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Abstract

Objective—The objective of this study was to compare the timing of hearing aid (HA)
acquisition between adult in rural and urban communities. We hypothesized that time of
acquisition of HA after onset of hearing loss is greater in rural adults compared with urban adults.
Secondary objectives included assessment of socioeconomic/educational status and impact of
hearing loss and hearing rehabilitation of urban and rural HA recipients.

Study Design—Cross-sectional questionnaire survey

Methods—We assessed demographics, timing of HA fitting from onset of hearing loss, and
impact of hearing impairment in 336 adult HA recipients (273 urban, 63 rural) from a tertiary
referral center. Amplification benefit was assessed using the International Outcome Inventory for
Hearing Aids (101).

Results—The time to HA acquisition was greater for rural participants compared to urban
participants (19.1 versus 25.7 years, p=0.024) for those with untreated hearing loss for at least 8
years. Age at hearing loss onset was correlated with time to HA acquisition (p=-0.54, p<0.001).
Rural HA participants experienced longer commutes to hearing specialists (68 versus 32 minutes,
p<0.001), were less likely to achieve a degree beyond high school (p<0.001), and were more likely
to possess Medicaid coverage (p=0.012) compared to urban participants. Hearing impairment
caused job performance difficulty in 60% of all participants.

Conclusions—Rural adults are at risk for delayed HA acquisition, which may be related to
distance to hearing specialists. Further research is indicated to investigate barriers to care and
expand access for vulnerable populations.

Level of Evidence—4
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INTRODUCTION

Hearing loss affects 21.7% of U.S. adults® and, like many healthcare disparities, untreated
hearing loss is more prevalent in rural areas—twice as common by one estimate.2 Moreover,
hearing impairment prevalence is positively correlated with poverty, reduced educational
attainment, and manual labor occupations® — characteristics more prominent in rural
communities. This public health issue is of economic importance to the 46 million residents
of rural counties in the United States.* Adults with hearing loss are more than twice as likely
to be unemployed or partly unemployed, and they experience a 25% decrease in wages
compared to those without hearing loss.® Severe to profound hearing loss is estimated to cost
an individual $410,000 over their lifetime, chiefly due to decreased work productivity.8 This
disability and economic impact may adversely affect rural communities already facing
higher poverty rates and unemployment.” Untreated hearing loss also causes a measurable
impact to the mental and emotional well being of adults. Those experiencing hearing
problems are more likely to have mood disorders and to experience feelings of social
inferiority.8 Poorer quality of life is also linked with hearing impairment.® Cognitive decline
in an aging population with hearing loss is linked to failure in obtaining treatment.10

Hearing aids are a well-known and effective treatment for unilateral and bilateral hearing
loss. However, hearing aid uptake remains low, 21-48%, among those with hearing
loss.11-13 There are many factors that may lead to the delayed diagnosis and treatment of
adult hearing loss. Awareness of the benefits of timely hearing loss diagnosis and treatment
is low among the general population and among health-care professionals.1415 Screening for
hearing loss among adults is uncommon in the primary care setting and there is poor
adherence to recommended treatment.16:17 Of adults that undergo hearing screening, 72%
are in the precontemplation or contemplation stages with no plan to take action regarding
their hearing loss.18 This may account for the finding that adults typically wait 10 years to
seek assistance after first experiencing hearing loss.19 There is also a shortage of hearing
healthcare specialists in rural regions.1:>20 The presence of disparities in diagnostic and
intervention services result in rural patients being at a high risk of delayed treatment for a
variety of health conditions.?1-23 Patients in rural areas face limited access to specialty care
that compounds these concerns in the hearing loss field. There is evidence that rural
pediatric patients with severe hearing loss are delayed in cochlear implantation when
compared to patients from urban areas.?* In order to mitigate the effects of untreated hearing
loss in vulnerable populations and understand factors that serve as barriers to adult hearing
healthcare, it is paramount to investigate the timing of hearing aid amplification after hearing
loss onset in rural adults compared with urban adults. The primary objective of this study
was to compare the timing of hearing aid acquisition between adult hearing aid recipients in
rural and urban communities. Additionally, we sought to compare the two populations in
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regards to socioeconomic characteristics, the impact of hearing loss on occupation and
education, and the usage and self-assessed benefits of hearing aids.

Institutional review board approval was obtained prior to initiation of this study (protocol
14-0854-F1V). Study participants were derived from all adult hearing aid patients who were
fit with aids at age 18 or older between 2011 and 2014 at clinics associated with a single
university. The hearing aid fittings occurred either at the main university otolaryngology
clinic in a major metropolitan area or at a university-associated rural, otolaryngology
satellite clinic approximately 70 miles away. The operation of the 2 clinics is identical
regarding staffing and appointment access. To assess the timing of hearing healthcare access
and occupational and educational impact of hearing loss, we developed a 25-item
questionnaire (Appendix). We consulted the prior literature, patients, and providers in the
development of this novel instrument. Prior to utilizing the questionnaire, the document was
piloted with patients with hearing loss and modifications were made to improve clarity and
brevity. The International Outcomes Inventory for Hearing Aids (I01-HA)—a 7-item
standardized and validated instrument assessing the use and efficacy of hearing aids—was
also included with the newly developed questionnaire.2> The survey was sent with a cover
letter and a stamped return envelope to eligible patients.

The questionnaire included fill in the blanks, open-ended semi-structured, multiple choice,
and yes/no questions. Questions with 4-point Likert-type scale answers were also utilized.
Data collected included county of residence and demographic factors such as gender, race,
age, marital status, educational level, household income, and insurance coverage.
Participants then indicated whether hearing aids were used in one or both ears. We assessed
duration of hearing loss and the time interval between onset of hearing loss and acquisition
of hearing aids. These intervals were computed from self-reported responses of how long
ago hearing loss and other events—disruption of daily activities, seeking care, and the
acquisition of hearing aids—occurred. Participants also recorded their travel time to their
audiologist. The impact of hearing loss on educational and occupational factors was
explored with 4-point Likert-style questions. Participants were asked about hearing problems
causing difficulty in the following: performing one’s job, achieving a promotion, obtaining a
job, retaining a job, and completing education in the past. Discrimination in the workplace
and the desire to have completed a higher level of education were similarly assessed. The
survey concluded with the 101-HA instrument.

Returned questionnaires were collected and entered electronically into Research Electronic
Data Capture database (REDCap) (Vanderbilt University, Nashville, TN). Survey data were
managed using an Excel spreadsheet (Microsoft, Redmond, WA, USA) and statistical
analysis was performed with SAS software (SAS Institute Inc., Cary, NC, USA). Surveys
were separated, based on patient-reported county of residence, to an urban or rural group
based on each county’s Beale code (US Department of Agriculture Rural-Urban Continuum
Coding system).28 This system is a numerical scale from 1 to 9, with the most urban county
being 1 with a metro population of 1 million or more, and the most rural county scored as 9,
meaning one with less than 2,500 urban residents and no adjacency to a metro area. Beale
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codes 1 through 6 are considered urban-suburban and 7 through 9 are considered rural
counties. The literature indicates a delay of 10 years from onset of hearing loss to acquiring
hearing aid amplification and was used to perform a power analysis.1® Based on this
literature and an estimated standard deviation of 10 years, we selected a goal sample size of
360 patients in order to detect a difference of 3 years between the urban and rural groups and
in order to have 80% power to detect this difference using a 2 sample t-test (at the 0.05
significance level).

Survey responses between these two groups were compared using Student’s t-test for
continuous data, the Mann Whitney U test for ordinal and non-normally distributed data, and
Chi-Squared analysis or Fisher’s exact test for categorical data. Correlation analysis was
conducted between select variables and the primary outcome: the time to hearing aid
acquisition. Pearson correlation coefficients were calculated for continuous variables,
Spearman correlation coefficients were used for ordinal variables, and analysis of variance
testing was employed for categorical variables. P-values less than 0.05 were considered
statistically significant.

RESULTS

A summary of demographic and socioeconomic data is found in Table 1. Of the 953
questionnaires sent, 40 questionnaires could not be completed by the intended participant for
reasons such as death of the recipient or undeliverable addresses. Three hundred thirty six
participants returned questionnaires (36% overall response rate), 273 urban participants
(38% response rate) and 63 rural participants (31% response rate). There was a significant
difference between the two groups for household income (p<0.001). Rural participants
experienced longer commutes to hearing specialists (p<0.001), were less likely to receive
education beyond high school (66% vs 90%, p<0.001) and were more likely to possess
Medicaid coverage (p=0.012) compared to urban participants.

Overall, rural participants reported an average time interval of 10.9 years between onset of
hearing loss and acquisition of hearing aids compared with 7.9 years in urban/suburban
participants (p=0.218). For patients with at least 8 years of untreated hearing loss (N=107),
we found that rural adults had a greater time interval between onset of hearing loss until
acquisition of hearing aids (25.7 years versus 19.1 years, p=0.024, Figure 1). Time to
hearing aid acquisition was found to have a moderate negative correlation to age at hearing
loss onset (Pearson r=-0.539, p<0.001, Figure 2). Additionally, time to hearing aid
acquisition was also found to have a weak positive correlation with travel time to the
audiologist (Pearson r=10.191, p<0.001) and a weak negative correlation with the self-
reported impact of hearing impairment on job performance (Spearman p = —0.193,
p<0.001). The time to hearing aid acquisition was not significantly correlated with income,
age at hearing aid acquisition, frequency of primary care physician visits, nor self-reported
difficulty in seeing an audiologist. Other categorical variables—insurance status, education
level, and whether hearing impairment ever interfered with daily activities—were not
statistically significant.
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Self-reported data regarding impact of hearing loss on employment and education revealed
some pertinent findings (Table 2). Few participants reported difficulty in hiring or promotion
or discrimination in the workplace related to their hearing loss and approximately 1% or less
reported job loss related to their hearing loss. However, participants reported job
performance difficulty related to hearing impairment in 61% of urban residents and 57% of
rural residents. A higher percentage of rural adult hearing aid recipients wish that they had
achieved a higher level of education (p=0.019) and identified their hearing loss as an
educational barrier (p=0.048) compared with urban residents. In spite of the impact of
hearing loss on employment and education attainment, substantial and consistent benefits
from hearing aid use were observed from both groups on the 101-HA (Figure 3). On average,
participants reported using their hearing aids at least 4 to 8 hours a day and that those
hearing aids made their quality of life “quite a lot better.” All participants reported
amplification benefit with a non-statistically significant trend toward greater benefit in rural
participants.

DISCUSSION

This study demonstrates a delay in the timing of hearing aid acquisition in rural adult with
hearing loss compared with urban adults. These findings are important because
approximately 20% of the U.S. population reside in rural areas,2’ and adults within these
areas represent a vulnerable population with barriers to accessing hearing healthcare. Rural
barriers to care is not unique to the United States as a similar trend in delayed access to
hearing healthcare in remote regions has been reported by Brennan-Jones et al in Australia.?
This study demonstrates that distance from hearing healthcare services was associated with
the timing of acquisition of hearing aids. Rural participants in this study reported an average
travel time of over 1 hour to obtain audiological services (compared with 32 minutes in the
urban sample). A prior study by Arcury et al?8 involving a rural population found that the
number of regular check-ups in a primary care setting was inversely related to distance to the
provider. This type of rural healthcare disparity has been similarly documented for specialty
healthcare services, such as Optometry.2? Primary care providers in rural settings are less
likely to consult a visual specialist due to the reality that few specialists are available to meet
the specialty healthcare needs.30 The lack of local resources may prevent timely diagnostic
testing and may decrease the likelihood of obtaining hearing aids.31-32 Limited appointment
times and increased travel time to audiologists negatively affect hearing healthcare seeking
behavior.31:33.34 There is a concerning shortage of audiologists to meet expanding clinical
demands?? and there is a need to explore different models of service delivery such as that
which has been reported by visual healthcare services.29

Financial constraints and lack of or inadequate insurance coverage have been demonstrated
in other studies to be significant barriers for healthcare for rural and other vulnerable
populations.3°:36 Positive social support and gainful employment may help mitigate these
economic barriers to hearing healthcare.3® This study did not identify an association
between the timing of access to hearing healthcare and income or insurance status. The lack
of a relationship between of timing of amplification and income level could be due to
incorrect or incomplete reporting of income on this self-reported questionnaire.
Additionally, state-funded programs (such as vocational rehabilitation) have provided
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hearing aids for working adults at low or no cost, regardless of insurance status. Eligibility
for these programs are partially dependent on income and lower income working adults
would have a higher likelihood of qualifying for this type of assistance and this factor could
have decreased the time to amplification.

Access to care may be complicated by a variety of interacting patient and cultural factors
within vulnerable populations. Overall health of rural adults is poorer than urban adults3”
and those with competing health conditions are less likely to receive timely hearing
healthcare.34:38 Lack of social support limits seeking of hearing healthcare.3! Rural adults
may have different cultural perceptions, such as a fear of compromised confidentiality in the
receipt of care, which can affect rural patients’ healthcare seeking behavior.39 Additionally,
a negative social stigma within rural cultures related to hearing aid use and fear of
compromised social identity may prevent some adults from seeking hearing
healthcare,0:41.31

The impact of the hearing healthcare access delay in rural residents on auditory outcomes
and quality of life is unknown and the key determinants in timely access to care are
undefined. Thus far, substantial research has demonstrated the mental health, financial, and
occupational impact of hearing impairment in the general adult population.1:>6 Significant
in our analysis was the inverse correlation between age at hearing loss and time to hearing
aid acquisition. When hearing loss onset occurs in adolescents and young adults (age 10—
29), hearing aids are not acquired until, on average, 25 years later. When hearing loss onset
occurs later in life (>60 years) the average time to obtain amplification is 3 years. While
variance in the progression of this acquired hearing loss may explain some of these
differences, this discrepancy highlights the importance of access to hearing healthcare for
these communities as it relates to educational and occupational opportunities. Our survey
has shown that 60% of our subjects experienced difficulty in performing their job because of
hearing impairment, and over half of rural subjects wish they had completed more education.
With the consistently positive usage demonstrated on the 10, it will be critical to continue
investigating how to improve access to hearing aids in this affected population.

This study is limited by recall bias. We relied on participants’ recall of their hearing
healthcare milestones from the past. While objective records of hearing loss onset and the
subsequent events would be preferable, such analysis would require retrospective review,
which is also limited by reporting errors. The response rate for this study is modest but is
reasonable considering the nature of this research. The response rates are similar among the
rural and urban participants (31% vs 38%). Participation by hearing aid recipients may also
be hindered by literacy rates and other socioeconomic factors, potentially introducing
selection bias. It must also be noted that conclusions from this study are derived from those
that have succeeded in acquiring hearing aids; thus, adults that have not received hearing
aids may have different characteristics and barriers to care. The rural participants reported
receiving at least equal, if not more benefit from hearing aids than their urban counterparts.
Hypothetically, a selection bias may account for this finding, in that, adults that are delayed
in access could have more severe hearing loss at the time of fitting and even modest
improvement of hearing function could translate into high satisfaction. Hearing loss severity
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was not assessed in this study sample. The participants of this study were from one
geographical region and results may not be generalizable to other regions.

This study assesses hearing impairment and access to hearing healthcare in rural and urban
communities. Further research is needed to improve access to care in vulnerable populations.
Furthermore, improving access to care in working adults, especially those at high risk of
hearing loss, is critical. There is existing evidence demonstrating improved hearing aid use
and better rehabilitation outcomes among adults treated at pre-retirement ages.®42 Although
provider density may be relatively fixed, the provision of remote diagnostic and hearing aid
fitting services (either through satellite clinics or telemedicine) may be able to mitigate
regional differences in timing of healthcare.

CONCLUSION

Rural adults are at risk for delayed hearing aid acquisition compared to urban adults. This
delay may be related to distance to hearing specialists and limited hearing healthcare
specialists. Hearing aid recipients in rural communities have lower socioeconomic status
than their urban counterparts. The timing of hearing aid acquisition is moderately inversely
associated with the age at hearing loss onset. Rural adults reported that hearing loss was a
significant barrier to completing education. Future research is warranted to assess key
factors related to access of hearing healthcare.
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Figure 1.
Mean time interval from hearing loss onset until hearing aid acquisition in urban and rural

subjects with at least 8 years of untreated hearing loss.
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Error bars represent 95% confidence intervals.

Figure 2.
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Figure 3.

101-HA mean scores for urban and rural hearing aid recipients. P-values listed are derived
from Mann Whitney U testing.
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Table 1

Comparison of demographics in urban and rural adult hearing aid recipients

Characteristic Urban Rural p-value
Population Size 273 63

Mean age (years) 66.3 66.7  0.864
Mean commute timeto audiologist (min) 32 68 <.0001
Male sex (%) 51%  49%  0.807

Race/Ethnicity *

White 96% 100%  0.090
African American 3% 0% 355"
Hispanic 0.7% 0% 10007
Native American 1% 0% 10007
Other 0.7% 0%  1000f
Education (%) <0.001
No degree 1% 10%  g.002f
High School or Equivalent 9% 24%  0.001
Post-secondary education 22% 24%  0.753
College graduate 26% 15%  0.055
Graduate degree 42% 27%  0.030
Income (%) <0.001
Less than $10,000 2% 5%  o.174f
$10,000-20,000 %  11% 0416
$20,000-30,000 7% 11%  0.416
$30,000-60,000 25% 39%  0.080
More than $60,000 59%  34%  <0.001
Insurance (%) *
Medicaid 4% 13%  0.012
Medicare 51% 57%  0.345
Private 63% 51%  0.065
Other 24% 37%  0.046
Hearing Aid Use (%) 0.426
Unilateral 17% 11%
Bilateral 80% 87%

*
Percentages do not add to 100% due to multiple selections possible.

. - . .
Fisher’s Exact test used due to anticipated frequency < 5 in one of the categories.
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Table 2

Comparison of education and job-related effects of hearing loss in urban and rural hearing aid recipients.

Self-Reported Impact of HL on Job & Education (% agreeor strongly agree) Urban Rural p-value
Difficulty performing job 61% 56% 0.471
Prevented hiring 5% 11% 0.166
Caused loss of job 1% 0% 1.0007
Prevented promotion 5% 1%  go517
Caused discrimination in workplace 8% 3% 0.312f
Wish had completed higher education in past 36% 54% 0.019
Prevented from completing education in past 4% 12% 0.048

f. - . .
Fisher’s Exact test used due to anticipated frequency < 5 in one of the categories.
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