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Hearing loss defined as a better-ear PTA of 0.5-4kHz tones > 25 dB

Lin et al., Arch Int Med. 2011
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Prevalence in the U.S. , 1999-2006
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Chien & Lin, Arch Int Med, 2012



Prevalence of Hearing Aid Use

« United States (Chien & Lin, Arch Int Med, 2012)
 26.7M adults = 50 years with hearing loss

« 3.8M use hearing aids
 QOverall rate of HA use: 14.2%

~ England aﬂd WaleS (Taylor & Paisley, NICE Report, 2000)
e 8.1M with hearing loss

« 1.4M use hearing aids
e Overall rate of HA use: 17.3%



Age-Related Hearing Loss (ARHL)
Basic Questions

What are the consequences of ARHL for older
adults?

What is the impact of treating ARHL on older
adults?

How can ARHL be effectively addressed in the
community?
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Age-Related Hearing Loss (ARHL)
Basic Questions

What are the consequences of ARHL for
older adults?

What is the impact of treating ARHL on older
adults?

How can ARHL be effectively addressed in the
community?
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Principles of
Auditory
Physiology
#1 Hearing depends

on peripheral
transduction &

@@ central processing of
D) sound




Principles of Auditory Physiology

#2 Audiometry measures the cochlea’s ability
to detect & encode sound

AUDIOGRAM
Left Ear X  Right Ear O

PTA = Pure tone

average of 0.5, 1,

2,& 4 KHz tones
In the better-
hearing ear
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Hearing Loss & Healthy Aging

or Modifiable Risk Factor
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Hearing Loss &
Cochlear impairment

4

Increased hearing
thresholds & poor
frequency resolution
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Hearing Loss & Healthy Aging

or Modifiable Risk Factor
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Hearing Loss & Cognitive Load

« Kahneman model of shared attention and
fesource CapaC|ty (D. Kahneman, Attention & Effort,1973)

Cognitive Resource Capacity

Available Cognitive Age-Rels

Resources Decline
For Performance of Tasks




Hearing Loss & Cognitive Load

Poorer hearing iS A Decreased language-driven speech activity

in poorer hearers

associated with:

A. Reduced
language-driven
activity in primary
auditory pathways

B. Increased
compensatory
language-driven
activity in pre-frontal
cortical areas

Grossman et al, Brain Lang, 2002
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Individuals with hearing loss have
accelerated rates of atrophy in the
temporal lobe
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Lin et al., Under review



Hearing Loss & Healthy Aging

or Modifiable Risk Factor
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Cognitive &

Social Isolation s 2 Physical

Functioning

Health Behavioral Psychological

Pathways Pathways
« Smoking  Self-esteem
» Adherence to medical tx « Self-efficacy
* Diet » Coping
 Exercise » Sense of well-being

Physiologic
Pathways
» HPA axis response

* Immune system fxn
» Cardiovascular reactivity

Social isolation is
associlated with

Isolated
Integrated

Isolation related transcripts U p reg u | atl on Of p ro-

Down_regwatedo 25 50 75 100 125 150 Inflammato 'y genes
Up-regulated E :| Difference: p = .0001 & | n C reaS ed

Inflammation

Cole & Cacioppo, Genome Biology, 2007
Cole & Cacioppo, PNAS, 2011
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Projected Worldwide
Prevalence of
Dementia 2010-2050

Low and middle income countries

High income countries

Alzheimer’s Disease International, 2009



Hearing Loss & Cognition
Background

— Memory
* Free and cued selective reminding test (FCSRT)

— Executive Function These tests are

» Trail Making B not dependent
 Stroop Mixed on hearing.

 Digit symbol substitution
— Psychomotor/processing speed
— Verbal function & language




Hearing Loss & Cognition
Executive Function: Trail Making B

Trail Making B




Hearing Loss & Cognition
Executive Function: Stroop Mixed
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Hearing Loss & Cognition
Executive Function: Digit Symbol Substitution Test (DSS)

DSS: Digit
Symbol
Substitution
Test
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Hearing Loss & Cognition/Dementia
Datasets for Epidemiologic Analyses

« NHANES: National Health and Nutritional Examination
Surveys

« Cross-sectional, representative sample of U.S. population

 BLSA: Baltimore Longitudinal Study of Aging
 Ongoing prospective study of older adults since 1958

 HealthABC: Health, Aging, & Body Composition Study

 Prospective, population-based study of ~3000 adults 70
years and older



Hearing Loss and Cognition

Cross-Sectional Studies

N HA N ES N = 605 adults 60-69 years in. J. Geront. Med. Sci.. 2011
¢

Ag

Hearing loss A Age (years)

(per year) (p(—;:)l‘ 25 dB) equivalent to
B’ P B P 25 dB of
(95% CI) (95% CI) hearing loss

Digit Symbol -0.55 0 -3.86 . 7.0
Substitution Test

(-0.92 — -0.18) (-7.15 — -0.56)

B L SA N =347 adults >60 years Lin et al., Neuropsych., 2011

Stroop Mixed -0.33 <.00 -2.27
(-0.48 —-0.18) (-4.14 —-0.40)

Trail Making B -0.00011 001 -.00074
(-0.00018 —-0.000044) (-0.0015 —2.74x10°)

Models adjusted for age, sex, race, education, diabetes, smoking, hypertension



HealthABC

Adjusted 3MS & scores by years of follow-up and hearing
loss status in 1,966 adults > 70 years followed for 6 years
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Study Year
Mo. of Participants

Normal hearing 817 661
Hearing loss 1149 879

Adjusted for age, sex, race, education, study site, smoking status, hypertension,
diabetes, and stroke history Lin et al. JAMA Int Med. 2013



Hearing Loss & Incident Dementia

Dementia incidence in 639 adults followed for >10 years In
the BLSA

Risk of incident all-
cause dementia
(compared to normal

i hearing)?2

Normal

HR 95% ClI D

Moderate

Mild 1.89 1.00 —3.58 0.05

Moderate 3.00 1.43-6.30 .004
Severe 494 1.09-224 .04

& Adjusted for age, sex, race, education,
DM, smoking, & hypertension

Severe
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Lin et al., Arch Neuro., 2011



.. . Avoiding Injury
Cognitive Vitality

Maintaining Physical

& Avoiding Dementia Mobility & Activity

Keeping Socially
Engaged & Active

Avoiding injury
— Increased falls (Viljanen et al , JGMS 2009; Lin et al. Arch Int Med 2012)

Physmal mobility

Reduced walking speed (viljanen et al. JAGS 2009; Li et al., Gait & Posture 2012)

— Accelerated decline in physical functioning (wallhagen et al JAGS 2001; Bess et al. JAGS
1989; Chen et. al. In prep)

— Driving ability (Hickson et al. JAGS 2009)

— Increased odds of hospitalization (Genther et al, JAMA, 2013)
— Increased mortality (Karpa et al Ann Epi 2010; Genther et al, Under review)
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Age-Related Hearing Loss (ARHL)
Basic Questions

What are the consequences of ARHL for older
adults?

What Is the impact of treating ARHL on
older adults?

How can ARHL be effectively addressed in the
community?



The question of whether treating hearing
loss could delay cognitive/physical
decline or dementia remains unknown

There has never been a randomized clinical trial of
treating hearing loss to explore effects on
reducing the risk of cognitive decline/dementia




Current/Future Studies on
Impact of Treating Hearing Loss

Studying Multiple
Outcomes after

Aural Rehabilitative |° SMART: Ongoing observational pre/post
Treatment Study | study studying effects of HA/CI on:

* Neurocognitive function
« Social engagement
« Salivary/hair cortisol

* Physical performance battery
(balance, gait)




Conceptual Model for HL-Cognition RCT

In collaboration with Marilyn Albert, Joe Coresh, Richey Sharrett,
ARIC Study Team, and U. South Florida

Intervention Proximal/Mediating Primary Secondary
QOutcomes Outcome Outcomes

HRQL

Social/Leisure

Audibility of speech > Activities
& environmental
Best-Practices sounds Daily

Hearing Cognitive
é

Functioning

Rehabilitative

Functioning
Mobilit
Treatment Enhanced Verbal / y
ConTlmunlcatlon & > Brain structure
Social Engagement (MRI)




Age-Related Hearing Loss (ARHL)
Basic Questions

What are the consequences of ARHL for older
adults?

What is the impact of treating ARHL on older
adults?

How can ARHL be effectively addressed In
the community?



How can ARHL be effectively addressed

In the community?
Future Trends

« Understand & approach hearing loss in the context of
healthy aging
- Jan 2014 Institute of Medicine Workshop in the U.S.

 Hearing industry development
More accessible & affordable HA's
Open wireless standards



Accessible & Affordable Hearing Aids

Current (and only) model of hearing healthcare:

« Repeat visits with audiologist for evaluation, counseling &
fitting

 Real-ear verification of audibility of HA output

« Cost: $2000-$6000

-> Not readily accessible/convenient for many adults

In-situ approach with self-fit HA

« Measurement of hearing thresholds with open fit hearing
aids

«  Output calibrated on the same coupler & accounts for all
iIndividual ear characteristics

« Cost $100-300
-=> Audiologically-sound “middle of the road” approach
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Open Wireless Standards

Fundamental limitation of all hearing aids?
How to increase signal-to-noise ratio?

Options:
 Post-microphone
. Algorithmic processing of sound

 Pre-microphone

. Hearing loop systems

. Proprietary wireless systems (2.4Ghz, 900MHz, not
Bluetooth)



Wireless — Current State

Proprietary
2.4GHz or
900MHz
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Wireless— Open Standards Are Needed

Open
2.4 GHz
Standard




How can ARHL be effectively addressed

In the community?
Future Trends

« Understand & approach hearing loss in the context of
healthy aging

 Hearing industry development
More accessible & affordable HA's
Open wireless standards

 Pharmacologic approaches



Pharmacologic Approaches to ARHL

General strategies:
 Neuropreventative
 Neurorestorative
 Symptomatic treatment

Completed Pfizer Phase 1b study:

« “A Study Of The Effects Of PF-04958242 In Subjects

With Age-Related Hearing Loss™ (ClinicalTrials.gov
identifier: NCT01518920)



Pharmaceutical Companies Actively
Pursuing Programs in ARHL Treatment

Choche>

/N\\//
(K4

sancrioventis I AUTITO ny

THERAPEUTICS




How can ARHL be effectively addressed

In the community?
Future Trends

 Understand & approach hearing loss in the
context of healthy aging

« Hearing industry development
More accessible & affordable HA'’s
Open wireless standards

 Pharmacologic approaches

« Earlier intervention for older adults



“Are you telling me that ’'m "[SUEENO ML )le
going to develop

dementia?” Jact of treating hearing
loss on older adults?

 How can hearing loss be effectively
addressed in the community?

* Hypertension - Heart attack & stroke
— Intervention: Medication, Lifestyle modification

» Hearing loss - Cognitive decline, dementia,
poorer physical functioning

— Intervention: Comprehensive hearing tx?



Additional Reading Including
Patient Handouts

www.linresearch.org

flinl@jhmi.edu
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