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Abstract
Across the world, there is an unprecedented growth in the number
of older people, with clear implications for the prevalence of
cognitive decline and dementia. This review discusses the global
burden of dementia on individuals and societies around the world,
as well as the risk factors associated with dementia and cognitive
impairment from a life course approach. Dementia and Mild
Cognitive Impairment are etiologically discussed with a particular
focus on the role of modifiable lifestyle behaviors and their biological
mechanisms. The early life period is likely to be the most critical
for the development of cognitive reserve (learning, and education);
the midlife period is particularly sensitive to lifestyle behaviors,
environmental exposures, head trauma or depression, while the
later stage of life period seems to be more sensitive to the role of
social support and networks, physical activities or hormone therapy.
Some factors may overlap between these standard periods. For
example, the development and control of vascular and metabolic
risk factors have been shown to be particularly influential in middle
life (the 40s to 60s), whereas mental and physical activity patterns
may continue to moderate the risk of dementia from mid into later
life. Interventions targeting healthy lifestyle (e.g. exercise, diet, nonsmoking, moderate drinking and social participation) may lead to
robust effects throughout later life and could offer an increase in life
expectancy and a lower risk of dementia.
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Introduction
An important determinant of quality of life is the optimal function
of physical and mental health. Highly complex measurements can
assess mental capabilities within specific cognitive tasks, such as
memory, processing speed, attention, language, reasoning and
problem-solving. These cognitive abilities tend to decline as part of
normal aging [1]. However, the amount of cognitive decline varies
considerably depending on the level of education [2], genetic influence
[3], social class and early environment [4], lifestyle behaviors such as
alcohol consumption [5], fruit and vegetables intake [6], cigarette
smoking [7] and low exercise (both physical and mental) [8,9]. Severe
cognitive decline is not inevitable, but remains one of the greatest
concerns in present-day aging societies, as the cognitive decline is an
important predictor for the development of dementias [10,11]. With
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people living longer than ever before, developing realistic strategies
to reduce cognitive decline and thereby prevent dementia has been
regarded as a high priority by governments around the world [12].
Across the world, there is an unprecedented growth in the number
of older people, with clear implications for the prevalence of cognitive
decline and dementia. It is estimated that by 2050 over two billion
people (30% of the total population) will be over 65, and there is a
high probability that they will be exhibiting the most common motor
and cognitive behavioral changes that occur with aging [13]. Along
with the increase in the number of older people in the population,
life expectancy has also been continuously increasing in the last few
decades.
With an accompanying continuous decline in mortality and
fertility rates, the aging of the population has now become a worldwide
phenomenon, and this shift is no longer restricted to high-income
countries [14].

Dementia: a public health issue
Associated with older age, pathologies such as dementia have
become leading public health concerns of modern populations. A
consequence of the increase in lifespan is that in 20 years time there
will be nearly twice as many people with dementia in the world as
there is today.
The term "dementia" refers to a group of neurodegenerative
diseases that are characterized by a progressive decline in multiple
cognitive functions, resulting in impaired daily activities [15].
People with dementia suffer from amnesia (loss of memory), aphasia
(language impairment), apraxia (impaired ability to carry out motor
activities despite normal motor function), agnosia (failure to recognize
or identify objects despite intact sensory function) or decreased
reasoning ability. A distinction has often been made between two
groups of dementias: primary degenerative dementia (e.g. Alzheimer's
disease) and secondary dementia (e.g. vascular dementia), which
is caused by the development of another illness [16]. However, the
distinction between degenerative and vascular dementia has been
breaking down to some extent, as there is evidence to suggest that
the latter contributes to the etiology of the former [17]. Rare forms
of dementia can result from other causes, such as alcohol poisoning,
brain tumor or human immunodeficiency virus (HIV) [15].
Research into dementia progression suggests the existence of a
progressive decline in cognitive function before the actual diagnosis
of dementia. Therefore, it is critical to study the subtle cognitive
changes that seem to appear from early midlife [18-21] in order to
detect people at risk of developing dementia. People with cognitive
functioning lower than normal may be diagnosed with "Mild Cognitive
Impairment" (MCI). This concept was first proposed by Petersen,
as a nosologic entity referring to elderly individuals with the mild
cognitive deficit, but without dementia. Even if the clinical criteria
for the diagnosis of MCI is still evolving today, the terminology has
become widely used and accepted by practicing clinicians.
Currently, the criteria for clinically probable AD identify people
after a substantial degree of cognitive decline has occurred. According
to many findings, up to 50% of individuals with MCI develop
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dementia within five years after diagnosis [23,24]. The prevalence of
dementia is approximately 1.5% among those aged 65, and this seems
to double every five years, to over 30% in people over 85 [25,15].
With the increasingly aging population, the number of older people
affected by dementia may be rising in parallel. There are currently
24.3 million people with dementia in the world, with an estimated 4.6
million new cases every year. This is the equivalent to one new case
every seven seconds. The number of older people affected by dementia
is projected to double approximately every 20 years to 42.3 million in
2020 and 81.1 million by 2040 [21].

Impact and prevention
Cognitive impairment and dementia result in functional,
psychological and financial problems. In cases of severe deficits in
memory or motor function, hospitalization or residential care is a
likely outcome, putting a financial burden on healthcare services.
Reducing or preventing age-related decrements in the neuronal
function will curb the otherwise exponentially rising healthcare
costs. The human burden is enormous, not only for sufferers, family,
and friends but also in economic terms to the state in general. Since
cognitive decline frequently precedes dementia, it is important
to understand what predicts cognitive decline and what could
potentially prevent dementia. The application of preventive thinking
with regard to dementia is relatively recent. Primary prevention has
been centered on delaying clinical symptoms rather than on avoiding
initial pathogenic events that can occur decades before the disease
becomes expressed [26]. An increased focus on primary prevention
is now on developing interventions to prevent the progression of
neuropathology before irreversible damage is done. This, however,
depends on early identification of people at risk. Primary prevention
may depend on the initiation and maintenance of behavioral changes
to delay cognitive decline, but research is essential to clarify its validity.
While descriptive epidemiology is useful in investigating the
impact of dementia in a population, analytical epidemiological studies
are important for the identification of disease risk factors. Risk factors
can be divided into modifiable and non-modifiable ones. Those
that are modifiable discriminate the obvious targets for preventive

treatment or behavior modification, and some of these (alcohol
use, smoking, physical activity and diet) could impact dementia
risk independently and in combination. The non-modifiable risk
factors are still important in understanding the pathogenesis of the
disease. These include age, sex, family history and genetic factors. As
demonstrated in the incidence and prevalence studies of dementia
mentioned above, age was the most consistent risk factor across
many studies [27,28]. The longer a person lives, the more time
there is for plaque accumulation and the greater the likelihood that
clinical dementia will occur. Also, the maturing brain is exposed
to a lifetime of changes, and small insults such as oxidative stress,
trauma, inflammation and white matter disease from small vessel
ischemia may slowly accumulate over the years, eventually to become
symptomatic.

A life course perspective
For a long time, "age" was considered in a purely chronological
sense, disregarding essential pathways grounded on biological,
psychological and social contributions. A life course approach
underlines the need to study the long-term, complex interplay
among genetic, biological and psychological mechanisms from birth.
This approach encompasses evidence that adult functioning and
age-related chronic diseases have their origins at different points in
the life course, and share common risk factors across. Adult health
and disease risk can be linked to physical or social exposures which
occur during gestation, childhood, adolescence, adult life, or across
generations [29]. With such models, lifestyle risk factors contributing
to the development of chronic diseases are measured over the life
course and are considered cumulatively.
Risk and protective factors for cognitive decline and dementia
can also exert their influence at different times in the life course. Life
course epidemiology can examine the association between modifiable
risk and protective factors, and address the hypothesis that an active
and socially integrated lifestyle in later life may protect against
AD. This can be incorporated into a general model of dementia
occurrence, taking into account different risks and protective factors
acting throughout the life course (Figure 1) [30]. Childhood cognitive

Figure 1: The timeline of risk and protective factors for dementia from a life course approach [30].
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ability and education correlate highly with cognitive ability in midlife
and old age [31,32]. Learning during childhood is critical for the
development of cognitive reserve [33], but this may also be a time
when distal adverse influences contributing to the risk of dementia
may first become active. The cognitive reserve hypothesis refers to
a lifetime cognitive experience, influencing the number of neurons
and synapses that survive into adult life [34-39]. The term defines
the mind's resistance to the physiological damage to the brain, by
engaging increased neural networks and hemispheric activation.
Neural plasticity and repair mechanisms may support the lifelong
accumulation of cognitive reserve.
Epidemiological and neuroimaging studies have proposed that
to reach a given level of clinical severity of dementia, AD pathology
must be more advanced in patients with higher educational and
occupational attainment [40]. This is more likely because raised
levels of cognitive reserve are believed to increase an individual's
ability to mask AD pathology and prolong everyday functioning even
where there was substantial neurodegeneration [35]. The amount of
cognitive reserve is adaptable and is influenced by various preventive
interventions. However, when should prevention begin? At which life
stages are preventive interventions most effective? The best available
answers come from longitudinal studies examining associations
between different modifiable and protective risk factors for cognitive
decline and dementia at various points across the life course.
From these studies, three key periods were acknowledged and
suggested as to when the risk or protective factors were most likely
to occur during the life course. The early life period is likely to be
the most critical for the development of cognitive reserve (IQ,
learning, and education) [41]. The midlife period is particularly
sensitive to lifestyle behaviors, occupational exposures, head trauma
and depression, while the later life period seems to be closely linked
with social networks, physical activities, and hormone therapy. Some
factors may overlap between these standard periods. For example, the
development and control of vascular and metabolic risk factors have
been shown to be particularly influential in middle life (the 40s to
60s), whereas mental and physical activity patterns may continue to
moderate the risk of dementia from mid into later life [30]. There
is also the possibility that certain factors such as lifestyle behaviors
could occur across the whole life course (e.g. diet and various degrees
of physical activity). A similar set of risk factors contributing to
cardiovascular disease (hypertension, high cholesterol, diabetes) are
associated with cognitive impairment and dementia, and there is a
strong possibility that certain lifestyle behaviors could influence these
(e.g. diet and various degrees of physical activity).

The role of lifestyle behaviors
The term "lifestyle behavior" refers to activities of daily living that
affect health (e.g. smoking, use of alcohol, diet, and physical activity).
Because of a direct link to health outcomes, the term "lifestyle
behaviors" has also been referred to in the literature as "health-related
behaviors." Many studies have shown that lifestyle behaviors are
associated with cardiovascular disease, type 2 diabetes [42], coronary
heart disease [43] and mortality [44].
Lifestyle factors showing a relatively consistent association
with decreased risk of dementia and cognitive decline are cognitive
engagement, social and physical activities. Direct influences such
as increased cerebral blood flow related to physical activity, which
in turn promotes nerve cell growth and enhanced cerebrovascular
function, were most frequently cited in the in aging literature
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research. However, it is very likely that physical activity may also
improve cognition through its effects on mediator variables such as
depression, sleep, appetite (diet), and energy levels by postponing or
preventing age-related diseases (e.g. diabetes, hypertension) known
to affect cognition. In addition, there were also well-known benefits
of non-smoking [45,46] moderate alcohol consumption [5,47] and
healthy dietary choices [48,6] for cognitive functioning from mid to
later life. However, less is known about the combined effects of these
behaviors on cognitive decline and dementia.
In addition to considerable observational data of the independent
effects of lifestyle factors, there is now increasing empirical evidence
from intervention studies [49] that alterations in lifestyle factors
may lessen an individual's risk of developing cognitive decline.
These interventions carry few risks and have many additional
health benefits, so they can be recommended for most of the
older population. Other interventions such as increasing social
engagement, cognitive stimulation and homocysteine-lowering
vitamin supplements also appear promising, with considerable
observational evidence supporting their uptake, although there is still
a lack of empirical evidence for these interventions. Similarly, fitness
training interventions were found to have robust but selective benefits
for cognition, with the largest fitness-induced benefits occurring
for executive control processes [50]. This indicates that cognitive
and neural plasticity could be maintained throughout the lifespan.
However, the real risk of dementia is probably underestimated, and
it is not clear how many people quit smoking between the time of the
initial survey and the onset of dementia, but there were clear longterm consequences of mid-life smoking.
Research has also shown that diet can help prevent, better manage
or even reverse conditions such as hypertension, hyperlipidemia (high
cholesterol), hyperglycemia (high blood sugar) and atherosclerosis
that may lead to cardiovascular and cerebrovascular disease. This, in
turn, affects optimal functioning of organs including the brain due to
inefficient transfer of glucose and oxygen necessary for optimal neuronal
transmission, with a significant impact on cognitive functioning.

Biological mechanisms
The proposed biological mechanisms underpinning the role of
lifestyle behaviors on the cognitive functioning are shared among
several lifestyle behaviors such as alcohol consumption, smoking,
physical activity and diet (mainly discussed in this review). There are
at least five pathways identified. Firstly, cardiovascular risk factors
have been associated with cognitive impairment and dementia [51].
This association has been acknowledged by the saying "what's good
for the heart is also good for the head" (Department of Health, 2009).
The association may be through embolism or decreased cerebral
perfusion [52].
One cardiovascular risk factor of interest is the amino acid
homocysteine. Several studies have suggested that levels of
homocysteine tend to increase with age and poor lifestyle (such
as high alcohol consumption or smoking), and rise even further
through vitamin B deficiency [53,54]. An excessively high blood
level of homocysteine results in injuries of the inner lining of
blood vessel walls [55], induces oxidative stress and increases
blood clot formation, representing a powerful risk factor for
cardiovascular disease [56,57], stroke and dementia [58]. This
mechanism suggests that a healthier lifestyle will maintain low
levels of homocysteine, which in turn could be protective against
cardiovascular and dementia outcomes.
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Secondly, inflammation is thought to be an underlying feature
of the metabolic syndrome, and one of the mechanistic pathways
directly linked to changes in functional biomarkers associated
with the pathogenesis of cognitive decline, functional impairment,
and associated neurodegenerative processes [59]. Unnecessary
inflammation occurs due to an imbalance in the transfer of oxygen
between cells through cell damage and oxidative stress. It has been
suggested that flavonoids, present in colorful fruit and vegetables but
also in wine, protect the brain from chronic inflammation, and thus
protect cognitive performance [60,61].
Thirdly, neurotransmission processes are altered. Moderate
amounts of alcohol may stimulate the release of the neurotransmitter
acetylcholine in the hippocampus, whereas memory impairment
from chronic and heavy alcohol consumption parallels a reduction in
cholinergic neurotransmission [62,63]. Physical activity has also been
associated with altering levels of serotonin [64] and dopamine [65],
leading to improved plasticity and neuronal survival.
Fourthly, CNS white matter is affected. There is population-based
evidence showing that moderate drinkers have fewer white matter
abnormalities in later life than abstainers or heavy drinkers [66],
thus raising the possibility of a neuro protective effect of moderate
consumption. However, the beneficial effect of low to moderate
alcohol intake on brain structures is still debated [67]. Smoking
has also been linked to white matter loss caused by either cerebral
small vessel disease or lacunar infarcts [68]. Furthermore, empirical
evidence and theoretical supposition both suggest that physical
activity modifies brain structures that are involved in age-related
decline. Neuroimaging studies have shown changes in brain structure
and function with regular exercise. Most changes have been linked
to the prefrontal, frontal, and parietal cortices in older adults [69],
including the hippocampus and neocortex. One of the reasons is that
these areas exhibit some of the most striking types of cellular plasticity,
such as neurogenesis and synaptogenesis. Evidence also suggests a
positive association of leisure-time physical activity with greater intensity
of activation in the left caudate volume in patients diagnosed with
amnestic MCI or affected by AD pathology [70,71]. Physical activity has
also been linked with increased neurogenesis – the development of new
brain cells – in the dentate gyrus of the hippocampus.
Fifthly, oxidative stress is an intrinsic part of the neurodegeneration
process. Oxidative damage has been implicated in the pathogenesis of
Alzheimer's disease and neuronal death. Evidence suggests that an
extended period of gradual oxidative damage accumulation precedes
the clinical and pathological symptoms of dementia, including
amyloid (Aβ) deposition, neurofibrillary tangle formation, metabolic
dysfunction and cognitive decline [72]. Increased evidence shows
an association between the Mediterranean diet and lower levels of
memory and thinking problems [73]. The typical Mediterranean Diet
includes a high intake of plant-based food, which form a good source
of antioxidants; whole grains, legumes, and nuts; while limiting intake
of red meat and replacing butter with healthy fats, such as olive oil.
The high levels of antioxidants from fruits and vegetables may help
to protect against some of the damage to brain cells associated with
dementia, as well as increasing the levels of proteins in the brain that
protect brain cells from this damage. Alternative elements such as
marijuana and cannabis oils are now considered as potential treatment
options for Alzheimer’s disease. For example, tetrahydrocannabinol
(THC) has been shown to lower the high levels of amyloid-beta
and reduce the buildup of the plaques and tangles associated with
the disease [74]. Recent evidence from a study on mice has shown
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that THC reverses the age-related decline in memory performance,
which was attributed to the concomitant increase in hippocampal
synaptic spine density [75]. This was in turn due to THC restoring
hippocampal gene expression to the level seen in younger mice. These
are potential new targets for treating and preventing dementia and
Alzheimer’s disease if regulation permits.

Conclusions
Effective preventive measures represent key components of any
response to the potentially overwhelming problem of dementia.
Accumulating evidence points to the potential risk factors of
cardiovascular disorders or dementia (e.g. midlife obesity and cigarette
smoking) and the potential protective roles of psychosocial and lifestyle
factors (e.g. higher education, regular exercise, healthy diet, intellectually
challenging leisure activities, and an active socially integrated lifestyle).
Optimal control and management of lifestyle factors have demonstrated
efficacy in the prevention of cognitive decline and dementia, highlighting
a close link between the risk factors for cardiovascular and cerebrovascular
disease and dementia. Furthermore, the study of lifestyle behaviors across
different periods of life demonstrates that the association with cognitive
decline or dementia can also change depending on the time in life when
these behaviors are measured or clustered with other cardiovascular risk
factors. Interventions targeting healthy lifestyle (e.g. cognitive, exercise,
diet, social networks, non-smoking and moderate drinking) may lead
to robust effects throughout later life and could offer an increase in
life expectancy and a lower risk of dementia. In conclusion, there is an
important role of lifestyle behaviors in preventing dementia, that should
start as early as midlife so the message should be simple “Use it, don't
lose it!".
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