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Abstract
Hearing loss in the elderly is a very common disease: it is estimated to affect up to a third of the population aged 65 years or 
more, and 50% of people over 75 years old. There is a growing amount of data concerning the association between hearing 
loss and cognitive decline. Various possible mechanisms at the basis of this association have been proposed, such as the 
“common cause hypothesis,” the “cascade hypothesis,” and the “cognitive load hypothesis.”
Critically reviewing the data is essential to highlight the features of the relationship between hearing loss and cognitive 
decline. Most of the hearing tests available should take into account that dementia or even just mild cognitive impairment 
(MCI) may lead to poor performance during examination. On the other hand, clinicians should also remember that tests used 
to assess cognitive function require an adequate hearing capacity.
In this article we propose to analyze current diagnostic tests, treatment options, auditory processing, and rehabilitation 
strategies for hearing loss in the elderly in order to facilitate the management of this handicap in this fragile population.
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Introduction

Hearing loss and cognitive decline

Hearing loss in the elderly is a very common disease: it 
is estimated to affect up to a third of the population aged 
65 years or more [1], and 50% of people over 75 years old 
[2]. Projections for the future predict that there will be 
300 million elderly people with hearing loss by 2030, that 
will become 700 million by 2050 worldwide. Alongside 
this, there is a growing amount of data concerning the asso‑
ciation between hearing loss and cognitive decline. Some 
authors suggest that there is a dramatically increased risk for 

incident dementia in people with hearing loss: nearly twice 
the risk compared to the normal hearing population for mild 
hearing loss, three times for moderate hearing loss and five 
times for severe hearing loss [3]. Additionally, various pos‑
sible mechanisms at the basis of this association have been 
proposed. There are three mechanisms that have been con‑
sidered to be the most important in the development of these 
conditions, with different impacts in different patients [4]. 
The first one is often called “common cause hypothesis” and 
claims that both central nervous and auditory systems suf‑
fer the neurodegenerative effects of age or other noxae, and 
therefore together proceed toward deterioration. The second 
one, called the “cascade hypothesis,” argues that hearing loss 
causes cognitive decline in a combined way: impoverished 
sensorial input, social isolation, and an increased depressive 
mood, directly caused by hearing loss, may concurrently 
worsen cognitive functions. The third hypothesis is referred 
to as the “cognitive load hypothesis,” which suggests that 
in patients with hearing loss the normal cognitive resources 
allocated for hearing, and in particular speech comprehen‑
sion, become insufficient and therefore other resources must 
be redirected to maintain an adequate hearing performance. 
These changes may reduce the resources available for other 
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cognitive tasks (such as working memory) and consequently 
accelerate cognitive decline.

Although the association between hearing loss and cog‑
nitive decline is solidly established, critically reviewing the 
data is key in highlighting the features of the relationship 
between the two conditions. In a recent meta‑analysis [5], 
the authors show how often the only audiological measure 
to assess hearing loss is pure tone audiometry, the simple 
assessment of the response threshold for sounds at different 
frequencies, or even just the pure tone average, the math‑
ematical average of the hearing threshold at 500, 1000, 
2000, and sometimes 4000 Hz. These measures are very 
often insufficient, though necessary, to assess the actual 
hearing performance of the patient: a certain degree of hear‑
ing loss may be present, but the shape of the hearing loss 
(i.e., whether it affects all frequencies, or mainly high or low 
frequencies, etc.) and also other elements may affect how 
patients perform in real‑life situations. For current studies 
design, other measures for assessing hearing performance 
are routinely used mainly to better characterize speech intel‑
ligibility in different hearing conditions.

Moreover, many previous studies have only assessed the 
presence of full‑blown dementia in association with hearing 
loss, while nowadays there is growing interest in the stages 
that precede dementia, that are collectively called “mild 
cognitive impairment” (MCI). The main reason is that in 
this stage of cognitive decline, interventions aiming to slow 
its development seem to be more effective. Clinical tools 
that are commonly used to screen the presence of dementia 
are far less capable of detecting MCI: the mini‑mental‑state 
examination (MMSE), which has been the most widely used 
screening tool for cognitive impairment, is currently under‑
going examination due to its very low sensitivity in detecting 
MCI [6].

Lastly, two important aspects must be taken into consid‑
eration. Firstly, nearly all the tests used to assess cognitive 
function require an adequate hearing capacity, otherwise 
cognitive impairment, especially in comprehension, may 
be overestimated; secondly, cognitive assessment tests and 
hearing examination require the patient’s attention and col‑
laboration to complete the required tasks, which are often 
very difficult for an old patient. Therefore, in subsequent 
tasks, cognitive weariness may arise and be added to the 
overall stress of the clinical examination, consequently mod‑
ifying the overall outcome of the tests.

Diagnosis of hearing loss in the elderly 
in the audiology clinic

In adults and in the elderly the diagnosis of hearing loss is 
not particularly challenging, especially if the patient is coop‑
erative. Common and widely used hearing assessment tools 
are pure tone audiometry and speech audiometry. First of all, 

patients are examined via otoscopy in order to exclude any 
visible obstacle or disease that may impair hearing.

Pure tone audiometry consists in a psycho‑acoustic test in 
which patients, in a sound‑proof booth, are asked to raise a 
hand or press a button when they hear a sound presented in 
earphones or with a free speaker in the booth (free‑field pure 
tone audiometry). Each sound presented is a pure tone of a 
specific frequency and can be modulated in intensity level, 
measured in dB hearing level (HL), a unit of measurement 
which takes into account the different sensitivity of the ear 
for different frequencies and normalizes the value. Sound 
can be given in a single ear at a time, and if the response 
threshold of the two ears shows a consistent difference, 
masking may be necessary. Masking consists in providing a 
continuous sound in the better‑hearing ear in order to avoid 
that a high intensity sound presented in the worse ear is 
heard with the contralateral ear (via bone conduction). Also, 
sound can be provided by a bone vibrator positioned behind 
the ear, to assess the bone conduction threshold, as opposed 
to the air conduction threshold provided by the earphone and 
free‑field audiogram. Air conduction assesses the function‑
ing of all the parts of the ear (external, middle and inner ear), 
whereas bone conduction bypasses the external and middle 
ear and directly stimulates the inner ear. Differences between 
the two thresholds may imply an underlying condition of the 
external or middle ear, such as otosclerosis, otitis media, or 
ossicular malformations.

Speech audiometry is used to assess the actual compre‑
hension of speech: words instead of pure tones are presented 
to the patient, who must repeat them correctly. Different lists 
of words are presented at different intensity levels, and the 
percentage of correctly reported words is registered. Then, 
three intensity level thresholds are reported: the detection 
threshold, which represents the level at which the subject 
hears something, but he/she is not able to provide any correct 
word, the recognition threshold, which is when the patient 
identifies 50% of the correct answers, and the intelligibility 
threshold, when all the answers are correct. Since intelligi‑
bility and even recognition thresholds may sometimes not 
be reachable, another value considered is the word recogni‑
tion score, which represents the maximum percentage of 
correct word identification reached by the patient. Speech 
audiometry is influenced far more by the cognitive status 
of the patient because it is a more difficult task than pure 
tone audiometry, and also by the patient's proficiency in the 
language used for the test.

In addition to these two traditional tests, in the last few 
years the International Matrix Sentence Test (IMST) has 
been implemented in clinical practice in many Audiology 
Clinics. Since both of the previous tests are performed in 
a silent booth, they do not accurately represent the real‑
life situation of the patient, because the acoustic environ‑
ment of everyday tasks is far richer in noise and other 
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competing signals. Speech‑in‑noise comprehension dete‑
rioration seems to be one of the first signals of hearing 
loss, especially in the elderly, and patients in the Audi‑
ology Clinic frequently complain of this symptom. The 
IMST test tries to reproduce these conditions in the clinic: 
the automated system generates 5‑word sentences that are 
grammatically correct but semantically unpredictable and 
presents them to the patient together with a noise at differ‑
ent sound‑to‑noise ratios (SNR). Patients must repeat all 
the words that they can identify, and the system automati‑
cally changes SNR and presents another sentence. At the 
end of the exam, the test shows the minimum SNR value 
that allows the patient to correctly repeat at least 50% of 
words. Normal values differ between languages, and lan‑
guage proficiency greatly influences this exam as well.

Alongside this standard clinical evaluation, patients 
may require electrophysiological exams, such as audi‑
tory brainstem evoked potentials (ABR), or radiological 
imaging (CT, MRI), according to the characteristics of 
each case. ABR is an objective evaluation of the audi‑
tory pathway function from the auditory nerve to the 
mesencephalon. Despite the ABR not being used in rou‑
tine clinical practice to evaluate elderly hearing loss, it 
may be useful in assessing the residual neurosensorial 
threshold in patients who do not fully cooperate. Aging 
reduces amplitudes of all principal ABR peaks, reducing 
the numbers and/or the synchrony of contributing units in 
the auditory nerve and cochlear nucleus [7]. What remains 
to be defined is the physiological mechanism of this phe‑
nomenon. In fact, studies with animal models have been 
made to investigate if the reduction of amplitude is due to 
a “peripheral” or “retrocochlear” involvement. Cai et al. 
[8] observed that age‑related changes involve wave I and 
wave V amplitudes, with a significant overall increase in 
the I/V ratio due to a larger age‑related wave I amplitude 
reduction, compared to wave V reduction. Moreover, 
regression analysis showed a strong correlation between 
IHC‑SGN synapses number and wave I amplitude in the 
same animals, even though species and strain differences 
have been observed in evaluating the causes of decreased 
peripheral input in age‑related hearing loss.

In the animal model, it seems that neural inhibition is pro‑
gressively reduced with aging at the level of the midbrain. 
This phenomenon seems to explain the subsistence of the 
late waves of the ABR, while aging acts progressively on 
the loss of the peripheral synapsis. These electrophysiologi‑
cal mechanisms might be the explanation of the age‑related 
progressive decrease in the temporal resolution and speech 
discrimination tasks even in the “normal hearing” elderly 
(see the paragraph “Evaluation of different domains of audi‑
tory processing”).

In addition and in relation to cognitive impairment, fur‑
ther specific tests and assessments may be necessary to 

evaluate different aspects of hearing and cognitive auditory 
processing.

Treatment options

Generally speaking, auditory rehabilitation with hearing 
aids is the most common and effective treatment available 
in most cases. Surgical treatment is limited to specific dis‑
eases (otosclerosis, damaged eardrum) and in some cases 
to ones that can cause severe complications (chronic otitis 
media). Therefore, in some cases surgery might even worsen 
the hearing status, due to the need to remove the external or 
middle ear structures that contribute to the transmission of 
sound to the inner ear. Hearing aids are commonly suggested 
or prescribed by the physician when the hearing threshold 
significantly impairs the speech comprehension in every‑
day life. Hearing aid configuration and fitting is provided 
by the audiologist, who adjusts the device according to the 
patient’s audiogram and needs. Hearing aids have become 
more and more sophisticated and technologically advanced 
in the last few years, providing a great variety of possibilities 
in sound amplification, compression, and probably most of 
all in sound pre‑processing: scene analysis to reduce noise, 
directional microphones, and connectivity accessories have 
greatly improved hearing aid effectiveness, but have also 
raised costs. In some countries hearing aid provision is par‑
tially or completely paid for by the health care system but in 
some others it is not, or not completely, potentially prevent‑
ing access to these devices for lower income families. It is 
therefore important that the choice of a hearing device is 
adapted not only to the patient’s hearing status/necessities 
but also to the actual socio‑economic conditions.

In case of severe to profound hearing loss, amplification 
by means of hearing aids may not be sufficient to guarantee 
a good auditory performance, making the cochlear implant 
the best choice for these patients. Cochlear implants were 
first developed in the 1960 s [9] and have become more and 
more effective in providing a serviceable hearing in cases 
of profound hearing loss. Due to technical aspects, hearing 
provided by a cochlear implant is substantially different from 
physiological hearing: the perception of rhythm (temporal 
perception) is similar to normal hearing and hearing aid 
users, but the perception of pitch (spectral perception) is far 
worse [10]. Speech is a highly redundant signal (i.e., a sig‑
nal with auditory cues exceeding what is usually necessary 
to understand speech) and for this reason speech intelligi‑
bility is easily achievable with a cochlear implant. At first, 
cochlear implant surgery was reserved only for children with 
congenital deep hearing loss, but the potential improvement 
for adults and even the elderly has become more and more 
evident. Both adults and the elderly may significantly benefit 
from cochlear implant in terms of hearing outcome and qual‑
ity of life [11]. Careful audiological counseling is mandatory 
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before cochlear implant surgery, along with the support of a 
speech therapist: after the surgery and the activation of the 
device, the patient needs to undergo speech therapy in order 
to train the auditory system to interpret and decipher the 
stimuli provided by the cochlear implant. Also, cognitive 
evaluation is a fundamental part in counseling, since weak 
cognitive resources may interfere with speech training in 
cochlear implant users and patients with severe cognitive 
impairment may not benefit at all from a cochlear implant. 
Nonetheless, poor cognitive performance is not an absolute 
contraindication for the choice of the cochlear implant as 
a rehabilitation strategy, but it may affect the pre and post‑
surgical management.

Beyond age‑related hearing loss: auditory 
processing in the elderly

In some cases, patients who come to the Audiology Clinic 
may complain of specific hearing problems: difficulties in 
hearing in noisy environments, in hearing people that talk 
fast or even “hearing without understanding,” meaning that 
they can hear the sound itself, but not the information it 
carries. The pure tone hearing threshold in these patients 
often shows mild or moderate hearing loss, in contrast with 
a poor performance at the IMST or even at the speech audi‑
ometry. In these cases, rather than a sensory impairment, 
hearing difficulties are ascribable to an altered processing 
of the auditory information. Sound contains various types 
of information: where the sound comes from (spatial infor‑
mation), how the sound changes in time (temporal envel‑
opment and temporal fine structure), and pitch and timbre 
contents (spectral information). All these characteristics are 
encoded by the hearing system and analyzed by the central 
nervous system in order to extract the information. Also, 
sound comes to the central nervous auditory regions through 
two ears, requiring neural integration of the two signals to 
avoid interaural interference.

All these functions may be altered in an aging brain, 
especially when a certain degree of cognitive decline is also 
present, in particular, when working memory is involved 
[12]. The evaluation of these aspects, together with a com‑
prehensive analysis of cognitive decline, may lead to a bet‑
ter understanding of how cognitive decline and auditory 
processing are related and, possibly, to the development of 
specific rehabilitation strategies.

Evaluation of different domains of auditory 
processing

Many tests that evaluate auditory processing have been 
developed over time, and each is specific for a particular 
auditory process.

One of the most studied functions, which seems to be 
related to impaired speech perception when altered [13], is 
temporal processing. Among these tests, the gap‑in‑noise 
test has been extensively studied and provides data relatable 
to speech acoustics: in this test subjects are asked to detect 
a brief interruption in continuous noise. Normal young sub‑
jects are capable of detecting gaps up to 3–4 ms [13, 14], 
while the elderly are only capable of detecting longer gaps. 
The ability to detect brief changes in sound over time, when 
applied to speech, becomes important in order to detect brief 
sounds such as consonants, especially stop consonants. The 
gap‑in‑noise test is simple and repeatable and requires a 
moderate degree of collaboration and attention. This test, 
however, may be imprecise due to the non‑verbal nature of 
the stimulus. For this reason, some authors [15] have con‑
ducted tests with speech and non‑speech stimuli and have 
confirmed that in both these conditions the detectable gap 
was longer for the elderly compared to the control group.

Another auditory processing function is the ability to 
distinguish sounds of different frequencies and frequency 
composition. This ability is called spectral resolution. One 
of the tests that tries to highlight this function is the spec‑
tral ripple test, in which a sound made up of a broad band 
of frequencies is presented to the patients. In this stimulus 
the frequency is amplitude modulated. In other words, the 
relative intensity increases from lower to higher frequen‑
cies, reaches a peak, and then decreases, describing various 
crests, called “ripples.” The number of ripples can be varied 
in order to obtain sounds with closer or farther crest tips. 
This particular sound is then presented to the listener, who 
is asked to discriminate it from a broad band noise or from 
another spectrally rippled stimulus with a different number 
of ripples. The ability to distinguish between stimuli with 
a high and similar number of ripples per octave reflects a 
good spectral discrimination capability. An association 
has been reported between spectral ripple test performance 
and hearing in noisy environments, especially in cochlear 
implant users [16]. More recently, to avoid possible loud‑
ness cues caused by crest tips that may lead to the identifi‑
cation of the sounds regardless of their spectral content, a 
modified spectral ripple test has been developed [17]: the 
spectral temporally modulated ripple test (SMRT) also uses 
amplitude‑modulated broad band sounds, but the modula‑
tion varies over time, shifting the crests along the frequency 
range of the sound while it is played. In this test, specific 
loudness cues cannot be identified because they are not static 
over time, but the spectral distance between crests is main‑
tained, thus allowing the listener to spectrally discriminate 
the stimuli. SMRT test performance has been reported in 
relation to speech hearing in noise [17] and could potentially 
reveal useful information for a more precise device fitting 
for hearing aid users.
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Lastly, another important aspect of auditory processing 
is binaural integration. In the presence of inadequate cen‑
tral auditory functioning, the signals coming from both ears 
may interfere with each other, resulting in a deterioration in 
auditory perception. To evaluate this aspect, dichotic listen‑
ing tests are usually implemented. In these tests, the patient 
is synchronously presented with two different stimuli, one 
in each ear, and is asked to repeat them. The stimuli used 
may be phonemes, words, and sentences. A similar test to 
evaluate binaural integration is the staggered spondaic word 
test, in which two different two‑syllable words are presented 
one in the right ear and one in the left ear not entirely syn‑
chronous: the second syllable of the first word and the first 
syllable of the second word overlap, thus allowing central 
cognitive integration in understanding the two words, using 
the syllables that are not overlapped as semantic cues. When 
these tests are altered, typically patients show right‑ear 
dominance: the stimulus that is correctly identified is more 
frequently the one presented in the right ear, which occurs 
because the pathway to the auditory cortex is more direct 
for the right ear than for the left. Like the previous test, an 
altered binaural integration may imply different rehabilita‑
tion strategies.

Possible implications of auditory processing in aural 
rehabilitation

Considering the complexity of sound and the high techno‑
logical development in hearing aids and cochlear implants, 
highlighting specific auditory central functioning of patients 
may lead to more tailored and efficient methods of aural 
rehabilitation, and consequent improvement in hearing and 
daily life.

A patient showing binaural integration impairment, for 
example, may not benefit from a bilateral hearing aid. Con‑
versely, the patient may get a better advantage from using 
only a single hearing aid (preferably in the right ear), if the 
hearing threshold is similar between the two ears. Reduction 
in spectral resolution may direct the audiologist to specific 
compression strategies for sounds, even if compression may 
not work with a perfect spectral resolution, to the point in 
which traditional analog hearing aids may result similar in 
hearing outcome than more modern digital ones. Lastly, 
temporal processing ability decay is probably the most chal‑
lenging central auditory condition to treat. To properly bal‑
ance this impairment, a combined cognitive and audiological 
rehabilitation program could be useful, to implement and 
train different cognitive strategies capable of reestablishing 
a hearing that is good enough to sustain social activities in 
daily life.

In general, reduced compliance to hearing aids use is fre‑
quently considered a sign of poor cognitive performance 
or psychological disturbances, but we should consider that 

hearing difficulties or inadequate hearing aids’ fitting may 
lead to frustration for the patient. In certain cases, the dis‑
comfort can be reduced by a tailored fitting based on an 
in‑depth audiological evaluation, thus facilitating the overall 
management of fragile patients. In general, a good auditory 
outcome is not impaired by the age of the patient [18] or by 
how long the patient has had auditory deprivation [19], but 
clinicians and families should be aware that the best results 
might require longer than younger patients. Moreover, new 
hearing aids and cochlear implants enable Bluetooth® con‑
nection with smartphones and microphones, thus improving 
hearing performance and remote communication, which may 
be particularly advisable in a time in which fragile patients 
should be protected by all means [20].
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