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Introduction

Aging causes a variety of biochemical and molecular chang-
es including DNA damage, mitochondrial decay, reduction of 
cellular water concentration, metabolic and vascular dysfunc-
tion, and decrease in cellular membrane elasticity [1]. As a 
result, such changes have a detrimental effect on the auditory 
function of aging individuals. As people age, structural and 
neural degeneration occurs throughout the auditory system 
due to a loss of sensory cells and cochlear neurons, reduction 
in the number of synaptic contacts, changes in the conduction 
of the cochlear duct, changes in excitatory and inhibitory neu-
rotransmitter systems, etc [2-4]. 

Many older adults experience difficulty understanding 
speech, especially in demanding listening conditions, although 
they can hear speech sounds. There are large individual dif-
ferences, however, in speech recognition performance among 
older adults. According to a report from the Committee on 

Hearing and Bioacoustics and Biomechanics of the National 
Research Council [5], peripheral, central-auditory, and cog-
nitive systems have long been considered major factors af-
fecting speech understanding [6,7]. The functions of the pe-
ripheral and central-auditory systems are reflected in hearing 
sensitivity measured by the conventional pure-tone audiome-
ter and speech audiometric measures, respectively. The cog-
nitive function includes various mental processing such as at-
tention, memory, perception, and executive function, which 
are closely related to speech understanding [8].

As adults are now surviving longer, more attention is fo-
cused on the hearing and speech problems of older adults. 
Therefore, better understanding of the underlying mecha-
nisms, characteristics, and clinical implications of speech un-
derstanding in older adults is needed. The present study aims 
to review 1) age-related changes in the peripheral, central-au-
ditory, and cognitive systems, 2) the resulting decline of speech 
understanding in terms of decreased hearing sensitivity, psy-
choacoustic performance, and speech understanding perfor-
mance, and 3) clinical implications for audiologic rehabilita-
tion of older adults.
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Age-Related Changes in Peripheral, 
Central-Auditory, and 

Cognitive Systems

Peripheral auditory system
The peripheral auditory system includes the outer ear through 

the inner ear and the auditory nerve. Although age-related 
changes in the outer and middle ear may occur in the form of 
collapse of the cartilaginous external auditory canal or stiff-
ening of the tympanic membrane and ossicular chain, their 
effects do not noticeably cause hearing problems [3]. Age-re-
lated changes in the cochlear, on the other hand, significantly 
affect the transduction of sound into neural impulses, result-
ing in loss of some of the information from speech sounds. 
The sensory cells in the cochlea are generated within the first 
trimester of development and must survive throughout the 
individual’s lifetime. Because a small number of hair cells 
correspond to each frequency region within the cochlear and 
regeneration does not occur, the loss of hair cells have dra-
matic effects on hearing [9]. While high frequency loss com-
monly results from the loss of the inner hair cells at the basal 
turn of the cochlea, the loss of outer hair cells may reduce the 
active feedback loop activity, possibly causing hearing loss, 
limited frequency selectivity, and a reduced dynamic range. 
Also, aging can cause a decrease in the volume of strial tissue 
on the lateral cochlear wall, resulting in hearing loss [4,10].
The stria vascularis produces endolymph, maintaining the 
endocochlear potetial of +80 mV for the scala media. Animal 
models indicate that age-related deterioration of the strial tis-
sue on the lateral cochlear wall correlates with a reduction in 
the endocochlear potential [10,11]. 

As we age, hearing sensitivity declines gradually and pro-
gressively. Presbycusis refers to the loss of hearing that oc-
curs with aging. It usually occurs in both ears. The reduced 
hearing sensitivity begins with high frequency sounds and 
advances to low frequency sounds. At an early stage, it does 
not noticeably interfere with speech understanding. With ad-
vancing age, however, speech understanding is affected by 
the diminished hearing sensitivity. While young children can 
hear frequencies as high as 20 kHz, the hearing threshold of 
most adults decreases rapidly above 15 kHz [12]. 

Central auditory system
The central auditory system consists of various nuclei that 

relay information from the cochlea and auditory nerve to oth-
er nuclei in the auditory system. The transfer of neural im-
pulses from the peripheral to the central auditory system occurs 
at the cochlear nuclei. As afferent pathways pass from the co-
chlea to the higher auditory centers, the neural signal is con-

verted to sound and later analyzed by the cognitive centers 
of the brain. Efferent pathways play a role in regulating func-
tion at lower levels. Because bilateral processing of auditory 
information occurs at all levels above the cochlea, hearing is 
rarely impaired after stroke even though the understanding 
of sound can be impaired [9]. The superior olivary complex 
is involved with binaural processing and the acoustic reflex, 
and the lateral lemniscus contains both ascending and descend-
ing pathways. The inferior colliculus, the largest auditory 
structure, is considered to be involved with sound localization 
and frequency resolution. After the auditory information is 
sent to the temporal lobe in two pathways at the thalamus 
level, primary auditory reception occurs in Heschl’s gyri in 
either hemisphere. While auditory linguistic processing oc-
curs primarily in the left hemisphere at Wernicke’s and the 
insular cortex, nonlinguistic information is processed primar-
ily in the right hemisphere. Pathways from both hemispheres 
interact with each other by stimulating, inhibiting, and trans-
ferring information [13,14].

With aging, the number of neurons and the size of cells in 
each auditory nucleus decrease, and the neuronal population 
in the auditory cortex is dramatically reduced [15]. These 
changes in the central auditory system often result from hear-
ing loss or attenuation of neural input from the peripheral au-
ditory system. A number of pathologies accompanying aging 
such as arteriosclerosis, anoxia, and metabolic dysfunction 
of the liver or renal system may also affect the central audi-
tory pathways. Usually, simple amplification with a hearing 
aid does not efficiently improve the decreased processing of 
complex acoustic stimuli in the central auditory system. More-
over, a loss of neural synchrony or disruption of binaural pro-
cessing in the central auditory system may lead to the loss of 
further auditory information and degrade the input to the 
cognitive level engaged in lexical access [16].

The age-related change in central auditory processing, 
which results in poor speech understanding, is referred to as 
central presbycusis. In the traditional view, central presbycu-
sis is attributed to alterations of the auditory portions of the 
central nervous system. In the broader view, however, the term 
is also used to include not only central auditory but also amo-
dal cognitive degradations affecting auditory processing and 
speech perception [8]. 

Cognitive system
Although the higher centers in the central auditory system 

are closely associated with cognition, cognition is differenti-
ated from the central auditory system. Cognition affects not 
only the auditory modality but also other sensory modalities. 
As time progresses, cognitive performance is also reduced. 
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Various biological systems must be in harmony to maintain 
optimal cognitive function. Aging may cause chronic inflam-
mation, oxidative stress, insulin resistance, decrease in hor-
mone levels, and endothelial dysfunction, which can perturb 
the biological system and deteriorate the brain and subsequent 
cognitive function [17]. The resulting biological deteriora-
tion includes reduction in brain volume, loss of myeline in-
tegrity, cortical thinning, and impaired serotonin and acetyl-
choline [18,19].

Aging is associated with the decrease in cognitive func-
tions such as attention, memory, perception, language pro-
cessing, decision making, and executive function. Of these, 
attention and working memory are the most basic cognitive 
functions affecting speech understanding in older adults. At-
tention is usually involved in all other cognitive functions un-
less the response to a task has become habitual or automatic. 
There are some subdivisions of attention, such as selective at-
tention which enables us to focus on a specific task while ig-
noring other irrelevant tasks, divided attention which permits 
us to attend to two or more tasks simultaneously, and sustained 
attention which allows us to maintain concentration on a task 
over time. Older adults showed the increased engagement of 
frontal lobe systems in difficult listening situations, reflecting 
greater attentional burden. These findings indicate the effect 
of attention deficits on speech understanding. Working mem-
ory is also considered crucial for speech processing. Concep-
tually, working memory is not quite distinct from short-term 
memory. Where short-term memory refers to a cognitive ca-
pacity for retaining information such as digits, words, and 
names, working memory is defined as a cognitive capacity 
involving the active manipulation of information before recall. 
Adults with better working memory showed better speech per-
ception in noise than those with poorer working memory [19], 
suggesting that age-related deficits in working memory may 
have a harmful effect on speech understanding in older adults.

 
Interaction of peripheral, central-auditory, and cognitive 
systems

The peripheral, central-auditory, and cognitive systems may 
work in isolation or together. The impact of each factor is 
highly variable. Because peripheral hearing loss often accom-
panies advanced age, it is difficult to rule out the influence of 
hearing loss on central auditory processing even in well-con-
trolled studies [20]. There is little evidence to support declines 
in central auditory function independent of hearing loss or 
cognitive function [8,21]. For instance, age-related changes 
in the central auditory system may result from the deficit in 
the peripheral auditory system. Also, cognitive deficits can 
exacerbate declines in hearing sensitivity, further contributing 

to the older adult’s speech recognition problem in noise [22]. 
Age-related changes in the central auditory system may fur-
ther degrade the input to the cognitive level [16]. Though a 
specific test is administered to measure the peripheral or cen-
tral-auditory processing system, the test results cannot be sep-
arated from the cognitive function. 

Age-Related Decline 
of Speech Understanding

Hearing sensitivity
Hearing sensitivity is one of the main causes for speech 

understanding deterioration in older adults though speech 
understanding is not directly predicted by their pure-tone au-
diograms [23]. It is apparent that older adults tend to experi-
ence more difficulties in understanding speech than is predict-
ed by hearing sensitivity even when their hearing thresholds 
match those of younger adults. To predict future hearing loss, 
it may be useful to measure hearing sensitivity in the extended 
high frequencies (EHF) up to 16-20 kHz because older adults 
may have greater decreases at EHFs above 8000 Hz than at 
the lower audiometric frequencies of 250-8000 Hz [24]. 
Males have poorer thresholds than females at 9-14 kHz but 
the thresholds of males are no different from those of females 
at 16-20 kHz [25]. EHF thresholds are highly correlated with 
thresholds at 4 kHz and 8 kHz. Early monitoring of hearing 
thresholds at EHF may be useful to predict the onset of hear-
ing loss and recommend strategies for prevention.

Psychoacoustic performance 
The reduced speech understanding of older adults may be 

attributed to poor psychoacoustic performance. Many psy-
choacoustic measures have demonstrated poorer performance 
by older adults in temporal, frequency, or intensity processing 
compared to younger adults. Because accurate temporal and 
spectral processing is crucial for identifying the signal in noise, 
deficits in spectrotemporal processing may cause older adults 
to experience difficulties with speech understanding in real life. 

In particular, temporal processing in older adults has been 
widely studied in a variety of tasks such as gap detection, du-
ration discrimination, intensity discrimination, and forward or 
backward masking. It is conceivable that the age-related def-
icit in following fast speech may be associated with the slow 
processing of acoustic information. Temporal processing re-
search uses tonal signals instead of speech signals to mini-
mize the effects of speech or language processing and control 
psychoacoustic parameters more precisely [26]. Gap detection 
research has demonstrated that older adults need longer gaps 
than young adults [27]. When gap detection was examined, 
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matching young and older adults with normal hearing sensi-
tivity, older adults exhibited larger gap detection thresholds 
than young adults [28]. In a study of duration discrimination, 
older adults showed slightly larger just noticeable differences 
for stimulus duration compared to young adults with matched 
hearing sensitivity. Age effects on duration discrimination in-
creases as stimulus complexity increases [29]. For intensity 
discrimination, older adults with normal hearing had poorer 
performance at lower frequencies than young adults. In a spec-
trotemporal model of auditory processing, intensity discrimi-
nation at lower frequencies is based on temporal cues, where-
as intensity discrimination at higher frequencies is dominated 
by spectral cues. Thus, poor intensity discrimination at lower 
frequencies for older adults may indicate a deficit in tempo-
ral processing [30]. In a backward masking temporal pro-
cessing task, young adults with normal hearing showed less 
overall masking and steeper recovery functions compared to 
older adults with normal hearing. Older adults showed sig-
nificant masking even at the longest delay of 20 ms [31].

Speech understanding performance
Many older adults experience difficulty in understanding 

speech when the speech is accompanied by noise, when the 
speech rate is fast, or when the amount of information is load-
ed even if they do not have hearing loss [26]. These difficul-
ties cannot be explained simply by audiometric test results 
because older adults have disadvantages not only in periph-
eral but also in central-auditory and cognitive functions [32].

The rate of speech is a factor that affects speech under-
standing in older adults. Older adults usually show poorer 
perception of rapid or time-compressed speech compared to 
young adults. The word recognition score of older adults de-
creases as speech rate increases whereas word recognition in 
young adults is hardly affected by speech rate, reflecting a 
slow perceptual process with aging. Time compression is one 
of the most widely used methods for altering the rate of 
speech while preserving the other properties of the original 
speech stimuli. The resulting temporal aspects are deter-
mined by how much the speech signal is reduced (compres-
sion rate), how often portions of the speech signal are dis-
carded (compression frequency), and how long the discarded 
interval is (discarded interval). Time-compression of speech 
at a rate of 60 percent eliminates 60 percent of the speech. 
The remaining 40 percent may be very different, depending 
on the length of the discard intervals [33]. When subjects re-
ported associations among the items addressed in time-com-
pression passages manipulated at three compression ratios of 
30, 45, and 60%, and at seven discard interval lengths from 
35 to 155 msec, older adults were more affected by compres-

sion ratio and discard interval length than young adults. The 
age-related deficit in time-compressed speech is greater in 
noisy than in quiet environments [34].

Usually, older adults do not have problems with under-
standing speech in quiet environments or with familiar speak-
ers. They are particularly vulnerable to the effects of noise on 
speech understanding. They experience difficulty following 
conversations in adverse listening situations including noise 
and reverberation. Successful speech understanding in noisy 
situations is important for social, vocational, and educational 
activities in everyday life. Older adults experience more dif-
ficulty with understanding speech in noisy environments 
than younger adults due to decreased hearing sensitivity and 
reduced attention [32]. Understanding speech in noisy situa-
tions is a complex task involving the interplay of sensory, cen-
tral-auditory, and cognitive processes. The relationship be-
tween pure-tone threshold and speech understanding in noisy 
environments is weak in older adults. The audiogram cannot 
accurately explain speech understanding performance, par-
ticularly when speech is accompanied by noise [35]. Numer-
ous studies have been conducted to examine what factors af-
fect age-related deficits in speech understanding in noisy envi-
ronments, with a number of variables such as the audibility 
of the speech signal, the type of speech signal, the type of noise, 
and the signal-to-noise ratio. Regarding the audibility of the 
speech signal, speech understanding in noisy environments 
was lower even in older adults with normal hearing thresholds 
[36]. Data from 3189 adults ranging in age from 48 to 92 years 
demonstrated that monosyllabic word recognition scores in 
older adults using competing messages were poorer compared 
to younger adults. The data also indicated that word recogni-
tion performance was poorer for males than women in each 
age decade, even after statistically adjusting for hearing sensi-
tivity [25]. Regarding the type of noise, older adults had more 
difficulty with understanding speech in babble noise than in a 
steady-state noise compared to younger adults [37]. Given that 
cognitive processing declines with aging, babble noise in-
cluding cognitively meaningful information may degrade 
speech understanding more severely for older than for young-
er adults. 

Clinical Implications for Audiologic 
Rehabilitation of Older Adults

Use of devices
A hearing aid can be an important starting point for the au-

diologic rehabilitation of older adults with hearing impairment. 
Hearing aids significantly improve speech recognition for old-
er adults both in quiet and noisy environments but they do not 
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reduce the perceived effort [38]. Older hearing aid users with 
mild to moderate hearing loss exhibited a positive effect of 
hearing aids on self-perceived hearing but did not show the ef-
fect of the hearing aids on social activities, satisfaction with 
social relations, well-being, and cognitive functioning. Despite 
the benefits of amplification for older adults, many refuse to 
wear hearing aids for reasons such as cost, poor benefit, stig-
ma, low self-esteem, and denial of hearing loss. Satisfaction 
in hearing aid users was higher for more technologically ad-
vanced devices [39].

 Cochlear implants are also beneficial for older adults with 
severe to profound hearing loss. In quiet environments, older 
adults had better speech recognition scores after cochlear im-
plantation than preimplantation [40]. People implanted at 70 
or older demonstrated significantly improved speech recogni-
tion performance compared to speech recognition perfor-
mance prior to implantation. Their improvement was, howev-
er, less than younger individuals with cochlear implants when 
their performance was measured at the same time period af-
ter implantation [41]. The speech therapist’s opinion, the pa-
tient’s satisfaction, and the hours of use for the cochlear im-
plants were similar in the older and young adults evaluated, 
indicating that age is not a contraindication for cochlear im-
plantation [42].

Technological advances have led to the development of as-
sistive listening devices that can provide additional benefits 
to hearing aids. Assistive listening devices can improve the 
signal-to-noise ratio in adverse listening situations. FM re-
ceivers built into behind-the-ear hearing aids or personal FM 
systems are now available, making FM systems more porta-
ble and easier to use [26]. When twelve older adults fitted with 
behind-the-ear hearing aids with built-in FM receivers were in-
structed to repeat test words, phoneme recognition scores in 
noisy environments with an FM system equaled phoneme rec-
ognition scores in quiet environments with a hearing aid [43]. 
Also, closed captioning can be used to help older adults with 
hearing impairment access television or theater movies more 
comfortably, although it was originally developed for deaf 
people. Future research is needed to verify its benefits for old-
er adults with hearing impairment [26].

Effects of training
Although hearing aids or assistive listening devices increase 

audibility, they cannot compensate for deficits in auditory pro-
cessing and speech perception. Short-term or long-term train-
ing have provided a strategy to ameliorate these deficits in 
older adults. The training program usually consists of multi-
modal tasks, integrating auditory and visual attention, working 
memory, etc., because speech understanding in older adults is 

strongly affected by central-auditory and cognitive processing 
as well as hearing sensitivity. Short-term auditory training has 
led to improvements in neural response timing and frequency 
representation in both children and young adults. Older adults 
demonstrated improved auditory memory and speed in audi-
tory processing after short-term auditory training. Also, there 
is evidence that long-term auditory training can improve neural 
timing in older adults [44].

There is evidence of induced neural plasticity after training 
in older adults. In a study of short-term auditory based cogni-
tive training, older adults with bilateral pure-tone averages 
below 40 dB HL received in-home training for 40 hours over 
8 weeks. The training program consisted of six adaptive exer-
cises including discriminating between frequency-modulated 
sweeps, discriminating between syllables, repeating syllables 
and words, matching pairs of syllables and words, remem-
bering commands, and remembering stories. After training, 
older adults showed a partial reversal of age-related neural tim-
ing delays, exhibiting improved neural timing, memory, speed 
of processing, and speech perception in noisy situations [44]. 
To examine the efficacy of a novel computerized cognitive train-
ing program in older adults, older adults aged 65 and older 
were randomized to the experimental group to receive a novel 
brain plasticity-based computerized cognitive training program 
or the control group to receive a general cognitive stimulation 
program. After 8 weeks, the experimental group showed greater 
auditory memory and attention compared to the control group. 
The results showed that the effect of the novel cognitive train-
ing program was generalized to untrained measures of audi-
tory memory and attention, suggesting that the improved per-
formance after training also affected systems serving auditory-
based cognition [45].

Conclusions

The lifespan of people is increasing with improved nutri-
tion and healthcare. Consequently, more attention is focused 
on the quality of life for older adults. Many older adults have 
difficulties with understanding speech, especially in difficult 
listening conditions. The decrease in speech understanding 
affects their everyday life as they may avoid social, vocation-
al, and educational activities because of communication diffi-
culties. Recent investigations have sought to elucidate the fac-
tors that affect speech understanding. In the present study, the 
peripheral, central-auditory, and cognitive systems were con-
sidered important factors affecting speech understanding in 
older adults. Age-related changes in these three factors cause 
deficits in hearing sensitivity, psychoacoustic performance, 
and speech understanding performance. In addition to devic-
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es such as hearing aids, cochlear implants, and assistive lis-
tening devices, audiologic rehabilitation would need to include 
integrative and multimodal training programs. Once the fac-
tors affecting speech understanding in older adults are identi-
fied and the characteristics of age-related speech understand-
ing difficulties are examined, clinical management procedures 
could be developed for prevention and treatment. A multidis-
ciplinary approach is needed to better understand the under-
lying mechanisms, characteristics, and clinical implications 
of speech understanding in older adults.
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