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Hearing Loss and Associated Comorbidities:
What Do We Know?

In only the last dozen years, many important studies have surfaced linking hearing loss to disabling conditions,
such as cognitive decline and Alzheimer’s disease, clinical depression, diabetes, falls among the elderly, heart dis-
ease, and many more. These linkages are often referred to as “comorbidities,” which can be defined as the simul-
taneous presence of two or more chronic conditions or diseases in a patient. A “chronic condition” can be defined
as a health condition or disease that is persistent or otherwise long-lasting in its effects. The term chronic is often
applied when the course of the disease lasts for more than 3 months. Under this definition, hearing loss clearly
qualifies as a chronic condition.

A recent webinar presented by noted researcher and lecturer Harvey Abrams, PhD, points out that hearing loss
shares many of the same traits as other chronic diseases. For example, the chronic disease of diabetes is similar to
hearing loss in that they are both invisible, progressive, painless, often incurable, and treatable. Both conditions usu-
ally require “front loaded” professional care, where the key counseling occurs in the first several clinical encounters,
and both conditions require self-managed behavioral change for long-term success. Likewise, when properly managed,
patients benefit from diabetes treatment or hearing loss remediation by regaining activities that were previously
restricting their physical behavior and quality of life.

In the webinar, Dr Abrams focuses on the research literature surrounding seven comorbid conditions associated
with hearing loss—social isolation and loneliness, depression, balance problems and falls, cardiovascular disease,
diabetes, dementia and even mortality—and (due to time constraints) limits his discussion to 1-3 papers per condi-
tion. He also points out that there are numerous other comorbidities linked to hearing loss, including:

m Fibromyalgia;

® Anemia;

m Psoriasis;

m Rheumatoid arthritis;
m Kidney disease, and
m Sleep apnea. Harvey
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Prevalence of hearing loss and models on its health con-
sequences. The extent of hearing loss in the United States is
important to understand when placing comorbidities associated
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when unilateral hearing loss is included (44.9%, 68.1%, and 89.1%,
respectively). Therefore, hearing loss is a highly prevalent chronic
condition, particularly in the senior adult population.
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described in Figure 1. The basic premise is that hearing loss can result in compromised speech comprehension, more
difficult communication leading to embarrassing or mentally taxing situations, which causes people to withdraw from the
social activities that characterize a healthy communicative individual.

Thus, hearing loss may lead to the psychosocial consequences listed above, and perhaps concomitant reduced cogni-
tive and physical function and QoL, as examined below. In the webinar, Dr Abrams reviews the scientific and medical
literature behind 7 comorbidities:

7 Comorbidities Linked to Hearing Loss

1) Social isolation and loneliness. Although social isolation and loneliness are usually looked at as different con-
structs, for the purpose of this general discussion the two are combined here. One of the most striking studies on this
topic was the 2016 research by Sung and colleagues? at Johns Hopkins and the University of Oklahoma. They looked
at 145 participants (ages 50-94) enrolled in the Studying Multiple Outcomes After Aural Rehabilitative Treatment
(SMART) study from 2011-2013. The researchers measured loneliness using the UCLA Loneliness Scale, and found that
younger-age hearing loss was significantly correlated with greater loneliness. Other depressive symptoms and hear-
ing-related quality of life, communication difficulties,
emotional well-being, mental health on the 36-item
Medical Outcomes Study Short-Form (SF-36) were also
negatively correlated with loneliness.

Nancy Donovan and colleagues?looked at the asso- Greater Impaired
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ciation between higher cortical amyloid plaques— Hearing Loss speech effort; reduced [ physical function,
. . . , . perception social poorer quality of
which have been linked to Alzheimer’s disease (AD)— engagement life

with loneliness in cognitively normal older adults. The

researchers found that, after controlling for a number

of possible confounding factors, higher amyloid bur-

den was significantly associated with greater loneli- Figure 1. A simplified model of factors leading up to comorbidities associated with hearing loss.
ness as measured by the UCLA Loneliness Scale. Those

in the amyloid-positive group were 7.5 times as more

likely to be classified as lonely than non-lonely.

So, given these two studies, it's certainly possible there are links between hearing loss and loneliness, and between
loneliness and cortical amyloid burden. However, the question researchers now wish to answer is could hearing loss be
a contributing factor leading to elevated cortical amyloid burden?

2) Depression. Data from Mener et al* looked at 1,029 individuals ages 70-79 from the 2005-2006 and 2009-2010
two-year cycles of the NHANES study. The subjects in this study were measured for depression using the patient health
questionnaire (PHQ-9), and the results indicated that the odds of a person self-reporting a depressive disorder was
1.5 greater per 25 dB of hearing loss in the better ear. Moreover, the odds of self-reporting any depressive symptom
increased to 1.63 per 25 dB. The results indicated that hearing loss was independently associated with depression.

Similar findings were found in a 12-year review® of the Taiwan National Health Insurance Research Database
(NHIRD) which included 5,043 patients with sensorineural hearing loss (SNHL) and 20,172 patients without hearing
loss. The analysis revealed that the risk of depression was higher in the hearing loss cohort, with the hazard ratio being
1.73—again suggesting that hearing loss is an independent risk factor associated with depression regardless of age,
gender, and comorbidities.

Li and researchers® at the NIH and NIDCD looked at 18,318 adults in the NHANES database from 2005-2010. This
data is a bit more nuanced than the previous studies cited above, because the researchers were specifically interested
in examining depression as a function of the severity of hearing loss. There appears to be a direct relationship with
the prevalence of moderate-to-severe depression being 4.9% for people reporting excellent hearing, 7.1% for those
with good hearing, and 11.4% for those reporting a little trouble or greater hearing loss. This study also contains some
interesting data that shows how, as PTAs increase, the incidence of depression also increases. The trend appears to be
more obvious for women, and the exceptions to this were people who reported themselves to be “deaf.”

3) Falls. Falls are the leading cause of fatal and non-fatal injuries among the elderly leading to significant health,
social, economic, and emotional consequences. Falls often lead to fatal outcomes within the first 12 months of a fall
with injury in the senior population.



Lin and Ferrucci” examined the association between falls and hearing loss among 2,017 people ages 40-69 in NHANES
participants from 2001-2004. They found a significant association, with a 1.4-fold increased odds of reporting a fall in the
previous year for every 10 dB of hearing loss. Adjusting for demographic, cardiovascular, and vestibular balance function
did not substantially change the magnitude or significance of this association.

4) Cardiovascular disease. An interesting 2009 study by Friedland and colleagues® published in Laryngoscope showed
that the audiometric patterns—particularly low-frequency (sloping) and flat (strial) losses—were strongly correlated
with cardiovascular disease. In fact, the researchers reported that patients with low-frequency hearing loss should be
regarded as “at risk” for cardiovascular events, and appropriate medical referrals should be considered. One chart in the
study suggests that about 85% of diagnosed strokes were associated with individuals who had flat or low-frequency
sloping losses, and the authors posit that this may reflect either a common vascular pathology within the celebrovascular
system or a generalized vascular compromise effecting both hearing and cardiovascular structures.

5) Diabetes. An extremely interesting population study looking at the association between hearing loss and diabe-
tes was conducted by Kathleen Bainbridge and colleagues,® published in the July 2008 edition of the Annals of Internal
Medicine. These researchers looked at 5,140 adult NHANES participants from 1999-2004. The researchers report that
hearing impairment was found to be more prevalent among those participants with diabetes. Following multivariate
analyses, they found that people with diabetes had significantly increased odds of hearing impairment in worse and bet-
ter ears at all severity levels and frequencies.

Meta-analyses can often reveal effects that are obscured in individual studies, particularly for studies that have a small
sample sizes. A systematic review by Horikawa et al'® used 13 eligible studies involving 20,194 participants and 7,377 indi-
vidual cases. Consistent with the Bainbridge et al study above,® their meta-analysis revealed that prevalence of hearing

loss among those people with diabetes was more than
twice that than those without diabetes. The association
between hearing loss and diabetes was actually stron-
ger among those people younger than age 60, and was

impaired cogniton; independent of gender or chronic exposure to noise.
: ‘ e In 2016, Kim et al'" published a prospective cohort
speech perceprion ‘“'Zl,ﬁ:ﬁ::;”f""' Guslyol s study of over 253,000 adults with baseline normal
i hearing who were followed from 2002-2014. Among
this large number of participants, the hazard ratio for
developing hearing loss (adjusted for noise exposure,
Figure 2. Example of a revised model from Figure 1 in which loneliness and depression, as a body mass index, smoking, alcohol use, and exercise)
result of hearing loss and social limitations, contribute to cognitive decline. was 1.04 among those with pre-diabetes and 1.4 with
diabetes. The authors posit that the vascular effects of
diabetes damage the blood supply to the cochlea lead-
ing to sensorineural hearing loss. Specifically, high blood glucose levels may damage the vessels in the stria vascularis and

nerves impacting the biochemistry and neural innervation of the cochlea.

6) Cognitive impairment and dementia. The relationship between hearing loss and dementia has probably received
the most attention in the press of all the comorbidities reviewed here.

Perhaps the landmark study that elevated the interest of healthcare professionals and the public about this topic was
the paper by Dr Frank Lin and colleagues published in 2011."2 The researchers prospectively studied 639 individuals who
underwent audiometric testing and were dementia-free in the Baltimore Longitudinal Study of Aging from 1990-1994.
The participants were followed for a median period of just under 12 years, and during this period there were 58 cases of
incident all-cause dementia diagnosed, 37 cases of which were Alzheimer’s disease (AD). The risk of these two conditions
increased with the severity of baseline hearing loss. In fact, after adjusting for other factors, the results showed that,
compared with normal hearing, the hazard ratio for incident all-cause dementia was 1.89 for mild hearing loss, 3.00 for
moderate hearing loss, and 4.94 for severe hearing loss. The risk for AD also increased with baseline hearing loss by 1.2
per 10 dB of hearing loss.

In a similar prospective population study, Gurgel and colleagues'® from the University of Utah followed 4,463 subjects
without dementia at baseline, 836 of whom had hearing loss. Consistent with the Lin et al study,’ the results indicated
that hearing loss was an independent predictor of developing dementia and that hearing impairment may be a marker
for cognitive dysfunction in adults ages 65 and older.
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A prospective study by Fritze et al'* looked at an even larger population (154,783 people) aged 65 and older from
claims data generated by the largest health insurer in Germany. They followed these people from 2006-2010, during
which time 14,602 dementia diagnoses were made. Gender, age, and comorbidities were controlled as potential con-
founders. The results showed that patients with bilateral hearing impairment had higher risks for dementia incidence
than those without hearing loss.

What might be responsible for the link between hearing loss and dementia? A model proposed by Wayne and
Johnsrude theorizes that an interaction between bottom-up processing and top-down processing, and these combine
to create the perceptual difficulties, challenges to cognitive resources, negative psychosocial outcomes, and ultimately,
impaired cognition. So, adding loneliness, depression, and dementia to the our previous model in Figure 1, the resulting
chain of events could hypothetically resemble Figure 2.

7) Mortality. As if all these comorbidities are not enough, it turns out that there may even be a relationship between
hearing loss and mortality. The Reykjavik study by Fisher et al'® examined the vision and hearing of 4,926 Icelandic indi-
viduals ages 67 years or older between 2002-2006 who were prospectively followed for mortality through 2009. In the
study, individuals with hearing loss had a higher risk of death from all-cause cardiovascular disease than those without
hearing loss.

Possible Effects of Amplification

Admittedly, all of the above is rather bleak, but Dr Abrams says that amplification may have some positive mitigating
effects on some of these conditions. For example:

Falls. A study by Rumalla et al'” indicated that using hearing aids for 30 days may reduce the risk of falls. The experi-
ment looked at the amount of time patients maintained stability when performing the Romberg on foam and tandem
tests in both the unaided and aided conditions. For many participants, the number of seconds the patients maintained
stability significantly increased when using hearing aids. One possible explanation is that the brain uses sound cues to
maintain spatial orientation, and is able to hone in on spatial orienting landmarks, just as visible objects serve as land-
marks to improve stability with sight.

Depression and loneliness. With regard to hearing loss and depression, when we go back to the Mener et al* study
discussed earlier, the subjects’ odds ratio for being diagnosed with a major depressive disorder or any depressive symp-
toms were significantly lower for those wearing hearing aids than those who did not wear hearing aids.

Boi et al'® conducted a study involving 15 participants that supports the positive effects of hearing aids on reducing
depression. In this study, it was shown that both depression in patients and caregiver burden were reduced during a
6-month period of hearing aid use. Additionally, there were changes in the Health Survey Short Form (SF-36) with particu-
lar improvements in the mental health and social functioning scores.

Audiologist Barbara Weinstein and colleagues' have investigated the effects of hearing aids on loneliness. They were
able to document a significant decrease in the perceptions of loneliness following 4-6 weeks of hearing aid use on both
the total score and the Emotional Loneliness subscale score using the De Jong Gierveld Loneliness Scale.

Cognition. In terms of cognition and hearing aid use, Dawes and colleagues?® showed that hearing aid use had a posi-
tive effect on cognition which was independent of social isolation and depression. Similar results were found in a study
by Acar et al,' who found improvements in cognitive status after 3 months of hearing aid use as shown by scores on the
Mini-Mental State Examination (MMSE).

MarkeTrak 9 (MT9) data,? which was reported by Dr Abrams and Janet Kihm, has also revealed self-reported psycho-
social benefits of hearing aids. For example, hearing aid owners are less likely to say they have “little interest or pleasure
in doing things” than non-owners or even those who did not report hearing difficulty. Hearing aid owners were also less
likely to report “feeling down, depressed, or hopeless” than non-owners or those reporting no hearing difficulty. MT9
data also indicated that hearing aid owners reported being less forgetful in the past year than non-owners.

What could explain the benefits of hearing aids on these psychosocial measures? Dr Abrams says the evidence is fairly
compelling that the auditory system is neuro-physiologically plastic. For example, a 2008 study by Kevin Munro® and a
2015 study by Lavie et al** make strong cases for auditory plasticity by examining changes in auditory processing tasks
following hearing aid use. If we accept that the auditory system is plastic, we can envision how hearing aid use might influ-
ence the Wayne and Johnsrude model's by providing enriched upstream auditory information to the brain, which in turn,
could mitigate downstream consequences associated with increased cognitive load and other compromised psychosocial
outcomes in the unaided condition.



Future Studies

The research evidence clearly points to associations between hearing loss and specific chronic conditions, as well
as the potential positive impact of audiological rehabilitation. Dr Abrams says that what is now critically needed are
carefully designed randomized controlled studies that help us better understand the nature of these associations for
the implementation of effective evidence-based interventions.

One large-scale study in the works is being led by Dr Frank Lin at Johns Hopkins. The Aging, Cognition and Hearing
Intervention and Evaluation in Elders (ACHIEVE) study is designed to determine the effect of best practices and hear-
ing rehabilitative treatment on rates of cognitive decline in 70-84 year old well-functioning cognitively normal adults
with hearing loss. This study is investigating the mechanistic pathways for which hearing rehabilitation affects positive
functioning.

Another example of an ambitious study is the SENSE-COG Project in the European Union that looks at health for
the eyes, ears, and mind in 7 countries. The principle investigator is Iraceme Leroi, MD, at the University of Manchester,
and its aim is to gain a better understanding of interactions between hearing, vision, and cognitive/emotional systems.

Screenings for Cognitive Disorders and Depression

So what does all this mean for today's dispensing professional? Dr Abrams suggests that hearing care clinicians
should be screening older patients for cognitive disorders, then referring them when appropriate. He points to reviews
recently published by Robert Sweetow? in Audiology Today and Beck, Weinstein, and Harvey? in Hearing Review.
Additionally, an overview by Jing Shen and colleagues?” in AJA provides excellent information about cognitive impair-
ment in older adults and available screening tools for use by audiologists.

Screening for depression and appropriate referral should also be added to any comprehensive audiological evalu-
ation procedure, says Abrams. Although most audiologists are unaware and perhaps uncomfortable about using the
available tools for screening depression, there are many methods available. It should be mentioned that depression
screening is, in fact, a currently required component in tinnitus evaluation (92625).

Conclusion

Contrary to what many in the healthcare community assume, age-related hearing loss (ARHL) is not a benign conse-
quence of aging. ARHL is associated with a number of psychosocial and physiological conditions. Yet, Dr Abrams cau-
tions that none of the research covered here has yet determined causal relationships between hearing loss and other
chronic conditions. He stresses that it would be irresponsible and unethical for dispensing professionals to tell their
patients that the science indicates otherwise.

However, what dispensing professionals cando is to be aware of and ask their patients about the above conditions.
Hearing care professionals should also keep abreast of the literature concerning chronic conditions associated with
hearing loss. Finally, professionals should establish a network of specialists to whom you can refer patients—including
primary care physicians, psychologists, gerontologists, and neuropsychologists—especially for those who are in need
of more care relative to cognitive function and/or depression.

VIEW THE 38-MINUTE WEBINAR BY DR ABRAMS ONLINE for free at by pointing
your web-browser to: https://goo.gl/AtTKcr




R

N

w

»

=2

© N

©

10

15
16

2

22.

23.

24.

25.
26.

27

eferences

. Agrawal Y, Platz EA, Niparko JK. Prevalence of hearing loss and differences by demographic characteristics among US adults: Data from the National Health and Nutrition

Examination Survey, 1999-2004. Arch Intern Med. 2008;168(14):1522-1530.

Sung YK, Li L, Blake C, Betz J, Lin FR. Association of hearing loss and loneliness in older adults. J Aging Health. 2015;28(6):979-994. Available at: http://journals.sagepub.
com/doi/abs/10.1177/0898264315614570

Donovan NJ, Okereke Ol, Vannini P, Amariglio RE, Rentz DM, Marshall GA, Johnson KA, Sperling RA. Association of higher cortical amyloid burden with loneliness in
cognitively normal older adults. JAMA Psychiatry. 2016 Dec 1;73(12):1230-1237. doi: 10.1001/jamapsychiatry.2016.2657. Available at: https:/Avww.ncbi.nlm.nih.gov/
pubmed/27806159

Mener DJ, Betz J, Genther DJ, Chen D, Lin FR. (2013) Hearing loss and depression in older adults. J Am Geriatr Soc. 61(9):1627-1629. Available at: https:/Mmww.ncbi.nlm.
nih.gov/pmc/articles/PMC3773611

Hsu WT, Hsu CC, Wen MH, Lin HC, Tsai HT, Su P, Sun CT, Lin CL, Hsu CY, Chang KH, Hsu YC. Increased risk of depression in patients with acquired sensory hearing
loss: A 12-year follow-up study. Medicine (Baltimore). 2016 Nov;95(44):e5312. Available at: https://www.ncbi.nlm.nih.gov/pubmed/27858911

Li CM, Zhang X, Hoffman HJ, Cotch MF, Themann CL, Wilson MR. Hearing impairment associated with depression in US adults, National Health and Nutrition
Examination Survey 2005-2010. JAMA Otolaryngol Head Neck Surg. 2014 Apr;140(4):293-302. doi: 10.1001/jamaoto.2014.42.

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

Friedland DR, Cederberg C, Tarima S. Audiometric pattern as a predictor of cardiovascular status: Development of a model for assessment of risk. Laryngoscope.
2009;119:473-486.

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

. Horikawa C, Kodama S, Tanaka S, Fujihara K, Hirasawa R, Yachi Y, Shimano H, Yamada N, Saito K, Sone H. Diabetes and risk of hearing impairment in adults: a meta-
analysis. J Clin Endocrinol Metab. 2013 Jan;98(1):51-8. doi: 10.1210/jc.2012-2119. Available at: https:/Avww.ncbi.nlm.nih.gov/pubmed/23150692

.Kim MB, Zhang Y, Chang Y, Ryu S, Choi Y, Kwon MJ, Moon 1J, Deal JA, Lin FR, Guallar E, Chung EC, Hong SH, Ban JH, Shin H, Cho J. Diabetes mellitus and the
incidence of hearing loss: A cohort study. Int J Epidemiol. 2016 Nov 6. pii: dyw243. Available at: https:/Amww.ncbi.nim.nih.gov/pubmed/27818377

. Lin FR, Metter EJ, O’'Brien RJ, Resnick SM, Zonderman AB, Ferrucci L. Hearing loss and incident dementia. Arch Neurol. 2011 Feb;68(2):214-20. doi: 10.1001/
archneurol.2010.362. Available at: https:/mww.ncbi.nlm.nih.gov/pubmed/21320988

. Gurgel RK, Ward PD, Schwartz S, Norton MC, Foster NL, Tschanz JT. Relationship of hearing loss and dementia: a prospective, population-based study. Otol Neurotol.
2014 Jun;35(5):775-81. doi: 10.1097/MAO.0000000000000313.

_Fritze T, Teipel S, Ovari A, Kilimann I, Witt G, Doblhammer G. Hearing impairment affects dementia incidence. An analysis based on longitudinal health claims data in
Germany. PLoS ONE. 2016;11(7):e0156876. doi:10.1371/journal.pone.0156876

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

. Fisher D, Li M-C, Chiu MS, Themann CL, Petersen H, Johasson PV, Sverrisdottir JE, Garcia M, Harris TB, Launer LJ, Eiriksdottir G, Gudnason V, Hoffman HJ, Cotch MF.
Impairments in hearing and vision impact on mortality in older people: The AGES-Reykjavik Study. Age Ageing. 2014,43(1):69-76. Available at: https://doi.org/10.1093/
ageing/aft122

. Rumalla K, Karim AM, Hullar TE. The effect of hearing aids on postural stability. Laryngoscope. 2015 Mar;125(3):720-3. doi: 10.1002/lary.24974. Epub 2014 Oct 24.
Available at: https:/Mmww.ncbi.nlm.nih.gov/pubmed/25346316

. Boi R, Racca L, Cavallero A, Carpaneto V, Racca M, Dall’ Acqua F, Ricchetti M, Santelli A, Odetti P. Hearing loss and depressive symptoms in elderly patients. Geriatr
Gerontol Int. 2012;12(3)[Jull:440-5. doi: 10.1111/.1447-0594.2011.00789.x.

. Weinstein BE, Sirow LW, Moser S. Relating hearing aid use to social and emotional loneliness in older adults. Am J Audiiol. 2016; 25(1)[Mar]:54-61. doi: 10.1044/2015_
AJA-15-0055.

. Dawes P, Emsley R, Cruickshanks KJ, Moore DR, Fortnum H, Edmondson-Jones M, McCormack A, Munro KJ. Hearing loss and cognition: the role of hearing aids,
social isolation and depression. PLoS One. 2015; 10(3):e0119616. doi: 10.1371/journal.pone.0119616.

. Acar B, Yurekli MF, Babademez MA, Karabulut H, Karasen RM. Effects of hearing aids on cognitive functions and depressive signs in elderly people. Arch Gerontol
Geriatr. 2011 May-Jun;52(3):250-2. doi: 10.1016/j.archger.2010.04.013.

Abrams HB, Kihm J. An Introduction to MarkeTrak IX: A New Baseline for the Hearing Aid Market. Hearing Review. 2015;22(6):16-22. Available at: http:/Avww.
hearingreview.com/2015/05/introduction-marketrak-ix-new-baseline-hearing-aid-market

Munro KJ. Reorganization of the adult auditory system: Perceptual and physiological evidence from monaural fitting of hearing aids. Trends Amplif. 2008 Summer; 12(3):
254-271. doi: 10.1177/1084713808323483

Limor L, Banai K, Karni A, Attias J. Hearing aid-induced plasticity in the auditory system of older adults: Evidence from speech perception. Hearing aid-induced plasticity
in the auditory system of older adults: Evidence from speech perception. J Sp Lang Hear Res. 2015; 58:1601-1610. doi:10.1044/2015_JSLHR-H-14-0225

Sweetow R. Screening for cognitive disorders in older adults in the audiology clinic. Audiology Today. 2015;27(4)[Jul]:38-43.

Beck DL, Weinstein BE, Harvey M. Issues in cognitive screenings by audiologists. Hearing Review. 2016;23(2):36-42. Available at: http://www.hearingreview.
com/2016/01/issues-cognitive-screenings-audiologists

. Shen J, Anderson MC, Arehart KH, Souza PE. Using cognitive screening tests in audiology. Am J Audiol. 2016;25(4)[Dec]:319-331. doi: 10.1044/2016_AJA-16-0032.



