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 People with similar (or identical) hearing thresholds/categories 
often have significantly different abilities to comprehend, 
understand or untangle sound.

 Further, word recognition in quiet (SIQ) does not necessarily 
correlate with speech recognition in noise (SIN).

 There is no constant or predictable relationship between SIQ and 
SIN. Which is why AAA, ASHA, BSA and IHS Best Practice 
Statements are clear….TEST SIN.

 38 million vs 26 million (Beck & Danhauer, 2019).

GROUPING PEOPLE BY HEARING LOSS CATEGORY IS HIGHLY
PROBLEMATIC!



 Cognitive Decline…The normal aging process associated with declines in 
certain cognitive abilities, such as processing speed, memory, language, 
visuospatial, and executive function abilities.   www.ncbi.nlm.nih.gov

 Dementia is a collective term which describes various symptoms of cognitive 
decline, such as forgetfulness. Dementia is not a single disease in itself, but a 
general term to describe symptoms of impairment in memory, communication, 
and thinking. www.medicalnewstoday.com

 Mild Cognitive Impairment (MCI) is the stage between the expected cognitive 
decline of normal aging and the more serious decline of dementia (Mayo 
Clinic).

COGNITIVE DECLINE, DEMENTIA AND MCI

http://www.ncbi.nlm.nih.gov/
http://www.medicalnewstoday.com/


 We are not able to thoroughly or accurately measure human 
cognition (Rowe and Healy, 2014).

 Cognitive abilities cannot be directly observed, they must be 
inferred (Boogert & Madden, 2018).

 Cognitive attributes (memory, math, processing speed, reflex…) 
measured of an individual at a moment in time, likely does not 
represent their entire cognitive ability and changes over time. 

 Sub-Skill/Attribute measurement, only measures one sub-skill, at 
that moment in time.

 The ability to predict overall cognitive ability based on a specific 
sub-skill is not a proven attribute of any cognitive measure.

MEASURING COGNITION (BIG PROBLEM!)



 Lin, Yaffe, Xia (JAMA, 2013)

 1,984 older adults no cognitive impairment per the Modified MMSE.
 1162 hearing loss (>25 dB) and 822 WNL
 6 years later, people with hearing loss declined on the MMMSE (41%) more than 

those who were WNLs. 
 The rates of COGNITIVE DECLINE and the RISK of COGNITIVE IMPAIRMENT were 

linearly associated with severity  of hearing loss.
 SUMMARY:
 Hearing Loss is independently associated with accelerated cognitive decline 

and cognitive impairment in community dwelling older adults.

HEARING LOSS AND COGNITIVE DECLINE IN OLDER ADULTS





WE ASKED FOUR QUESTIONS (JOURNAL OF OTOLARYNGOLOGY
ENT RESEARCH – VOL 12, ISSUE 3, 2020)

 1- What is the relationship between hearing loss and cognition?

 2- What do we know about hearing loss and cognitive 
performance?

 3- Is there a link between hearing loss, cognitive decline and 
dementia?

 4- Can we intervene successfully regarding hearing loss & 
cognitive decline?



Q1    THE RELATIONSHIP BETWEEN HEARING LOSS AND
COGNITION? 

 1- Common Cause: 
Hearing loss and cognitive decline share common 
neurodegenerative thread.



Q2  WHAT EFFECT DOES HEARING LOSS HAVE ON
COGNITIVE PERFORMANCE?

For people with normal thresholds, a reduction in the signal-to-noise 
ratio can reduce a person’s memory for spoken words, and even 
more so for people with hearing loss.

As hearing ability decreases WITHIN NORMAL from “excellent” to 
“normal” specific measurable aspects of cognition decrease (per 
the MMSE).

Gaeta, Azzarello, Baldwin (2019)



Q3 IS THERE A LINK BETWEEN HEARING LOSS, COGNITIVE
DECLINE AND DEMENTIA?

Lancet 2017 (Livingston at al) hearing loss is one of 9 modifiable and significant 
risks factors of dementia. Hearing loss has 9% PAF.

Deal, Betz & Yaffe (2017) suggest 10 dB increase in thresholds may correlate with 
14% increased risk for dementia.

Yuan, Sun, Sang, Pham and Kong (2018) meta-analysis of 11 cohort studies of older 
adults..for every 10 dB increase in hearing loss, there was an estimated 12% 
increase in the incidence of cognitive impairment. 

Jafari, Kolb and Mohajerani (2019)…age-related hearing loss is the 3rd leading 
cause of chronic disability in older adults and is associated with predisposing 
cognitive impairment and dementia.



LANCET 2020, 12 MODIFIABLE RISK FACTORS FOR
DEMENTIA

Dementia: 60% non-modifiable (DNA) and 40% potentially 
modifiable

12 modifiable risk factors for dementia.
Less education, hypertension, hearing impairment, smoking, 
obesity, depression, physical inactivity, diabetes, low social contact, 
excessive alcohol consumption, TBI, air pollution

HEARING LOSS is 1/5th of the modifiable opportunity, with a PAF of 
8.2%



Q4 CAN WE INTERVENE ON THE RELATIONSHIP BETWEEN
HEARING LOSS AND COGNITION?

 Amieva et al. (2015) reported (n=3670) prospective population-based studies assessing the 
association between self-reported hearing loss and cognitive trajectories over a 25-year period for 
three groups: 

1- those with that reported hearing loss but no hearing aid use (“unaddressed hearing loss”), 
2- those that reported hearing loss and hearing aid use, and 
3- those that reported no hearing loss. 

They concluded that addressing one’s hearing loss by use of hearing aids may slow cognitive decline 
by alleviating communication difficulties and improving mood and social interactions. 

Deal et al. (2017) 40 adult participants in an RCT (aged 70-84 years) with untreated, adult-onset, 
bilateral, mild-to-moderate hearing loss who did not have dementia. Participants were randomized into 
either rehabilitation with hearing aids or rehabilitation without hearing aids. In the WITH HA group, there 
was an improvement in the cognitive domain score for memory. In the WITHOUT HA group, no change 
or worse function. Due in 2022 ACHIEVE study.
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 Brain changes and cortical re-organization occurs even with mild sensorineural 
hearing loss (SNHL). The human brain re-organizes itself when coping with even a 
mild SNHL. Some of these cross-modal changes might be reversed with excellent 
and timely hearing aid amplification.

 After 6 months with well-fit hearing aids, reversal of the cross-modal recruitment 
of auditory cortex for visual processing in the ARHL group occurred and 
coincided with gains in:
 auditory speech perception abilities
 improvements in global cognitive function 
 executive function
 processing speed
 and visual working memory performance.





 Since the protective effects of hearing aid use may be hardly observable in 
clinical trials involving small samples of participants or a short-duration follow-up. 
Notably, the ongoing ACHIEVE study, a large trial on 850 older adults, will be the 
first randomized trial to determine the efficacy of a best-practices hearing 
intervention (compared to a successful aging intervention) on reducing 
cognitive decline in older adults with hearing loss [74].

 The available data globally support the hypothesis that hearing aids’ use 
positively impacts long-term cognition in older adults suffering from hearing loss, 
but definitely call for more research to ascertain such a statement and provide 
more information on the delay at which the benefits can be observable, the 
daily frequency of hearing aids use required, and many other questions that 
remain fully open.



USA MORTALITY TIMELINE

 In 1700 average age at death 35 years
 In 1800 average age at death 42 years
 In 1900 average age at death 49 years
 In 2020 average age at death 79 years

Fun Fact: Medicare/Social Security



NATIONAL COUNCIL ON AGING (APRIL 23, 2021)    
WWW.NCOA.ORG

 80% of adults > 65 years have at least 
one chronic condition

 68% of adults > 65 years have two or 
more

http://www.ncoa.org/


TEN MOST CHRONIC CONDITIONS FOR ADULTS 65 YEARS+ 
(APRIL 2021, WWW.NCOA.COM)

 Hypertension 58%
 High Cholesterol 47%
 Arthritis

31%
 Ischemic/Coronary heart disease

29%
 Diabetes 27%
 Kidney Disease 18%
 Heart Failure

14%
 Depression

14%
 Alzheimer’s and Dementia
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TEN MOST CHRONIC CONDITIONS FOR ADULTS 65 YEARS+ 
(APRIL 2021, WWW.NCOA.COM)

 Hypertension 58%
 High Cholesterol 47%
 Arthritis

31%
 Ischemic/Coronary heart disease

29%
 Diabetes 27%
 Kidney Disease 18%
 Heart Failure

14%
 Depression

14%
 Alzheimer’s and Dementia

Auditory 
Problems

52%



WHAT DO WE KNOW ABOUT THE
RELATIONSHIP BETWEEN

COGNITION AND AUDITION?



The idea that audiology, cognition, 
and psychology overlap is not new. 

Myklebust 1949: 

Clinical psychology has an important contribution to make in 
audiology. In reality, one cannot readily separate cognition, 
language, and audition. These processes are intimately interwoven 
and interdependent.

The most difficult and challenging dilemma is to determine how 
much of a communicative disorder originates with hearing loss, 
versus how much is based in other causes. 

Beck, Weinstein, Harvey. Jan 2016, Hearing Review



BECK & CLARK
MARCH/APRIL 2009
AMERICAN ACADEMY

OF AUDIOLOGY



2014



The risk of dementia over a 12-year period was 1.9 times higher for 
those with MILD hearing loss as compared to those WNL (Lin, Metter, 
O’Brien et al 2011 ArchNeurol).

Hearing loss is associated with depression and cognitive impairment.
ARHL is a potential risk factor for cognitive impairment, dementia 
and late-life depression.
ARHL is prevalent and is highly treatable.

Age Related Hearing Loss and the Development of Cognitive Impairment and Late-Life Depression: A 
Scoping Review. Sharma, Chern, Golub. Seminars in Hearing, 42(1), 2021.



ENT & Audiology News    
March 2021, Cognitive Psychologist Boaz M. Ben-David

 Cognitive performance is intertwined with 
speech perception and hearing.

 Cognitive ability has a large effect in 
speech perception.

 Hearing status affects cognitive reserve.
 When assessing speech processing, we 

need to consider cognitive ability.
 When assessing cognitive ability, we need 

to consider auditory & visual sensory input.



THE REAL CHALLENGE…

 Beyond hearing.
 Improve the opportunity 
 For listening success!



37
million 
people

26
million 
people



Beck DL, Danhauer JL, Abrams HB, et al. Audiologic considerations for people with normal hearing sensitivity 
yet hearing difficulty and/or speech-in-noise problems. Hearing Review. 2018; 25(10) [Oct]:28-38.



FEB 2019 JOENTR Beck & Danhauer



WHAT DO the 2 PREVIOUS PPTs 

INDICATE about PURE TONE SCREENING?

(definition of insanity?)



1,193 participants, 60 years +, 10 year follow up, 
3,260 observations
Authors concluded:
Hearing aid use showed significant SUPPRESSIVE 
EFFECT on cognitive impairment in some 
people with MOD loss who always wear their 
hearing aids.
Regular hearing aid use MAY have a protective 
effect on people with MOD hearing loss.

Prevalence of HA Use and Association with Cognitive Impairment in Japanese 
Community Dwelling Elders with Hearing Loss (~)…Sugiura, Uchida, Nishita et al IN 
PRESS, online Apr 15 2021 Auris Nasus Larynx



ADDRESSING THE HEARING NEEDS OF PEOPLE WITH DEMENTIA
PIERS DAWES PHD ENT & AUDIOLOGY NEWS MARCH 2021

 Hearing loss is more common in people with dementia, as compared 
to their age-matched peers.

 One study reports 90% of people with mild-to-moderate dementia have 
hearing loss > 40 dB HL.

 Hearing loss is associated with poorer cognitive function, and people with poorer 
cognitive function tend to have poorer health in general.

 Untreated hearing loss exacerbates the impact of dementia.
 Unfortunately, most people w/dementia do not have their hearing needs 

recognized and supported by caregivers and HCPs.
 Hearing Care should be person-centered, tailored to the needs of 

the individual and should involve multidisciplinary professionals.
 Hearing professionals should receive training in dementia awareness.
 “IT IS TIME FOR HEARING PROFESSIONALS TO ADDRESS THE GLOBAL DEMENTIA 

CHALLENGE.”



HEARING LOSS AND COGNITION: SOMETHING TO THINK
ABOUT

If ARHL goes untreated, it may result in social isolation, 
loneliness, loss of productivity and autonomy, 
depression as well as cognitive decline. A growing 
body of evidence linking hearing loss to the 
development of dementia has substantially increased 
interest in promoting adoption of hearing aids.

““

Irace, Chern & Golub. ENT & Audiology News March 2021



HEARING LOSS AND COGNITION: SOMETHING TO THINK
ABOUT

Pure tone audiometry fails to address one of the most 
common complaints among the hearing-impaired 
elderly, namely difficulty understanding speech in 
noise…

““
Tone-in-Noise Detection Deficits in Elderly Patients with Clinically Normal 
Hearing. Am j Otolaryngol 40 (2019) Ralli, Greco, DeVincentiis et al

If hearing loss is untreated, individuals are at higher 
risk for social isolation and depression, which may 

contribute to dementia and cognitive decline.



 Dementia usually starts in people 65 years 
and older.

 One-third of people over the age 65 have 
hearing loss.

 Older adults with hearing loss are twice as 
likely to develop dementia, compared to 
those WNL.

 Early and accurate screening for MCI is even 
more important.

Validation of a Cognitive Screening Tool for Hearing-Impaired Older Adults. University 
College of London (UCL) Doctoral Thesis by Nattawan Uloomprukporn. 2021.



WHAT IS THE SINGLE LARGEST
COMPLAINT WE (HCPS) HEAR FROM

PEOPLE WITH SNHL AND FROM PEOPLE
WITH HEARING AIDS?



Hearing is?
“perceiving sound.”

Listening is?
“comprehending sound.”



People live in a world where cognition, 
attention, intention, vocabulary, processing 
speed and processing ability, memory and 
hearing interact and each plays a critical 
role in listening.



It’s all about the brain……

we can make anyone hear,
we can’t make anyone listen. 



WORD RECOGNITION TESTS????

 Thornton and Raffin (1978) and Raffin and Thornton (1980)…

 The purpose of using a binomial model is to provide an objective, 
quantitative scale from which to determine whether deviations 
between test scores are significant.



WRS statistical diff at 95% confidence level
from Edward Carney and Robert S. Schlauch

1st score 50 word list 25 word list

40% 24-58% 16-64%

52% 34-70% 28-76%

60% 42-76% 36-84%

72% 54-86% 48-92%

80% 64-92% 56-96%

88% 74-96% 68-100%

96% 86-100% 80-100%



20Q: Word Recognition Testing - Let's Just Agree to do it Right!
H. Gustav Mueller, PhD, Benjamin W.Y. Hornsby, PhD
February 17, 2020

Monosyllabic word recognition testing in quiet is one of the least effective tests in our 
audiologic battery. 

Rarely do the results influence our decision making regarding differential diagnosis, 
treatment plans, amplification, or the need for referral. 

In fact, many wise people have suggested that we replace this antiquated testing from 
the 1940s with speech-in-noise measures, which usually will provide us with more 
meaningful information.



1. Speech in quiet does not predict speech in noise

1. SIQ and SIN different domains of auditory function

1. STRESS TEST (i.e., SIN)

JAAA, 2011 R. Wilson: Clinical experience with the Words-in-Noise Test on 3,430 veterans: Comparisons 
with PT Thresholds and WRS in Quiet. 



Which single test is the most meaningful?

My opinion…

Probably the single most important number is the SNR-50
The SNR-50 reflects how easy/difficult it is for the patient 
to perceive speech in an often noisy real world.

KILLION*  SNR-50 WNL~ 2dB, mild-mod SNHL ~8 dB



FEB 2011 Hearing Review



To be 

at the top of the 

food chain depends more on

LISTENING than HEARING



An established goal of modern hearing aids is to 
improve speech understanding for the wearer. This 

goal is best achieved by improving SNR.

Goyette, Crukley & Galster. AJA March 2018

The Effects of Varying Directional Bandwidth in HA Users’ Performance and Speech in Noise 
Performance



In occupations with hearing critical tasks…SIN may be more 
important than thresholds. This study involved 5,487 people…

RESULTS
Suggest that details of the audiogram are a “relatively insensitive 
predictor of performance in SIN tasks…”

Predicting SIN Deficits from the Audiogram
E&H May 2019  Shub, Makashay & Brungart



SPEECH-IN-NOISE TEST TIMES

*pediatric application per Andrea Hillock-Dunn AO Sept 7, 2015

Other Pediatric Speech in Noise tests: SPIN HINT-C

McArdle JAAA 2006

HINT Sentence 
test

Approx 2 
mins

QuickSIN Sentence 
test

Approx 2 
mins

BKB-SIN* Sentence 
test

Approx 2 
mins

WIN* Monosyllable 
test

Approx 3 
mins



May/Jun 2019 www.audiology.org

FREE

http://www.audiology.org/


Step by Step  (front speaker never changes)

FRONT (primary talker) REAR (four talker babble)

70dB SPL (or MCL, or MCL +5 dB) 55 dB SPL

Should be EASY for most…this ABOVE is a 15 dB SNR…if they get three words correct, 

INCREASE REAR FOUR TALKER BABBLE by 5 dB, to 60 dB, creating a 10 dB SNR

70 dB 60 dB

Should be EASY for most…this is a 10 dB SNR…if they get three words correct, 

INCREASE REAR FOUR TALKER BABBLE by 5 dB, to 65 dB…now at 5 dB SNR

70 dB 65 dB

Note…to this point you’ve only given 9 recorded words!

Hughson-Westlake protocol…but bracket in 5 dB, then 3 dB, then 2 dB, then 1 dB steps

Repeat the last SNR to make sure it is correct!

Finished.



50 YEARS OF SIN TESTING

Carhart & Tillman (1970) advocated 
speech-in-noise testing to be part of 
standard test battery. 



BEST PRACTICES (AAA, ASHA, IHS…)

ALREADY INCLUDE

 Traditional audiogram and 
diagnostic tests

 Listening/communication 
assessments

Speech-in-noise
Screenings for communication 

disorders and related
Referral PRN

  



ARE ALL HEARING AIDS THE SAME????

ABSOLUTELY NOT.



METHODS

 Electroencephalography (EEG)
 Method for measuring electrical 

activity in the brain
 Recorded through 64 electrodes

Clinical evidence - Oticon More



THE EEG RAW DATA

Clinical evidence - Oticon More

Time



UncorrelatedCorrelated

STIMULUS RECONSTRUCTION: AN EXAMPLE



 Understanding how and where in the brain sentence-level meaning is 
constructed from words presents a major scientific challenge…

 Studies have helped map out semantic representation across a 
distributed brain network spanning temporal, parietal and frontal 
cortex…

 Sentence-level meaning is represented within and across multiple 
cortical regions rather than at any single site. 

Deep artificial neural networks reveal a distributed cortical network encoding propositional sentence-level meaning

Anderson, Kiela, Binder, et al. Journal of Neuroscience 22 March 2021, JN-RM-1152-20; DOI: https://doi.org/10.1523/JNEUROSCI.1152-20-2021





Beck DL, Danhauer JL, Abrams HB, et al. Audiologic considerations for people with normal hearing sensitivity 
yet hearing difficulty and/or speech-in-noise problems. Hearing Review. 2018;25(10) [Oct]:28-38



FEB 2019 JOENTR Beck & Danhauer



FEB 2011 Hearing Review



TO BE CLEAR:

Despite emerging reports of benefit, or delayed degradation of cognition 
via amplification, we are only at the beginning of our understanding of 
these relationships.  

MUCH more information is required to make definitive causal statements. 

The evidence does show that for many who choose to identify and take 
action for their age-related hearing loss, they may also be positively 
impacting their age-associated cognitive trajectory and possibly reducing 
their incidence of dementia. 
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