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Abstract
Background and Objectives
Hearing loss is a risk factor of cognitive decline and dementia. We sought to investigate the 
effect of hearing aid (HA) use on cognition and dementia risk in older adults with hearing 
impairment.

Methods
We emulated a target trial using data from Australian participants of the ASPirin in Reducing 
Events in the Elderly study. In the target trial, eligible participants were dementia-free, had 
moderate hearing impairment, and had no previous HA use. The treatment strategies were “use 
HAs” and “do not use HAs.” Outcomes included overall cognition, dementia (DSM-IV cri-
teria), and cognitive impairment (cognitive decline or dementia). The emulation used new HA 
prescription and frequency-of-use data measured by questionnaire, as well as cognition data 
from semiannual assessments over 7 years. Self-reported hearing problems were used as a proxy 
for moderate hearing impairment. Using the parametric g-formula, we estimated observational 
analogs of the intention-to-treat effect, using HA prescription to emulate allocation. Analyses 
for cognition outcomes were restricted to survivors. Multiple imputation was used for missing 
covariate and cognitive outcome data. We also emulated a second target trial with treatment 
strategies of (1) never, (2) rarely/sometimes, and (3) often/always use HAs.

Results
Across imputed data sets, a median of 2,777 eligible individuals were included, with a median of 
664 receiving a new HA prescription. The mean age was 75 years, and 48% were female. The 
estimated 7-year mean overall cognition scores among survivors were similar under HA pre-
scription and no HA prescription (mean difference 0.03 SDs; 95% CI −0.14 to 0.21). The 
estimated 7-year risk of dementia was 5.0% under HA prescription and 7.5% under no HA 
prescription (risk ratio [RR] 0.67; 95% CI 0.37–0.97), and that of cognitive impairment was 
36.1% under HA prescription and 42.4% under no HA prescription (RR 0.85; 95% CI 
0.70–1.00). The risks of dementia and cognitive impairment were inversely associated with the 
frequency of HA use.

Discussion
We found that HA use in older people with hearing impairment may reduce dementia risk, 
although differences in age-related cognitive change were insubstantial. We cannot rule out 
residual confounding as an explanation for our findings. Long-term randomized trials of HAs 
for dementia risk are justified.
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Classification of Evidence
This study provides Class III evidence that the use of hearing aids did not change overall cognitive scores in people 70 years and 
older with moderate hearing impairment as compared to those who used hearing aids.

Introduction
Hearing loss is highly prevalent in older age and is associated 
with increased dementia risk. 1 Posited mechanisms for this 
association include (1) a common neuropathic pathway for 
hearing loss and dementia; (2) sensory deprivation leading to 
neuronal atrophy; (3) hearing difficulty leading to social 
withdrawal; (4) changes to cognitive load due to increased 
listening effort; and (5) an interaction between the neu-
ronal demands of difficult listening and existing Alzheimer 
disease (AD) pathology (citations in references 2, 3). 
Observational evidence suggests that treating hearing loss 
with hearing aids (HAs) could reduce the risk of cognitive 
decline. 4 Nonetheless, treatment uptake is low, with HAs 
used by only a small proportion of those with meaningful 
hearing loss. 5

Recently, the Aging and Cognitive Health Evaluation in 
Elders (ACHIEVE) randomized trial investigated the effec-
tiveness of treating hearing loss for the prevention of cognitive 
decline. ACHIEVE was a parallel-group, unblinded trial that 
compared HAs, in conjunction with other hearing assistive 
technologies, with a health education control among older 
adults in the United States with untreated hearing loss (aged 
70–84 years; n = 977). 6 After 3 years, the intervention had no 
effect on cognitive decline relative to control (mean difference 
in change in overall cognition score 0.00 SD, 95% CI −0.08 to 
0.08) and had ambiguous effects on cognitive impairment 
(hazard ratio 0.90, 95% CI 0.61–1.33). There was, however, 
a substantial reduction in cognitive decline associated with 
HAs in a subgroup recruited into ACHIEVE from the Ath-
erosclerosis Risks in Communities cohort, who were more 
likely to be older, female, have lower educational attainment, 
poorer cardiometabolic health, and poorer cognition relative 
to other participants. 6

Given the relatively short duration of follow-up in ACHIEVE, 
it could not address some important questions. These include 
the effect of HAs on incident dementia risk and the long-term 
effect of HAs on cognition. 7 In this study, we sought to 
complement the evidence provided by ACHIEVE by 
addressing these gaps. Specifically, our primary aim was to

investigate the longer term (7-year) effect of HA use on 
cognition and dementia risk using observational data from the 
ASPirin in Reducing Events in the Elderly (ASPREE) study 8 

and associated substudies. Secondary aims were to investigate 
(1) the effect of HA use frequency on cognition and dementia 
risk and (2) effect modification by pretreatment age, hearing 
function, cognition, and physical health.

Methods
Observational Data Source
Data were obtained from Australian participants of the 
ASPREE trial and its observational follow-up called the 
ASPREE-eXTension (ASPREE-XT). 8,9 ASPREE was a ran-
domized, placebo-controlled trial investigating low-dose as-
pirin for disability-free survival in 19,114 older individuals 
(aged ≥70 years for Australian participants) in Australia and 
the United States. In Australia, participants were recruited 
through collaboration with their primary care physician be-
tween 2010 and 2014. Within 3–6 months of randomization 
(although 15% were delayed by up to 18 months), approxi-
mately 90% of the Australian ASPREE participants completed 
questionnaires on medical and social health factors, including 
the prescription and use of HAs, as part of ASPREE Longi-
tudinal Study of Older Persons (ALSOP), a cohort study 
nested within the subsample of Australian ASPREE partic-
ipants. 10 Follow-up ALSOP questionnaires were completed 
approximately 3 years later. 10 ASPREE participants were 
followed prospectively until the trial ended in 2017. Partic-
ipants were then invited to participate in ASPREE-XT, which 
continued to assess participants annually for 7 years. 11 A 
subset of ASPREE participants (n = 1,270) underwent base-
line audiometry assessments as part of the ASPREE-Hearing 
substudy. 12

In Australia, HAs are provided free of charge to aged and 
disability cardholders through the Hearing Services Program. 
Funding is also provided by the Australian Department of 
Veterans’ Affairs and private health insurers. Most or all HAs 
during the study period would have been provided within 
a hearing clinic by an audiologist.

Glossary
3MS = Modified Mini-Mental State Examination; ACHIEVE = Aging and Cognitive Health Evaluation in Elders; AD = 
Alzheimer disease; ALSOP = ASPREE Longitudinal Study of Older Persons; ASPREE = ASPirin in Reducing Events in the 
Elderly; ASPREE-XT = ASPREE-eXTension; COWAT = Controlled Oral Word Association Test; DSM-IV = Diagnostic and 
Statistical Manual of Mental Disorders, Fourth Edition; HA = hearing aid; HVLT-R = Hopkins Verbal Learning Test–Revised; 
PTA = pure tone average; RR = risk ratio; SDMT = Symbol Digit Modalities Test.
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Protocol for the Target Trials and Their 
Emulation Using Observational Data
We designed the analysis of these data to emulate 2 target 
trials (i.e., the hypothetical, pragmatic randomized trials that 
would be conducted to answer our research questions, were 
they feasible and timely to conduct). 13 The protocols for the 
target trials and their emulation using observational data are 
presented in Table 1. The protocols of the target trials are 
similar to that of the ACHIEVE trial, except that the target 
trials are pragmatic (i.e., performed in conditions similar to 
routine clinical care; eTable 1 gives a comparison).

Eligibility Criteria
Inclusion criteria for the target trials included age 70+ years, 
moderate hearing impairment (better-ear 4-frequency [0.5–4 
kHz] pure tone average [PTA] of ≥30 dBHL and <70 dBHL), 
and being free of dementia (Table 1). Exclusion criteria in-
cluded past HA use and contraindications for HAs (e.g., 
fluctuating conductive hearing loss).

In the observational emulation, we assessed participants for 
eligibility based on their data at recruitment into ALSOP/ 
ASPREE, except for survival and remaining event-free (for

Table 1 Protocol for the Target Trial and Observational Emulation

Protocol
component Target trials Observational emulation

Eligibility
criteria

Inclusion criteria:
• Aged 70+ y
• Moderate hearing impairment a

• 3MS score >77
• Community dwelling
Exclusion criteria:
• Dementia
• Inability/severe difficulty or requiring assistance in performing any 
activities of daily living

• Previous HA use or cochlear implant
• Poor visual acuity b

• Medical contraindication to/unwillingness to wear HAs

Inclusion criteria:
Same as target trial, except (1) self-reported hearing impairment is 
used instead of moderate hearing impairment and (2) consent for 
participation in ASPREE and ALSOP is required
Exclusion criteria:
Same as target trial, except (1) no exclusion for medical 
contraindication to/unwillingness to wear HAs (data unavailable) 
and (2) other ASPREE study exclusion criteria c

Treatment
strategies

Target trial 1
• Use HAs
• Do not use HAs
Target trial 2
• Never use HAs
• Use HAs rarely or sometimes (>0 and ≤3 times per month)
• Use HAs often or always (>3 times per month)

Same as target trial

Assignment
procedure

Participants are randomly allocated to one of the treatment 
strategies without blinding

Participants are assigned to strategies consistent with their 
observed data

Outcome • Overall cognition score over follow-up, estimated as the single 
factor from a confirmatory factor analysis model including all 
tests from cognitive battery

• Scores on individual cognitive tests over follow-up
• Time to dementia (DSM-IV criteria)
• Time to cognitive impairment (cognitive decline and dementia 
composite)

Same as target trial

Follow-up Follow-up begins once treatment is assigned. Follow-up ends after 7 
y, death, or loss to follow-up (whichever occurs first)

Follow-up begins at the third year of the ASPREE study (when the 
second ALSOP questionnaire is completed and new HA 
prescriptions and use frequency were reported). Follow-up ends 
after 7 y (i.e., 10 y after recruitment into ASPREE/ALSOP), death, or 
loss to follow-up (Figure 1)

Causal contrast Intention-to-treat effect and per-protocol effect

For cognitive scores, comparisons at a given follow-up point are 
restricted to only those who survive until at least that point (i.e., 
partly conditional effects). 14 For time-to-event analyses, the total 
effect (cause-specific cumulative incidence) is estimated. 15 Main 
text provides details

Same as target trials except only observational analogs of the 
intention-to-treat effect are estimated

Statistical
analysis

Effects are estimated using the parametric g-formula Missing data in eligibility criteria, covariates, and cognitive scores 
are imputed by fully conditional specification. Effects are estimated 
using the parametric g-formula, with adjustment for baseline 
confounders and time-varying predictors of censoring (for survival 
outcomes)

Abbreviation: 3MS = Modified Mini-Mental State Examination; ALSOP = ASPREE Longitudinal Study of Older Persons; ASPREE = ASPirin in Reducing Events in 
the Elderly; HA = hearing aid.
a Better-ear 4-frequency (0.5–4 kHz) pure tone average of ≥30 dBHL and <70 dBHL.
b Visual limitation in completing the 3MS.
c Including previous cardiovascular disease events and not being expected to survive for the next 5 years (original trial report provides details 9 ).

Neurology.org/N Neurology | Volume 106, Number 3 | February 10, 2026
e214572(3)

Copyright © 2026 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.n
eu

ro
lo

gy
.o

rg
 b

y 
M

ig
ue

l H
in

di
 o

n 
24

 J
an

ua
ry

 2
02

6

http://neurology.org/n


time-to-event analyses), which were assessed at the third year 
of the ASPREE study (Figure 1). Because audiometry data 
were only available for a subset of participants, we used self-
reported hearing problems as our criterion for moderate 
hearing loss in the primary analysis (eFigure 1 displays the 
distribution of audiometric hearing loss of those self-reporting 
hearing problems, in the subset with audiometry data available). 
Some criteria, such as the exclusion of those with contra-
indications for HAs, could not be emulated because these data 
were unavailable in the observational data set (Table 1).

Treatment Strategies

First Target Trial
The treatment strategies for the first target trial were (1) use 
HAs over follow-up and (2) do not use HAs over follow-up.

Second Target Trial
The treatment strategies for the second target trial were use 
HAs with the following frequencies over follow-up: (1) never, 
(2) rarely/sometimes (>0 and ≤3 times per month), and (3) 
often/always (>3 times per month). The strategies were the 
same in the observational emulation.

Assignment
In each target trial, participants are randomly assigned to 
a given strategy and are aware of their assignment. In the 
emulation of the first target trial, we assigned participants to 
the “use HAs” strategy if they reported a new HA prescription 
in the second ALSOP questionnaire, and to the “do not use 
HAs” strategy otherwise. In the emulation of the second target 
trial, participants who reported a new HA prescription in the 
second ALSOP questionnaire were assigned to strategies 
according to their reported frequency of HA use, which we 
assume represented their typical pattern of HA usage over the 
months before time zero. Those without a HA prescription 
were assigned to the “never” strategy.

Follow-Up
In the target trials, follow-up commences when eligibility 
criteria are met and treatment is assigned. In the emulation,

follow-up commences at the third year of the ASPREE study, 
when eligibility criteria were met and new HA prescriptions 
and use were first reported (Figure 1).

Outcomes
In the target trials and the observational emulation, the pri-
mary outcome was the overall cognition score over follow-up, 
estimated as the single factor score from a confirmatory factor 
analysis model that included each test from the ASPREE 
cognitive battery (eMethods). The score was scaled to have 
mean 0 and SD 1 at ASPREE baseline. Larger values indicate 
better performance. Secondary outcomes included time to 
dementia, time to cognitive impairment, and scores on the 
individual cognitive tests (Modified Mini-Mental State Ex-
amination [3MS] for global cognition, the Hopkins Verbal 
Learning Test–Revised [HVLT-R] for learning and memory, 
the single letter [F] Controlled Oral Word Association Test 
[COWAT] for language and executive function, and the 
Symbol Digit Modalities Test [SDMT] for psychomotor 
speed).

The procedure for dementia diagnoses has been described 
previously. 16 In brief, suspected dementia diagnoses (“trig-
gers”) were made based on cognitive decline, reports of 
memory or cognitive problems to a specialist, or the pre-
scription of cholinesterase inhibitors. Additional cognitive 
assessments were administered at least 6 weeks after the 
initial trigger. The available information (including any 
other relevant information, such as brain CT or MRI) was 
reviewed by a panel of neurologists, neuropsychologists, 
and geriatricians, with dementia adjudicated according to 
DSM-IV criteria. Dementia was not classified into sub-
classes for this study because most cases of dementia in 
older people are due to multiple brain pathologies. 16,17 

Cognitive impairment was defined as a composite of de-
mentia and cognitive decline, with cognitive decline de-
termined as a reduction of 1.5 sample SDs in performance 
on the HVLT-R Delayed Recall, SDMT, 3MS, or COWAT 
for an individual, relative to baseline, which was sustained 
for at least 2 assessments. 16

Figure 1 Structure of Observational Study

ALSOP = ASPREE Longitudinal Study of Older Persons; ASPREE = ASPirin in Reducing Events in the Elderly; HA = hearing aid.
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Causal Contrast
The causal contrasts in the target trials are the intention-to-
treat and per-protocol effects. In the observational emulation, 
because longitudinal data on HA adherence were not avail-
able, only observational analogs of intention-to-treat effects 
were estimated. For the emulation of the first target trial, 
the observational analog of the intention-to-treat effect is 
the effect of HA prescription vs no HA prescription. For the 
emulation of the second target trial, it is the effect of ini-
tiating HA use at frequencies of never, rarely/sometimes, or 
often always.

Death is a competing event for our analyses. For the cognitive 
outcomes, the contrast we estimate is the causal difference in 
means between strategies at a given follow-up time among 
those who survived until at least that time. This contrast is 
referred to as the “partly conditional effect” 14 and is written as
E ½Y zt − Y z t

9 jS ≥ t � in potential outcomes notation, where Y zt
is the outcome at time t under assignment to strategy z and S 
represents survival time. For the time-to-event outcomes, we 
estimated the “total effect,” also known as the cause-specific 
cumulative incidence, 15 which captures all paths through 
which exposure influences the outcome, including through 
the competing event itself. 18

Identifying Assumptions
The causal contrast for the cognition outcomes is identified 
(i.e., can be validly estimated) under the assumptions of ex-
changeability (no unmeasured common causes of treatment 
and the outcome or of missing data and the outcome), pos-
itivity (all participant subgroups have some positive proba-
bility of receiving each treatment strategy and of having 
complete data), and causal consistency. 19,20 Identification of 
the total effect for the survival outcomes further requires these 
assumptions for censoring. 15

We assumed that exchangeability for treatment held (i.e., that 
there was no residual confounding) after adjusting for se-
lected confounders at ASPREE baseline, including de-
mographic, clinical (e.g., diabetes), social, mental health, 
cognition, and hearing variables (e.g., better-ear 4-frequency 
PTA and tinnitus severity) and APOE e4 genotype (eTable 2 
provides detail on covariates, and information on handling of 
missing data is provided below). Confounders were identified 
from guidelines on dementia risk factors 1 and previous studies 
that have examined factors associated with HA use in similar 
populations. 21,22 The other identifying assumptions un-
derpinning our analysis are described in the directed acyclic 
graph and associated text in eFigure 2.

Statistical Analysis
The data analysis for the observational emulation followed 
a prespecified plan, although the analysis deviated from 
the plan due to computational limitations. These changes 
are described in the eMethods. Data analysis was per-
formed using R version 4.4.2. All analysis code is available 
online. 23

Missing Data
Missing data in the exposures, covariates, and outcomes are 
summarized in eTables 1 and 2. Missing data in exposures and 
covariates were generally infrequent, although audiometry 
data were only available for 10% of the sample. Outcome 
missingness was principally due to withdrawal (n = 464 [18%] 
by year 7) or death (n = 326 [13%] by year 7).

Missing data were multiply imputed by the fully conditional 
specification approach, using R package mice. 24 Missing data 
models included baseline covariates, treatment variables, all 
cognitive outcomes, 25 time-varying auxiliary variables (e.g., 
depression symptoms and dementia), and nonlinear and 
product terms. 26 Elastic net variable selection was used to 
select terms for inclusion in the imputation model. 27 Cogni-
tive data that were unavailable because the participant died 
before a given assessment point or because the planned an-
nual assessment had not yet occurred (and, therefore, survival 
status was not yet known; n = 464 [18%] at year 7 only) were 
not imputed. The specification of the imputation models is 
described in eTable 3.

Owing to missing data in some eligibility criteria, we used 
bootstrapping (200 samples) followed by multiple imputation 
to obtain CIs. 28 Two imputed data sets were created within 
each bootstrap sample. 29 Point estimates and CI limits were 
computed by pooling across imputed data sets and bootstrap 
samples using established formulas. 29 Details on imputation 
methods can be found in eMethods.

Estimation for Cognitive Outcomes
Mean cognitive scores over time under each treatment strat-
egy were estimated using the parametric g-formula. Outcome 
models were fitted using multivariable linear regression and 
included restricted cubic splines for continuous variables, in-
cluding time, as well as treatment by time, covariate by time, 
covariate by treatment, covariate by treatment by time, and 
covariate by covariate product terms (eTable 1). Effect 
modification by prespecified baseline characteristics was 
assessed by standardizing to the confounder distribution 
within subgroups of a given effect modifier.

Estimation for Survival Outcomes
Cause-specific risks of dementia and cognitive impairment for 
each treatment strategy were estimated using the parametric 
g-formula estimator for the total effect. 15 The algorithm has 
been described in detail previously. 15,30 In brief, we con-
structed a person-period data set, which we used to fit pooled 
over time generalized linear models for the event, for death, 
and for time-varying predictors of censoring (cardiovascular 
disease, cancer, frailty, polypharmacy, Short Form-12 physical 
and mental health component scores, and depression symp-
toms). 15 We then set treatment to a particular strategy and 
then sequentially, across 1-year intervals, simulated values of 
the time-varying covariates conditional on the assigned 
treatment, baseline covariates, and the simulated time-varying 
covariates from the previous year. Predicted hazards of the
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event and of death were computed as functions of the 
assigned treatment, baseline covariates, and the simulated 
time-varying covariates from the previous year. Risks were 
then estimated from these hazards. This process was repeated 
for each treatment strategy to estimate strategy-specific risks. 
The validity of these risk estimates relies on the above-
mentioned causal assumptions and no model 
misspecification.

Sensitivity Analyses

Benchmarking
We informally “benchmarked” our analysis by comparing our 
estimates for the overall cognition score outcome after 3 years 
with the primary results reported in the ACHIEVE trial. 31 The 
reasoning behind such benchmarking is that, if the findings 
are similar to the benchmark trial (here, ACHIEVE), then we 
can be more confident that the assumptions underlying the 
observational analysis are plausible (notably that there is little 
residual baseline confounding) and, therefore, also in the 
extension of the analysis to complementary questions that the 
benchmark trial did not address. 31

Other Sensitivity Analyses
We also performed the following sensitivity analyses:

1. We applied the same moderate objective hearing loss 
inclusion criterion as the target trials, based on 
audiometry data, using multiple imputation to handle 
missingness in these data across the whole sample.

2. To assess potential residual confounding (e.g., by health 
care engagement/access), we compared the overall 
cognition score between those prescribed HAs who 
“never” use them and those not prescribed HAs, 
adjusting for selected confounders.

3. We used (1) cancer and (2) consent for participation in 
ASPREE-XT as negative outcome controls, given the lack 
of hypothesized effect of HAs on these events.

4. The restriction to survivors for the cognitive outcomes 
could result in selection bias if mortality rates differ 
between HA strategies (DAG in eFigure 1). To assess the 
potential for this bias, we compared the risk of death 
between HA strategies.

5. To assess potential model misspecification for time-to-
event outcomes, we estimated outcome risks using an 
inverse probability–weighted estimator of the total 
effect 15 (eMethods).

Standard Protocol Approvals, Registrations, 
and Participant Consents
ASPREE and ASPREE-XT were approved by the ethics re-
view board at each participating institution. All participants 
provided written informed consent.

Data Availability
Data from the ASPREE study are available to researchers 
who have submitted and received approval for an expres-
sion of interest in the ASPREE access management system

(ams.aspree.org/public/request-data/access-aspree-
data/).

Results
Characteristics of the eligible sample are listed in Table 2. 
Across imputed data sets, a median of 2,777 eligible partic-
ipants were included in the sample. A flow diagram for sample 
selection is displayed in eFigure 3. A median of 664 partic-
ipants reported receiving a new HA prescription during the 
3 years preceding time zero. HAs were reported as never used 
(or not prescribed) by 2,196 (79%), rarely or sometimes used 
by 188 (7%), and often or always used by 402 (14%). By the 
end of follow-up, there was a median of 51 deaths, 25 de-
mentia cases, and 131 cognitive impairment cases among

Table 2 Demographic and Clinical Characteristics of the 
Sample a

Characteristic b

New hearing aid prescription

Yes No

N c 664 (646, 686) 2,113 (2,079, 2,143)

Age, y 75.1 (71.8, 77.3) 74.2 (71.4, 76)

Sex, woman 327 (49) 1,015 (48)

Education, y

<9 106 (16) 285 (14)

9–11 207 (31) 662 (31)

12 78 (12) 236 (11)

13–15 97 (15) 332 (16)

16 55 (8) 179 (8)

>16 121 (18) 415 (20)

White race 653 (98) 2,091 (99)

APOE «4 positivity 156 (23) 568 (27)

Smoking

Current 16 (2) 52 (2)

Former 277 (42) 913 (42)

Never 372 (56) 1,144 (54)

Diabetes 57 (9) 149 (7)

History of cancer 124 (19) 424 (20)

3MS overall score 93.8 (91.2, 97) 94.1 (92.0, 97.0)

Overall cognition score −0.1 (−0.7, 0.7) 0.0 (−0.6, 0.7)

Better-ear 4-frequency PTA (db HL) 32.7 (25.0, 40.0) 26.8 (19.1, 33.6)

Abbreviations: 3MS = Modified Mini-Mental State Examination; PTA = pure 
tone average.
a Measured at recruitment into the ASPREE/ALSOP study. Summary statis-
tics are the mean over imputed data sets.
b Median (Q1, Q3); n (%) for categorical variables.
c Median over imputed data sets.
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those prescribed HAs and 123 deaths, 92 dementia cases, and 
411 cognitive impairment cases among those not 
prescribed HAs.

Cognitive Outcomes
Figure 2 shows the estimated observational analogs of the 
intention-to-treat mean overall cognition scores over follow-
up, conditional on survival, under the different treatment 
strategies. Among survivors at year 7, the estimated mean 
scores under HA prescription and no HA prescription were 
similar (mean difference 0.03 SD; 95% CI −0.14 to 0.21), as 
were the estimated means under initiation of often/always 
and never using HAs (mean difference 0.02 SD; 95% CI −0.19

to 0.23). Results for the individual cognitive tests are dis-
played in eFigures 4–10. In general, outcomes were similar 
between strategies or modestly better under HA prescription, 
relative to no HA prescription.

Dementia and Cognitive Impairment
Figure 3 shows the estimated observational analogs of the 
intention-to-treat risk of dementia over follow-up under the 
different treatment strategies. By year 7, the estimated risk of 
dementia was 5.0% under HA prescription and 7.5% under no 
HA prescription (risk ratio [RR] 0.67; 95% CI 0.37–0.97). 
Estimated 7-year dementia risks were 7.3%, 6.8%, and 4.8% 
under initiation of never, rarely/sometimes, and often/always

Figure 2 Estimated Observational Analog of Intention-to-Treat Mean Overall Cognition Score Over Follow-Up Among 
Survivors Under Different Treatment Strategies

The overall cognition score was estimated by confirmatory factor analysis and is scaled to have mean 0 and SD 1 at ASPREE baseline. Larger values indicate 
better performance. Estimated means at a given follow-up point are conditional on surviving to at least that follow-up point. (A) Observational analog of 
intention-to-treat estimates for the strategies (1) use hearing aids and (2) do not use hearing aids. (B) Observational analog of intention-to-treat estimates for 
the strategies (1) never, (2) rarely/sometimes, and (3) often/always use hearing aids. Error bars represent 95% CIs. ASPREE = ASPirin in Reducing Events in the 
Elderly; HA = hearing aid.
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using HAs, respectively (RR for often/always vs never 0.67; 
95% CI 0.29–1.06).

Figure 4 shows the estimated observational analogs of the 
intention-to-treat risk of cognitive impairment over follow-up. 
By year 7, the estimated risk was 36.1% under HA prescription 
and 42.4% under no HA prescription (RR 0.85; 95% CI 
0.70–1.00). Estimated risks under initiation of never, rarely/ 
sometimes, and often/always using HAs were 41.5%, 39.2%, 
and 35.7%, respectively (RR for often/always vs never 0.86; 
95% CI 0.66–1.06).

Estimated observational analogs of the intention-to-treat risk, 
risk differences, and risk ratios at the end of follow-up, along 
with CIs for each quantity, are summarized for both survival 
outcomes in eTable 4.

Effect Modification
The estimated 7-year mean differences in the overall cogni-
tion score among survivors, comparing HA prescription and 
no HA prescription, were greater in those with 3MS overall 
score <95 (0.17 SD; 95% CI −0.07 to 0.40) and better-ear 4-
frequency PTA ≥30 dbHL (0.12 SD; 95% CI −0.12 to 0.36) at 
baseline (eFigures 11 and 12). There was modest or no

indication of effect modification by frailty, age, or self-rated 
physical health (eFigures 13–15).

Sensitivity Analyses

Benchmarking
The estimated 3-year mean difference in the overall cognition 
score, comparing initiation of often/always using HAs vs 
never using HAs, was 0.04 SDs (95% CI −0.05 to 0.13), 
similar to the ACHIEVE intention-to-treat mean difference of 
0.00 SDs (95% CI −0.08 to 0.08).

Other Sensitivity Analyses
When using (multiply imputed) audiometry data to define 
moderate hearing loss, the estimated 7-year mean difference 
in the overall cognition score among survivors, comparing HA 
prescription and no HA prescription, was greater (0.14 SD; 
95% CI −0.08 to 0.35), as was the overall rate of cognitive 
decline regardless of treatment strategy (eFigure 16). For the 
dementia and cognitive impairment analyses, results were 
similar to those of the main analysis, although overall risks 
were considerably greater (eFigures 17 and 18, respectively). 
For instance, the estimated dementia risk was 10.1% under no 
HA prescription and 7.8% under HA prescription (RR 0.80; 
95% CI 0.48–1.12).

Figure 3 Estimated Observational Analogs of Intention-to-Treat Risk of Dementia Under Different Treatment Strategies

(A) Observational analog of intention-
to-treat risk for strategies (1) use 
hearing aids and (2) do not use hearing 
aids. (B) Observational analog of 
intention-to-treat risk for strategies (1) 
never, (2) rarely/sometimes, and (3) 
often/always use hearing aids. Error 
bars represent 95% CIs. HA = hearing 
aid.
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There was little difference in overall cognition scores between 
those who were prescribed HAs but reported no HA use and 
those not prescribed HAs (eFigure 19). Estimated ob-
servational analogs of the intention-to-treat risks of cancer 
(eFigure 20), of consenting to participation in ASPREE-
XT (e.g., 95% and 95% under initiation of often/always 
and never use HAs, respectively), and of death (eFig-
ure 21) were similar by treatment strategy. Finally, esti-
mated risks from the inverse probability–weighted 
estimator were similar to the main g-formula results for 
dementia (eFigure 22) and cognitive impairment 
(eFigure 23).

Classification of Evidence
This study provides Class III evidence that the use of hearing 
aids did not change overall cognitive scores in people 70 years 
and older with moderate hearing impairment as compared to 
those who used hearing aids.

Discussion
We used data from the ASPREE study, and 2 of its ancillary 
studies, to investigate whether the use of HAs in older people 
with hearing impairment could improve neurocognitive 
health. After 7 years of follow-up, we found that the estimated

mean overall cognition score among survivors was similar 
under HA prescription and no HA prescription. Similarly, 
there was little difference in the overall cognition score under 
initiation of different frequencies of HA use. In subgroup 
analyses, we found that those with poorer hearing function 
and poorer cognition may experience greater benefit. This is 
consistent with the findings of ACHIEVE, which found 
benefit only in a subgroup with relatively poor baseline cog-
nition and a higher risk of cognitive decline. 6 For the dementia 
outcome, we estimated that the 7-year risk was 33% lower 
under HA prescription than under no HA prescription. Esti-
mated dementia risks decreased proportionally to the fre-
quency of HA use. For cognitive impairment, we estimated 
that the 7-year risk was 15% lower under HA prescription than 
under no HA prescription.

Despite differences in study design and in the duration of 
treatment and follow-up, our findings for the dementia out-
come are consistent with a recent meta-analysis of 4 obser-
vational studies, which reported a 17% reduction in the 
dementia hazard rate in those treated with HAs compared 
with those with uncorrected hearing loss. 4 Our findings for 
cognitive impairment were also similar to the 10% reduction 
in the hazard rate of cognitive impairment over 3 years found 
in ACHIEVE 6 and to the 19% reduction in the hazard rate of

Figure 4 Estimated Observational Analogs of Intention-to-Treat Risk of Cognitive Impairment Under Different Treatment 
Strategies

(A) Observational analog of intention-
to-treat risk for strategies (1) use 
hearing aids and (2) do not use hearing 
aids. (B) Observational analog of 
intention-to-treat risk for strategies (1) 
never, (2) rarely/sometimes, and (3) 
often/always use hearing aids. Error 
bars represent 95% CIs. HA = hearing 
aid.
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cognitive decline in a meta-analysis of 8 longitudinal obser-
vational studies. 4

The finding of lower dementia risk under HA prescription but 
little corresponding reduction in overall age-related cognitive 
change is somewhat unexpected but would align with some 
proposed mechanisms linking sensory loss to dementia risk. 
The first of these is the interaction between the neurologic 
effects of hearing loss and existing neuropathology. 2,3 In brief, 
hearing loss produces altered neuronal activity as a conse-
quence of the demands of listening in difficult 
environments. This change in neuronal activity could interact 
with existing AD pathology in the medial temporal lobe in 
a manner that ultimately leads to the worsening of that pa-
thology. 3 If this were true, it could be plausible that the im-
provement in audibility through amplification (thus 
minimizing the neuronal sequelae of hearing loss) could 
prevent or delay dementia onset in those with existing AD 
pathology but offer less corresponding benefit in the sub-
population without AD pathology. Alternatively, our findings 
could be consistent with the sensory deprivation hypothesis, 
wherein that sensory deprivation caused by hearing loss 
affects regional brain volume. 3,32 This would be consistent 
with our findings of a reduction in overall cognitive impair-
ment (not just dementia) in those receiving HAs.

Another explanation for the lack of clear benefit on age-
related cognitive change relates to the characteristics of the 
sample. ASPREE participants were in relatively good cogni-
tive health at recruitment, thus potentially minimizing the 
scope for improvement. This would be consistent with the 
findings of ACHIEVE, wherein only the subgroup with rela-
tively poor physical and cognitive health benefited from the 
intervention. 7 Finally, this finding could be explained by the 
heterogeneity of age-related cognitive change, which can be 
driven by a wide range of factors, not just brain atrophy and 
neuropathology, including declining physical and mental 
health, specific medications, hormone imbalances, and vita-
min deficiencies.

Strengths of the study include the availability of longitudinal 
cognitive follow-up, the consensus-led diagnosis of dementia, 
extensive measurement of confounders, and the use of an 
observational study design approach (target trial emulation) 
which helps to define a clear target estimand and avoid 
common biases. 33,34 Limitations are apparent in differences 
between our observational analysis and the target trials it 
sought to emulate. First, not all data required to emulate the 
eligibility criteria of the target trials were available. For in-
stance, we could not exclude those with contraindications to 
HAs. There is thus the possibility that some participants in the 
study sample would never receive a HA and the “effect” of 
HAs is, therefore, undefined in this subgroup (i.e., the posi-
tivity assumption is violated). Second, to be included in the 
observational analysis, participants must have met the eligi-
bility criteria of the ASPREE trial, such as being free from 
cardiovascular disease. 9 These additional criteria would have

resulted in a sample that differed from the target population, 
especially regarding physical health, which could result in bias 
if these criteria were also effect modifiers. Third, objective 
hearing function data were only available for a small pro-
portion of participants (10%). We used multiple imputation 
to handle missing data in this important confounder, but re-
sidual confounding may thus be present. Further residual 
confounding may also arise as participants receiving HAs may 
have differed from those not receiving HAs in other aspects of 
hearing function, such as speech-in-noise ability, which may 
also be dementia risk factors. 3

Another potential source of bias is that those who sought out 
and used HAs must have had the cognitive capacity to do so. 
This group, therefore, may have tended toward better pre-
treatment cognitive function compared with those not re-
ceiving HAs. We do not expect this to be a major source of 
bias in this study, however, for 2 reasons: (1) eligible partic-
ipants were cognitively healthy at baseline (3MS overall 
score >77) and hence had sufficient cognitive capacity to seek 
out and use a HA, and (2) in our analyses, we adjusted for 
several measures of baseline cognition (thus accounting for 
pretreatment differences). A further issue is that the start of 
follow-up was not precisely aligned with HA prescription 
(which could occur up to 3 years before time zero). This 
nonalignment could result in residual confounding if the 
confounders measured at ASPREE/ALSOP baseline were not 
a good proxy for those same confounders at the time of HA 
prescription. 34 Because we did not have longitudinal data on 
HA adherence available, we were also not able to estimate per-
protocol effects. Finally, because our study differed in some 
important respects from ACHIEVE, there were limitations in 
the benchmarking procedure we used to assess the no un-
measured confounding assumptions underpinning our anal-
ysis. 31 For instance, the ACHIEVE trial compared a best-
practice audiological intervention with a health education 
control, whereas we compared HAs as prescribed under 
routine clinical care with no HA prescription. 6

In conclusion, we found that treating hearing loss with HAs 
may reduce dementia risk, although it may have limited in-
fluence on age-related cognitive change in relatively healthy 
older people with hearing impairment. Long-term random-
ized trials and observational studies in populations at high risk 
of cognitive decline would be a valuable next step.
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