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Abstract

Background: This study recruited older adults to explore physical and psychosocial conditions and other health outcomes
associated with hearing loss (HL) and hearing aid use. Method: Survey data were used to categorize 20,244 participants into five
groups: no HL, unaided mild HL, aided mild HL, unaided severe HL, and aided severe HL. Results: Individuals with unaided
severe HL were more likely to report poor-fair self-rated health and were less likely to leave the home, or exercise 4 to 7 days
per week, while there were no such associations for those with aided mild or severe HL. In addition, those with aided hearing
were less likely to report depression, low social support, or mobility limitations. Discussion: In several instances, hearing aid
use reduced associations between HL and negative psychosocial and physical characteristics, and health outcomes. More
research using longitudinal study designs is needed to better understand the true implications of these findings.
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Introduction

Hearing loss (HL) is a significant public health problem (The
National Academies of Sciences, Engineering, and Medicine,
2016), and will likely gain importance as the proportion of
individuals aged 65 years and older in the U.S. population
continues to grow (Institute of Medicine, 2008). In the United
States, HL affects about 27% of adults aged between 60 and
69 years, about 55% of adults aged between 70 and 79 years,
and about 79% of adults aged between 80 years and older
(Lin, Niparko, & Ferrucci, 2011). About 19% of individuals
aged 70 years and older with HL use hearing aids, including
3% of those with mild HL, while 40% and 77% of those with
moderate and severe HL, respectively, use hearing aids (Lin,
Thorpe, Gordon-Salant, & Ferrucci, 2011).

An extensive body of literature exists regarding the as-
sociation between HL and poorer physical as well as psy-
chosocial and cognitive health. Among the more recent
publications related to physical health, HL has been asso-
ciated with poor physical health (Choi, Betz, Deal, et al.,
2016; Mikkola et al., 2015), an increased risk of falls
(Gopinath, McMahon, Burlutsky, & Mitchell, 2016; Kamil
etal., 2016), and frailty (Liljas et al., 2017). Among the more
recent publications related to psychosocial and cognitive
health, HL has been associated with depression (Gopinath,

Hickson, et al., 2012), poor self-rated health (McKee,
Winters, Sen, Zazove, & Fiscella, 2015), as well as loneli-
ness (Mick, Parfyonov, Wittich, Phillips, & Kathleen
Pichora-Fuller, 2018; Pronk, Deeg, & Kramer, 2013; Sung,
Li, Blake, Betz, & Lin, 2016) and lower social support (Mick
et al., 2018).

With three exceptions (Gopinath et al., 2016; Gopinath,
Schneider, et al., 2012; Liljas et al., 2017), these studies were
cross-sectional in nature making it difficult to further explore
the true relationship between HL and measures of poorer
health. However, a past summary of the literature describing
a positive association between HL and cognitive impairment
discussed existing theories regarding this relationship
(Pichora-Fuller, Mick, & Reed, 2015). In this article, the
authors describe possible biological and cognitive mecha-
nisms. For example, one biological mechanism described
indicates that a process such as neurodegeneration may
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simultaneously lead to both HL and dementia. Meanwhile,
one cognitive mechanism described related to the suggestion
that HL may lead to fewer signals being transmitted to the
brain, resulting in changes in brain structure, functional brain
networks, and behavioral performance. Thus current evi-
dence suggests that either a causal relationship between HL
and cognition exits, or that both are adversely affected by the
same pathological processes (Logroscino & Panza, 2016). It
is likely that these complex relationships impact many of the
associations described here.

These relationships may become even more complicated
when trying to be understood in the context of those who do
and do not use hearing aids. To date, evidence regarding how
these associations are influenced by the use of hearing de-
vices, such as hearing aids or cochlear implants (i.e., aided
hearing), has been somewhat inconsistent. The strongest
evidence for a benefit associated with hearing aid use may be
for depression, where three recent observational studies
(Boorsma et al., 2012; Gopinath et al., 2009; Mener, Betz,
Genther, Chen, & Lin, 2013) and two small prospective
studies that used hearing aids as an intervention (Acar,
Yurekli, Babademez, Karabulut, & Karasen, 2011; Boi
et al, 2012) reported a decreased risk for depression
among individuals who wore hearing aids. Otherwise, most
studies suggest that aided hearing is associated with little to
no improvement in physical functioning (Chen et al., 2015;
Chen, Genther, Betz, & Lin, 2014; Gispen, Chen, Genther, &
Lin, 2014; Gopinath, Schneider, et al., 2012), while one
recent study found a benefit (Dawes, Cruickshanks, et al.,
2015). Similarly, two recent studies suggest aided hearing can
reduce the risk of falling (Rumalla, Karim, & Hullar, 2015;
Stevens, Barbour, Gronski, & Hullar, 2016), while two other
recent studies found no benefit (Gopinath et al., 2016;
Weaver, Shayman, & Hullar, 2017). Among the recent studies
on HL and cognitive impairment, at least three found that
aided hearing attenuated the association (Amieva et al., 2015;
Castiglione et al., 2016; Dawes, Emsley, et al., 2015), while at
least one found no difference (Dawes, Cruickshanks, et al.,
2015). Finally, three studies found reduced loneliness among
those with HL and wore hearing devices (Contrera, Sung,
Betz, Li, & Lin, 2017; Pronk et al., 2013; Weinstein, Sirow, &
Moser, 2016). However, in one of these studies, the benefit
was only observed for social loneliness, not emotional
loneliness (Pronk et al., 2013), whereas in another, the as-
sociation was reduced only among those who had cochlear
implants, but not for those who wore hearing aids (Contrera
et al., 2017).

Statement of Purpose

Although much is known regarding HL and its associations
with poorer health, there is less evidence regarding how the
use of hearing aids impacts these associations. This study was
designed to help fill this knowledge gap. Therefore, our
purpose was to further explore physical and psychosocial

conditions and other health outcomes associated with HL but
more importantly, the benefits associated with hearing aid use
among older adults.

Method

Study Population

This study included individuals with an AARP® Medicare
Supplement plan insured by UnitedHealthcare Insurance
Company (for New York residents, UnitedHealthcare In-
surance Company of New York). These plans are offered in
all 50 states, Washington, D.C., and various U.S. territories.
Medicare is the U.S. federal health insurance program for
people aged 65 years and older. Although fee-for-service
Medicare covers most expenses, it features cost-sharing that
can create a financial burden for individuals with high
health care needs. Therefore, about 21% of fee-for-service
Medicare beneficiaries purchase a Medicare Supplement
(Medigap) plan to help defray the out-of-pocket expenses
that fee-for-service Medicare does not cover (America’s
Health Insurance Plans, Center for Policy and Research,
2015). Study participants had to have completed a tele-
phone survey in 2015, or later, and had at least 12 months
continuous plan coverage between January 1, 2014, and
March 30, 2017.

Telephone Survey

This study used self-reported HL and hearing aid use data
from a survey administered using telephone interactive voice
response (IVR). Surveys conducted using IVR combine
automated telephone survey research and computer tech-
nology that asks individuals prerecorded questions and re-
cords their responses, usually using the telephone’s keypad
(Mundt, Searles, Perrine, & Walter, 1997). The survey was
conducted in the latter part of 2015 and the first part of 2016
among a random sample of 150,000 residents of New Jersey,
Missouri, Texas, and Washington.

The questionnaire included questions about perceived
extent of HL and hearing aid use. The HL question is
a modified version of one from the National Health and
Nutrition Examination Survey (NHANES) (Centers for
Disease Control and Prevention, National Center for
Health Statistics, 2018). The HL question asked “Which
statement best describes your hearing without a hearing aid?
Would you say your hearing is excellent, good, that you have
a little trouble, moderate trouble or a lot of trouble?” This
question differs from that in NHANES by omitting “or are
you/is s’he deaf?” as a possible response. Compared to using
audiometric data, research suggests that older adults tend to
underreport HL when asked this question, and that the un-
derestimation increases with increasing age (Kamil, Genther,
& Lin, 2015). The hearing aid use question was identical to
the one in NHANES, which asks “In the past 12 months, have
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you worn a hearing aid at least 5 hours a week?” with possible
responses of “Yes” or “No.”

Several other outcome variables were also derived from
the survey and used to measure health outcomes, including
self-rated health, loneliness, depression, lack of social sup-
port, need to stay at home, physical exercise, mobility lim-
itations, and memory loss. Self-rated health was measured by
asking “Would you say your health in general is . . . ?”” with
possible answers of poor, fair, good, very good, and excellent.
Loneliness and depression were measured using the Three-
Item Revised University of California, Los Angeles (UCLA-
3) Loneliness Scale (Hughes, Waite, Hawkley, & Cacioppo,
2004) and Patient Health Questionnaire (PHQ-2) (Kroenke,
Spitzer, & Williams, 2003). Lack of social support was as-
certained by asking “How often can you count on members of
your family or your friends for support?” and was internally
developed based upon the Lubben Social Network Scale
(Lubben, 1988; Lubben et al., 2006). Need to stay at home
was asked using the question “Do you need to stay in the
house most or all of the time?”” Meanwhile physical exercise,
mobility limitations, and memory loss were determined by
asking “How many days per week do you get 30 minutes or
more of light to moderate physical activity?” “In the past
12 months, have you had a problem with balance or walk-
ing?” and “Are you being treated for serious memory loss or
have you been told you have serious memory loss?” Finally,
the number of prescription drugs taken per day was de-
termined by asking “How many different prescription drugs
do you take each day?”

Characteristics Ascertained From Claims Data

Demographic variables included age and gender. Although
the data lacked individual information on race/ethnicity and
income, zip code—level correlates were assigned based on the
zip code of residence. Using data from the 2010 U.S. Census,
we coded for the percentage of minority individuals living in
each zip code (U.S. Census Bureau, 2015). Binary indicators
were created based on this ratio to account for the impact of
living in low (below 15%) or medium-high (>15%) minority
areas. Similarly, a binary income variable was created to
denote low versus higher income level based on whether the
median household income in the individual’s zip code was
among the bottom 30% of all U.S. zip code ranks.

Health status was additionally characterized using several
variables from administrative databases, including the Hi-
erarchical Condition Category (HCC) score, which is ob-
tained from a standard risk adjustment tool that includes age,
gender, and number of medical conditions (Centers for
Medicare & Medicaid Services, 2014). The average Medi-
care insured has an HCC score of 1.0. Meanwhile, scores less
than 1.0 predict future health care costs to be lower than
average, suggesting better health, while scores greater than
1.0 predict future health care costs to be higher than average,
suggesting poorer health. Next, variables were created for

several disease conditions in the medical claims database that
have been associated with HL. (McKee, Stransky, & Reichard,
2018). To do so, the Optum™ Symmetry® EBM Connect®
grouper software (Optum, 2016), which incorporates the
principles of evidence-based medicine (EBM) (Sackett,
Rosenberg, Gray, Haynes, & Richardson, 1996), was used
to identify individuals with respiratory disease (i.e., asthma or
chronic obstructive pulmonary disease), depression, diabetes,
stroke, and cardiovascular disease (i.e., congestive heart
failure, coronary artery disease, or atrial fibrillation).

Statistical Analyses

To provide the granularity desired for this study, five com-
binations of HL and hearing aid use were created. “Excellent”
or “Good” self-reported hearing and no-reported hearing aid
use were combined into the no HL group and used as the
reference category when performing multivariate logistic
regression modeling. Those who answered that they had “A
Little Trouble” hearing were considered to have mild HL; this
category was divided into those with (i.e., aided) and without
(i.e., unaided) hearing aid use. Finally, those who answered
that they had “Moderate” or “A Lot of Trouble” hearing were
considered to have severe HL and were also divided into
those with (i.e., aided) and without (i.e., unaided) hearing aid
use.

A number of descriptive statistics were calculated testing
for the significant differences between the five HL/hearing aid
use categories. Chi-square tests were used to illustrate sta-
tistically significant differences in categorical variables.
Several variables had a small amount (<5%) of missing data,
and when they were included in subsequent multivariate
modeling, those with the missing data were excluded from the
model.

Many health outcomes used in this study came from the
survey, and those who responded may have differed in im-
portant ways compared with those selected to participate but
who chose not to do so. As a result, respondents may not be
representative of the study population. To help minimize the
effect of nonresponse on study findings, propensity weighted
adjustment techniques (Little, 1986) were applied in the
logistic regression analyses. Briefly, the propensity weighting
utilized available demographic, socioeconomic, and health
status variables as described, which could potentially in-
fluence survey response. These data were used to estimate the
underlying probability of survey response for each individual.
Next, the estimated probabilities were used to create and
apply a weighting variable to the data, to make those who did
respond better resemble all eligible insureds who received the
survey. The utility of such propensity weighting models to
adjust for external validity threats is described elsewhere
(Faries, Leon, Haro, & Obenchain, 2010; Seeger, Williams, &
Walker, 2005).

In addition to descriptive analyses, a number of logistic
regression models were performed. First, a multinomial
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model was performed using the five HL/hearing aid use
groups as the dependent variable to estimate characteristics
associated with the HL/hearing aid use groups. Next, a series
of binomial models were performed using poor-fair self-rated
health, PHQ-2 depression, memory loss, social support,
loneliness, staying at home, mobility limitations, and exer-
cising 4 to 7 days per week as the outcome variables. In these
models, the HL/hearing aid use groups were the main ex-
planatory variables, while controlling for case mix differ-
ences. Separate models were performed for lonely women
and lonely men, as model diagnostics confirmed effect
modification between these two characteristics.

Finally, a sensitivity analysis was performed using a logistic
regression model with the EBM depression variable as the
outcome, and HL/hearing aid use groups as the primary ex-
planatory variable, while controlling for case mix differences.
This was done to assess to what extent the concept of health
pessimism, as it relates to self-reported HL (Choi, Betz, Deal,
etal., 2016), may have biased study findings, since HL, hearing
aid use, and the majority of the outcomes were based upon self-
report. If any bias was present among those with HL in our
study, the likely result would be to overestimate positive as-
sociations between HL and self-reported outcomes.

Results

Among those contacted, 24,893 individuals (18%) returned
the survey (Table 1). Nonrespondents were more likely to live

in Texas, or in a zip code characterized as being high income
or with a moderate percentage of minority residents. After
cleaning the data and removing exclusions, 20,244 survey
participants were included in this study, of which 41%
(8,313) had self-reported HL, and 15% of all participants
used hearing aids. When looking at the categories of HL
from the survey, 77% of those with “A Lot of Trouble”
hearing used hearing aids, followed by 50% of those with
“Moderate Trouble” and 16% of those with “A Little
Trouble” (data not shown). Finally, when combined into the
possible combinations of HL and hearing aid use, 18%
(3,574) had unaided mild HL, 3% (699) had aided mild HL,
9% (1,759) had unaided severe HL, and 11% (2,281) had
aided severe HL.

In unweighted descriptive analyses using a difference of
five percentage points as likely to be meaningful, those with
HL were more likely to be of age 85 and older, men, have an
HCC score of 0.8 to 2.0, or cardiovascular disease as well as
self-reported loneliness or mobility limitations (Table 2).

Multivariate Logistic Regression Modeling

To explore characteristics associated with HL and hearing aid
use, a multinomial logistic regression was performed using
the five HL categories as the dependent variable (Table 3). In
this model, generally speaking, those aged 75 years or older
and men, those living in medium to low income zip codes,
using five or more prescription drugs per day, and who had

Table I. Sample Size, Attrition, and Distribution for Hearing Loss and Hearing Aid Use.

N = 150,000

Initial sample Responders Nonresponders
Initial responders and nonresponders (18% response rate) 27,116 122,884
Initial cleaning to be able to perform analysis for survey nonresponse bias included

* Dropping duplicates 162 I

* Dropping those no longer eligible or had less than 12 months continuous claims coverage 2,061 5,893
Cleaned respondents and nonrespondents (18% response rate and used for analysis of 24,893 116,980

nonresponse bias)

Additional cleaning for

* Negative medical costs 532

* Did not provide response to hearing loss question 972

* Did not provide response to hearing aid use question 100

* Reported no hearing loss, but wore hearing aids 162

* Incomplete data in other variables of interest 2,883
Sample available for study after all cleaning 20,244

Distribution of hearing loss and hearing aid use

Hearing loss category

No hearing loss
Mild hearing loss
Severe hearing loss

Did not use Used hearing
hearing aids aids
11,931 0
3,574 699
1,759 2,281
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Table 2. Unweighted Descriptive Comparisons by Hearing Loss and Hearing Aid Use.

No hearing Unaided mild Aided mild Unaided severe Aided severe
loss hearing loss hearing loss hearing loss hearing loss
n= 1193l n = 3,574 n =699 n= 1,759 n = 2,281
Characteristic (%) (%) (%) (%) (%) p
Claims-based variables
Age, years <.001
65-74 41 35 I8 29 20
75-84 44 45 49 46 44
>85 15 20 33 25 35
Female 72 59 48 55 49 <.001
HCC score <.001
<0.8 62 54 53 45 47
0.8-2.0 30 36 38 41 41
>2.0 8 10 9 14 12
Diabetes 18 23 19 28 23 <.001
Depression 8 10 7 Il 10 <.001
Respiratory disease® 13 16 I 19 17 <.001
Stroke 5 6 7 7 7 <.001
Cardiovascular disease® 23 28 32 33 32 <.001
Income® <.001
Low 13 14 13 16 12
Medium 37 39 35 39 39
High 50 47 52 45 48
Low minority® 59 57 6l 61 58 .037
Survey-based variables
Poor-fair self-rated health 8 I 6 19 I <.001
PHQ-2 depression 5 8 5 14 9 <.001
Memory loss | 2 2 4 4 <.001
>5 prescription drugs per day 30 39 34 47 4] <.001
Medium/high loneliness 26 36 34 40 39 <.001
Lack social support 6 8 9 10 10 <.001
Stays at home 8 Il 8 20 13 <.001
Mobility limitations 22 32 27 44 38 <.001
Exercises >4 days/week 56 50 58 42 50 <.001

Note. HCC = Hierarchical Condition Category; PHQ = Patient Health Questionnaire.

?Includes asthma and chronic obstructive pulmonary disease.

PIncludes congestive heart failure, coronary artery disease, and atrial fibrillation.

“Based upon U.S. Census data for zip code of residence.

respiratory disease were at increased risk for HL. Meanwhile,
those most likely to report hearing aid use were older men.

We were also interested in exploring the association be-
tween combinations of HL and hearing aid use as in-
dependent variables with a number of self-reported health
outcomes available from the survey as the dependent variable
(Table 4). In some models, the use of hearing aids changed the
interpretation of the findings. For example, only those with
unaided severe HL were more likely to report poor-fair self-
rated health (adjusted odds ratio [OR] =1.63, 95% confidence
interval [CI] =[1.39, 1.90]), or that they were more likely to
stay at home (OR = 1.48, 95% CI =[1.26, 1.75]). Similarly,
while those with unaided mild or severe HL were less likely

to exercise 4 to 7 days per week (OR =0.91, 95% CI =[0.84,
0.98] and OR = 0.78, 95% CI =[0.70, 0.87], respectively),
there were no such associations for those with aided mild or
severe HL. In other instances, the use of hearing aids ap-
peared to attenuate the association. This included PHQ-2
depression, low social support, and mobility limitations,
where in each instance those who used hearing aids were less
likely to report these conditions than those who did not use
hearing aids. Next, there were three instances in which
hearing aid use did not appear to have a benefit. This was
observed in the models for lonely women, lonely men, and
memory loss. Finally, the sensitivity model that utilized
depression measured from diagnosis codes as the dependent
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Table 3. Adjusted Characteristics Associated With Hearing Loss and Hearing Aid Use.

Characteristic®

Unaided mild
hearing loss
OR (95% ClI)

Aided mild
hearing loss
OR (95% ClI)

Unaided severe
hearing loss
OR (95% ClI)

Aided severe
hearing loss
OR (95% ClI)

Age, years
65-74
75-84
>85

Female

HCC score
<0.8
0.8-2.0
>2.0

Income®
High
Medium
Low

Low minority®

Prescription drugs
0-4 per day
>5 per day

Diabetes

Respiratory disease®
. . d
Cardiovascular disease

Stroke

1.00°
121 [1.11, 1.32]
156 [1.39, 1.75]
0.55 [0.51, 0.59]

1.00?
1.10 [1.00, 1.21]
1.08 [0.93, 1.25]

1.00°
.15 [1.06, 1.25]
1.21 [1.08, 1.36]
0.93 [0.87, 1.01]

1.00°
1.35 [1.23, 1.47]
1.08 [0.98, 1.19]
115 [1.02, 1.28]
0.97 [0.89, 1.07]
0.94 [0.80, 1.10]

1.00°
2.72 [2.22, 3.33]
5.77 [4.59, 7.27]
0.33 [0.28, 0.39]

1.00°
0.93 [0.77, 1.12]
0.78 [0.57, 1.07]

1.00°
0.99 [0.83, 1.17]
1.08 [0.84, 1.37]
113 [0.96, 1.31]

1.00%
.16 [0.97, 1.38]
0.87 [0.70, 1.07]
0.81 [0.63, 1.05]
111 [0.92, 1.34]
1.09 [0.81, 1.47]

1.00°
137 [1.22, 1.55]
2.15 [1.86, 2.49]
0.47 [0.42, 0.52]

1.00%
1.28 [1.13, 1.45]
143 [1.19, 1.71]

1.00°
119 [1.07, 1.33]
1.37 [1.18, 1.60]
111 [1.00, 1.23]

1.00°
1.68 [1.50, 1.88]
1.24 [1.09, 1.40]
1.27 [1.10, 1.46]
0.95 [0.84, 1.07]
.04 [0.85, 1.27]

1.00°
2.04 [1.81, 2.28]
4.79 [4.20, 5.47]
0.34 [0.31, 0.37]

1.00°
1.10 [0.99, 1.23]
1.06 [0.89, 1.27]

1.00°
114 [1.03, 1.26]
1.07 [0.92, 1.24]
1.01 [0.92, I.11]

1.00°
147 [1.32, 1.63]
1.00 [0.89, 1.13]
1.26 [1.10, 1.44]
0.92 [0.83, 1.03]
1,07 [0.90, 1.28]

Note. OR = odds ratio; Cl = confidence interval; HCC = Hierarchical Condition Category.

*Reference category.

PBased upon U.S. Census data for zip code of residence.
“Includes asthma and chronic obstructive pulmonary disease.
“Includes coronary artery disease, congestive heart failure, and atrial fibrillation.

Table 4. Adjusted ORs for Hearing Loss, Hearing Aid Use, and Health Outcomes.

Unaided mild hearing loss Aided mild hearing loss Unaided severe hearing loss Aided severe hearing loss

Outcome® OR (95% ClI) OR (95% ClI) OR (95% ClI) OR (95% ClI)

Poor-fair self-rated health .14 [1.00, 1.31] 0.81 [0.58, 1.13] 1.63 [1.39, 1.90] 111 [0.94, 1.31]
PHQ-2 depression® 1.35 [1.15, 1.58] 0.89 [0.61, 1.30] 1.90 [1.59, 2.26] 139 [1.16, 1.67]
Depression® 1.19 [1.04, 1.35] 111 [0.83, 1.49] 1.26 [1.06, 1.49] 1.34 [1.14, 1.57]
Memory loss 1.04 [0.77, 1.39] .15 [0.66, 2.01] 1.80 [1.34, 2.41] 1.85 [1.40, 2.45]
Low social support 114 [0.99, 1.31] 123 [0.94, 1.61] 147 [1.24, 1.75] 129 [1.10, 1.52]
Lonely women 1.51 [1.35, 1.68] 149 [1.17, 1.91] 135 [1.16, 1.58] 1.57 [1.36, 1.81]
Lonely men 118 [1.03, 1.35] 1.28 [1.01, 1.62] 1.19 [1.01, 1.41] 1.19 [1.02, 1.38]
Stays at home 1.07 [0.93, 1.24] 0.82 [0.60, 1.12] .48 [1.26, 1.75] 0.97 [0.83, 1.15]
Mobility limitations .47 [1.34, 1.61] 123 [1.02, 1.48] 1.91 [1.69, 2.15] 1.71 [1.54, 1.91]

Exercises 4-7 days/week 0.91 [0.84, 0.98] 1.13 [0.96, 1.33] 0.78 [0.70, 0.87] 1.01 [0.92, I.11]

Note. OR = odds ratio; Cl = confidence interval; PHQ = Patient Health Questionnaire.

*Models adjusted for age, gender, number of prescription drugs taken, Hierarchical Condition Category score, diabetes, respiratory disease, stroke, living in
a low minority, or low-income zip code.

bSelf-reported depression using the PHQ-2.

“Depression ascertained from claims data using diagnostic codes.
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variable resulted in ORs that provided the same interpretation
as the PHQ-2 depression model, although the strengths of the
associations were weaker.

Discussion

This study included 20,244 adults aged 65 years and older.
This large sample allowed for creation of five HL and hearing
aid combinations that integrated HL and hearing aid use into
the same variable. This appears to be unique among the many
recent HL studies, which allowed further exploration of the
role that hearing aid use plays in these relationships. Con-
sistent with previous publications, those with HL were more
likely to be older men with lower incomes. Furthermore,
study findings were generally consistent with previous
publications for characteristics and health outcomes associ-
ated with HL.

Meanwhile, we observed that 50% of those with moderate
HL and 77% of those with severe HL reported wearing
hearing aids. These values compare favorably with another
study that utilized NHANES data, including audiometric HL
and the same hearing aid use question (Lin, Thorpe, et al.,
2011). In this study, 40% with moderate HL and 77% with
severe HL reported wearing hearing aids. Even though older
individuals tend to underreport HL (Kamil et al., 2015),
findings from this study, which used self-reported HL and
hearing aid use, found hearing aid use prevalence similar to
one that used audiometric HL data and self-reported hearing
aid use. This suggests that our data on hearing aid use aligns
well with nationally representative estimates. However, be-
cause only cross-sectional data were available for this study,
the true nature of observed relationships (i.e., correlational or
causal) cannot be explored, and must be considered corre-
lational until further research is done.

In several instances, the use of hearing aids eliminated the
association between HL and the outcome. This was observed
between aided severe HL and poor-fair self-rated health,
staying at home, and lack of exercise. We also observed that
those with aided mild HL had no associations with either
PHQ-2 or diagnosed depression or lack of exercise. In other
models, the use of hearing aids reduced the magnitude of the
association. This was observed among those with aided se-
vere HL for associations with PHQ-2 depression, low social
support, and mobility limitations, and also applied for the
association between aided mild HL and mobility limitations.

The existing literature provides support for both corre-
lational and causal relationships for several of our ob-
servations. As a possible correlational relationship, older
individuals who play a more active role in managing their
health are probably also less likely to stay at home, more
likely to exercise, and to use hearing aids. Individuals who fit
this scenario have been described as activated patients, de-
fined as those with the knowledge, skills, and confidence to
manage their health (Blakemore et al., 2016). Similarly,
a correlational relationship may exist for individuals with

high self-efficacy, defined as “how well one can execute
courses of action required to deal with prospective situations”
(Bandura, 1977). Also, individuals with higher incomes are
more likely to use hearing aids (Bainbridge & Ramachandran,
2014; Barnett et al., 2017; Mamo, Nieman, & Lin, 2016), to
be in better health, and to have more resources to manage
their health as compared to those with lower socioeconomic
status (Adler & Newman, 2002). A causal relationship may
exist if hearing aid use directly helps to mitigate some of the
harmful effects of HL, allowing individuals to maintain their
health at a higher level than if they were not using hearing
aids. This suggested relationship is supported in a review
published by the American Academy of Audiology, which
concluded that hearing aids improved adults’ health-related
quality of life (Chisolm et al., 2007). There is also recent
evidence that hearing aids and cochlear implants may im-
prove balance, which would support those who wished to
remain mobile and exercise (Negahban, Bavarsad Cheshmeh
Ali, & Nassadj, 2017; Rumalla et al., 2015; Vitkovic, Le, Lee,
& Clark, 2016).

Some of our findings for aided hearing were supported by
existing literature, while others were not. For instance, we
observed fewer mobility limitations and more exercise as-
sociated with aided hearing. This finding was supported by
one prospective study of individuals aged 48 years or older,
which found significantly better physical health scores among
hearing aid users (Dawes, Cruickshanks, et al., 2015).
Conversely, other studies have determined no evidence for
improvement in physical performance measures (Chen et al.,
2015) or self-reported or accelerometer-measured physical
activity (Gispen et al., 2014). It is unclear why these dif-
ferences occurred, although the two studies did utilize dif-
ferent measures to identify HL.

Meanwhile, we found no marked improvement in memory
loss associated with aided hearing, a finding supported by
several prospective studies that reported no improvements in
cognition associated with hearing aid use (Dawes,
Cruickshanks, et al., 2015; van Hooren et al., 2005). Con-
versely, a 25-year prospective study among individuals aged
65 years and older found that those with unaided self-reported
HL had significantly greater declines in cognition compared
with controls or those with aided HL (Amieva et al., 2015). In
another prospective study of 125 individuals aged 65 years
and older, individuals with hearing aids had significant im-
provements in short-term memory (Castiglione et al., 2016).
More recently, a randomized study of 32 older adults with
moderate to severe HL found that those randomized to
hearing aid use demonstrated improved memory after
6 months of hearing aid use; the authors concluded that
hearing aid use may improve cognition (Karawani, Jenkins,
& Anderson, 2018). Thus, it appears that larger prospective
controlled trials are needed to understand whether or not
hearing aids improve cognition among those with HL.

In this study, aided hearing was associated with a de-
creased risk for PHQ-2 depression and improved social
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support among those with severe HL, but no improvements in
loneliness for either those with mild or severe HL. To date, the
findings for the associations between hearing aid use, de-
pression, loneliness, and social support have been mixed.
Studies have found that loneliness improves with cochlear
implants, but not with hearing aids (Contrera et al., 2017).
Elsewhere, another study found improvements in loneliness
with hearing aid use (Pronk et al., 2013), while a similar third
study found higher loneliness scores among hearing aid users
(Bosdriesz, Stam, Smits, & Kramer, 2018). Contrasting re-
sults have also been reported for depression, with at least two
studies reporting improvements in depression with cochlear
implants (Castiglione et al., 2016; Choi, Betz, Li, et al,
2016), while another reported no improvements in mental
health outcomes associated with hearing aid use (Dawes,
Cruickshanks, et al., 2015). While we found an improvement
in social support among those with aided severe HL, at least
two studies found no improvement (Dawes, Emsley, et al.,
2015; Mick, Kawachi, & Lin, 2014). These inconsistent
findings confirm that more research is needed in this area.
As discussed, evidence exists to suggest better health is
associated with the use of hearing devices, although the ma-
jority of older individuals with HL do not use them (Bainbridge
& Ramachandran, 2014; Chien & Lin, 2012). An in-depth
discussion of the many reasons for this is beyond the scope of
this article and has been covered in other publications (Barnett
et al, 2017; Gopinath et al., 2011; Laplante-Levesque,
Hickson, & Worrall, 2012; McCormack & Fortnum, 2013;
Saunders, Frederick, Silverman, Nielsen, & Laplante-
Levesque, 2016). Recently, the National Academies of
Sciences, Engineering, and Medicine (2016) published a re-
port that explored how to improve the access and affordability
of hearing health care. Among their recommended actions
included further research, making hearing diagnosis and
treatment more accessible and affordable, improving the
quality of hearing devices and other hearing technologies, and
providing consumers with better education regarding the
significance of HL and available treatment options.

Strengths and Limitations

The greatest strengths of this study include the large sample
of adults aged 65 years and older and the inclusion of hearing
aid use data. This allowed the creation and analysis of five
HL/hearing aid use categories, which can be difficult to do
with smaller samples. In addition, this study explored the
association of HL and hearing aid use with characteristics and
health outcomes derived from both claims and survey data. In
addition, the use of survey data allowed the study of certain
outcomes that are traditionally unavailable from claims data.
This study’s strengths were also related to some of its lim-
itations. As previously described, the survey was conducted
using IVR, an automated telephone technology that could
possibly make hearing-impaired individuals less likely to
participate. We did observe a lower prevalence of HL than

reported in other studies (Lin, Niparko, & Ferrucci, 2011), but
it is unclear if this was due to nonresponder bias associated
with the survey design, the fact that older individuals are
more likely to underreport HL (Kamil et al., 2015), a com-
bination of both, or perhaps other factors. For example, this
population was able to afford the monthly premiums of their
Medicare Supplement plans, and are therefore higher income
on average than the overall U.S. population; and those with
lower incomes are more likely to have HL (Genther, Frick,
Chen, Betz, & Lin, 2013). If the lower prevalence of HL in
this study is due to underreporting, this most likely would
tend to bias the magnitude of any positive or negative asso-
ciations toward the null. In addition, the response to the survey
was 18%, indicating that the study population may not be
representative of all individuals with an AARP Medicare
Supplement Plan. To make the results more representative,
propensity score weighting was used to account for survey
nonresponse. Finally, at least one study reported that older
adults with HL and have a pessimistic attitude about their
health are more likely to report having other health conditions,
which increases the likelihood of finding false-positive asso-
ciations (Choi, Betz, Deal, et al., 2016). In this study, we did
observe a number of positive associations between HL and
self-reported health outcomes. However, the results from the
sensitivity analysis and the fact that results from this study
align with findings from previous studies are somewhat re-
assuring that our study was not overly influenced by this bias.

Conclusion

This study and others suggest, HL appears to be positively
associated with a number of negative physical and psycho-
social conditions and other poor health outcomes. However,
further research is needed to better understand whether these
observations are correlational or causal, and if causal, the
underlying means by which HL causes these outcomes and by
which hearing aid use in certain circumstances mitigates the
relationship. Because evidence also suggests that the use of
hearing devices may mitigate some of the adverse con-
sequences of HL, we support the continued use of prospective
studies to further explore HL as recommended by the Na-
tional Academies of Sciences report. In addition, further
studies surrounding the relationship between HL and hearing
aid use with psychosocial outcomes may help to further
define the role of HL and hearing aid use in healthy aging.
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