in covariates between those with and without HA by com-
puting standardized differences (eTable 3 and eFigure 6 in the
Supplement).31 Percent changes were calculated as (with
HA − without HA) / without HA • 100. Percentage points
(PPs) were calculated as percent of individuals with HA − per-
cent of those without HA.

Finally, we used the teffects command in Stata,24 apply-
ing ordinary least-square, binary, and Poisson distributions for
estimating cost, any use of services, and number of services
used, respectively (Figure 1, Figure 2, and Figure 3). Because
not all distributions are available via the teffects command, as
a sensitivity analysis, we also ran a series of regression analy-
ses to estimate the outcomes of HAs manually. We used a gen-
eralized linear model32 with γ distribution for our cost out-
comes, logistic distribution for our binary outcomes, and
negative binomial distribution for our count outcomes (eFig-
ures 7-9 in the Supplement).33 To measure the SEs for these
estimations, we replicated our entire sample 100 times (with
replacement), using a bootstrapping procedure for the case of
complex survey design.34 Throughout the process, we ad-

justed for the survey design of MEPS and weighted all esti-
mates using Agency for Healthcare Research and Quality–
supplied weights. Conducting the analysis manually with
different adjustments and distributions showed similar re-
sults. We used Stata, version 15 (StataCorp) for all analyses.
Findings were significant at α = .05 determined with 2-tailed,
paired testing.

Results
In a sample of 1336 older adults with self-reported HL, 734
(54.9%) were not using any HA devices (Table 1). The mean (SD)
age was 77 (7) years, with individuals using HAs being a mean
of 2 years older (95% CI, 1.23 to 3.23 years) than those not using
HAs; 574 (43.0%) were women. A higher percentage of white
compared with African American and Hispanic individuals re-
ported using HAs. For example, white persons had 11 PPs more
of HA use (91% vs 80%; 95% CI, 6% to 14%). Lower percent-
ages of African American (4% vs 8%; 95% CI, −6% to −2%) and
Hispanic (2% vs 7%; 95% CI, −7% to −3%) individuals re-
ported using HAs. Despite being older, a lower percentage of
people who reported using HAs had hypertension (by 8 PPs;
95% CI, −14% to −1%) and diabetes (by 7 PPs; 95% CI, −13% to
−1%).

There were substantial geographic and socioeconomic
variations between the 2 groups, with a higher percentage of
educated and affluent people reporting use of HAs. For ex-
ample, a higher percentage of people with English fluency,
compared with those without, used HAs (97% vs 95%; 95% CI,
1% to 4%). Compared with the other 3 regions, a higher per-
centage of people who lived in the South did not use HAs (43%
vs 35%; 95% CI, −15% to −1%). In addition, a lower percentage
of people without a high school diploma (18% vs 30%; 95% CI,
−18% to −6%) but a higher percentage of people with a col-
lege degree (25% vs 20%; 95% CI, 0% to 12%) used HAs. Simi-
larly, a lower percentage of people who were poor (8% vs 12%;
95% CI, −7% to 0%) or had a low income level (14% vs 19%; 95%
CI, −11% to 0%) vs a higher percentage of people with a high
income level (40% vs 31%; 95% CI, 2% to 16%) reported using
HAs.

Nationally representative, unadjusted means of the out-
comes of interest are presented in Table 2. Total annual out-
of-pocket spending among older adults with HAs was $534
($1997 vs $1463; 95% CI, $94-$973) higher than out-of-pocket
spending among those without. Ninety-eight percent of older
adults with HAs compared with 93% of those without HAs had
at least 1 office visit over a year (95% CI, 2%-7%). Also, older
adults with HAs compared with those without HAs had 2 ad-
ditional annual office visits (15 vs 13; 95% CI, 0.86-4.57).

Mean adjusted estimated treatment outcomes of using HAs
on 3 different cost measures are shown in Figure 1. For an older
adult with self-reported HL, the mean treatment outcome of
HA use on total health care costs was an additional $1125 (95%
CI, $1114 to $1137). Although the use of HAs increased annual
out-of-pocket expenditures by $325 (95% CI, $322 to $326), it
reduced total Medicare expenditures by only $71 (95% CI, −$81
to −$62).
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Figure 2 shows the mean adjusted estimated treatment
outcomes of using HAs on at least 1-time use of health ser-
vices. Use of HAs increased any office visits by 4 PPs (96% vs
92%; 95% CI, 4% to 4%) but decreased the likelihood of a visit
to the ED by 2 PPs (24% vs 26%; 95% CI, −2% to −2%) and an
inpatient stay in the hospital by 2 PPs (20% vs 22%; 95% CI,
−3% to −1%).

For those who had at least 1 office visit (n = 1286) (Figure 3),
use of HAs increased the number of office visits by 1.40 (10%)
days (15.05 vs 13.65 days; 95% CI, 1.39 to 1.41). For those who
were hospitalized (n = 288), use of HAs reduced the number
of nights in the hospital by 0.46 (5%) nights (95% CI, −0.47 to
−0.44). For those who visited the ED at least once (n = 359),

use of HAs had no association with the number of visits (1.70
vs 1.69; 95% CI, 0.01 to 0).

Discussion
This study underlined 3 key findings pertaining to the ad-
justed estimated mean treatment outcomes of using HAs
among older adults who reported having HL. First, use of HAs
increased mean out-of-pocket and total health care costs by
$325 and $1125, respectively. Second, their use increased any
office visit by 4 PPs and reduced any ED visit and any hospi-
talization each by 2 PPs. Finally, for individuals who used the

Table 1. Nationally Representative Characteristics of Adults 65 Years or Older With Self-reported Hearing Lossa

Patient Characteristic

% (95% CI)

Total

Hearing Aids

DifferenceWithout With
No. of patients 1336 734 602

Age, mean, yb 77 (76 to 78) 76 (75 to 77) 78 (77 to 79) 2 (1.23 to 3.23)c

Women 43 (39 to 46) 45 (40 to 50) 40 (35 to 45) −5 (−12 to 2)

Married 53 (49 to 58) 50 (45 to 56) 56 (51 to 62) 6 (−0.01 to 0.13)

Race/ethnicity

White 85 (83 to 88) 80 (77 to 83) 91 (88 to 93) 11 (6 to 14)c

African American 6 (5 to 7) 8 (6 to 10) 4 (2 to 6) −4 (−6 to −2)c

Hispanic 5 (4 to 6) 7 (6 to 10) 2 (2 to 4) −5 (−7 to −3)c

Asian 2 (1 to 3) 2 (1 to 3) 2 (1 to 3) 0 (−1 to 1)

Other/mixed race 2 (1 to 3) 3 (1 to 5) 1 (1 to 3) −2 (−3 to 1)

Physical limitation 65 (61 to 69) 66 (61 to 71) 65 (59 to 70) −1 (−8 to 6)

Hypertension 76 (72 to 79) 79 (75 to 84) 72 (67 to 77) −8 (−14 to −1)c

Any heart problem 49 (45 to 53) 48 (43 to 52) 51 (44 to 57) 3 (−5 to 10)

Stroke 20 (17 to 23) 22 (18 to 26) 19 (15 to 24) −3 (−9 to 4)

Emphysema 9 (7 to 12) 10 (7 to 13) 8 (6 to 11) −2 (−5 to 2)

High cholesterol level 69 (66 to 73) 70 (66 to 74) 69 (64 to 74) 0 (−7 to 6)

Cancer 36 (32 to 40) 35 (30 to 40) 38 (32 to 43) 3 (−4 to 10)

Diabetes 26 (23 to 30) 30 (25 to 34) 23 (18 to 28) −7 (−13 to −1)c

Arthritis 69 (65 to 72) 66 (61 to 70) 72 (67 to 76) 6 (−1 to 13)

Asthma 9 (7 to 12) 10 (7 to 13) 9 (6 to 12) −1 (−4 to 3)

English language 96 (95 to 97) 95 (93 to 96) 97 (96 to 99) 2 (1 to 4)c

Region

Northeast 17 (14 to 20) 16 (12 to 20) 18 (14 to 23) 2 (−4 to 7)

Midwest 22 (19 to 27) 20 (16 to 25) 25 (19 to 30) 5 (−2 to 10)

South 39 (35 to 43) 43 (38 to 48) 35 (29 to 41) −8 (−15 to −1)c

West 22 (19 to 25) 21 (17 to 25) 23 (18 to 28) 2 (−4 to 8)

Education

Less than high school 24 (22 to 28) 30 (26 to 35) 18 (15 to 22) −12 (−18 to −6)c

High school or GED 29 (25 to 32) 27 (23 to 32) 30 (25 to 36) 3 (−4 to 10)

Some college/other 24 (21 to 28) 22 (18 to 27) 26 (22 to 31) 4 (−2 to 9)

Undergraduate/graduate 23 (20 to 26) 20 (16 to 24) 25 (21 to 30) 5 (0 to 12)c

FPLd

Poor 11 (8 to 13) 12 (10 to 15) 8 (7 to 12) −4 (−7 to 0)c

Near poor 7 (6 to 10) 8 (6 to 11) 7 (4 to 10) −1 (−5 to 2)

Low income 17 (14 to 19) 19 (16 to 24) 14 (11 to 18) −5 (−11 to 0)c

Middle income 30 (27 to 33) 29 (26 to 33) 31 (27 to 35) 2 (−4 to 7)

High income 35 (32 to 39) 31 (26 to 36) 40 (35 to 45) 9 (2 to 16)c

Abbreviations: FPL, federal poverty
level; GED, general educational
development.
a Source: The 2013-2014 Medical

Expenditure Panel Survey,
Household Component Files.22

b Age is a continuous variable;
therefore, we provided the mean
instead of the percentage.

c Significant at α = .05.
d Poor, less than 100% of the FPL;

near poor, 100% to 124%; low
income, 125% to 199%; middle
income, 200% to 399%; and high
income, 400% or more.
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corresponding services at least once, using HAs increased the
number of office visits by 1.4 visits (9%) and reduced the num-
ber of nights in the hospital by 0.46 nights (5%), with no as-
sociation with the number of visits to the ED.

Hearing loss is the third most prevalent chronic condition
among older adults35,36 and is linked to a wide range of adverse
social and medical conditions.35-38 Given that hypertension and
diabetes are associated with an increased risk of HL,39-41 our find-
ings indicating a lower prevalence of these conditions among in-
dividuals with HAs may suggest a healthier and more active life
style among this population. The National Academy of Sciences,
Engineering, and Medicine recently issued a report on hearing
health care for adults that outlines recommendations on improv-
ing the accessibility and affordability of hearing health care, in-
cluding HAs.42 Despite their documented benefits,43-46 HAs are
not covered by most insurance plans and the prevalence of their
use is low.47 In addition, large disparities in the use of HAs exist,
with greater use among white individuals and those with higher
incomesandmoreeducationcomparedwithracial/ethnicminori-

ties and individuals of lower socioeconomic status.17,48,49 Varia-
tion in the use of HAs is a multidimensional issue associated
not only with barriers to access (location of audiologists or
multiple points of contact [family physicians, audiologists, hear-
ing aid specialists]) for screening and testing and affordability of
theHAs20 butalsolikelywithsomesocialandculturaldifferences
in the use of HAs between white individuals and racial/ethnic
minorities.49,50

The market for HAs is dominated and controlled by a hand-
ful of companies.51 Thus, owing to patients’ limited options be-
cause of restrictive contractual agreements between insurers
and manufacturers, prices of HAs remain substantially high.52

In 2014, for example, the mean cost for a pair of fitted HAs
ranged between $2200 and $7000.47

Insurance coverage can reduce the financial barriers that are
associated with HAs. Despite evidence demonstrating the ben-
efits of HAs among individuals with HL,53,54 Medicare—the main
health insurance provider for people aged 65 years or older—does
not cover the cost of purchasing or maintaining HAs.47 If a health
care professional orders a hearing test as part of a medical evalu-
ation or to determine the appropriate treatment, the cost asso-
ciatedwithinitialtestingiscoveredbyMedicare;otherwise,Medi-
care does not cover the initial hearing test.55 Furthermore, even
if the hearing test is covered, Medicare does not cover additional
costsassociatedwithHAs, includingthepriceofthedevice,avisit
to a specialist to fit the device, or an annual evaluation visit for
adjusting the device.56 Some Medicare Advantage plans may of-
fer limited HA coverage,57 and some Medicare beneficiaries use
supplemental insurance; however, people with HL usually pay
out of pocket for most, if not all, of the cost.55 Medicaid coverage
of HAs is also not federally mandated: 28 states offer some cov-
erage and the other 22 states have no coverage.48 As for private
insurance, although a few states (ie, Arkansas, Connecticut, New
Hampshire, and Rhode Island) mandate coverage of HAs for both
children and adults, benefits offered by insurers are limited.58

The association between use of HAs and health care spend-
ing may be explained by its diverging association with the use

Figure 2. Adjusted Estimated Mean Treatment Outcome of Hearing Aids
(HAs) on Any Use of Health Care Services

0 100806040

Use of Service, %
20

Any office
visit

Any ED visit

Any inpatient
stay

With HAs

Without HAs

Data obtained from the 2013-2014 Medical Expenditure Panel Survey,
Household Component File.22 Results are based on manually estimating the
treatment outcomes of HAs on cost, using generalized linear models with a
logistic distribution. All differences are significant at α = .05. Percent change is
calculated as (with HA − without HA) / without HA • 100. Percentage points are
calculated as percent of individuals with HA − percent of those without HA. ED
indicates emergency department.

Figure 1. Adjusted Estimated Mean Treatment Outcome of Hearing Aids
(HAs) on Health Care Costs

0 14 00012 00010 000800060004000

Total Amount, $
2000

Out-of pocket
expenditures

Medicare
expenditures

Health care
costs

With HAs

Without HAs

Data obtained from the 2013-2014 Medical Expenditure Panel Survey,
Household Component File.22 All differences are significant at α = .05.

Figure 3. Adjusted Estimated Mean Treatment Outcome of Hearing Aids
(HAs) on Number of Health Care Services Used, if Any

0 201510

Mean No.
5

Office visits

Nights in
hospital

ED visits With HAs
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Data obtained from the 2013-2014 Medical Expenditure Panel Survey,
Household Component File.22 Results are based on manually estimating the
treatment outcomes of HAs on cost, using generalized linear models with a
negative binomial distribution. Differences in office visits and nights in the
hospital are significant at α = .05. Percent change is calculated as (with
HA − without HA) / without HA • 100. ED indicates emergency department.
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of different health care services. Research has shown an as-
sociation between HL and a higher risk of hospitalization and
longer hospital stays.1 Hospitalization and ED visits are among
the most expensive health care services in the United States.
They have also been shown to be positively associated with
disease burden and negatively associated with quality of life,
especially among patients with HL.59 Our study shows posi-
tive results of HA use on increasing the number of office vis-
its and reducing hospitalization and any ED visits among pa-
tients with self-reported HL. However, we did not examine the
causes of these visits and whether they might differ between
individuals with and without HAs. It may be that reductions
in the use of this type of service reflect fewer critical inci-
dents, such as falls, that require urgent and immediate inter-
vention. Alternatively, because ED visits and unplanned hos-
pitalizations have been associated with less access to a regular
source of primary care,60 it may be that the differences in ED
visits and hospitalization between older adults with self-
reported HL who do or do not use HAs reflect variations in pat-
terns of health care use. It is also plausible that individuals who
use HAs are willing to spend more on preventable health care
services.

Our results indicate that patients who reported using HAs
had higher numbers of office visits and lower probability of ED
visits or hospitalizations. People who use HAs need to be tested
by a specialist, and their hearing devices need to be fitted
regularly.61 Perhaps owing to better communication, patients
with HAs are more aware of their well-being and health con-
ditions and are more likely to request primary or specialty care
visits as needed.62,63 Although the specific association be-
tween the increase in office visits and decrease in probability
of ED and inpatient visits was not examined in this study, im-
provement in physician-patient communication, better un-
derstanding of and adherence to recommended treatments,
and therefore better awareness of preventive care may ex-
plain the outcomes of HA use on the differing use of health care
services.64

Limitations
This study had a few limitations. First, because MEPS is a self-
reported survey, we had no objective measure of an individual’s
degree of HL. The survey question asks whether a person has any
hearing difficulty, and a self-reported HL to one person might not
be considered a serious condition by another. Although the lit-
erature shows a correlation between self-reported HL and audio-
metricmeasuresofhearing,65-67 theassociationmightvarybyage,
sex, and race/ethnicity.68 Furthermore, older and white individu-
als with severe HL are more likely to use HAs.3 We applied inverse
propensity score weighting to adjust for differences in the base-
line characteristics of older adults with and without HAs; the
differences, however, may not be captured in our covariates.
For example, the same characteristics that may lead someone to
purchase HAs may lead the same individual to seek more care in
general.

Second,forpeoplewhoself-reportedusingHAs,wecouldnot
control for the type and number of their hearing devices and
whether they used them consistently. There is a wide range of HA
devices on the market. Hearing-assistive devices, some of high
quality, designed for mild to moderate HL are available over the
counter and are relatively inexpensive; HAs, however, are more
sophisticated,betterfittopatientswithHL,andmoreexpensive.69

Finally, we used cross-sectional data for this analysis. Analyzing
the results of HA use longitudinally would provide more granu-
lar estimations of health care use and cost. The cost-effectiveness
of these devices is an important subject for future study.

Conclusions
Our study examined the mean treatment outcomes of HAs on
total and out-of-pocket costs of health care and the use of dif-
ferent health care services. Our results indicate higher total and
out-of-pocket costs among patients using HAs, lower prob-
abilities of any ED visits and hospitalizations, fewer hospital
nights, and a greater number of office visits.

Table 2. Unadjusted Data of Nationally Representative Health Care Costs and Use Outcomes
Among Older People With Self-reported Hearing Lossa

Patient Characteristic Total

Hearing Aids

Difference (95% CI)Without With
No. of patients 1336 734 602

Total cost, mean (SD), $

Health care 12 839 (20 478) 12 254 (20 254) 13 435 (20 082) 1181 (−1247 to 3609)

Out of pocket 1727 (4448) 1463 (4792) 1997 (4098) 534 (94 to 973)b

Medicare 8293 (169 50) 8269 (17 000) 8317 (16 793) 48 (−1928 to 2024)

Any hospitalization, %
(95% CI)

21 (19 to 24) 21 (17 to 24) 22 (18 to 26) 1 (−4 to 6)

Any ED visits, % (95% CI) 26 (23 to 29) 26 (22 to 31) 25 (21 to 30) −1 (−7 to 4)

Any office visits, % (95%
CI)

95 (93 to 96) 93 (90 to 95) 98 (95 to 99) 5 (2 to 7)b

Health care intervention,
No. (SD)

Hospitalization 1.60 (7.00) 1.80 (8.85) 1.39 (4.82) −0.41 (−1.16 to 0.34)

ED visits 0.45 (1.21) 0.47 (1.35) 0.42 (1.07) −0.05 (−0.18 to 0.08)

Office visits 14 (17.61) 13 (19.20) 15 (15.86) 2.71 (0.86 to 4.57)b

Abbreviation: ED, emergency
department.
a Source: The 2013-2014 Medical

Expenditure Panel Survey,
Household Component Files.22

b Significant at α = .05.
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Invited Commentary

Hearing Aid Use and Health Care Costs Among Older Adults
Margaret I. Wallhagen, PhD, GNP-BC

A number of studies have attempted to quantify the cost of hear-
ing loss, including ones using the same data source but an earlier
time.1 A systematic review that summarized many of these find-
ings documented the financial results of hearing loss, but also
highlighted the variability across studies and lack of standardiza-
tion of how hearing loss is defined when using large data sets.2

Fewer data are available, however, on whether the use of hear-
ing aids (HAs) mitigates, attenuates, or contributes to these costs.

Given the lack of data, the in-
creasing numbers of older
adults who might benefit from

the use of HAs and the current lack of health care coverage for
hearing health care, Mahmoudi et al3 is exploring an important
topic in this issue of JAMA Otolaryngology–Head and Neck Sur-
gery. Elucidating the outcomes of HA use on health care costs
couldprovidevaluabledataforthosedesigninghealthcarepolicy.
Thefindingsareinteresting,yetraiseanumberofissuesthatcould
inform data interpretation as well as highlight additional research
priorities.

Mahmoudi and colleagues3 use the Medical Expenditure
Panel Survey data to identify adults aged 65 years or older who
reported severe difficulty with hearing and divide this group into
those who did or did not report having a HA. Given the criteria
used for hearing loss, it is less surprising that the rate of HA use
(45.1%) is higher than the rates reported in most studies because,
astheauthorsacknowledge,HAusebecomesmoreprevalentwith
age and in those with more severe hearing loss. The mean age of
the study population was 77 years. This selection criterion may
also have affected the findings, as the overall use of health care
services for concurrent conditions in both those with and with-
out HAs may attenuate any potentially positive results of using
a HA. Furthermore, although a decrease in Medicare spending in
the HA group is noted, the data suggest only a modest difference
in Medicare expenditure between the 2 groups because there is
no comparative baseline.

However, what appears to be most salient in the findings is
the disparities across geographic regions and minority groups.
These differences further support prior data documenting that
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