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Abstract
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Objective: We estimate the prevalence of hearing-aid use in Iceland and identify sex-specific factors associated with use.
Design: Population-based cohort study. Study sample: A total of 5172 age, gene/environment susceptibility - Reykjavik study (AGES-RS)

participants, aged 67 to 96 years (mean age 76.5 years), who completed air-conduction and pure-tone audiometry. Results: Hearing-aid

The International Society of Audiology

use was reported by 23.0% of men and 15.9% of women in the cohort, although among participants with at least moderate hearing loss
in the better ear (pure-tone average [PTA] of thresholds at 0.5, 1, 2, and 4 kHz=35 dB hearing level [HL]) it was 49.9% and did not
/ differ by sex. Self-reported hearing loss was the strongest predictor of hearing-aid use in men [OR: 2.68 (95% CI: 1.77, 4.08)] and women
[OR: 3.07 (95% CI: 1.94, 4.86)], followed by hearing loss severity based on audiometry. Having diabetes or osteoarthritis were

significant positive predictors of use in men, whereas greater physical activity and unimpaired cognitive status were important in women.

Conclusions: Hearing-aid use was comparable in Icelandic men and women with moderate or greater hearing loss. Self-recognition of
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hearing loss was the factor most predictive of hearing-aid use; other influential factors differed for men and women.

Key Words: Age-related hearing loss; hearing impairment; hearing aids; older persons; sex differences

Age-related hearing loss (ARHL) begins in middle age, and by
old age it is highly prevalent (Davis, 1989; Stevens et al, 2011).
ARHL has been associated with a wide range of adverse health
outcomes, including depression, reduced physical functioning,
impaired cognitive ability, and mortality (Li et al, 2014; Reuben
et al, 1999; Keller et al, 1999; Lin et al, 2011; Michikawa et al,
2009; Laforge et al, 1992; Agrawal et al, 2011; Fisher et al, 2014;
Dalton et al, 2003). Hearing aids are the primary rehabilitative
strategy for those diagnosed with moderate-to-severe hearing loss,
and individuals who utilize them report better quality of life with
increased social interaction, independence, and activity levels, less
depression, and improved general health (Bridges & Bentler, 1998;
Appollonio et al, 1996; Mulrow et al, 1992). Hearing-aid use has
also been shown to be independently associated with increased
survival among those with ARHL in the Age, Gene/Environment
Susceptibility - Reykjavik Study (AGES-RS) cohort (Fisher et al, 2014).

Unfortunately, ARHL often goes undiagnosed, and when diag-
nosed, individuals frequently do not acquire hearing aids (Chien
& Lin, 2012; Lee et al, 1991; Popelka et al, 1998; Hartley et al,
2010; Gopinath et al, 2011; Bainbridge & Ramachandran, 2014;
Nash et al, 2013).

The topic of hearing-aid use is gaining attention, given reports
of increases in life expectancy and the demographic shift towards
old age with the anticipated increase in ARHL prevalence. Continu-
ing advances in hearing-aid technology are improving their design,
functionality, and ease of use. While a number of studies have exam-
ined factors associated with the acquisition, acceptance, and use of
hearing aids, (Hartley et al, 2010; Gopinath et al, 2011; Bainbridge &
Ramachandran, 2014; Nash et al, 2013; Fischer et al, 2011) most
lack conclusive findings. To our knowledge, no studies have reported
sex-specific predictors or addressed the possible impact of co-existing
health conditions on hearing-aid use.
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Abbreviations

AGES-RS  Age, gene/environment susceptibility -
Reykjavik study

ARHL Age-related hearing loss

BE Better ear

dB HL Decibels hearing level

HA Hearing aids

HI Hearing impairment

PTA Pure-tone average

In many parts of the world, hearing screening is not routinely
offered, and when hearing loss is identified, a major deterrent to
acquiring a hearing aid is cost (Gopinath et al, 2011; Kochkin,
1993). The provision of health care in Iceland, particularly for
hearing screening and access to hearing aids for those who could
benefit, is such that cost to the patient is of lesser importance. The
current paper estimates the prevalence of hearing-aid use among
older men and women in the well-characterized AGES-RS cohort
and seeks to identify sex-specific factors that positively predispose
participants with ARHL to use hearing aids.

Methods

Study population

Participants in the AGES-RS (Harris et al, 2007), a population-based
cohort study designed to investigate genetic and environmental risk
factors of health, disease, and disability in older adults, were sampled
from the earlier Reykjavik Study (N =30 795 with 11 549 alive in
2002) initiated by the Icelandic Heart Association (IHA) in 1967. Of
the 5764 participants (aged 67 years and older) who were examined
as part of the AGES-RS between 2002 and 2006, 5183 (89.9%) com-
pleted the hearing examination. Eleven of these participants were
excluded due to insufficient hearing or hearing-aid use data, resulting
in 5172 individuals for the analysis.

In adherence to the Tenets of the Declaration of Helsinki, the
AGES-RS was approved by the Icelandic National Bioethics
Committee (VSN: 00-063), the Icelandic Data Protection Author-
ity, Iceland, and by the Institutional Review Board for the National
Institute of Aging, National Institutes of Health, USA. Written
informed consent was acquired from all participants.

Hearing examination

Air-conduction, pure-tone audiometry was performed, using a
standardized protocol, in a sound-treated booth with an Intera-
coustics AD229e microprocessor audiometer (Interacoustics A/S,
DK-5610, Assens, Denmark) and standard TDH-39P supra-aural
audiometric headphones or E.A.R. tone 3A insert earphones
(MEDI, Benicia, USA). Hearing thresholds at frequencies from
0.5 to 8 kHz (0.5, 1, 2, 3, 4, 6, and 8 kHz with a repeat threshold
test at 1 kHz to ensure reliability) were determined for each ear.
Masking was not used when significant inter-ear differences were
found; however, retests were performed using insert earphones
to maximize the inter-aural attenuation. Hearing impairment (HI)
was defined as a pure-tone average (PTA) of four frequencies (0.5,
1, 2, and 4 kHz) in the better ear (BE) of at least 20 decibels
(dB) hearing level (HL). This definition is consistent with at least
mild hearing loss as determined by the Global Burden of Disease
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(GBD) hearing loss expert group (Stevens et al, 2011). HI was also
examined using the BE L-PTA of three low or middle frequencies
(0.5, 1, and 2 kHz) and the BE H-PTA of four high frequencies
(3, 4, 6, and 8 kHz), respectively. Severity of HI in the BE was
further categorized as none, unilateral HI only (BE PTA <20 dB
HL; worse ear PTA =35 dB HL), mild (20-34.9 dB HL), moder-
ate (35-49.9 dB HL), moderately severe (50-64.9 dB HL), and
severe-to-profound (65 + dB HL).

Assessment of potential explanatory factors

Potential predictors of hearing-aid use, including demographic and
lifestyle characteristics and medical and hearing health history,
were captured at baseline clinic visits during detailed in-person
interviews and clinical examinations. Utilization of hearing aids
was determined based on the subject’s response to the following
question: “Do you wear a hearing aid?” Education was dichoto-
mized as secondary school and higher versus less than second-
ary school completion. Smoking status was categorized as never
smoked, former smoker, or current smoker. Body mass index (BMI)
was calculated as weight (kg) divided by height (metres) squared.
Diabetes mellitus was defined as a self-reported history of diabe-
tes, use of glucose-modifying medications, or fasting blood glu-
cose of =7.0 mmol/L. Hypertension was defined as a self-reported
history of hypertension, use of antihypertensive drugs, or blood
pressure = 140/90 mm Hg. Self-reported health status was rated
as poor, fair, good, very good, or excellent, and subsequently
categorized for this analysis as poor or better. Criteria for depres-
sive symptomology were based on a score of six or greater on the
15-item geriatric depression scale. Cognitive status was determined
by review of a series of cognitive examinations and classified as
normal, mild cognitive impairment (MCI), or demented by a con-
sensus panel using the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV) guidelines and, subsequently,
dichotomized for this analysis as unimpaired (normal) or impaired
(MCI or demented). Physical activity level, during lifetime, was
defined as moderate or greater frequency (approximately equivalent
to more than four hours per week of moderate or vigorous activity)
or less. A walking disability was determined from self-report of
difficulty walking or use of walking aids. Activities of daily living,
including dressing, bathing, transferring, eating, and walking, were
summarized using a composite score, ranging from zero to five with
one point assigned when the activity could not be completed inde-
pendently. Responses to questions on leisure activities were sum-
marized to characterize the number of days per month an individual
participated, stratified into mental activities or social activities and
‘overall’ (both mental and social). Individuals were asked to bring
to the clinic all prescribed medications including over-the-counter
drugs; the number of medications was tallied. A clinical cardiovas-
cular event was recorded if an individual had a hospital-documented
myocardial infarction, coronary artery bypass, or angioplasty. Hand
osteoarthritis (OA) was determined from digital photographs of the
hands with categories: none/absent, doubtful OA, mild definite OA,
moderate definite OA, and severe definite OA, with definite hand
OA comprising the latter three groups (Jonsson et al, 2012). Moder-
ate vision impairment was defined as a presenting visual acuity of
20/50 or worse but better than 20/200 in the better eye; severe vision
impairment was defined as a presenting visual acuity of 20/200 or
worse in the better eye. Other health conditions and personal char-
acteristics used in the analysis came from self-reported responses
to questions asked during the baseline clinic interview.
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p-value 2
<0.01
<0.01
<0.01
<0.01

2482,
59.2%)

9.3% (227)

Women
6.0% (135)
2.7% (61)

10.0% (224)

(N

4191, 81.0%)

40.8%)

Men

(N=1709,
7.4% (125)
8.2% (129)

12.9% (203)
4.0% (63)

Do Not Use Hearing Aids (N

All Participants
8.5% (352)

11.2% (427)
6.9% (264)
3.3% (124)

470,

47.9%)
9.4% (43)
18.9% (85)

49.1% (221)
34.9% (157)

981, 19.0%)
Women (N

Men
=511,
52.1%)

18.1% (87)

9.7% (48)
50.4% (243)
36.8% (177)

(N

Use Hearing Aids (N

49.8% (464)

35.9% (334)
18.5% (172)

All Participants
9.6% (91)
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Difficult to Visit Friends, Relatives, Neighbors

Difficulty Meeting New People
Problems Listening to TV or Radio

2ComparisonResults of the comparison between all hearing aid users and all non-users overall, adjustedfor each characteristic after adjustment for age and sex. (in the case of age, after adjustment for sex).

YHand osteoarthritis determined from digital photographs.
“Moderate vision impairment was defined as a presenting visual acuity of 20/50 or worse but better than 20/200 in the better eye; severe vision impairment was defined as a presenting visual acuity of 20/200

or worse in the better eye.
fPure tone audiometry (PTA) value — high frequency is the average of the audiometric thresholds at 3, 4, 6, and 8 kHz frequencies in the better ear.

¢HI was defined as moderate (35-49.9 dB HL), moderately severe (50-64.9 dB HL), and severe (65 + dB HL).

“Pure tone audiometry (PTA) value — low frequency is the average of the audiometric thresholds at 0.5, 1, and 2 kHz frequencies in the better ear.
"Daily or almost always.

dPure tone audiometry (PTA) value is the average of the audiometric thresholds at 0.5, 1, 2, and 4 kHz frequencies in the better ear.

Data are presented as % (N) or mean (standard deviation).

Table 1. Continued.
Self-Reported Diagnosis of Ear Disease
Self-Reported Difficulties due to Hearing

Characteristic

Fisher, Sex-Specific Predictors of Hearing Aid Use 637

Statistical analysis

Participant characteristics were described using means and standard
deviations for continuous variables and percentages and counts for cat-
egorical variables. Analyses of baseline characteristics by hearing-aid
use, adjusted for age and sex, were completed using analysis of covari-
ance (ANCOVA) and logistic regression. Prevalence of hearing-aid use
was calculated by age and severity of hearing loss for the entire cohort
and for men and women separately. All characteristics were considered
as potential explanatory variables in stepwise age- and sex-adjusted
logistic regression models; the minimum Akaike information criteria
(AIC) corresponding to an implied significance level of P <0.22 was
used to determine which variables would be retained. The final ana-
lytic models included age, sex, BMI, diabetes, cognitive status, physi-
cal activity level, activities of daily living, leisure activities, number
of medications, self-reported history of angina, hand osteoarthritis,
low- and high-frequency audiometric HI (BE L-PTA or H-PTA=
20 dB HL), self-reported hearing loss, and self-reported history of
repeated ear infections as covariates (these variables are also listed in
table footnotes). Multivariable logistic regression, adjusting for these
selected explanatory factors, was then used to calculate odds ratios
(ORs) with 95% confidence intervals (CIs) estimating the odds of
hearing-aid use for each factor in participants with ARHL. Since level
of hearing impairment differed between men and women, analyses
were stratified by sex in order to capture sex-specific differences for
predictors of hearing aid-use. Additional analyses examining interac-
tions between age and severity of hearing impairment along with other
explanatory factors on hearing-aid use were attempted and, where
sample sizes allowed, findings were reported. We also looked specifi-
cally at whether there was any interaction between sex and L-PTA or
H-PTA among those with hearing impairment. Two-sided tests and a
5% significance level were employed. All analyses were conducted
using SAS version 9.3 (SAS Institute, Cary, North Carolina, USA).

Results

Hearing-aid use was reported by 19.0% (N =981) of participants
who completed the audiometric examination; 52.1% of whom were
men. Table 1 presents baseline participant characteristics stratified by
hearing-aid use for men, women, and ‘all’ (combined sex). In analy-
ses adjusted only for age and sex, compared to individuals with-
out hearing aids, all measures related to hearing, including greater
severity of measured HI, self-reported hearing loss, noise exposure,
tinnitus, self-reported history of repeated ear infections, ear disease,
or ear surgeries, and self-reported difficulties due to hearing were
significantly more likely in participants with hearing aids. Individuals
who reporting using hearing aids were also significantly older
(79.5 %54 vs. 75.7£5.3 years, p<0.01) and more likely to have
a walking disability, use a greater number of medications, and par-
ticipate in more leisure activities than participants who did not uti-
lize hearing aids. Low-frequency hearing loss did not differ between
men and women after adjusting for age, although hearing—aid
users were, not surprisingly, significantly more likely to have worse
low-frequency hearing compared to those without hearing aids. In
contrast, men did, after age adjustment, have significantly worse
hearing in the high frequency range compared to women, regardless
of whether or not they were a hearing-aid user.

The prevalence of hearing-aid use varied by age and severity of
hearing loss in both men and women (Figure 1). Not unexpectedly,
younger participants and individuals with less hearing loss reported
using hearing aids less frequently than their older and more hearing-
impaired peers (Table 2). Men reported higher levels of hearing-aid
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Figure 1. Prevalence of hearing-aid use in hearing-impaired men and women by age and severity of hearing loss in the better ear.
Hearing loss in the better ear was defined as mild (20-34.9 dB HL), moderate (35—49.9 dB HL), moderately severe (50-64.9 dB HL), and
severe-to-profound (65 + dB HL).

Table 2. Prevalence of hearing-aid use by age and severity of hearing impairment.
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All participants Men Women
Participants Prevalence  Participants ~ Prevalence  Participants Prevalence

Characteristic at risk, N % (N) at risk, N % (N) at risk, N % (N)
Overall 5172 19.0% (981) 2220 23.0% (511) 2952 15.9% (470)
Age (years)

6769 526 5.5% (29) 192 7.3% (14) 334 4.5% (15)

70-74 1554 11.1% (172) 669 13.9% (93) 885 8.9% (79)

75-79 1502 16.9% (254) 680 22.9% (156) 822 11.9% (98)

80-84 1164 29.4% (342) 489 33.5% (164) 675 26.4% (178)

85+ 426 43.2% (184) 190 44.2% (84) 236 42.4% (100)
Severity of hearing

impairment in better ear®

None 702 0.0% (0) 184 0.0% (0) 518 0.0% (0)

Unilateral HI only 615 2.0% (12) 227 3.1% (7) 388 1.3% (5)

Mild 2172 6.0% (130) 947 8.0% (76) 1225 4.4% (54)

Moderate 1262 38.8% (490) 620 37.9% (235) 642 39.7% (255)

Moderately severe 345 80.3% (277) 198 76.3% (151) 147 85.7% (126)

Severe-to-profound 76 94.7% (72) 44 95.5% (42) 32 93.8% (30)

2HI was defined as none (no HI in either ear), unilateral HI only (BE PTA <20 dB HL and worse ear PTA =35 dB HL), mild
(20-34.9 dB HL), moderate (35-49.9 dB HL), moderately severe (50—64.9 dB HL), and severe-to-profound (65 + dB HL).
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Table 3. Multivariate results associated with hearing-aid use in participants with any hearing impairment.

Overall (N=3855)

Men (N=1809) Women (N = 2046)

Characteristic OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
Age, per SD 1.03 (0.90, 1.17) 0.67 1.00 (0.84, 1.19) 0.99 1.03 (0.84, 1.25) 0.80
Sex, female vs. male 0.81 (0.63, 1.06) 0.13 - - - -
BMI, per SD 0.83 (0.73, 0.94) <0.01 0.81 (0.69, 0.96) 0.01 0.85 (0.70, 1.03) 0.10
Diabetes, yes vs. no 1.35 (0.95, 1.90) 0.09 1.69 (1.09, 2.60) 0.02 0.88 (0.48, 1.59) 0.68
Cognitive status, impaired vs. unimpaired 0.66 (0.48, 0.91) 0.01 0.77 (0.50, 1.20) 0.25 0.53 (0.32, 0.86) 0.01
Physical activity, moderate or greater, yes vs. no 1.19 (0.92, 1.53) 0.18 0.88 (0.63, 1.25) 0.48 1.65 (1.12, 2.43) 0.01
Activities of daily living, per SD 0.94 (0.83, 1.06) 0.31 0.98 (0.83, 1.16) 0.79 0.89 (0.74, 1.07) 0.23
Leisure activities: mental, per SD 1.15 (1.02, 1.30) 0.02 1.18 (1.00, 1.39) 0.05 1.13 (0.94, 1.35) 0.19
Leisure activities: social, per SD 1.13 (1.00, 1.27) 0.04 1.17 (1.00, 1.37) 0.05 1.08 (0.90, 1.30) 0.39
Number of medications, per SD 1.16 (1.02, 1.33) 0.02 1.12 (0.94, 1.34) 0.19 1.22 (1.00, 1.49) 0.05
Self-reported history of angina, yes vs. no 0.75 (0.53, 1.07) 0.11 0.93 (0.59, 1.45) 0.74 0.53 (0.30, 0.95) 0.03
Moderate or severe hand osteoarthritis, yes vs. no 1.28 (0.98, 1.66) 0.07 1.49 (1.03, 2.18) 0.04 1.07 (0.73, 1.56) 0.74

PTA value - low frequency?, per 5 dB HL increment
PTA value - high frequency®, per 5 dB HL increment
Self-reported hearing loss, yes vs. no

Self-reported repeated ear infections, yes vs. no

1.78 (1.66, 1.92)
1.20 (1.13, 1.27)
2.76 (2.04, 3.75)
1.27 (0.94, 1.73)

<0.01  1.61(147,1.77)  <0.01
<0.01  1.16(1.08,125)  <0.01
<0.01  2.68(1.77,4.08)  <0.01

012 L12(0.71,1.77) 0.63

2,08 (1.85,235)  <0.01
1.25(1.15,137)  <0.01
3.07 (1.94,486)  <0.01
1.26 (0.81, 1.94) 0.31

-- indicates variable not included in model; SD = standard deviation; OR = odds ratio; CI = confidence interval; BMI = body mass index. All p-values <0.05
are shown in bold print. *Pure-tone audiometry (PTA) value — low frequency is the average of the audiometric thresholds at 0.5, 1, and 2 kHz frequencies in
the better ear. "Pure-tone audiometry (PTA) value — high frequency is the average of the audiometric thresholds at 3, 4, 6, and 8 kHz frequencies in the better
ear. Models included all of the following variables: age, sex (in overall model), BMI, diabetes, cognitive status, physical activity, activities of daily living,
leisure activities (mental), leisure activities (social), number of medications, self-reported history of angina, moderate or severe hand osteoarthritis, PTA
threshold (low frequency) in better ear, PTA threshold (high frequency) in better ear, self-reported hearing loss, and self-reported repeated ear infections.

use than women for every age category and at lower levels of hear-
ing loss (Table 2; p <0.01). Individuals with only unilateral hearing
loss were the least likely to obtain a hearing aid; only 12 of 615
(2.0%) reported hearing-aid use. Additionally, younger individuals
and those with milder impairment had more factors significantly
associated with acquiring and use of hearing aids than their older,
more hearing-impaired counterparts, but these factors varied across
age and severity groups with higher degree of measured HI and
self-reporting hearing loss being the only consistent predictors of
hearing-aid use in stratified analyses (results not shown). Among
those with moderate HI or worse, 49.9% used hearing aids and the
percentage did not differ significantly between men (49.7%) and
women (50.1%).

In multivariable logistic regression analyses of data from
men and women combined, lower BMI, normal cognitive status,
greater number of mental and social leisure activities, higher num-
ber of medications used, more severe low- and high-frequency HI,
and self-reported hearing loss were statistically significant factors
associated with utilization of hearing aids (Table 3). Age was not
a significant factor after inclusion of these other predictors in the
multivariable model.

Greater severity of measured HI and self-reporting hearing loss
were factors common to both men and women. Other specific fac-
tors associated with hearing-aid use differed for men and women.
Diabetes, leisure activities, lower BMI, and the presence of hand
osteoarthritis were significant factors associated with hearing-aid use
in men whereas normal cognitive status, increased physical activ-
ity, and no (self-reported) history of angina were significant factors
associated with hearing-aid use in women (Table 3). Interactions
for L-PTA with sex and H-PTA with sex in the overall model were
not statistically significant (p =0.24 and p =0.21, respectively) and
were not retained.

Discussion

Health care in Iceland is, by law, universal and comprehensive, deliv-
ered almost exclusively in regional public health-care institutions,
such as the National University Hospital of Iceland, which serves the
greater Reykjavik area. Hearing aids are subsidized by the health-
care system and, in some cases, are available free, depending on the
level of hearing impairment. Despite cost-controlled access to care,
only half of those with at least moderate hearing impairment were
using hearing aids. Men and women with at least moderate HI were
equally likely to utilize hearing aids. The percentage of hearing-aid
use observed in this cohort is higher than rates reported by several
previous studies in comparisons made using the same criteria for
hearing impairment (Chien & Lin, 2012; Lee et al, 1991; Popelka
et al, 1998; Hartley et al, 2010; Bainbridge & Ramachandran, 2014;
Nash et al, 2013; Johansson & Arlinger, 2003; Uimonen et al, 1999).
This may be due, in part, to ease of access to hearing health-care in
Iceland, social cohesion of the population encouraging interaction,
and a cultural willingness to consider electronics as a way to improve
quality of life. Even with access to hearing health care and the poten-
tial for its significant personal benefit, there remains a sizable unmet
need in men and women for rehabilitative intervention for ARHL.
Other studies using PTA=35 dB HL reported lower rates of
hearing-aid use. Findings from the U.S. NHANES and a population-
based study in Sweden both reported one in three with ARHL
used hearing aids (Bainbridge & Ramachandran, 2014; Johansson
& Arlinger, 2003) compared to our rate of one in two. In Finland,
41% of those with PTA>30 dB HL used a hearing aid (Uimonen
et al, 1999). Several additional studies utilized a PTA>25 dB HL
threshold. Hearing-aid use was reported by 14.6% of Beaver Dam
participants with HI (20.7% admitted to ever using hearing aids)
(Popelka et al, 1998). Similarly, among NHANES participants ages
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50 years and older, hearing aids were utilized by 14.2% of participants
(Chien & Lin, 2012). Other studies report still lower rates of hearing-
aid use, including use less than 10% in a U.S. study in Hispanics
(Lee et al, 1991) and 11% of participants ages 49 to 99 years (mean
age 67 years) with measured HI in a Blue Mountains Hearing Study
(Hartley et al, 2010). Applying a PTA >25 dB HL threshold to the
current study equates to a use rate of 33% in Iceland, notably higher
than all other population studies, and even higher than the Beaver
Dam offspring study, which, among those with PTA>40 dB HL in
the worse ear, found that 22.5% of participants used hearing aids
(Nash et al, 2013). Among AGES-RS participants with PTA=50 dB HL,
83% used a hearing aid.

The current study also investigated which factors influenced utili-
zation. In other populations of comparable age, men reported using
hearing aids more often than women (Chien & Lin, 2012; Popelka
et al, 1998; Nash et al, 2013); however, no sex differences in utiliza-
tion among those with moderate or greater hearing impairment were
found in the current study. Hearing-aid use was directly related to
the severity of measured HI, with the highest utilization in men and
women with more severe hearing loss, consistent with earlier studies
(Chien & Lin, 2012; Lee et al, 1991; Popelka et al, 1998; Gopinath
et al, 2011; Nash et al, 2013). In multivariable analyses, age was not
a significant factor, whereas severity of measured hearing loss and
perception of hearing ability were the most consistent and signifi-
cant factors associated with hearing-aid use in men and in women,
corroborating results from community-based studies and targeted
investigations probing help-seeking factors in hearing-impaired
individuals (Hartley et al, 2010; Gopinath et al, 2011; Garstecki &
Erler, 1998; Southall, Gagne & Leroux, 2006; Solheim, 2011; Meyer
et al, 2014; Laplante-Levesque et al, 2012).

Other determinants of hearing-aid use found to be important in
the current study, particularly among people with milder hearing
loss, included indicators of regular utilization of health care (i.e. dia-
betes, number of medications used, osteoarthritis of the hands) and
an active lifestyle (e.g. lower BMI, normal cognitive status, higher
levels of physical activity, greater number of leisure activities, and
no [self-reported] history of angina). The importance of these fac-
tors differed between men and women, with health-care utilization a
more important predictor of hearing-aid utilization in men whereas
an active lifestyle was associated with hearing-aid use in women.
For individuals with moderately-severe or worse HI (BE PTA of
50+ dB HL), only severity of HI and self-reported hearing loss were
significant determinants of hearing aid utilization (results not shown).
We did not observe any sex difference in rates of hearing-aid use nor
could we attribute sex differences in predictors of hearing-aid use to
specific differences between men and women as to whether their hearing
loss was predominantly in the low frequency or high frequency range.

These results provide evidence, at a community level, in support
of results from studies of hearing-impaired individuals indicating
that non-audiologic factors play a fundamental role in the early adop-
tion of hearing rehabilitation and receptivity to hearing health care
would be greater if delivered in a more integrated manner within
the health-care setting (Meyer et al, 2014; Laplante-Levesque et al,
2012; McMahon et al, 2013). Other studies on determinants of
hearing-aid acquisition and use have reported that education, occu-
pation, and income disparities were significantly associated with
hearing-aid use (Popelka et al, 1998; Bainbridge & Ramachandran,
2014; Nash et al, 2013; Fischer et al, 2011). To the extent that it
was possible to discern such differences in the Icelandic population,
none of these factors were significant, perhaps indicative of the social
welfare and health-care system in Iceland.

The benefits of hearing-aid use are many, including the obvious
improvements in hearing which, in turn, supports social interaction.
Results from an analysis on sensory impairment in association with
mortality in this same cohort found those with HI, alone or in com-
bination with visual impairment, had a higher risk of dying, but,
surprisingly, hearing-aid use mitigated some of the increased risk
(Fisher et al, 2014). The reasons for this are unclear, but suggest
there may be additional physiologic justification for encouraging the
adoption of hearing aids.

Strengths of the current study include a large cohort of older indi-
viduals, followed longitudinally since 1967 who continue to demon-
strate a high participation rate, standardized audiometric procedures
for measuring hearing loss, sufficient sample size with a high degree
of HI in which to study hearing-aid utilization, and an extensive pro-
file of participant characteristics allowing us to discern which exter-
nal factors, including coexisting health conditions, most influenced
hearing-aid use, separately for men and women. The provision of
health care in Iceland also offered an advantage in that personal
income and access to care provided a more level background from
which to investigate hearing-aid utilization without overwhelming
cost concerns. The study is not without limitations and these include
the cross-sectional design of the study with a single measurement of
demographic and health variables. This cohort did not collect any
data on the pattern of referral for a hearing aid, the type(s) of hearing
aids selected, whether the device was obtained from the health care
system or privately (including outside of Iceland), or the final cost
to the participant after subtracting the subsidy. Additionally, there
was no direct assessment of psychosocial factors influencing use,
and no data assessing the frequency and length of use among those
wearing hearing aids. The exclusively Caucasian Nordic cohort may
also limit comparisons with other racial or ethnic groups.

Our findings suggest that men and women tend to be equally
inclined to acquire hearing aids when their hearing deteriorates and
they both perceive and are willing to articulate their hearing loss.
Men who access the health-care system due to coexisting health
conditions may be more likely to have hearing loss detected and may
be positively inclined towards using a hearing aid whereas an active
lifestyle appears to be a significant motivator for women. Yet, only
half of those who could likely benefit have adopted hearing aids.
These results suggest that routine hearing examinations integrated
into health care for older persons, in combination with a discus-
sion of the benefits of hearing aids (for improved communication,
increased independence, greater well-being and, as previous results
show, the possibility of promoting health in other non-hearing func-
tional domains), should increase hearing-aid acquisition and use,
provided that cost is not an overriding barrier. Studies measuring
the effectiveness and cost benefit of hearing aids to improve health
outcomes and maintain quality of life in older persons with coexist-
ing health conditions could provide additional motivation for men
and women to increase hearing-aid use.
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