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Abstract

Dementia incidence is growing at an
impressive rate worldwide, mostly affecting
old age subjects. Looking and considering
the disease as the same in younger adult
does not seem the successful way to find a
proper solution regarding prevention and
therapy this since there are too many differ-
ences between these two forms from bio-
logical to clinical aspects. Three question
arises from a deep reflection on dementia in
the oldest old: i) if it is a continuum with
physiological brain aging; ii) what are the
linking mechanisms underlining the disease
and brain normal aging; iii) if or how it is
possible to prevent or manage the disease
differently in this population. We strongly
believe that dementia is not an inevitable
result of ageing, but when it appears in the
oldest olds, it assumes distinctive character-
istics of a geriatric syndrome where etiolo-
gy, pathogenesis, clinical manifestations,
course of the disease and management
require a patient-tailored approach that can
not be separated from a careful multidimen-
sional evaluation.

Introduction

In the midway of this our mortal life,
I found me in a gloomy wood, astray
Gone from the path direct…

Dante Alighieri, The Divine Comedy
translated by Henry Francis Cary

Age remains the most important risk fac-
tor for dementia and, along with the aging of
the population worldwide, prevalence and
incidence of the disease are growing at an
impressive rate. Dementia is an umbrella
term used to describe a group of symptoms
characterized by a loss of cognitive and
social functioning as well as behavioral
changes. The prevalence of Alzheimer’s dis-
ease (AD), the most common cause of
dementia, is estimated of 48 million of per-
sons in the world1 and the most of people

affected are the so-called oldest olds, i.e.
those aged 85 years or more. Approaching
dementia later in life, clinicians can immedi-
ately appreciate the sense of impotence given
by the complexity of such a disease, which
assumes in this population the distinctive
characteristics of a geriatric syndrome.
Everything is complex in the oldest old:
identification, diagnosis, management, treat-
ment. Distinguishing brain aging from
dementia is a hard job. Clinicians might
experiment with the feeling of being lost,
such as in a gloomy wood, considering how
distinctive and different dementia is in the
oldest as compared to the youngest subjects.
The current research looks like a race against
time to gain an early diagnosis with, unfortu-
nately, no satisfying efficacious treatment at
the moment. Furthermore, we are forgetting
that, even if the oldest old represent the
largest and fastest growing population with
dementia, the majority of research efforts are
still mainly focused on the younger popula-
tion. Thus, an improved understanding of the
physiopathological basis of dementia in this
oldest population is of urgent and great
importance.

Brain aging and dementia:
exploring the connections

Aging is defined as the progressive
decline in physiological functions which
leads to increased vulnerability to diseases
and ultimately to death. With advancing
age, the majority of people experience
declines in their ability to learn and recall
new information. However, in healthy
aging, these changes are very different from
dementia, along with their neurobiological
correlates. Understanding the nature of
these cognitive changes as well as associat-
ed brain alterations represents a novel start-
ing point for preventive and potential cura-
tive strategies. The nature of the relation-
ship between brain aging and dementia
must be identified in the biological peculiar-
ity of the brain: an organ consisting of
perennial cells (neurons), almost unable to
regenerate and without the possibility of
replacement in old age. Neurons are strong-
ly connected to each other: it has been esti-
mated that the human brain has about 1011

neurons connected by 1014 synapses.2

Therefore, every single neuron can reach
about one thousand connections with the
others and even if there was a hypothetical
neuron turnover, it would restore, for each
neuron, all the pre-existent links to avoid
the loss of neuron function. This seems
quite complex and tricky to happen. Thus,
the advantage of a post-mitotic system is

that the information acquired over time per-
sists throughout life as stored as memory.
The disadvantage consists in the fact that, as
the system becomes old and damaged, its
perfect and powerful functional capacity
inevitably declines. Just like a last-genera-
tion phone, where the complexity and the
high quality of its performance make it a
delicate and sensitive tool over time.

As all our tissue, organs, systems and
whole body, the brain during life undergoes
cellular variations linked to aging, where
cellular senescence represents the central
element and the core feature of the so-called
age-related changes (ARCs).3-6 Altogether,
these changes can be considered as the
result of an energy failure, leading neurons
and other brain cells to a progressive
decline, which ultimately limits the func-
tional brain capacity. The decline of energy,
mainly due to mitochondrial dysfunction,
causes an increased entropy (defined as a
measure of disorder according to the second
law of thermodynamics). We can image that
a cell is similar to a factory. The factory has
a multitude of machines that metabolize
food, repair DNA and dispose of garbage.
The operators of these machines are the fac-
tory’s workers-proteins. The industry is
powered by chemical energy, which is pro-
vided by the mitochondria. However, like
any chemical power source, it leaves behind
unwanted waste, and when that is not dis-
posed of properly, it will accumulate and
damage the industry’s functioning. Over
time, cells lose their ability to function cor-
rectly, causing damaged or dead cells to
accumulate in our body.

Thus with aging, the biological process-
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es that normally keep up brain structure and
function decline inevitably, and altered mis-
folded proteins start to accumulate (amyloid,
tau, α-synuclein, TDP-43 and so on).7 ARCs
determine a series of structural changes
characterized, at the microscopic level, by
the reduction of the number of neurons, den-
dritic arborizations and synaptic buttons as
well as an increase of glial cells, especially
in the cortical and extracellular space. All
these changes lead to macroscopic changes
such as reduction: i) of total brain weight
and volume; ii) thickness of the prefrontal
cortex; iii) hippocampal volume; and iv) an
increase of the liquor cavities. Altogether,
these changes affect the functional level.
The processing speed (such as automatically
performing easy tasks), the working memo-
ry (use the newly learned information such
as a telephone number) as well as the
episodic memory (keep and retrieve recent
information, such as the shopping list) pro-
gressively reduce along with aging. On the
contrary, the ability to use information relat-
ed to one’s autobiography and common
knowledge, known as historical memory,
strongly maintains or improves over time.
Just what makes an old person wise.
However, even if the brain aging represents
an inevitable process in our life, something
happens in some people who reach 90 years
without dementia. If we think that Sophocles
wrote Oedipus in Colonus when he was 89
years old, during a time in which the lifes-
pan was surely shorter than now, two impor-
tant issues come to light: the need to better
understand the resistance mechanisms as
well as preventive, strategies for dementia
even, later in life.

Resistance mechanisms: the reserve
Dementia in the oldest olds is a still

barely explored landscape made of different
characteristic compared to young olds
regarding pathogenesis and clinical presen-
tation. While the majority of young patients
with any kind of dementia show pathology
commensurate with the severity of their
cognitive impairment, in the oldest olds
many individuals with abundant brain
pathology are cognitively normal. For
example, about 20% to 30% of cognitively
normal elderly have a substantial amyloid
deposition in the brain comparable to the
levels observed in AD.8 To further compli-
cate the matter, neuritic plaques also occur
in not demented old age subjects.9 These
observations suggest that the brain can tol-
erate a high damage accumulation without
cognitive dysfunction. Interestingly, the
brain, in the context of structural changes,
puts into effect compensatory mechanisms
characterized by: i) plasticity, or the ability
to increase, after appropriate stimulation,

the dendritic arborization, managing to keep
active the different neuronal circuits; and ii)
redundancy or the availability of circuits
neuronal accessories that can substitute the
main one when irreparably altered. These
mechanisms express the ability of the senile
brain to guarantee performances not sub-
stantially different from those of the young
brain, as it can compensate for structural
losses with the activation of a greater num-
ber of neuronal circuits. In fact, functional
imaging studies have shown that older peo-
ple show more elaborate brain activation
than younger controls when performing the
same motor tasks.10,11 These compensatory
mechanisms are the basis for the brain
reserve or resilience. However, this model
presupposes the existence of a fixed limit,
which, once reached, inevitably announces
the appearance of clinical manifestations of
cognitive decline. Interestingly, a study
from an Israeli group showed a pattern of
reduced functional connectivity (as evaluat-
ed by functional magnetic resonance imag-
ing) in highly functioning nonagenarians
during a recognition memory task, as com-
pared to younger subjects.12 This finding
suggests the existence also of the cognitive
reserve, indicating the existence of neu-
ropathological damage resilience, defined
as the ability to optimize and maximize per-
formance. The brain can be imagined as a
large-scale network, not much different
from many social or technological net-
works. Just like social networks, brain net-
works contain subnets or systems of highly
correlated or interacting nodes (in the case
of the brain, nodes can represent neurons or
brain areas). Along with aging, there is a
decrease in the segregation of brain sys-
tems,10 which reflects the degree to which
they share inter-connections closely related
to the ability of cognitive functions. This is
a model of efficiency, and it implies that the
task is processed with fewer resources until
the connections are completely lost. The
cognitive reserve represents what is
acquired, learned throughout life by all past
experiences. In a few words, it represents
the amount of highly correlated or interact-
ing nodes that we were able to build during
life. It is possible to conjecture that highly
performing oldest old could build more
close connection and nodes. Several factors
that predict a lower risk of dementia,
including high-quality education, occupa-
tional complexity, and balanced diet, were
also associated with the biological advan-
tage of cognitive reserve.13 According to
this hypothesis, elderly people with a high
level of cognitive reserve may remain
dementia-free in spite of cerebral neu-
ropathological changes. Using an analogy,
brain reserve can be seen as the hardware,

while cognitive reserve like the software of
our brain-mind system. Therefore, the inter-
individual differences observed in the
course of aging would find their origin both
in the brain at the structural level (individu-
als endowed with a more important number
of neurons or synapses would benefit from
a higher cerebral reserve); and at the func-
tional level (the efficacy, the capacity and
the flexibility of the available networks of
functional connections between neurons, or
of the cognitive processes assigned to the
processing of information, would allow ask-
ing for networks of connections or alterna-
tive cognitive processes to compensate the
damages due to pathology).

Prevention strategies of dementia
later in life

While there is a broad consensus on the
need to develop drugs specific for prototyp-
ical cognitive decline in young old, the
mosaic nature of the molecular and cellular
neuropathology in the oldest old makes
harder the efficacy of a tailored drug. For its
nature, dementia in the elderly may repre-
sent an advantage for the clinicians in tak-
ing advantages from peculiar prevention or
cognitive stimulation strategies to boost
neuronal plasticity and brain resilience.14

Acting on dementia prevention, interven-
tion, and care will improve living for indi-
viduals affected and their families.
Pathological cognitive decline is not an
inevitable consequence of aging, and there
are potentially modifiable health and
lifestyle factors from different phases of life
that, if corrected. Collectively it is never too
late to reduce dementia risk. People born
more recently have a lower risk to suffer
from such a disease than who born earlier in
the past century and the scale of the reduc-
tion identified is in line with major reduc-
tions in risk factors, such as higher levels of
education and health satus.15 Modifiable
risk factors changes during life. For exam-
ple, a low educational level in early life
results in lower cognitive reserve. Many
factors increase dementia prevalence
(hypertension, obesity, vascular incidents as
well as survival after stroke and multimor-
bidity) mainly acting in the middle age.
Even if, cardiovascular risk factors in adult
life have a prevalent role in determining
dementia in the oldest olds, but their rela-
tionship in the oldest old is not as linear as
compared in the young old. Surprisingly, in
the oldest-old late-life hypertension16,17

seems to be protective for dementia while
other factors such as diabetes, smoking,
depression, lack of physical exercise and
social isolation maintain a decisive role.17

Another common risk factor for cognitive
decline is the age-related neurosensory loss
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that affects more than half individuals aged
over 75 years.18 Notably, several studies
showed that association between presbycu-
sis and cognitive impairment was not the
consequence of the sole poor verbal com-
munication, that can confound cognitive
tests, but it was also maintained when using
nonverbal cognitive tests19 and that inter-
ventions that restore hearing might be effec-
tive for alleviation of late-life cognitive dis-
orders.20 Indeed, polypharmacy, strongly
linked to multimorbidity, plays a silent and
sneaky role with special regard to those
medications with anticholinergic properties:
antiemetics, antispasmodics, bronchodila-
tors, antiarrhythmic drugs, antihistamines,
analgesics, antihypertensive, antiparkinson-
ian agents, corticosteroids, skeletal muscle
relaxants, and psychotropic drugs. A large
metanalysis showed that exposure to anti-
cholinergic drugs might increase not only
the risks of cognitive impairment but also
the risk of falls and all-cause mortality in
the oldest olds.21

Conclusions and final remarks

The number of people with dementia is
increasing globally and in particular in
older populations. In the presence of an old-
est old with cognitive impairment, it is
essential to consider that multiple condi-
tions may be able to take part in its expres-
siveness or in itself induce it. In this con-
text, the patient approach cannot be separat-
ed from a careful multidimensional evalua-
tion. In particular, the comorbidity can be
used as a therapeutic opportunity, the one
that represents the geriatric paradox. To
improve cognitive functions, people with
dementia should be offered   cholinesterase
inhibitors or memantine. Unfortunately,
very old patients often do not yield to ther-
apy. Younger age is associated with better
anatomical and functional conditions of the
brain that may positively act a better short-
term effect of treatment,22 but exclusion
from drug prescription based on age is
unappropriated. In fact, it has been demon-
strated that the oldest age is associated with
a slower progression of the disease inde-
pendently of the initial response during the
next years of treatment as compared with
subjects with a first positive response.23

Another crucial issue is the social and fam-
ily support to these patients. Family carers
are at high risk of depression and most
importantly, in the aged world of dementia,
having an aged caregiver is very common.
The family is still considered essential to

guarantee the quality of life of people with
dementia, for whom home is the best and
preferred care setting. A failure in caregiver
health may collapse this fragile support sys-
tem. People with dementia and society need
protection from possible risks of the condi-
tion, including self-neglect. A third of older
people die with dementia, so it is essential
that professionals working in end-of-life
care consider whether a patient has demen-
tia, because they might be unable to make
decisions about their care and treatment or
express their needs and wishes. Indeed,
technological interventions have the poten-
tial to improve care delivery but should not
replace social contact.

Altogether, the geriatric approach
might be the way to exit from the gloomy
wood and see even by little, the light
beyond the trees.
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