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tween hearing impairment and cognition may have impor-
tant implications for the screening and diagnosis of cogni-
tive decline in older people with hearing impairment.

 © 2016 The Author(s)
Published by S. Karger AG, Basel 

  Introduction 

The progressive reduction in most cognitive abilities, 
leading to increased dependency and social isolation are 
devastating consequences of cognitive impairment and 
dementia in the elderly.  Dementia is differentiated ac-
cording to the etiology of either vascular dementia or 
neurodegenerative dementia, such as Alzheimer’s dis-
ease, Lewy body disease, and frontotemporal disease 
[Prince et al., 2013; Bang et al., 2015; Walker et al., 2015].  
 Dementia is characterized by a devastating reduction in 
cognitive abilities including control of behavior, learning, 
memory, attention/sleep, language, intelligence, percep-
tion and visceral/sexual activities as well as functional in-
dependence and social relationships, and represents the 
most frequent brain disorder.

  Over the last 10 years, medical research has addressed 
the association of cognitive impairment with hearing loss; 
however, there are many still unanswered epidemiologi-
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 Abstract 

 Cognitive impairment and dementia are characterized by a 
progressive and devastating reduction in most cognitive 
abilities, functional independence, and social relationships. 
Dementia represents a substantial financial burden on soci-
ety, one that is comparable to the financial burden of heart 
disease and cancer. Due to its insidious onset, cognitive im-
pairment can be clinically silent for several years; therefore, 
diagnosis occurs late in the disease process, and treatment 
becomes almost useless. The identification of predictors of 
dementia may help identify the pathophysiological mecha-
nisms underlying the disease and lead to the development 
of a more effective medical diagnosis and therapy, and thus 
an early treatment. Review of the literature suggests that in 
those individuals with less cognitive impairment (normal/
predementia group), hearing loss has an association with 
language comprehension, and when cognitive impairment 
increases (moderate or severe dementia group), the contrib-
uting effect of hearing loss as a cognitive ability-impairing 
factor also increases. Greater understanding of the links be-
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cal and clinical questions [Peracino, 2014]. Frank Lin and 
colleagues [Lin et al., 2013, 2014] published a number of 
papers showing that hearing impairment in older adults 
is independently associated with dementia in cross-sec-
tional studies and with accelerated cognitive decline and 
incident dementia in longitudinal studies. The associa-
tion of hearing loss with cognitive impairment underlies 
the importance of understanding those factors that con-
tribute to the decrease in cognitive functions and may 
have important implications for screening and diagnosis 
of cognitive decline in hearing-impaired elderly [Imtiaz 
et al., 2014].

  Prevalence and Costs 

  Dementia  represents a substantial financial burden on 
society, one that is similar to the financial burden of heart 
disease and cancer. In the aging population, understand-
ing cognitive functions represent a fundamental target 
that is receiving the attention of health systems world-
wide. The percentage of the world’s population of people 
over 60 years of age is expected to increase. The numbers 
of people with dementia in high-, middle-, and low-in-
come countries between 2010 and 2050 is expected to in-
crease from 35 million to 115 million [Alzheimer’s Dis-
ease International, 2010]. In 2009, the prevalence of de-
mentia among the population aged 60 years and older 
ranged from 6.5% in France (and 6.4% in Italy) to 3.4% in 
India with an average of 5.5% for members of the Con-
vention on the Organisation for Economic Co-operation 
and Development (OECD) [Wimo et al., 2010]. In 2010, 
the estimated prevalence of dementia among individuals 
older than 70 years of age in the USA was 14.7% [Hurd et 
al., 2013]. Every year, between 6 and 9 million people suf-
fer from dementia in Europe, the majority being older 
women.

  The yearly monetary cost per person in the USA at-
tributable to dementia, published in 2013, was either USD 
56,290 (USD 42,746–69,834) or USD 41,689 (USD 
31,017–52,362), dependent upon the method used to val-
ue informal care [Hurd et al., 2013]. These individual 
costs suggest that the total monetary cost of dementia in 
2010 was between USD 157 billion and 215 billion [Hurd 
et al., 2013].   In Europe, the annual economic burden for 
direct and indirect costs of all brain diseases exceeds EUR 
790 billion in comparison to EUR 200 billion spent for 
cardiovascular disease and EUR 150 billion spent for can-
cer [Olesen et al., 2012].   In 2009, the direct cost of demen-
tia as a percentage of the gross domestic product in the 

population aged 60 years and over ranged from 0.79% in 
Italy (0.77% in France) to 0.13% in Turkey, with an OECD 
average of 0.49 [Wimo et al., 2010].

   Untreated hearing loss  in Europe is projected to cost 
EUR 213 billion in 2025. It is estimated that 900 million 
people throughout the world will be hearing impaired, 
and it is expected that around 90 million of these people 
will be from Europe [Shield, 2006; Roth et al., 2011]. The 
yearly costs of untreated hearing loss in some European 
countries range from a high of EUR 32,000 in Germany 
to EUR 22,400 in France, EUR 22,000 in the UK, and EUR 
21,300 in Italy, to lows of EUR 16,300 in Spain and EUR 
14,000 in Poland (included in those costs are both direct 
and indirect costs of hearing impairment) [Evaluation of 
the Social and Economic Costs of Hearing Impairment, 
2006]. The total operating room time for unilateral and 
bilateral simultaneous cochlear implantation is 3 and 4 h 
37 min, respectively, with a mean difference of 1 h and 36 
min. The total direct costs for a unilateral cochlear im-
plant (excluding implantable device and surgeon fees) in 
2014 were USD 4,362, compared to USD 5,823 for a bilat-
eral cochlear implant. Simultaneous bilateral cochlear 
implantation can lead to a potential saving of USD 2,901 
compared to sequential implantation [Merdad et al., 
2014].

   Open questions: 
  It is very difficult to find the real numbers on the prevalence of 

dementia and hearing loss in different countries: Are local organi-
zations interested in developing or determining the prevalence? 
Are countries interested in helping families treat their relatives af-
fected by dementia?

  Early Predictors of Dementia 

 Biomarkers 
 Dementia is associated with aging and in most cases 

develops and is present subclinically several years before 
the clinical manifestations. As of today, a major research 
effort has been focused on the diagnosis of dementia, es-
pecially neurodegenerative dementia, when the disease is 
still clinically silent. In fact, the identification of predic-
tors of dementia may lead to early treatment and may 
help identify the pathophysiological mechanisms under-
lying the disease. Several early markers of the disease, 
such as biological markers in blood and cerebrospinal 
fluid and neuroimaging, have been studied, findings 
which could aid in the early diagnosis of Alzheimer’s dis-
ease [Blennow et al., 1995; Dubois et al., 2007; Uberti et 
al., 2008; Zwan et al., 2014].
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  During the past few years, several biomarkers have 
been studied to identify dementia in its early phase. Ex-
amples are the measurement of β-amyloid and tau pro-
tein in cerebrospinal fluid [Andreasen et al., 2003; Prvu-
lovic and Hampel, 2011], precursor of β-amyloid in plate-
lets   [Vignini et al., 2013] and plasma lipid profile   [Pani et 
al., 2009; Mapstone et al., 2014],   and circulating unfolded 
p53   [Uberti et al., 2008].

  Several biomarkers also for early Alzheimer’s disease 
detection such as cerebrospinal fluid tau protein and 
β-amyloid levels have been proposed [Blennow and 
Hampel, 2003]; moreover, promising biomarkers are de-
tectable in peripheral blood and/or saliva samples [Uber-
ti et al., 2006, 2008; Lanni et al., 2007]. In particular, un-
folded p53 protein in blood has been found to be a predic-
tive biomarker for progression from mild cognitive 
impairment to fully developed Alzheimer’s disease   [Lan-
ni et al., 2010]. Additionally, a redox profile alteration has 
been measured with a newly validated method in saliva 
samples   [Prandelli et al., 2013].

   Open question: 
  The prediction of dementia and the clinical steps leading to de-

mentia represent a key unresolved topic: What must be done to 
develop a rigorous approach to prediction and, possibly, to pre-
vention of cognitive impairment?

  Sensorial Impairments 
 Amongst predictors of dementia, impairments in 

hearing, vision, olfaction, and taste have been identified 
[Behrman et al., 2014]. In particular, it has been shown 
that people with dementia have difficulties with recogni-
tion and identification of odors, suggesting a link to im-
pairment of higher cognitive function. Olfactory impair-
ment is seen in many neurodegenerative conditions but 
the recognition and identification of odors has not been 
clearly identified as a link to impairment of higher cogni-
tive function, and there is a lack of uniformity in the re-
sults from several studies. However, olfactory impair-
ment has been shown in some studies to be predictive of 
conversion from mild cognitive impairment to Alzhei-
mer’s disease with 85.2% sensitivity [Wilson et al., 2009].

  Results suggest that, in the group with less cognitive 
impairment (normal/predementia group), hearing loss 
has a moderate association with language comprehen-
sion; however, when cognitive impairment increases 
(moderate/moderately severe dementia group), the con-
tributing effect of hearing loss as a cognitive ability-im-
pairing factor becomes greater. Deficient cognitive abili-
ty, rather than simply auditory problems, explains the 
language impairment in the elderly. 

  Hearing impairment has been shown to precede cog-
nitive decline in observational studies, as well; however, 
it is not clear if the hearing loss is an early marker of de-
mentia or a modifiable risk factor [Lin et al., 2011, 2013]. 
The specific mechanisms underlying the development of 
dementia may be related to the effects of hearing loss on 
cortical processing, decreasing cognitive load, and social 
isolation (due to the loss of auditory stimuli to the cortex) 
and to pathways that could precipitate other cascading 
effects of hearing loss on the health of older people. Since 
both cognitive impairment and hearing loss are age-re-
lated diseases, possible common mechanisms may un-
derlie these conditions, such as ‘inflamm-aging’ or the 
low-grade chronic inflammatory status that is character-
istic of the aging process [Cevenini et al., 2013].

  The possible relationship between audiometric hear-
ing thresholds and cognitive performance on language 
tests was analyzed in a cross-sectional cohort of older 
adults aged  ≥ 65 years (n = 98) with different degrees of 
cognitive impairment. In the predementia group, re-
duced hearing levels partially explained language com-
prehension performance but were not associated with 
language production. In the dementia group, hearing 
loss could not be considered as an explanatory factor of 
poor receptive and production-based language perfor-
mance. These results are suggestive of cognitive rather 
than simply auditory problems in explaining the lan-
guage impairment in the elderly [Lodeiro-Fernández et 
al., 2015].

  Hearing loss is associated with accelerated cognitive 
decline in older adults. Results underline the importance 
of addressing the problem of underdiagnosis and under-
treatment of hearing loss in elderly adults. The preven-
tion of cognitive aging is expected to be an international 
research priority, along with cognitive training and phys-
ical exercise interventions, which have been shown to 
have a modest but positive effect on cognitive aging. Au-
ditory rehabilitation programs should be considered as 
additional potential options to promote successful aging. 
Hearing rehabilitative treatment is complex and does not 
simply consist of using a hearing aid; therefore, a well-
designed interventional trial is necessary to demonstrate 
the effect of a comprehensive auditory rehabilitation 
program on cognitive aging [Amieva, 2015].

   Open question: 
  Hearing loss is associated with accelerated cognitive decline in 

older adults: What avenues have been or are being developed by 
the health authorities to address this problem?
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  Comorbidities with Hearing Loss 

 Vascular Dysregulation 
 Up until the late 1960s, senile dementia, as it was then 

known, was thought to be attributable to cerebral athero-
sclerosis and arteriosclerosis. Subsequently, it was thought 
that cerebrovascular disease only caused dementia when 
there were many large cortical infarcts. Pathological stud-
ies from large cohorts showed that subcortical vascular 
disease, rather than large cortical infarcts, accounted for 
most cases of vascular dementia. Mild cognitive impair-
ment caused by cerebrovascular disease has been much 
less comprehensively studied than the syndrome of mild 
cognitive impairment caused by Alzheimer’s disease, 
which is largely defined clinically on the basis of an am-
nesic deficit in the absence of dementia, although diag-
nostic criteria have been proposed [O’Brien and Thomas, 
2015].

  The presentation of early vascular disease is much 
more heterogeneous, because subtle cerebrovascular dis-
ease is common with aging. For example, in imaging sam-
ples of representative groups of patients aged over 65 
years, at least 30% are known to have had silent infarcts 
detected via brain imaging, and up to 90% have varying 
degrees of white matter lesions. Large-scale genetic stud-
ies, which have been informative in many other disorders, 
are in their infancy for vascular dementia and could add 
to the understanding of the shared risk with Alzheimer’s 
disease [O’Brien and Thomas, 2015].

  Vascular dementia is one of the most common causes 
of dementia after Alzheimer’s disease, contributing to 
around 15% of cases. However, unlike Alzheimer’s dis-
ease, there are no licensed treatments for vascular demen-
tia. Progress in the specialty has been difficult because of 
uncertainties over disease classification and diagnostic 
criteria, controversy over the exact nature of the relation 
between cerebrovascular pathology and cognitive im-
pairment, and the paucity of identifiable tractable treat-
ment targets. Although there is an established relation-
ship between vascular and degenerative Alzheimer’s pa-
thology, the mechanistic link between the two has not yet 
been identified [O’Brien and Thomas, 2015].

  Other Chronic Diseases 
 Diabetes is considered a risk factor for cognitive im-

pairment and, in longer-term cohort studies, midlife hy-
pertension and raised cholesterol are associated with the 
onset of Alzheimer’s disease in later life [Skoog et al., 
1996; Ott et al., 1999; Kivipelto et al., 2001].

  Diabetes, hypertension, obesity, dyslipidemia, and 
metabolic syndrome link to potential mechanisms con-
necting vascular risk factors and cognitive impairment 
through: (a) a cerebrovascular disease pathway with in-
farcts within the white matter that lead to vascular cogni-
tive impairment or (b) blood barrier dysfunctions that are 
associated with Alzheimer’s disease [Reitz et al., 2011].

  High blood glucose causes tiny blood vessels in the in-
ner ear to break, disrupting sound reception. Mecha-
nisms related to neuropathic or microvascular factors, in-
flammation, or hyperglycemia cause an association be-
tween diabetes and hearing loss. Up to 30% of adults with 
diabetes can experience hearing loss. 

  Hypothyroidism (underactive thyroid) causes hearing 
loss that may be conductive, sensorineural or mixed in 
nature, although it is primarily sensorineural. Most losses 
are flat, bilateral, or symmetrical with no vestibular in-
volvement. Hearing loss may increase with severity of hy-
pothyroidism.

  The kidney and blood supply in the inner ear share 
physiologic, ultrastructural, and antigenic similarities. 
Chronic kidney disease shows a higher prevalence of 
hearing loss among older adults. Diabetes is the cause of 
44% of the cases of chronic renal disease [United States 
Renal Data System, 2007].

  Inadequate blood supply and trauma to inner ear 
blood vessels can also contribute to hearing loss. Hearing 
loss appeared in almost 80% of the people who suffered 
from cardiovascular disease. Strokes, vascular trauma in 
the brain affecting the nervous system, motor, and 
thought processes, can decrease hearing on the affected 
side of the brain. Broad research has shown the negative 
influence of impaired cardiovascular health on both pe-
ripheral and central auditory systems.

  In short and longer latency incidence studies, smoking 
increases the risk for Alzheimer’s disease [Ott et al., 1998; 
Tyas et al., 2003; Juan et al., 2004; Luchsinger et al., 2005; 
Whitmer et al., 2005]. Another key pathological mecha-
nism common for several age-related diseases is repre-
sented by lipid dysregulation; numerous studies reported 
a link between lipids and Alzheimer’s disease [Xiao et al., 
2012; Mapstone et al., 2014]. In general, membrane lipids 
provide a milieu for transmembrane proteins and can 
modulate their function. The plasma lipid profile reflects 
cell membrane integrity.

   Open questions: 
  Diabetes, hypertension, obesity, dyslipidemia, and metabolic 

syndrome link to potential mechanisms connecting vascular risk 
factors and cognitive impairment: What are the links between 
such pathologies and the mechanisms of hearing loss that influ-
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ence the development of cognitive dysfunction over time? How 
can studies on the integration of auditory function with olfactory, 
biomarkers of inflammation, lipid dysregulation, and neuropsy-
chological examination serve to identify, at an early stage, the 
brain neurodegeneration and monitor its progress and the treat-
ment effects?

  The Value of Aging 

 As mentioned above, hearing impairment is observed 
to precede cognitive decline in the elderly. The manifes-
tations of age-related hearing loss in many older adults 
are subtle, and, hence, hearing loss is often perceived as 
a part of aging. However, the broader consequences of 
hearing loss in older adults may be relevant for the glob-
al health of the elderly [Helzner et al., 2005]. Indeed, 
age-related hearing loss has been found to be indepen-
dently associated with poorer cognitive functioning and 
incident dementia, such that compared to individuals 
with normal hearing, those with mild, moderate, and 
severe hearing loss have a 2-, 3-, and 5-fold increased 
risk of developing dementia, respectively [Lin et al., 
2011].

  The specific mechanisms underlying aging and hear-
ing loss are unknown but may be related to the effects of 
hearing loss on cortical processing, increasing cognitive 
load, and social isolation (due to the loss of auditory stim-
uli to the cortex) that could precipitate other cascading 
effects of hearing loss on the health of older people [Cas-
sel et al., 2016].

  Since both neurodegenerative dementia (especially 
Alzheimer’s disease) and hearing loss are age-related dis-
eases, possible common mechanisms may underlie these 
conditions. One of the shared pathogenesis mechanisms 
of age-related diseases, as already mentioned, is the so-
called ‘inflamm-aging’, which is the low-grade chronic 
inflammatory status characteristic of the aging process 
[Cevenini et al., 2013].

  Inflamm-aging is the consequence of global reduction 
in the elderly of their capability to cope with antigenic, 
chemical, physical and nutritional stressors, and of the 
concomitant progressive increase in proinflammatory 
cytokines [Salvioli et al., 2013].

  Another key pathological mechanism common for 
several age-related diseases is represented by lipid dys-
regulation; numerous studies reported a link between lip-
ids and Alzheimer’s disease. In general, membrane lipids 
provide a milieu for transmembrane proteins and can 
modulate their function. The plasma lipid profile reflects 
the cell membrane integrity and may be sensitive to early 

neurodegeneration [Prince et al., 2013; Tajima et al., 
2013; Mapstone et al., 2014].

   Open question: 
  What can be done by clinicians to better treat hearing loss in 

order to decrease the further development of neurodegenerative 
dementia? 

  Conclusions 

 Cognitive impairment and dementia are linked to pro-
gressive reduction in cognitive abilities, functional inde-
pendence, and social relationships. In the last decades, 
there has been increasing evidence that the association of 
cognitive impairment with hearing loss supports the need 
for medical research and clinical answers in this area 
[Peracino, 2014].

  Many questions have received satisfying answers thus 
far, but an efficient medical and political approach to the 
prevention of hearing loss linked to dementia is lacking. 
A number of papers [Lin et al., 2013, 2014] have shown 
that hearing impairment in older adults is independently 
associated with dementia, thus stressing the importance 
of understanding the factors that contribute to the de-
crease in cognitive function. Recent observations confirm 
that with hearing aids and cochlear implants it is possible 
to increase the mental health and the quality of life in 
adults with postlingual hearing loss [Contrera et al., 
2016].

  Understanding the possible impact of a timely identi-
fication of significant hearing loss and the subsequent ac-
cess to treatment for the aging, hearing-impaired indi-
vidual as a preventative therapy against the course of cog-
nitive decline, can help realize the value of implementing 
the appropriate programs to enable them.

  Disclosure Statement 

  The authors have no conflicts of interest to declare. 
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