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We would need to find a sponsor to cover the honorarium as we are a non-profit – so I will try and make some headway in that
department and will get back to you as soon as I have something locked in.

 

I will also send you an official invitation letter in the meantime.

 

We want to make sure that the events that we offer our members are practical and applicable and not merely theoretical – would your
talk leave our members with something tangible that they can implement in their practise?

 

Kind regards,

 

 

Melissa Hazle

SASLHA Event Producer

084 642 9002

This e-mail may contain confidential information and may be legally privileged and is intended only for the person to whom it is addressed. If you are not the
intended recipient, you are notified that you may not use, distribute or copy this document in any manner whatsoever. Kindly also notify the sender immediately and
destroy the e-mail. The sender does not accept liability for any damage, loss or expense arising from this e-mail and/or accessing any files attached to this e-mail

 

From: James Hall <jwhall3phd@gmail.com> 
Sent: Thursday, 28 July 2022 14:02 
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Abstract 
Background and Aim: Comorbid conditions 
and unhealthy lifestyles are risk factors for 
auditory dysfunction, including age-related hear-
ing loss. With a focus on adults, this paper des-
cribes a new approach to hearing health care that 
aims to prevent or mitigate hearing loss and rela-
ted disorders, like tinnitus. Accurate diagnosis 
and effective management of hearing loss is best 
achieved with a patient-specific test battery that 
includes sensitive measures of peripheral and 
central auditory function. 
Recent Findings: Within the past decade, peer 
reviewed research publications confirm the imp-
ortance of comorbid conditions like diabetes, car-
diovascular disease, and cognitive impairment  
as risk factors for hearing loss, tinnitus, and audi-
tory processing disorders. Unhealthy lifestyles 
like poor diet, smoking, and chronic exposure to 
high intensity sound also contribute importantly 
to risk for hearing loss and tinnitus. In collabora-
tion with physicians and other health care profe-
ssionals, audiologists who recognize and address 
these risk factors for hearing loss have an oppor-
tunity to prevent or mitigate hearing loss in adult 
patients. 
Conclusion: The traditional model for hearing 
health care service delivery relies on a rather 
outdated and simplistic protocol for evaluating 

and describing hearing loss, and a technology-
focused approach for management. This paper 
offers an evidence-based rationale for expanding 
the test battery for diagnosing hearing loss, and a 
multidisciplinary intervention approach. 
Keywords: Comorbid conditions; smoking; 
diet; value-added tests 
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Introduction 
 
A new approach to hearing health care 
Traditionally, audiologists have devoted most  
of their time and efforts to the assessment and 
management of existing hearing loss. A child or 
adult is referred to the audiology clinic because 
someone, perhaps a physician, parent, or the pati-
ent, has concerns about hearing status. In the 
pediatric population, common concerns are dela-
yed speech and language acquisition, poor school 
performance, or ear infections. For adults, a hear-
ing assessment is typically scheduled because  
the patient is struggling with communication, 
particularly understanding speech in noisy liste-
ning environments. Of course, older persons rep-
resent a high proportion of adult patients in an 
audiology practice. The traditional audiology 
service approach begins with some simple tests 
to document or rule out a hearing loss. If a 
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This commentary explores the role of public health programs and 
themes on hearing health care. Ongoing engagement within the hear-
ing professional community is needed to determine how to change the 
landscape and identify important features in the evolution of population 
hearing health care. Why and how to leverage existing public health pro-
grams and develop new programs to improve hearing health in older 
individuals is an important topic. Hearing professionals are encouraged 
to reflect on these themes and recommendations and join the discussion 
about the future of hearing science on a population level.

Key words: Hearing, Hearing loss, Population health, Public health.
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!LTHOUGH�THE�PREVALENCE�OF�AGERELATED�HEARING�LOSS�IN�THE�53�
HAS�DECREASED�OVER�THE�PAST�HALF�CENTURY��(OFFMAN�ET�AL��������
����	��THE�NUMBER�OF�INDIVIDUALS�WITH�HEARING�LOSS�IS�INCREAS-
ING�AS�THE����AND�OLDER�DEMOGRAPHIC�CONTINUES�TO�mOURISH��4HE�
BURDEN�OF�HEARING�LOSS�AMONG�THIS�DEMOGRAPHIC�AND�THE�AMPLI-
lCATION�OF�COGNITIVE�AND�PHYSICAL�DYSFUNCTION��SOCIAL�ISOLATION��
AND�DEPRESSION�THAT�OFTEN�ACCOMPANIES�HEARING�LOSS�MAKES�PRE-
VENTION�AND�TREATMENT�OF�HEARING�LOSS�A�NATIONAL�HEALTH�PRIORITY��
(EALTHY�0EOPLE�������A�PROGRAM�THAT�SETS�NATIONAL�GOALS�FOR�THE�
PURPOSES�OF�HEALTH�PROMOTION�AND�DISEASE�PREVENTION��HAS�IDEN-
TIlED�SEVERAL�GOALS�TO�ADDRESS�THE�RISING�BURDEN�OF�HEARING�LOSS��
4HESE�GOALS� INCLUDE� TO� �A	� INCREASE� THE�PROPORTION�OF�PERSONS�
WHO�HAVE�HAD�A�HEARING�EXAMINATION��AND��B	�INCREASE�THE�PRO-
PORTION�OF�PERSONS�WITH�HEARING�LOSS�WHO�HAVE�EVER�USED�A�HEAR-
ING�AID�OR�ASSISTIVE�LISTENING�DEVICE��(EALTHY�0EOPLE�����	��4O�
MEET�THESE�GOALS��IT�IS�RECOMMENDED�THAT�THE�MEDICAL�MODEL�FOR�
DIAGNOSIS�AND�TREATMENT�OF�HEARING�LOSS�IN�AN�individual�SHOULD�
BE�SUPPLEMENTED�WITH�A�PUBLIC�HEALTH�MODEL�APPROACH��WHICH�
PLACES�THE�FOCUS�ON�populations, groups, and communities.�3UCH�
AN�APPROACH�COULD�BETTER�SERVE�THE�NEEDS�OF�MANY�BECAUSE�THE�
GOAL�IN�PUBLIC�HEALTH�IS�TO�PROVIDE�THE�MAXIMUM�BENElT�FOR�THE�
LARGEST�NUMBER�OF�PEOPLE��$AVIS�ET�AL������	�
(EARING�HEALTH�CARE�PROFESSIONALS�BEAR�A�SOCIAL�RESPONSIBIL-

ITY�TO�TAKE�ACTION�SO�THAT�HEARING�LOSS�CAN�BE�PREVENTED�AND�OR�
REHABILITATED��7ITH� THIS� IN�MIND��CLINICIANS�AND�SCIENTISTS�HAVE�
BEGUN�TO�DISCUSS�WAYS�IN�WHICH�THE�PUBLIC�HEALTH�MODEL�CAN�BE�
INTEGRATED� INTO� HEARING� HEALTH� CARE��$ISCUSSIONS�� CONFERENCES��
WORKSHOPS�� AND�WORKGROUPS�HAVE�BEEN�DEDICATED� TO� THE� TOPIC�
INCLUDING�)NSTITUTE�OF�-EDICINE�S�h7ORKSHOP�ON�(EARING�,OSS�
AND�(EALTHY�!GINGv��)NSTITUTE�OF�-EDICINE���.ATIONAL�2ESEARCH�
#OUNCIL�����	��h!GING�!MERICA���(EARING�,OSS��)MPERATIVE�OF�

)MPROVED�(EARING�4ECHNOLOGIESv� BY� THE� 0RESIDENT�S� #OMMIT-
TEE�OF�!DVISORS�ON�3CIENCE�AND�4ECHNOLOGY������	��6!�22�$�
.ATIONAL�#ENTER�FOR�2EHABILITATIVE�!UDITORY�2ESEARCH�BIENNIAL�
CONFERENCE�h(EARING�,OSS�AS�A�0UBLIC�(EALTH�#ONCERNv������	��
AND�THE�ESTABLISHMENT�OF�A�SPECIAL�INTEREST�GROUP�CALLED�0OPULA-
TION�(EARING�(EALTH�#ARE�'ROUP��4HE�PURPOSE�OF�THIS�ARTICLE�IS�
TO�HIGHLIGHT�SOME�MAJOR�THEMES��CONCERNS��AND�FUTURE�DIRECTIONS�
AS�IT�REGARDS�HEARING�HEALTH�AT�THE�POPULATION�LEVEL�
/LDER�53�ADULTS�ARE�DISPROPORTIONATELY�AFmICTED�WITH�HEAR-

ING�LOSS��WITH�AS�MANY�AS�ONETHIRD�OF�ADULTS�OVER�AGE����HAVING�
HEARING�LOSS��(OFFMAN�ET�AL������	��!CCORDING�TO�THE�!DMINIS-
TRATION�OF�!GING������	��THE�NUMBER�OF�ADULTS�IN�THE�53�OVER�AGE�
���WILL� DOUBLE� BETWEEN� ����� AND� ������ REACHING� ���MILLION��
#ONSEQUENTLY��WE�ESTIMATE�THAT����MILLION�PEOPLE�OVER�THE�AGE�
OF����WILL�HAVE�HEARING�LOSS��WITH�THE�POOREST�INDIVIDUALS�HAV-
ING�THE�HIGHEST�RISK�DUE�TO�THE�FACT�THAT�HEARING�LOSS�IS�UNEQUALLY�
DISTRIBUTED�ACROSS�INCOME�LEVELS��,IN�ET�AL��������7ORLD�(EALTH�
/RGANIZATION�����	��#OMPOUNDING�THE�PUBLIC�HEALTH�ISSUE�IS�THE�
LOW�UPTAKE�OF�INTERVENTIONS�TO�REHABILITATE�HEARING�LOSS��.)$#$�
7ORKING� 'ROUP� ����	�� AND� A� LACK� OF� ADEQUATE� INSURANCE� TO�
COVER�HEARING�LOSS�REHABILITATION�
4HE�CONSEQUENCES�OF� LIVING�WITH�HEARING�LOSS� INCLUDE�DIRECT�

IMPACTS� ON� SPEECH� UNDERSTANDING� AND� COMMUNICATION�� ENJOY-
MENT�OF�MUSIC��ACCESS�TO�ENVIRONMENTAL�SOUNDS��AND�SOCIAL�ISOLA-
TION��3TRAWBRIDGE�ET�AL��������&EENY�ET�AL��������,IN�ET�AL��������
0ICHORA&ULLER� ����	��4HE� AGING� POPULATION� IS� ALSO� AT� RISK� FOR�
DOWNSTREAM� EFFECTS� OF� HEARING� LOSS� THAT� IMPACT� QUALITY� OF� LIFE�
BY� POTENTIALLY� ACCELERATING� COGNITIVE� DECLINE� �$EAL� ET�AL�� ������
4OMIOKA�ET�AL������	��CHANGING�FAMILY�AND�COMMUNITY�ENGAGE-
MENT��3CHNEIDER�ET�AL������	��INCREASING�THE�RISK�OF�DEPRESSION��,I�
ET�AL������	�AND�INCREASING�RISK�FOR�FALLS�AND�OTHER�PHYSICAL�DIS-
ABILITIES��,IN���&ERRUCCI�����	��)N�ADDITION��UNAIDED�HEARING�LOSS�
HAS�BEEN� SHOWN� TO�BE� INDEPENDENTLY� ASSOCIATED�WITH� INCREASED�
MORTALITY��ESPECIALLY�AMONG�OLDER�MEN��&ISHER�ET�AL������	�
4HERE�IS�INCREASING�INTEREST�IN�THE�HEALTH�OUTCOMES�OF�OLDER�

PEOPLE�WITH�HEARING�LOSS��!S�SUCH��THERE�ARE�EMERGING�EFFORTS�
TO�UNDERSTAND�WHAT�INFORMATION�CAN�BE�GAINED�FROM�A�POPULA-
TION�PERSPECTIVE��AND�HOW�THIS�INFORMATION�CAN�BE�USED�TO�PRO-
VIDE� SOLUTIONS��!� POPULATIONBASED� APPROACH� EMPHASIZES� THE�
IMPORTANCE�OF�THE�SOCIAL�AND�PHYSICAL�ENVIRONMENTS�THAT�SHAPE�
PATTERNS� OF� DISEASE� AND� INJURY�� AS� WELL� AS� RESPONSES� TO� THEM�
OVER�THE�ENTIRE�LIFE�CYCLE��)T�PROVIDES�A�BROADER�CONCEPTUALIZA-
TION�OF�THE�IMPORTANT�DETERMINANTS�OF�HEALTH�THAT�ARE�NOT�EASILY�
IDENTIlABLE�OR�RECTIlABLE�WITHIN�THE�MEDICAL�MODEL��+INDIG���
3TODDART�����	�
0UBLIC�HEALTH�IS�hTHE�SCIENCE�AND�ART�OF�PREVENTING�DISEASE��

PROLONGING�LIFE�AND�PROMOTING�HEALTH�THROUGH�ORGANIZED�EFFORTS�
AND�INFORMED�CHOICES�OF�SOCIETY��ORGANIZATIONS��PUBLIC�AND�PRI-
VATE�� COMMUNITIES� AND� INDIVIDUALSv� �7INSLOW�����	�� )T� REFERS�
TO� ALL� ORGANIZED� MEASURES� TAKEN� TO� PREVENT� DISEASE�� PROMOTE�
HEALTH��AND�PROLONG�LIFE�AMONG�THE�POPULATION�AS�A�WHOLE��7ORLD�
(EALTH�/RGANIZATION�����	��4HE�PUBLIC�HEALTH�MODEL�FOCUSES�ON�

How Can Public Health Approaches and Perspectives 
Advance Hearing Health Care?
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16!� 22�$� .ATIONAL� #ENTER� FOR� 2EHABILITATIVE� !UDITORY� 2ESEARCH�
�.#2!2	�� 6!� 0ORTLAND� (EALTH� #ARE� 3YSTEM�� 0ORTLAND�� /REGON�� 53!��
2$IVISION� OF� %PIDEMIOLOGY�� 3CHOOL� OF� 0UBLIC�(EALTH��/REGON�(EALTH� AND�
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(EARING� 3CIENCES�� 5NIVERSITY� OF�7ASHINGTON�� 3EATTLE��7ASHINGTON�� 53!��
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A
Access to Health Services 

Adolescent Health 

Arthritis, Osteoporosis, and Chronic Back
Conditions 

B
Blood Disorders and Blood Safety 

C
Cancer 

Chronic Kidney Disease 

D
Dementias, Including Alzheimer's Disease 

Diabetes 

Disability and Health 

E
Early and Middle Childhood 

Educational and Community-Based Programs 

Environmental Health 

G
Genomics 

Global Health 

H
Health Communication and Health Information
Technology 

Health-Related Quality of Life & Well-Being

Healthcare-Associated Infections 

Hearing and Other Sensory or Communication
Disorders 

Heart Disease and Stroke 

HIV 

I
Immunization and Infectious Diseases 

Injury and Violence Prevention 

L
Lesbian, Gay, Bisexual, and Transgender
Health 

M

N
Nutrition and Weight Status 

O
Occupational Safety and Health 

Older Adults 

Oral Health 

P
Physical Activity 

Preparedness 

Public Health Infrastructure 

R
Respiratory Diseases 

S
Sexually Transmitted Diseases 

Sleep Health 

Social Determinants of Health 

Substance Abuse 

2020 Topics and Objectives – Objectives A–Z

Select a topic area from the list below to get started. 
Each topic area includes an overview, objectives and data,  and evidence-based resources.*

New

New

New

New

New

New

New

New

New

New

New

New

New
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Access to health services 
Arthritis and Osteoporosis 
Blood disorders and safety 
Chronic kidney disease 
Diabetes
Environmental health
Food safety
Global health
Health related quality of  life 
Heart disease & stroke 
Chronic back conditions 
Cancer 
Dementias 
Disability and health 
Education/community programs 
Family planning 

Genomics
Health communication Infections 
Hearing and communicative disorders
HIV Immunization/infectious diseases 
Injury/violence prevention LGBT health 
Maternal & infant health 
Nutrition/weight status 
Mental health and disorders 
Occupational safety & health 
Oral health
Older adults
Physical activity
Sexually transmitted diseases
Sleep health Substance abuse 
Tobacco use
Vision 





Considering Comorbidity is Critical
(Medicare Data from Windmill & Freeman, 2019)
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Considering Comorbidity is Critical:
Review Article

    It is known that adults with hearing impairment often also suffer 
from other health problems concurrent with their hearing loss, espe-
cially with increasing age (Kramer et   al, 2002). The co-existence 
of two or more chronic health conditions in an individual can be 
described by the term  ‘ comorbidity ’ . It is  “ the existence or occur-
rence of any distinct additional entity during the clinical course of 
a patient who has the index disease under study ”  (Feinstein, 1970). 
It becomes more prevalent with age as aging affects the function of 
all organ systems and old age is often associated with longer lasting 
convalescence and more chronic medical conditions (Steinhagen-
Thiessen  &  Borchelt, 1999). 

 When regarding hearing impairment, literature shows that there 
is an obvious co-existence of hearing loss with ear, nose, and 
throat (ENT) symptoms, such as tinnitus, dizziness, and balance 
problems (Davis et   al, 2007). Also the co-existence of hearing 
problems with diabetes mellitus (further referred to as diabetes) 

has been reported. Examples of large representative cohort stud-
ies showing such a relationship are: Crews  &  Campbell, 2004; 
Helzner et   al, 2005; Bainbridge et   al, 2008; Agrawal et   al, 2009; 
Maggi et   al, 1998. However, in their recent study among 717 
older Americans ( !    70 years of age), Lin and colleagues did 
not observe pure-tone hearing loss coexisting with diabetes (Lin 
et   al, 2011). 

 The same inconsistency in results applies to the coexistence of 
hearing impairment and cardiovascular diseases. Several studies 
found a relationship between cardiovascular health and the function 
of the auditory system (Cruickshanks et   al, 1998; Gates et   al, 1993). 
However, other studies reported the absence of such a relationship 
(Lin et   al, 2011; Helzner et   al, 2011). 

 It seems apparent that more knowledge is required to add to 
the evidence whether or not hearing impairment is related to dia-
betes or cardiovascular diseases. In addition, little attention has 

                        Original Article    

 Comorbidity in adults with hearing diffi culties: Which chronic 
medical conditions are related to hearing impairment?      

    Mariska     Stam  *  ,       Piet J.     Kostense  †  ,       Ulrike     Lemke  ‡  ,       Paul     Merkus  *  ,       Jan H.     Smit  #  ,       Joost M.     Festen  *   
  &         Sophia E.     Kramer  *    

  * Department of Otolaryngology-Head and Neck Surgery, section Audiology, VU University Medical Center and EMGO Institute for Health and 
Care Research, Amsterdam, The Netherlands,  † Department of Epidemiology and Biostatistics, VU University Medical Center and EMGO Institute 
for Health and Care Research, Amsterdam, The Netherlands,  ‡ Phonak AG, Science and Technology, St ä fa, Switzerland, and  #  Department of 
Psychiatry, VU University Medical Center/GGZ in Geest and EMGO Institute for Health and Care Research, Amsterdam, The Netherlands                             

  Correspondence: Mariska Stam, Department of Otolaryngology-Head and Neck Surgery, section Audiology, VU University Medical Center and EMGO Institute for Health and 
Care Research, P.O. Box 7057, 1007 MB Amsterdam, The Netherlands. E-mail: mari.stam@vumc.nl  
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  Abstract 
  Objectives:  To investigate the occurrence of 27 chronic medical conditions in a cohort of adults with and without hearing impairment, 
and to examine the association between these conditions and hearing ability.  Design:  The National Longitudinal Study on Hearing 
(NL-SH study) is a large prospective study among adults aged 18 to 70 years, conducted via the internet in the Netherlands. Hearing 
ability was measured with a digits-in-noise test and comorbidity was assessed through self-report.  Study sample:  Cross-sectional data 
of 890 hearing-impaired and 975 normally-hearing adults were analyzed. Both descriptive statistics and multinomial logistic regression 
analyses were conducted.   Results:   Of the NL-SH participants with insuffi cient or poor hearing ability, 78.5% reported to suffer from at 
least one additional chronic condition. This proportion was larger than in the normally-hearing group (68.6% with one or more chronic 
conditions and 37.7% with two or more). After adjustment for age and gender,  ‘ dizziness causing falling ’ ,  ‘ diabetes ’  and  ‘ arthritis types 
other than osteoarthritis and rheumatic arthritis ’  were signifi cantly associated with poor hearing ability.   Conclusions:   Our results show 
that some previously reported associations do not only occur in older age groups, but also in younger cohorts. Comorbidity is relevant in 
the rehabilitation (multi-disciplinary care) and the clinical encounter.  

  Key Words:   Comorbidity; hearing problems; epidemiology; adults; diabetes   

International Journal of Audiology 2014; 53: 392–401
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Introduction
Cisplatin is among the most effective and widely used antican-
cer drugs, used to treat a variety of solid tumors, including tes-
ticular, ovarian, bladder, cervical, head and neck, and numerous 
other malignancies. Due in part to the efficacy of cisplatin (1), 
there are currently an estimated 16.9 million cancer survivors in 
the United States (2). Consequently, there is intense clinical and 
research interest in issues of survivorship and quality of life for 

these survivors. Many individuals treated with cisplatin experi-
ence significant toxicities, including nephrotoxicity, neurotoxici-
ty, myelosuppression, and ototoxicity. Over 50% of patients who 
undergo cisplatin therapy acquire a sensorineural hearing loss 
(3–7), which compromises daily communication with friends, 
family, and health care providers and can lead to loneliness, 
social isolation, and frustration (8). Cisplatin-induced hearing 
loss is permanent, and there are currently no FDA-approved 
therapies to reduce or prevent cisplatin ototoxicity.

Here we explore the potential for concomitant statin drug use 
during chemotherapy to reduce or prevent cisplatin-induced hearing 
loss in patients undergoing cisplatin therapy to treat head and neck 
cancer. Statins are hydroxymethylglutaryl-CoA (HMG-CoA) reduc-
tase inhibitors, a class of drugs used primarily to reduce hyperlipid-
emia in individuals at risk for cardiovascular disease. In addition to 
their effects on HMG-CoA reductase, statins have a variety of effects, 
including improved endothelial function and microcirculation (9), 
decreased inflammation (10–12), and reduced oxidative stress (13, 

BACKGROUND. Cisplatin is widely used to treat adult and pediatric cancers. It is the most ototoxic drug in clinical use, 
resulting in permanent hearing loss in approximately 50% of treated patients. There is a major need for therapies that prevent 
cisplatin-induced hearing loss. Studies in mice suggest that concurrent use of statins reduces cisplatin-induced hearing loss.

METHODS. We examined hearing thresholds from 277 adults treated with cisplatin for head and neck cancer. Pretreatment 
and posttreatment audiograms were collected within 90 days of initiation and completion of cisplatin therapy. The primary 
outcome measure was a change in hearing as defined by the National Cancer Institute Common Terminology Criteria for 
Adverse Events (CTCAE).

RESULTS. Among patients on concurrent atorvastatin, 9.7% experienced a CTCAE grade 2 or higher cisplatin-induced hearing 
loss compared with 29.4% in nonstatin users (P < 0.0001). A mixed-effect model analysis showed that atorvastatin use was 
significantly associated with reduced cisplatin-induced hearing loss (P ≤ 0.01). An adjusted odds ratio (OR) analysis indicated 
that an atorvastatin user is 53% less likely to acquire a cisplatin-induced hearing loss than a nonstatin user (OR = 0.47; 95% 
CI, 0.30–0.78). Three-year survival rates were not different between atorvastatin users and nonstatin users (P > 0.05).

CONCLUSIONS. Our data indicate that atorvastatin use is associated with reduced incidence and severity of cisplatin-induced 
hearing loss in adults being treated for head and neck cancer.

TRIAL REGISTRATION. ClinicalTrials.gov identifier NCT03225157.

FUNDING. Funding was provided by the Division of Intramural Research at the National Institute on Deafness and Other 
Communication Disorders (1 ZIA DC000079, ZIA DC000090).
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Diabetes prevalence is the total number of existing cases, including new cases. The prevalence of total and diagnosed
diabetes among US adults 18 or older steadily increased from the time period of 2001–2004 to 2017–2020 (Figure 2). Similar
trends were seen across all categories examined: age, sex, racial and ethnic group, education level.  The increase in diabetes
prevalence may be due in part to people living longer with diabetes because of improvements in self-management practices,
lifestyle change interventions, and health care services.

Figure 2. Trends in Prevalence of Diagnosed Diabetes, Undiagnosed Diabetes, and Total Diabetes Among Adults Aged 18
Years or Older, United States, 2001–2004 to 2017–2020

Notes: Rates are age-adjusted to the 2000 US Census standard population. Figure adapted from CDC’s National Diabetes Statistics Report. 
Data source: National Health Interview Survey, Centers for Disease Control and Prevention.

10

Notes: Percentages are age-adjusted to the 2000 US Census standard population. Diagnosed diabetes was based on self-report.
Undiagnosed diabetes was based on fasting plasma glucose and A1C levels among people self-reporting no diabetes. Figure adapted from
CDC’s National Diabetes Statistics Report. 
Data source: National Health and Nutrition Examination Surveys, Centers for Disease Control and Prevention.
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level. Listeners typed or clicked the digits on their keyboard or 
computer screen. When headphones were used the digits were 
presented to both ears (diotic). The noise level was fi xed in the 
test and the speech level varied. The speech-reception-threshold 
in noise (SRTn) was calculated by taking the average signal-to-
noise ratio (SNR) of the last 20 presentations, corresponding to 
50% intelligibility. SRTn values ranged from  !    13.4 to    "    4 dB 
signal-to-noise ratio (dB SNR). According to reference data by 
Smits et   al (Smits et   al, 2006b) scores on the National Hearing 
Test were categorized in three categories: good (SRTn  #   !    5.5 
dB), insuffi cient ( !    5.5    $    SRTn  $   !    2.8 dB), and poor hear-
ing ability (SRTn  %   !    2.8 dB). The validity and reliability of 
the National Hearing Test have been proven to be good 
(Smits et   al, 2004, 2006; Smits  &  Houtgast, 2006b; Nachtegaal 
et   al, 2009b).   

 Chronic medical conditions 
 The presence of chronic medical conditions was assessed by means 
of the offi cial list of Statistics Netherlands which was used for pub-
lic health purpose in the Netherlands. This list includes a total of 27 
conditions (Mootz  &  van den Berg, 1989). It was presented to each 
participant as part of the online questionnaire. The instruction was as 
follows:  “  Below you fi nd a list of 27 chronic medical conditions or 
diseases. Please tick the box for a chronic condition or disease if it 
is present now or if it was present during the last twelve months  ” . A 
wide variety of chronic medical conditions was questioned, including 
diabetes, cardiovascular disease, and respiratory conditions. Figure 1 
shows all included chronic medical conditions and diseases. We cal-
culated the sum for the total number of chronic medical conditions 
and divided this outcome into fi ve categories: none, one, two, three, 
or four or more chronic medical conditions. Self-reports of chronic 

1. Asthma or Chronic obstructive pulmonary disease (COPD)

2. Infection of the nose or nasal sinuses
3. Severe heart disease or heart infarction
4. High blood pressure
5. (Consequences of) stroke
6. Stomach ulcer or bowels ulcer
7. Severe bowel problems, longer than 3 months
8. Gallstones or gallbladder infection
9. Liver disease or liver cirrhosis
10. Kidney stones
11. Severe kidney disease
12. Chronic bladder infection
13. Prolapses of uterus, bladder, or rectum (only for women) 
14. Diabetes

15. Thyroid disease
16. Chronic back pain, longer than 3 months or spinal disc herniation
17. Osteoarthritis of knees, hips, or hands
18. Rheumatic arthritis of hands, and/or feet
19. Other chronic arthritis, longer than 3 months
20. Epilepsy
21. Other conditions affecting nervous system like Parkinson’s disease
22. Multiple Sclerosis
23. Migraine
24. Dizziness causing falling
25. Malignant condition or cancer

26. Burn-out, depression or serious nervousness
27. Chronic skin disease or eczema

  Figure 1.     The chronic medical conditions or diseases included in the NL-SH questionnaire. Participants were asked if these conditions or 
diseases were present now or during the last twelve months (yes/no).  

• ~ 1900 subjects
• 18 to 70 years
• Poor hearing ability most 

associated with
ü Diabetes
ü Arthritis (not osteoarthritis or 

RA)

§ 1900 subjects 
§ 18 to 70 years 
§ Poor hearing ability most associated with 
• Diabetes 
• Arthritis (not osteoarthritis or 

rheumatoid arthritis) 
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Abstract
Aims/hypothesis—Type 2 diabetes mellitus has been implicated as a risk factor for hearing 
loss, with possible mechanisms including microvascular disease, acoustic neuropathy or oxidative 
stress. A few small studies have examined the longitudinal association between type 2 diabetes 
and hearing loss, but larger studies are needed. Our objective was to examine whether type 2 
diabetes (including diabetes duration) is associated with incident hearing loss in two prospective 
cohorts: Nurses’ Health Studies (NHS) I and II.

Methods—We conducted a longitudinal study of 139,909 women to examine the relationship 
between type 2 diabetes and the risk of self-reported incident hearing loss. A physician-diagnosis 
of diabetes was ascertained from biennial questionnaires. The primary outcome was hearing loss 
reported as moderate or worse in severity (categorised as a ‘moderate or severe’ hearing problem, 
or ‘moderate hearing trouble or deaf’) on questionnaires administered in 2012 in NHS I and 2009 
or 2013 in NHS II. Cox proportional hazards regression was used to adjust for potential 
confounders.
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Introduction

According to the World Health Organization (WHO),1 the
number of people over 60 years of age in Brazilwill have risen
from 10% to 29% of the population by 2050.2 The WHO
considers that individuals are elderly once they reach 65
years of age, but since life expectancy in Brazil is lower than
that of developed countries, the Brazilian Ministry Health

determines that an elderly person is an individual over 60
years old.2,3

Once longevity increases, the incidence of chronic dis-
eases also increases, affecting the quality of life of elderly
patients.2 Hearing loss (HL) is the most widespread sensory
impairment found among the elderly,4 and it may lead to
depression, social problems and frustration.5

Keywords
► hearing loss
► hypertension
► diabetes

Abstract Introduction The aging process causes changes in body structure in a continuous
manner, and contributes to clinical disorders. Life expectancy is increasing, especially in
developing countries.
Objective To assess the prevalence of hearing loss and its possible association with
hypertension and diabetes mellitus (DM) in the elderly.
Methods A cross-sectional study with 519 elderly individuals aged over 60 years who
underwent an audiological evaluation (pure toneaudiometry), andanswereda comorbidity
questionnaire that included questions about age, gender, tinnitus andmedical history, with
data concerning DM. The dependent variable was the presence of hearing loss. The
independent variables were age, gender, DM and hypertension. The variables were
presented inabsolutenumbers andproportions, andenabledus toestimate theprevalence.
The statistical analysis was performed through multiple logistic regression with 95%
confidence intervals and values of p < 0.05 for the hearing loss and its associated factors.
Results A total of 519 subjects of both genders with a median age of 69 years were
evaluated, and the individuals who did not attend the audiometric test were excluded
from the study, so the final sample was composed of 498 subjects. Sensorineural
hearing loss was more prevalent (66.26%) of most frequently with bilateral hearing loss
of 91.56% and 26.50% with mild degree. The statistical analysis showed that the
variable DM was associated with the high frequency of hearing loss in the elderly, and
according to the multiple logistic regression, the risk factors are independent of the
hearing loss only for age and exposure to occupational noise.
Conclusions There was a statistically significant difference between hearing loss at
high frequencies and the risk factors, that is, age and DM.
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Introduction
Clinicians involved in the care of
patients with diabetes will be very
familiar with the neuropathic com-
plications of diabetes. Conversely,
many diabetes specialists will be
unaware that the auditory system
may also be affected by the same
pathogenic mechanisms of non-
enzymatic glycation, activation of
the polyol pathway and generation
of reactive oxygen species resulting
from hyperglycaemia.1 However, the
precise nature of impaired hearing
in diabetes is poorly understood and
other explanations include diabetes-
related microvascular disease on the
cochlea.2 As the microcirculation of
the cochlea is embedded within the
temporal bone it cannot be exam-
ined, so the only available anatomi-
cal evidence is from post-mortem
studies. In adults with diabetes, these
have shown pathology that includes
loss of hair cells,3 thicker vessel walls
of the stria vascularis and of the 
basilar membrane,4 sclerosis of the
internal auditory artery, demyelina-
tion of the cochlear nerve and 
atrophy of the spiral ganglion.5,6

Presbycusis (age-related hearing
loss) is the most common communi-
cation disorder and the third highest
self-reported disability.7 The failure
to appreciate that hearing loss can
affect the diabetic population means
that it is largely unrecognised by dia-
betes services. The explanation for
this may in part lie in the fact that,
although there have been a number
of articles published in otorhino-
laryngology specialty journals on this
subject, there have only been two
articles in major diabetes journals
over the past five years.8,9

Early epidemiological evidence
provided conflicting views as to
whether there was a relationship
between hearing loss and dia-
betes.1,10,11 Only one of these studies
showed any convincing association.1
Most other studies were small cross-
sectional studies, using limited hear-
ing measures and a single glycated
haemoglobin (HbA1c) value as an
inadequate measure to evaluate an
association with hearing loss that
usually progresses over a number of
years.12 A recent meta-analysis of 13
such studies (number of patients

Hearing loss and type 2 diabetes: is there a link?
Abstract
Recent meta-analysis has confirmed an association between hearing loss and diabetes. The
cause remains uncertain and open to academic debate.

This five-year retrospective study examined the outcomes of patients referred for
audiological investigations from a large primary care diabetes clinic. Audiological assessment
included pure-tone audiometry, and the presence of neuropathy was identified by foot
examination and risk stratification.

Referral rates of patients with diabetes were nearly twice those seen in the non-diabetic
population (7.5% [107/1428] vs 4% [499/12422]). Hearing loss was identified in 77 patients.
The majority (84.1%) had high-frequency sensorineural hearing loss. Loss of protective
sensation on the 10g monofilament test (OR 3.2, CI 1.6–6.5) and vibration sense (OR 2.6, CI
1.2–5.6) was significantly higher in the hearing loss group when compared with a group with
type 2 diabetes and normal hearing (n=219). The hearing loss group had almost twice the rate
of at-risk feet (37.7% vs 20.1%); (OR 2.4, CI 1.4–4.2). Pre-existing cardiovascular disease was
the only pre-morbid condition that was associated with hearing loss (OR 1.8, 95% CI 1.1–3.2).
There were no differences in HbA1c and lipids.

This is the first study from primary care to show that hearing loss is prevalent and has a
strong association with peripheral neuropathy.

There are no effective strategies yet identified that can prevent or reverse diabetes-related
hearing loss. Clinicians should recognise the association between diabetes and hearing loss,
and engage in preventative health education and hearing conservation strategies. Copyright
© 2014 John Wiley & Sons.

Practical Diabetes 2014; 31(9): 366–369
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type 2 diabetes; hearing loss; neuropathy; primary care
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BRINGING SOUND
TO LIFE.

HEARING 
AND DIABETES 

DIABETES AND YOU:

Healthy Ears Matter!
Audiology is under recognized in diabetes care. It is very important to take 
good care of your ears (hearing and balance) when you have diabetes. If you 
don’t hear well, you will miss important information about your health plan. 
Good news! You can take steps now to keep your ears healthy. 

Visit your audiologist right 
away if you: 

� Hear ringing or other noise  
in your ears

� Have sudden changes in 
your hearing and balance 

� Become dizzy with rapid 
head movements, fall  or 
have a fear of falling

� Have a sudden change in 
how clearly you understand

� Struggle understanding in 
background noise or feel 
that people are mumbling

How Can Diabetes Harm Your Ears? 
� Diabetes damages small blood vessels 

in your inner ear and disrupts the 
hearing signals to the brain

� Hearing loss is 30% higher in people 
with diabetes. 80% of residents in 
nursing homes have trouble hearing.

� You have a greater chance of falling 
with diabetes due to vision loss, foot 
neuropathy and the effects in the 
vestibular system.

What Types of Ear Diseases are 
Common Among People with 
Diabetes? 
Sensorineural Hearing Loss
• Your audiologist will recommend 

treatment options or refer you to a 
medical ear specialist if your hearing 
loss is treatable with medication or 
surgery.

Balance problems 
• You can be at greater risk of falling 

because of 1) the loss of sensation in 
your feet, 2) changes in your vision 
and 3)  changes in your vestibular 
system.

Developed by The Audiology Project, Kathy Dowd, Au.D. and Alexandra Tarvin, Au.D.

The Audiology Project 
www.theaudiologyproject.com
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• 18267 RA subjects
• 73068 control subjects
• Men and elderly at higher risk
• Cardiovascular comorbidities 

increased risk
• Suspected mechanisms:

ü Systemic vascular 
involvement and 
inflammaion

ü Immune response against 
inner ear proteins

ü Drugs used to treat RA

§ 18267 RA subjects 
§ 73068 control subjects 
§ Men and elderly at higher risk
§ Cardiovascular comorbidities 

increase the risk of hearing loss 
§ Suspected mechanisms: 

• Systemic vascular involvement 
and inflammation 

• Immune response against inner 
ear proteins 

• Drugs used to treat RA 
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Is COPD associated with alterations in hearing? 
A systematic review and meta-analysis
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Background and aims: COPD is an irreversible or persistent airflow obstruction, which 
affects up to 600 million people globally. The primary purpose of this systematic review was to 
explore the COPD-based alteration in the auditory system function by conducting a quantitative 
analysis of presently published data.
Materials and methods: We systematically searched seven diverse electronic databases 
and manual searching of references to identify relevant studies. Data from the selected studies 
were rated by two investigators independently in a blinded fashion. Meta-analysis was done on 
pooled data using Cochrane’s Review Manager 5.3.
Results: Sixteen articles received suitable scores and were thus included for further processes. 
Hearing loss (HL) was defined as a change in pure tone audiometry (PTA) thresholds, auditory 
brainstem response (ABR), and auditory P300 parameters. ABR wave was significantly elongated 
in patients with COPD than in controls (standardized mean difference [SMD]=0.27, 95% 
CI: 0.05–0.48, P=0.02). PTA was significantly higher in patients with COPD when compared 
with controls (SMD=1.76, 95% CI: 0.43–3.08, P=0.0004). We found that patients with COPD 
had a significantly higher latency than controls (SMD=1.30, 95% CI: 0.79–1.80, P=0.0001).
Conclusion: COPD patients had considerably greater incidence of HL when compared with 
controls. Interestingly, although the mean PTA thresholds at every frequency for COPD patients 
were higher than those for controls, these values were still in the slight to mild HL ranges. 
Prolonged ABR wave latencies in the COPD patients suggest retro-cochlear involvement. Thus, 
COPD most frequently clusters with HL, but it is worth noting that alteration in hearing is not 
always recognized by medical experts as a frequent comorbidity associated with COPD.
Keywords: COPD, hearing loss, systematic review, meta-analysis

Introduction
COPD is an irreversible or persistent airflow obstruction, which affects up to 
600 million people globally. COPD is presently one of the major causes of morbidity 
and mortality in people suffering from chronic illnesses. COPD prevalence is an 
increasing problem in old age, and globally, the number of COPD patients aged 65 or 
over is growing.1 Moreover, the main healthcare resources are expended on COPD as 
well as beyond its comorbidities, of which half of the costs are attributable to hospital 
stay.2 In recent years, the use of home care services, as well as the involvement of 
the patients in observing and managing their illness in cooperation with the health 
professionals have increased.3 The central nervous function may be adversely affected 
by COPD.4 Several studies have also been performed on the effect of COPD on different 
structures of the auditory system in COPD patients.

The mechanotransduction mechanism of the inner ear is extremely reliant on the 
oxygen supply to the cochlea, so that any significant reduction in oxygen locally may 
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§ “COPD patients had considerably 
greater incidence of  HL when 
compared with controls. 

§ Prolonged ABR wave latencies in the 
COPD patients suggest retro-
cochlear involvement. 

§ COPD most frequently clusters with 
HL, but it is worth noting that 
alteration in hearing is not always 
recognized by medical experts as a 
frequent comorbidity associated with 
COPD.”
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ABSTRACT 
 

 
Background 
The prevalence, degree, and patterns of hearing loss 
associated with chronic kidney disease (CKD) reported by 
various studies differ significantly. The effects of 
haemodialysis and duration of disease on hearing loss 
remain unclear. 
 
Aims 
The aim of this study was to determine the prevalence and 
degree of hearing loss in CKD patients on haemodialysis. 
 
Methods  
This study included 120 CKD patients on haemodialysis. 
Information regarding age, gender, duration of disease, 
subjective hearing loss, exposure to ototoxic drugs, co-
morbidities like diabetes, hypertension, and 
hypothyroidism, renal functions, electrolytes and number of 
haemodialysis sessions received were obtained. An equal 
number of age and sex matched controls were used to 
determine prevalence of hearing loss in CKD patients after 

subjecting both groups to pure tone audiometry. We 
compared CKD patients with and without hearing loss for 
association of hearing loss with disease duration, number of 
haemodialysis, and blood parameters. 
 
Results  
Hearing loss was present in 41.7 per cent of CKD patients, 
significantly higher than controls (p=0.001), and was mild in 
the majority of patients. Impairment was noted across high 
and low frequencies of audiometric testing. Median 
duration of disease was the same (18 months) among CKD 
patients with and without hearing loss (p=0.62). CKD 
patients with hearing loss received 72 haemodialysis 
compared to 122 sessions by those without hearing loss 
(p=0.04).  
 
Conclusion 
Mild sensorineural hearing loss is common in CKD. Hearing 
loss has no specific pattern as it prevails at high and low 
frequencies. Hearing loss may be inversely associated with 
the number of haemodialysis sessions but not with duration 
of disease. 
 
Key Words 
CKD, hearing loss, haemodialysis, high frequency loss, low 
frequency loss 
 

What this study adds:  

1. What is known about this subject?  
Chronic kidney disease (CKD) is known to be associated with 
sensorineural hearing loss.  
 
2.  What new information is offered in this study? 
There is a high prevalence of sensorineural hearing loss in 
CKD patients. Hearing loss is more obvious in the elderly 
and in patients who have received fewer haemodialysis 
sessions. Chronicity of disease is not associated with CKD-
related hearing loss. 
 

§ Mild sensorineural hearing loss is common in CKD. 
§ Hearing loss has no specific pattern … high and low frequencies. 
§ Hearing loss may be inversely associated with the number of  hemodialysis 

sessions but not with duration of  disease. 



Journal of Gerontology: MEDICAL SCIENCES © The Author 2011. Published by Oxford University Press on behalf of The Gerontological Society of America.
Cite journal as: J Gerontol A Biol Sci Med Sci. 2011 October;66A(10):1131–1136 All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.
doi:10.1093/gerona/glr115 Advance Access published on July 18, 2011

1131

AUDIOMETRIC hearing loss has recently been found 
to be independently associated with incident all-cause 

dementia in the Baltimore Longitudinal Study of Aging (1). 
Mechanistic pathways hypothesized to explain this observed 
association include a shared pathologic etiology, the effects 
of hearing loss on cognitive load and cognitive reserve, and/
or mediation through social isolation and loneliness. These 
hypothesized pathways are not mutually exclusive, and co-
existent pathways could contribute to the development of 
cognitive impairment.

A first step in further exploring the association of hearing 
loss with dementia is to investigate the association of hearing 
loss with cognition in other independent data sets. Declines 
in measures of memory (2–5) and executive function (5–9) 
typically precede dementia by 7 and 3 years, respectively 
(5,10,11). In the present study, we investigate the associa-
tion between hearing loss and cognitive function in the 
nationally representative data set of the National Health and 
Nutritional Examination Survey (NHANES) using the Digit 
Symbol Substitution Test (DSST). The DSST is a nonverbal 
measure of executive function and psychomotor speed (12), 

and it is one of the first tests to decline prior to dementia 
onset (8,13). We hypothesized a priori that greater hearing 
loss would be associated with poorer cognitive performance 
on the DSST.

Methods

Study participants
Subjects were participants (age 60–69 years) in the 1999–

2002 cycles of NHANES who underwent both audiometric 
and cognitive testing. During this period, audiometry was 
administered to a half sample of all adults aged 20–69 years, 
and cognitive testing with the DSST was administered to all 
adults aged 60 years and older. The NHANES is an ongoing 
program of studies designed to assess the health, functional, 
and nutritional status of the civilian noninstitutionalized 
U.S. population. Each sequential cross-sectional study uses 
a complex sampling design to survey a sample of the popu-
lation, with selective oversampling of low-income individuals, 
racial minorities, and older adults (14). Sampling weights 
allow for analyses that account for the complex sampling 
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Background. To investigate the association between hearing loss and cognitive function in a nationally representative 
sample of older adults.

Methods. We analyzed data from the 1999 to 2002 cycles of the National Health and Nutritional Examination Survey 
during which participants aged 60–69 years (n = 605) underwent both audiometric and cognitive testing. Hearing loss was 
defined by a pure tone average of hearing thresholds at 0.5, 1, 2, and 4 kHz in the better hearing ear. Cognitive testing 
consisted of the Digit Symbol Substitution Test (DSST), a nonverbal test that assesses executive function and psychomotor 
processing. Data on hearing aid use, demographics, and medical history were obtained from interviews. Regression 
models were used to examine the association between hearing loss and cognition while adjusting for confounders. Analyses 
incorporated sampling weights to yield results that are generalizable to the U.S. population.

Results. Greater hearing loss was significantly associated with lower scores on the DSST after adjustment for demo-
graphic factors and medical history (DSST score difference of −1.5 [95% confidence interval: −2.9 to −0.23] per 10 dB 
of hearing loss). Hearing aid use was positively associated with cognitive functioning (DSST score difference of 7.4 [95% 
confidence interval: −0.62 to 15.4]). The reduction in cognitive performance associated with a 25 dB hearing loss was 
equivalent to the reduction associated with an age difference of 7 years.

Conclusions. Hearing loss is independently associated with lower scores on the DSST. Further research is needed to 
determine whether hearing loss is a modifiable risk factor or an early marker of cognitive decline.

Key Words: Hearing loss—Cognition—Sensory decline.
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§ Published in 2011
§ N = 605
§ Age 60 to 69 years
§ Hearing loss is independently 

associated with lower scores 
on the DSST (Digit Symbol 
Substitution Test). 

§ Further research is needed to 
determine whether hearing loss 
is a modifiable risk factor or an 
early marker of  cognitive 
decline. 
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Hearing Loss as a Risk Factor for Dementia: A Systematic Review

Rhett S. Thomson, BA; Priscilla Auduong, MD; Alexander T. Miller, BS; Richard K. Gurgel, MD

Objectives: To review evidence of hearing loss as a risk factor for dementia.
Data Sources: PubMed
Review methods: A systematic review was conducted using the PubMed database using the search terms (hearing loss

OR presbycusis) AND (dementia OR cognitive decline). Initially, 488 articles were obtained. Only those studies evaluating an
association between hearing loss and incident dementia or cognitive decline were included in the analysis. This resulted in
17 articles which were thoroughly evaluated with consideration for study design, method for determining hearing loss and
cognitive status, relevant covariates and confounding factors, and key findings.

Results: All of the 17 articles meeting inclusion criteria indicate that hearing loss is associated with dementia or cogni-
tive decline. The methods used among the studies for ascertaining hearing loss and dementia were notably varied. For hear-
ing loss, peripheral auditory function was tested far more than central auditory function. For peripheral audition, pure tone
audiometry was the most commonly reported method for defining hearing loss. Only a few studies measured central auditory
function by using the Synthetic Sentence Identification with Ipsilateral Competing Message test (SSI-ICM) and the Staggered
Spondaic Word Test (SSW). Dementia was most often defined using the Mini Mental State Exam (MMSE). However, many
studies used extensive batteries of tests to define cognitive status, often including a neuropsychologist. Confounding variables
such as cardiovascular risk factors were measured in 17 studies and family history of dementia was only evaluated in 1
study. Overall, the methods used by studies to ascertain hearing loss, cognitive status and other variables are valid, making
their evaluation appear reliable.

Conclusion: While each of the studies included in this study utilized slightly different methods for evaluating partici-
pants, each of them demonstrated that hearing loss is associated with higher incidence of dementia in older adults.

Key Words: agre-related hearing loss, dementia, cognitive decline, Alzheimer’s disease, presbycusis.
Level of Evidence: Level V, systematic review.

INTRODUCTION
Dementia and hearing loss are both highly preva-

lent neurologic conditions in older adults, each having
considerable impact on quality of life.1,2 A growing body
of literature suggests that these two conditions are inter-
related and that hearing loss may be a risk factor for
the development of dementia in older adults.3,4 Though
several epidemiological studies have demonstrated this
association, the causal link of how hearing loss increases
the risk of developing dementia is not well understood.

Several possible means have been identified. One
line of thought is based on the impact of hearing loss on
cortical processing. Hearing loss increases the cognitive
load, diverting cognitive resources to auditory processing

at the expense of other cognitive processes such as work-
ing memory.5,6 Another hypothesis is that hearing loss
leads to social isolation, which has been shown to contrib-
ute to dementia.7,8 The third prominent explanation is
that there is a common cause to both diseases and that
hearing loss is the early manifestation of the underlying
pathology.9–11 It is also possible that these proposed
mechanisms are not mutually exclusive, and decline in
one pathway consequentially affects the others.

Better understanding the etiology behind the con-
nection between hearing loss and dementia could help
lead to interventions that preserve cognitive function in
hearing loss patients. In this way, hearing loss could
serve as a potential modifiable risk factor. It is suggested
that interventions delaying the onset of dementia by
even one year would decrease the worldwide prevalence
of dementia by 10%.12 Thus, there is compelling motiva-
tion to pinpoint the role hearing loss has on cognitive
decline. The object of this study is to further investigate
this connection. This will be performed through a sys-
tematic review of epidemiological studies published on
the topic. Each study will be evaluated with consider-
ation to design, method for determining hearing loss and
dementia, relevant covariates and confounding factors,
key findings, and conclusion.

METHODS
The MEDLINE database was used to search for all

English and non-English studies linking hearing loss to
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§ Findings for 17 peer reviewed 
articles

§ Pure tone audiometry
§ Central auditory processing tests 
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higher incidence of  dementia in 
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The Association Between Cognitive
Performance and Speech-in-Noise
Perception for Adult Listeners:
A Systematic Literature Review
and Meta-Analysis

Adam Dryden1,2, Harriet A. Allen2, Helen Henshaw3,4, and
Antje Heinrich1

Abstract
Published studies assessing the association between cognitive performance and speech-in-noise (SiN) perception examine
different aspects of each, test different listeners, and often report quite variable associations. By examining the published
evidence base using a systematic approach, we aim to identify robust patterns across studies and highlight any remaining gaps
in knowledge. We limit our assessment to adult unaided listeners with audiometric profiles ranging from normal hearing to
moderate hearing loss. A total of 253 articles were independently assessed by two researchers, with 25 meeting the criteria
for inclusion. Included articles assessed cognitive measures of attention, memory, executive function, IQ, and processing
speed. SiN measures varied by target (phonemes or syllables, words, and sentences) and masker type (unmodulated noise,
modulated noise, >2-talker babble, and 42-talker babble. The overall association between cognitive performance and SiN
perception was r¼ .31. For component cognitive domains, the association with (pooled) SiN perception was as follows:
processing speed (r¼ .39), inhibitory control (r¼ .34), working memory (r¼ .28), episodic memory (r¼ .26), and crystallized
IQ (r¼ .18). Similar associations were shown for the different speech target and masker types. This review suggests a general
association of r&.3 between cognitive performance and speech perception, although some variability in association appeared
to exist depending on cognitive domain and SiN target or masker assessed. Where assessed, degree of unaided hearing loss
did not play a major moderating role. We identify a number of cognitive performance and SiN perception combinations that
have not been tested and whose future investigation would enable further fine-grained analyses of these relationships.

Keywords
speech perception, cognition, working memory, executive function, hearing loss
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Introduction

Following a conversation in a noisy environment is
difficult, and the effort required increases with hearing
impairment (Zekveld, Kramer, & Festen, 2011). Hearing
loss (HL) has been extensively investigated as a primary
underlying factor for difficulties in speech perception
under adverse listening conditions (Agus, Akeroyd,
Gatehouse, & Warden, 2009; Humes & Roberts, 1990;
Jerger, Jerger, & Pirozzolo, 1991; Smoorenburg, 1992).
While HL does explain some of the difficulties, it has also
become clear that it cannot be the only driving factor
given the following observations: First, listeners with
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perception in noise
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Hearing and dementia: from ears to brain
Jeremy C. S. Johnson,1 Charles R. Marshall,1,2 Rimona S. Weil,1,3,4 Doris-Eva Bamiou,5

Chris J. D. Hardy1,† and Jason D. Warren1,†
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The association between hearing impairment and dementia has emerged as a major public health challenge, with significant oppor-

tunities for earlier diagnosis, treatment and prevention. However, the nature of this association has not been defined. We hear with

our brains, particularly within the complex soundscapes of everyday life: neurodegenerative pathologies target the auditory brain,

and are therefore predicted to damage hearing function early and profoundly. Here we present evidence for this proposition, based

on structural and functional features of auditory brain organization that confer vulnerability to neurodegeneration, the extensive,

reciprocal interplay between ‘peripheral’ and ‘central’ hearing dysfunction, and recently characterized auditory signatures of canon-

ical neurodegenerative dementias (Alzheimer’s disease, Lewy body disease and frontotemporal dementia). Moving beyond any sim-

ple dichotomy of ear and brain, we argue for a reappraisal of the role of auditory cognitive dysfunction and the critical coupling of

brain to peripheral organs of hearing in the dementias. We call for a clinical assessment of real-world hearing in these diseases that

moves beyond pure tone perception to the development of novel auditory ‘cognitive stress tests’ and proximity markers for the

early diagnosis of dementia and management strategies that harness retained auditory plasticity.
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Introduction: scope and
nature of the problem
Hearing impairment in later life is a major clinical issue and
a leading association of cognitive decline (Gates and Mills,

2005; Lin et al., 2011; Loughrey et al., 2018), presenting
significant potential opportunities for dementia diagnosis,
treatment and prevention (Dawes et al., 2015; Taljaard
et al., 2016; Livingston et al., 2017). But how are hearing
impairment and dementia related? Hearing loss of any
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Lucy I. Mudieᄊ, Varshini Varadarajᄊ, Prateek Gajwaniᄊ, Beatriz Munozᄊ,
Pradeep Ramuluᄊ, Frank R. Linᄊ, Bonnielin K. Swenorᄊ, David S. Friedman‡ᄊ,
Nazlee Zebardast‡ᄊ

Johns Hopkins University, Baltimore, MD, United States of America

ᄊ These authors contributed equally to this work.
‡ These authors are co-senior authors on this work.
* david.friedman@jhu.edu

Abstract

Background

Hearing impairment, vision impairment, and dual impairment (both hearing and vision

impairment), have been independently associated with functional and cognitive decline. In

prior studies of dual impairment, vision impairment is generally not defined or defined by

visual acuity alone. Glaucoma is a leading cause of blindness and does not affect visual acu-

ity until late in the disease; instead, visual field loss is used to measure vision impairment

from glaucoma.

Objective

To examine the effect of glaucomatous visual field loss and hearing impairment on function.

Design

Cross-sectional.

Setting

Hospital-based clinic in Baltimore, Maryland.

Subjects

220 adults,�55 years presenting to the glaucoma clinic.

Methods

Vision impairment was defined as mean deviation on visual field testing worse than -5 deci-

bels in the better eye, and hearing impairment was defined as pure tone average worse than

25 decibels on threshold audiometry testing in the better ear. Standardized questionnaires

were used to assess functional status.

PLOS ONE | https://doi.org/10.1371/journal.pone.0199889 July 6, 2018 1 / 12
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§ Dual impairment was 
associated with significantly 
more severe driving limitation 

§ More difficulty with 
communication compared to 
those without sensory 
impairment when adjusted for 
age, race, gender and number 
of  comorbidities

§ Older individuals with 
glaucoma and hearing loss 
seem to have generally poorer 
functioning than those with 
single sensory loss.



§ Dual sensory loss (DSL) is 
prevalent in older adults

§ DSL correlated with decreased 
levels of well being

§ Review of 8 articles confirms 
relationship between DSL and 
decreased mental health 
including depression and risk 
of developing depression
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Mental health is a core component of quality of life in old age. Dual Sensory Loss (DSL;
combined vision and hearing loss) is prevalent in older adults and has been correlated
with decreased levels of well-being. This systematic review aimed to critically review and
summarize the evidence from studies that examined the mental health of older adults
with DSL. In accordance with the Preferred Reporting Items for Systematic Reviews
(PRISMA) statement, specific databases were searched and eight articles were selected
for final review. Seven studies investigated the association between DSL and depression
or depressive symptoms, whilst one study explored the relationship between DSL and
quality of life. No studies investigated the impact of DSL on anxiety. Overall, results of
this review suggested that there is a significant relationship between DSL and decreased
mental health with those with DSL either displaying depressive symptoms or being at risk
for developing depression. Future research should focus on comparative studies of older
people with and without sensory loss, as well as targeted studies of older people with
dual sensory loss, that incorporate well-defined and valid measures of sensory loss and
mental health.

Keywords: dual sensory loss, mental health, depression, systematic review

BACKGROUND
Mental health is a key component in the health and well-being of
older adults and refers to the “state of well-being in which every
individual realizes his or her own potential, can cope with the
normal stresses of life, can work productively and fruitfully, and
is able to make a contribution to her or his community” (World
Health Organisation, 2013b, para. 1). Dual sensory loss (DSL) is
the combined loss of vision and hearing and is a common contrib-
utor to the mental health and well-being of older adults (Heine
and Browning, 2002).

DSL is particularly prevalent in the older adult population
due to the gradual deterioration of their vision and/or hearing
with advancing age (Davila et al., 2009), and particularly for vet-
erans who are aged 85 years or older (Smith et al., 2008). In
a Danish study of DSL rehabilitation clients Dammeyer (2013)
found that DSL increased rapidly in those aged 65 years and
over. In a similar Canadian study Wittich et al. (2012) found
that 69% of DSL rehabilitation clients were aged 65 years and
over. According to Caban et al. (2005) DSL increased from 1.3%
for 18 to 44 year olds to 6.6% in those aged 80 years and
older. Schneider et al. (2012) estimated that 25% of partici-
pants aged 80 years and over in the Australian Blue Mountains
Eye Study experienced combined vision and hearing loss. In a
European study of older people aged 50 years and over 5.9%
reported DSL (Viljanen et al., 2013). The significance and poten-
tial impact of DSL in older age groups was highlighted by
Brennan and Bally (2007) who estimated the prevalence of DSL
in those aged 70 years and over as ranging between 5 and
20%. They concluded that by 2030, based on population ageing

trends, between 3.5 and 14 million older people in the US would
develop DSL.

DSL is an acquired condition, which gradually deteriorates
over time. DSL is poorly understood (Davila et al., 2009), under-
recognized and under-diagnosed (Heine et al., 2002). This is
particularly the case in its mild form since it may be undetected by
the individual, or onset may initially be in one domain at a time
(vision or hearing deterioration). Older adults with DSL are more
likely to have health problems, reduced activities and restricted
social roles as compared to those with no sensory loss or unisen-
sory loss (Crews and Campbell, 2004). The consequences of DSL
(even mild DSL) are significant and include psychosocial diffi-
culties, withdrawal from communication-based situations (Heine
et al., 2002), avoidance of social interactions and diminished
quality of life (Dalton et al., 2003; Brennan et al., 2006).

The World Health Organization estimates that 20% of adults
aged 60 years and over suffer from a mental or neurological dis-
order (World Health Organisation, 2013a). The most common
mental health disorders in older adults are dementia, depression
and anxiety. Approximately 7% of older people worldwide suffer
from unipolar depression and about 3.8% of older people suf-
fer from anxiety disorders (World Health Organisation, 2013a).
Depression is a serious mental health disorder that influences
quality of life and although it is known to be associated with
DSL, few researchers have investigated its association and impact.
In a cross sectional study of adults aged over 55 years, Capella-
McDonnall (2005) estimated that of the 7.3% of the sample who
experienced DSL, 35% experienced depression suggesting a sig-
nificant relationship between DSL and depression. This finding
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The Healthy Eating Index (HEI) is a measure of diet quality that
assesses conformance to the Dietary Guidelines for Americans. USDA's primary
use of the HEI is to monitor the diet quality of the U.S. population and
the low-income sub-population. For this purpose the Center for
Nutrition Policy and Promotion (CNPP) uses the data collected via 24-
hour dietary recalls in national surveys. The HEI is also used to
examine relationships between diet and health-related outcomes, and
to assess the quality of food assistance packages, menus, and the US
food supply. 
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Practicing Preventive Audiology: 
Healthy Eating = Healthy Hearing

Healthy Eating Index (HEI)
• A measure of compliance 

with US dietary 
recommendations

• Scores range from 0 
worst) to 100 (best)

• Average American = 
59/100

• Correlates with better 
high frequency hearing
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Summary:

Healthy diet may lower risk of hearing loss in women
Patterns of healthy eating may lower risk of hearing loss by 30 percent

May 11, 2018

Brigham and Women's Hospital

In a new study, researchers examined the relation between three different diets and risk of de‐
veloping hearing loss, and found that eating a healthy diet is associated with a lower risk of ac‐
quired hearing loss in women.

FULL STORY

Hearing loss affects approximately 48 million Americans. Some evidence suggests that
diet may influence risk of hearing loss. Previous studies have looked at how specific nutri‐
ents affect risk, but the relation of overall diet and risk of developing hearing loss was
unclear.

In a new study, researchers from Brigham and Women's Hospital examined the relation between three differ‐
ent diets and risk of developing hearing loss: The Alternate Mediterranean diet (AMED), Dietary Approaches to
Stop Hypertension (DASH), and the Alternative Healthy Eating Index-2010 (AHEI-2010) in 70,966 women in the
Nurses' Health Study II who were followed for 22 years, and found that eating a healthy diet is associated with
a lower risk of acquired hearing loss in women.

Results are published in the Journal of Nutrition on May 11.

"Interestingly, we observed that those following an overall healthy diet had a lower risk of moderate or worse
hearing loss," said Sharon Curhan, MD, an epidemiologist in the Channing Division of Network Medicine at
BWH, and first author of the study. "Eating well contributes to overall good health, and it may also be helpful
in reducing the risk of hearing loss."

In this longitudinal study, researchers collected detailed information on dietary intake every four years and
found that women whose diets most closely resembled the AMED or DASH dietary patterns had an approxi‐
mately 30 percent lower risk of moderate or worse hearing loss, compared with women whose diets resem‐
bled these dietary patterns the least. Moreover, findings in a sub-cohort of over 33,000 women for whom de‐
tailed hearing-related information had been collected suggest that the magnitude of the reduced risk may be
even greater than 30 percent, and may also pertain to the AHEI-2010. The AMED diet includes extra virgin
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§ Examined relationship 
between Healthy Eating Index 
(HEI), a measure of  dietary 
quality, and report of  tinnitus

§ N = 8143 adults 20 to 69 years
§ Controlled for 

• Gender
• Race/ethnicity
• Diabetes 
• Noise exposure
• Smoking

§ Healthier diet associated with 
lower risk for persistent 
tinnitus
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Original Article

INTRODUCTION

Tinnitus is the perception of sounds that occurs in the absence 
of external acoustic stimulus [1]. Because tinnitus is more com-

mon during old age, prevalence rates of tinnitus have increased 
during last decades because people now live longer and society 
has a greater elderly population than before [2]. Tinnitus affects 
approximately 15% of the total population in Europe and the 
United States and more than a third of the population older 
than aged 65 years [3]. In addition, a recent study revealed that 
considerable amount of children and adolescents also experi-
ence tinnitus; this indicates that aging cannot explain the entire 
mechanism of tinnitus development [4]. Tinnitus can negatively 
influence health-related quality of life, including self-care, usual 
activities, subjective discomfort, anxiety, and depression [5].

Although the prevalence of tinnitus and socioeconomic bur-
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Relationship Between Diet and Tinnitus: Korea 
National Health and Nutrition Examination Survey

Doh Young LeeⰒYoung Ho Kim

Department of Otorhinolaryngology-Head and Neck Surgery, SMG-SNU Boramae Medical Center, 
Seoul National University College of Medicine, Seoul, Korea

Objectives. This study aimed to analyze the association between nutritional intake and tinnitus prevalence by evaluating a 
large cross-sectional cohort.

Methods. Data from the Korea National Health and Nutrition Examination Survey collected between 2013 and 2015 were 
analyzed. The study population consisted of 7,621 individuals aged 40 to 80 years with complete tinnitus-related 
data. Individuals with inadequate responses to tinnitus history, noise exposure in the work place, or subjective hear-
ing loss were excluded. Prevalence of tinnitus and tinnitus-related annoyance, and nutrition intake were measured 
using this questionnaire, and associations between tinnitus and nutritional data were evaluated by binary logistic re-
gression analysis.

Results. Subjective tinnitus was reported by 1,435 individuals with subjective normal hearing (18.8%). Prevalence of tinni-
tus increased with age. However, among individuals with tinnitus, the proportion of individuals with tinnitus-related 
annoyance was similar across age groups. Older age, female sex, lower body mass index (BMI), and less vitamin B2 
intake were significantly associated with tinnitus (P<0.001, P=0.002, P=0.041, P=0.013, respectively). Vitamin B2 
intake was significantly less in individuals with tinnitus who were middle-aged (ages 51–55 and 56–60 years, 
P=0.012 and P=0.020, respectively). Less intake of water, protein, and vitamin B3 were associated with tinnitus-re-
lated annoyance (P=0.038, P=0.009, and P=0.005, respectively). Prevalence of annoyance was significantly associ-
ated with less water intake in younger ages (age 45–55 years) but with less protein and vitamin B3 intake in older 
ages (age 66–80 years).

Conclusion. Reduced intake of vitamin B2 and B3, water, and protein may be associated with tinnitus and tinnitus-related 
annoyance, and further studies regarding the importance of adequate nutritional intake in the tinnitus management 
need to be performed.

Keywords. Tinnitus; Riboflavin; Niacinamide; Nutritional Status
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Objectives: Diet may affect susceptibility of the inner ear to noise and 
age-related effects that lead to tinnitus and hearing loss. This study used 
complementary single nutrient and dietary pattern analysis based on sta-
tistical grouping of usual dietary intake in a cross-sectional analysis of 
tinnitus and hearing difficulties in a large population study sample.

Design: The research was conducted using the UK Biobank resource. 
Tinnitus was based on report of ringing or buzzing in one or both ears 
that lasts more than five minutes at a time and is currently experienced at 
least some of the time. Identification of a hearing problem was based on 
self-reported difficulties with hearing. Usual dietary intake and dietary pat-
terns (involving statistical grouping of intake to account for how foods are 
combined in real-life diets) were estimated based on between two and five 
administrations of the Oxford Web-Q 24-hour dietary recall questionnaire 
over the course of a year for 34,576 UK adult participants aged 40 to 69.

Results: In a multivariate model, higher intake of vitamin B12 was associ-
ated with reduced odds of tinnitus, while higher intakes of calcium, iron, and 
fat were associated with increased odds (B12, odds ratio [OR] 0.85, 95% 
confidence interval [CI] 0.75 to 0.97; Calcium, OR 1.20, 95% CI 1.08 to 1.34; 
Iron, OR 1.20, 95% CI 1.05 to 1.37; Fat, OR 1.33, 95% CI 1.09 to 1.62, re-
spectively, for quintile 5 versus quintile 1). A dietary pattern characterised by 
high protein intake was associated with reduced odds of tinnitus (OR 0.90, 
95% CI 0.82 to 0.99 for quintile 5 versus quintile 1). Higher vitamin D intake 
was associated with reduced odds of hearing difficulties (OR 0.90, 95% CI 
0.81 to 1.00 for quintile 5 versus quintile 1), as were dietary patterns high in 
fruit and vegetables and meat and low in fat (Prudent diet: OR 0.89, 95% CI 
0.83 to 0.96; High protein: OR 0.88, 95% CI 0.82 to 0.95; High fat: OR 1.16, 
95% CI 1.08 to 1.24, respectively, for quintile 5 versus quintile 1).

Conclusions: There were associations between both single nutrients 
and dietary patterns with tinnitus and hearing difficulties. Although the 
size of the associations was small, universal exposure for dietary factors 
indicates that there may be a substantial impact of diet on levels of tin-
nitus and hearing difficulties in the population. This study showed that 
dietary factors might be important for hearing health.

Key words: Diet, Dietary pattern, Hearing difficulties, Nutrients, Presby
acusis,Tinnitus.

(Ear & Hearing 2019;XX;00–00)

INTRODUCTION

Tinnitus refers to the perception of sound without an ex-
ternal source. Prevalence of tinnitus among UK adults aged 40 
to 69 years was estimated at 16.9% (Dawes et al. 2014). Hear-
ing impairment is common, affecting 36.7% of UK adults aged 
61 to 70 years (defined as mean hearing threshold level of >25 
dB hearing level over 500 to 4000 Hz in the better ear; Davis 
1989). Encouragingly, there is evidence that both hearing loss 
and tinnitus may be associated with modifiable lifestyle factors 
including noise exposure, smoking, alcohol consumption, exer-
cise, and diet, offering possibilities for prevention (Hoffman & 
Reed 2004; Cruickshanks et al. 2010). Diet may impact on sus-
ceptibility of the inner ear to noise and age-related effects that 
lead to hearing loss and tinnitus (Spankovich 2015).

Diet and Tinnitus
The role of diet in tinnitus has been identified as a research 

priority by both patients and clinicians (Hall et al. 2013).There 
is anecdotal evidence for certain foods, single nutrients, and die-
tary supplements exacerbating or reducing tinnitus in individu-
als; however, there is little or no research evidence for a role of 
any particular dietary factor in contributing to tinnitus (British 
Tinnitus Association 2017; Seidman & Babu 2003; Patterson & 
Balough 2006). Limited research in relation to vitamin B12 and 
B3 and zinc deficiency and the effects of supplementation and 
tinnitus is inconsistent (Gersdorff et al. 1987; Hulshof & Ver-
meij 1987; Paaske et al. 1991; Shemesh et al. 1993; Ochi et al. 
1997; Yetiser et al. 2002). Two small controlled studies reported 
a reduction in tinnitus among people with tinnitus and hyperin-
sulinemia following a diabetic diet rich in nutrients and low in 
fat and calories (Basut et al. 2003; Lavinsky et al. 2004). Only 
three population studies of dietary factors and tinnitus have been 
conducted to our knowledge (McCormack et al. 2014; Spankov-
ich et al. 2017; Lee & Kim 2018). McCormack et al. (2014) re-
ported inconsistent associations between intake of foods (based 
on an unvalidated set of quantitative food frequency questions) 
and persistent, bothersome, or transient tinnitus in a previous 
cross-sectional analysis of data from UK Biobank. Persistent 
tinnitus was associated with higher fruit and vegetable, bread, 
fish, and egg intake. Dairy and caffeinated coffee intake was as-
sociated with reduced odds of persistent tinnitus. Glicksman et 
al. (2014) also reported that higher caffeine intake was associ-
ated with lower risk of incident tinnitus in women. Spankovich 
et al. (2017) reported that a healthier diet (indexed by Healthy 
Eating Index [HEI] score; United States Department of Agricul-
ture 1995) was associated with reduced odds of reported persis-
tent tinnitus in cross-sectional analysis. Healthier HEI scores 
are characterized by higher intake of fruit and vegetables and 
whole grains, and so the associations observed by Spankovich 
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§ In a multivariate model, higher intake of  
vitamin B12 was associated with reduced 
odds of  tinnitus, while higher intakes of  
calcium, iron, and fat were associated 
with increased odds. 

§ A dietary pattern characterized by high 
protein intake was associated with 
reduced odds of  tinnitus.

§ Higher vitamin D intake was associated 
with reduced odds of  hearing difficulties 
as were dietary patterns high in fruit and 
vegetables and meat and low in fat.

§ This study showed that dietary factors 
might be important for hearing health. 
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Abstract
Purpose To examine the associations of specific dietary fats with the risk of disabling hearing impairment in the UK Biobank 
study.
Methods This cohort study investigated 105,592 participants (47,308 men and 58,284 women) aged ≥ 40 years. Participants 
completed a minimum of one valid 24-h recall (Oxford Web-Q). Dietary intake of total fatty acids, polyunsaturated fatty 
acids (PUFA), saturated fatty acids (SFA), and monounsaturated fatty acids (MUFA) was assessed at baseline. Functional 
auditory capacity was measured with a digit triplet test (DTT), and disabling hearing impairment was defined as a speech 
reception threshold in noise > − 3.5 dB in any physical exam performed during the follow-up.
Results Over a median follow-up of 3.2 (SD: 2.1) years, 832 men and 872 women developed disabling hearing impairment. 
After adjustment for potential confounders, including lifestyles, exposure to high-intensity sounds, ototoxic medication and 
comorbidity, the hazard ratios (HRs), and 95% confidence interval (CI) of disabling hearing function, comparing extreme 
quintiles of intakes were 0.91 (0.71–1.17) for total fat, 1.09 (0.83–1.44) for PUFA, 0.85 (0.64–1.13) for SFA and 1.01 
(0.74–1.36) for MUFA among men. Among women, HRs comparing extreme intakes were 0.98 (0.78–1.24) for total fat, 0.69 
(0.53–0.91) for PUFA, 1.26 (0.96–1.65) for SFA, and 0.91 (0.68–1.23) for MUFA. Replacing 5% of energy intake from SFA 
with an equivalent energy from PUFA was associated with 25% risk reduction (HR: 0.75; 95% CI: 0.74–0.77) among women.
Conclusions PUFA intake was associated with decreased risk of disabling hearing function in women, but not in men.

Keywords Dietary fat intake · Hearing function · UK Biobank · Cohort study

Introduction

Hearing loss is one of the main leading causes of years 
lived with disability; moreover, it has been considered an 
“invisible disability”, since it is usually underestimated in 
comparison with other health problems [1]. In older people, 

hearing loss has been associated with higher risk of social 
isolation [2], depression [3], cognitive impairment [4], poor 
quality of life [5], and also with higher risk of cardiovascular 
disease and all-cause mortality [6–8]. In addition, a large 
body of evidence suggests that sex modulates susceptibility 
to age-related hearing loss, because of the protective effect 
of estrogens on hearing function and differences in the pro-
cessing of stimuli at the cortical level [9].

Besides age-associated biological degeneration and 
noise exposure, one mechanism of hearing loss is impaired 
vascular function. The cochlea of the inner ear is highly 
vascularized and supported by a single artery; thus, dietary 
exposures that are able to improve vascular function may 
have a protective role on hearing capacity. However, the evi-
dence on the effect of habitual diet on hearing loss is limited 
[10, 11]. High intake of some nutrients, such as β-carotene, 
β-cryptoxanthin, vitamin B12, folic acid, vitamin D, and 
magnesium, have been associated with lower risk of hearing 
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For the study, researchers analyzed eight

years of health data on more than 50,000

people in Japan.

After accounting for work-related noise

exposure and other hearing loss risk factors,

the investigators found that smokers were 1.2

to 1.6 times more likely to suffer hearing loss

 than people who never smoked.

"With a large sample size, long follow-up

period and objective assessment of hearing

loss, our study provides strong evidence that

smoking is an independent risk factor of

hearing loss," said study lead author Dr.

Huanhuan Hu, from the National Center for

Global Health and Medicine, in Japan.

CONTINUE READING BELOW

And the more people smoked, the greater

their risk of both high- and low-frequency

hearing loss.

The increased risk of hearing loss associated

with smoking did decline within five years
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ABSTRACT
Objective To assess the epidemiological association of 
smoking status and tinnitus with a systematic review and 
meta-analysis and to estimate the population attributable 
risk in Germany. 
Data sources A systematic literature search in PubMed 
and ISI-Web of Science Core Collection resulted in 1026 
articles that were indexed until 15 September 2015. 
Additionally, proceedings of the international tinnitus 
seminars and reference lists of relevant articles were 
screened.
Study selection Two reviewers searched independently 
for epidemiological studies. Tinnitus as a manifestation of 
tumours, vascular malformations, specific syndromes or as 
a consequence of surgical and medical treatment was not 
considered. Moreover, studies conducted among patients 
of ear, nose and throat clinics were excluded.
Data extraction If only raw data were provided, effect 
sizes were calculated. Further unpublished data were 
received by corresponding authors.
Data synthesis Data of 20 studies were pooled. Current 
smoking (OR 1.21, 95% CI 1.09 to 1.35), former smoking 
(OR 1.13, 95% CI 1.01 to 1.26) and ever smoking (OR 1.20, 
95% CI 1.11 to 1.30) were significantly associated with 
tinnitus. Moreover, sensitivity analyses for severe tinnitus 
(OR 1.32, 95% CI 1.10 to 1.58) and for studies of superior 
quality (OR 1.15, 95% CI 1.03 to 1.29) showed increased 
risks. According to this, the population attributable risk 
estimate in Germany is 3.5%.
Conclusion There is sufficient evidence that smoking is 
associated with tinnitus. As the review mainly consists of 
cross-sectional studies, the observed correlation does not 
give evidence of a causal relationship. Due to the impact of 
various confounders, further research is needed to provide 
more evidence on the strength of association and causal 
relationships.

INTRODUCTION 
Tinnitus is defined as the perception of 
a sound in absence of an acoustic sound 
source.1 Up to 68.5% of the population 
perceive tinnitus as a temporary condition 
at least once during lifetime,2 notably occur-
ring after extensive noise exposure or during 
stressful life episodes. However, depending 

on loudness, persistence and individual 
coping skills it can reach a pathologic and 
extremely distressing extent. In some cases, 
tinnitus entails hearing problems because of 
an impaired acoustic discrimination. Severe 
tinnitus affects the quality of life by causing 
sleeping problems, depression, social with-
drawal, work incapacity and cognitive impair-
ment.3–5 The prevalence of severe tinnitus 
varies from 1.5% to 6.9% depending on the 
definition applied.6 7 So far, no agreed upon 
definition has been established to differ-
entiate between a trivial and a pathologic 
form of tinnitus. In recent decades, various 
pathophysiological theories have been 
proposed to explain tinnitus formation in 
different sections of the auditory pathway 
or central regions.8 9 However, no model 
has been generally approved, most probably 
reflecting multiple or multifactorial aetiolo-
gies of tinnitus. One widely held hypothesis 
of tinnitus formation is the dysfunction of 
outer and inner hair cells. Beside noise expo-
sure, hypoxia and ischaemia are discussed as 
major triggering factors in the dysfunction 
of these cells.10 Smoking-mediated vascular 

Strengths and limitations of this study

 Ź Results of 20 studies among different ethnicities and 
age patterns have been pooled.

 Ź All eight subgroup  analyses showed a significant 
effect of smoking on tinnitus, except for two.

 Ź Multiple sources of bias may have influenced the 
results to some degree.

 Ź Substantial heterogeneity such as different 
definitions of tinnitus makes comparisons of studies 
difficult.

 Ź Recently published studies could alter the results 
of the meta-analysis. However, in a rough update 
of the search on 1 September 2016, no articles 
were detected that provided additional data to the 
analysis.

§ Germany
§ 2017
§ > 700 peer reviewed articles
§ Data from 35 articles included
§ The results of  this meta-

analysis show a statistically 
significant association 
between smoking and tinnitus.

§ People suffering from tinnitus 
should be educated about the 
potential impact of  smoking.

§ Especially in noise-exposed 
populations, education and 
smoking cessation campaigns 
are a worthwhile approach. 
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The Effect of Smoking on the Hearing  
Status –A Hospital Based Study 

Key Words: Smoking, Hearing loss

ABSTRACT
Background: Tobacco smoking has been known to affect the 
human physiology and among the various damaging effects 
of tobacco, it has been linked with its effect on the sense of 
hearing. 

Aim and Objective: This study was designed with the aim  of 
finding the relationship between smoking and hearing loss in 
various age groups.

Materials and Methods: This study included 148 subjects 
among which 108 were smokers and 40 were age matched 

non smokers. The smoking history of all the subjects  whose 
ages ranged from 20 to 60 years was taken in detail and their 
audiometric thresholds were recorded in a sound proof room 
by a professional audiometrist. The data was analyzed by us-
ing appropriate statistical tests. 

Observation and Results: Smoking was found to be signifi-
cantly associated with hearing loss. Also, the hearing loss was 
mainly of the sensorineural type, with the mild type (26-40 dB) 
of hearing loss being the most common among the smokers.

 ADESH KUMAR, RAJIV GULATI, SANGEETA SINGHAL, ABRAR HASAN, ASIF KHAN

INTRODUCTION
Cigarette smoking has become a common tendency worldwide. 
In general, tobacco is consumed by approximately 1.3 billion of 
the world’s population [1].

While tobacco use is rising globally, the epidemic of tobacco re-
lated diseases has just begun. Most of tobacco’s damage to the 
human health does not become evident until years or even de-
cades after the onset of its use. While tobacco use is the leading 
cause of preventable dealth in the world [2] but this epidemic can 
be stopped by proper measures.

Tobacco, especially its content of nicotine, is a drug that has 
various deleterious effects besides having seductive effects and 
a dangerous risk of dependence. Many of the health effects of 
smoking depend on the exposure history, which includes the age 
at which the smoking began, the number of cigarettes which 
were smoked per day, the degree of inhalation, and the cigarette 
characteristics such as the tar and the nicotine content [3-5]. 

Besides the various tobacco related diseases, smoking has been 
associated with its effect on the senses, which includes the sense 
of hearing. The current smokers were 1.69 times as likely to have 
a hearing loss as the non-smokers. This relationship remained 
for those without a history of occupational noise exposure and 
in analyses which excluded those with non-age-related hearing 
loss [6]. Meta analysis studies  which were done in Japan and 
Korea also came with similar evidences of a positive association 
between smoking and hearing loss [7,8]. The Framingham 33 and 
Baltimore studies 34 didn’t find any connection between hearing 
loss and smoking. Smoking may accelerate the age related hear-
ing loss (presbycusis), as was demonstrated in various studies 
[7,9].

An interaction between smoking and occupational noise was 
reported, whereby the deleterious effect of the noise exposure 
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was exacerbated by smoking [10], while the recent publications 
reported no interaction, thus indicating that smoking affected the 
hearing loss independently [11,12].

MATERIALS AND METHODS
The present hospital based, cross-sectional study was conducted 
in the Out Patients Department of Otorhinolaryngology, Jawaharlal 
Nehru Medical College, AMU, Aligarh (Uttar Pradesh). The partici-
pants were classified as either smokers (i.e. who had smoked or 
were current smokers) and non-smokers (i.e. who have/had never 
smoked). The test group consisted of male smokers (n=108)  of 
ages between 20-60 years (mean age=37.45 years). The age 
matched control group (n=40) comprised of subjects who had 
never smoked (mean age=41.35 years). 

Both the smokers and the non-smokers were interviewed by using 
a preformed questionnaire. The smoking was ascertained, based 
on the following questions: ‘Have you ever smoked?’ and ‘Do you 
smoke? and also on the duration of smoking and the number of 
bidis/cigarette s which were consumed per day. All the smokers 
with a history of ototoxic drug use, diabetes mellitus, hyperten-
sion, any kind of hearing loss, severe or frequent ear infections, 
ear surgery, a head injury which was associated with unconscious-
ness, familial deafness, an exposure to noise (occupational noise 
or non-occupational noise such as amplified music and participa-
tion in war, hunting, etc. ) were excluded from the study. Both the 
test cases and the controls were chosen randomly on the basis of 
inclusion and exclusion criteria. All the subjects participated vol-
untarily in the study and an informed consent was  obtained from 
each one.  

The hearing tests were carried out in a sound proof room in the 
OPD of the Otorhinolaryngology Dept. The hearing examination in-
cluded an otoscopic evaluation, a screening tuning fork test, and 
pure tone air-conduction and bone conduction audiometry.
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Can adults living with dementia complete pure-tone audiometry?
A systematic review
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Brisbane, Australia; cSchool of Psychology, The University of Queensland, Brisbane, Australia

ABSTRACT
Objective: It is estimated that over 60% of adults with dementia will also have a hearing impairment,
resulting in a dual sensory-cognitive communication disability. Hearing interventions may lessen the
impact of hearing impairment on a communication disability; yet, for audiologists to recommend appro-
priate hearing interventions, the individual’s hearing thresholds must first be accurately established. The
gold standard test for establishing hearing thresholds is pure-tone audiometry (PTA). However, the ability
of adults with dementia to successfully complete PTA is uncertain. This systematic review examined stud-
ies of adults with dementia to better determine the proportion who could complete PTA.
Design: Systematic review.
Study sample: Studies were included that assessed hearing in older adults who were reported as having
mild and greater dementia. From a total of 1,237 eligible studies, only three were found to meet all inclu-
sion criteria.
Results: Across these three studies, the proportion of adults with dementia who could successfully com-
plete PTA ranged from 56% to 59%.
Conclusions: Further research is needed in this area, particularly for adults with moderate and severe
stages of dementia. Future research should also consider the feasibility of complementary, non-behav-
ioural hearing tests. This systematic review was registered with the PROSPERO database, registration num-
ber CRD42017073041.
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Introduction

In 2012, the World Health Organisation (WHO) identified demen-
tia as a public health priority, driven by the ageing population, and
predicted an exponential increase in the number of adults aged
over 65 years living with dementia by 2050 (WHO 2012). A sys-
tematic review drawn from the 2015 World Alzheimer’s Report
reported that 4.3% of adults aged over 70 years and 39.8% of adults
aged over 90 years in America, Australia and Europe were reported
to have dementia (Prince et al. 2015), suggesting that prevalence
rates for dementia increase with age. Furthermore, due to the age-
ing population, the incidence of dementia is anticipated to double,
every 20 years, reaching !2 billion people by 2050 (Prince et al.
2012). Prevalence rates by dementia severity differ based on where
individuals reside. For example, Matthews et al. (2016) reported
that 98.6% of 137 adults living with dementia in aged care had
severe functional impairments compared to 56.6% of 302 commu-
nity-dwelling adults with dementia. It is important to consider the
different prevalence rates by dementia severity as the support needs
increase as the disease progresses (Chung 2006). Therefore, policy-
makers should be aware that within aged care, adults with demen-
tia have more severe functional impairments compared to
community-dwelling adults and should accommodate this accord-
ingly. It is also well recognised that the prevalence of other health
conditions, including hearing impairment, is age-related (WHO
2015). Given these findings, it is likely that elderly adults with
dementia may also be found to have other concurrent age-related

health conditions. Studies by Gurgel et al. (2014) and Teipel et al.
(2015) have reported links between the prevalence of hearing
impairment and prevalence of dementia in the German population.

However, reported prevalence rates of hearing impairment
among adults with dementia vary across studies. For example,
Nirmalasari et al. (2017) reported that 60% of 100 community-
dwelling adults with dementia and mild cognitive impairment
had a mild or greater hearing impairment, with a mild hearing
impairment being classified as a loss greater than 25 dB HL
across 0.5–4 kHz, in the better hearing ear. Hopper et al. (2016)
reported that 92% of 36 adults with dementia living in an aged
care home had a mild or greater hearing impairment, with a
mild hearing impairment being classified as a pure-tone average
loss greater than 25 dB (frequencies not specified) in the better
hearing ear. Gold, Lightfoot, and Hnath-Chisolm (1996) reported
that 90% of 52 adults with Alzheimer’s disease failed a hearing
screening test, with a fail being considered as “no response” at
40 dB HL, a score of 18 or higher on the Hearing Handicap
Inventory for the Elderly (HHIE; Ventry and Weinstein 1982),
or a score <18 on the HHIE and “no response” at 25 dB HL
(one or both ears not specified). The differing prevalence rates
reported across studies may be explained by differences in: test-
ing methodologies; classification of hearing impairment; and par-
ticipant group (i.e. community versus aged care). However,
whilst prevalence rates varied, overall, these studies confirm a
high incidence of adults with dementia who are also found to

CONTACT Anthea Bott anthea.bott@uq.net.au School of Health and Rehabilitation Sciences, The University of Queensland, St Lucia, Queensland
4067, Australia
! 2019 British Society of Audiology, International Society of Audiology, and Nordic Audiological Society

INTERNATIONAL JOURNAL OF AUDIOLOGY
2019, VOL. 58, NO. 4, 185–192
https://doi.org/10.1080/14992027.2018.1550687



Rethinking and Revising Our Old and 
Inadequate Diagnostic Test Battery

A Critical Evaluation of 
Bone Conduction Pure Tone Audiometry







Rationale for a New Diagnostic Paradigm: 
Objective Value Added Tests 

Aural Immittance Measures
• Tympanometry
• Acoustic Reflexes

Otoacoustic Emissions



Tympanometry and Acoustic Reflexes
Most Sensitive Measures of  Middle Ear Function



Middle Ear Muscles
(From Hall JW III (2014). Introduction to Audiology Today. Boston: 

Pearson)



Acoustic Stapedial Reflex Pathways According to Erick Borg
(From Hall JW III (2014). Introduction to Audiology Today. Boston: Pearson)







Rationale for a New Diagnostic Paradigm: 
Evidence-Based Clinical Application of OAEs in 

the Assessment and Management of Tinnitus 

• Cochlear origin
• Representation (excessive 

excitatory neurotransmitters) 
in neural pathways

• Reorganization in central 
nervous system (brainstem 
and cortex)

• Involvement of limbic system 
and autonomic nervous 
system in patients with 
bothersome tinnitus

Otoacoustic Emissions
Most Sensitive Measure of  Inner 

Ear (Outer Hair Cell) Function



Analysis of  Distortion Product 
Otoacoustic Emissions (DPOAEs)

1. Normal   2. Present but Abnormal   3. Absent

NormalNormal Absent (No OAE)

Present but 
Abnormal



OAEs Audiogram Possible Interpretation

Normal Normal Normal cochlear function

Abnormal Normal > Outer hair cell dysfunction

> Rule out middle ear dysfunction

Normal Abnormal > Technical problems

> Inner hair cell dysfunction

> Neural auditory dysfunction

> False hearing loss



§ Industrial hearing screening
§ Risk for noise or music induced auditory 

dysfunction
§ Tinnitus evaluation and counseling
§ Ototoxicity monitoring
§ False or exaggerated hearing loss
§ Differentiating cochlear vs. retrocochlear

diagnosis
§ Diagnosis of  Meniere’s disease
§ Diagnosis of  hidden hearing loss
§ Monitoring intracranial pressure in 

concussion injury 







• Normal otoscopy
• Pure tone audiometry 

ü AC: Very mild high frequency 
symmetrical hearing loss (PTA 
13 dB HL)

ü BC: ABG < 10 dB
• Speech reception threshold: 15 dB 

HL 
• Speech Recognition Scores: 

ü 76% at 40 dB HL
ü 92% at 60 dB HL
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Modern Diagnostic Test Battery: 
Case Scenario 1
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WHAT IS SNR LOSS?

We are interested in the patient’s performance in noise compared to normal-hearing
persons’ performance in noise. We consider this difference in performance the 
SNR Loss.

Similar to the definition of pure tone hearing loss, SNR Loss is defined as the dB
increase in signal-to-noise ratio required by a hearing-impaired person to understand
speech in noise, compared to someone with normal hearing. A normal-hearing
person requires about +2 dB signal-to-noise ratio (speech louder than the
background noise by 2 dB) to identify 50% of key words in sentences on the
QuickSIN test. The value of SNR Loss is derived from the SNR-50 (signal-to-noise
ratio for 50% correct) score. A hearing-impaired person who requires speech to be 
8 dB higher than the noise to achieve a 50% correct score would have a 6 dB SNR
Loss (see Figure 1).

Different tests will give different values of SNR-50 for the same patient. We have
found that changing from a female to male talker and using easier sentences
decreases the normal SNR-50 by 5 dB from +2 to –3 dB, even though the babble
noise is identical in both tests. Similarly, when continuous speech-spectrum noise is
used, the reported SNR will differ by about 7 dB between computed rms calibration
and traditional frequent-peak VU-meter readings (Ludvigsen and Killion, 1997). We’ve
chosen to report QuickSIN
scores in SNR Loss because it
is substantially independent
of calibration and test
material. Calibration and/or
test material differences that
affect the SNR-50 values
equally for normal and
hearing-impaired subjects will
cancel out in the SNR Loss
calculation.

SCORING:

Five key words are scored in each sentence. The key words are underlined on the
score sheets. One point is given for each key word repeated correctly. The number of 

Figure 1 (From Killion, 2002)

PRACTICE LISTS

Tracks 21-23 contain Practice Lists A-C. They can be used to familiarize the
patient with the test protocol or to determine the “loud but OK” presentation 
level for persons with hearing loss of 50 dB HL and greater. These lists are NOT
equivalent to lists 1-12 or list pairs, and do not reliably predict SNR Loss.

TRACK 21
Practice List A Score
1. The lake sparkled in the red hot sun. S/N 25 ________
2. Tend the sheep while the dog wanders. S/N 20 ________
3. Take two shares as a fair profit. S/N 15 ________
4. North winds bring colds and fevers. S/N 10 ________
5. A sash of gold silk will trim her dress. S/N 5 ________
6. Fake stones shine but cost little. S/N 0 ________

TOTAL ________

TRACK 22
Practice List B Score
1. Wake and rise, and step into the green outdoors. S/N 25 ________
2. Next Sunday is the twelfth of the month. S/N 20 ________
3. Every word and phrase he speaks is true. S/N 15 ________
4. Help the weak to preserve their strength. S/N 10 ________
5. Get the trust fund to the bank early. S/N 5 ________
6. A six comes up more often than a ten. S/N 0 ________

TOTAL ________

TRACK 23
Practice List C Score
1. One step more and the board will collapse. S/N 25 ________
2. Take the match and strike it against your shoe. S/N 20 ________
3. The baby puts his right foot in his mouth. S/N 15 ________
4. The pup jerked the leash as he saw a feline shape. S/N 10 ________
5. Leave now and you will arrive on time. S/N 5 ________ 
6. She saw a cat in the neighbor’s house. S/N 0 ________

TOTAL ________

7

QUICK START (for full instructions, see page 6)

• Connect a CD player to the speech circuit of a standard audiometer.

• Using the calibration tone on Track 1, adjust both channels of the audiometer
to read 0 VU. NOTE: Except for tracks 24-35, the target speech and
background talkers were recorded together on both channels.

• Present the test with earphones or in a sound field, with the attenuator dial set
to 70 dB HL. For subjects with PTA hearing losses greater than 45 dB HL, set
the attenuator dial to a level that is “loud but OK.”

• Instruct the patient to repeat the sentences spoken by the target (female) talker.

• When testing in a sound field, have the patient hold the talkback microphone
close enough so that responses are clearly audible to the tester.

• Score the five key words underlined in each sentence, giving one point for
each word repeated correctly.

• Add the number of words repeated correctly, totalled across all 6 sentences.
Subtract the total correct from 25.5 to obtain SNR loss.

SNR Loss = 25.5 – Total Correct.
• To interpret the SNR loss score, see Table 1.

Table 1

SNR LOSS DEGREE OF SNR LOSS EXPECTED IMPROVEMENT WITH DIRECTIONAL MIC

0-3 dB Normal/near normal May hear better than normals hear in noise 

3-7 dB Mild SNR loss May hear almost as well as normals hear in noise

7-15 dB Moderate SNR loss Directional microphones help. Consider array mic

>15 dB Severe SNR loss Maximum SNR improvement is needed. Consider FM system

3





Test Procedure Diagnostic Test Battery
Traditional Updated

Aural Immittance --- 4.5 mins.   $21.96
Tympanometry 
Acoustic Reflex 

DPOAEs --- 5.0 mins.   $33.48
Comprehensive Audio* $38.52 ---

Pure Tone Audiometry Air 7.5 mins. 7.5 mins.   $32.07
Pure Tone Audiometry Bone 6.0 mins. ---
Speech Reception Threshold 5.0 mins. ---

Speech Recognition in Quiet 5.0 mins. ---
Speech Perception in Noise 10.0 mins.  $37.12

Total Time 23.5 mins. 27.0 mins. 
Total Fees (Medicare) $38.52 $124.63

* Comprehensive audiometry threshold evaluation and speech recognition (92557)





• Normal otoscopy
• Pure tone audiometry 

ü AC: Moderate to severe high 
frequency hearing loss (PTA = 27 
dB)

ü BC: ABG < 10 dB
• Speech reception threshold: 25 dB HL
• Word recognition in quiet: Excellent 

(92%) bilaterally at 60 dB HL
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• Normal otoscopy
• Pure tone audiometry 

ü AC: Moderate to severe high 
frequency hearing loss (PTA = 27 
dB)

ü BC: ABG < 10 dB
• Speech reception threshold: 25 dB HL
• Word recognition in quiet: Excellent 

(92%) bilaterally at 60 dB HL

250        1000           4000

RIGHT EAR

LEFT EAR

Traditional Diagnostic Test Battery: 
Case Scenario 2
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§ Impression 
• Moderate to severe high frequency sensorineural hearing loss with 

good word recognition
• Confirmation of  normal middle ear function by aural immittance 
• Confirmation of  sensory (outer hair cell) loss by DPOAEs 
• Elevated contralateral versus ipsilateral acoustic reflexes suggest 

central auditory dysfunction
• Poor speech perception in noise with competing meaningful message 

is evidence of  auditory processing disorder



§ Detailed informational counseling about test findings including …
§ Possible APD … Schedule formal APD assessment 
§ Likely benefits from amplification 
• Pending APD findings schedule hearing aid consultation. 
• Consider directional microphones and FM technology

§ Referral to psychology for formal cognitive assessment 
§ Annual follow up assessments to monitor hearing status and 

compliance with recommendations 
§ Full report to family physician 



Test Battery 
Old New

Aural Immittance --- 4.5 mins; $21.96
Tympanometry 
Acoustic reflex 

DPOAEs --- 5.0 mins; $33.48
Comprehensive Audio $38.52 ---

Pure Tone Audiometry Air 7.5 mins 7.5 mins; $32.40
Pure Tone Audiometry Bone 6.0 mins ---
SRT 5.0 mins ---
Speech recognition 5.0 mins ---

SSI Test (92576) --- 10 mins; 
$38.52
Total Time 23.5 mins 27 mins
Total Fees $38.52 $126.36

Traditional vs. Modern Diagnostic Test Battery: 
Case $cenario 2
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a b s t r a c t

With increasing age, the risk of developing chronic health conditions also increases, and many older
people suffer from multiple co-existing health conditions, i.e., multimorbidity. One common health
condition at older age is hearing loss (HL). The current article reflects on the implications for audiological
care, when HL is one of several health conditions in a multimorbidity. An overview of health conditions
often co-existing with HL, so called comorbidities, is provided, including indications for the strength of
the associations. The overview is based on a literature study examining cohort studies that were pub-
lished in the years 2010e2018 and examined associations of hearing loss with other health conditions,
namely Visual impairment, Mobility restrictions, Cognitive impairment, Psychosocial health problems,
Diabetes, Cardiovascular diseases, Stroke, Arthritis, and Cancer. This selection was based on previous
publications on common chronic health conditions at older age and comorbidities of hearing loss. For all
of these health conditions, it was found that prevalence is larger in people with a HL and several lon-
gitudinal studies also found increased incident rates in people with a HL. The examined publications
provide little information on how hearing loss should be managed in the clinical care of its comorbidities
and vice versa. The current article discusses several options for adaptations of current care. Nonetheless,
solutions for an integrated audiology care model targeting HL in a multimorbidity are still lacking and
should be subject to future research.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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Hearing Research 369 (2018) 3e14 • Examined associations of  hearing loss with 
other health conditions
• Visual impairment
• Mobility restrictions
• Cognitive impairment
• Psychosocial health problems
• Diabetes
• Cardiovascular diseases
• Stroke
• Arthritis
• Cancer

§ Solutions for an integrated audiology care 
model targeting HL with multimorbidity are 
lacking.

§ Future research should examine potential 
solutions for an integrated audiology care 
model targeting HL in multimorbidity and 
evaluate the benefits to the patient and the 
healthcare system. 
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The Chronic Care Model and Chronic
Condition Self-Management: An
Introduction for Audiologists
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ABSTRACT

Hearing health care is biomedically focused, device-centered,
and clinician-led. There is emerging evidence that these characteris-
tics—all of which are hallmarks of a health care system designed to
address acute, rather than chronic, conditions—may contribute to low
rates of help-seeking and hearing rehabilitation uptake among adults
with hearing loss. In this review, we introduce audiologists to the
Chronic Care Model, an organizational framework that describes best-
practice clinical care for chronic conditions, and suggest that it may be a
viable model for hearing health care to adopt. We further introduce the
concept of chronic condition self-management, a key component of
chronic care that refers to the knowledge and skills patients use to
manage the effects of a chronic condition on all aspects of daily life.
Drawing on the chronic condition evidence base, we demonstrate a link
between the provision of effective self-management support and
improved clinical outcomes and discuss validated methods with which
clinicians can support the acquisition and application of self-manage-
ment skills in their patients. We examine the extent to which elements
of chronic condition self-management have been integrated into clinical
practice in audiology and suggest directions for further research in this
area.
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• HEARing Cooperative Research 
Centre (Sydney Australia)

• National Acoustic Laboratory 
(NAL)

• Macquarie University (Sidney)
• University of Queensland 

(Brisbane)

§ HEARing Cooperative Research 
Centre (Sydney Australia) 

§ National Acoustic Laboratory (NAL)
§ Macquarie University (Sidney)
§ University of  Queensland (Brisbane) 



§ Physicians
• Family physicians and internists
• Gerontologists
• Pediatricians
• Otolaryngologists 
• Ophthalmologists 
• Neurologists
• Psychiatrists
• Endocrinologists
• Medical geneticists 

§ Non-medical health care professionals 
• Psychologists and neuropsychologists 
• Optometrist
• Speech pathologists
• Physical therapists 
• Professional counselors 
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Promoting Healthy Hearing Over the Lifespan 
Selection of  Diagnostic Tests Based on Comorbid Conditions

(+ = Added to Test Battery)

Comorbid
Condition

Audiological Procedure
Acoustic Reflexes    DPOAEs       Speech In Noise

Referral

Diabetes + Internal Medicine;
Endocrinology

Cardiovascular
Disease

+                          + Internal Medicine;
Cardiology

Hyperlipidemia + Family Physician; 
Internal Medicine

Cognitive Decline or 
Dementia

+                         +                          + Psychology; 
Neurology; Psychiatry

Rheumatoid Arthritis + Rheumatologist

Kidney Disease + Urologist;
Nephrologist






