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Abstract

Background: The Aging and Cognitive Health Evaluation in Elders

(ACHIEVE) Study was designed to determine the effects of a best-practice

hearing intervention on cognitive decline among community-dwelling older

adults. Here, we conducted a secondary analysis of the ACHIEVE Study to

investigate the effect of hearing intervention on self-reported communicative

function.

Methods: The ACHIEVE Study is a parallel-group, unmasked, randomized

controlled trial of adults aged 70–84 years with untreated mild-to-moderate

hearing loss and without substantial cognitive impairment. Participants were

randomly assigned (1:1) to a hearing intervention (audiological counseling and

provision of hearing aids) or a control intervention of health education (indi-

vidual sessions with a health educator covering topics on chronic disease pre-

vention) and followed semiannually for 3 years. Self-reported communicative

function was measured with the Hearing Handicap Inventory—Elderly

Screening version (HHIE-S, range 0–40, higher scores indicate greater

This trial was registered at ClinicalTrials.gov, NCT03243422.
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impairment). Effect of hearing intervention versus control on HHIE-S was ana-

lyzed through an intention-to-treat model controlling for known covariates.

Results: HHIE-S improved after 6-months with hearing intervention com-

pared to control, and continued to be better through 3-year follow-up. We esti-

mated a difference of �8.9 (95% CI: �10.4, �7.5) points between intervention

and control groups in change in HHIE-S score from baseline to 6 months,

�9.3 (95% CI: �10.8, �7.9) to Year 1, �8.4 (95% CI: �9.8, �6.9) to Year

2, and � 9.5 (95% CI: �11.0, �8.0) to Year 3. Other prespecified sensitivity

analyses that varied analytical parameters did not change the observed results.

Conclusions: Hearing intervention improved self-reported communicative

function compared to a control intervention within 6 months and with effects

sustained through 3 years. These findings suggest that clinical recommenda-

tions for older adults with hearing loss should encourage hearing intervention

that could benefit communicative function and potentially have positive down-

stream effects on other aspects of health.
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INTRODUCTION

Hearing loss is prevalent in approximately 65% of adults
over age 60 and 80% of adults over age 80.1,2 Regardless
of age-of-onset, hearing loss is significantly related to
decreased quality of life3 and increased risks of age-
related health conditions including cognitive decline and
dementia, falls, and social isolation.4–7 A key mechanism
through which hearing loss may exert adverse effects on
health outcomes is through impaired functional commu-
nication. Hearing loss affects both the audibility and clar-
ity of speech signals, thereby challenging communication
in daily conversations and social situations. Described by
the World Health Organization International Classifica-
tion of Functioning, Disability and Health (WHO-ICF),8

hearing loss is not just the reduction of sound perception.
The ICF framework is based on an inclusive bio-
psycho-social model of functioning, thus, hearing loss is
better defined as impaired bodily structure and function-
ing, activity limitations, and participation restrictions in
daily activity; all of which has psychosocial and emo-
tional consequences that are influenced by environmen-
tal and personal factors. Normal hearing then would be
defined as having positive psychosocial and emotional
wellbeing related to the ability to hear sound accurately
with ease and to fully participate in daily activities with
no limitations or restrictions.9,10 For simplicity, we refer
to the multi-dimensions of hearing loss (anatomical and

Key points

• Hearing loss is highly prevalent among older
adults and associated with negative health out-
comes, yet under-diagnosed and under-treated.

• Hearing intervention with hearing aids
improved self-perceived communicative func-
tion within 6 months and with sustained
effects through 3 years.

• Healthcare providers should routinely encour-
age patients to seek treatment for hearing loss
given potential beneficial effects on communi-
cation and other health outcomes.

Why does this paper matter?

As hearing loss is highly prevalent in older
adults, with adverse effects on communicative
function and other health outcomes, our results
definitively demonstrate that hearing interven-
tion improves communicative function within
6 months of intervention onset with sustained
effects at 3 years. These findings are important
for understanding whether future strategies and
policies to increase rates of hearing care could
broadly benefit older adults' health.
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perceptional dysfunction, psychosocial and emotional
distress, and activity limitations/restrictions), as commu-
nicative function.

Poor communicative function can lead to harmful effects
across many areas of health, such as social isolation,11

depression,12 cognition,13 increased hospitalization,14 worse
patient-provider communication,15 and worse management
of health conditions.16 Treatment of hearing loss is a poten-
tially effective intervention for improving communicative
function among older adults with hearing loss. Evidence
from observational and quasi-experimental studies show a
positive effect of hearing intervention with hearing aids on
self-perceived communicative function.17,18 However, infer-
ences about the effects of hearing intervention in non-
experimental studies may be confounded by the individual
characteristics of those who choose to obtain hearing aids
(e.g., education, income, health behaviors) and may not be
generalizable to other populations.17 In the quasi-
experimental studies conducted to date, limitations
included small sample size, lack of a control group, poorly
defined hearing loss and/or hearing aid use (often a single
question), with no measurement of either hearing aid ben-
efit or frequency of use.18 A systematic review of and
meta-analysis of 16 studies suggested that hearing inter-
ventions had a medium-to-large effect on communicative
functioning,19 yet the authors concluded there was limited
evidence from RCTs, calling for need for future rigorous
RCTs. Additional reviews of prior randomized controlled
trials20–22 have generally suggested a benefit of hearing
intervention on self-perceived communicative function,
but these trials continue to be limited by being restricted
to clinic-based populations,21,23 use of non-prescriptive
hearing aids,24 small sample size,20,23 lack of a control
group, and/or limited follow-up time.23

In this study, we conduct a secondary analysis of the
Aging and Cognitive Health Evaluation in Elders
(ACHIEVE) Study25,26 which was funded by the National
Institute on Aging, to describe the effect of hearing inter-
vention versus health education control on self-perceived
communicative function over 3 years, an exploratory out-
come of the ACHIEVE Study. The ACHIEVE Study is the
longest-duration and largest randomized trial of hearing
intervention ever conducted and was designed to investi-
gate whether hearing intervention versus health educa-
tion control reduced cognitive decline (primary outcome)
over 3 years in community-dwelling older adults with
untreated hearing loss. The primary report of the
ACHIEVE Study indicated that hearing intervention did
not reduce 3-year cognitive decline in the primary analy-
sis of the total cohort; however, a prespecified sensitivity
analysis showed that the effect differed between the two
study populations that comprised the cohort.25 These
findings suggest that a hearing intervention might reduce

cognitive change over 3 years in populations of older
adults at increased risk for cognitive decline and better
understanding of the study sample's benefits from the
hearing intervention are needed. Determining if a well-
defined hearing intervention has sustained effects on
improving communicative function is important for
understanding whether strategies and policies to increase
rates of hearing aid uptake could broadly benefit
community-dwelling older adults with hearing loss.

METHODS

Data source—The ACHIEVE Study

The ACHIEVE Study was a randomized controlled trial
testing the effect of a best-practice hearing intervention
versus health education control on cognitive decline over
3 years. The premise underlying the ACHIEVE Study
was based on evidence suggesting that hearing loss in
older adults is independently associated with accelerated
cognitive decline and incident dementia,5 and may be
amenable to hearing intervention.13

The study was conducted at four sites in the
United States: Forsyth County, North Carolina (NC); Jack-
son, Mississippi (MS); Minneapolis suburbs, Minnesota
(MN); and Washington County, Maryland (MD). At the
study sites, participants were recruited either from the
ongoing Atherosclerosis Risk in Communities (ARIC)
Study,27 or de novo from the local study site communities.
The ACHIEVE Study was approved by the institutional
review boards of all study sites and associated academic
centers. Participants provided written informed consent. An
independent data and safety monitoring board (DSMB) met
semi-annually to review study progress, adverse events, and
changes to the study protocol and statistical analysis plan.
The ACHIEVE Study protocol, outcomes, and analysis plan
were registered at ClinicalTrials.gov ID = NCT03243422,
before the unmasking of any trial data.

ACHIEVE Study design and inclusion criteria details
are reported elsewhere,25,26 as well as details of the
recruitment methodology28 and baseline characteristics
of the participants.29,30 In brief, participants included in
the ACHIEVE Study were aged 70–84 years, had adult-
onset bilateral hearing loss (better-ear 4-frequency
(0.5–4 kHz) pure tone average [PTA] ≥30 dB HL [decibel
hearing level] and <70 dB HL), no current hearing aid
use, and no substantial cognitive impairment at the time
of enrollment (Mini-Mental State Examination [MMSE]31

score ≥23 for participants with a high school degree or
less, ≥25 for participants with some college education
or more). While the overarching goal of the ACHIEVE
Study was to test the effect of hearing intervention on
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3-year cognitive decline, pre-defined exploratory
outcomes included evaluating the effects of hearing inter-
vention on other health outcomes, including self-
perceived communicative function, which was examined
in the current analysis.

Measures

Self-perceived communicative function

The Hearing Handicap Inventory for the Elderly—
Screening version (HHIE-S)32,33 served as a measure of
communicative function. The HHIE-S represents the
WHO-ICF model of individual health and wellness,9,34

and captures the impact of hearing loss on communica-
tive function inclusive of activity, participation, and per-
sonal/environmental contexts. The HHIE-S is a validated
and highly reliable (r = 0.97) 10-item questionnaire that
measures the psychosocial and emotional impacts of
hearing loss in adults aged 65 years and older. The
HHIE-S is frequently used to measure hearing aid inter-
vention benefit.19,23,35–39

Questions are phrased so the functional impairment is
directly attributable to hearing loss; that is, “Does a hear-
ing problem cause you to … attend religious services less
often than you would like?” and “… feel embarrassed when
meeting new people?” HHIE-S scores range from 0 to
40 with higher scores indicating greater self-perceived
handicap, and can be categorized into None (0–8), Mild–
Moderate (10–24), and Severe (26–40).33 HHIE-S scores
≥10 are considered clinically actionable indicating a clini-
cally significant communicative impairment. In the cur-
rent analysis, the HHIE-S score was modeled both as a
continuous score and as a categorical score.

The HHIE-S was collected by a trained interviewer at
baseline and during the 6-month, year-1, year-2, and
year-3 follow-up visits. Due to the COVID-19 pandemic,
all study sites were closed for in-person assessment from
March 2020 to June 2021, so during this time, HHIE-S
data were collected via telephone. Prior to telephone
interviews, participants were mailed response cards for
visual support to aid in collecting responses. Final year-3
data collection was completed face-to-face at all study
sites from June 2021 to November 2022.

Covariates

Baseline covariates were selected based on their known
association with hearing loss. Sociodemographic vari-
ables collected via face-to-face interview included age
(years), race (White, Black, other), sex (male, female),

educational attainment (less than high school, high
school diploma or equivalent, greater than high school),
marital status (married, not married), living arrange-
ments (alone, with others), annual income (<$25,000,
$25,000-49,999, $50,000-74,999, $75,000–$100,000,
>$100,000), if data were collected in person or via tele-
phone, and recruitment characteristics such as recruit-
ment route (ARIC vs de novo cohort) and whether the
participant was part of a recruited spousal pair.

Health-related covariates included hypertension
(measured systolic blood pressure ≥140, diastolic blood
pressure ≥90, or self-reported medication use for lower-
ing blood pressure); diabetes status (measured fasting
blood glucose ≥126 mg/dL, non-fasting level ≥200 mg/
dL, self-reported diagnosis of diabetes by a physician, or
self-reported medication use for diabetes); smoking and
drinking history (never, former, and current); symptoms
of depression (Center for Epidemiological Studies—
Depression [CES-D] total score)40 and loneliness (UCLA
Loneliness scale41) 4-frequency pure tone average (0.5,
1, 2, and 4 kHz; PTA) for the better-hearing ear; and
global cognitive factor score. The global cognition factor
score was derived from a comprehensive neurocognitive
battery. Tests included delayed word recall, digit symbol
substitution, incidental learning, trail making parts A
and B, logical memory, digit span backwards, Boston
naming, word fluency, and animal naming. Standardized
factor scores were developed using a latent variable
modeling approach that has been previously used and
validated.25

Procedures

Detailed procedures for the ACHIEVE Study were previ-
ously described.25,26 Briefly, participants completed
screening and baseline visits, four intervention visits, and
then were followed semi-annually for the next 3 years.
During annual assessments, a full neurocognitive test
battery was administered by psychometrists trained and
supervised by a neuropsychologist. Tests included
delayed word recall, digit symbol substitution, incidental
learning, trail making parts A and B, logical memory,
digit span backwards, Boston naming, word fluency, and
animal naming. Standardized factor scores were devel-
oped using a latent variable modeling approach that has
been previously used and validated. The ACHIEVE hear-
ing intervention,42 was delivered over 4 sessions across
8–10 weeks. During the intervention period, each
participant received a comprehensive hearing evaluation,
hearing aids and other assistive devices, and ongoing
hearing-related counseling driven by prioritized listening
goals set by each participant. Re-instruction in use of
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devices and hearing rehabilitative strategies was provided
during booster visits held every 6 months.

Participants randomized to the health education
control intervention used content from the “10 Keys™ to
Healthy Aging” program,43 which provided opportuni-
ties to engage in self-management of medical conditions
and overall health.43 This control intervention was pre-
viously implemented as a control intervention in other
trials.44,45 The format of the control intervention was
designed to control for degree of staff and participant
interaction time and to parallel the intensity of the hear-
ing intervention. Participants met with a health educa-
tor every 1 to 3 weeks for a total of four visits after
randomization. Session content was tailored to each par-
ticipant and included a standardized didactic education
component and a 5- to 10-min upper body stretching
program. Participants returned for booster sessions
every 6 months.

Analytic plan

We described participant characteristics at baseline by
randomization group and by recruitment route using chi-
square tests for categorical variables and Kruskal–Wallis
analysis of variance for continuous variables, and we cal-
culated the proportion of individuals with mild or greater
handicap (HHIE total score ≥10) between randomization
groups at each follow-up visit.

We estimated the effect of the hearing intervention
on perceived communicative function over 3 years under
the intention-to-treat principle using a two-level
(a random intercept and a random time slope for each
participant) linear mixed effect model with an identity
covariance matrix. Estimated changes, 95% confidence
intervals (95% CI), and p values were obtained using
restricted maximum likelihood with a Kenward-Roger
correction. We estimated both unadjusted and fully
adjusted models treating time as a discrete variable. The
unadjusted model included a binary variable for
the intervention (hearing intervention vs health educa-
tion control) and the interaction of time with the inter-
vention group variable. The fully adjusted model
additionally included baseline age, race, sex, education,
marital status, living arrangements, income, recruitment
route, being part of a recruited pair, hypertension, diabe-
tes, smoking and drinking status, depression, loneliness,
global cognitive factor score, better-ear PTA, whether the
outcome was assessed over the phone or in person, and
the interaction between time and all additional
covariates.

We performed a series of sensitivity analyses includ-
ing stratifying by study population. We imputed missing

covariates and HHIE-S scores for each study visit using
multiple imputation by chained equations. Only missing
HHIE-S scores due to incomplete items or participants
lost to follow up were imputed. All potential assessments
after death were excluded from the imputation process.
This strategy imputed every HHIE-S item separately and
included all covariates from the fully adjusted model plus
age squared. Twenty imputed datasets were generated
following a 100-iteration burn-in period. For each of the
HHIE-S items and baseline covariates, future HHIE-S
assessments were excluded from the equations. Second,
the COVID-19 global pandemic and related lockdowns
might have impacted participants' perception of their
communicative function. In sensitivity analyses, we
included a binary variable that takes the value of one if
the HHIE-S instrument was collected after March
16, 2020, and zero otherwise. As COVID-19 guidelines
and perceptions might have varied by state, these second-
ary analyses also included the interaction between
recruitment site and the COVID-19 variable. We also
completed a restricted analysis between baseline and
Year-3 when all data collection took place in-person only.

We also assessed the per-protocol and complier aver-
age causal effect using a two-stage least squares approach
and stratified analyses by recruitment route (ARIC, de
novo). HHIE-S was an 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. p-values
were provided for descriptive purposes only. All analyses
were done in Stata/SE 18.0.

RESULTS

Participant demographics and clinical
characteristics

A total of 977 participants were randomized in the
ACHIEVE trial: 490 to the hearing intervention and
487 to the health education control. Baseline characteris-
tics of the full sample can be found elsewhere.28,29 The
current analysis excluded all participants with missing
covariates (n = 47 excluded for missing covariates: edu-
cation, n = 1; income, n = 27; hypertension status,
n = 3; and UCLA loneliness score, n = 16) or missing
HHIE-S total score (n = 7), yielding a final analytic sam-
ple of N = 923 participants, 461 from the hearing inter-
vention and 462 from the health education control group.
(See Figure 1).

At baseline, participants' mean age was 76.7 years
(standard deviation [SD] = 4.0) and 53.0% were female.
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Most participants self-identified as being White (87.9%),
while 30.2% reported living alone, and 61.9% reported
being currently married. In terms of educational attain-
ment, over half of participants (53.0%) reported having a
bachelor's degree or higher and 43.1% had a high school

diploma or had completed some college. Only 3.9% of
participants in our sample did not complete high school.
(Table 1).

The mean better-ear PTA was 39.4 dB HL, consistent
with mild-to-moderate hearing loss (Table 1). There was

FIGURE 1 Modified consort flow diagram showing how many participants were enrolled (n = 977); randomized to either the hearing

intervention (n = 490) or the health education control intervention (n = 487); and the complete datasets from baseline through Year

3 follow-up. Hearing Handicap Inventory for the Elderly—Screening version (HHIE-S) was the primary outcome of interest and detailed

completed, incomplete or missing scores are noted at all assessment time points.
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TABLE 1 Baseline demographic, functional, and clinical characteristics including hearing aid usage and communication function of

ACHIEVE participants stratified by randomly assigned treatment.

Total Control Hearing intervention
N = 923 N = 462 N = 461 p-value

Demographics

Age, years, mean (SD) 76.7 (4.0) 77.0 (4.0) 77.5 (4.0) 0.07

Sex, N (%) 0.92

Male 434 (47.0) 218 (47.2) 216 (46.9)

Female 489 (53.0) 244 (52.8) 245 (53.2)

Race, N (%) 0.60

White 811 (87.9) 401 (86.8) 410 (88.9)

Black 105 (11.4) 57 (12.3) 48 (10.4)

Other 7 (0.8) 4 (0.9) 3 (0.7)

Education, N (%) 0.96

Less than high school 36 (3.9) 18 (3.9) 18 (3.9)

High school or some college 398 (43.1) 197 (42.6) 201 (43.6)

College or more 489 (53.0) 247 (53.5) 242 (52.5)

Marital status, N (%) 0.27

Married 571 (61.9) 294 (63.6) 277 (60.1)

Not married 352 (38.1) 168 (36.4) 184 (39.9)

Living alone, N (%) 279 (30.2) 131 (28.4) 148 (32.1) 0.21

Household income, N (%) 0.08

<$25,000 143 (15.5) 72 (15.6) 71 (15.4)

$25,000–$49,999 275 (29.8) 122 (26.4) 153 (33.2)

$50,000–$74,999 207 (22.4) 119 (25.8) 88 (19.1)

$75,000–$100,000 137 (14.8) 71 (15.4) 66 (14.3)

>$100,000 161 (17.4) 78 (16.9) 83 (18.0)

Recruitment route descriptions

Field center, N (%) 0.89

Forsyth County, NC 221 (23.9) 113 (24.5) 108 (23.4)

Jackson, MS 235 (25.5) 121 (26.2) 114 (24.7)

Minneapolis suburbs, MN 215 (23.3) 106 (22.9) 109 (23.6)

Washington County, MD 252 (27.3) 122 (26.4) 130 (28.2)

Recruitment route, N (%) 0.74

ARIC 216 (23.4) 106 (22.9) 110 (23.9)

De novo 707 (76.6) 356 (77.1) 351 (76.1)

Participant part of a spousal pair, N (%) 86 (9.3) 43 (9.3) 43 (9.3) 0.99

Baseline functional and clinical characteristics

Hypertension,a N (%) 530 (57.4) 271 (58.7) 259 (56.2) 0.45

Diabetes,b N (%) 183 (19.8) 85 (18.4) 98 (21.3) 0.28

Drinking status, N (%) 0.85

Current 524 (56.8) 260 (56.3) 264 (57.3)

Former 230 (24.9) 114 (24.7) 116 (25.2)

Never 169 (18.3) 88 (19.1) 81 (17.6)
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no difference in PTA between intervention groups. Par-
ticipants randomized to the hearing intervention were
compliant with a time-weighted average of datalogging of
6.6 hours (SD = 4.5) of hearing aid use per day between
baseline and Year 3.

Of the 923 participants in the analytic sample, 23.4%
of participants were recruited from the ARIC Study and
the remainder were recruited de novo from the surround-
ing communities of the four study sites. Table S1 displays
the baseline characteristics of the analytic sample by
recruitment route (ARIC vs de novo) where it can be seen
there were differences between the recruitment cohorts
with respect to several demographic features (e.g., age,
sex, race, education, income, health conditions, and
HHIE-S score). There were differences on HHIE-S scores
at baseline (p < 0.001); a larger proportion (73.3%) of par-
ticipants who were recruited de novo from surrounding

communities had mild–moderate or greater perceived
communicative difficulty (HHIE-S score ≥10) compared
to the ARIC cohort (54.6%), despite nearly equivalent
average level of audiometric hearing between ARIC
(39.1 dB HL, SD = 6.7) and de novo (39.6 dB HL,
SD = 6.9) groups.

Graphically presented in Figures 2A,B and 3, nearly
70% of the total participants had a clinically significant
communicative impairment (HHIE-S score ≥10), and the
proportion of participants with mild or greater perceived
communicative difficulty was similar by intervention
group at baseline. At the 6-month assessment, the pro-
portion of participants with clinically-significant commu-
nicative impairment (HHIE-S score ≥10) was lower for
hearing intervention (22.3%) compared to health educa-
tion control (65.0%). Figure 3 and Table S2 show this
improvement was maintained at 1 year (hearing

TABLE 1 (Continued)

Total Control Hearing intervention
N = 923 N = 462 N = 461 p-value

Cigarette smoking, N (%) 0.25

Current 24 (2.6) 8 (1.7) 16 (3.5)

Former 421 (45.6) 213 (46.1) 208 (45.1)

Never 478 (51.8) 241 (52.2) 237 (51.4)

CES-depression,c mean (SD) 2.5 (2.5) 2.4 (2.4) 2.5 (2.7) 0.68

UCLA loneliness, mean (SD) 32.8 (8.5) 32.6 (8.5) 32.9 (8.5) 0.60

Prorated MMSE,d mean (SD) 28.2 (1.6) 28.2 (1.6) 28.2 (1.6) 0.93

Global cognition factor score,e mean (SD) 0.0 (0.9) 0.0 (0.9) 0.0 (1.0) 0.92

Better-ear PTA,f mean (SD) 39.4 (6.9) 39.3 (6.7) 39.6 (7.1) 0.55

Baseline HHIE-S score (continuous), mean (SD) 15.4 (9.8) 15.0 (9.4) 15.8 (10.2) 0.24

Baseline HHIE-S score (categorical),g N (%) 0.85

No hearing handicap (HHIE-S <10) 287 (31.1) 145 (31.4) 142 (30.8)

Mild or greater handicap (HHIE-S ≥10) 636 (68.9) 317 (68.6) 319 (69.2)

Hearing aid usage,h mean (SD) 6.6 (4.5) – 6.6 (4.5)

Abbreviations: ARIC, Atherosclerosis Risk in Communities Study; MD, Maryland; MN, Minnesota; MS, Mississippi; NC, North Carolina; SD, standard
deviation; UCLA, University of California, Los Angeles.
aHypertension was defined as measured systolic blood pressure ≥140, diastolic blood pressure ≥90, or self-reported medication use for lowering blood pressure.
bDiabetes was defined as measured fasting blood glucose ≥126 mg/dL, non-fasting level ≥200 mg/dL, self-reported diagnosis of diabetes by a physician, or self-
reported medication use for diabetes.
cDepression was defined with the 11-item Center for Epidemiologic Studies Depression (CES-D) Scale which measures frequency of depressive symptoms in
the past week. No depressive symptomology: score range: 0–9; Depressive symptomology: score range: 9.
dMini-Mental State Examination [MMSE] was used to measure baseline cognition. A MMSE score ≥23 for participants with a high school degree or less, ≥25
for participants with some college education or more was used to define normal cognition.
eGlobal cognition factor score was derived from a comprehensive neurocognitive battery. Tests included delayed word recall, digit symbol substitution,
incidental learning, trail making parts A and B, logical memory, digit span backwards, Boston naming, word fluency, and animal naming. Standardized factor
scores were developed using a latent variable modeling approach that has been previously used and validated.
fHearing was measured audiometrically and summarized with a 4-frequency pure tone average (0.5, 1, 2, and 4 kHz; pure-tone average [PTA]) for the better-
hearing ear.
gHHIE-S = Hearing Handicap Inventory for the Elderly—Screening version (HHIE-S) scores has the following clinical scaling No Handicap (0–8), Mild–
Moderate (10–24), and Severe (26–40).
hHearing aid usage was defined by a time-weighted average of datalogging of the hearing aid use per day between baseline and Year 3. A total of 392

participants had information for average number of hearing aid use between baseline and Year 3.
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FIGURE 2 (A and B) Blue represents the control intervention while red represents the hearing intervention group. In the top panel (A),

Hearing Handicap Inventory for the Elderly—Screening version (HHIE-S) score for each group is shown at Baseline (gray) and at 6 months

(6 M) and Years 1–3 (Y1, Y2, Y3). Clinical scaling of the HHIE-S is shown with gray horizontal lines indicating No Handicap (0–8), Mild–
Moderate (10–24), and Severe (26–40). The bottom panel (B) shows a waterfall plot for each participant indicating their starting HHIE-S score

at baseline to their final HHIE-S score at Year 3.
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intervention: 22.0%, health education control: 64.8%),
2-year (hearing intervention: 25.8%, health education
control: 62.5%), and 3-year follow-up assessments (hear-
ing intervention: 34.2%, health education control: 74.8%).
Individual change from baseline to 3-year follow-up
assessment in HHIE-S score are graphically presented in
Figure 2B; nearly all participants in the hearing interven-
tion had lower HHIE-S scores (improved perceived com-
municative function) at 3-year follow-up, while change
in HHIE-S score in the health education control was
mixed.

Table 2 reports the estimated effect of the hearing
intervention on change in HHIE-S score from baseline to
Year 3. Hearing intervention had a positive effect on per-
ceived communicative function in both models at all time
points. In fully adjusted models, we estimated a differ-
ence of �8.9 (95% CI: �10.4, �7.5) points between inter-
vention and control groups in change in HHIE-S score
from baseline to 6 months, �9.3 (95% CI: �10.8, �7.9) to
Year 1, �8.4 (95% CI: �9.8, �6.9) to Year 2, and � 9.5
(95% CI: �11.0, �8.0) to Year 3. In sensitivity analyses
(Table S3), the positive effect of hearing intervention on
perceived communicative function were statistically simi-
lar by recruitment route (ARIC, de novo), but patterns of
effect suggest a stronger intervention effect in the de novo
cohort compared to the ARIC cohort at 6 months (�9.9
[95% CI: �11.6, �8.3] vs �5.7 [95% CI: �8.6, �2.8]), Year
1 (�10.4 vs �6.0), Year 2 (�9.0 vs �5.9), and
Year 3 (�10.3 vs �6.4). Figure S1A,B graphically display
change in HHIE-S among the whole sample and then
separated by recruitment source. The magnitude of the
intervention effect was larger in per-protocol (Table S4)
and complier average causal effect sensitivity analyses
(Table S5). The magnitude of the intervention effect in

both sensitivity analyses that included multiple imputa-
tion of missing data (Table S6) and inclusion of COVID-
19 covariates (Table S7) was similar to the magnitude of
effect observed in primary analyses. The magnitude
of the intervention effect in restricted sensitivity analyses
where only baseline and Year-3 were compared (in-
person data collection only) was similar to the analyses
with all Years included (Table S8).

DISCUSSION

The ACHIEVE Study is the largest and longest random-
ized controlled trial investigating the effects of hearing
intervention on self-perceived communicative function.
Hearing intervention (compared to health education con-
trol) had a strong, positive, and clinically significant
effect on self-perceived communication that was evident
at 6-months post-intervention and was sustained through
the end of study follow-up (3-years post-intervention).
Findings suggest hearing intervention is effective for
improving self-perceived communicative function among
older adults with hearing loss. Greater clinical awareness
of hearing and increased uptake of hearing treatment
could have benefits for many older adults with
hearing loss.

Approximately 70% of participants reported clinically
actionable functional impairment at baseline (HHIE-S
score ≥10, mild or greater impairment); with nearly half
of the participants in the hearing intervention group
reducing impairment to no hearing handicap (HHIE-S
score 0–8). This finding shows that these participants
with a significant impairment at baseline later reported
good communicative functioning indicating ability to

FIGURE 3 Proportion of participants

with clinically significant Hearing

Handicap Inventory for the Elderly—
Screening version (HHIE-S) scores

(greater than mild handicap, score ≥10)
by intervention assignment. Blue

represents the control intervention while

red represents the hearing intervention

group. *p < 0.001.
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process speech sounds sufficiently to enable the individ-
uals to participate in a wide range of desired daily social
listening activities without limitations or restrictions.
Findings from the ACHIEVE Study are consistent with
prior evidence and expand our current understanding of
the sustained benefit of hearing intervention on commu-
nicative function. Among 194 veterans, Mulrow con-
ducted a randomized controlled trial to evaluate the
effects of hearing intervention versus waitlist control on

cognition and also reported improved HHIE scores at
6-weeks and 4-month follow-up.46 Our results expand to
larger clinical population and provide long-term sus-
tained evidence. More recently, in a prospective observa-
tional study18 of 99 adults aged 60–84 years, compared to
an observational control group, almost two-thirds of
those in the hearing intervention group reported signifi-
cantly improved communicative functioning, with a
greater proportion of males reporting significantly more

TABLE 2 Estimated effect of the ACHIEVE intervention on HHIE-S scores over 3 years under the intention to treat principle (N = 923).

Unadjusted model Fully adjusted model

Coefficient (95% CI) p-value Coefficient (95% CI) p-value

Baseline

Control 15.0 (14.3, 15.8) 14.7 (14.0, 15.5)

Hearing intervention 15.8 (15.0, 16.6) 15.3 (14.5, 16.0)

6 months

Control 14.1 (13.2, 14.9) 13.9 (13.2, 14.7)

Difference from baseline �1.0 (�2.1, 0.1) �0.8 (�1.8, 0.3)

Hearing intervention 5.8 (5.0, 6.6) 5.6 (4.8, 6.3)

Difference from baseline �10.0 (�11.1, �8.9) �9.7 (�10.7, �8.7)

Difference between groups �9.0 (�10.6, �7.4) <0.001 �8.9 (�10.4, �7.5) <0.001

1 year

Control 14.2 (13.4, 15.0) 14.4 (13.6, 15.1)

Difference from baseline �0.9 (�2.0, 0.3) �0.4 (�1.4, 0.7)

Hearing intervention 5.7 (4.9, 6.5) 5.6 (4.9, 6.4)

Difference from baseline �10.1 (�11.2, �9.0) �9.7 (�10.7, �8.6)

Difference between groups �9.3 (�10.8, �7.7) <0.001 �9.3 (�10.7, �7.9) <0.001

2 years

Control 14.2 (13.4, 15.0) 14.9 (14.0, 15.8)

Difference from baseline �0.8 (�2.0, 0.3) 0.2 (�1.1, 1.5)

Hearing intervention 6.6 (5.8, 7.4) 7.2 (6.2, 8.1)

Difference from baseline �9.2 (�10.4, �8.1) �8.1 (�9.4, �6.9)

Difference between groups �8.4 (�10.0, �6.8) <0.001 �8.3 (�9.8, �6.8) <0.001

3 years

Control 16.3 (15.5, 17.2) 16.4 (15.6, 17.2)

Difference from baseline 1.3 (0.1, 2.4) 1.7 (0.6, 2.7)

Hearing intervention 7.8 (6.9, 8.6) 7.5 (6.7, 8.3)

Difference from baseline �8.1 (�9.2, �6.9) �7.8 (�8.9, �6.7)

Difference between groups �9.4 (�11.0, �7.7) <0.001 �9.5 (�11.0, �8.0) <0.001

Note: Hearing Handicap Inventory for the Elderly—Screening version (HHIE-S) scores (means and 95% CI) for each group (control vs hearing intervention) is
reported at each assessment points and the difference from baseline and between the groups is reported after randomization (6 months and Years 1–3). The
clinical scaling of the HHIE-S is No Handicap (0–8), Mild–Moderate (10–24), and Severe (26–40), thus, a reduction from baseline or between groups indicates

reduced impairment. The unadjusted model included a binary variable for the intervention (hearing intervention vs health education control) and the
interaction of time with the intervention group variable. The fully adjusted model additionally included baseline age, race, sex, education, marital status, living
arrangements, income, recruitment route, being part of a recruited spousal pair, hypertension, diabetes, smoking and drinking status, depression, loneliness,
global cognition factor score, better-ear pure tone average, whether the outcome was assessed over the phone or in person, and the interaction between study
visit and all additional covariates.
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improvement. That study used different tools to capture
communicative function but had similar best practices
audiological care with detailed hearing aid usage. In a
longitudinal cross-sectional evaluation of hearing aid
users (n = 69) and non-users (n = 597), communicative
function benefit (also measured with the HHIE) with
hearing aids was reported at 5 and 11 years of follow-
up.47 We now confirm the improvement with hearing
intervention with a much larger sample in a randomized
trial design that helps reduce group differences that were
either not measured or not fully accounted for by statisti-
cal adjustment.

Differences in baseline HHIE-S scores observed
between the ARIC and de novo cohorts highlight the
importance for clinicians of actively screening for hearing
and encouraging patients to consider hearing interven-
tion. Unlike the de novo cohort, who were self-selected
volunteers specifically interested in a healthy aging
study, participants from the ARIC Study represent a
randomly-sampled cohort of the population who joined
ACHIEVE based on their ongoing participation in the
ARIC Study. The ARIC cohort reported less problems
with communication impairment at baseline than the de
novo cohort (HHIE-S 12.1 vs 16.4, respectively) despite
equivalent levels of audiometric hearing level. Self-
perceived hearing difficulties is a key factor for hearing
aid uptake and use48,49; and interestingly, even with the
ARIC participants reporting less communicative limita-
tions, they showed improvements in communicative
function. The self-perceived communicative functioning
is likely explained by the interest among the self-selected
de novo participants in pursing hearing intervention,
while the lower HHIE-S scores in the ARIC cohort sug-
gest these participants likely would not have voluntarily
pursued hearing intervention on their own or reported
concerns about hearing to their healthcare provider.
However, both cohorts experienced an improvement in
communicative functioning with hearing intervention at
6-months that was sustained at 3-year follow-up. The
ARIC cohort also experienced the greatest benefit with
hearing intervention in reduction of 3-year cognitive
decline, as reported previously in the primary results of
the ACHIEVE Study.25 These findings suggest that clini-
cians should consider screening for hearing and discuss-
ing the role of hearing intervention regardless of
participant self-report of communicative difficultly.
Although we recommend the use of the HHIE-S or com-
parable versions,33,36,50 as a tool to assess communicative
function and benefit of hearing intervention, perhaps the
combination of self-perceived function and objective
measurements of hearing are needed. Referral to an audi-
ologist is one way for a patient to obtain objective status
of their hearing, but clinicians can also encourage

patients with a smartphone to test their hearing them-
selves using apps that can accurately provide a user's
4-frequency pure tone average (PTA4, also termed the
Hearing Number,51). Inclusion criteria for participants in
the ACHIEVE Study included a PTA4/Hearing Number
between 30 and 70 dB corresponding generally to a mild
to moderately-severe level of hearing loss.

Our study had limitations. Participants and study staff
were not masked to intervention assignment, given the
nature of the intervention, which may have influenced
responses; however, interventionists did not collect out-
come data, and participants were masked to the study
hypotheses. Participants were informed that both inter-
ventions were designed to promote healthy aging and
that they would be offered the other intervention after
the 3-year study period. Further, the HHIE-S was asked
verbally by study staff and participants with untreated
hearing loss in the health education control may have
had more difficulty responding. Although the HHIE-S is
the most widely used and accepted measure of self-
reported communicative function, a single instrument
may not fully capture all communicative function
domains. We have other planned analyses that will look
at other objective and subjective measures of communi-
cation function which will be important to compare to
the present findings. There are known effects of age and
gender on HHIE-S52 that were not the focus of this analy-
sis and would require specific analytic approaches to
thoroughly evaluate. While we acknowledge the role of
ethnicity on hearing care and health related outcomes
among Hispanic individuals,53 the availability of ethnic-
ity information in the ACHIEVE study is limited. Out of
the N = 977 recruited participants, ethnicity information
is available only for N = 860 (88%). In total only N = 9
(1%) individuals self-identified as Hispanic, all of which
were recruited de novo. Due to these data limitations, our
analyses do not account for ethnicity, and we recommend
that future research efforts include a more diverse popula-
tion sample. Our results may not be generalizable to popu-
lations outside the ACHIEVE Study from the four field
centers, and the best practice hearing intervention may
not be scalable to deliver in all clinical environments.

Findings from this study add to the existing evidence
supporting a positive effect of hearing intervention on
multiple components of health. However, hearing loss
remains underdiagnosed and unaddressed.54,55 As the
communicative functioning, social engagement, and psy-
chosocial wellbeing of the aging population is
important,9,10,56 we recommend greater clinical as well as
patient awareness of hearing and hearing intervention
for older adults with hearing loss. Patients who experi-
ence or may not yet perceive hearing-related limitations
in communicative function can both benefit from hearing
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intervention. We recommend healthcare practitioners
provide hearing screening or referral services which can
lead to critical identification, diagnosis, education, sup-
port, and treatment for older adults with hearing loss.
Findings also support efforts to increase affordable access
to hearing care through Medicare coverage of quality
hearing care and treatment. In the ACHIEVE Study,
hearing intervention was effective for improving self-
perceived communicative function over 3 years among
older adults with hearing loss. These findings have impli-
cations for greater awareness of hearing and increased
uptake of hearing treatment which could have benefits
for many older adults with hearing loss.
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SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

Figure S1. (A and B) Blue represents the control inter-
vention while red represents the hearing intervention
group. In the top panel (S1A), Hearing Handicap Inven-
tory for the Elderly—Screening version (HHIE-S) score
for each group is shown at baseline (0 years from ran-
domization) and at 6 months and Years 1–3 (1, 2, 3 years
from randomization). Bottom panel (S1B) shows de novo
and ARIC recruitment sources separated out. De novo is
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represented in solid line (blue control, red intervention)
and ARIC is represented with dashed line (blue control,
red intervention). Clinical scaling of the HHIE-S is the
following: No Handicap (0–8), Mild–Moderate (10–24),
and Severe (26–40).
Table S1. Baseline characteristics of analytic sample by
recruitment type.
Table S2. Proportion of study participants with no handi-
cap (HHIE-S ≤8) and mild or worse hearing handicap
(HHIE-S ≥10) by randomization group.
Table S3. Estimated effect of the ACHIEVE intervention
on HHIE-S scores under the intention to treat principle
stratified by recruitment type.
Table S4. Estimated effect of the ACHIEVE intervention
on HHIE-S scores analysis restricted to participants who
completed their assigned interventions (per-protocol ana-
lyses) (N = 775).
Table S5. Estimated effect of the ACHIEVE intervention
on HHIE-S scores using complier average causal effect.
Two-stage least squares (N = 923).

Table S6. Estimated effect of the ACHIEVE intervention
on HHIE-S scores using two-level mixed effect linear
model. Multiple imputation analyses (N = 977).
Table S7. Estimated effect of the ACHIEVE intervention
on HHIE-S scores. Two-level mixed effect linear model.
Analyses including COVID-19 timing related covari-
ates (N = 923).
Table S8. Estimated effect of the ACHIEVE intervention
on HHIE-S scores. Two-level mixed effect linear model.
Analyses restricting our sample to only baseline and Year
3 measures, all of which took place in-person (N = 923).
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