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ABSTRACT

Background: Effective communications between health care providers and patients are critical for high-
quality health care. Objective: This study sampled adults age 65 years and older to explore (1) characteristics
associated with limited health literacy (LHL) and (2) medical costs and gaps in care based on health literacy,
hearing loss, and hearing aid use status. Methods: The study included 19,223 adults age 65 years and older
who completed a health survey that was linked to his or her medical claims that were generated after medical
care provided in the year prior to survey completion. Health literacy, hearing loss, and hearing aid use were
assessed through self-reports. Health literacy was coded as limited and adequate. Hearing loss and hearing
aid use were coded into five categories: no hearing loss, unaided mild, aided mild, unaided severe, and aided
severe hearing loss. Key Results: Seven percent reported LHL and 41% reported hearing loss. Hearing loss,
especially unaided severe, was associated with LHL, as were memory loss, depression, loneliness, older age,
and male gender. People with aided severe hearing loss and LHL had higher annual medical costs than those
with adequate health literacy. Similarly, those with no hearing loss and LHL had higher annual medical costs
than those with adequate health literacy. Conclusions: Unaided mild, aided severe, and unaided severe hear-
ing loss were positively associated with LHL, although the association was reduced among hearing aid users.
Specifically, aided mild or severe hearing loss had lower odds of LHL, compared to unaided mild or severe
hearing loss, respectively. We also observed that people with both hearing loss and LHL were more likely to
have higher medical costs. Continued focus on solutions to address both LHL and hearing loss remains war-
ranted. [HLRP: Health Literacy Research and Practice. 2020;4(2):e129-e137.]

Plain Language Summary: Health survey and medical claims data were used for this study. Hearing loss,
especially unaided severe, was associated with limited health literacy, as were memory loss, depression, lone-
liness, older age, and male gender. Those with both limited health literacy and hearing loss had the highest
medical costs. Health literacy and hearing loss can affect health care communications, warranting further
study.

Adults age 65 years and older are more likely to have both affect health care communications. Therefore, we

limited health literacy (LHL) (Kutner, Greenberg, Jin, &
Paulsen, 2006). Health literacy is defined as “the degree
to which individuals have the capacity to obtain, process,
and understand basic health information and services
needed to make appropriate health decisions” (U.S. De-
partment of Health and Human Services, 2009). Mean-
while, hearing loss remains a significant public health
problem (National Academies of Sciences, Engineering,
and Medicine, 2016). Health literacy and hearing loss can
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studied characteristics (i.e., traits) associated with LHL,
and determined how combinations of LHL, hearing loss,
and hearing aid use were associated with medical costs.
Characteristics associated with LHL include having
less than a college education, being male, being an eth-
nic minority, and having poorer physical or mental health
(MacLeod et al., 2017). Older adults with LHL are more
likely to visit emergency departments (ED), be hospi-
talized, and have higher medical costs (MacLeod et al,,
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2017). Other studies have positively associated LHL with
poorer health outcomes, poorer use of health care services
(Berkman, Sheridan, Donahue, Halpern, & Crotty, 2011), and
lower self-rated health (Cutilli, Simko, Colbert, & Bennett,
2018).

In the United States, hearing loss disproportionately af-
fects older adults, (Lin, Niparko, & Ferrucci, 2011) of whom
about 19% use hearing aids (Lin, Thorpe, Gordon-Salant, &
Ferrucci, 2011). People with hearing loss are also less satisfied
with their health care communications and overall health
care (Mick, Foley, & Lin, 2014), perceive more unmet health
care needs (Mikkola et al., 2016), and have higher health care
costs (Simpson, Simpson, & Dubno, 2016). Finally, a recent
study found that adults age 65 years and older with unaided
severe hearing loss were more likely to report poor to fair
self-rated health and were less likely to exercise regularly
(Wells et al., 2019).

Less is known about how the use of hearing aids affects
health literacy. Even though hearing loss is associated with
communication challenges in the health care setting and
adverse outcomes (McKee, Stransky, & Reichard, 2018), we
found no evidence of improved health literacy or health care
use associated with hearing aid use. For example, one study
found no improvement in health care communications with
hearing aid use (Mick et al., 2014). Meanwhile, in another
study, hearing aid use was not associated with unmet health
care needs (Mikkola et al., 2016).

Finally, both LHL and hearing loss have been positively
associated with increased medical costs. One study found

$487 to $1,267 higher annual medical costs for those with
LHL (MacLeod et al., 2017). Similarly, a systematic review
reported that LHL was associated with higher annual medi-
cal costs of $143 to $7,798 (Eichler, Wieser, & Brugger,
2009). Elsewhere, medical costs in one study were $1,551
higher for those with LHL, but the significance was marginal
(p = .08) (Howard, Gazmararian, & Parker, 2005). Similarly,
people with hearing loss averaged $3,168 higher health care
costs over a 1.5-year period than those without hearing loss
(Simpson et al., 2016). Finally, hearing aid use has been as-
sociated with reduced Medicare costs, but increased total
and out-of-pocket health care spending (Mahmoudi, Zazove,
Meade, & McKee, 2018).

Although studies have described the characteristics of
those with either LHL or hearing loss, little is published on
whether those with hearing loss or hearing aid use are more
likely to have LHL. It is also known that those with either
LHL or hearing loss have higher medical costs, but the effect
of both factors together on medical costs has not been exten-
sively studied. Thus, this study was designed to help fill exist-
ing knowledge gaps regarding LHL, hearing loss, and hearing
aid use and how these factors are associated with medical
costs among older adults.

METHODS
Study Population

The study included people with an AARP® Medicare Sup-
plement plan insured by UnitedHealthcare Insurance Com-
pany (for New York certificate holders, UnitedHealthcare In-
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surance Company of New York). These plans are offered in
all 50 states, Washington, DC, and various U.S. territories.
Eligible study participants were age 65 years and older, had
completed a telephone survey as described below, and had
at least 12 months of continuous plan coverage in the year
prior to survey completion.

Telephone Survey

As described in a previous publication (Wells et al.,
2019), this study used self-reported health literacy, hearing
loss, and hearing aid use data from a survey administered
using telephonic interactive voice response (IVR). The sur-
vey was conducted in the latter part of 2015 and first part
of 2016 among a random sample of 150,000 residents of
New Jersey, Missouri, Texas, and Washington, selected to
support the implementation of a new population health
initiative in these states.

In the questionnaire, the hearing loss question was
“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 the National
Health and Nutrition Examination Survey (NHANES) by
omitting or are you deaf as a possible response. The hearing
aid question was identical to the one in NHANES, which
asks: “In the past 12 months, have you worn a hearing aid
at least 5 hours a week?” with possible responses of yes or
no.

Hearing Loss Definitions

Five combinations of hearing loss and hearing aid use
were created (Wells et al., 2019) (Table 1). Excellent or good
hearing and no reported hearing aid use were combined
into a no hearing loss group and used as the reference cat-
egory in regression modeling. Those who answered that
they had a little trouble hearing were considered to have
mild hearing loss, while those who answered they had
moderate or a lot of trouble hearing were considered to
have severe hearing loss. Both mild and severe hearing loss
were further divided into those with (i.e., aided) and with-
out (i.e., unaided) hearing aid use.

Health Literacy

Health literacy was assessed using the question “How
confident are you filling out medical forms by yourself?”
(Wallace, Rogers, Roskos, Holiday, & Weiss, 2006). Re-
sponses of a little bit and not at all were categorized as LHL,
whereas extremely, quite a bit, and somewhat were catego-
rized as adequate health literacy (Wallace et al., 2006).
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TABLE 1

Categorization of Hearing Loss and

Hearing Aid Use
Reported hearing
Hearing loss status aid use from
from survey survey Study category
Excellent or good | No No hearing loss
A little trouble No Unaided mild
hearing loss
Yes Aided mild
hearing loss

Unaided severe
hearing loss

Moderate oralot | No
of trouble
Yes Aided severe
hearing loss

Other Characteristics from the Telephone Survey

Variables for loneliness, depression, physical exercise,
and memory loss were derived from the survey. Loneli-
ness and depression were measured using the Three-Item
Revised University of California, Los Angeles Loneliness
Scale (Hughes, Waite, Hawkley, & Cacioppo, 2004), and
Patient Health Questionnaire (PHQ-2) (Kroenke, Spitzer,
& Williams, 2003). Meanwhile, physical exercise and
memory loss were determined by asking “How many days
per week do you get 30 minutes or more of light to moder-
ate physical activity?” and “Are you being treated for seri-
ous memory loss or have you been told you have serious
memory loss?” Finally, the number of prescription drugs
taken per day was determined from the survey by asking
“How many different prescription drugs do you take each
day?”

Characteristics from Claims Data

Demographic variables included age and gender. For
race/ethnicity and income, zip code-level correlates were
assigned based on the zip code of residence (U.S. Census
Bureau, 2015).

Health status was additionally characterized using vari-
ables from claims data, including the Hierarchical Con-
dition Category (HCC) score (Centers for Medicare &
Medicaid Services, 2014). Next, variables were created for
several disease conditions including respiratory disease
(i.e., asthma or chronic obstructive pulmonary disease),
diabetes, and stroke. Finally, people with an injurious fall
or hip fracture were identified from suggested Healthcare
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Effectiveness Data and Information Set diagnosis codes (Na-
tional Committee for Quality Assurance, 2016). More infor-
mation regarding how these variables were created can be
found in a previous publication (Wells et al., 2019).

Statistical Analyses

Descriptive statistics were calculated to test for the signifi-
cant differences between those with LHL and those with ad-
equate health literacy. Chi-square tests were used to illustrate
statistically significant differences in categorical variables.
However, because this study included over 19,000 people,
many statistically significant differences were quite small and
a difference of 5% was considered meaningful.

Many variables came from the survey; thus, those who
responded may have differed from those selected but chose
not to participate. As a result, respondents may not be repre-
sentative of the intended study population. To minimize the
effect of nonresponse on study findings, propensity-weighted
adjustment techniques (Little, 1986) were applied in the lo-
gistic regression analyses.

Logistic regression modeling was performed to estimate
characteristics associated with LHL. In this model, LHL was
the dependent variable, and the five hearing loss/hearing aid
use groups (no hearing loss, unaided mild hearing loss, aided
mild hearing loss, unaided severe hearing loss, and aided
severe hearing loss) were explanatory variables, along with
the variables previously described. Next, a generalized linear
model (GLM) was used to estimate annual medical costs for
combinations of health literacy and the five hearing loss and
hearing aid use groups. The method proposed by Nooghabi
etal. (2010) was used to identify 128 extreme values that were
removed from the cost analysis using a cutoff value of 0.005.

Analyses were also performed to determine if combina-
tions of health literacy and the five hearing loss and hear-
ing aid use groups were associated with gaps in medical care.
First, we assessed differences in ED visits and hospitaliza-
tions. Next, we used principles of evidence-based medicine
(EBM) (Sackett, Rosenberg, Gray, Haynes, & Richardson,
1996) to develop metrics for adhering to both clinical and
pharmacotherapy standards of care. For example, one EBM
clinical metric would recommend that a patient with heart
disease should see a cardiologist on a regular basis. Mean-
while, an example of a pharmacotherapy metric is adhering
to a drug regimen as prescribed. For this analysis, Separate
Cochran-Mantel-Haenszel Chi-square tests for stratified ta-
bles (Cody & Smith, 1997) were performed to evaluate the
association between LHL and the four gaps in care measures
described above, while adjusting for the five combinations of
hearing loss and hearing aid use groups.
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RESULTS

Among those contacted, 24,893 people (18%) completed
the survey. Nonrespondents were more likely to live in Texas,
or in a zip code characterized as being high income or with a
moderate percentage of ethnic minority residents. After data
cleaning and removing exclusions, 19,223 survey participants
were included in this study. Among included participants, 7%
had LHL, 41% had self-reported hearing loss, and 15% used
hearing aids (Table 2).

Many characteristics were associated with LHL in unad-
justed comparisons (Table 2). In logistic regression model-
ing (Table 3), self-reported memory loss was most strongly
associated with LHL, followed by PHQ-2 depression. Mean-
while, those with unaided severe hearing loss were 80% more
likely to report LHL, followed by those with unaided mild
hearing loss (46%), and aided severe hearing loss (41%), re-
spectively, while those with aided mild hearing loss were not
at increased risk for LHL. In addition, many other charac-
teristics were also positively associated with LHL, as shown
in Table 3.

In the GLM cost models (Table 4), significant differences
by health literacy status were observed for those with aided
severe hearing loss and those with no hearing loss. More spe-
cifically, across each hearing loss and hearing aid use catego-
ry, those with LHL had higher medical costs. In comparison,
those with LHL and aided severe hearing loss had the highest
annual medical costs ($15,999), whereas those with adequate
health literacy and no hearing loss had the lowest annual
medicals costs ($10,484).

Finally, in the gaps in care analysis, the positive asso-
ciations for ED visits and hospitalizations remained af-
ter adjusting for the five hearing loss and hearing aid use
groups (p < .05), whereas no associations remained for the
EBM metrics after adjustment (p > .05). Furthermore, in all
four gaps in care models, the Breslow-Day test for homo-
geneity was not significant, indicating no differences in the
LHL and the four gaps in care associations created by the five
hearing loss and hearing aid use groups.

DISCUSSION

To our knowledge, this is the first study to find a posi-
tive association between LHL and aided or unaided severe
hearing loss and unaided mild hearing loss. Among those
with mild and severe hearing loss, self-reported use of hear-
ing aids was associated with a lower risk for LHL. If this
finding is accurate, it suggests that the use of hearing aids
may be one way to improve health literacy. For example,
if the LHL is caused more by the inability to hear what is
being said by the health care provider (i.e., ability to obtain
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health information) than the ability to process what is be-
ing said, then the use of hearing aids may improve health
literacy among these people. Alternatively, it may be that
people with LHL are less proficient at obtaining and using
hearing aids, which could contribute to the positive associa-
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TABLE 2 TABLE 2 (continued)
Unweighted Descriptive Comparisons Unweighted Descriptive Comparisons
for Adequate and Limited for Adequate and Limited
Health Literacy Health Literacy
Adequate Limited Adequate Limited
health health health health
literacy literacy literacy literacy
(n=17,873) | (n=1,350) (n=17,873) | (n=1,350)
Characteristic % p\Value Characteristic % p\Value
Age Exercise (days/week)
65-74 36.8 241 0 9.3 245
75-84 44.7 42.7 1-3 36.2 39.9
<.001 <.001
>85 18.6 332 4-7 54.5 35.6
Female 65.7 55.6 <.001 Self-reported
HCC score memory loss 1.1 12.6 <.001
<0.8 58.6 39.2 PHQ-2 depression 5.1 23.6 <.001
0.8-2 328 41.2 Hearing loss status
<.001 )
>2 8.6 19.6 No hearing loss 60.3 41
Income? Aided mild hearing 17.4 22.2
Low 127 17.9 loss
Medium 373 419 Unaided mild 35 3
) <.001 hearing loss
High 49.9 40.1 <.001
— Aided severe 3 171
Minority hearing loss
Low >8.7 . Unaided severe 109 167
Medium 39.1 386 626 hearing loss : :
High 22 24 Note. HCC = hierarchical condition category; PHQ = Patient Health Questionnaire.
Prescription drugs “Based upon U.S. Census data for zip code of residence. "Includes asthma and chronic
obstructive pulmonary disease.
0-4 per day 49.5 66.9
<.001
>5 per day 50.5 33.1
Injurious fall or hip
fracture 3.8 7.8 <.001 tion between LHL and aided or unaided severe hearing loss
Respiratory and unaided mild hearing loss (Convery, Hickson, Meyer,
disease® 13.9 21.2 <.001 & Keidser, 2019).
Diabetes 19.9 2823 <001 We also identified several previously reported character-
Stroke 54 104 <001 istics associated with LHL. For example, studies have iden-
Loneliness tified women as typically having higher health literacy than
Low 713 47 men, and that older adults and those with lower incomes are
Medium 206 31 more likely to have LHL (Kutner et al., 2006). Others have
High a1 2 <.001 also previously identified LHL associated with poorer cog-
nitive function or cognitive decline (Geboers et al., 2018),

history of a stroke (MacLeod et al., 2017), lower likelihood
to exercise (Fernandez, Larson, & Zikmund-Fisher, 2016;
Geboers, Reijneveld, Jansen, & de Winter, 2016), and in-
creased loneliness (Geboers et al., 2016).

In our study, people with depression were over 2.5 times
more likely to have LHL, which contrasts with two studies
that found no association between depression and LHL once
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TABLE 3

Adjusted Characteristics Associated

with Limited Health Literacy

Limited health literacy

Characteristic OR[95% Cl]
Age
65-74 1.00°
75-84 1.24[1.07,1.43]
>85 1.82[1.54, 2.15]
Female 0.70[0.62, 0.79]
HCC score
<0.8 1.00°
0.8-2 1.13[0.98, 1.31]
>2 1.66 [1.37,2.01]
Income®
High 1.00°
Medium 1.39[1.22,1.58]
Low 1.75[1.48, 2.08]
Low (for 1.06 [0.94, 1.20]

ethnic/racial minorities)®

Prescription drugs (per day)
0-4
>5

1.00?
1.22[1.07,1.39]

Injurious fall or hip fracture

1.35[1.06, 1.71]

Respiratory disease®

1.19[1.02, 1.39]

Diabetes

1.06 [0.92, 1.23]

Stroke

1.35[1.10, 1.64]

Medium-high loneliness

1.74[1.54,1.97]

Exercise 4-7 days/week

0.67 [0.59, 0.76]

Self-reported memory loss

7.53[5.96,9.52]

PHQ-2 depression

2.67[2.27,3.15]

Aided mild hearing loss

0.94[0.67, 1.33]

Unaided mild hearing loss

1.46 [1.25,1.71]

Aided severe hearing loss

1.41[1.19, 1.69]

Unaided severe hearing loss

1.80[1.51,2.15]

Note. CI = confidence interval; HCC = hierarchical condition category; OR = odds
ratio; PHQ = Patient Health Questionnaire.

“Reference category. "Based upon U.S. Census data for zip code of residence. “Includes
asthma and chronic obstructive pulmonary disease.

confounders were considered. The first study found that
depression was positively associated with LHL until mod-
els were adjusted for cognitive abilities (Serper et al., 2014).
Meanwhile, in another study, those with LHL were 2.7 times
more likely to be depressed, until models were adjusted for
health status, including medical conditions, activities of
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daily living, and self-reported health (Gazmararian, Baker,
Parker, & Blazer, 2000). In contrast, the association between
LHL and depression remained in our model, after adjusting
for self-reported memory loss, respiratory disease, diabetes,
or stroke. Clearly the association between depression and
LHL is sensitive to study design issues and requires further
study.

We found no previous reports of positive relationships
between LHL and either higher HCC scores, respiratory
conditions, injurious falls/hip fractures, or taking five or
more medications per day. However, a body of literature ex-
ists on associations between LHL and higher health care use.
Therefore, it seems plausible that people with LHL will have
more encounters with the health care system that increase
the likelihood of medical claims related to either an asthma
or chronic obstructive pulmonary disease diagnosis, both
of which are included in the respiratory disease category. In
addition, those with higher health care use are more likely
to have higher HCC scores. Similarly, we did not find any
evidence in the literature of a positive association between
injurious falls, hip fractures, or increased prescription drug
use with LHL. However, two possible explanations may shed
light on these associations. As previously discussed, people
with LHL are less likely to exercise, and older adults who do
not exercise are more likely to fall (Guirguis-Blake, Michael,
Perdue, Coppola, & Beil, 2018). Next, LHL was positively as-
sociated with increased prescription drug use, and certain
prescription drugs (i.e., high falls risk drugs) are associated
with an increased risk of falls/hip fractures (Musich, Wang,
Ruiz, Hawkins, & Wicker, 2017).

We also observed that those with LHL had higher annual
medical costs when compared to those with adequate health
literacy within each category of hearing loss and hearing aid
use. However, these differences were only statistically sig-
nificant for those with no hearing loss and those with aided
severe hearing loss. The significant cost difference for those
with limited versus adequate health literacy among those
without hearing loss likely represents the increased medical
costs associated with LHL among those with normal hearing.
At Jeast two studies have found increased medical costs as-
sociated with LHL (Eichler et al., 2009; Howard et al., 2005),
supporting other findings that those with LHL are less likely
to use preventive medicine services, but more likely to use
EDs and to be hospitalized (MacLeod et al., 2017). Addition-
ally, the gaps in care analysis supported this previous find-
ing that people with LHL are more likely to use EDs and to
be hospitalized. An unexpected finding was that those with
LHL and aided severe hearing loss had the highest medical
costs, rather than those with unaided severe hearing loss.

HLRP: Health Literacy Research and Practice * Vol. 4, No. 2, 2020



Adjusted Annual Medical Costs for Hearing Loss, Hearing Aid Use,

TABLE 4

and Limited Health Literacy

Number Adjusted annual medical costs
Limited health | Adequate health | Limited health | Adequate health Cost

Hearing category literacy literacy literacy (9) literacy (9) difference ($) pValue
No HL 549 10,705 13,055 10,484 2,571 031
Unaided mild HL 296 3,083 13,504 11,171 2,333 465
Aided mild HL 39 619 13,037 12,383 654 1.000
Unaided severe HL 228 1,417 13,680 13,014 666 1.000
Aided severe HL 222 1,937 15,999 11,511 4,487 012

Note. HL = hearing loss.

As previously described, both LHL and hearing loss have
been associated with higher medical costs, leading to the
speculation that people with unaided severe hearing loss
would have the highest medical costs. However, at least one
recent study has proposed that some of those with hear-
ing loss may have such impaired communication that they
avoid seeking medical care, and therefore have lower health
care use (Mikkola et al., 2016). This seems especially rel-
evant to those with both LHL and severe hearing loss; not
only are these people likely having difficulty hearing their
health care providers, but also difficulty understanding
what they are being told. As a result, these people may be
more likely to be dissatisfied with their health care and less
likely to use health care services.

STUDY LIMITATIONS

There are limitations to consider. The health literacy,
hearing loss, and hearing aid use data came from a cross-
sectional IVR survey with a low response rate. To mitigate
the effects of survey nonresponse, propensity score weight-
ing techniques were used. Next, the percent that reported
LHL was lower than expected. The use of a single question
for LHL is likely to underreport LHL compared to mul-
tiquestion validated measures (Chew, Bradley, & Boyko,
2004). Underreporting LHL would most likely drive re-
sults toward not observing significant associations, yet
the characteristics that we found associated with LHL are
consistent with existing literature. Using a telephone-ad-
ministered survey may have made it difficult for those with
severe hearing loss to participate. Although 20% of respon-
dents were classified as having severe hearing loss, this is
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lower than other published estimates (National Institutes
of Health, 2016). As with LHL, underreporting of hearing
loss would most likely drive results toward not observing
significant associations. Strengths of this study include a
relatively large sample of over 19,000 people, and the ability
to simultaneously explore the relations between LHL, hear-
ing loss, and hearing aid use.

CONCLUSIONS

In this study, we observed that LHL was associated with
older age, male gender, lower income, a number of health
conditions, and hearing loss, especially among those who
did not use hearing aids. Additionally, we observed how
those with both LHL and hearing loss have higher medi-
cal costs. The existing literature offers ways that LHL can
be improved and confirms that the detrimental effects of
hearing loss can be mitigated. With regards to LHL, the
National Action Plan to Improve Health Literacy (U.S.
Department of Health and Human Services, 2010) sug-
gests placing more emphasis on teaching health literacy
skills as part of one’s formal education, as well as making
community-based efforts to improve the health literacy
of adults. The Plan also suggests several ways that health
care communications can be improved, such as by revis-
ing healthcare-related materials and teaching health care
providers how to better communicate with those with LHL.
Meanwhile, the National Academies of Sciences, Engineer-
ing, and Medicine (2016) has recommended efforts to en-
able easier access to hearing health care; improve quality
of hearing health care; increase the affordability of hearing
health care and hearing aids; encourage primary care phy-
sicians to become more involved in hearing health care; and
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increase the amount of publicly available, evidence-based
information on hearing loss and treatment options. Clearly,
much can be done to improve health literacy and mitigate the
adverse effects of hearing loss. Finding higher medical costs
among those with LHL and hearing loss suggests a savings
opportunity associated with making these changes.
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