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G. Livingston et al., Lancet 2020

Hearing loss in 
mid & late life 

identified as the 
single largest 

potentially 
modifiable risk 

factor for 
dementia

2020 Lancet 
Commission on 

Dementia 
Prevention, 

Intervention & 
Care
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Hearing 
Loss
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Cognitive 
Decline & 
Dementia

Hearing Loss & Dementia
Hearing Loss as a Modifiable Risk Factor

Brain 
structure/function

Social Isolation

Hearing loss intervention could: 
• Reduce the cognitive load of processing degraded sound
• Provide increased brain stimulation
• Improve social engagement

Role of HL as a potentially 
modifiable mid/late life risk 
factor for cognitive decline 

& dementia
F. Lin & M. Albert, Aging & Mental Health, 2014
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The question of whether treating hearing 
loss could reduce cognitive decline 

remained unknown

• Question cannot be definitively answered through observational 
studies because of bias from residual confounding (e.g., health 
behaviors, etc.)

• Recent meta-analysis of observational studies (Yeo et al, JAMA 
Neurology, Feb 2023): Hearing aid use associated with 19% decreased 
hazard of long-term cognitive decline

• No prior randomized controlled trial has ever investigated effect of 
hearing intervention on long-term cognitive decline or other 
functional outcomes (e.g., social isolation, loneliness, etc.)

Can treating hearing loss reduce cognitive decline over 3 
years in older adults with hearing loss without substantial 
cognitive impairment?
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2018-2019

The ACHIEVE study cohort 
(n = 977) came from two 
distinct study populations 
at each site

● ARIC cohort (n = 238) – ARIC participants were a random sample 
of the field site communities recruited and followed since 1987

● De novo cohort (n = 739) – New healthy volunteers responded to 
advertisements for a healthy aging study
○ De novo participants had fewer baseline risk factors for cognitive decline 

& dementia compared to ARIC
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Design: Randomization & Interventions

Hearing Intervention

• Best-practices hearing 
intervention provision with a 
certified study audiologist

• 4 sessions to receive hearing loss 
education and hearing aids & 
related technologies (streamers, 
remote mic, etc.)

• Semiannual visits thereafter for 3 
years to receive booster sessions

Health Education Control

• Established program (10 Keys) to 
promote understanding of key 
health topics (nutrition, etc.) 
important for healthy aging

• 4 sessions with a certified health 
educator to cover healthy aging 
topics

• Semiannual visits thereafter for 3 
years to receive booster sessions

• Eligible participants randomized 1:1 to hearing intervention versus health education control, 
stratified by severity of hearing loss, recruitment source (ARIC vs de novo) & field site

ACHIEVE Neurocognitive Battery

1. *Digit Span Backwards (DSB)

2. Boston Naming Test (BNT)

3. Word Fluency Test (WFT)

4. Animal Naming Score (ANS)

5. Digit Symbol Substitution (DSS)

6. Trail Making Test A (TMTA)

7. Trail Making Test B (TMTB)

8. Incidental Learning (ILR)

9. *Logical Memory Test (LMT)

10. Delayed Word Recall (DWR)

* Indicates tests with only auditory stimuli

All tests are used to compute a factor score of global cognition that is standardized 
to baseline (mean 0, standard deviation 1)
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3-Year Change in Cognitive Function 

In the ARIC cohort, 
hearing 

intervention 
reduced 3-year 
global cognitive 
decline by 48%
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3-Year Change Favors Favors
β (95% CI) Control Intervention

Total (N = 977)
Control -0.202 (-0.258, -0.145)
Intervention -0.200 (-0.256, -0.144)

ARIC (N=238)
Control -0.402 (-0.536, -0.267)
Intervention -0.211 (-0.349, -0.073)

De Novo (N=739)
Control -0.151 (-0.215, -0.087)
Intervention -0.213 (-0.277, -0.148)

Difference Between
Intervention & Control 

3-Year Change

-0.50 -0.25 0.00 0.25 0.50

3-way interaction: 
p = 0.010

3-Year Change in Cognitive Function 

In the ARIC cohort, 
hearing 
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ARIC (N=238)
Control -0.402 (-0.536, -0.267)
Intervention -0.211 (-0.349, -0.073)

De Novo (N=739)
Control -0.151 (-0.215, -0.087)
Intervention -0.213 (-0.277, -0.148)

Difference Between
Intervention & Control 

3-Year Change

-0.50 -0.25 0.00 0.25 0.50

3-way interaction: 
p = 0.010

Rate of cognitive change 
~3x slower in De novo than 

ARIC controls
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Hearing Intervention & 3-Year Cognitive Outcomes
Summary

● In the total combined cohort, hearing intervention had no effect on reducing cognitive 
decline within 3 years

● Strong effects in ARIC (48% reduction) suggests that hearing intervention reduces 
cognitive decline within 3 years in populations at risk for cognitive decline

● No effect observed in De novo  Slow rate of cognitive change would limit ability to 
observe any positive effect of hearing intervention within just 3 years
○ Slow cognitive decline likely reflects self-selection of “healthy volunteers”  in the de 

novo cohort (vs. ARIC participants coming from a randomly-selected cohort 
recruited 30+ years ago) 

ACHIEVE Study – Implications
 Findings support previous recommendations from 2020 Lancet Commission on 

Dementia & 2021 U.S. National Plan for Alzheimer’s Disease to address hearing loss 
in dementia prevention strategies
 Hearing interventions : 1) are underused; 2) are without risk; 3) improve self-

perceived communication & lessen loneliness; & 4) substantially reduce 
cognitive decline in those at increased risk

 Government actions are needed for: 
 Insurance coverage of hearing intervention for adults  (services vs. devices)
 Regulations for OTC hearing aids to drive innovation & affordability
 Public awareness campaigns for hearing – www.HearingNumber.org initiative
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What’s next for 
ACHIEVE?

● Determining 3-year effects on other outcomes gathered in the ACHIEVE 
study: brain MRI structure, health-related quality of life, depression, 
hospitalizations, physical activity & functioning, health care costs

● Longer term follow-up of the entire cohort needed to observe for hearing 
intervention effects on those at decreased risk (de novo cohort) & risk for 
developing cognitive impairment (e.g., adjudicated dementia)
○ 6-year follow-up study is underway (NCT05532657, R01AG076518)

Acknowledgments
We are incredibly grateful to the ACHIEVE/ARIC participants & the ACHIEVE collaborative research group:

JHU
F Lin (MPI)
J Coresh (MPI)
M Albert
J Betz
S Bolton
J Deal
A Goman
A Gross
A Huang
M Minotti
C Mitchell
C Myers
J Pike
N Reed
J Schrack
R Sharrett
L Sherry
UNC

D Couper (Site PI)
S Burgard
L Gravens-Mueller
D Li
WFUHS
K Hayden (Site PI)
B Backman
D Barr
J Evans
J Hampton
H Humphrey-Rutledge
K Liou
A Mitchell
S Smith
N Shelton
UMMC
T Mosley (Site PI)
L Anderson
J Burt

A Carr
A Carter
S Faucette
R Foster
C Greenwood
T Griffin
C Jones
D McLendon
S Naylor
J Newman
D O’Connor
T Owens
J Sims
A Thweatt
T Washington
UMN
J Pankow (Site PI)
S Aguilar
E Anderson

S Boelter
E Penland Miller
D Ng
K Oeding
S Potter
K Teece
S Uccellini
M Waggenspack
L Welch
J Weycker
K Witherell

USF
T Chisolm (Site PI)
V Sanchez
M Arnold
A Eddins
E Moore
H Neil
P Oree
L Westermann
UPitt
N Glynn (Site PI)
T Gmelin

Mayo
C Jack (Site PI)
D Knopman
D Reyes
AJ Spychalla
K Thostenson
DSMB
D Galasko (Chair)
J Buring
J Dubno
T Greene
L Lustig

15

16



11/13/2023

9

Funding & support

● ACHIEVE main trial:  NIA/NIH grant R01AG055426
● ACHIEVE MRI ancillary study:  NIA/NIH R01AG060502
● Pilot study:  NIA/NIH R34AG046548 & the Eleanor Schwartz Charitable Foundation
● ARIC:  

○ NHLBI contracts HHSN268201700001I, HHSN268201700002I, HHSN268201700003I, 
HHSN268201700005I, HHSN268201700004I

○ Neurocognitive data:  NIH grants 2U01HL096812, 2U01HL096814, 2U01HL096899, 2U01HL096902, 
2U01HL096917 (NHLBI, NINDS, NIA and NIDCD)

○ Previous brain MRI examinations:  NHLBI grant R01HL70825

● Hearing aids & related technologies and training support of study audiologists provided 
in-kind by Sonova/Phonak through a materials transfer agreement with Johns Hopkins 

Thank you!
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Frank Lin 
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