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Abstract

Background—Hearing loss is highly prevalent among older adults with cognitive impairment
and may exacerbate neuropsychiatric symptoms and affect interactions with others. Though
audiometry is the gold standard for measuring hearing, it is not always used in research or clinical
settings focused on the care of individuals with cognitive impairment. Subjective assessments of
hearing, both self- and proxy-rated, are widespread but may not adequately capture the presence
of hearing loss as compared to audiometry. This study investigates the concordance between
subjective and objective hearing assessments among older adults with and without cognitive
impairment and evaluates factors associated with concordance.

Methods—~Participants were a subset of the Atherosclerosis Risk in Communities
Neurocognitive Study (ARIC-NCS), a prospective cohort study representing four US communities
with adjudicated cognitive diagnoses and audiometric data, totaling to 3,326 self-rated and 520
proxy-rated hearing assessments. Sensitivity and specificity were calculated, and multivariable
logistic regression estimated the magnitude of the association between the concordance of hearing
assessments and variables of interest.
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Results—Sensitivity and specificity for self-rated hearing status was 71.2% and 85.9% among
cognitively normal older adults, 61.1% and 84.9% among persons with MCI, and 52.6% and
81.2% among persons with dementia. For proxy-rated hearing, sensitivity and specificity were
65.7% and 83.3% for persons with MCI and 73.3% and 60.3% for persons with dementia. Female
sex was positively associated with concordance for self-rated hearing assessments.

Conclusions—The low sensitivity of self- and proxy-rated hearing assessments compared to
audiometry suggests that hearing loss among older adults with cognitive impairment may go
underreported and unaddressed in subjective assessments. Clinicians and researchers should
recognize the limitations of using self- and proxy-rated hearing assessments as measures of
hearing status and incorporate objective audiometric evaluation whenever possible.
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INTRODUCTION

Hearing loss is highly prevalent among older adults with Alzheimer’s disease and related
dementias (ADRD) with estimates ranging from 60% to over 90%, at or higher than
estimates of hearing loss in older adults without cognitive impairment, ranging from
45% to 65%.1~7 Hearing loss is independently associated with depression, poor physical
functioning, social isolation, poor quality of life, and prolonged hospitalizations among
older adults.8-12 Hearing loss may be associated with additional burdens for older adults
with cognitive impairment, such as an increased number and severity of neuropsychiatric
symptoms, and can interfere with daily interactions.1:13.14 |dentification of those with
hearing loss is important to the function and well-being of older persons.

Clinicians and researchers often rely on proxies for information. Approximately 75%

of Medicare beneficiaries with cognitive impairment use proxies as their sole source of
providing information.1® This reliance increases with age.13-16 The diversity of roles (e.g.,
caregiver, spouse, child), duration of relationships, and frequency of visits can vary among
proxies. Few studies have evaluated the validity of proxy reports for assessing hearing status
among older adults.

Clinicians often use subjective assessments to determine whether patients would benefit
from referral for further audiometric assessment. Previous studies have examined the
concordance of subjective hearing assessments with audiometric assessments among
cognitively normal individuals, with sensitivity and specificity estimates ranging from 30—
80%.17:18 Multiple factors have been found to affect the association between subjective and
objective hearing status, including sex, age, race/ethnicity, and education.1® However, the
accuracy of self- or proxy-rated assessments for audiometric hearing loss among older adults
with cognitive impairment is unknown. One small study has suggested that older adults with
probable mild cognitive impairment (MCI) are able to self-rate their hearing appropriately.2
Older adults with ADRD or MCI face additional challenges due to increased communication
impairment, and current evidence supports that care partners and health professionals often
underestimate the presence of communication difficulties due to hearing loss.321-23 Several
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of the studies that examined communication barriers due to hearing loss among individuals
with cognitive have been limited to small clinic-based samples324 or employ subjective
hearing assessments.23

To better characterize the effect of cognitive impairment on subjective hearing assessments,
we assessed the concordance of self- and proxy-rated hearing assessments with audiometric
data among community-dwelling participants, with and without cognitive impairment.
Additionally, we examined the factors associated with concordance between self- or proxy-
reported hearing status and objective audiometric hearing status.

METHODS

Study Population

The Atherosclerosis Risk in Communities (ARIC) study is a community-based prospective
cohort study of 15,792 men and women aged 45 to 64 years in 1987-1989

recruited from four communities in the United States: Forsyth County, North Carolina;
Jackson, Mississippi; Minneapolis suburbs, Minnesota; and Washington County, Maryland.
Participants were examined every three years until 1996-1998 (visits 1-4), with additional
visits in 2011-2013 (visit 5), 20162017 (visit 6), and 2018-2019 (visit 7).2> The

cohort continues to be followed. Participants underwent neurocognitive testing, informant
interviews, and adjudicated review to define cognitive status (cognitively normal, MCI,

or dementia) beginning at visit 5.28 For our study, participants were a subset of the ARIC-
NCS cohort who received audiometric testing (visit 6), neurocognitive testing (visit 6), and
had complete covariate data (visits 1, 5, 6). Details of the neurocognitive testing protocol
within the ARIC-NCS cohort are described elsewhere.2® Briefly, neurocognitive testing
was conducted using assessments for cognitive domains in memory, psychomotor speed/
executive functioning, language, and visuospatial. Neurocognitive testing also included
informant interviews with all participant proxies either in-person or over the phone

by certified staff members. Among the 4,003 participants at visit 6, 3,971 completed
neurocognitive testing and 3,628 completed audiometric testing. Among the 3,605
participants with both neurocognitive and audiometric testing, 279 were missing complete
covariate data. A total of 3,326 participants were included in the analytical cohort.

Audiometric Assessment

Objective hearing loss was defined according to the speech-frequency pure-tone average
(PTA) of hearing thresholds at 0.5, 1, 2, and 4kHz in the better-hearing ear. The severity

of hearing loss was categorized into binary and ordinal variables based on the 2020 World
Health Organization criteria: “normal hearing” < 25 dB, “any hearing loss” = 25 dB, “mild
hearing loss” = 25.0 — 39.9 dB, “moderate hearing loss” 40 — 59.9 dB or “severe hearing
loss” = 60.0 dB.27 We employed the prior World Health Organization’s criteria to aid in
comparability with previously published work that utilizes data from the ARIC cohort.28-30
Categories of individuals with moderate or greater hearing loss were collapsed together to
account for the small number with severe-to-profound hearing loss (n=111).
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Subjective Hearing Assessments

Covariates

For self-rated hearing assessments, participants were asked to “best describe [their] hearing”
in both ears without the use of a hearing aid. Responses were recorded from the self-rated
better-hearing ear as excellent, good, a little trouble, moderate trouble, a lot of trouble, or
deaf. To condense these responses, participants with excellent (n=439) and good (n=1141)
responses were grouped as “excellent to good”, while those with moderate trouble (n=556),
a lot of trouble (n=371) or deaf (n=31) were grouped as “moderate trouble or greater”.
Exploratory analyses of the distribution of self-rated responses over PTAs informed our
definition of concordance. Concordance was defined as “a little trouble” or more for those
with mild audiometric hearing loss, “moderate trouble” or more for those with moderate

or greater audiometric hearing loss, and “excellent to good” for those without audiometric
hearing loss.

For proxy-rated hearing assessments, informants characterized the participants’ hearing as

whether they had “significant hearing difficulties that interfere with daily communication.”
Responses were recorded as yes or no. The ARIC-NCS protocol does not specify whether

proxies should consider hearing aid use when characterizing the participant’s hearing.

Covariates included demographic characteristics for sex (male or female), self-identified
race/ethnicity (white or Black), age, education (less than high school, high school or
equivalent, at least some college), and income at visit 1 (< $25,000, $25,000-49,999, =
$50,000). Health-related covariates included the global cognitive function z-score, while
current hearing aid user status was included as a potential confounding variable. For proxy-
rated hearing analyses, informant-related covariates included the informant relationship,
duration, and frequency of interaction with the participant. Additional demographic
information, such as age and sex, for proxies are unavailable.

Statistical Analysis

Descriptive statistics were used to describe demographic and clinical characteristics
stratified by cognitive status. Comparisons were calculated using Pearson’s chi-squared tests
or ANOVA. Empirical cumulative distribution functions were used to display the distribution
of participants with self-rated hearing by cognition level over their audiometric hearing
status. Sensitivity and specificity of self-reported hearing assessments were calculated within
three strata (cognitively normal, MCI, and dementia), while those of proxy-reported hearing
assessments were calculated within two (MCI and dementia). For self-rated assessments,
participants with moderate or greater audiometric hearing loss were considered to truly

have hearing loss, while self-ratings of “moderate trouble” or greater were considered

test positives. Sensitivity was calculated as the proportion of participants with audiometric
hearing loss that endorsed “moderate trouble” or greater, while specificity was the
proportion of participants without audiometric hearing loss that endorsed “excellent,”
“good,” or “a little trouble” with hearing. For proxy-rated assessments, “yes” responses
were defined as test positives. Multivariable logistic regression was used to estimate the
magnitude of the association between the concordance of hearing assessments and the
variables of interest. The regression model was adjusted for demographic- and health-related
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factors, including global cognitive function scores, pure tone averages, age, sex, education,
income, and current hearing aid use. Statistical analysis was performed using STATA
statistical software (version 15.1, StataCorp).

RESULTS

Demographic and hearing-related characteristics of the study participants who provided
self-rated hearing status are presented in Table 1, stratified by cognitive status (also see
Supplemental Table S1). Overall, participants with dementia were older, less educated, had
lower income, and worse hearing (or higher PTAs) than those who were cognitively normal.
Figure 1 displays the empirical cumulative distributions for participants at different cognitive
levels stratified by their hearing self-rating. Among participants who self-rated their hearing
as “excellent” or “good,” an increased severity of hearing loss was noted among those with
dementia. Differences between cognitive groups diminished with increasing severity of their
hearing self-rating (also see Supplemental Figure S1). The sensitivity and specificity of
self-rated hearing assessments are displayed in Table 2. Sensitivity declined with increasing
cognitive impairment, with sensitivities decreasing from cognitively normal (71.2%, 95%
Cl: 67.5%, 74.7%) to MCI (61.1%, 95% CI: 53.7%, 68.0%) to dementia (52.6%, 95% ClI:
40.8%, 64.2%).

An analysis of possible associations between multiple factors and the concordance of
self-rated hearing with audiometric hearing status is shown in Table 3. Concordance was
positively associated with global cognitive function (OR: 1.14, 95% ClI: 1.03, 1.27,p =
0.01) and female sex (OR: 1.23, 95% CI: 1.06, 1.44, p = 0.01). Concordance was negatively
associated with increasing audiometric hearing loss (0.98, 95% CI: 0.97, 0.99, p < 0.001).

We then characterized the relationship between proxy-rated hearing status and objective
audiometry between those with MCI or dementia. Proxy ratings were completed for 520
participants with either MCI or dementia. Overall, participants with dementia were older,
more likely to self-identify as Black, have lower education, and a higher level of proxy-rated
hearing loss (Supplemental Table S2). The calculated sensitivity and specificity of the
proxy-rated assessments are shown in Table 2. The low sensitivity of proxy-rated hearing
loss was seen among those with MCI (65.7%, 95% CI: 57.0%, 73.7%) and dementia (73.3%,
95% CI: 54.1%, 87.7%) group, while higher specificity was observed in the MCI group
(83.3%, 95% CI: 78.5%, 87.7%) compared to those with dementia (60.3%, 95% CI: 47.2%,
72.4%). The predicted probabilities of positive proxy ratings are shown in Figure 2. Proxies
for participants with dementia generally reported hearing loss at PTAs approximately 10 dB
worse than those for participants with MCI.

We also described factors associated with concordance of proxy-rated hearing assessments
with audiometric hearing status. Global cognitive function was not significantly associated
with concordance (OR: 1.25, 95% CI: 0.82, 1.91), though better concordance was seen
with better audiometric hearing (OR: 0.97, 95% CI: 0.95, 0.99, p < 0.01). Demographic
and informant-related characteristics, such as relationship to the participant, duration of
relationship, and frequency of visits, were not associated with concordance.
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DISCUSSION

In this multi-site community-based study, we investigated the sensitivity and specificity of
subjective hearing assessments (self- and proxy-rated) among 3,326 community-dwelling
older adults with and without cognitive impairment as well as factors associated with
concordance between subjective and objective hearing assessments. Both self- and proxy-
rated hearing assessments were poor predictors of audiometric hearing status among

all participants, particularly among individuals with dementia, regardless of the proxy’s
relationship with the participant. The overall low sensitivity of self- and proxy-rated
assessments suggests that subjective measures of hearing underreport the true prevalence
of hearing loss. In addition, we found that the sensitivity of self- and proxy-ratings were
lowest among older adults with cognitive impairment, which further underestimates hearing
loss in this vulnerable population.

Other studies in the general older adult population have also noted the unreliability of
self-report as compared to audiometry in assessing hearing status.317-19.22.24.31 Qyr study
observed improved concordance between self-reported hearing and hearing status with
better hearing and female sex. Previous studies among older adults in general have found
demographic characteristics as significant factors in predicting concordance, including age,
sex, race/ethnicity, education, and occupation.1’-19:32 For self-rated assessments, our finding
of improved concordance among females is congruent with a prior study among older
adults.1® The influence of sex varies with hearing-related research, particularly given the
variability in representation of females within epidemiological cohorts. Within the ARIC-
NCS cohort included in this study, females make up >50% of the cohort due to survival
bias. Overall, the low sensitivity observed demonstrates that many older adults with hearing
loss do not provide an accurate self-assessment of their hearing status and thus may
underestimate the true prevalence of hearing loss.

The poor sensitivity of proxy-rated hearing assessments seen in our study presents evidence
for questioning the use of proxy ratings as a measure of hearing status among older adults
with cognitive impairment. In contrast, proxy respondents for older adults in general have
reported comparable levels of agreement with the participant for functional assessments,
while proxies for persons with dementia tend to describe more functional impairment.1> One
study has noted that the concordance of older adults in general with their proxies on hearing
status was 49%.33 Despite this tendency, our study demonstrates that proxies inadequately
capture moderate hearing loss when asked for significant hearing difficulties faced by
individuals with MCI or dementia. Despite exploring the potential factors influencing the
concordance of proxy-rated hearing assessments with audiometry, no demographic or proxy-
related factors, such as relationship, duration, and frequency were statistically significant.
Additionally, this study did not include clinicians or other healthcare providers as proxies
for the participants. Though the relationship of the proxy was not significant for family
members or friends, whether the concordance of proxy ratings differs when healthcare
professionals serve as proxies is unknown. One study among nursing home residents
without dementia has shown that nurses’ assessments of residents’ hearing handicaps were
less useful than audiometry with self-assessments of hearing handicap for guiding aural
rehabilitation.22 Hospital staff also exhibited low sensitivity for hearing loss among older
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adults, with only 30% of nurses correctly identifying whether their patient had hearing
loss.32

There are several limitations of our study. We employ a previous version of the grading
criteria from the World Health Organization rather than the most recent criteria from 2021,
which varies by 5 dB.34 While the criteria employed in our analyses does not reflect

the latest recommendations from the World Health Organization, the analyses allow for
comparison with prior work, including within the ARIC cohort.17:28-30.35 Self-rated hearing
assessments were provided as multiple subjective responses and converted into a binary
variable when calculating the sensitivity and specificity by the investigators rather than the
participant. However, dichotomizing the self-rated assessments also enabled comparisons to
other studies that have used similar or identical methods.17-19 This limitation also applies

to the measure of proxy-rated hearing utilized in this study. Other forms of proxy-rated
hearing may provide improved sensitivity and specificity, but data are currently lacking. The
audiometric data available within the ARIC-NCS dataset also only includes air conduction
pure tone audiometry and does not include word recognition testing, limiting the available
information regarding participants’ hearing status. Additionally, we recognize that this study
focuses primarily on hearing status rather than hearing or communication function, which

is a meaningful and multifaceted construct, particularly in terms of viewing hearing loss
within the broader context of aging and the holistic care of older adults, as highlighted by
the World Health Organization’s Integrated Care for Older People (ICOPE).38 Furthermore,
function, such as self-perceived hearing difficulties, is an important predictor of hearing
care behaviors, such as adoption of hearing aids.3”-39 There are also variables that were

not included in these analyses that may influence subjective assessments of hearing status,
such as the degree of asymmetry, vision, and other comorbidities, and is an area of needed
research.32:40-43 The generalizability of the cohort to the older adult population of the
United States is also limited, as the participants from the four US communities was lacking
in racial/ethnic minority representation beyond African American participants. Additionally,
given that ARIC participants needed to survive and be healthy enough to attend visit 6,

they likely do not represent many older adults in the general US population, particularly
those with cognitive impairment, and so our results may also not be generalizable to those
individuals.

Taken together, our findings have important implications for both researchers and clinicians
working with older adults with cognitive impairment. For researchers, studies using
subjective hearing assessments to approximate audiometric hearing loss likely introduce
bias into their hearing-related findings, which may result in an inaccurate estimation of true
associations. One study observed that using self-rated hearing instead of audiometric hearing
may underestimate associations with objective functional outcomes while overestimating
subjective outcomes.** In using subjective hearing assessments, researchers may find
participant responses more closely reflect the perception of hearing loss, which can

be influenced by participant characteristics such as cognitive impairment, rather than
audiometric hearing loss. Self-rated assessments may thus be more representative of
function, such as word comprehension, and may not align with status. We have attempted
to mitigate this limitation from the use of empirical cumulative distribution functions of

the different response categories when aligning these responses with hearing status. Despite
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these limitations, we suggest that the clinicians’ use of subjective assessments may lead to
late identification of hearing loss and delays in addressing hearing loss, such as through

the incorporation of communication strategies or provision of amplification. Ensuring access
to effective communication among individuals aging with MCI or ADRD may serve as
secondary and tertiary prevention strategies in either slowing the progression of cognitive
changes or limiting the effects of ADRD, such as neuropsychiatric symptoms, among those
aging with MCI or ADRD and hearing loss, respectively.

Potential solutions to address these concerns, especially for populations with cognitive
impairment, include the adoption of mobile hearing screening technologies. Several studies
have demonstrated that tablet-based audiometry can be reliably performed in older adults
with cognitive impairment.#>-48 While the reliability of self-administered audiometric
testing has been shown to be limited for MMSE scores lower than 26, technician-
administered hearing threshold testing using a tablet-based, portable audiometer (typically
performed with 5 to 10 minutes of testing time) successfully identified hearing status
among those with more cognitive impairment.#8 The test-retest reliability of audiometric
assessments among participants with mild dementia has also been found comparable to that
among cognitively normal participants, further suggesting that accurate measures of hearing
are obtainable in this population.?® A systematic review has also found that audiometry can
be used to evaluate adults with mild, moderate, and severe dementia, though completion
rates ranged from 56-59%.%0 Implementation of these technologies in research and clinical
settings may provide more reliable screening for older adults.

CONCLUSION

This multi-site community-based cohort study provides evidence for the poor predictability
of subjective assessments, both self- and proxy-rated, for audiometric hearing loss in older
adults with and without cognitive impairment. With a growing understanding of the potential
negative effects of hearing loss on older adults with cognitive impairment, reliable methods
are needed to identify hearing loss among patients and research participants. Researchers
should exercise caution in the use of self- and proxy-rated hearing assessments to represent
audiometric hearing as the findings may bias associations. For clinicians, the use of self- and
proxy-rated hearing assessments may delay the identification and management of hearing
loss among their patients, who may already face increasing functional and communication
difficulties with concurrent sensory and cognitive impairment.23 Improving the detection

of hearing loss may be an important, but frequently missed, opportunity to enhance the
well-being of older persons as well as focus attention on the need for accessing hearing
treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points:

. When self-rating hearing, older adults have lower sensitivity and specificity
with increasing cognitive impairment.

. Sensitivity and specificity were low in proxy ratings of hearing.
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Why does this matter?

Subjective hearing assessments may underreport hearing loss among older adults with
cognitive impairment.
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Figure 1.
Empirical cumulative distribution functions of audiometric hearing status by cognition level

over self-rated hearing. Light gray denotes the start of audiometric hearing loss, while dark
gray indicates moderate or greater audiometric hearing loss.
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Predicted probabilities of positive proxy-rated hearing by cognition level

J Am Geriatr Soc. Author manuscript; available in PMC 2023 February 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Kim et al.

Table 1.

Page 17

Demographic and hearing-related characteristics of participants with audiometric testing and self-reported

hearing (n = 3326)

Characteristics, % (n)

Cognitive Status

Normal (n =2525) | MCI (n=608) | Dementia (n=193) | All (n =3326) p—value3
Age at visit 6, years
Average age (SD)” 79.4 (4.5) 80.4 (4.7) 82.7 (4.9) 79.8 (4.7) <0.001
70-74 17.2 (434) 11.5 (70) 5.2 (10) 15.5 (514) <0.001
75-79 44.4 (1122) 41.9 (255) 28.5 (55) 43.1 (1432)
>80 38.4 (969) 46.6 (283) 66.3 (128) 41.5 (1380)
Female 60.1 (1518) 56.9 (346) 52.3 (101) 59.1 (1965) 0.05
Black, % 22.7 (573) 17.6 (107) 28.5 (55) 22.1(735) 0.002
Education
Less than high school 10.6 (267) 9.4 (57) 32.1(62) 11.6 (386) <0.001
High school, GED, or vocational school 42.5 (1074) 37.8 (230) 38.3 (74) 41.4 (1378)
At least some college 46.9 (1184) 52.8 (321) 29.5 (57) 47.0 (1562)
Income at visit 1
< 25,000 22.7 (572) 21.9 (133) 36.3 (70) 23.3(775) | <0.001
25,000 — 49,999 41.0 (1035) 42.8 (260) 36.3 (70) 41.0 (1365)
> 50,000 36.4 (918) 35.4 (215) 27.5 (53) 35.7 (1186)
Degree of hearing loss by PTA
PTA in better hearing ear in dB HL., (SD)” 32.2(13.5) 34.6 (14.0) 38.4 (15.1) 33.0(13.8) | <0.001
Any hearing loss 64.6 (1630) 71.4 (434) 81.9 (158) 66.8 (2222) <0.001
No hearing loss 35.5 (895) 28.6 (174) 18.1 (35) 33.2 (1104) <0.001
Mild hearing loss 39.5 (998) 40.1 (244) 425 (82) 39.8 (1324)
Moderate or greater hearing loss 25.0 (632) 31.3(190) 39.4 (76) 27.0 (898)
Self-reported hearing Iossz
Excellent to good 47.9 (1209) 47.0 (286) 44.0 (85) 47.5 (1580) 0.81
A little trouble 23.7 (599) 23.5 (143) 23.8 (46) 23.7 (788)
Moderate or greater 28.4 (717) 29.4 (179) 32.1(62) 28.8 (958)
Current hearing aid user 19.5 (493) 20.9 (127) 21.8 (42) 19.9 (662) 0.60

Significant p-values are designated in bold. Abbreviations: MCI = mild cognitive impairment; PTA = pure tone average, dB HL = decibels in

hearing level.

Represented as a continuous variable with the standard deviation in parenthesis.

2 .
In the self-reported better hearing ear

3 . . .
A one-way ANOVA was used for continuous data, while the x 2 test was used for categorical data.
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Table 2.

Sensitivity and specificity of self- and proxy-rated hearing stratified by cognition

Normal (n = 2525)

MCI (n = 608)

Dementia (n = 193)

Self-rated hearing

Sensitivity (95% CI)

71.2 (675, 74.7)

61.1 (53.7, 68.0)

52.6 (40.8, 64.2)

Specificity (95% CI)

85.9 (84.2, 87.4)

84.9 (81.1,88.2)

81.2 (72.9, 87.8)

Proxy-rated hearing

Sensitivity (95% CI)

65.7 (57.0, 73.7)

73.3 (54.1,87.7)

Specificity (95% CI)

83.3(78.5,87.3)

60.3 (47.2,72.4)

Page 18

All participants with a better-hearing ear pure tone average > 40 dB were considered to have hearing loss. Test positives for self-rated hearing
were defined as those who endorsed moderate or greater trouble hearing, while those for proxy-rated hearing responded affirmatively to “significant
hearing difficulties that interfere with daily communication.”
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Factors associated with concordance of self-rated hearing loss with audiometric hearing loss

Table 3.

Odds Ratio (95% CI) | p-value

Global cognitive function z-score 1.14 (1.03, 1.27) 0.01
Pure tone average 0.98 (0.97, 0.99) <0.001
Age at visit 6, years 1.00 (0.98, 1.02) 0.98
Female 1.23 (1.06, 1.44) 0.01
Black 1.14 (0.92, 1.40) 0.24
Education

Less than high school REF REF

High school, GED, or vocational school 1.20 (0.94, 1.53) 0.15

At least some college 1.18 (0.91, 1.52) 0.22
Income at visit 1

< 25,000 REF REF

25,000 - 49,999 0.96 (0.79, 1.17) 0.70

250,000 0.94 (0.75, 1.18) 0.59
Current hearing aid user 3.70 (2.95, 4.67) <0.001

Significant p-values are designated in bold.
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