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• Review the relationship between prevalence and 
treatment of age-related hearing loss

• Discuss evidence relating age-related hearing 
loss and cognition

• Identify proposed mechanisms related age-
related hearing loss to cognition

• Describe the level of evidence relating subclinical 
age-related hearing loss and cognition 

Learning Objectives



What Am I?



Otolaryngology—Head and Neck Surgery

Ear Nose Throat



Otology/Neurotology

(ENT)



Otology/Neurotology



Age-Related Hearing Loss Researcher
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• What’s Age-Related Hearing Loss?
• Hearing Loss ⟷ Cognition
• Mechanisms
• Subclinical Hearing Loss ⟷ Cognition
• Conclusion & Next Steps
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• Death of inner ear hair cells

• A sensorineural hearing loss

• Etiology unknown and irreversible

Age-Related Hearing Loss: Cause



• Treat with devices

Hearing aids:

Cochlear implant:

Age-Related Hearing Loss: Treatment



Pr
ev

al
en

ce

Age (Years)
Sharma 2020; Goman 2016. (NHANES)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

12-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90+

Age-Related Hearing Loss: Prevalence



• Unit: dB (decibel)
• How loud a tone is to hear it

0 dB 100 dB25 dB 40 dB
Normal Mild Moderate

70 dB
Severe,
Profound

• Pure tone average: 
mean dB at several frequencies (pitches)

How Do We Measure Hearing Loss?
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Pure tone average
= 0.0052 x age2



High prevalence

Low treatment

(>80% of 80+ y/o)

(<25% of 80+ y/o) 
!!!

Goman 2016
Chien 2012 

Summary
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Retinopathy
Kidney disease
Stroke
Myocardial infarction
Neuropathy
Cognitive impairment

Lab Value
Glucose 280
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Exposure Disease 
(Outcome)



Do something about this…
…to prevent hearing loss

Hearing Loss as the Disease
Exposure  Disease

Genetics  Hearing loss?
Ototoxicity  Hearing loss?

Noise  Hearing loss?



Exposure  Disease

Hearing loss  Cognitive impairment?
Hearing loss  Dementia?
Hearing loss  Depression?

Hearing Loss as the Exposure
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Epidemiology 101

Association
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Epidemiology 101

Confounder*

X

*Adjusting in statistics reduces confounding possibility

Hearing 
loss

Cognitive 
decline 



Mediator

Epidemiology 101

Hearing 
loss

Cognitive 
decline 

(The Mechanism)



(hard to prove)

• Proof:
Randomize hearing loss get dementia?

• Proxy for proof:
Randomize hearing treatment  avoid dementia?

• Suggestive evidence:
Naturally occurring hearing loss  get dementia?

Does Hearing Loss Cause Dementia?
• Association ≠  causation
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• Unit: dB (decibel)
• How loud a tone is to hear it

0 dB 100 dB25 dB 40 dB
Normal Mild Moderate

70 dB
Severe,
Profound

• Pure tone average: 
mean dB at several frequencies (pitches)

Review: How Hearing Loss is Measured



Hearing Loss ↔ Dementia
Lin 2011 • Exposure: pure tone average (audiometry)

• Outcome: incident dementia
• Cohort: Baltimore Longitudinal Study of Aging
• n=639
• Longitudinal (12 yrs)
• Adjusted: age, demographics, CV risk factors

• HR = 1.27 per 10 dB HL increase (p<0.01)



Lin 2011

*Adjusted







Hearing Loss ↔ Cognition/Dementia
Loughrey 
2018

• Meta analysis
• 1,824 36 papers (n=20,264)
• Excluded: no audiometry
• 37 eTables, 73 eFigures



Cognitive Impairment for Cohort Studies

Loughrey 2018



Dementia for Cohort Studies

Loughrey 2018



8% reduction in dementia prevalence 
if hearing loss was eliminated



Design
• Intervention: Unilateral hearing aid vs waitlist
• Outcome: Disease-specific QOL (HHIE)
• Population: Veterans
• Age (mean): 72
• Size: n=194
• Duration: 4 months

Mulrow  
1990

Hearing Aid RCT in Veterans



Results
• Significant improvement in disease-

specific QOL (HHIE, QDS)

Mulrow  
1990

Hearing Aid RCT in Veterans

Limitations
• Unilateral hearing aid
• 30+ year old tech
• Cognition not really assessed
• Mostly white male veterans



Nguyen 
2017

Design
• Intervention: Hearing aid vs placebo hearing aid
• Outcome: ADAS Cog
• Population: Alzheimer’s (community)
• Age (mean): 83 y/o
• Size: n = 51 ➔ 38
• Duration: 6 mos, then 6 more mos crossover

Hearing Aid RCT in Alzheimer’s Disease



Nguyen 
2017

Results
• No significant differences between groups 

(1º and 2º outcomes)

Limitations
• Hearing intervention design
• Small n
• Self-report of compliance

Hearing Aid RCT in Alzheimer’s Disease



Fergusson 
2017

Methods
• Mild-moderate age-related hearing loss
• 5 RCTs, n=825

Hearing aids improve:
• Hearing-specific QOL
• General QOL
• Listening abilities

Hearing Aid RCTs

Nothing (yet) beyond hearing or QOL
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Change in brain structure

Reduced socialization

Cognitive load

Cognitive Impairment 
and Dementia

CAUSAL PATHWAYS

NON-CAUSAL PATHWAYS
Microvascular disease

“Aging”

Unknown neuro-
degenerative mechanisms

Age-Related 
Hearing Loss

REVERSE CAUSATION
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Reduced socialization

Cognitive load

Cognitive Impairment 
and Dementia

CAUSAL PATHWAYS

Age-Related 
Hearing Loss

Change in brain structure

• Tau-PET
(Neurodegeneration)

• MRI 
(Brain Volume)

• β-Amyloid PET
(Alzheimer Pathology)



Reduced socialization

Cognitive load

Cognitive Impairment 
and Dementia

CAUSAL PATHWAYS

Age-Related 
Hearing Loss

Change in brain structure

• Tau-PET
(Neurodegeneration)

• MRI 
(Brain Volume)

• β-Amyloid PET
(Alzheimer Pathology)



How Can We Study This?

Grants

Luchsinger, PI
R01AG050440
RF1AG051556
R01AG055299
R56AG061817 



• Community
• Late-middle age volunteers
• Hispanic > black, white
• Added: audiogram
• Target n=500



Pilot Study

Question:
Is hearing loss cross-sectionally associated with brain β-amyloid

in late-middle age community volunteers?

Pure tone average (dB)Hearing loss: 
Word recognition score (%)

Intensity (SUVR) on PETBrain β-amyloid: 



Enrollment



Brain β-Amyloid vs Pure Tones

Univariable

Multivariable*

*adjusted for: age, gender, 
education, CV disease, hearing aid

Global Amyloid 
SUVR Difference 

Per 10 dB 
Worsening Pure 

Tone Avg (95% CI)

0.024
(0.00, 0.049)

0.029
(0.003 0.056)

0.054

0.030

PModel



Brain β-Amyloid vs Word Recognition

Univariable

Multivariable*

*adjusted for: age, gender, 
education, CV disease, hearing aid

Global Amyloid 
SUVR Difference 

Per 10 %B 
Worsening Word 
Recog (95% CI)

0.059
(0.017, 0.101)

0.061
(0.009, 0.112)

0.006

0.021

PModel



…Really?

🧐🧐



Yes: Smaller brain volumes1,2,3

Yes: CSF tau4

No: CSF amyloid or amyloid PET4

No: Dementia pathology on autopsy5

First study to show association between hearing and 
β-amyloid: hallmark pathology of Alzheimer’s

Hearing loss related to….

1Lin 2014, 2Armstrong 2019, 3Eckert 2012, 4Xu 2019, 5Neff 2019

Prior Studies

🧐🧐



Limitations
• Cross-sectional
• Regional

Next Steps
• Replication including longitudinally
• How could hearing loss cause amyloid?



• What’s Age-Related Hearing Loss?
• Hearing Loss ⟷ Cognition
• Mechanisms

• Subclinical Hearing Loss ⟷
Cognition

• Conclusion & Next Steps



• Pure tone average >25 dB

• Arbitrary

Do associations with cognitive impairment 
begin with subclinical hearing loss
(pure tone average 1-25 dB)?

But What is Hearing Loss?

Q



•Hispanic Community Health Study

•Multicentered

•Cross-sectional, 2008-2011

•≥50 y/o

• “Normal” hearing (≤25 dB)

•n=4,347

Methods: Subjects



Outcome:
Cognition

Exposure:
Pure Tone Average

• Digit Symbol
Substitution Test

• Word Frequency Test
• Spanish-English 

Verbal Learning Test
• Six-item Screener

Multivariable
Linear

Regression

Adjusted for: demographics, hearing aids, cardiovascular disease 

Methods: Analysis



•Age: mean 58 y/o
(Range = 50 to 75)

•Pure tone average: mean 14 dB
(Range = -2.5 to 25)

Results



Six-Item Screener

In subclinical HL, 10 dB worse hearing associated with:
Results

Score Change (95% CI) Cognitive Test

*p<0.001

-1.61 (-2.18, -1.04)* Digit Symbol Substitution
-0.71 (-1.07, -0.35)* Word Frequency Test
-0.67 (-0.95, -0.40)* SEVLT 3 trials
-0.40 (-0.55, -0.25)* SEVLT 3 recall
-0.08 (-0.12, -0.03)*



Digit Symbol Substitution Test

0 8020 46

2 standard deviations (95% people)
Worse Better

Is That Clinically Meaningful?



Digit Symbol Substitution Test

20 46

-1.6 per 10 dB HL
-4.0 per 25 dB HL

31 3329

Worse Better

Is That Clinically Meaningful?



25 dB
20 463329

11 261817

17 282321

5 1187

4.5 6.25.35.1

DSST

WFT

SEVLT3

SEVLTR

SIS

Is That Clinically Meaningful?



•Worse hearing was associated with lower 
cognition among adults with subclinical 
hearing loss (PTA 1-25 dB)

•Hearing-cognition relationship 
may begin earlier than previously realized

•>25 dB definition for adult HL too high?

Conclusion
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Conclusions

• Hearing loss unquestionably associated with 
cognitive impairment

• Hearing loss might cause cognitive decline

• Hearing aids might prevent cognitive decline

• Association may begin with subclinical hearing loss

• Needs RCTs and mechanistic studies



Recommendations

Given risk/benefit ratio:

• Test hearing

• Recommend treatment



Next Steps



Cognition (plus much more) RCT

Depression pilot RCT

Neuroimaging observational

Next Steps



Children
Always and immediately!

Status Quo: When Hearing is Treated

Adults
Late or never.

!!!
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