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Age-related hearing loss (ARHL), known as presbycu-
sis, is characterized by progressive deterioration of 
auditory sensitivity, loss of the auditory sensory cells, 
and central processing functions associated with 
the aging process. ARHL is the third most prevalent 
chronic condition in older Americans, after hyperten-
sion and arthritis, and is a leading cause of adult 
hearing handicaps in the United States. The preva-
lence of ARHL is expected to rise for the next several 
decades with the increasing aging Baby Boomer 
population. Nevertheless, ARHL remains an often 
undetected, underestimated and neglected condition 
in the geriatric population due to a slow development 
process of the disease. If left untreated, the impact of 
ARHL on patients, significant others, and the society 
as a whole would be significant. The purpose of this 
review is to raise the awareness of ARHL, to update 
our current understanding of ARHL with a focus on 
age-related deficits in auditory and cognitive process-
ing of speech, and to explore strategies of prevention, 
identification, amplification, and aural rehabilitation. 
The ultimate goal is to improve the quality of hearing 
health care and the overall quality of life of the Baby 
Boomer generation.

Key Words: Auditory processing of speech, Cognitive 
processing of speech

Age-Related Hearing Loss: Characteristics, 
Prevalence, and Impact

Age-related hearing loss (ARHL), known as 
presbycusis, is characterized by progressive deteri-
oration of auditory sensitivity, loss of the auditory 
sensory cells and central processing functions asso-
ciated with the aging process. The hallmarks of 
ARHL include reduced audibility of high frequen-
cies; reduced speech understanding, specifically in 
noise and reverberant environments; interference 
with the perception of rapid changes in speech; and 
impaired sound source localization (R. D. Frisina, 
2009). Furthermore, extraneous concentration for 
hearing leads to fatigue and an increasing need 
for recovery (Anderson Gosselin & Gagne, 2011). 
Interaction with significant others could be disrupted 
due to communication deficit and breakdown, 
so-called third-party disability (Hickson & Scarinci, 
2007).

Age-related hearing loss is the third most preva-
lent chronic condition in older Americans after 
hypertension and arthritis, and is a leading cause 
of adult hearing handicaps in the United States 
(Cruickshanks et al., 1998). Between 25% and 40% 
of the population aged 65 years or older is hearing 
impaired. The prevalence rises with age, ranging 
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from 40% to 66% in people older than 75 years 
and more than 80% in people older than 85 years 
(Yueh, Shapiro, MacLean, & Shekelle, 2003). The 
prevalence of ARHL is expected to rise for the next 
several decades with the increasing population of 
aging Baby Boomers. Nevertheless, ARHL remains 
an often undetected, underestimated, and neglected 
condition in the geriatric population due to a slow 
development process of the disease (Wallhagen & 
Pettengill, 2008). Only 20% people with ARHL seek 
help (Donahue et al., 2010). Among this group, 
only 11% own hearing aids, 24% of whom never 
used their aids (Hartley et al., 2010). The mean age 
for first-time hearing aid users is 75 year (Kochkin, 
2009). If left untreated, the impact of the ARHL 
to patients, significant others, and the society as a 
whole would be significant.

Evidence has shown that ARHL is one of the risk 
factors negatively associated with higher distress, 
depression, somatization, and loneliness (Gopinath 
et al., 2009; Nachtegaal et al., 2009; Shiovitz-Ezra & 
Ayalon, 2010). ARHL significantly decreases the 
autonomy of affected older persons by increasing 
their reliance on community or family support 
(Schneider et al., 2010). Furthermore, the cost of 
hearing aids, specifically high-quality digital ones, 
adds a financial burden to the increasing ARHL-
affected population as well as to the society as a 
whole (Donahue et al., 2010). ARHL is thus associ-
ated with the important adverse effects on the quality 
of life in older/elderly individuals, and these effects 
are perceived as severe handicaps even by individ-
uals with only mild to moderate degrees of hearing 
loss (Chia et al., 2007; Dalton et al., 2003). Thus, 
early prevention, detection, identification, and treat-
ment are crucial for those patients who are hearing 
impaired. Just recently, much attention has been 
drawn toward understanding ARHL and associated 
declines of the central factors for speech processing 
and understanding (Arlinger, Lunner, Lyxell, & 
Pichora-Fuller, 2009). These central factors are fun-
damentally important for the development of legiti-
mate diagnostic and intervention strategies, selection 
of appropriate treatment options, and improvement 
of the quality of hearing health care for the geriatric 
population.

ARHL: Aging-Related Deficits in Auditory and 
Cognitive Processing of Speech

Convergence of Auditory and Cognitive Functions
Based on a consensus statement guided by  

the World Health Organization’s International 

Classification of Functioning, Disability, and Health 
(WHO-ICF; http://www.who.int/classifications/
icf/en/), the fully described auditory functions includes 
four processes—hearing, listening, comprehending, 
and communicating—reflecting the WHO-ICF 
functioning levels of both activity and participa-
tion (Danermark et al., 2010). Beyond auditory 
processing, cognitive processing is crucial to the 
basic functions of listening, comprehending, and  
communicating (Edwards, 2007). Thus, the ARHL-
associated changes occur in at least three levels, 
including the peripheral auditory system, central 
auditory system, and cognitive functions. In hearing-
impaired geriatric patients, the age-related declines 
of peripheral and central auditory processing inter-
act with the diminished cognitive functions and 
support, leading to reduced auditory perception of 
speech.

Age-Related Decline of the Auditory Processing of 
Speech

The most important aspects of the central audi-
tory processing of speech are temporal and binaural 
processing (Bernstein, 2001). There are three types 
of temporal distortions commonly encountered by 
the geriatric population in everyday listening situ-
ations: time compression (fast speech), noise, and 
reverberation (Helfer & Wilber, 1990). Older people 
frequently show poorer recognition of rapid speech 
or time-compressed speech than younger listeners 
do. In general, research findings support the notion 
that the problems of older listeners in recognizing 
time-compressed speech are associated with diffi-
culty in processing the brief, limited acoustic cues 
for consonants that are inherent in rapid speech 
(Gordon-Salant & Fitzgibbons, 2001). The selective 
slowing of speech segments may improve recog-
nition performance by elderly listeners. Indeed,  
a study showed that the performance by elderly 
listeners and listeners with hearing loss was improved 
with selective time expansion, particularly when 
applied to consonant segments (Gordon-Salant, 
Fitzgibbons, & Friedman, 2007). This evidence can 
direct the improvements and modifications of 
audiology practice, aural rehabilitation, and hear-
ing aid technology.

Great difficulty in listening to speech in noise 
is often a chief complaint from hearing-impaired 
elderly patients. A study showed that, when audibil-
ity and cognitive functioning were not affected, the 
older individuals demonstrated speech-recognition-
in-noise dysfunction in comparison with young 
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adults, suggesting a central auditory dysfunction 
(D. R. Frisina & Frisina, 1997). A recent study 
examined the relationship between the neuroan-
atomical structure of cognitive brain regions and 
the ability to perceive speech in noise in older adults 
(Wong, Ettlinger, Sheppard, Gunasekera, & Dhar, 
2010). This study showed that older adults who 
had worse hearing sensitivity and ability of speech 
perception in noise than younger adults showed 
a decline in the relative volume and cortical 
thickness of the left ventral and dorsal prefron-
tal cortex, suggesting that, in addition to periph-
eral structures, the central nervous system also 
contributes to the ability to perceive speech in 
noise.

Cognitive Processing of Speech in ARHL

Studies showed that hearing loss is independently 
associated with incident all-cause dementia (Lin 
et al., 2011) and that the central auditory function 
was affected by even mild memory impairment 
(Gates, Anderson, Feeney, McCurry, & Larson, 
2008). Cognitive components that are involved in 
the speech processing include selective attention, 
working memory and long-term memory, speed of 
processing, inhibitory function, and executive func-
tioning, and these functions significantly decrease 
with aging, and with reduced brain structure size 
and white matter integrity (Isingrini, Perrotin, & 
Souchay, 2008; Park & Reuter-Lorenz, 2009; 
Pichora-Fuller, 2003). Studies showed that elderly 
listeners exhibited poorer performance than youn-
ger listeners on the sentence recall task, but not on 
the word recall task, indicating that added memory 
demands have a detrimental effect on elderly listeners’ 
performance (Gordon-Salant & Fitzgibbons, 1997). 
In addition, speech comprehension declines more 
rapidly in older adults than in younger adults  
as speech rate increases (Baudouin, Vanneste, & 
Isingrini, 2004; Janse, 2009). The slowed informa-
tion processing may be a part of elderly listeners’ 
problem keeping up with fast speech. Reduced speech 
understanding in noise or reverberant environment 
may be also associated with age-related declines 
of the selective attention and central processing 
resources in older adults (Anderson Gosselin & 
Gagne, 2011).

The effects of aging on how suprathreshold speech 
signals are perceived and used by elderly listeners, 
especially in realistic acoustic environments, are thus 
rather complex. Evidence supports that the declined 
auditory and cognitive functions indeed play roles 

in reduced speech perception and speech-in-noise 
perception in the geriatric population. The deficits 
of the central components associated with ARHL 
may explain the limited success in elderly hearing 
aid users who have difficulties in understanding 
fast speech and conversations in noisy situations. 
Therefore, multidisciplinary approaches should be 
taken in the assessment and management of the 
hearing-impaired geriatric patients.

Quality of Care for ARHL: Prevention, 
Identification, Amplification, and Aural 
Rehabilitation

Prevention
Prevention strategies for ARHL in the Baby  

Boomer generation should include the awareness 
of noise exposure and ototoxicity (Dobie, 2008; 
Triggs & Charles, 1999). The incidence of adverse 
drug reactions is significantly higher in persons  
older than 65 years than in younger population 
groups (Sloan, 1992). Older adults with chronic 
health conditions who take multiple medications, 
so-called polypharmacy, are at greater risk for drug–
drug interactions (Hunter & Cyr, 2006; Kaufman, 
2011; Klotz, 2009) and, no doubt, ototoxicity 
(Triggs & Charles, 1999). Health care professionals 
should thus be aware of the risks and fully eval-
uate all medications at each patient visit to pre-
vent polypharmacy from occurring (Klotz, 2008; 
Planton & Edlund, 2010). Primary care providers 
should also teach older adults proper auditory 
hygiene and provide information regarding sup-
port groups to the family or caregiver as needed 
(Ko & Ko, 2010).

Early Detection and Identification

Age-related hearing loss is a major public health 
issue. With the increasing population of aging Baby 
Boomers, primary care providers can expect to see 
an increasing older patient population who suffer 
from chronic health problems such as ARHL. Evi-
dence showed that hearing screening can identify 
untreated hearing loss and lead to interventions to 
improve hearing-related functions and the quality 
of life (Chou, Dana, Bougatsos, Fleming, & Beil, 
2011). It is the primary care provider’s responsi-
bility to perform prompt auditory screenings, to 
recognize the early clinical signs and symptoms of 
hearing loss, and to make appropriate referrals to 
otologists and professional audiologists for further 
diagnosis and intervention.
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Amplification: Benefits and Limitations

Interventions, such as hearing aids and surgeries 
(bone-anchored hearing aids, cochlear implant), 
could help to improve patient’s quality of life (Acar, 
Yurekli, Babademez, Karabulut, & Karasen, 2011; 
Humes, Wilson, Barlow, Garner, & Amos, 2002; 
Sprinzl & Riechelmann, 2010). The aging-related 
change in absolute hearing sensitivity is a principal 
factor affecting older listeners’ speech perception 
in quiet situations. Hearing aids, which have been 
the traditional treatment for improving speech per-
ception in older adults, are likely to offer consider-
able benefit in quiet listening situations because the 
amplification can serve to compensate for the loss 
of audibility. However, such devices may be less 
beneficial in more natural environments (e.g., noisy 
background, multiple talkers, reverberant environ-
ment) because these devices are less effective for 
improving the speech perception difficulties that 
result from the aging-related declines of the central 
auditory and cognitive processing of speech as 
described previously. In addition, older adults with 
high-frequency hearing loss cannot take full advan-
tage of the increase in audible speech information 
provided by the amplification because the hearing 
aids did not restore speech audibility across the full 
bandwidth of speech for some individuals (Ahlstrom, 
Horwitz, & Dubno, 2009). Furthermore, aging-
associated losses of the dexterity and visual acuity 
can greatly affect successful use of hearing aids in 
the geriatric population (Humes, Wilson, & Humes, 
2003; Incel et al., 2009). For these reasons, many 
older adults with hearing impairments continue to 
have substantial communication difficulties even 
after being fitted with hearing aids, and many simply 
choose not to wear hearing aids (Hartley et al., 
2010). Hearing aid benefits, although significant, 
thus turn out poorer than expected. An integrative 
approach to designing test batteries that can assess 
both sensory and cognitive abilities needed for pro-
cessing spoken language offers the most promising 
approach for developing advanced hearing aid 
technologies and intervention strategies to improve 
speech perception in older adults.

Design and fitting of new listening technologies 
depend on new knowledge concerning underlying 
auditory and cognitive processing deficits that 
are not explained by the simple loss of audibility. 
Beyond operations that mimic auditory processing 
executed by the cochlea, such as filtering, amplifi-
cation, and compression, hearing aid technologies 
have begun to incorporate more complex operations 

that emulate aspects of higher level auditory and 
cognitive processing such as attention, memory, 
and speech (Gordon-Salant, 2005; Humes, 2007). 
Advanced hearing aid technologies may incorpo-
rate individual differences in cognitive processing 
resources, such as working memory capacity, in 
order to monitor the individual “cognitive workload”  
on a real-time basis, and determine the level at 
which the listening situation starts to challenge 
working memory resources, make collaborative 
efforts between the audiological and the cognitive 
psychology disciplines by optimizing signal process-
ing, and finally to minimize the negative impact of 
sensory impairment on cognitive function (Cox & 
Xu, 2010; Lunner, Rudner, & Ronnberg, 2009). 
However, the amplification is not a sole solution to 
improve communication effectiveness and the qual-
ity of life in older patients who are hearing impaired.

Beyond Amplification, Aural Rehabilitation

The aural rehabilitation refers to services and 
procedures available for facilitating adequate recep-
tive and expressive communications in individuals 
with hearing impairment (ASHA, 1984). These 
services focus on adjusting patients and their sig-
nificant others to each individual hearing deficit, 
developing realistic expectations toward the ampli-
fication, making the best use of hearing aids, explor-
ing assistive listening devices that may help, and 
providing listening strategies to improve communica-
tion effectiveness. Services can be individual, in small 
groups, or a combination of both (http://www.asha.
org/public/hearing/Adult-Aural-Rehabilitation/). 
Furthermore, intensive auditory and cognitive 
training may be effective in modifying the aging-
independent brain plasticity, for example, by enhanc-
ing the selective attention in speech in noise, speech 
processing and discrimination, working memory, 
and executive functioning (Dahmen & King, 2007; 
Sweetow & Sabes, 2006; Syka, 2002; Willis et al., 
2006).

Recent studies showed that aural rehabilitation 
and auditory training have positive consequences 
to cognitive and social function in older commu-
nicators (Burk & Humes, 2008; Humes, Burk, 
Strauser, & Kinney, 2009). However, fewer than 
10% of audiologists offer auditory training to 
hearing-impaired patients, and the compliance with 
a cohort of home-based auditory therapy trainees 
was less than 30% (Sweetow, Sabes, Sweetow, & 
Sabes, 2010). Appropriate assessments of hear-
ing impairments, activity limitations, participation 
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restrictions, and personal factors applicable in a 
rehabilitation context are crucial for a successful 
audiological rehabilitation. It was suggested that 
the auditory rehabilitation should be incorporated 
at the very beginning of the professional interac-
tion and the training program should be individual-
ized (Sweetow et al., 2010). Evidence-based clinical 
research is needed to assess factors that are associ-
ated with the cost and effectiveness and the benefits, 
and whether these benefits actually improve the 
quality of life (Boothroyd, 2010).

Because an older adult’s satisfaction with ampli-
fication may be influenced by original expectations 
and attitudes, sufficient information provided from 
the prefitting counseling could improve the bene-
fits of hearing aids in older hearing-impaired adults 
(Kiessling et al., 2003; Saunders, Lewis, & Forsline, 
2009). Comorbidities of the aging-associated chronic 
degenerative diseases such as stroke, arthritis, degen-
erative bone/joint diseases, and losses of the dex-
terity and visual acuity may limit physical mobility 
(Crews, 2005) and prevent timely delivery of the 
quality hearing care. Recently, tele-audiology has 
demonstrated a significant potential in areas such 
as education and training of hearing health care 
professionals, paraprofessionals, parents, and adults 
with hearing disorders; screening for auditory dis-
orders; diagnosis of hearing loss; and intervention 
services (Swanepoel de et al., 2010). Global connec-
tivity is rapidly growing with increasingly wide-
spread distribution to underserved communities 
where audiological services may be facilitated 
through Internet models such as Skype, Facebook, 
and Twitter. The tele-audiology services via interface 
with Internet models could be especially beneficial 
to the older/elderly patients who lose their mobility.

In summary, ARHL is a major public health 
problem and detrimentally impact the quality of life 
for millions of the affected geriatric patients. With 
the increasing Baby Boomer population, the inci-
dence of ARHL is expected to rise rapidly within the 
next several decades. The consequences of ARHL—
reduced environmental stimulations, social isola-
tion, and depression, to list a few—may aggravate 
cognitive decline. Comorbidities including cognitive 
impairment may further exacerbate central audi-
tory processing decline, associated hearing deficits, 
and poor speech understanding. Although auditory 
amplification vastly improves the communication 
abilities in most hearing-impaired individuals, asso-
ciated declines of multisensory mechanisms may 
contribute to a patient’s difficulty to cope in every-
day settings. Losses of visual acuity and dexterity, 

cognitive decline, and other aging-related comor-
bidities are just some of the confounding obstacles 
preventing hearing professionals from delivering 
timely, effective quality care for the elderly popu-
lation who are hearing impaired. Health care 
professionals with a special interest in serving the 
geriatric population need to understand the funda-
mental ARHL-associated changes that affect audi-
tory and cognitive processing of speech and aural 
communication. This growing knowledge should 
guide audiological and aural rehabilitative practice 
to facilitate brain plasticity and acclimatization to 
speech sound input processes by hearing devices, 
to enable a full engagement in the activities of daily 
living, and, ultimately, to improve the overall quality 
of life in this growing population.

References
Acar, B., Yurekli, M. F., Babademez, M. A., Karabulut, H., & Karasen, R. M. 

(2011). Effects of hearing aids on cognitive functions and depressive 
signs in elderly people. Archives of Gerontology & Geriatrics, 52, 
250–252. doi:10.1016/j.archger.2010.04.013

Ahlstrom, J. B., Horwitz, A. R., & Dubno, J. R. (2009). Spatial benefit of 
bilateral hearing aids. Ear & Hearing, 30, 203–218. doi:10.1097/AUD.
0b013e31819769c1

Anderson Gosselin, P., & Gagne, J.-P. (2011). Older adults expend more 
listening effort than young adults recognizing speech in noise. Journal 
of Speech, Language & Hearing Research, 54, 944–958. doi:10.1044/
1092-4388(2010/10-0069)

Arlinger, S., Lunner, T., Lyxell, B., & Pichora-Fuller, M. K. (2009). The 
emergence of cognitive hearing science. Scandinavian Journal of 
Psychology, 50, 371–384. doi:10.1111/j.1467-9450.2009.00753.x

ASHA. (1984). Definition of and competencies for aural rehabilitation. 
ASHA, 26, 37–41.

Baudouin, A., Vanneste, S., & Isingrini, M. (2004). Age-related cognitive 
slowing: The role of spontaneous tempo and processing speed. 
Experimental Aging Research, 30, 225–239. doi:10.1080/0361073049
0447831

Bernstein, L. R. (2001). Auditory processing of interaural timing informa-
tion: New insights. Journal of Neuroscience Research, 66, 1035–1046. 
doi:10.1002/jnr.10103.abs

Boothroyd, A. (2010). Adapting to changed hearing: The potential role of 
formal training. Journal of the American Academy of Audiology, 21, 
601–611. doi:10.3766/jaaa.21.9.6

Burk, M. H., & Humes, L. E. (2008). Effects of long-term training on 
aided speech-recognition performance in noise in older adults. Journal 
of Speech, Language & Hearing Research, 51, 759–771. doi:10.1044/
1092-4388(2008/054)

Chia, E. M., Wang, J. J., Rochtchina, E., Cumming, R. R., Newall, P., & 
Mitchell, P. (2007). Hearing impairment and health-related quality 
of life: The Blue Mountains Hearing Study. Ear & Hearing, 28, 
187–195. doi:10.1097/AUD.0b013e31803126b6

Chou, R., Dana, T., Bougatsos, C., Fleming, C., & Beil, T. (2011). Screening 
adults aged 50 years or older for hearing loss: A review of the evidence 
for the U.S. preventive services task force. Annals of Internal Medicine, 
154, 347–355.

Cox, R. M., & Xu, J. (2010). Short and long compression release times: 
Speech understanding, real-world preferences, and association with 
cognitive ability. Journal of the American Academy of Audiology, 21, 
121–138. doi:10.3766/jaaa.21.2.6

Crews, D. E. (2005). Artificial environments and an aging population: 
Designing for age-related functional losses. Journal of Physiological 
Anthropology & Applied Human Science, 24, 103–109. doi:10.2114/
jpa.24.103

Cruickshanks, K. J., Wiley, T. L., Tweed, T. S., Klein, B. E., Klein, R., 
Mares-Perlman, J. A., et al. (1998). Prevalence of hearing loss in older 
adults in Beaver Dam, Wisconsin. The Epidemiology of Hearing Loss 
Study. American Journal of Epidemiology, 148, 879–886.

D
ow

nloaded from
 https://academ

ic.oup.com
/gerontologist/article/52/2/265/616546 by guest on 23 April 2024



The Gerontologist270

Dahmen, J. C., & King, A. J. (2007). Learning to hear: Plasticity of  
auditory cortical processing. Current Opinion in Neurobiology, 17, 
456–464. doi:10.1016/j.conb.2007.07.004

Dalton, D. S., Cruickshanks, K. J., Klein, B. E., Klein, R., Wiley, T. L., & 
Nondahl, D. M. (2003). The impact of hearing loss on quality of life in 
older adults. The Gerontologist, 43, 661–668. doi:10.1093/geront/
43.5.661

Danermark, B., Cieza, A., Gange, J. P., Gimigliano, F., Granberg, S.,  
Hickson, L., et al. (2010). International classification of functioning, 
disability, and health core sets for hearing loss: A discussion paper and 
invitation. International Journal of Audiology, 49, 256–262. doi:10.
3109/14992020903410110

Dobie, R. A. (2008). The burdens of age-related and occupational noise-
induced hearing loss in the United States. Ear & Hearing, 29, 565–577. 
doi:10.1097/AUD.0b013e31817349ec

Donahue, A., Dubno, J. R., Beck, L., Donahue, A., Dubno, J. R., & Beck, L. 
(2010). Guest editorial: Accessible and affordable hearing health care 
for adults with mild to moderate hearing loss. Ear & Hearing, 31, 2–6. 
doi:10.1097/AUD.0b013e3181cbc783

Edwards, B. (2007). The future of hearing aid technology. Trends in 
Amplification, 11, 31–45. doi:10.1177/1084713806298004

Frisina, D. R., & Frisina, R. D. (1997). Speech recognition in noise and 
presbycusis: Relations to possible neural mechanisms. Hearing Research, 
106, 95–104. doi:10.1016/S0378-5955(97)00006-3

Frisina, R. D. (2009). Age-related hearing loss: Ear and brain mechanisms. 
Annals of the New York Academy of Sciences, 1170, 708–717. 
doi:10.1111/j.1749-6632.2009.03931.x

Gates, G. A., Anderson, M. L., Feeney, M. P., McCurry, S. M., &  
Larson, E. B. (2008). Central auditory dysfunction in older persons 
with memory impairment or Alzheimer dementia. Archives of 
Otolaryngology—Head & Neck Surgery, 134, 771–777. doi:10.1001/
archotol.134.7.771

Gopinath, B., Wang, J. J., Schneider, J., Burlutsky, G., Snowdon, J., 
McMahon, C. M., et al. (2009). Depressive symptoms in older adults 
with hearing impairments: The Blue Mountains Study. Journal of the 
American Geriatrics Society, 57, 1306–1308. doi:10.1111/j.1532-
5415.2009.02317.x

Gordon-Salant, S. (2005). Hearing loss and aging: New research findings 
and clinical implications. Journal of Rehabilitation Research & Devel-
opment, 42, 9–24. doi:10.1682/JRRD.2005.01.0006

Gordon-Salant, S., & Fitzgibbons, P. J. (1997). Selected cognitive fac-
tors and speech recognition performance among young and elderly 
listeners. Journal of Speech, Language & Hearing Research, 40, 
423–431.

Gordon-Salant, S., & Fitzgibbons, P. J. (2001). Sources of age-related  
recognition difficulty for time-compressed speech. Journal of Speech, 
Language & Hearing Research, 44, 709–719. doi:10.1044/1092-
4388(2001/056)

Gordon-Salant, S., Fitzgibbons, P. J., & Friedman, S. A. (2007). Recogni-
tion of time-compressed and natural speech with selective temporal 
enhancements by young and elderly listeners. Journal of Speech, 
Language & Hearing Research, 50, 1181–1193. doi:10.1044/1092-
4388(2007/082)

Hartley, D., Rochtchina, E., Newall, P., Golding, M., Mitchell, P.,  
Hartley, D., et al. (2010). Use of hearing aids and assistive listening 
devices in an older Australian population. Journal of the American 
Academy of Audiology, 21, 642–653. doi:10.3766/jaaa.21.10.4

Helfer, K. S., & Wilber, L. A. (1990). Hearing loss, aging, and speech 
perception in reverberation and noise. Journal of Speech & Hearing 
Research, 33, 149–155.

Hickson, L., & Scarinci, N. (2007). Older adults with acquired hearing 
impairment: Applying the ICF in rehabilitation. Seminars in Speech & 
Language, 28, 283–290. doi:10.1055/s-2007-986525

Humes, L. E. (2007). The contributions of audibility and cognitive factors 
to the benefit provided by amplified speech to older adults. Journal of 
the American Academy of Audiology, 18, 590–603. doi:10.3766/
jaaa.18.7.6

Humes, L. E., Burk, M. H., Strauser, L. E., & Kinney, D. L. (2009). Devel-
opment and efficacy of a frequent-word auditory training protocol for 
older adults with impaired hearing. Ear & Hearing, 30, 613–627. 
doi:10.1097/AUD.0b013e3181b00d90

Humes, L. E., Wilson, D. L., Barlow, N. N., Garner, C. B., & Amos, N. 
(2002). Longitudinal changes in hearing aid satisfaction and usage in 
the elderly over a period of one or two years after hearing aid delivery. 
Ear & Hearing, 23, 428–438. doi:10.1097/00003446-200210000-
00005

Humes, L. E., Wilson, D. L., & Humes, A. C. (2003). Examination of  
differences between successful and unsuccessful elderly hearing aid 
candidates matched for age, hearing loss and gender. International 
Journal of Audiology, 42, 432–441. doi:10.3109/14992020309080053

Hunter, K. F., & Cyr, D. (2006). Pharmacotherapeutics in older adults. 
Journal of Wound, Ostomy, & Continence Nursing, 33, 630–636. 
doi:10.1097/00152192-200611000-00007

Incel, N. A., Sezgin, M., As, I., Cimen, O. B., Sahin, G., Incel, N. A., et al. 
(2009). The geriatric hand: Correlation of hand-muscle function and 
activity restriction in elderly. International Journal of Rehabilitation 
Research, 32, 213–218. doi:10.1097/MRR.0b013e3283298226

Isingrini, M., Perrotin, A., & Souchay, C. (2008). Aging, metamemory 
regulation and executive functioning. Progress in Brain Research, 169, 
377–392. doi:10.1016/S0079-6123(07)00024-6

Janse, E. (2009). Processing of fast speech by elderly listeners. Journal of 
the Acoustical Society of America, 125, 2361–2373. doi:10.1121/
1.3082117

Kaufman, G. (2011). Polypharmacy in older adults. Nursing Standard, 25, 
49–55.

Kiessling, J., Pichora-Fuller, M. K., Gatehouse, S., Stephens, D., Arlinger, S., 
Chisolm, T., et al. (2003). Candidature for and delivery of audiological 
services: Special needs of older people. International Journal of Audi-
ology, 42(Suppl. 2), 2S92–2S101. doi:10.3109/14992020309074650

Klotz, U. (2008). The elderly—A challenge for appropriate drug treat-
ment. European Journal of Clinical Pharmacology, 64, 225–226. 
doi:10.1007/s00228-007-0410-5

Klotz, U. (2009). Pharmacokinetics and drug metabolism in the elderly. 
Drug Metabolism Reviews, 41, 67–76.

Ko, J., & Ko, J. (2010). Presbycusis and its management. British Journal 
of Nursing, 19, 160–165.

Kochkin, S. (2009). MarkeTrak VIII: 25-Year trends in the hearing health 
market. Hearing Review, 16, 12–31.

Lin, F. R., Metter, E. J., O’Brien, R. J., Resnick, S. M., Zonderman, A. B., & 
Ferrucci, L. (2011). Hearing loss and incident dementia. Archives of 
Neurology, 68, 214–220. doi:10.1001/archneurol.2010.362

Lunner, T., Rudner, M., & Ronnberg, J. (2009). Cognition and hearing 
aids. Scandinavian Journal of Psychology, 50, 395–403. doi:10.1111/
j.1467-9450.2009.00742.x

Nachtegaal, J., Smit, J. H., Smits, C., Bezemer, P. D., van Beek, J. H. M., 
Festen, J. M., et al. (2009). The association between hearing status 
and psychosocial health before the age of 70 years: Results from an 
internet-based national survey on hearing. Ear & Hearing, 30, 
302–312. doi:10.1097/AUD.0b013e31819c6e01

Park, D. C., & Reuter-Lorenz, P. (2009). The adaptive brain: Aging  
and neurocognitive scaffolding. Annual Review of Psychology, 60, 
173–196. doi:10.1146/annurev.psych.59.103006.093656

Pichora-Fuller, M. K. (2003). Cognitive aging and auditory information 
processing. International Journal of Audiology, 42(Suppl. 2),  2S26–2S32. 
doi:10.3109/14992020309074641

Planton, J., & Edlund, B. J. (2010). Strategies for reducing polypharmacy 
in older adults. Journal of Gerontological Nursing, 36, 8–12. 
doi:http://dx.doi.org/10.3928/00989134-20091204-03

Saunders, G. H., Lewis, M. S., & Forsline, A. (2009). Expectations, prefit-
ting counseling, and hearing aid outcome. Journal of the American 
Academy of Audiology, 20, 320–334. doi:10.3766/jaaa.20.5.6

Schneider, J., Gopinath, B., Karpa, M. J., McMahon, C. M., Rochtchina, E., 
Leeder, S. R., et al. (2010). Hearing loss impacts on the use of com-
munity and informal supports. Age & Ageing, 39, 458–464. doi:10.1093/
ageing/afq051

Shiovitz-Ezra, S., & Ayalon, L. (2010). Situational versus chronic loneliness 
as risk factors for all-cause mortality. International Psychogeriatrics, 
22, 455–462. doi:10.1017/S1041610209991426

Sloan, R. W. (1992). Principles of drug therapy in geriatric patients.  
American Family Physician, 45, 2709–2718.

Sprinzl, G. M., & Riechelmann, H. (2010). Current trends in treating 
hearing loss in elderly people: A review of the technology and treat-
ment options—A mini-review. Gerontology, 56, 351–358. doi:10.1159/
000275062

Swanepoel de, W., Clark, J. L., Koekemoer, D., Hall, J. W. 3rd., Krumm, M., 
Ferrari, D. V., et al. (2010). Telehealth in audiology: The need and 
potential to reach underserved communities. International Journal of 
Audiology, 49, 195–202. doi:10.3109/14992020903470783

Sweetow, R. W., & Sabes, J. H. (2006). The need for and development of 
an adaptive Listening and Communication Enhancement (LACE) Pro-
gram. Journal of the American Academy of Audiology, 17, 538–558. 
doi:10.3766/jaaa.17.8.2

D
ow

nloaded from
 https://academ

ic.oup.com
/gerontologist/article/52/2/265/616546 by guest on 23 April 2024

http://dx.doi.org/10.3928/00989134-20091204-03


Vol. 52, No. 2, 2012 271

Sweetow, R. W., Sabes, J. H., Sweetow, R. W., & Sabes, J. H. (2010). 
Auditory training and challenges associated with participation and 
compliance. Journal of the American Academy of Audiology, 21, 
586–593. doi:10.3766/jaaa.21.9.4

Syka, J. (2002). Plastic changes in the central auditory system after hearing 
loss, restoration of function, and during learning. Physiological 
Reviews, 82, 601–636.

Triggs, E., & Charles, B. (1999). Pharmacokinetics and therapeutic drug 
monitoring of gentamicin in the elderly. Clinical Pharmacokinetics, 
37, 331–341. doi:10.2165/00003088-199937040-00004

Wallhagen, M. I., & Pettengill, E. (2008). Hearing impairment: Significant 
but underassessed in primary care settings. Journal of Gerontological 
Nursing, 34, 36–42.

Willis, S. L., Tennstedt, S. L., Marsiske, M., Ball, K., Elias, J.,  
Koepke, K. M., et al. (2006). Long-term effects of cognitive training 
on everyday functional outcomes in older adults. Journal of the 
American Medical Association, 296, 2805–2814. doi:10.1001/
jama.296.23.2805

Wong, P. C. M., Ettlinger, M., Sheppard, J. P., Gunasekera, G. M., & 
Dhar, S. (2010). Neuroanatomical characteristics and speech perception 
in noise in older adults. Ear & Hearing, 31, 471–479. doi:10.1097/
AUD.0b013e3181d709c2

Yueh, B., Shapiro, N., MacLean, C. H., & Shekelle, P. G. (2003). Screening 
and management of adult hearing loss in primary care: Scientific review. 
Journal of the American Medical Association, 289, 1976–1985. 
doi:10.1001/jama.289.15.1976

D
ow

nloaded from
 https://academ

ic.oup.com
/gerontologist/article/52/2/265/616546 by guest on 23 April 2024


