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Background: Hearing loss is associated with greater cognitive decline and incident dementia in
older adults. Whether hearing intervention could reduce cognitive decline in cognitively-healthy
older adults with hearing loss is unknown.

Method: The ACHIEVE study is a multicentre, parallel group, unmasked randomised controlled
trial (ClinicalTrials.gov: NCT03243422) of 70-84 year-old adults with untreated hearing loss and
free from substantial cognitive impairment that took place at four community study sites across
the United States. Participants were recruited from two study populations at each site: 1) older
adults participating in a longstanding observational study of cardiovascular health (Atherosclerosis
Risk in Communities [ARIC] study), and 2) healthy de novo community volunteers. Participants
were randomised (1:1) to hearing intervention (HI; audiological counselling and provision of
hearing aids) or a successful aging health education control intervention (SA; individual sessions
with a health educator covering topics on chronic disease prevention) and followed semi-annually.
The primary endpoint was 3-year change in a global cognition standardized factor score from a
comprehensive neurocognitive battery. Analysis was by intention-to-treat.

Findings: From November 9, 2017 to October 25, 2019, 3004 participants were screened for
eligibility, and 977 participants (238 from ARIC, 739 de novo) underwent randomisation; 490
were assigned to HI and 487 to SA control. Participants from ARIC were older, had more risk
factors for cognitive decline, and had lower baseline cognitive scores than the de novo cohort.

In the primary analysis combining the ARIC and de novo cohorts, 3-year cognitive change (in
standard deviation units) was not significantly different between HI and SA control (HI: —0-200
[95% confidence interval [CI]: —0-256, 0-144]; SA: —0-202 [95% CI: —0-258, —0-145]; Difference
0-002 [95% CI: -0-077, 0-081], p=0-96). However, a prespecified sensitivity analysis demonstrated
a significant difference in the effect of HI on 3-year cognitive change between the ARIC and

de novo cohorts (p for interaction=0-010). Other prespecified sensitivity analyses that varied
analytical parameters used in the total cohort did not change the observed results. No significant
adverse events attributed to the study were reported with either HI or SA control.

Interpretation: Hearing intervention did not reduce 3-year cognitive decline in the primary
analysis of the total cohort. However, a prespecified sensitivity analysis demonstrated that the
effect differed between the two study populations that comprised the cohort. These findings
suggest that hearing intervention may reduce cognitive change over 3 years in populations of older
adults at increased risk for cognitive decline but not in populations at decreased risk for cognitive
decline.

Funding: This study was funded by grants from the National Institutes of Health.

Introduction

The global burden of dementia will increase rapidly over the next 30 years because of the
aging of the world’s population. Over 150 million individuals are projected to be living with
dementia by 2050 with the vast majority living in low and middle income countries.! Efforts
to address this global health challenge have increasingly focused on identifying potentially
modifiable risk factors that could be addressed at scale to help reduce the risk of dementia
and the cognitive decline that precedes dementia onset.

Lancet. Author manuscript; available in PMC 2024 September 02.
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Over the past five years, consensus studies?~ investigating these risk factors have
consistently identified hearing loss, prevalent in 65% of adults over 60 years, © as being

a key risk factor of interest. Reports from the Lancet Commission on Dementia have
identified hearing loss as being the single largest potentially modifiable risk factor for
dementia in both high and low-to-middle income countries. 2° Hypothesized mechanisms
through which hearing loss and degraded peripheral sound encoding could affect cognitive
decline and dementia risk include effects of hearing loss on cognitive load, brain structure,
and/or reduced engagement in social and cognitively-stimulating activities. 7 Importantly,
these pathways may be modifiable with existing interventions for hearing loss that remain
underutilized (<10% of individuals in low-income countries and <20-30% in high-income
countries with hearing loss use hearing aids8).

Prior studies on the role of hearing aids in dementia prevention have principally been based
on observational data and have demonstrated encouraging results suggestive of a positive
effect of hearing intervention on reducing risk for cognitive decline and dementia. 910
However, inferences from these observational studies are limited because measured (e.g.,
education, income) and unmeasured factors (e.g., health behaviours) may confound observed
associations of hearing aid use with reduced cognitive decline. Therefore, we conducted a
3-year randomised controlled trial of hearing intervention (versus health education control)
to determine its effects on cognitive decline among community-dwelling older adults.

Study design and participants

The Aging and Cognitive Health Evaluation in Elders (ACHIEVE) study is a 3-year
multicentre, parallel group, unmasked randomised controlled trial that is based within the
scientific and physical infrastructure of the Atherosclerosis Risk in Communities (ARIC)
study, 11 an ongoing longitudinal study of adults who were aged 45-64 years when initially
recruited in 1987-1989 (N=15,792) from a random sample of the surrounding communities
at four community-based field sites in the United States (Forsyth County, North Carolina;
Jackson, Mississippi; Minneapolis suburbs, Minnesota; Washington County, Maryland). The
main goal of the observational ARIC study is to understand risk factors for heart disease and
stroke and the connections between cardiovascular and cognitive health. ARIC participants
have been followed since 1989 at 6 in-person study visits during which neurocognitive
testing was administered at 4 of the visits. The ACHIEVE study was carried out at the same
four field sites, and both studies shared study personnel, protocols, and methods. The trial’s
study design and methods have been previously published. 12

ACHIEVE participants were recruited from two populations at each site: 1) existing ARIC
study participants; and 2) de novo from healthy volunteers in the communities of the four
field sites. De novo participants were recruited through advertisements in local papers

and radio, internet advertisements, and related means.12 Participants were prescreened by
telephone and completed additional in-person screening. Main inclusion criteria were: 70
to 84 years old, adult-onset bilateral hearing loss with a better-ear 4-frequency (0.5 to 4
kHz) pure tone average (PTA) =30 and <70 dB, free of substantial cognitive impairment
(Mini-Mental State Exam [MMSE] =23 for high school degree or less; =25 for some
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Linetal.

Page 6

college or more), word recognition score in quiet 260% correct in the better-hearing ear,
community-dwelling, and being a fluent English speaker. Main exclusion criteria were: self-
reported disability in =2 activities of daily living, presenting visual acuity worse than 20/63
on the MNREAD acuity chart (Precision Vision, Woodstock, IL; corresponding to inability
to comfortably read 14-point font), self-reported hearing aid use in the past year, permanent
conductive hearing loss, medical contraindication to hearing aid use, or unwillingness to
wear hearing aids on a regular basis. Audiologically-related inclusion and exclusion criteria
were specified to identify individuals who would be expected to benefit from amplification
with conventional hearing aids and related audiological services.

The ACHIEVE trial was approved by the institutional review boards of all participating
study sites and academic centres. 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. A
final version of the study protocol and analysis plan are available at clinicaltrials.gov.

Randomisation and masking

Procedures

We randomised eligible participants using 1:1 permuted block randomisation, stratified

by severity of hearing loss (PTA <40 dB or = 40 dB), recruitment source (ARIC or de
novo), and field site, to either hearing intervention (HI) or a successful aging (SA) health
education control intervention from January 2018 to October 2019. Eligible participants who
were spouses/partners were randomised as a unit, stratified by recruitment source and field
site. The randomisation allocation schedule was developed by the coordinating centre at
the University of North Carolina and completed within the Carolina Data Acquisition and
Reporting Tool web-based data management system. Assignment to hearing intervention
(which involves participants’ use of hearing aids) is by nature unmasked to participants
and study staff collecting outcome data who may notice if a participant is wearing a
hearing aid. To minimize potential bias, participants were masked to the study hypothesis
and every participant was informed before randomisation that they would be offered both
study interventions which could promote healthy aging during study follow-up. Participants
were informed that either HI or SA intervention would be assighed randomly at baseline,
and all participants would then receive the other intervention after 3-year follow-up. Other
procedures to minimize bias included use of standardized protocols for training of data
collectors and assessment of study outcomes; lack of access to cognitive testing results
from prior study visits for data collectors and study coordinators to avoid unintentional
and possibly unconscious bias by study staff during data collection; and masking of
accumulating trial data from ACHIEVE investigators and study staff (except coordinating
centre staff and one unblinded statistician).

Participants randomised to HI completed four 1-hour sessions with a study audiologist held
every 1 to 3 weeks post-randomisation. Participants received bilateral hearing aids fit to
prescriptive targets using real-ear measures and other hearing assistive technologies to pair
with the hearing aids (e.g., devices to stream cell phones and television, remote microphones
to directly access other speakers in difficult listening environments). The intervention

Lancet. Author manuscript; available in PMC 2024 September 02.
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included systematic orientation and instruction in device use and hearing “toolkit” materials
for self-management and communication strategies. Reinstruction in use of devices and
hearing rehabilitative strategies was provided during booster visits held semi-annually.
Complete details of the hearing intervention have been previously published.13

Participants assigned to SA control met individually with a certified health educator who
administered the 10 Keys to Healthy Aging program,14 an evidence-based interactive health
education program for older adults on topics relevant to chronic disease and disability
prevention, which has been previously implemented as the control intervention in other
trials. The format of the SA control intervention was designed to control for general levels
of staff and participant time and attention and to parallel the intensity of the hearing
intervention. Participants met with a health educator every 1 to 3 weeks for a total of four
visits post-randomisation. Session content was tailored to each participant and included

a standardized didactic education component as well as activities, goal-setting, optional
extracurricular enrichment activities, and a 5- to 10-minute upper body extremity stretching
program. Participants returned for booster sessions semi-annually.

After baseline assessment, randomisation, and provision of the assigned study intervention,
participants were followed at semi-annual visits. From March 2020 to June 2021, all study
sites were closed for in-person study visits because of the COVID-19 pandemic. During this
period, visits continued with modified procedures for provision of phone-based intervention
booster sessions and phone-based assessments of study outcomes.

The primary study endpoint is change (in standard deviation [SD] units) from baseline

to year 3 in a global cognition standardized factor score derived from a comprehensive
neurocognitive battery that was administered at baseline and annually for 3 years 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 (appendix
p 9-11). Standardized factor scores were developed using a latent variable modelling
approach that has been previously used and validated1®. Compared with other summary
measures, such as weighted averages (e.g., z-scores), factor scores better account for
measurement error of individual tests and their relative difficulty and improves precision.16
In addition to the neurocognitive battery, the MMSE was administered at baseline and
semiannually. During the period of COVID-related study site closures, a telephone-based
adaptation of the neurocognitive battery and MMSE was developed and implemented for
the annual neurocognitive assessments. This battery included Consortium to Establish a
Registry for Alzheimer’s Disease (CERAD) immediate and delayed word recall, digit span
backward, oral trails A and B, word fluency, and animal naming. Final year 3 neurocognitive
assessments were conducted in-person from June 2021 to November 2022. Procedures
implemented to help ensure hearing loss would not affect cognitive testing accuracy were
described previously.12 Of the 10 tests comprising the in-person neurocognitive battery, only
2 tests had exclusively auditory stimuli (digit span backward and logical memory). All other
tests contained visual stimuli or both auditory and visual stimuli.

Lancet. Author manuscript; available in PMC 2024 September 02.
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Secondary cognitive outcomes include 3-year change in cognitive domain-specific latent
factor scores!® (executive function [trail making A and B, digit symbol substitution],
language [Boston naming, word fluency, animal naming], and memory [delayed word

recall, logical memory, incidental learning) and time until cognitive impairment defined as a
composite outcome of; 1) adjudicated dementia determined from in-person or phone-based
evaluations; 2) adjudicated mild cognitive impairment (MCI) determined from in-person
evaluations; or 3) a 3-point drop compared to baseline in a 30-item MMSE administered
in-person or the equivalent in a factor score derived from the 10-item MMSE orientation
subscale and 11-item Blessed scale administered over the phone. Incident events of cognitive
impairment defined by adjudicated MCI or a 3-point drop compared to baseline in the
MMSE or phone equivalent required subsequent confirmation at the following assessment to
ensure persistence of cognitive impairment. Diagnostic adjudication procedures for MCI and
dementia diagnoses are provided in the appendix (p 16-20).

A measure of self-perceived communicative function (Hearing Handicap Inventory for
the Elderly-Screeningl’ [HHI]) was also assessed at baseline and annually to evaluate
for hearing intervention target engagement. This interviewer-administered 10-item scale
assesses the influence of hearing loss on daily communicative function. An HHI score
0-8 indicates no communication impairment, 10-24 mild-to-moderate communication
impairment, and 26-40 significant communication impairment.

Statistical analysis

Sample size and power were calculated on the following assumptions based on prior data
from ARIC and other representative studies of older adults: 1) change in global cognition
standardized factor score of —0-24 SD units over 3 years; 2) standard deviation of 3-year
cognitive change of 0-27; 3) drop-in (individuals in SA control obtaining hearing aids
outside of the study) and drop-out (individuals assigned to HI who discontinue hearing aid
use entirely) net total of 15% over 3 years; 4) withdrawal or missing data from competing
events of 27% over 3 years. Under these assumptions, a sample size of 850 participants
provided 90% power with two-tailed a=0-05 to detect a 35% difference in the rate of 3-year
cognitive change between HI and SA control. Prior to reaching this target sample size and
based on the favourable rate of recruitment, the DSMB recommended a modest extension to
the recruitment period to obtain a larger sample size to account for potential uncertainty. A
3-month extension of the recruitment period after the initial target sample size of 850 was
reached allowed for a final sample size of 977.

Descriptive characteristics were compared by randomisation and recruitment source (ARIC
or de novo). We estimated the effect of randomised treatment assignment on 3-year change
in global cognition by fitting a three-level linear mixed effects model with an unstructured
covariance matrix to data from the baseline and the year 3 in-person neurocognitive
assessment. The model utilized restricted maximum likelihood with a Kenward-Roger
correction to generate parameter estimates, 95% confidence intervals (CI), and p-values.

A random intercept and time slope were specified at level two for participants and a
random intercept was specified at level three for spouses/partners randomised as a unit.
Neurocognitive data from in-person year 1 and 2 assessments were used when a participant

Lancet. Author manuscript; available in PMC 2024 September 02.
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died prior to year 3 but completed an assessment less than a year before death. Phone-based
neurocognitive data were only used in sensitivity analyses. A prespecified imputation model
generated values for missing covariates and global cognition factor scores at year 3. Time
from baseline and an interaction between time and randomisation were included in the
model along with prespecified, prognostic covariates of hearing loss severity (PTA <40 dB
vs 40+ dB), recruitment source, field site, age, sex, education, and the presence of APOE
e4 allele(s) at baseline. An interaction with time was specified for each covariate except
education. A three-way interaction between randomisation, recruitment source, and time
was tested prior to conducting sensitivity analysis that stratified by recruitment source. The
analysis was repeated for the secondary outcomes of executive function, language, and
memory.

We used cumulative incidence curves that accounted for the competing risk of death

to evaluate the secondary outcome of incident cognitive impairment. We employed a
two-level, discrete-time, cause-specific proportional-hazards model with a complimentary
log-log link to estimate the effect of treatment assignment on incident cognitive impairment.
The model utilized maximum likelihood with a quadrature approximation and a bias-
corrected sandwich estimator to generate hazard ratios, 95% Cls, and p-values. A random
intercept was specified at level two for spouses/partners. The same prespecified baseline
covariates were included in the model and missing covariates were imputed. A two-way
interaction between randomization and recruitment source was tested before stratification by
recruitment source.

Statistical significance for the primary outcome was defined as a two-tailed a<0-05. The
four secondary outcomes were evaluated with a Hochberg modification to the Bonferroni
adjustment in which estimates are considered statistically significant if the largest p-value

is <0:05. If the largest p-value exceeds 0-05, then the second largest p-value is evaluated

at <0:025 (0-05/2). If this p-value exceeds 0-025, then the third largest p-value is evaluated
at <0-017 (0-05/3). Finally, if this p-value exceeds 0-017, the fourth p-value is evaluated at
<0-0125 (0:05/4). The same approach was applied post-hoc to stratified analyses. The three-
way interaction in mixed effects models and two-way interaction in proportional-hazards
models were tested at a prespecified a.<0-10.

Sensitivity analyses estimated the per-protocol and complier average causal effect (CACE)
for each outcome, tested alternative methods of handling missing data, examined different
definitions of the outcomes, and compared continuous and discretized time. All analyses
were executed in SAS 9.4 (SAS Institute, Cary, NC) with the exception of multiple
imputation (Stata 18.0, StataCorp, College Station, TX) and CACE (Mplus 8.8, Muthén &
Muthén, Los Angeles, CA). The trial and analysis plan were registered at Clinical Trials.gov
(NCT03243422) before the unmasking of trial data.

From November 9, 2017 to October 25, 2019, 3004 participants were screened for eligibility
and 977 were randomised (238 participants from ARIC and 739 who were recruited
de novo); 490 participants were assigned to HI and 487 to SA control (Figure 1). All
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participants were randomised and had received their assigned study intervention before
COVID-19 pandemic-related closures of study sites for in-person visits from March 2020 to
June 2021 during which semi-annual and annual visits were converted to phone-based visits.
Sites re-opened for in-person visits in June 2021, and from June 1, 2021 to November 30,
2022, 862 participants (88:2%) returned for year 3 in-person visits, while 15 participants
(1-5%) had phone-based year 3 visits. A total of 100 participants (10-2%; 50 who had been
assigned to HI and 50 who had been assigned to SA control) did not complete a year 3 visit.
Of these 100 participants, 24 were lost to follow-up by year 3, 26 had withdrawn from the
study by year 3, 34 had died, and 16 did not complete neurocognitive assessment at year 3
(incomplete assessment).

Participants assigned to HI and SA control were similar at baseline (Table 1). The cohort
had a mean age of 76-8 years (SD 4-0), was 53.5% female and 11.5% Black, had a mean
4-frequency pure tone average of 39-4 dB (SD 6-9), mean MMSE of 282 (SD 1:6), and
mean self-perceived communication impairment (HHI) score of 15-3 (SD 9-8) indicative of
mild-to-moderate communication impairment. There were substantial differences at baseline
between participants from the ARIC versus de novo cohorts (appendix p 2). On average,
participants from ARIC compared to de novo were more likely to be older, female, Black,
have lower education and income, have higher rates of diabetes and hypertension, and to live
alone. ARIC participants had slightly lower MMSE scores and significantly lower global
cognition and cognitive domain factor scores at baseline compared to de novo participants.
ARIC and de novo cohort participants had similar audiometric levels of hearing at baseling,
but de novo participants had greater self-perceived communication impairment on the HHI.

The hearing intervention demonstrated evidence of target engagement based on self-reported
hours of hearing aid use and reduction in self-perceived communication impairment after Hl
(Table 1). Participants receiving HI reported a mean of 7-2 hours (SD 5.2) of hearing aid
use per day at year 3 and had HHI scores that declined from a mean of 15-7 (SD 10-2) at
baseline to 7-8 (SD 7-3) at year 3 which is indicative of no communication impairment. In
contrast, the HHI score among SA control participants increased from a mean of 14.9 (SD
9:-3) at baseline to 16:2 (SD 9:9) at year 3. A similar pattern of HI target engagement was
observed between the ARIC and de novo cohorts but with HI participants in the de novo
cohort reporting more hours of daily hearing aid use. During follow-up, the rate of drop-out
from the hearing intervention (i.e., discontinuance of hearing aid use) was 2%. Rates of
drop-in (i.e., individuals assigned to SA control but choosing to obtain hearing aids on their
own outside of the study) was 16-5% with a higher rate of drop-in observed among SA
control participants in the de novo than the ARIC cohort (19:4% vs. 7-8%).

In the analysis of the primary outcome of 3-year global cognitive change combining both
the ARIC and de novo cohorts, global cognitive change (in SD units) was not significantly
different between HI and SA control (Figures 2 and 3; Difference 0-002 [95% CI: —-0:-077,
0-081], p=0-96). However, prespecified sensitivity analyses stratified by recruitment source
demonstrated significant differences in the effect of HI on 3-year cognitive change between
the ARIC and de novo cohorts (p for interaction=0-010, Figures 2 and 3). In the ARIC
cohort, HI was associated with a 48% reduction in 3-year cognitive change compared to SA
control (Difference 0-191 [95% CI: 0-022, 0-360], p=0-027). In the de novo cohort, 3-year
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cognitive change was not significantly different between HI and SA control (Difference
-0-061 [95% CI: —0:151, 0-028], p=0-18). Other key distinctions between the ARIC and
de novo cohorts include lower baseline cognitive scores among ARIC participants (Figure
3) and a 2.7-fold greater rate of 3-year cognitive change among SA control participants

in the ARIC versus de novo cohort (-0-402 [95% CI: —0-536, —0-267] versus —0:151

[95% CI: —0-215, —0-087]). Sensitivity analyses that varied the analytical approach did not
substantively change the observed results for the primary outcome (appendix p 3,5,6,8),
although the protective effect of HI was greater in per-protocol and CACE analyses in the
ARIC cohort (appendix p 3).

Analyses of the secondary outcomes of domain-specific cognitive factor scores in executive
function, language, and memory domains did not demonstrate differences between HI

and SA control in analyses of the combined ARIC and de novo cohorts (Figures 2

and 3). In a stratified analysis of the ARIC cohort, HI was significantly associated with
reduced 3-year decline in the language domain (Difference 0-229 [95% CI: 0-050, 0-408],
p=0-012) compared to SA control. No effect of HI on 3-year change in cognitive domains
was observed in the de novo cohort. For the secondary outcome of incident cognitive
impairment, the cumulative incidence of cognitive impairment was noted be greater in the
ARIC versus de novo cohort by year 1. HI was not associated with a reduced hazard of
cognitive impairment in analyses of the total cohort (Hazard ratio [HR] 0-90 [95% CI: 0-61,
1.33], p=0:59) or in analyses stratified by the ARIC (HR 0-94 [95% CI: 0-54, 1-64], p=0-83)
or de novo cohort (HR 0-89 [95% CI: 0-48, 1.67], p=0-72).

Adverse events of otitis externa, cerumen impaction or ear foreign body requiring removal
by a physician, and death from any cause were monitored by study investigators and the
DSMB throughout the study. There were no adverse events that were unexpected and judged
to be related to study participation.

Discussion

In this first-in-kind randomised trial investigating the long-term effects of hearing
intervention on reducing cognitive decline, our results demonstrated differences in the
effect of hearing intervention between the two study populations that comprised the trial
cohort. The primary analysis of the total cohort which combined both study populations
demonstrated no effect of hearing intervention on reducing cognitive decline. However, in
prespecified stratified analyses, hearing intervention was associated with a 48% reduction

in 3-year global cognitive decline in the ARIC cohort (n=238), but no effect of HI was
observed in the de novo cohort (n=739). Compared to the de novo cohort of healthy
volunteers, the ARIC cohort had more risk factors for cognitive decline and dementia, lower
baseline cognitive scores, and faster rates of 3-year cognitive decline. Taken together, our
results suggest that hearing intervention may differ in its effect on 3-year cognitive change
across different populations. Hearing intervention in populations of older adults at increased
risk for cognitive decline and dementia may have a significant effect on reducing cognitive
change within 3 years. In contrast, hearing intervention may not have appreciable effects

on reducing cognitive change within 3 years in populations at decreased risk for cognitive
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decline. A follow-up study of the ACHIEVE cohort is currently underway to study longer
term effects of hearing intervention on cognition and other outcomes.

Results of the ACHIEVE trial are consistent with the findings of previous observational
studies?10:18.19 which have suggested that hearing loss treatment may have beneficial effects
on reducing cognitive decline and dementia. A recent pooled meta-analysis of 126 903
participants in 8 observational studies with periods of follow-up ranging from 2 to 25

years found a lower hazard of cognitive decline in hearing aid users. ® However, inferences
from these larger observational studies are often limited by residual confounding and lack
of information about the duration and characteristics of the hearing loss treatment. The
ACHIEVE study now provides RCT-level evidence of the effect of a well-defined hearing
intervention on cognitive decline. These findings are supportive of previous conclusions
from the 2020 Lancet Commission on dementia?, the 2022 United States National Plan to
Address Alzheimer’s Disease??, and recent research19:21 that has called for treating hearing
loss in older adults to supplement existing national dementia risk reduction strategies.
Results from the ACHIEVE study clarify that any benefits of hearing intervention in
reducing cognitive change within 3 years will likely vary across populations depending

on risk for cognitive decline.

Hypothesized mechanisms through which hearing loss could potentially increase risk for
cognitive decline and dementia have been previously described”-22:23 and include cognitive
load (information degradation hypothesis), structural effects on brain integrity (sensory
deprivation hypothesis), and reduced social engagement and participation in cognitively-
stimulating activities. These mechanisms are not mutually exclusive, and our findings in

the ACHIEVE study suggest that hearing intervention could mitigate the effects of hearing
loss on cognitive decline through one or more of these pathways. Future analyses of brain
MRI and social engagement data that were collected in the ACHIEVE study will allow for
further elucidation of the pathways through which hearing intervention may reduce cognitive
decline.

A key finding from the ACHIEVE study is the notable difference between the effect of

HI in the ARIC and de novo cohorts despite similar levels of baseline hearing and more
pronounced evidence of target engagement with the HI in the de novo cohort (as evidenced
by the larger drop in HHI scores and greater number of hours of hearing aid use). This
finding may be attributable to the nearly 3-fold difference in rates of cognitive change
observed in the control participants between the two cohorts. The annual rate of cognitive
change observed in de novo control participants (=0-151 SD unit change over 3 years =
-0-05 SD unit/year) is consistent with a slow rate of cognitive change (estimated at —0-04
SD unit/year in a previous study?4), while the rate in ARIC control participants (-0-402 SD
unit change over 3 years = —0-134 SD unit/year) is more consistent with a moderate rate of
cognitive decline (estimated at —0-19 SD unit/year?4). Based on the hypothesis that hearing
intervention could potentially reduce cognitive decline, the slow rate of cognitive change
observed in the de novo cohort may limit any effect of hearing intervention in potentially
further reducing this decline within a relatively modest 3-year period of follow-up.
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A possible explanation for the de novo cohort having a slower rate of cognitive change over
3 years compared to the ARIC cohort is that the de novo cohort was younger, had fewer

risk factors for cognitive decline (e.g., higher education, less cardiovascular risk factors, less
likely to be living alone), and higher baseline levels of cognition. These characteristics may
be related to a ‘healthy volunteer’ effect of the de novo participants being newly recruited
into this trial. A healthy volunteer effect has been described in previous cohort studies?2:26
whereby participants who newly elect to participate in studies generally represent a healthier
subset of the target population. In contrast, participants from ARIC were recruited more
than 30 years ago over which time there would be expected to be declining differences?’
between these participants and the potential target population of community-dwelling older
adults who meet study inclusion criteria. Another possible explanation for the slower rate

of cognitive decline in the de novo cohort relates to practice or learning effects with repeat
neurocognitive testing in the de novo participants who were naive to cognitive testing.
Other large trials involving repeated assessments of cognition have demonstrated continued
improvement in neurocognitive performance over 2 or more years, 2829 and the magnitude
of these practice effects may vary based on the type of neurocognitive test administered.

30 |n contrast, participants in the ARIC cohort had already undergone numerous cognitive
assessments prior to randomisation into ACHIEVE which would minimize benefits from
continued practice effects.

This trial has limitations. Understanding the possible effects of hearing intervention on
populations at decreased risk for cognitive decline will require longer-term follow-up of

the de novo cohort beyond 3 years which is currently underway. Participants and study
technicians also could not be feasibly masked to study intervention assignment which

could possibly bias collected results. Two of the 10 tests that comprise the in-person
neurocognitive battery also contained only auditory stimuli, and individuals receiving SA
control with untreated hearing loss could potentially perform more poorly on these measures
if the auditory stimuli were not correctly understood by the participant. However, in
secondary analyses of the 3 cognitive domains, we note that the strongest effect of HI

in ARIC participants was observed in the language domain which did not consist of any
tests with exclusively auditory stimuli. Finally, we were not able to observe effects of HI on
incident cognitive impairment, but these analyses may be underpowered given the relatively
modest period of follow-up. Continued follow-up of the ACHIEVE cohort is presently
underway to understand these longer term effects of HI on cognitive function.

Results from the ACHIEVE study add to the growing evidence base that suggests addressing
modifiable risk factors for cognitive decline and dementia could be impactful in reducing
the future global burden of dementia. Based on evidence from the ACHIEVE study, hearing
loss may be a particularly important global public health target for dementia prevention
efforts given that hearing loss is highly prevalent among older adults and is treatable with an
established intervention (i.e., hearing aids and related support services). Such interventions
are underutilized around the world, confer essentially no medical risk, and have now been
demonstrated to reduce cognitive decline within 3 years when implemented in late-life for
at-risk older adults.
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Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

We searched PubMed on May 22, 2023 using the search terms “(randomized trial)

AND (hearing) AND (cognitive decline)” and further restricted retrieved studies to those
that included a study population of adults without prevalent cognitive impairment or
dementia, tested an intervention involving technologies or strategies for hearing loss
treatment, had trial follow-up of >1 year, and had a primary outcome involving cognition.
No published trials were identified that met these criteria. A recent meta-analysis
published in February 2023 of 8 observational studies which had 126 903 participants
and a follow-up duration ranging from 2 to 25 years, concluded that hearing loss
intervention was associated with reduced hazard of long-term cognitive decline and that
the “cognitive benefit of hearing restorative devices should be further investigated in
randomized trials”.

Added value of this study

To the investigators’ knowledge, the ACHIEVE trial is the first randomised controlled
trial to investigate whether hearing intervention can reduce long-term cognitive change
in cognitively healthy older adults (primary prevention trial for cognitive decline and
dementia). The primary analysis of the total cohort showed no reduction in 3-year
cognitive decline with hearing intervention, but a prespecified sensitivity analysis
revealed a difference in the effect of hearing intervention between the two distinct
study populations that comprised the study cohort. Hearing intervention reduced 3-year
cognitive change in the population of older adults at increased risk for cognitive decline
but had no effect in those at decreased risk for cognitive decline.

Implications of all the available evidence

Taken together, our findings suggest that hearing loss may be a particularly important
global public health target for dementia prevention efforts. Hearing loss is highly
prevalent in older adults and is treatable with an established intervention (i.e., hearing
aids and related support services) that is underutilized and confers essentially no medical
risk. Results from this randomised trial suggest that hearing intervention can reduce
cognitive change within 3 years when implemented in late-life for older adults at
increased risk for cognitive decline.
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ARIC  De novo

Excluded by phone screening 95 230

Excluded by in-person screening 156 1203

Excluded by audiology screening 66 152

1102 Met eligibility criteria
De novo: 823

ARIC: 279

Declined participation

ARIC  De novo
41 84

977 Randomized

ARIC: 238 De novo: 739
-
490 Hearing intervention 487 Health education control
ARIC: 120 De novo: 370 ARIC: 118 De novo: 369
Y v
ARIC Year 1 De novo ARIC Year 1 De novo
114 Assessed in-person 320 115 Assessed in-person 296
0 Assessed by phone 39 1 Assessed by phone 48
5 Incomplete assessment 5 1 Incomplete assessment 4
0 Lost to follow-up 4 0 Lost to follow-up 3
0 Withdrew 1 0 Withdrew 17
1 Deceased 1 1 Deceased 1
ARIC Year 2 De novo ARIC Year 2 De novo
79 Assessed in-person 95 80 Assessed in-person 101
28 Assessed by phone 255 33 Assessed by phone 235
4 Incomplete assessment 7 3 Incomplete assessment 4
2 Lost to follow-up 3 0 Lost to follow-up 1
2 Withdrew 0 0 Withdrew 1
4 Deceased 4 1 Deceased 6
ARIC Year 3 De novo ARIC Year 3 De novo
97 Assessed in-person 336 106 Assessed in-person 323
4 Assessed by phone 3 1 Assessed by phone 7
5 Incomplete assessment 3 3 Incomplete assessment 5
0 Lost to follow-up 9 2 Lost to follow-up 0
2 Withdrew 1 1 Withdrew 1
3 Deceased 5 3 Deceased 4
Figure 1.

ACHIEVE Screening, Randomisation, and Follow-Up
Abbreviations: ACHIEVE, Aging and Cognitive Health Evaluation in Elders; ARIC,
Atherosclerosis Risk in Communities.
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Difference Between
Intervention & Control

3-Year Change in SD Units Favors Favors 3-Year Change in SD Units
B (95% CI) Control Intervention B (95% CI)
Primary Outcome:
Global Cognition
Control -0-202 (-0-258, -0-145) 0-002 (-0-077, 0-:081)
Intervention -0-200 (-0-256, -0-144) $ p=0-96
Secondary Outcomes:
Executive Function
Control -0-248 (-0-315, -0-181) o -0-020 (-0-118, 0-078)
Intervention -0-268 (-0-339, -0:197) p=0-69
Language
Control -0-155 (-0-214, -0-096) —— 0-017 (-0-070, 0-104)
Intervention -0-138 (-0-199, -0-077) p=0-70
Memory
Control -0-054 (-0-128, 0-020) H—— 0-079 (-0-029, 0-187)
Intervention 0-025 (-0-053, 0-103) p=0-15

-0.50

-0.25 0.00 0.25

3-Year Change in SD Units

Sensitivity Analysis

ARIC (N=238")

0.50
Difference Between Intervention & Control

Difference Between
Intervention & Control

3-Year Change in SD Units Favors Favors 3-Year Change in SD Units

Global Cognition* B (95% ClI) Control Intervention B (95% CI)

Control -0-402 (-0-536, -0-267) ' & . 0-191 (0-022, 0-360)

Intervention -0-211 (-0-349, -0-073) p=0-027
Executive Function

Control -0-387 (-0-578, -0-197) ,__._, 0-139 (-0-092, 0-370)

Intervention -0-248 (-0-434, -0-062) p=0-24
Language*

Control -0-344 (-0-488, -0-201) —— 0-229 (0-050, 0-408)

Intervention -0-116 (-0-264, 0-032) p=0-012
Memory

Control -0-154 (-0-335, 0-027) H ‘ . 0-201 (-0-019, 0-421)

Intervention 0-047 (-0-132, 0-227) p=0-073

De Novo (N=739%)
3-Year Change in SD Units 3-Year Change in SD Units

Global Cognition* B (95% CI) B (95% CI)

Control -0-151 (-0-215, -0-087) - -0-061 (-0-151, 0-028)

Intervention -0-213 (-0-277, -0-148) p=0-18
Executive Function

Control -0-202 (-0-273, -0-131) ' ‘ L -0-070 (-0-176, 0-035)

Intervention -0-272 (-0-351, -0:194) p=0-19
Language*

Control -0-111 (-0-178, -0-044) —H -0-059 (-0-156, 0-037)

Intervention -0-170 (-0-241, -0-100) p=0-23
Memory

Control -0-032 (-0-118, 0-055) ,_.‘_, 0-044 (-0-082, 0-171)

Intervention 0-013 (-0-081, 0-106) r T T d p=0-49

-0.50 -0.25 0.00 0.25 0.50
Difference Between Intervention & Control
3-Year Change in SD Units
Figure 2.

Covariate-Adjusted Analysis of Three-Year Cognitive Change by Randomised Treatment
Assignment Among the Total Cohort and Stratified by Recruitment Source (N=977)
Symbols: *Statistically significant (p<-05) three-way interaction between randomisation,
recruitment source, and time; ~ The analytic sample for the primary analysis comprised
977 in-person assessments from baseline, 862 in-person assessments from year 3 (203
ARIC, 659 De Novo), 9 in-person assessments (5 ARIC, 4 De Novo) from participants
who died prior to year 3 but completed an assessment less than a year before death, and
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106 missing year 3 assessments (30 ARIC, 76 De Novo) with values generated from a
prespecified multiple imputation model. Abbreviations: ACHIEVE, Aging and Cognitive
Health Evaluation in Elders; ARIC, Atherosclerosis Risk in Communities; Cl, confidence
intervals; SD, standard deviation. Parameter estimates, 95% confidence intervals, and p-
values were calculated from a linear mixed effects models that adjusted for hearing loss
(PTA <40 dB vs 40+ dB), recruitment source, field site, age, sex, education, and the
presence of APOE e4 alleles at baseline. An interaction with time was specified for each
covariate except education. A three-way interaction between randomisation, recruitment
source, and time was tested for each model prior to stratification.
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Sensitivity Analysis
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Trajectories and Pointwise Estimates of Cognitive Function by Randomised Treatment
Assignment Among the Total Cohort and Stratified by Recruitment Source (N=977)
Symbols: *The analytic sample for the primary analysis comprised 977 in-person
assessments from baseline, 862 in-person assessments from year 3 (203 ARIC, 659 De
Novo), 9 in-person assessments (5 ARIC, 4 De Novo) from participants who died prior to
year 3 but completed an assessment less than a year before death, and 106 missing year

3 assessments (30 ARIC, 76 De Novo) with values generated from a prespecified multiple
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imputation model. Abbreviations: ACHIEVE, Aging and Cognitive Health Evaluation in
Elders; ARIC, Atherosclerosis Risk in Communities. Y-axis values are cognitive factor
scores that were developed using a validated latent variable modeling approach15 and
standardized to the baseline with higher scores indicating better cognitive function.
Parameter estimates, 95% confidence intervals, and p-values were calculated from a linear
mixed effects models that adjusted for hearing loss (PTA <40 dB vs 40+ dB), recruitment
source, field site, age, sex, education, and the presence of APOE e4 alleles at baseline. An
interaction with time was specified for each covariate except education. Visualization based
on a hypothetical participant whose characteristics equalled the sample means. Ap refers to
the p-value of the interaction between time and randomisation.
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Sensitivity Analysis
ARIC (N=238)
De novo (N=739)
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Figure 4.

Cumulative Incidence of Cognitive Impairment by Randomised Treatment Assignment
Among the Total Cohort and Stratified by Recruitment Source (N=977)
Abbreviations: ACHIEVE, Aging and Cognitive Health Evaluation in Elders; ARIC,

Atherosclerosis Risk in Communities.

Cumulative incidence curves depict the proportion of participants with cognitive impairment

after accounting for the competing risk of death.
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