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Abstract

IMPORTANCE Health-related quality of life is a critical health outcome and a clinically important
patient-reported outcome in clinical trials. Hearing loss is associated with poorer health-related
quality-of-life in older adults.

OBJECTIVE To investigate the 3-year outcomes of hearing intervention vs health education control
on health-related quality of life.

DESIGN, SETTING, AND PARTICIPANTS This secondary analysis of a randomized clinical trial
included participants treated for hearing loss at multiple US centers between 2018 and 2019 with
3-year follow-up completed in 2022. Eligible participants were aged 70 to 84 years, had untreated
hearing loss, and were without substantial cognitive impairment. Participants were randomized (1:1)
to hearing intervention or health education control and followed every 6 months.

INTERVENTION Hearing intervention (provision of hearing aids and related technologies,
counseling, education) or health education control (individual sessions covering topics relevant to
chronic disease, disability prevention).

MAIN OUTCOMES AND MEASURES Three-year change in the RAND-36 physical and mental health
component scores over 3 years. The 8 individual domains of health-related quality-of-life were
additionally assessed. Outcomes measured at baseline and at 6-month, 1-year, 2-year, and 3-year
follow-ups. Intervention effect sizes estimated using a 2-level linear mixed effects model under the
intention-to-treat principle.

RESULTS A total of 977 participants were analyzed (mean [SD] age, 76.8 [4.0] years; 523 female
[53.5%]; 112 Black [11.5%], 858 White [87.8%]; 521 had a Bachelor’s degree or higher [53.4%]), with
490 in the hearing intervention and 487 in the control group. Over 3 years, hearing intervention (vs
health education control) had no significant association with physical (intervention, −0.49 [95% CI,
−3.05 to 2.08]; control, −0.92 [95% CI, −3.39 to 1.55]; difference, 0.43 [95% CI, −0.64 to 1.51]) or
mental (intervention, 0.38 [95% CI, −1.58 to 2.34]; control, −0.09 [95% CI, −1.99 to 1.81]; difference,
0.47 [95% CI, −0.41 to 1.35]) health-related quality of life.

CONCLUSIONS AND RELEVANCE In this secondary analysis of a randomized clinical trial, hearing
intervention had no association with physical and mental health-related quality-of-life over 3 years
among older adults with hearing loss. Additional intervention strategies may be needed to modify
health-related quality among older adults with hearing loss.
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Introduction

The ACHIEVE study (Aging and Cognitive Health Evaluation in Elders) was a randomized clinical trial
designed to test the effect of hearing intervention (provision of hearing aids and related
technologies, counseling, and education) vs health education control (individual sessions with a
health educator covering topics relevant to chronic disease and disability prevention) on 3-year
cognitive decline in older adults with untreated hearing loss.1 In addition to the primary outcome of
cognitive decline, health-related quality of life was also assessed as an exploratory outcome to
evaluate other potential effects of hearing intervention. Health-related quality of life is a clinically
important, patient-reported outcome in clinical trials.2,3 Health-related quality of life captures self-
perceived benefits of an intervention across multiple domains (physical, emotional, and social well-
being) that may not be captured by clinical outcomes.3 Greater health-related quality of life in older
adults is also associated with lower morbidity (eg, lower risk of cardiovascular disease,4 cognitive
decline, and dementia5,6) and mortality.7-9

Observational studies suggest associations between hearing loss and poorer mental and
physical health-related quality of life.10-13 Hearing loss may lead to communication difficulties,11,14

cognitive decline and dementia,15-19 depression,20,21 reduced physical activity22,23 and function,24

and loneliness and social isolation,25-29 potentially resulting in poorer emotional, social, and physical
health. Treatment of hearing loss could potentially improve health-related quality of life among older
adults with hearing loss. The effect of hearing intervention on health-related quality of life has only
been investigated in 2 prior randomized clinical trials, to our knowledge.30,31 Evidence is mixed and
limited by short duration of follow-up (1 year), restriction to specific study populations (both studies
conducted in male, veteran populations), and lack of an active control group (both studies used
no-intervention, waitlisted control groups).30,31

We report results from a secondary analysis of the ACHIEVE study to examine the association
of hearing intervention vs health education control with health-related quality of life over 3 years
among community-dwelling older adults with untreated hearing loss. Health-related quality of life
was gathered as a prespecified, exploratory outcome in the ACHIEVE study. The ACHIEVE study is
the largest and longest randomized clinical trial of which we are aware to assess hearing intervention
and health-related quality of life.

Methods

Study Design and Participants
The ACHIEVE study is a 3-year, multicenter, randomized clinical trial designed to test the effect of
hearing intervention32,33 vs health education control on 3-year cognitive decline among older adults
with untreated hearing loss (ClinicalTrials.gov: NCT03243422). ACHIEVE is partially nested within
the scientific and physical infrastructure of the Atherosclerosis Risk in Communities (ARIC) study,34

an ongoing observational study conducted at 4 field sites in the US (Forsyth County, North Carolina;
Jackson, Mississippi; Minneapolis suburbs, Minnesota; Washington County, Maryland).34,35

ACHIEVE participants were recruited from 2 sources at each field site: (1) existing ARIC study
participants and (2) de novo healthy volunteers from the community. Inclusion criteria were aged 70
to 84 years, having adult-onset bilateral hearing loss (better-ear 4-frequency [0.5-4 kHz] pure tone
average [PTA]3 30 dB HL [decibel hearing level] and below 70 dB HL), without substantial cognitive
impairment (Mini-Mental State Examination [MMSE] score 23 or above for participants with a high
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school degree or less, 25 or above for participants with some college education or more), word
recognition score in quiet of 60% correct or higher in the better-hearing ear, community-dwelling,
and fluent English speaker. Exclusion criteria were self-reported disability in 2 or more activities of
daily living, presenting visual acuity (with correction) worse than 20/63 on the MNREAD acuity chart
(Precision Vision; corresponding to inability to comfortably read 14-point font), self-reported hearing
aid use in the past year, permanent bilateral conductive hearing loss, medical contraindication to
hearing aid use, or unwillingness to wear hearing aids on a regular basis.34

The ACHIEVE trial was approved by the institutional review boards of all participating study
sites and academic centers. Participants provided written informed consent. Reporting followed the
Consolidated Standards of Reporting Trials (CONSORT) reporting guideline. The trial protocol
appears as Supplement 1.

Procedures
Participants were randomly assigned (1:1) to either hearing intervention or a health education control
intervention at baseline (2018-2019). Randomization was stratified by severity of hearing loss (PTA
below 40 dB, 40 dB or higher), recruitment source (ARIC or de novo), and field site. Participant
spouses or partners were randomly assigned as a unit. Intervention assignment was, by nature,
unmasked to participants and study staff. However, participants were masked to the study
hypothesis and informed that both interventions could promote healthy aging. Participants were
randomly assigned to hearing intervention or health education control at baseline and would receive
the other intervention after the 3-year follow-up visit. The trial’s study design and methods have
been previously published.34

The hearing intervention consisted of four 1-hour sessions with a study audiologist every 1 to 3
weeks postrandomization. Participants received bilateral hearing aids that were fit to prescriptive
targets using real-ear measures. The intervention included education on device use and counseling
on self-management and communication strategies. Participants also received other accompanying
hearing assistive technologies (eg, devices to stream cell phones and television, remote
microphones) based on individual preference and listening needs. Booster sessions every 6 months
provided reinstruction for device use and hearing rehabilitative strategies. Details regarding the
hearing intervention have been previously published.32,33

The health education control also consisted of four 1-hour sessions with a certified health
educator every 1 to 3 weeks postrandomization and was designed to match the intensity and general
levels of participant time and attention as the hearing intervention. The health education control
followed the 10 Keys to Healthy Aging program,36 an evidence-based interactive health education
program for adults aged 65 years and older on 10 topics relevant to chronic disease and disability
prevention. Sessions were customized to each participant and included didactic education and
activities, goal setting, and optional extracurricular enrichment activities and a 5- to 10-minute upper
body extremity stretching program. Participants attended booster sessions every 6 months. The 10
Keys to Healthy Aging program has been implemented as the control intervention in prior trials.37,38

Participants were followed every 6 months. From March 2020 to June 2021, study sites were
closed for in-person study visits due to the COVID-19 pandemic and modified phone-based
intervention and assessment of study outcomes was conducted.1,34

Health-Related Quality-of-Life Outcomes
Health-related quality of life was a prespecified exploratory outcome of the ACHIEVE study and
measured by the RAND-36 Health Survey.39 The RAND-36 Health Survey is psychometrically
validated and consists of 36 questions about 8 domains of health: physical functioning, role
limitations due to physical problems, role limitations due to emotional problems, energy or fatigue,
emotional well-being, social functioning, pain, and general health (Cronbach α > .73 for all
domains).39 Participants were asked to consider their health over the past 4 weeks and to also
consider hearing as part of their health. Each of the 8 domain scores have a range of zero to 100 with
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higher scores indicating better health-related quality of life. The RAND-36 Health Survey was
administered at baseline and at the 6-month, 1-year, 2-year, and 3-year follow-up visits.

Two summary scores (physical health component summary score, mental health component
summary score) were calculated using an established summary component scoring algorithm.40

Each of the 8 domain scores were also assessed. Scores range from zero to 100 (higher scores
indicating better physical and mental health-related quality of life).40

Covariates
Covariates measured at baseline were age, sex (male, female), education (elementary or some high
school, completed high school or some college, Bachelor’s degree or greater), marital status (married
vs single, divorced, or widowed), hearing loss severity (4-frequency [0.5, 1, 2, and 4 kHz] PTA for the
better-hearing ear), global cognition, recruitment source (ARIC, de novo cohorts), field site (Forsyth
County, North Carolina; Jackson, Mississippi; Minneapolis, Minnesota; or Washington County,
Maryland), and whether the participant was part of a recruited spousal pair. Race was measured by
self-report, and was not included as a covariate because there is no observed or hypothesized
association between race and the study outcome. Given the potential impact of the COVID-19 global
pandemic and related lockdowns on health-related quality of life, we included a covariate to adjust
for the pandemic start (binary covariate taking the value of zero if the outcome was measured before
March 13, 2020 [date COVID-19 pandemic national emergency declared in the US] and taking the
value of 1 if the outcome was measured on or after March 13, 2020) and a linear spline at June 30,
2021 (ACHIEVE study field sites reopened) to account for the gradual emergence from pandemic
related lockdowns.

Statistical Analysis
Participant characteristics by randomization group were described. The association of hearing
intervention with 3-year change in physical and mental health-related quality-of-life component
score was estimated using a 2-level linear mixed effects model with an independent covariance
matrix under the intention-to-treat principle. Time was modeled continuously. Restricted maximum
likelihood with a Kenward-Roger correction was used to generate parameter estimates, 95% CI, and
P values. The fully adjusted model included a binary variable for intervention assignment, time from
baseline, the interaction between intervention assignment and time, and covariates measured at
baseline (age, sex, education, marital status, hearing loss severity, global cognition, recruitment
source, field site, and whether the participant was part of a recruited spousal pair), and the
interaction between time and all covariates. In secondary analysis, analyses were repeated to assess
the association of hearing intervention with 3-year change in each domain of health-related quality
of life (physical functioning, physical role limitation, emotional role limitation, energy or fatigue,
emotional well-being, social functioning, pain, general health).

Missing covariate and health-related quality-of-life domain scores due to incomplete items or
loss to follow-up were imputed using multiple imputation by chained equations. Postdeath
assessments were excluded from imputation. Health-related quality-of-life domain scores at baseline
and 6-month, 1-year, 2-year, and 3-year follow-up visits (5 assessments over 3 years) were imputed
(20 sets of imputations and 100 burn-in period interactions) separately and included all covariates
from the fully adjusted model, as well as: age (squared); interaction terms between age; self-reported
race, and sex, time from baseline; and a 3-way interaction between time, intervention group, and
recruitment source. Future health-related quality-of-life measures were excluded from the
imputation model. Both physical and mental health component summary scores were computed
postimputation of individual domain scores.

In sensitivity analyses, we assessed the per-protocol and complier average causal effect using a
2-stage least squares approach, conducted a complete case analysis, and stratified analyses by
recruitment source (ARIC, de novo). Per-protocol analyses were limited to the subset of participants
who completed the intervention, had no hearing aid intervention drop-in or drop-out, and had no
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major protocol deviations (824 participants total, 391 in the control group and 433 in the
intervention group). Health-related quality of life was a prespecified, exploratory outcome of the
ACHIEVE study and analyses were considered hypothesis-generating rather than hypothesis-testing.
Thus, we focus on the patterns of effect across outcomes instead of evaluating statistical
significance. All analyses were conducted using Stata 18.0 (StataCorp).

Results

At baseline, 977 participants were included (mean [SD] age, 76.8 [4.0] years; 523 female [53.5%]; 112
Black [11.5%], 858 White [87.8%]); 521 (53.4%) had a Bachelor’s degree or higher and 602 (61.6%)
were married (Table 1). Participants had baseline mean (SD) MMSE score of 28.22 (1.62) and mean
(SD) better ear PTA of 39.42 dB HL (6.91). Participants were recruited from the ARIC study (238
[24.4%]) and de novo (739 [75.6%]) and were randomly assigned to hearing intervention (490
[50.2%]) or health education control (487 [49.9%]). Participant characteristics were similar across

Table 1. Baseline Participant Characteristics by Intervention Assignment in the ACHIEVE Study

Characteristics

Participants, No. (%)a

Total
(N = 977)

Hearing
intervention
(n = 490)

Health education
control
(n = 487)

Age, mean (SD), y 76.8 (4.0) 76.5 (3.9) 77.0 (4.0)

Sex

Male 454 (46.5) 226 (46.1) 228 (46.8)

Female 523 (53.5) 264 (53.9) 259 (53.2)

Self-reported race

Black 112 (11.5) 53 (10.8) 59 (12.1)

White 858 (87.8) 434 (88.6) 424 (87.1)

Otherb 7 (0.7) 3 (0.61%) 4 (0.8)

Education

Less than high school 37 (3.8) 19 (3.9) 18 (3.7)

High school, GED, or vocational school 418 (42.8) 206 (42.1) 212 (43.5)

College, graduate, or professional school 521 (53.4) 264 (54.0) 257 (52.8)

Marital status

Married 602 (61.6) 294 (60.0) 308 (63.2)

Not married 375 (38.4) 196 (40.0) 179 (36.8)

Income

<$25 000 147 (15.5) 73 (15.3) 74 (15.7)

$25 000-$49 999 283 (29.8) 156 (32.6) 127 (26.9)

$50 000-$74 999 210 (22.1) 91 (19.0) 119 (25.2)

$75 000-$100 000 140 (14.7) 68 (14.2) 72 (15.3)

>$100 000 170 (17.9) 90 (18.8) 80 (17.0)

Better ear PTA, mean (SD), dB HL 39.42 (6.91) 39.54 (7.07) 39.30 (6.75)

Mini-Mental State Examination score, mean (SD) 28.22 (1.62) 28.22 (1.63) 28.21 (1.61)

Global Cognition Factor Score, mean (SD) 0.00 (0.93) 0.01 (0.95) −0.01 (0.90)

Field site

Forsyth County, NC 236 (24.2) 117 (23.9) 119 (24.4)

Jackson, MS 243 (24.9) 120 (24.5) 123 (25.3)

Minnesota Suburbs, MN 236 (24.2) 120 (24.5) 116 (23.8)

Washington County, MD 262 (26.8) 133 (27.1) 129 (26.5)

Recruitment source

ARIC 238 (24.4) 120 (24.5) 118 (24.2)

De novo 739 (75.6) 370 (75.5) 369 (75.8)

Participant part of a recruited spousal pair 90 (9.2) 46 (9.4) 44 (9.0)

Abbreviations: ACHIEVE, Aging and Cognitive Health
Evaluation in Elders; ARIC, Atherosclerosis Risk in
Communities; dB HL, decibels hearing level; GED,
general educational development credential; PTA,
pure tone average.
a A total of 1 participant (in the hearing intervention

group) was missing information about educational
attainment. A total of 27 participants (12 hearing
intervention, 15 control) were missing information
about household income.

b Racial and ethnic subcategories included in other
race were American Indian, Asian, Native American,
Native Hawaiian, and Pacific Islander.
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intervention assignment at baseline. Mean (SD) physical health component score was 44.78 (9.81)
and mental health component score was 56.28 (6.62) at baseline (Table 2).

At the end of the study period (3-year follow-up), 871 participants (89.2%) had complete data
for RAND-36 Health Survey measures (Figure 1). Of the 106 participants who did not have complete
RAND-36 Health Survey data at the 3-year visit, 1 (0.9%) had incomplete RAND-36 Health Survey
data, 20 (18.9%) did not complete the RAND-36 Health Survey, 24 (22.6%) were lost to follow-up, 26
(24.5%) withdrew from the study, and 35 (33.0%) died. Over the study period, 10 (2.0%)
participants in the hearing intervention dropped out (eg, discontinued hearing aid use) and 76
participants (15.6%) in the health education control dropped in (eg, obtained hearing aids outside of
the study).

Differences between intervention and control in 3-year change in the physical and mental
health-related quality of life component scores and each domain of health-related quality of life are
presented (Figure 2). With higher domain scores representing better health-related quality of life, a
positive difference score between hearing intervention and control indicates a beneficial effect of

Table 2. Baseline and Year-3 RAND-36 Health Survey Domain Scores by Intervention Assignment
in the ACHIEVE Study

RAND-36 Health Survey domains

Survey scores, mean (SD)

Total
(N = 977)

Hearing
intervention
(n = 490)

Health
education
control
(n = 487)

Component scores

Physical health component score

Baseline (n = 976) 44.75 (9.81) 44.85 (9.90) 44.65 (9.74)

Year 3 (n = 871) 42.43 (10.94) 42.96 (10.76) 41.90 (11.10)

Mental health component score

Baseline (n = 976) 56.28 (6.62) 56.55 (6.32) 56.02 (6.89)

Year 3 (n = 871) 55.94 (7.61) 56.47 (7.62) 55.42 (7.57)

Domain scores

Physical functioning

Baseline (n = 977) 75.19 (22.11) 75.95 (21.93) 74.43 (22.28)

Year 3 (n = 871) 68.70 (25.33) 69.51 (25.21) 67.89 (25.45)

Role limitations from physical problems

Baseline (n = 977) 70.68 (37.29) 71.48 (37.35) 69.87 (37.26)

Year 3 (n = 871) 64.75 (40.07) 67.16 (39.31) 62.33 (40.72)

Role limitations from emotional problems

Baseline (n = 977) 90.58 (23.38) 91.50 (22.21) 89.67 (24.48)

Year 3 (n = 871) 89.11 (26.22) 89.55 (25.65) 88.67 (26.81)

Energy or fatigue

Baseline (n = 976) 63.69 (18.83) 64.39 (19.13) 62.97 (18.53)

Year 3 (n = 871) 60.21 (19.43) 62.29 (19.45) 58.11 (19.20)

Emotional well-being

Baseline (n = 976) 85.44 (12.04) 86.09 (12.00) 84.78 (12.06)

Year 3 (n = 871) 84.14 (13.11) 84.90 (13.42) 83.38 (12.75)

Social functioning

Baseline (n = 977) 87.77 (18.45) 87.86 (18.57) 87.68 (18.35)

Year 3 (n = 871) 84.30 (20.65) 86.41 (19.90) 82.17 (21.19)

Pain

Baseline (n = 977) 73.41 (22.69) 74.23 (22.91) 72.58 (22.46)

Year 3 (n = 871) 70.59 (24.40) 71.89 (24.41) 69.29 (24.35)

General health

Baseline (n = 977) 69.41 (17.48) 68.62 (18.06) 70.20 (16.86)

Year 3 (n = 871) 66.91 (18.26) 67.29 (19.06) 66.52 (17.43)
Abbreviation: ACHIEVE, Aging and Cognitive Health
Evaluation in Elders.
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hearing intervention while a negative difference score indicates a beneficial effect of control. The
hearing intervention was not associated with component scores of physical (intervention, −0.49
[95% CI, −3.05 to 2.08]; control, −0.92 [95% CI, −3.39 to 1.55]; difference, 0.43 [95% CI, −0.64 to
1.51]) and mental (intervention, 0.38 [95% CI, −1.58 to 2.34]; control, −0.09 [95% CI, −1.99 to 1.81];
difference, 0.47 [95% CI, −0.41 to 1.35]) health-related quality of life.

Among the 8 individual domains of health-related quality of life, a decline in social functioning
over 3 years was observed in both hearing intervention (3-year change, −0.22 [95% CI, −5.71 to 5.27])
and health education control (3-year change, −3.09 [95% CI, −8.34 to 2.16]); however, the 3-year
rate of decline was slower among participants in the hearing intervention (difference, 2.87 [95% CI,
0.25 to 5.50]). This finding suggests a positive association of hearing intervention with reducing
declines in social functioning. Additionally, energy increased (less fatigue) in the hearing intervention
(3-year change, 0.21 [95% CI, −3.96 to 4.37]) yet declined (more fatigue) in the health education
control (3-year change, −1.66 [95% CI, −5.70 to 2.39]) over 3 years, suggesting hearing intervention
also had a beneficial association with increased energy (less fatigue) over 3 years (difference, 1.86
[95% CI, 0.02 to 3.71]). The differences between the hearing intervention vs health education
controls groups for limitations from physical problems (difference, 2.24 [95% CI, −2.61 to 7.08]),
emotional well-being (difference, 0.51 [95% CI, −0.88 to 1.91]), and general health (difference, 1.23

Figure 1. Trial Profile

977 Randomized

490 Hearing intervention 487 Health education control

Baseline
490

0
RAND-36 completed
RAND-36 not completed

Baseline
486

1
RAND-36 completed
RAND-36 not completed

6-mo Follow-up
471

0
15
3
1
0

RAND-36 completed
RAND-36 not completed
RAND-36 not collected
Lost to follow-up
Withdrew
Deceased

6-mo Follow-up
458

1
10
3

15
0

RAND-36 completed
RAND-36 not completed
RAND-36 not collected
Lost to follow-up
Withdrew
Deceased

1-y Follow-up
472

1
10
4
1
2

RAND-36 completed
RAND-36 not completed
RAND-36 not collected
Lost to follow-up
Withdrew
Deceased

1-y Follow-up
460

0
5
3

17
2

RAND-36 completed
RAND-36 not completed
RAND-36 not collected
Lost to follow-up
Withdrew
Deceased

2-y Follow-up
456

0
10
10
4

10

RAND-36 completed
RAND-36 not completed
RAND-36 not collected
Lost to follow-up
Withdrew
Deceased

2-y Follow-up
442

3
10
4

18
10

RAND-36 completed
RAND-36 not completed
RAND-36 not collected
Lost to follow-up
Withdrew
Deceased

3-y Follow-up
437

0
11
18
6

18

RAND-36 completed
RAND-36 not completed
RAND-36 not collected
Lost to follow-up
Withdrew
Deceased

3-y Follow-up
434

1
9
6

20
17

RAND-36 completed
RAND-36 not completed
RAND-36 not collected
Lost to follow-up
Withdrew
Deceased

RAND-36 indicates the RAND-36 Health Survey.
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[95% CI, −0.44 to 2.91]) health-related quality of life suggested a potential positive benefit of hearing
intervention but with confidence intervals that include the null value (Figure 2).

In sensitivity analyses stratified by recruitment source, the hearing intervention was positively
associated with general health in the ARIC cohort and with social functioning and increased energy
(less fatigue) in the de novo cohort but there was no evidence of an interaction effect by recruitment
source (eFigure 1 in Supplement 2). The direction of association of hearing intervention outcomes
were also largely similar in per-protocol analyses (eFigure 2 in Supplement 2), complier average
causal effect (eFigure 3 in Supplement 2), and complete case analyses (eFigure 4 in Supplement 2).

Discussion

In a secondary analysis of the ACHIEVE study, hearing intervention was not associated with physical
and mental health-related quality of life over 3 years. A suggested benefit of hearing intervention
on reducing declines in social functioning and fatigue was observed; however, magnitude of effect is
likely small. Additional intervention strategies may be needed to modify health-related quality of life
among older adults with hearing loss. To our knowledge, the ACHIEVE study represents the largest
and longest randomized clinical trial to study the association of hearing intervention with health-
related quality of life.

Figure 2. Covariate-Adjusted Analysis of 3-Year Change in RAND-36 Health-Related Quality of Life
Physical and Mental Health Component Summary Scores and Domain Scores by Intervention Assignment
in the ACHIEVE Study

–5 73
Difference in 3-y change, β (95% CI) 

–1

P value
Favors

control
Favors
intervention

3-y Change, 
β (95% CI)Scores

Difference in 3-y
change, β (95% CI)

Summary component scores
Physical component score

0.43 (–0.64 to 1.51)
–0.92 (–3.39 to 1.55)Control .43
–0.49 (–3.05 to 2.08)Intervention

Mental component score

0.47 (–0.41 to 1.35)
–0.09 (–1.99 to 1.81)Control .29
0.38 (–1.58 to 2.34)Intervention

RAND-36 domain scores
Physical functioning

0.30 (–1.90 to 2.51)
–3.73 (–8.98 to 1.51)Control .79
–3.43 (–8.92 to 0.67)Intervention

Limitations from physical problems

2.24 (–2.61 to 7.08)
1.81 (–9.45 to 13.07)Control .37
4.04 (–7.39 to 15.47)Intervention

Limitations from emotional problems

0.75 (–4.24 to 2.73)
2.13 (–5.68 to 9.93)Control .62
1.37 (–6.71 to 9.46)Intervention

Energy and fatigue

1.86 (0.02 to 3.71)
–1.66 (–5.70 to 2.39)Control .05
0.21 (–3.96 to 4.37)Intervention

Emotional well-being

0.51 (–0.88 to 1.91)
–0.09 (–3.09 to 2.91)Control .47
0.43 (–2.61 to 3.46)Intervention

Social functioning

2.87 (0.25 to 5.50)
–3.09 (–8.34 to 2.16)Control .03
–0.22 (–5.71 to 5.27)Intervention

Pain

–0.03 (–2.87 to 2.80)
0.84 (–5.71 to 7.38)Control .98
0.81 (–5.94 to 7.56)Intervention

General health

1.23 (–0.44 to 2.91)
–2.56 (–6.20 to 1.09)Control .15
–1.32 (–5.00 to 2.36)Intervention

Higher RAND-36 Health Survey health-related quality
of life domain scores and physical and mental health
component scores represent better health-related
quality of life. A positive value for the difference in
3-year domain scores between hearing intervention
and control indicates a positive effect of hearing
intervention; a negative value for the difference in
3-year domain scores between hearing intervention
and control indicates a positive effect of the health
education control. Models adjusted for covariates
measured at baseline (age, sex, education, marital
status, hearing loss severity, global cognition,
recruitment source, field site, and whether the
participant was part of a recruited spousal pair), and
the interaction between time and all covariates.
ACHIEVE indicates Aging and Cognitive Health
Evaluation in Elders.
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Evidence from previous observational studies has suggested that hearing aid use may positively
affect health-related quality of life.41-45 However, existing evidence on hearing intervention and
health-related quality of life from randomized clinical trials is limited and mixed.30,31,46,47 To our
knowledge, only 2 randomized clinical trials, both conducted in veteran populations, have tested the
effect of hearing treatment with hearing aids on health-related quality of life.30,31 McArdle et al30

evaluated the effect of hearing aid intervention on health-related quality of life in a cohort of 380
veterans in a multisite study in the US. In the hearing intervention group, the trial observed lower
mean scores (indicating better health-related quality of life) in both the World Health Organization
Disability Assessment Schedule (WHO-DAS II) total score and in the communication and participation
domain scores at 10-weeks postintervention. In the delayed treatment group, mean WHO-DAS II
total and communication and participation domain scores increased (indicating poorer health-
related quality of life) over 10 weeks.30 In another randomized clinical trial of 194 veterans followed
for 4 months, no difference between hearing aid intervention and waitlist control groups was
observed in the Self-Evaluation of Life Function (SELF) scale, a broad health-related quality-of-life
measure that assesses physical disability, social satisfaction, symptoms of aging, depression, self-
esteem, and personal control.31 However, benefit of hearing aid use was observed on self-perceived
social and emotional effects of hearing loss (using the Hearing Handicap Inventory for the Elderly)
and on communication function (Quantified Denver Scale).31

In the health-related quality of life domain-specific findings, the ACHIEVE study observed a
potential benefit of hearing intervention on reducing fatigue and reducing declines in social
functioning. The primary hypothesized mechanisms through which hearing loss may worsen fatigue
is increased cognitive load. Cognitive load (ie, information degradation hypothesis48) posits that,
with hearing loss, greater cognitive resources are diverted to processing speech and sound, leaving
fewer cognitive resources available for other cognitive functions (eg, memory, executive function);
fatigue may be a symptom of high cognitive load.49,50 Furthermore, hearing loss may worsen social
functioning through communication difficulties, withdrawal from participation in social activities,
lower physical activity and physical function, and depression.25,26,28,29,51,52 Hearing loss may also
impact confidence and perceived capacity to engage with others.

Limitations
Limitations of the ACHIEVE study include the inability to feasibly mask intervention assignment,
which may bias how participants self-respond to questions about their well-being. However,
participants were masked to the study hypothesis and were informed that both interventions were
designed to promote healthy aging. Participants were also informed at randomization that they
would receive the other intervention after the 3-year study period. Health-related quality of life was
also a prespecified exploratory outcome of the ACHIEVE study and was not a specified primary or
secondary outcome. Thus, the ACHIEVE study was not designed or powered to test for effects of
hearing intervention on health-related quality of life. As such, findings from the current study focus
on patterns of results across outcomes and thus we did not adjust for multiple comparisons. Results
should be considered as hypothesis-generating rather than hypothesis-testing. Furthermore, while
magnitude of effect size is interpreted as a per-unit difference on domains of the RAND-36 Health
Survey, magnitude of clinical significance is unknown.

While there was no association of hearing intervention with health-related quality of life,
hearing intervention has been shown to improve communicative function53 and slow cognitive
decline1 in certain populations. Additional intervention strategies, potentially in combination with
hearing intervention, may be needed to modify health-related quality of life among older adults with
hearing loss. Hearing intervention is scalable, confers little to no medical risk, and, given the high
prevalence of hearing loss (65% of adults aged 71 years and older in the US have hearing loss),54 has
the potential to impact a large proportion of older adults. Further research is needed to understand
how hearing intervention may be incorporated into additional strategies for supporting health and
well-being in older adults with hearing loss. Additionally, the ACHIEVE study hearing intervention was
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a comprehensive program of audiological care and may not be represent the standard level of care
delivered in the community. Future research aims to evaluate the effectiveness of hearing
intervention on slowing cognitive decline in clinical settings.

Conclusions

In this secondary analysis of a randomized clinical trial, hearing intervention was not associated with
physical and mental health-related quality of life over 3 years compared with health education
control. Future efforts are needed to determine strategies for modifying health-related quality of life
in older adults with hearing loss.
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