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“Based on evidence from the
ACHIEVE study, hearing loss
might be a particularly

important global public
health target for dementia
prevention efforts.”
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ACHIEVE Trial Presentation
Outline

e Background on hearing loss & dementia

e Study design, methods, & ACHIEVE cohort characteristics
e Evidence for hearing intervention target engagement

e Effects of hearing intervention on global cognitive decline
e Effects of hearing intervention on brain MRI structure

e Summary & conclusion

ACHIEVE study
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BACKGROUND

What we studied & why

ACHIEVE study

2020 Lancet
Commission on
Dementia
Prevention,
Intervention &
Care

Potentially Modifiable
Risk Factors for Dementia

G. Livingston et al., Lancet 2020

Early life
° Percentage reduction in dementia prevalence
if this risk factor is eliminated

Less education

0 Newly-identified risk factors
‘/
A<

Midlife

Alcohol

M i
e Obesity
Depression
Socialisolation
Laterlife
Physical inactivity
Airpollution
Diabetes
A
modifiable
E 40%

Risk unknown
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Hearing Loss, Cognitive Decline & Dementia
Hypothesized Mechanistic Pathways

e Cognitive load (“information degradation hypothesis”)
o Hearing loss imposes a constant load on cortical resources that otherwise could have buffered
against other pathological contributors to dementia (AD, vascular disease)

e Direct effects on brain structural integrity (“sensory deprivation hypothesis”)
o Hearing loss contributes to accelerated brain atrophy & other pathologic brain changes (white
matter tracts, altered functional connectivity)

e Social isolation/loneliness
o Multiple factors could be involved—less physical activity & cognitively-stimulating activities,
stress/inflammation, adherence to medical care, etc.

ACHIEVE study

F. Lin & M. Albert, Aging & Mental Health, 2014

Hearing Loss & Dementia

Hearing Loss as a Modifiable Risk Factor

Hearin Cognitive
9 Decline &
Loss .
Dementia
7) Potential role for hearing
Hearing loss intervention could: (fl__ o intervention in mid/late life
* Reduce the cognitive load of processing degraded sound to reduce cognitive decline
* Provide increased brain stimulation & dementia
* Improve social engagement F. Lin & M. Albert, Aging & Mental Health, 2014
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remained unknown

The question of whether treating hearing
loss could reduce cognitive decline

behaviors, income, etc.)

hazard of long-term cognitive decline

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

* Recent meta-analysis of observational studies (Yeo et al, JAMA
Neurology, Feb 2023): Hearing aid use associated with 19% decreased

* 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.)

9
Can treating hearing loss reduce cognitive decline over 3
years in older adults with hearing loss without substantial
cognitive impairment?
Aging and Cognitive Health Evaluation
in Elders (ACHIEVE) study
A landmark randomized controlled trial to determine how
hearing intervention affects brain health in older adults.
MA'N FUCUS Other Areas
@ & > s
(=
BRAIN MENTAL HEALTH PHYSICAL HEALTH
COGNITIVE STRUCTURE & WELL-BEING FUNCTION CARE USE
DECLINE
10
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ACHIEVE study

STUDY DESIGN

Study design, methods, & ACHIEVE cohort characteristics

11

ACHIEVE STUDY DESIGN

Rediuitiment

& Randomization

Existing heart health
study participants
(n=238) PARTICIPANTS

Atherosclerosis Risk in
Communities study (ARIC) group
70-84 years old

Untreated hearing loss

New healthy
community volunteers
(n=739)

Normal cognition
De novo group

2018-2019

ACHIEVE study

Inteirvention Sessions

45 ) Hearing Intervention

Audiological counseling and provision
of hearing aids & related technologies

semi Final 3-Veai

{ - Follow-Up Visits | | Oiitcomes

Cognitive Decline
Brain Structure

Mental Health

Successful Aging Health

Education Control

Sessions with a health educator covering
topics relevant to chronic disease &
disability prevention.

& Well-Being
Physical Function

Health Care Use

12
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University of Minnesota

The ACHIEVE study was based ' /

within the scientific & physical o
infrastructure of the e
Atherosclerosis Risk in
Communities (ARIC) study” Anlc S

* ARIC study - Ongoing longitudinal observational study of 15,792 adults
followed for over 30 years at 4 dedicated field sites across the U.S.

* ARIC participants - Random sample of the communities at the 4 sites who
were ages 45-64 when recruited in 1987-89

* Original goal of the ARIC study was to understand how mid-life risk factors
are associated with later life cardiovascular disease & brain health

ACHIEVE study
*ARIC funded through multiple NHLBI contracts & grants along with additional support from NINDS, NIA, and NIDCD

13

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

® ARIC Cohort (n = 238) Main Inclusion Criteria:
o ARIC participants were a randomly recruited sample of e 70-84 years-old
¢ MMSE = 23 for high school degree or
less; = 25 for some college or more

e Denovo cohort (n=7 ¢ Untreated hearing loss with 0.5-4
e o ( 39) kHz pure tone average =30 and <70

o New healthy volunteers responded to advertisements dB in the better-hearing ear

the field site communities followed since 1987

about a clinical trial focused on interventions for healthy ¢ Word recognition in quiet = 60%
aging correct in the better-hearing ear
¢ Community-dwelling

e All participants informed they would be Main Exclusion Criteria:

randomized to one intervention & offered the * Self-reported disability in 2+ ADL
. . * Presenting near visual acuity worse
other intervention after Year 3 than 20/63 (14-point font)

* Permanent conductive hearing loss

ACHIEVE study

14
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Design: Randomization & Interventions

* 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

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

ACHIEVE study

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

15

Design: Study Outcomes

e Baseline & every 6 month in-person visits for intervention delivery & outcome

assessments for 3 years

e Primary endpoint: Change from baseline to Year 3 in a global cognition
standardized factor score derived from a comprehensive neurocognitive

battery administered annually
® Secondary cognitive outcomes:

o Domain-specific cognitive function (memory, executive function & language)

o Incident cognitive impairment

® Other pre-specified outcomes

o Hearing Handicap Inventory for the Elderly* (HHI; measure of self-reported communication
impairment); Cohen Social Network Index*, UCLA Loneliness Scale*; Brain MRI; depression;
physical functioning/activity & accelerometry; falls; hospitalizations; health care costs

ACHIEVE study

16
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ACHIEVE Neurocognitive Battery

Verification of speech understanding conducted before cognitive test administration

1. *Digit Span Backwards (DSB) 6. Trail Making Test A (TMTA)
2. Boston Naming Test (BNT) 7. Trail Making Test B (TMTB)
3. Word Fluency Test (WFT) 8. Incidental Learning (ILR)

4. Animal Naming Score (ANS) 9. *Logical Memory Test (LMT)

5. Digit Symbol Substitution (DSS) 10. Delayed Word Recall (DWR)

* Indicates tests with only auditory stimuli
ACHIEVE study

17

ACHIEVE Cognitive Factor Scores

All 10 tests are used to compute a
factor score of global cognition
(Primary outcome)

Language

3 tests are used to compute factor
scores for each cognitive domain
(Secondary outcomes)

Executive
Function

Global Cognition

Latent factors are standardized to
the ACHIEVE baseline.

Memory

Change over time is in standard
deviation units relative to baseline.

ACHIEVE study

18



Impact of COVID-related field site closures -
Baseline & 3-year outcomes were unaffected

® Study procedures were adapted for phone-based intervention delivery & outcome
assessments from March 2020 to June 2021

® Initial provision of study interventions and baseline & Year 3 in-person neurocognitive
assessments were unaffected

Enrollment
Intervention
6-month visit
1-year visit
18-month visit
2-year visit
30-month visit

3-year phone

3-year visit —_

Field site closures due to COVID-19

ACHIEVE study Key: % ARIC vs de novo

100% 50/50 100%
ARIC split de novo

19

Statistical Analysis - Cognitive outcomes

® Estimated effect of assignment to hearing intervention versus control on change in global
cognition from baseline to Year 3 (primary outcome)

o Mixed effects models adjusted for baseline hearing (PTA <40 vs 40+ dB), recruitment
source, field site, age, sex, education, presence of APOE &4 allele(s), & covariate x time
interactions

® Multiple imputation by chained equations used to estimate missing Year 3 cognitive factor
scores & covariates using a prespecified model
® Main analysis used only baseline and Year 3 in-person neurocognitive scores. Year 1 or 2
in-person scores only used when a participant died prior to Year 3.
® Pre-specified sensitivity analyses:
o Replication of primary analyses stratified by study population (ARIC, De hovo)
o Other variations of the analytic model parameters (e.g., per protocol, CACE)

ACHIEVE study

20

10/3/24
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ACHIEVE
Study Cohort

Recruitment

3004 Assessed for eli lity
ARIC : 596 De novo : 2408

ACHIEVE Planned, Actual, and Adjusted Enrollment

Type of Participant All Participants

Site All Sites

N =977
on Oct 27, 2019

Target N=850
July 2019

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
ARIC:279  Denovo:823
ARIC  De novo
Declined participation 41 84
977 Randomized
ARIC:238  Denovo:739
490 Hearing intervention 487 Health education control 07/01/18 07/01/19 10/01/19
ARIC : 120 De novo: 370 ARIC : 118 De novo : 369
Follow-Up
490 Hearing intervention 487 Health education control
vi s it s ARIC:120  De novo: 370 ARIC: 118 De novo: 369
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
0 Withdrew 1 0 Withdrew 17
1 Deceased 1 1 Deceased 1
Complete Year 3 follow-up I T R
. 79 Assessed in-person 95 80 Assessed in-person 101
d a t a a V a I I a b I e O n 9 00/0 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
877/977) of participants A : S ;
° 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
[ Lost to follow-up 9 2 Lost to follow-up 0
2 Withdrew 1 1 Withdrew 1
3 Deceased 5 3 Deceased 4

22

11
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Baseline characteristics

*Age, mean (SD), y
*Female sex, No. (%)
*Black race, No. (%)
*Education, No. (%)
Less than high school
High school, GED, or vocational school
College, graduate, or professional school
*Income, No. (%)
Under $25,000
$25,000-$49,999
$50,000-574,999
$75,000-$100,000
Over $100,000

Baseline Characteristics by Recruitment Source
De novo cohort has fewer risk factors for cognitive decline than ARIC

All Participants ARIC Cohort De novo Cohort

(N=977) (N=238) (N=739)
76.8 (4.0) 78.9 (2.9) 76.1 (4.0)
523 (53.5) 147 (61.8) 376 (50.9)
112 (11.5) 68 (28.6) 44 (6.0)

37 (3.8) 22(9.3) 15 (2.0)
418 (42.8) 96 (40.5) 322 (43.6)
521 (53.4) 119 (50.2) 402 (54.4)
147 (15.5) 60 (26.7) 87 (12.0)
283 (29.8) 77 (34.2) 206 (28.4)
210 (22.1) 47 (20.9) 163 (22.5)
140 (14.7) 21 (9.3) 119 (16.4)
170 (17.9) 20 (8.9) 150 (20.7)

*indicates statistically significant difference between groups

23

Baseline characteristics

One or more apolipoprotein E €4 alleles, No. (%)
*Diabetes, No. (%)

Hypertension, No. (%)

*Living alone, No. (%)

Pure tone average, mean (SD), dB

*Hearing handicap inventory, mean (SD)

*Mini-mental state exam, mean (SD)
*Global cognition, mean (SD)
*Executive function, mean (SD)
*Language, mean (SD)

- *Memory, mean (SD)

Baseline Characteristics by Recruitment Source (cont’d)
De novo cohort has fewer risk factors for cognitive decline than ARIC

All Participants ARIC Cohort De novo Cohort

(N=977) (N=238) (N=739)
224 (24.7) 59 (25.7) 165 (24.3)
195 (20.0) 68 (28.6) 127 (17.2)
651 (66.8) 169 (71.9) 482 (65.2)
290 (30.0) 83 (35.9) 207 (28.1)
39.4 (6.9) 39.1(6.7) 39.5(7.0)
15.3 (9.8) 12.0 (9.5) 16.3 (9.6)
28.2 (1.6) 28.0 (1.8) 28.3(1.6)

0.000 (0.926) -0.379(1.042) 0.123(0.851)
-0.001 (0.888) -0.318(0.999) 0.102(0.824)
0.000(0.837) -0.395(0.924) 0.127 (0.765)
0.000 (0.909) -0.191(0.937) 0.061 (0.892)

*indicates statistically significant difference between groups

24
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HEARING INTERVENTION

TARGET ENGAGEMENT

Hours of hearing aid use & self-reported communication impairment

ACHIEVE study

25
Hearing Intervention Participant Self-Reported Hours of
Hearing Aid Use Over 3 Years
6 Months 1VYear 2 Years 3 Years
Median = 10 Hours Median = 8 Hours Median =7 Hours Median =7 Hours
20 1
! ! :
I | 1
15 ] I 1
] ] I
| ] |
] ] |
| ] ]
10 ] | I
I | ]
| | ]
] | ] ]
] I ]
5 I I ]
I ] I
I ] I
I I ]
I ] I
0 | ] |
0.0% 5.0% 100% 150% 0.0% 5.0% 100% 150% 0.0% 5.0% 10.0% 150% 0.0% 5.0% 10.0% 15.0%
26
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Self-perceived communicative impairment’ (Hearing Handicap
Inventory) significantly decreases with hearing intervention

HHIE-S Score

Baseline 6M Y1 Y2 Y3 Baseline  6M Y1 Y2 Y3

Health Education
Control

ACHIEVE study
tHearing Handicap Inventory for the Elderly-Screening *p <0.001

27

3-YEAR COGNITIVE OUTCOMES @

ACHIEVE study

28
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3-Year Change in Global & Domain-Specific Cognition

Main Analysis of the Total Cohort (ARIC & De novo)

Primary & Secondary Outcomes

Total (N =9774) Difference Between
Intervention & Control
3-Year Change in SD Units Favors Favors 3-Year Change in SD Units
R.(95% CI) Control Intervention R (95% CI)

Primary Outcome: |n the total
Global Cognition

Control -0-202 (-0-258, -0-145) 0-002 (-0-077, 0:081) combined cohort,

Intervention -0-200 (-0-256, -0-144) p=0-96

hearing

Executive Function

Control -0-248 (-0-315, -0-181) -0-020 (-0:118,0078)  : ;
Intervention -0-268 (-0-339, -0-197) p=0-69 intervention had no
Language .
Control -0-155 (-0-214, -0-096) 00170000104 €ffect on reducing
Intervention -0-138 (-0-199, -0-077) p=0-70 . .
Memory cognitive decline
Control -0-054 (-0-128, 0-020) 0-079 (-0-029, 0-187) L

Intervention 0-025 (-0-053, 0-103) p=0-15 Wlthln 3 yea rs

-0.50 -0.25 0.00 0.25 0.50
ACHIEVE study Difference Between Intervention & Control

3-Year Change in SD Units

29

3-Year Change in Global & Domain-Specific Cognition

Pre-Specified Sensitivity Analysis Stratified by

Difference Between
ARIC (N=238%) Intervention & Control

3-Year Change in SD Units Favors Favors 3-Year Change in SD Units ||1 the ARIC
Global Cognition* B (95% CI) Control Intervention B (95% Cl) h h .
Control 0402 (-0-536, -0-267) —— 0-191 (0-022, 0-360) rin
Intervention -0-211 (-0-349, -0-073) p=0-027 cohort, hea 9
Executive Function H H
A R I C Control -0-387 (-0-578, -0-197) —— 0-139 (-0-092, 0-370) intervention
Intervention -0-248 (-0-434, -0-062) p=0-24 -
C o h o rt Vaingtiege® reduced 3-year
Control -0-344 (-0-488, -0-201) . V'S " 0-229 (0-050, 0-408) oxe
Intervention -0-116 (-0-264, 0-032) p=0-012 global cognitive
Memory .
Control -0-154 (-0-335, 0-027) & 0201 (0019,0421)  decline by 48%
Intervention 0-047 (-0-132, 0-227) h 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% Cl)
Control -0-151 (-0-215, -0-087) —+ -0-061 (-0-151, 0-028)
D e n ovo Intervention -0-213 (-0-277, -0-148) p=0-18 No effect Of
Executive Function
Control 0-202 (-0-273, -0-131) —e -0-070 (-0-176, 0-035) i
C h rt Intervention -0-272 (-0-351, -0-194) B p=0-19 hearing
ono Language* intervention
Control -0-111 (-0-178, -0-044) —H -0-059 (-0-156, 0-037) .
3-way interaction  gorenerten 0170 (0241, 01100 p=023 observed in the
GC: p= 0.010 Control -0-032 (-0-118, 0-055) —— 0-044 (-0-082, 0-171) De nNovo Cohort
EF: p=0.077 Intervention 0-013 (-0-081, 0-106) p=0-49
:p=0. -0.50 -0.25 0.00 0.25 0.50
L: p=0.005 Difference Between Intervention & Control 30
M: p=029 3-Year Change in SD Units

30
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3-Year Change in Global & Domain-Specific Cognition

ARIC Denovo

Difference Between

ARIC (N=238%) Intervention & Control
3-Year Chanae in SD Units Favors Favors 3-Year Change in SD Units
Global Cognition* B (95% CI) Control Intervention B (95% Cl)
Control -0:402 (-0-536. -0:267) ' ¢ . 0-191 (0-022, 0-360)
Intervention -0-211 (-0-349, -0-073) p=0-027
A R I C 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 Rates Of
Language* op e
C 0 h O I I Control -0-344 (-0-488, -0-201) —® 0-229 (0050, 0-408) cognitive
Intervention -0-116 (-0-264, 0-032 =0-012
sl ¢ : 4 change ~3x
Control -0-154 (-0-335, 0-027) ® . 0-201 (-0-019, 0-421) H
Intervention 0-047 (-0-132, 0-227) i p=0-073 5|ower n
De Novo (N=739%)
3-Year Change in SD Units 3-Year Change in SD Units De novo tha n
Global Cognition* B (95% CI) B (95% Cl)
Control -0-151 (-0-215, -0-087) ol -0-061 (-0-151, 0-028) ARIC controls
D e n Ovo Intervention -0-213 (-0-277,-0-148) p=0-18
Executive Function
Control -0-202 (-0-273, -0-131) —— -0-070 (-0-176, 0-035)
C o h o rt Intervention -0-272 (-0-351, -0-194) p=0-19
Language*
Control -0-111 (-0-178, -0-044) — -0-059 (-0-156, 0-037)
: : Intervention -0-170 (-0-241, -0-100) p=0-23
3-way interaction Memory
GC: p=0.010 Control -0-032 (-0-118, 0-055) — 0-044 (-0-082, 0-171)
—
EF: p=0.077 Intervention 0-013 (-0-081, 0-106) p=0-49
1 p=0. -0.50 -0.25 0.00 0.25 0.50
L: p=O_005 Difference Between Intervention & Control 31
M: p=0 29 3-Year Change in SD Units
31

decline within 3 years

Hearing Intervention & 3-Year Cognitive Outcomes

® In the total combined cohort, hearing intervention had no effect on reducing cognitive

® Strong effects in ARIC (48% reduction) suggests that hearing intervention might
reduce cognitive decline within 3 years in populations at increased risk for cognitive
decline

® No effect observed in De novo = Slow rate of cog. change would limit ability to observe

any positive effect of hearing intervention within just 3 years

o 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)

32
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Hearing Intervention & 3-Year Cognitive Outcomes

e Effects of hearing intervention on populations at decreased risk of cognitive
decline & on rates of cognitive impairment (dementia) will require follow-up
beyond 3 years

e Control participants could perform more poorly on tests comprising only
auditory stimuli (2/10 tests). However, strongest effects in ARIC observed in

language domain which did not consist of any auditory-only tests

e Participants & study staff could not be feasibly masked to intervention
assignment

ACHIEVE study

33

BRAIN HEALTH

Exploratory effects of hearing intervention on brain structure

Preliminary

ACHIEVE d
study Unpublished Results

34

17
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Hearing Loss & Dementia

Hearing Loss as a Modifiable Risk Factor

Hearin Cognitive
Loss g Decline &
Dementia

X

Does hearing intervention with
hearing aids reduce brain atrophy
over 3 years?

F. Lin & M. Albert, Aging & Mental Health, 2014

35

Hearing Loss & Brain Function/Structure

e Peripheral auditory inputs are integrated across multiple brain regions & neural
networks (default mode network, salience network, etc.)

e Hearing loss (impoverished auditory encoding) associated with*:
o Functional changes in both resting state & task-activated patterns of neural activity and
cross-modal plasticity
o Increased structural atrophy in whole brain, temporal lobe regions, cingulate cortex,
superior frontal gyrus, & DMN regions

e Hearing aid use for 6 months in adults associated with reversal of cross-model
reorganization of auditory cortex**

e Broader & long-term effects of hearing aid use on brain function/structure are

unknown
ACHIEVE study

*Review by Z. Jafari, Ann NY Acad Sci, 2021; ** Glick et al., Front Neurosci, 2020

36
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ACHIEVE
MRI Substudy

Half-sample at baseline (n =
445) & n =303 at Year 3

3D scans performed on
3 Tesla Siemens scanners

Regions of interest defined
using Freesurfer atlas. Cortical
thickness measured for each
region

977 Randomized

490 Hearing intervention

l

Baseline
MRI scan completed

MRI scan attempted
but not completed

Declined MRI scan

Not eligible

220

171
95

|

3-Year Follow-Up
MRI scan completed
MRI scan attempted
but not completed
Declined MRI scan
No longer eligible
Lost to follow-up
Withdrew

Deceased

141

23
11
34

487 Health education control

|

Baseline
MRI scan completed 225

MRI scan attempted 1
but not completed

Declined MRI scan 177
Not eligible 84

|

3-Year Follow-Up
MRI scan completed 162

MRI scan attempted 0
but not completed
Declined MRI scan 13
No longer interested 19
Lost to follow-up 23
Withdrew 1
Deceased 7

37

3-Year Change in

Adjusted, Intention-To-Treat Analysis of Three-Year
Change in Cortical Thickness in Millimeters (N=445)

Cortical Thickness, mm Favors Favors
B (95% CI) Control Intervention
Frontal Lobe
Control -0.011 (-0.021, -0.001) *
Intervention 0.003 (-0.008, 0.014)
Temporal Lobe
Control -0.035 (-0.047, -0.024) *
Intervention -0.029 (-0.040, -0.018)
Occipital Lobe
Control -0.007 (-0.015, 0.000) —
Intervention 0.004 (-0.004, 0.011)
Parietal Lobe
Control -0.006 (-0.016, 0.004) *
Intervention 0.008 (-0.003, 0.019)
Whole Brain
Control -0.014 (-0.023, -0.006) ———
Intervention -0.003 (-0.011, 0.006) ;
-0.020 0.000 0.020

0.040

Difference Between Intervention & Control
3-Year Change in Cortical Thickness, mm

Difference Between

Intervention & Control

3-Year Change in

Cortical Thickness, mm

B (95% CI)

0.014 (-0.001, 0.028)
p=0.066

0.006 (-0.009, 0.022)
p=0.44

0.011 (0.000, 0.023)
p=0.051

0.014 (-0.002, 0.029)
p=0.082

0.012 (0.000, 0.024)
p=0.057

Cohen's D

0.110

0.047

0.113

0.109

0.105

38

10/3/24
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Difference in 3-
Year Change in
Brain Cortical
Thickness in
Intervention vs

Control

ACHIEVE study

Left Hemisphere
Lateral

Right Hemisphere
Lateral

Pars
Orbitalis

Posterior
Cingulate

Isthmus
Cingulate

Rostral
Anterior

Cingulate
Favors Control Favors Intervention
More Cortical Thinning Less Cortical Thinning
-0.05 0.00 +0.05

3-year difference between intervention and control in cortical thickness in millimeters

39

FRONTAL LOBE - Adjusted, Intention-To-Treat Analysis of Three-Year

Change in Cortical Thickness of Dominant Hemisphere in Millimeters

(N=445)

Favors Favors
Control Intervention
Frontal Lobe
Superior frontal —_— 0.008 (-0.020, 0.036)
Rostral middle frontal —_—— -0.002 (-0.030, 0.026)
Caudal middle frontal > 0.024 (-0.011, 0.058)
Pars opercularis L 2 0.011 (-0.019, 0.042)
Pars triangularis < 0.024 (-0.005, 0.053)
Pars orbitalis L 2 0.058 (0.013, 0.102)
Lateral orbitofrontal < -0.010 (-0.049, 0.028)
Medial orbitofrontal < 0.014 (-0.024, 0.053)
Precentral L 2 0.019 (-0.022, 0.060)
Paracentral L 2 0.009 (-0.028, 0.045)
Frontal pole -0.053 (-0.122, 0.017)
Rostral anterior cingulate L 2 0.055 (0.013, 0.096)
Caudal anterior cingulate L o 0.011 (-0.020, 0.043)
-0.100 0.000 0.100
Difference Between Intervention & Control
3-Year Change in Cortical Thickness, mm
40
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PARIETAL LOBE - Adjusted, Intention-To-Treat Analysis of Three-Year
Change in Cortical Thickness of Dominant Hemisphere in Millimeters
(N=445)

Favors Favors
Control Intervention
Parietal Lobe
Superior parietal 2 0.015 (-0.021, 0.051)
Inferior parietal L 4 0.011 (-0.020, 0.042)
Supramarginal 2 0.006 (-0.029, 0.040)
Postcentral L 4 0.016 (-0.015, 0.046)
Precuneus - — 0.022 (-0.006, 0.051)
Posterior cingulate — 0.033 (0.008, 0.057)
Isthmus cingulate —_— 0.030 (0.003, 0.058)
-0."100 0.000 0.1'00

Difference Between Intervention & Control
3-Year Change in Cortical Thickness, mm
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Hearing Intervention & Brain Cortical Atrophy

e Analyses demonstrate a clear signal of hearing intervention being

associated with reduced cortical thinning over 3 years in whole brain &

certain lobar regions

e Pattern of findings suggest that hearing intervention may have greatest
effects in the pars orbitalis & cingulate cortices and not in the temporal

lobe

e Potential mechanisms could include effects of hearing intervention on
sustained alterations in patterns of neural activity, increased social &

physical activity, etc.
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SUMMARY & CONCLUSION

ACHIEVE study
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ACHIEVE Study - Key Findings

e High adherence to & satisfaction with hearing intervention sustained over 3 yrs with
positive effects on self-perceived communication impairment

e Exploratory MRI analyses suggest biomarker effects of hearing intervention on
reducing cortical thinning within 3 years

e Strong effects of hearing intervention (48% reduction) on 3-year global cognitive

decline in the ARIC cohort that came from a random sample of the population
e Slow rate of cognitive change in healthy de novo volunteers would limit any apparent cognitive
benefits of hearing intervention within just 3 years

e Key inference: Hearing intervention could reduce cognitive loss within 3 years for
populations of older adults at increased risk for cognitive decline.

ACHIEVE study
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ACHIEVE Study - Implications for Clinical Care

e Clinical recommendations always require extrapolating scientific evidence to the
individual while balancing risk vs. benefit

e Clinical - Is a patient at increased risk of cognitive decline (more like the ARIC or De
novo cohort)? What about patients with severe hearing loss who could benefit from
a cochlear implant?

e My approach - | focus conversation on the tangible proximal outcomes of hearing
intervention on communication and social function. | only mention potential
downstream effects on supporting cognitive/brain health as an afterthought.

ACHIEVE study
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MAIN FOCUS Other Areas

What'’s next for »
- (= =23
ACHIEVE BRAIN MENTAL HEALTH PHYSICAL HEALTH
[ ] COGNITIVE STRUCTURE 8 WELL-BEING FUNCTION CARE USE

DECLINE

e 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

e 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
cognitive impairment (e.g., adjudicated dementia)

o 6-year follow-up study (2022-2027) is underway (NCT05532657,
RO1AGO076518)
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Hearing intervention in Cognitive Decline

over 3 Years“. REDUCED ARIC Cohort
REDUCED Brain atrophy

Social isolation @
Loneliness @

IMPROVED*

Physical Function @

ARIC Cohort

[ |
REDUCED"™ |\ * ¥ -
Fatigue . .
v of NO EFFECT
. Depression
IMPROVED NO EFFECT *

Communication
function

'-. *** Published or in-press

* In preparation

Physical Activity

ACHIEVE study
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