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INTRODUCTION
A number of observational studies have reported that hearing loss negatively impacts quality
of life (QOL).1–5 Among the participants in the Epidemiology of Hearing Loss Study
(EHLS), significant relationships between severity of hearing loss and impaired physical and
social functioning were found.1 Furthermore, additional studies have reported a positive
influence of hearing aid usage on QOL.6–12 A systematic review and meta-analysis of
studies related to hearing aids and QOL, concluded that aid usage in adults was associated
with improvements in psychological, social, and emotional well-being when hearing and
communication-specific measures were used for QOL assessment.6 In a randomized trial
among older patients at Veterans Affairs clinics, results suggested that hearing aid use led to
significant improvements in social and emotional functioning, communication, cognition
and depression with all effects except cognition being sustained for at least one year.7,8

Despite the psycho-social benefits of hearing aid use, it has been estimated that just 20–25%
of hearing impaired individuals use hearing aids.13–15 Focusing on older adults (70 years of
age and older), it has been reported that in 1995, only about one-third of subjects with a
reported hearing problem had used hearing aids within the past year.16

Previous work evaluating characteristics related to seeking help for a hearing loss and
obtaining hearing aids has been conducted through clinic-based investigations and cross-
sectional population studies and surveys. In general, the factors found to have an influence
on the decision to seek help include a lowered self-perception of hearing ability or decline in
hearing sensitivity, negative impact of hearing quality on daily life, and comments/
encouragement from others.17–20 Conversely, studies investigating characteristics
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associated with not seeking treatment for a hearing loss, have found that denial of the loss,
self-image implications, the fear of social consequences and aging, the acceptance of a
hearing loss as a normal part of the aging process, and lack of social pressure play a role.
18,21 Hearing aids in particular are not sought because of concerns regarding cost,
effectiveness, stigma and discomfort.18,21,22

Prior studies have not been population-based and prospective in nature and have not
evaluated multiple factors simultaneously, including demographic characteristics, standard
measures of hearing ability, and self-perception of hearing quality and handicap. Some
studies have been conducted in clinical populations in which subjects have already made a
decision to seek help for a perceived hearing loss.17,20 Factors influencing the decision to
acquire a hearing aid may differ among patients seen at an audiology clinic versus
participants in a population-based study of aging. Investigators in the Netherlands have
conducted population studies but these have been cross-sectional in design and in the
Netherlands the cost of a hearing aid may be partially reimbursed, either through public
funding or the employer.18,19 Since cost may be an important factor in the decision to
acquire a hearing aid, the results of the studies conducted in the Netherlands may be
expected to differ from studies conducted in the United States where hearing aids are not
universally covered by private health insurance or by Medicare. Survey work investigating
the prevalence of hearing aid use in the United States relied on self-reported hearing loss or
hearing difficulty which may introduce error and prevents any adjustment for measured
hearing loss.21,22 In addition, the survey work is subject to response bias and may not be
representative of the general population. The objective of this population-based study was to
estimate, for the first time, the 10-year incidence of hearing aid acquisition among subjects
with a demonstrated hearing loss and to determine the factors which predicted hearing aid
purchase.

METHODS
Subjects

Subjects were residents of Beaver Dam, Wisconsin who had participated in the EHLS and
the Beaver Dam Eye Study (BDES). The BDES began recruitment in 1987–88 by inviting
all residents, aged 43 through 84 years, of the city or township of Beaver Dam to participate
in a population-based study of age-related eye disorders. Of the 5,924 eligible residents,
4,926 (83%) were examined in the first BDES phase conducted in 1988–90. The first
follow-up BDES examination was performed five years later, in 1993–95, and concurrently,
the baseline EHLS examination (EHLS-1) was conducted. There were 3,753 subjects
(82.6% of the 4,541 living subjects) who participated in EHLS-1. Follow-up studies were
conducted 5 years (EHLS-2) and 10 years (EHLS-3) after baseline. Additional details have
been reported.23–25 Institutional Review Board approval by the Health Sciences
Institutional Review Board of the University of Wisconsin and informed consent were
obtained.

Subjects included in this study had a demonstrated hearing loss, either at EHLS-1 or
EHLS-2, defined as a pure-tone threshold average (PTA) at 0.5, 1, 2, and 4 kHz, greater than
25 dB (decibel) HL (Hearing Level) in the better ear. Subjects had no history of hearing aid
use prior to the detection of a hearing loss.

Measurements
Audiometry—Pure-tone air-conduction thresholds (measured as decibel Hearing Level)
were determined during each study period according to the American Speech Language and
Hearing Association (ASHA) guidelines.26 American National Standards Institute (ANSI)
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standards were followed for equipment calibration.27,28 Thresholds were measured in both
ears at 0.5, 1, 2, 3, 4, 6, and 8 kHz and three PTAs of the better ear were calculated: average
of the 0.5, 1, 2, and 4 kHz thresholds, the 0.5, 1, and 2 kHz thresholds and the 4, 6, and 8
kHz thresholds. The female talker version of the NU-6 test (Northwestern University
Auditory Test No. 6) was used for word recognition testing, conducted in quiet and
competing message. Word lists were presented at 36 dB above the 2 kHz threshold in the
better ear. For competing message, a single male talker was included at 8dB below the
female voice.29,30 Word recognition scores consisted of the percent of words the
participant correctly stated. Previous publications include audiometric procedure details.
23,30

Hearing Aid Acquisition—Hearing aid usage was self-reported in response to: “Have
you ever worn a hearing aid or amplifying device?”. To be included, subjects must have
given an answer of ‘No’ at the time of the EHLS examination during which the hearing loss
was first detected. Hearing aid acquisition was considered to have occurred if, at the EHLS
examination(s) following the identification of a hearing loss detection (EHLS-2 or EHLS-3),
the subject gave an answer of ‘Yes’ to the question.

Covariates—Covariates included age, sex, education, marital status (currently married, not
married), self-perception of hearing quality (excellent, very good, good, fair, poor), self-
perception of loss (“Do you feel you have a hearing loss?”), perception of friends and
relatives with respect to the participant’s hearing, self-reported family history of hearing loss
(father, mother, and/or siblings), impaired cognition, and the HHIE-S score.31 Education
was modeled as a 4 level class variable (< 12 years, 12 years, 13–15 years and 16+ years)
and as a dichotomous variable, 16+ years (termed College Graduate) versus < 16 years.
Impaired cognition was defined as a score of less than 24 on the Mini-Mental State
Examination or a report of dementia by a proxy.32 The HHIE-S consists of 10 questions
measuring the perceived social/situational and emotional effects of a hearing problem.
Possible responses for each question are ‘No’ (0 points), ‘Yes’ (4 points), and ‘Sometimes’
(2 points). Points are added across the 10 questions and thus, the HHIE-S score ranges from
0 to 40 points with higher values indicating a greater degree of perceived handicap related to
a hearing problem. For self-perception of hearing quality, because of small numbers the
categories of excellent, very good and good were combined.

Statistical Analyses
The follow-up period was divided into two five-year segments, corresponding with the
EHLS study phases. For subjects whose hearing loss was diagnosed at EHLS-1, the first
five-year segment (0–5 years of follow-up) began at EHLS-1 and ended at EHLS-2 at which
time hearing aid usage was ascertained. If the subject did not then report using a hearing aid,
the second five-year segment (5–10 years of follow-up) began at EHLS-2 and ended at
EHLS-3 at which time hearing aid usage was again ascertained. For subjects who did not
have a hearing loss at EHLS-1 but did at EHLS-2, the first (and only) five-year segment (0–
5 years of follow-up) began at EHLS-2 and ended at EHLS-3.

To determine the strength of association between hearing aid acquisition and the covariates,
Cox discrete-time proportional hazards modeling was used. For categorical factors, a
reference category was chosen and indicator variables were created for the remaining
categories. Dichotomous factors were entered as 0–1. The covariate measurements collected
at the beginning of each follow-up period were used with the exception of impaired
cognition. Since the MMSE was not administered at EHLS-1, the cognition status
determined at the end of each follow-up period was used.

Fischer et al. Page 3

Am J Public Health. Author manuscript; available in PMC 2012 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Initial modeling was performed for each of the covariates separately with age and sex
adjustment only. All covariates were considered for the multivariate model and selection of
the final model was done in a stepwise fashion. Since education and income were strongly
correlated and provided approximately the same goodness of fit, education was chosen for
the final model to increase sample size (there was more missing data for income). Hazard
ratios and corresponding 95% confidence intervals were computed from the parameter
estimates and their standard errors. All analyses were performed using SAS software,
version 9.1 (SAS Institute, Inc., Cary, NC).

RESULTS
There were 718 subjects (mean age = 70.5 years) with a hearing loss who were followed for
at least 5 years (Figure 1). Among these subjects, the 5-year incidence of hearing aid
acquisition was 14.3%. The 5-year incidence of aid acquisition was 14.8% for the 486
subjects whose hearing loss was detected at EHLS-1 (baseline) and 13.4% for the 232
subjects whose loss was detected at EHLS-2. The 10-year cumulative incidence of hearing
aid acquisition was 35.7% (130/364). Approximately 20% of the subjects followed for 10
years acquired a hearing aid 5 to 10 years after a hearing loss was initially detected.

Results of age and sex adjusted analyses are presented in Table 1. Hearing aid acquisition
was associated with education and a number of perceived hearing factors and hearing
capacity measurements (Table 1). College graduation significantly increased the likelihood
of acquiring an aid (HR=1.8 (95% C.I.=1.1,2.9) and this relationship was stronger in the
period of 5–10 years after hearing loss detection (HR=2.6, 95% C.I.=1.1,6.1). Higher
income also demonstrated a non-significant, positive relationship with hearing aid
acquisition. Regarding the perceived hearing factors, there was a significant linear
association between perceived hearing quality and aid acquisition (p < 0.01) with those
reporting poor quality having a rate ratio equal to 6.2 (95% C.I.=3.5,11.0) compared to those
reporting excellent, very good or good hearing. In the first 5 years of follow-up after hearing
loss detection, while only 9.5% of the subjects who rated their hearing as good or better
acquired an aid, close to 36% of subjects who perceived their hearing as poor acquired an
aid. In the 5–10 year follow-up period, nearly 41% of the subjects who reported poor
hearing obtained an aid compared to about 13% of the subjects reporting good or better
hearing. Self-perception of hearing loss and having friends or relatives think that the
participant has a hearing loss resulted in a rate of aid acquisition over 3 times the rate of
those without these perceptions. A family history of hearing loss was also found to be
significantly associated with hearing aid acquisition (HR=1.8, 95% C.I.=1.2,2.6) as was the
perceived degree of handicap related to hearing (HR1 unit of HHIE score =1.08, 95%
C.I.=1.06,1.11). With respect to the measurements of hearing ability, a higher PTA was
associated with significantly elevated rates of aid acquisition, particularly for the average of
the 0.5, 1, 2 and 4 kHz thresholds (+5 dB difference: HR=1.5, 95% C.I.=1.3,1.7). Higher
word recognition scores in quiet (HR=0.97, 95% C.I.=0.96,0.99) and competing message
(HR=0.98, 95% C.I.=0.97,0.99) resulted in lower rates of acquiring hearing aids.

Significant factors in the best fitting multivariate model (with age and sex) included
education (college graduate vs. all others), self-perception of hearing quality, perceived
degree of handicap related to hearing (HHIE score) and the PTA of the 0.5, 1, 2, and 4 kHz
thresholds in the better ear (Table 2). There was no difference in the factors included in the
best fitting model for the 2 follow-up periods. College graduates were 2.5 times (95%
C.I.=1.5,4.1) as likely to acquire an aid as those without a college degree and subjects who
considered their hearing to be poor also had a hazard ratio of 2.5 (95% C.I.=1.3,5.0)
compared to subjects who perceived their hearing to be good or better. The rate of hearing
aid acquisition also continued to have a significant, positive association with the HHIE score
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(+1 difference: HR=1.05, 95% C.I.=1.03,1.08) and the PTA0.5–4, better (+5 dB difference:
HR=1.4, 95% C.I.=1.2,1.6).

Among subjects reporting having been told that they would benefit from a hearing aid who
were followed for 10 years, prominent reasons given for not acquiring an aid included not
needing it, the cost, the inconvenience of wearing an aid, and the poor experience of others
(Table 3). The frequency of the cited reasons varied by gender and by the number of years
since the hearing loss was detected. The most frequent responses cited as being the main
reason for not obtaining an aid were cost (overall-27%; females-34%; males-23%) and not
needing an aid (overall-26%; females-27%; males-25%).

DISCUSSION
This study found that close to two-thirds of the individuals with a hearing loss who were
followed for 10 years did not acquire a hearing aid. This is in spite of the fact that hearing
and perceived hearing handicap worsened over this period (Mean PTA0.5–4 kHz, better ear:
baseline = 31.3; follow-up = 40.3, p < 0.0001; Mean word recognitioncompeting message:
baseline = 42.5%, follow-up = 30.5%, p < 0.0001; Mean HHIE: baseline = 5.7, follow-up =
9.9, p < 0.001) and that subjects were participants in a study focused on hearing. The 5-year
incidence of hearing aid acquisition was 14% and the 10-year incidence was 36%. These
rates are compatible with previously reported prevalence rates of hearing aid use. In the
baseline EHLS cohort we found that among individuals with a hearing loss
(PTA0.5–4kHz, worse ear > 25 dB), 20.7% had a history of using a hearing aid, although only
14.6% were current users.13 In a slightly older study population of the Framingham cohort
(age range 63 to 95 years in 1983–1985), 25% of the subjects who had reported a hearing
problem, stated that they had used an aid at some time.33 Among a group of subjects 85
years of age in 1997–99, from the Netherlands, with a PTA1–4 kHz, better ear greater than 35
dB HL, 23% agreed to a first-time hearing aid fitting within the next year.34

Factors found to be significantly and independently related to first time use of a hearing aid
included education (college graduate), hearing loss severity (measured as the
PTA0.5–4kHz, better ear), hearing handicap score, and self-perception of hearing quality. These
factors were the same for both acquisition within the first 5 years and within 5 to 10 years
after detection. Since education and income are correlated and given the high cost of digital
hearing aids, it is likely that income may be accounting for some of the observed education
effect in our study. In previous clinical and survey work, self-perceived hearing quality has
been found to be associated with hearing aid purchase.15,17 In a recent clinic-based
investigation, a 10 point scale for self-rating of hearing ability was found to be a
significantly strong predictor of hearing aid purchase (OR=0.47 for 1 unit improvement).17
However, no adjustment was made for other potential predictors. In the 2004 survey of
National Family Opinion (NFO) members, close to 64% of first-time hearing aid owners
stated that a self-perceived decline in hearing influenced the decision to acquire an aid.15

Our study focused on hearing aid acquisition after the identification of a hearing impairment
in a population-based investigation of aging and sensory loss and not on the decision to seek
help for a hearing problem. Studies have found that self-perceived hearing quality and the
impact of hearing loss on daily life are influential factors in an individual’s decision to seek
help for hearing difficulties.18–20 In a group of subjects, 55 years of age and older, with a
PTA0.5–4 kHz, better ear of 30 dB HL or higher, there was a significant association between the
rate of physician consultation and not only self-perception of hearing quality, but also
whether the subject’s hearing was bothersome on a daily basis, if others had complained
about the subject’s hearing, and whether others had advised the subject to obtain a hearing
aid.19
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In our study, when asked the reasons for not acquiring an aid, the most often cited responses
included being unnecessary, the cost, the inconvenience and the poor experience of others.
Similar reasons have been previously reported.21,22,33,34 In a 1998 survey of older NFO
panel members (age 50 years and older), close to 70% of the hearing impaired respondents
who were not using hearing aids stated that their hearing was not bad enough or that they
could get along without one and 55% felt that hearing aids were too expensive.21 The strong
impact of the negative experience of others has also previously been noted.22,34 Many
aspects of using hearing aids can be difficult for older adults including changing the battery,
cleaning the ear mold, and inserting the aid into the ear.35 Cognitive and functional ability,
poor benefit, discomfort with background noise and in noisy situations, and poor fit have
been found to be related to the use of hearing aids.36,37 All of these factors may enter into
the consideration of the poor experience of others and the perception that hearing aids are
inconvenient.

Improvements in recent years in the technology related to hearing assistive devices include
the development of digital processing and directional microphones but it has not yet been
determined that these improvements have or will lead to greater use of the devices.38 The
optimum timing for the introduction of aid(s) in relation to age and the course of hearing
decline also needs to be established.39,40 The high number of individuals dissatisfied with
the performance of their hearing aids may be partially related to when the aid was first fitted
and the approach used for adapting to the new device. If a hearing aid is fitted too early in
the progression of hearing loss, a benefit substantial enough to offset the time, effort and
cost involved in using the new hearing aid may not be seen. If the hearing aid is fitted too
late, after the individual has already established compensatory mechanisms, additional
difficulties involved in adapting to amplified sound may occur. In this study, we did not
observe any difference in the significant predictors for the two time periods, i.e. 0 to 5 years
vs. 5 to 10 years after hearing loss detection. In addition, results for the 0 to 5 years period
showed that the rate of aid acquisition and the factors related to it did not significantly vary
between subjects whose hearing loss was detected at baseline (which includes those who
have long-standing hearing loss) and subjects with newly detected hearing loss, i.e. detected
at the first follow-up. Therefore, there was no suggestion that time since hearing loss
detection influenced the factors related to aid acquisition.

Our study was population-based in a relatively large population and was prospective in
nature with 10 years of follow-up. Hearing capacity was measured using standard
audiometric methods and details on hearing aid usage, demographic characteristics and
perceived hearing ability were collected at 5-year follow-up intervals. We were able to
evaluate whether the length of time since the hearing loss was detected influenced which
factors predicted hearing aid acquisition. However, for the subjects whose hearing loss was
identified at baseline, we did not have information regarding how long it had been since the
hearing loss was first detected and we could not assess the question of the timing of aid
fitting in more detail. Other limitations included having self-reported family history
information only on parents and siblings and not on spouses. Hearing aid experience among
spouses may very well influence the likelihood of acquiring an aid. Finally, the observed
rates of hearing aid acquisition will vary by the level of loss we choose as our definition. It
is possible that our definition of hearing loss (PTA0.5–4 kHz, better ear > 25 dB) is not optimum
and may not be the level at which audiologists recommend an aid. It may be that information
on hearing loss across frequency is important in the fitting of an aid, although in our work,
individual frequency data were not significant predictors of hearing aid acquisition.

Widespread acceptance of rehabilitive aids, in particular hearing aids, for the treatment of
hearing loss has not been achieved and remains a challenge. In addition to technologic
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advancements, work is needed to determine the most effective approaches for overcoming
the personal and societal barriers affecting the acquisition and continued use of hearing aids.
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Figure 1.
Study Population Selection and Incidence of Hearing Aid Acquisition
1Hearing loss defined as PTA0.5, 1,2,4 kHz, better ear > 25 dB HL
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Table 2
Risk Factors for Incidence of Hearing Aid Acquisition By Years of Follow-up

Multivariate Model, Hazard Ratio (95% Confidence Interval)

Years of Follow-up

Risk Factor 0–5 5–10 Periods Combined

Age 1.01 (0.98,1.04) 1.04 (0.99,1.08) 1.01 (0.99,1.04)

Sex (male) 0.99 (0.61,1.60) 0.36 (0.18,0.74) 0.73 (0.49,1.08)

Education – College Graduate 2.16 (1.15,4.08) 3.31 (1.30,8.39) 2.45 (1.46,4.11)

Perceived hearing

   Excellent, Very Good, Good 1.00 1.00 1.00

   Fair 1.58 (0.95,2.61) 1.74 (0.84,3.62) 1.63 (1.08,2.47)

   Poor 2.07 (0.83,5.15)+ 4.34 (1.34,14.04)+ 2.50 (1.25,5.03)*

HHIE Score1 1.05 (1.02,1.09) 1.05 (1.01,1.10) 1.05 (1.03,1.08)

PTA0.5–4 kHz, better ear
2 1.43 (1.20,1.70) 1.21 (0.94,1.55) 1.36 (1.18,1.56)

+
Test for trend P ≤0.05

*
Test for trend P < 0.01

1
HHIE = Hearing Handicap Inventory for the Elderly – Screening

2
PTA = Pure-tone Threshold Average at 0.5, 1, 2 and 4 kHz in the better ear;hazard ratio for +5 dB difference in PTA.
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Table 3
Reasons for Not Acquiring a Hearing Aid By Years of Follow-up and Gender*

Percentage of Participants Reporting Each Reason+

5 year follow-up 10 year follow-up

Reason Male (n=58) Female (n=32) Male (n=29) Female (n=10)

Did not need it 59.3 52.9 51.7 60.0

Cost 49.2 55.6 55.2 70.0

Calls attention to handicap 6.8 8.8 0.0 0.0

Inconvenient to wear 37.3 50.0 85.7 40.0

Would not know where to buy 17.6 13.8 17.2 0.0

Poor experience of others 31.0 45.5 55.2 60.0

Too old to benefit 5.2 15.6 7.1 0.0

*
Participants whose PTA0.5–4kHz, better ear (Pure-tone Threshold Average at 0.5, 1, 2 and 4 kHz in the better ear) was determined to be > 25

dB(decibels) HL(Hearing Level) at EHLS1.

+
Includes only participants who reported having been told that they would benefit from a hearing aid.
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