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Learning Objectives

• At the conclusion of this presentation, participants will be able 
to:
– List 4 comorbidities associated with hearing loss;
– Summarize the results of 2 studies supporting the association 

between hearing loss and dementia;
– Discuss the clinical implications of the studies reviewed in the 

presentation



Comorbidity

• The simultaneous presence of two chronic diseases or 
conditions in a patient

– https://www.google.com/webhp?sourceid=chrome-instant&ion=1&espv=2&ie=UTF-8#q=comorbidity&*

https://www.google.com/webhp?sourceid=chrome-instant&ion=1&espv=2&ie=UTF-8#q=comorbidity&*


Chronic Condition

• A human health condition or disease that is persistent or 
otherwise long-lasting in its effects or a disease that comes 
with time 

• The term chronic is often applied when the course of the 
disease lasts for more than three months

https://en.wikipedia.org/wiki/Chronic_condition



Hearing Loss as a Chronic Condition

• For example, what do hearing loss and diabetes share in common?
– Invisible
– Progressive
– Painless
– Often incurable
– Treatable
– Professional expertise is ‘front-loaded’
– Self-managed behavioral change is required for long-term success
– When collaboratively self-managed, patient experiences reduced activity 

limitations and participation restrictions and increased QoL



Comorbid Conditions Associated 
with Hearing Loss

• Social Isolation
• Loneliness
• Depression
• Falls
• Cardiovascular disease
• Diabetes
• Dementia
• Mortality



Other Associations

• Fibromyalgia
• Anemia
• Psoriasis
• Rheumatoid arthritis
• Kidney disease
• Sleep apnea
• Diet



Age-Related Hearing Loss (Presbycusis)
• Sensory
• Neural
• Strial/metabolic
• Cochlear conductive
• Mixed



Lin et al. Arch Intern Med. 2011;171(20):1851-1853. doi:10.1001/archinternmed.2011.506



Auditory & Perceptual Consequences

• Decreased audibility
– Difficulty hearing low level speech & environmental sounds

• Widened auditory filters
– Difficulty understanding speech, particularly in noise

• Reduced dynamic range
– Increased sensitivity to high-level sounds



Consequences of Aging on Speech Perception

• Audibility
• Intelligibility
• Stream segregation (attention)
• Speed of processing
• Temporal processing (e.g. gap detection, voice-onset time)
• Working memory



Psychosocial Consequences of Compromised 
Speech Perception

• Withdrawal
• Reduced QoL
• Depression
• Isolation
• Cognitive decline
• Dementia(?)



Hearing Loss
Compromised 

speech 
perception

Greater 
communication 
effort; reduced 

social 
engagement 

Impaired 
cognition; poorer 
physical function; 
poorer quality of 

life



• Odds ratio = the odds that an outcome (e.g. falling) will occur given a 
particular exposure (e.g. hearing loss), compared to the odds of the 
outcome occurring in the absence of that exposure
– Example: The odds of falling is twice as likely among people with hearing loss 

than people without hearing loss
• Risk ratio (relative risk) = cumulative risk of an outcome occurring over a 

time span
– Example: At the end of the study, the risk of having dementia without hearing 

aids is twice that with hearing aids
• Hazard ratio = risk at a particular time

– Example: The risk of having hearing loss with CVD is twice that compared to 
without CVD at 5 years post-diagnosis

Some Definitions



SOCIAL ISOLATION & LONELINESS



Mick & Pichora-Fuller, 2016













DEPRESSION





Mener DJ, Betz J, Genther DJ, Chen D, Lin FR. (2013) Hearing loss and depression in older adults. J Am Geriatr Soc 61(9):1627–29 



Medicine (2016) 95:44(e5312









FALLS



Falls are the leading cause of fatal and non-fatal injuries among 
the elderly leading to significant health, social, economic, and 
emotional consequences



Mick & Pichora-Fuller, 2016



Lin FR, Ferrucci L. (2012). Hearing loss and falls among older adults in the United States. Arch Intern Med, 172(4):369-371



Lin FR, Ferrucci L. (2012). Hearing loss and falls among older adults in the United States. Arch Intern Med, 172(4):369-
371



Falls

The magnitude of the association of hearing loss with falls is 
clinically-significant, with a 25-dB hearing loss (equivalent from 
going from normal to mild hearing loss) being associated with a 
nearly 3-fold increased odds of reporting a fall over the 
preceding year

Lin FR, Ferrucci L. (2012). Hearing loss and falls among older adults in the United States. Arch Intern Med, 172(4):369-
371





CARDIOVASCULAR DISEASE



Hull & Kerschen (2010). Am J Audiol, 19, 9-16.



• Audiogram pattern correlates strongly with cerebrovascular 
and peripheral arterial disease and may represent a 
screening test for those at risk

• Patients with low-frequency hearing loss should be 
regarded as at risk for cardiovascular events, and 
appropriate referrals should be considered



Friedland, D. R., Cederberg, C. and Tarima, S. (2009), Audiometric pattern as a predictor of cardiovascular status: Development of 
a model for assessment of risk. Laryng, 119:473–486. 

Strial
Normal



Liljas, et al. (2016)



Previous research suggests that the associations between hearing 
impairment and CVD could be attributed to smoking and atherosclerosis, 
but in the current study, the associations remained significant after 
adjustment for smoking and CVD-related comorbidities





• Hearing loss was associated with age, education, systolic blood 
pressure, diabetes mellitus, BMI, smoking, and alcohol 
consumption (inverse correlation)

• Results were different for low- and high-frequency loss among 
men and women, suggesting that different mechanisms are 
involved in the etiology of ARHL

• A healthy lifestyle, e.g. without smoking or being overweight, 
may contribute to less hearing loss at an older age







DIABETES





Horikawa C, Kodama S, Tanaka S, Fujihara K, Hirasawa R,Yachi Y, Shimano H, et al. (2012). Diabetes and risk of hearing impairment 
in adults: A meta-analysis. J Clin Endocrin Metab, 98(1):51-8. 





Bainbridge KE, Hoffman HJ, Cowie CC. (2008). Diabetes and hearing impairment in the United States: Audiometric evidence from the National Health and 
Nutrition Examination Survey, 1999-2004. Ann Intern Med, 149(1):1-10













• In this large cohort study, participants with DM had a 
moderately increased risk of incident hearing loss

• Higher levels of HbA1c, representing higher long-term glucose 
levels and poor glycemic control, were progressively associated 
with hearing-loss risk

• The association of DM with hearing loss was stronger in 
younger (<50 years) than in older participants



Humes, L. (2016). Amer J Audiolol, 25, 364-367. doi:10.1044/2016_AJA-16-0034





It is believed that, overtime, high blood glucose levels can 
damage the vessels in the stria vascularis and nerves, impacting 
the biochemistry and neural innervation in the cochlea

Hearing Loss & Diabetes



DEMENTIA





Lin FR, Metter J, O’Brien RJ, Resnick SM, Zonderman AB, Ferrucci L. (2011) Hearing loss and incident dementia. Arch Neurol, 68(2):214-20.









Fritze T, Teipel S, Óvári A, Kilimann I, Witt G, Doblhammer G (2016) Hearing Impairment Affects Dementia Incidence. An Analysis Based on
Longitudinal Health Claims Data in Germany. PLoSONE 11(7): e0156876. doi:10.1371/journal.pone.0156876



Fritze T, Teipel S, Óvári A, Kilimann I, Witt G, Doblhammer G (2016) Hearing Impairment Affects Dementia Incidence. An Analysis Based 
on Longitudinal Health Claims Data in Germany. PLoS ONE 11(7): e0156876. doi:10.1371/journal.pone.0156876



Dementia & Hearing Loss

Wayne RV, Johnsrude IS. (2015) A review of causal mechanisms underlying the link between age-related hearing loss and 
cognitive decline. Age Res Rev, 23:154–166





Hearing Loss
Compromised 

speech 
perception

Greater 
communication 
effort; reduced 

social 
engagement 

Impaired 
cognition; poorer 
physical function, 
poorer quality of 

life



Hearing Loss Compromised 
speech perception

Greater 
communication 
effort; reduced 

social engagement; 
loneliness; 
depression 

Impaired cognition; 
poorer physical 
function, poorer 

quality of life
dementia



MORTALITY







EFFECTS OF AMPLIFICATION



Hearing Aids & Falls





• Mechanism of the improvement is the presence of an artificial 
point sound source that resulted from wearing hearing aids
– Acts as effective spatial orienting landmarks, just as visible objects 

serve as landmarks to improve stability with sight

• The brain relies on the sound localization ability of the ears to 
create a three-dimensional map of the sound sources around 
an individual and keeps the body steady by maintaining its 
relationship to these external landmarks constant



Hearing Aids & Depression

Mener DJ, Betz J, Genther DJ, Chen D, Lin FR. (2013) Hearing loss and depression in older adults. J Am Geriatr Soc 61(9):1627–
29 











Hearing Aids and Loneliness

Weinstein et al. Amer J Audiol 2016;25:54





Liljas, et al. (2016)

Hearing Aids & CVD



Hearing Aids & Cognition



• After adjusting for the age, sex, and educational levels, the authors reported that 
non-users had a higher cognitive decline rate than those with normal hearing (~1.5 
points over the 25-year period) but hearing aid users did not

• When all other factors were adjusted, however, there was no difference among 
the two groups of participants with hearing loss

• The authors concluded that hearing aids did not slow down cognitive decline, but 
they reduced the negative effects of hearing loss on participants’ psychosocial 
behaviors
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Munro K. (2008). Reorganization of the Adult Auditory System: Perceptual and Physiological Evidence from Monaural Fitting of Hearing 
Aids. Trends Hear, 12(3):254-271. doi:10.1177/1084713808323483



Lavie L, Banai K, Karni A, Attias J. (2015). Hearing aid-induced plasticity in the auditory system of older adults: Evidence from speech 
perception. JSLHR, 58:1601-1610. doi:10.1044/2015_JSLHR-H-14-0225



Dementia & Hearing Loss

Wayne RV, Johnsrude IS. (2015) A review of causal mechanisms underlying the link between age-related hearing loss and 
cognitive decline. Age Res Rev, 23:154–166





THE FUTURE



ACHIEVE

• Aging, Cognition and Hearing Intervention & Evaluation in Elders 
(ACHIEVE)
– PI: Frank Lin, MD, PhD, Johns Hopkins University
– Integrated within the Atherosclerosis Risk in Communities-Neurocognitive Study 

(ARIC-NCS)
• Timeline

– 2014-2016: RCT planning process, feasibility study, development of 
protocol/MOP, etc. 

– 2016 Trial grant submission (NIA) 
– 2017-18 Recruitment at ARIC field sites 
– 2018-21 Follow-up 



ACHIEVE

• Study Aims
1. To determine the effects of best-practices hearing rehabilitative treatment on 

rates of cognitive decline in 70-84 year-old well-functioning and cognitively-
normal older adults with hearing loss

2. To determine the effects of best-practices hearing rehabilitative treatment on 
health-related quality of life, social/leisure activities, daily functioning, mobility, 
and longitudinal brain atrophy on structural MRI

3. To investigate the mechanistic pathways through which hearing rehabilitative 
treatment affects cognitive functioning by studying longitudinal changes in 
proximal/mediating outcome measures in relation to cognitive trajectories



ACHIEVE



SENSE-Cog

• Ears, Eyes and Mind: The ‘SENSE-Cog Project’ to improve 
mental well-being for elderly European with sensory 
impairment
– PI: Iracema Leroi, MD, PhD, University of Manchester
– Funded by EU’s Horizon 2020 Research and Innovation Program for 

>$5.0M€
– 2016-2020





• Study Aims
– Aim I: understand the links among hearing, vision, cognitive and 

emotional systems
– Aim II: improve the early detection and diagnosis of sensory, 

cognitive and emotional problems
– Aim III: determine the effectiveness of a newly developed vision and 

hearing support intervention

SENSE-Cog



– Aim IV: provide new information about the economic impact of 
sensory impairment on mental well-being and quality of life

– Aim V: raise awareness and communicate the message that sensory 
health (hearing and vision) is a key feature of mental well-being 

SENSE-Cog



IMPLICATIONS FOR AUDIOLOGISTS





Beck DL, Weinstein BE, Harvey M. Issues in Cognitive Screenings by Audiologists. Hearing Review. 2016;23(2):36.



American Journal of Audiology, December 2016, Vol. 25, 319-331. doi:10.1044/2016_AJA-16-0032



Depression Screening Tools
(with thanks to Robert Fifer)

• Adult screening tools:
– Patient Health Questionnaire (PHQ-9)
– Beck Depression Inventory (BDI or BDI-II) 
– Center for Epidemiologic Studies Depression Scale (CES-D)
– Duke Anxiety-Depression Scale (DADS)
– Geriatric Depression Scale (GDS)
– Cornell Scale Screening
– PRIME MD-PHQ2



Physician Quality Reporting System (PQRS)

Measure #134: Preventive Care and Screening: Screening for 
Clinical Depression and Follow-Up Plan 

• Required when you perform the procedure represented by 
92625 (Tinnitus evaluation)









The Big Message

• Age-related hearing loss is not a benign consequence of aging
– ARHL is associated with a number of psychosocial and physiologic 

comorbid conditions

• Caveat: The research suggests that the relationships  between 
hearing loss and other chronic conditions are coincidental, not 
causal



To Do on Monday

• Update your history forms to include questions related to 
conditions associated with hearing loss

• Continue to educate yourself concerning chronic conditions 
associated with hearing loss



• Build and develop relationships with other professionals
– primary care  physicians
– psychologists
– neuropsychologists

• Screen for cognitive function and depression
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