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Abstract: A recent alarming rise of neurodegenerative diseases in the developed world is one
of the major medical issues affecting older adults. In this review, we provide information about
the associations of physical activity (PA) with major age-related neurodegenerative diseases and
syndromes, including Alzheimer’s disease, vascular dementia, and mild cognitive impairment.
We also provide evidence of PA’s role in reducing the risks of these diseases and helping to improve
cognitive outcomes in older adults. Finally, we describe some potential mechanisms by which this
protective effect occurs, providing guidelines for future research.
Keywords: aging; Alzheimer’s disease; cognitive decline; dementia; health; mild cognitive impairment;
physical activity

1. Introduction
The alarming rise of neurodegenerative diseases in the developed world is becoming one of the
major medical issues affecting older Americans. By the year 2030, >20% of Americans will be over
65 years of age [1,2]. There are now an estimated 5.4 million Americans (one in nine), aged 65 years
and older, with Alzheimer’s disease (AD), the most common form of dementia, and this number is
expected to almost triple by 2050, as the population ages [3]. AD has become the sixth leading cause of
death in the U.S., and the fifth leading cause of death among Americans aged 65 years and older, with
deaths due to AD increasing by 66% between 2000 and 2008; in contrast to the decline of most other
leading causes of death during the same period [4]. AD will likely become a more prominent health
issue in developing countries in the near future, as life expectancies of those populations are longer,
due to improved medical care. The World Health Organization (WHO) estimates that 47.5 million
people are living with dementia and 7.7 million new diagnoses are made every year, worldwide [5].
Psychological disorders, such as depression, are also common, and are the second leading cause of
disability in older populations [6]. The Italian Longitudinal Study on Aging (ILSA) provided evidence
in a prospective, cohort study, that depression and physical disability in older adults have a complex
relationship [7]. Perhaps the most alarming aspect of the increase in dementia cases, is that there are
currently no cures or new effective therapies [8]. However, some lifestyle factors, such as physical
activity (PA), could lower the risk of certain forms of dementia [9]. In a recent Lancet Series on PA,
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Progress and Challenges (2016), Sallis and colleagues reported that regular PA could prevent almost
300,000 cases of dementia per year, worldwide, if everyone were physically active [10]. In this article,
our goal is to explore the role of PA in reducing the risks of age-related AD, vascular dementia (VaD),
and mild cognitive impairment (MCI). We define dementia, AD, VaD, and MCI and describe clinical
and research-based assessment tools used to diagnose each disorder. Finally, we provide evidence of
PA’s protective effects of cognition in older adults, and discuss some of the potential mechanisms of the
protective effects of PA, proposing suggestions to guide future research on PA intervention programs
in order to reduce the burden of dementia, primarily through prevention and improved health care.
This review was based on searches of the US National Library of Medicine (PubMed), Ovid MEDLINE,
Google Scholar, and Web of Science, using terms to identify the risk exposure (physical inactivity
or sedentary), combined with terms to determine the outcomes of interest (cognitive impairment or
decline or disorders or AD or dementia or MCI or VaD). A search filter was developed to include only
human studies.
2. Defining and Diagnosing MCI, Dementia, AD, and VaD
2.1. Mild Cognitive Impairment (MCI)
MCI is usually described as a transitional state between normal aging and dementia [11,12].
An individual with MCI experiences a cognitive decline that is not severe enough to significantly
interfere with daily life, yet is worse than expected for one’s particular age [11]. Although studies on
the MCI reversion to normality and MCI stability are limited, it is common for individuals with MCI
to have no further deterioration of cognitive function for several years [13,14]. In a clinical setting,
physicians may diagnose MCI based on self-reported symptoms or cognitive tests, but a wide variety
of operational definitions of MCI have resulted in unreliability, although progress toward an objective
standard continues to be made [15]. Cognitive tests, such as the mini-mental state examination
(MMSE) [16] and the Montreal Cognitive Assessment (MoCA) [17], have been developed to help screen
for MCI and/or dementia. Point scores in the MMSE range from zero (severe dementia) to 30 (lack of
cognitive impairment) [16]. The MMSE provides a measurement of the overall cognitive functioning,
including attention and orientation, memory, registration, recall, calculation, language, and the ability
to draw, to health professionals and researchers, but does not give clinicians the ability to predict if
those with MCI will experience further cognitive decline due to dementia [18,19]. The MoCA was
specifically developed to assist with MCI diagnosis. In a validation study, it detected 90% of MCI
cases with previously established criteria for MCI, a standardized mental status test, and subjective
complaints about memory loss by participants or families, over at least six months. The MoCA
significantly outperformed the MMSE, which detected only 18% of the MCI cases [17]. In addition, the
MoCA has been shown to be a sensitive tool for cognitive impairment associated with other clinical
conditions, such as Parkinson’s disease [20], Huntington’s disease [21], and multiple sclerosis [22].
Although progress has been made toward making the MCI diagnosis objective, the concept of MCI
still remains somewhat vague and controversial, and issues such as clinical criteria for practitioners
need to be investigated [23]. Since MCI is a syndrome with multiple etiologies, it is not considered a
disease, but an aggregate of cognitive symptoms, attributable to either an underlying precursory stage
of a serious disease, or an idiopathic acceleration of cognitive decline, when compared to a normal
state [19]. To signify this distinction, MCI due to AD is typically separated as the prodromal stage of
AD, and it is diagnosed using criteria specific to the early stages of AD, including specific biomarkers
that are not evident in other causes of MCI [24]. Although MCI sometimes persists as only a minor
annoyance if it is of the non-AD variety, more often than not, it progresses to AD or another form of
dementia [25]. MCI has become an important risk factor and indicator of the early stages of dementia,
that has resulted in the testing of medications meant for AD treatment [26]. With MCI serving as a link
between dementia and normal aging [27], it can potentially help us investigate the effect of, not only
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medications, but also lifestyle programs, such as regular PA, social activity, and diet, on age-related
cognitive decline and dementia—both for improving cognition and delaying cognitive decline [28–30].
2.2. Dementia
Dementia is not a specific disease, but rather it refers to the symptomatic outcome of a number of
serious neurodegenerative diseases that adversely affect cognitive function. Worldwide prevalence of
people with dementia is estimated at 47.5 million, and is expected to double by 2030 and triple
by 2050 [5]. Most patients with dementia display behavioral and psychological symptoms [31],
such as memory loss and difficulty organizing or planning, and psychological changes, such as
personality changes (aggression—verbal/physical), agitation, anxiety, depression, social withdrawal,
and hallucinations [32]. Dementia is the result of serious neurodegeneration in the brain, significantly
hinders daily activities, and can require a complete reliance on caregivers in later stages [32]. The most
common form of dementia is AD, which causes 50%–75% of all dementia cases [33]. VaD is the second
most common primary cause of dementia—at least 20% of dementia cases are due to VaD, and it
is often present alongside AD or another form of dementia [34]. Although a definitive percentage
is not available, due to many cases of dementia going undiagnosed, AD and VaD are estimated
to be responsible for 70%–95% of dementia cases. Dementia is typically diagnosed by a healthcare
provider in a clinical setting, by determining the extent of cognitive impairment, although this can
be a difficult task due to dementia’s progressive nature—there is a range of severity in symptoms,
depending on how far the disease has progressed when the patient is examined, and this largely relies
on the examining physician’s discretion [35]. Positron emission tomography (PET) and single photon
emission computed tomography (SPECT) are both brain imaging methods that are most commonly
used to make a dementia diagnosis by examining the physical condition of the brain [36]. However,
even with these tools, the difficulties of recognizing and diagnosing dementia are apparent, and
approximately half of dementia cases are currently undiagnosed [37]. The distinctions between regular
aging and the first signs of dementia may be difficult for a clinician to distinguish, and PET and SPECT
scans may be expensive, which could discourage widespread testing. The changes may also happen
slowly and subtly, and may thus be indiscernible to family members or caretakers. Currently, there is
no cure for dementia.
2.3. Alzheimer’s Disease
Alzheimer’s disease (AD) has dramatically risen in the last couple of decades, becoming the sixth
leading cause of death in the U.S., and the fifth leading cause of death among older adults, with deaths
due to AD increasing by an astounding 66% between 2000 and 2008, in sharp contrast to the general
decline of most other leading causes of death during the same period of time [38]. Alzheimer’s disease
is a neurodegenerative, dementia-causing disease, with no known cure. Around 70% of AD cases
occur after the age of 65 [39]. Amyloid-beta (Aβ) is a polypeptide—a chain of amino acids that is a
protein precursor—that can build up on brain cells, causing plaques that are found in abundance in
AD patients; these Aβ plaques are thought to be one of the major contributors to dementia caused
by AD [40]. In addition to plaques, AD also appears to be related to tangles in the brain, which are
structural abnormalities due to defective or deficient tau proteins; tau proteins support microtubules,
which help provide cell structure and movement. AD is typically diagnosed by biomarkers, such
as Aβ in cerebrospinal fluid, tau proteins, and regional brain volumes; these measurable substances
can be used to predict AD progression in patients with MCI. However, cognitive markers, such as
the symptoms reported by an examining physician, appear to be more effective predictors of the
future development of AD, especially at baseline MCI, when it is first noticed and diagnosed [41].
To recognize the asymptomatic pre-clinical stage (up to a decade before the clinical onset of AD),
standardized criteria for preclinical [42] and prodromal (amnestic MCI) stages [43] of the diagnostic
criteria for AD, have been recommended for both clinical and research purposes.
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2.4. Vascular Dementia
Vascular dementia (VaD) is the second most common form of dementia after AD, and is the
result of impaired blood supply to the brain, which damages brain tissue when oxygen and nutrients
are cut off. There are a number of possible causes of VaD [44]. It is often the result of a number of
small, focal cerebral infarcts (small strokes) that may go unnoticed individually, but have an additive
detrimental effect as more and more small areas of the brain are destroyed by ischemic events; however,
there are also a number of other causal subtypes of cerebrovascular disease [45]. VaD may also be
present along with other forms of dementia, such as AD, which can further complicate the condition,
aggravating dementia symptoms, as access to more areas of the brain are lost. Diagnosing VaD is
therefore no simple matter; there is currently a lack of validated criteria for establishing a diagnosis,
and many of the various pathologies that reduce the brain’s blood supply are complex [46]. Although
cerebrovascular lesions can be seen using brain imaging techniques, the diagnosis of VaD remains
difficult, since such lesions may or may not be contributing to dementia symptoms, and this can lead
to over-diagnosis of VaD as the cause of dementia [47].
2.5. Progression of a Neurodegenerative Disorder
Age-related neurodegenerative disorders, such as AD and VaD, generally show the same patterns
in their progressions from normal aging to dementia. First, symptoms of MCI develop. MCI symptoms
may improve if the condition is transient, and the patient may even go back to experiencing normal
aging. The subject may also experience and remain in the MCI stage, without the condition progressing
to dementia [13,14,25–27]. However, if there is an underlying cause, such as AD or VaD, MCI will
eventually progress to dementia, and this step is irreversible. Intervention before irreversible brain
damage occurs, is the best clinical practice for reducing the impact of dementia [28–30].
Numerous studies have revealed the connections between frailty, a pathological aging process
that is reversible [48], and neurodegenerative disorders [49]. Cognitive frailty was first proposed
by Panza and colleagues, who reported the risks of decreased cognitive functions, modulated by
vascular factors [50]. In 2013, the International Academy on Nutrition and Aging and the International
Association of Gerontology and Geriatrics, defined cognitive frailty as the heterogeneous clinical
syndrome condition in older adults with both physical frailty and cognitive impairment, but excluding
those with AD and other dementias [51]. Cognitive frailty is further refined into two subtypes;
reversible and potentially reversible cognitive frailty [52]. The cognitive impairment of reversible
cognitive frailty is subjective cognitive decline (SCD), a type of cognitive decline that may appear as
the first symptom of preclinical AD, and/or positive biomarkers resulting from physical factors. [52].
MCI is the cognitive impairment of potentially reversible cognitive frailty. Recently, a longitudinal
population-based study reported that reversible cognitive frailty in older adults increased the risk
of developing dementia, particularly VaD, but not AD, and all-cause mortality [53]. The authors
suggested that older adults with reversible cognitive frailty could benefit from a cognitive impairment
intervention that may include regular PA, diet (e.g., Mediterranean diet), smoking cessation, and an
active social lifestyle [53]. More research is required to determine the clinical screening criterion of
cognitive frailty and the effectiveness of interventions for individuals with other geriatric disorders.
3. Risk Factors for AD, VaD, and MCI
There are a number of risk factors for AD, the most obvious of which is advanced age. In addition
to environmental factors, genetic causes are implicated, as several genes that have been associated with
AD; the most undisputed and well-known of which is the gene that encodes apolipoprotein E (APOE).
The APOE gene is the strongest genetic risk factor for the development of late-onset AD, which accounts
for >95% of all AD cases [54–56]. Many epidemiological studies suggest that the APOE ε4 allele carrier
status of individuals have associations between modifiable lifestyle risk factors, and dementia and
AD [57–60]. Accumulating data suggest the APOE ε4 allele plays an important role in Aβ plaques and
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clearance, tau protein tangle formations, oxidation, neurotoxicity, and dysfunction in lipid transport,
which are the major hypotheses of AD pathogenesis [61]. The epidemiological population-based
study which had an average of 21 years of follow-up times before the diagnosis of dementia, showed
that APOE ε4 allele carriers’ risk of dementia may be more affected by lifestyle factors such as PA,
dietary fat and fish oil intake, alcohol drinking, and smoking. The authors suggested that adopting a
healthy lifestyle, including increased PA, should be utilized as a major preventive strategy to decrease
the risk or postpone the onset of dementia among APOE ε4 allele carriers [62]. The genetics of AD
is advancing quickly, as new AD-related genes continue to be found [63]. However, to date, no
therapeutic interventions targeting the APOE or other genes have been successfully established [64,65].
Cardiovascular disease (CVD) is another apparent risk factor for AD, particularly peripheral
arterial disease—a form of atherosclerosis [66,67]. According to a number of studies, depression in
later life also presents a significant risk for acquiring AD [68,69]. Within a three-year period, depressed
MCI patients had a twofold higher risk of developing AD than non-depressed MCI patients [70].
Hypertension [71], diabetes [72], hypotension [73], and hypercholesterolemia [74], are all additional
risk factors for AD [75,76]. Poor sleep quality and sleep deficiency may present yet another risk factor,
as sleep deprivation induces more Aβ buildup in the brain, while adequate sleep reduces it—moreover,
Aβ buildup may also cause poor sleep patterns and increased wakefulness [77]. Poor sleeping patterns
may therefore lead to increased Aβ formation, to further deteriorate sleep quality, resulting in positive
feedback that may increase AD risk. There are a number of risk factors for VaD that are also risk factors
for AD, including hypertension, diabetes, excessive adiposity, and dyslipidemia [78]. Although the
effect of these conditions on VaD may be obvious due to their cardiovascular or metabolic nature, the
link to AD may be more indirect, as the resultant disruption of vascular functions in the brain could
be compounding the neurodegeneration caused by the Aβ plaques or neurofibrillary tangles of AD,
by disrupting cerebral autoregulation [75,76,79]. The risk factors for MCI are generally the same as
those for AD—this is to be expected because MCI can also be the prodromal stage of AD. The most
significant risk factors for MCI are older age and hypertension [80]. Now that we have addressed the
potential risk factors for the most common age-related neurodegenerative diseases, we can explore the
role of PA as a protective or risk-reducing behavior.
4. Physical Activity’s Effect on Future Risk of MCI, Dementia, AD, and VaD
PA is beneficial for both physical fitness (e.g., changes in the cardiovascular system, bone and
muscle) and mental health (e.g., emotional functioning—depression, moods, cognitive functioning,
social functioning) in almost all older adults [9,81], and its effects have been extensively studied in
healthy older adults and those with cognitive impairment, including MCI, dementia, AD, and VaD.
4.1. Long-Term Cognitive Effects of PA on Healthy Older Adults
PA throughout one’s life can enhance cognitive function later in life, so it should be encouraged at
every age. In contrast, sedentary behaviors, such as viewing television for extended periods over the
course of years, can negatively affect cognitive function later in life. A longitudinal study over 25 years,
that measured the PA and television viewing habits of 3247 healthy adults (aged 18–30 years at the
start of the study), found that higher levels of PA and lower amounts of television viewing, resulted
in significantly better processing speeds and executive functions in cognitive tests at midlife [82].
Moreover, those who were physically active in midlife had a reduced risk of developing depression in
late life [83]. Depression in late life has also been linked to dementia, particularly in those carrying
the ε4 variant of the APOE gene that predisposes to AD in depressed individuals [84]. According
to the findings of a 10-year longitudinal study involving 470 participants aged 79–98 years, PA can
also help engage older adults in cognitive and social activities, which may be one of the factors that
helps prevent cognitive decline [85]. Ideally, all adults should remain physically active throughout
life [10,86], starting at a young age, to achieve optimal cognitive health as an older adult. However,
there may be shorter-term benefits to increased PA levels [87–90].
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4.2. Short-Term Cognitive Effects of PA on Healthy Older Adults
For healthy older adults, the short-term effects of PA need further investigation. One study found
that the cognitive functions of memory and independence were improved in older adults (aged > 75) by
a single session of low-intensity, range-of-motion exercise, but the effect might also be short-lived [87].
Another study found that healthy older adults practicing Tai Chi, or simple stretching and toning
exercises, can improve global cognitive function, improve recall, and reduce subjective cognitive
complaints after a one-year intervention [88]. Certain exercises, such as range-of-motion and Tai Chi,
may show short-term benefits in cognitive ability in healthy older adults [87,88]. Aerobic exercise
has been shown to attenuate cognitive decline, reduce brain atrophy, and improve physical health in
healthy older adults [89,90], although there is some evidence that short-term cognitive effects are not
as pronounced [89]. A review of 12 trials lasting from eight to 26 weeks, and included 754 older adults
with no cognitive impairment, showed no short-term cognitive benefits from aerobic exercise [89].
However, the age of the older adult may also factor into the efficacy of aerobic exercise. One study
showed that adults between 60 and 70 years old displayed significant cognitive benefits in spatial
object recall and recognition from a three-month aerobic PA intervention that increased hippocampal
perfusion—blood flow to the hippocampus. However, the positive effect of aerobic PA on perfusion
may decline with age [91].
In recent years, there has been growing interest in resistance training (e.g., weight lifting, strength
training) to improve cognition [92–95] and prevent brain volume loss in older adults [96]. The long-term
impact on cognition and white matter volume in older women was reported in a 52-week randomized
clinical trial of resistance training program that included machine exercises Keiser pressurized air
system, free weights, non-machine exercises, or balance-and-toning training program that included
stretching, range-of-motion, core-strength, balance, and relaxation exercises. Both interventions were
performed twice per week. The resistance training program promoted memory, reduced cortical
white matter atrophy, and increased peak muscle power after 2-year follow-up, relative to the
balance-and-toning training program [96]. Also, it has been reported that cortical white matter volume
is reduced among older adults with dementia, when compared to their healthy counterparts [97]. Thus,
maintaining cortical white matter volume might be important for maintaining cognitive functions in
older adults [96].
There are several studies supporting the hypothesis that resistance training has similar positive
effects on cognitive function among older adults, to aerobic-based exercise training. However, there is
no clear consensus on the underlying mechanisms by which resistance training promotes cognitive
function and brain tissue integrity [9,95,96]. More research is needed to examine the variables of
resistance training (i.e., intensity, frequency) and the possible mechanisms by which resistance training
may prevent cognitive decline. A recent meta-analysis found that combined aerobic exercise and
resistance training, had greater effects on reducing cognitive decline than these programs alone [98].
Current understanding of how PA promotes cognitive function is largely from aerobic training studies.
Further research is required to identify the underlying changes in the body and brain (e.g., changes in
brain volume) that improve cognitive function, using neuroimaging, physiological assessment, and
circulating levels of various neurotrophins (e.g., IGF-1). Subsequent research should also determine
how and what types of PA could help both healthy and frail older adults gain cognitive benefits in
social and environmental settings of daily life.
4.3. Effects of PA on the Risk of Developing MCI and Dementia in Older Adults
PA is effective in reducing risk for developing MCI in older adults, but the optimizing of
exercise training (i.e., types of PA, intensity, duration), cardiorespiratory fitness, age, level of cognition,
medications, and social environments, may all play roles in the outcome [9]. The studies mentioned
above showed that stretching and toning exercises hold the most promise for improving cognitive
function in the healthy adults aged 75 years and older [87,88], while aerobic [90,91,99] and resistance
exercise [92–95] also have positive effects. It seems that the risk of developing MCI may also be
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improved by exercise intensity. In older adults (aged ≥ 65 years), moderate exercise was shown to
reduce the risk for MCI, while vigorous or light exercise did not show similar effect [100]. Increased PA
in older adults also appears to reduce the risk of dementia due to AD and VaD, although more research
must be done to explore the mechanisms of this effect [90,95,96]. In one study, adults of 65 years and
older, participating in the Cardiovascular Health Cognition Study who regularly participated in four or
more physical activities per week, had about half the risk of developing dementia as those participating
in zero to one physical activities. However, those carrying the ε4 variant of the APOE gene—the
greatest genetic risk factor for late onset AD—the risk was not affected by PA levels [101]. The frequency
of the APOE ε4 gene is 19.0% in African American, 13.6% in Caucasian, 11.0% in Hispanic, and 8.9% in
Japanese populations [102]. As mentioned earlier, for the majority of the population—those without
the APOE ε4 gene—PA may have protective effects against the development of dementia [62]. This
finding is supported by other studies showing a significant reduction of dementia found in older adults
who exercised three or more times per week, when compared to those who did not [103]. Nevertheless,
the mechanisms by which different types and frequencies of PA reduce dementia risk in older adults
warrant further research.
4.4. Effects of PA on Older Adults with Cognitive Impairment
For older adults who have already developed a form of cognitive impairment, whether mild,
such as those with MCI, or moderate to severe, as with dementia, PA can improve cognitive function,
when compared to those with cognitive impairment who are not physically active [104]. Studies show
that six to 12 months of exercise for those with MCI or dementia results in better cognitive scores than
sedentary controls [105]. The positive effect of PA on cognitive function may be more apparent in
older adults with MCI than in those with dementia, according to one review, but this may be due to
the methodological issues of the performed studies; thus, more research is needed on the effect of PA
on cognitive function in older adults with dementia [105]. However, the meta-analysis showed that
aerobic exercise helps improve cognition in older adults with both AD and non-AD dementia, when
combined with other standard medical treatments for dementia, and higher frequency interventions
did not result in additional effects on cognition [106]. The results offer supporting evidence that PA
intervention, with or without pharmacotherapy, is beneficial for cognition in patients with dementia.
5. Potential Mechanisms for PA’s Protective Effects
While the protective effect of PA on the aging brain is supported by numerous studies, the exact
mechanisms are less clear. A recent review examined many possible mechanisms for how PA is linked
to a reduced risk of age-related cognitive impairments, including MCI, AD, and VaD [107]. In this
section, we will examine some of these potential mechanisms.
5.1. Increasing Blood Flow to the Brain
PA can increase blood flow to the brain, both during and shortly after a PA event, in response to
increased needs for oxygen and energetic substrate [108,109]. The increased brain/cerebral blood flow
triggers various neurobiological reactions, which provide an increased supply of nutrients. Moreover,
cerebral angiogenesis—the development of new blood vessels in the brain—is increased by PA, and
the brain’s vascular system is plastic, even in old age [110]. The increased vascularization of the brain,
as well as the regular increases in blood flow that periods of PA provide, may reduce the risks of
MCI and AD, by nourishing more brain cells and helping to remove metabolic waste or AD-inducing
Aβ. The potential risk-reducing effect of increased blood flow on the development of VaD is more
obvious, since VaD involves an impaired blood supply to the brain, while PA increases the blood
supply. For instance, if a small artery in the brain is occluded by an embolus, this can often lead to an
ischemic stroke, but blood can sometimes reach affected brain cells from an alternative path. Increased
vascularization in the brain from PA can increase these alternative sources of blood during arterials
occlusions, possibly limiting the damage [111]. There is strong evidence that cerebrovascular health
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may also play a large role in the severity of AD, as cases with brain infarctions, in addition to AD,
showed worse symptoms of dementia than those with only AD [112]. More research is needed to
determine the extent to which increasing vascularization of the brain may help reduce the risk of
age-related neurodegenerative diseases.
5.2. Improving Cardiovascular and Metabolic Health
Earlier, we discussed how hypertension is one of the main risk factors for MCI, AD, and VaD [71,
79]. Hypertension can increase the risk of strokes, as well as small strokes that are often the cause of
VaD. Since strokes can complicate AD and aggravate dementia symptoms, it follows that hypertensive
individuals could benefit by lowering their blood pressure, regardless of their level of cognitive
impairment. Even low-intensity PA for 30 min, three to six times a week for nine months, can
significantly lower blood pressure in elderly adults [112]. Because hypertension is a prominent risk
factor, lowering blood pressure may be one of the mechanisms by which PA reduces the risk of many
age-related neurodegenerative diseases. Diabetes is also a very significant risk factor for MCI, AD, and
VaD [72]. The excess blood glucose levels found in those with diabetes causes tissue damage [113],
inflammation [114], and microvascular disease [115], which possibly affect brain tissue, consequently
increasing the chance of stroke. Regular PA can prevent type 2 diabetes and also helps manage blood
glucose levels in those with diabetes [116]. By reducing the risk of diabetes and improving health
conditions, improvement of metabolic health may be a secondary mechanism by which PA decreases
the chances of MCI, AD, and VaD. Another risk factor for cognitive impairment in older adults that we
have previously discussed is hyperlipidemia, or abnormally high lipid (cholesterol and triglycerides)
blood concentration [74,78]. Regular PA can increase blood level high-density lipoproteins (HDL) that
help carry cholesterol out of the bloodstream and into the liver, reducing hyperlipidemia. Thus, it
seems plausible that PA reduces neurodegeneration risk through general cardiovascular and metabolic
health improvement [117].
5.3. Preventing and Treating Depression
Depression is a known risk factor for developing dementia. Depression also appears to reduce
certain cognitive functions in adults who are otherwise not cognitively impaired [118]. Although
midlife depression doubles the chances of acquiring dementia later in life, it is harder to distinguish
whether late-life depression is a risk factor for dementia, or vice versa; it could be a result of the early
stages of dementia or MCI [119]. PA is effective for both treating and preventing depression [120], and
therefore, it would stand to reason that reducing depression could be one of the means by which PA
reduces the risk of AD, MCI, and other cognitive disorders. Even in cases where late-life depression
is caused by the early dementia symptoms, PA could still be encouraged as part of a treatment for
the depressive symptoms. Future research is needed to determine how health care professionals
can deliver a PA program to healthy or physically/cognitively frail older adults. There is a need to
determine the external factors of PA intervention, such as timing, dose, type, structure, and use of
mindfulness that best ameliorate depression, and thereby reduce the risk of cognitive decline and
prevent dementia.
5.4. Improving Sleep Quality
PA is associated with a reduction of insomnia symptoms, and other sleep quality and quantity
problems, including problems with sleep onset (being able to fall asleep quickly) and sleep maintenance
(staying asleep throughout the night) in older adults [121]. We previously noted a study showing
that poor sleep quality is a potential risk factor for AD in particular [61], as sleep disturbances occur
frequently in older adults with dementia [122] A specific mechanism by which sleep may reduce the
risk of AD is through metabolic waste clearance in the brain, that occurs during sleep; this process also
clears Aβ from the brain [123]. Aβ buildup results in plaques that contribute to AD, so clearing it from
the brain during the deep stages of sleep may be the reason why adequate sleep reduces the risk of

Brain Sci. 2017, 7, 22
Brain Sci. 2017, 7, 22

9 of 16
9 of 15

developing
AD. This
may
a potential
mechanism
of the protective
effectquality,
of PA on
brainmay
health
protective effect
of PA
on also
brainbehealth
in older
age; PA promotes
better sleep
which
in
in
older
age;
PA
promotes
better
sleep
quality,
which
may
in
turn,
helps
clear
harmful
wastes,
such
as
turn, helps clear harmful wastes, such as Aβ from the brain, thereby reducing the risk of dementia.
Aβ from the brain, thereby reducing the risk of dementia.
6. Conclusions
6. Conclusions
Several studies demonstrate the protective effect of PA on brain health, particularly by reducing
Several
demonstrate the protective
effect of PA
on brainAD
health,
by reducing
the risk
for studies
the neurodegenerative
dementia-causing
diseases,
and particularly
VaD, as well
as their
the
risk
for
the
neurodegenerative
dementia-causing
diseases,
AD
and
VaD,
as
well
as
their
precursor,
precursor, MCI. We have described potential direct and indirect mechanisms of this protective
MCI.
have
described
potential direct
and indirect
mechanisms
of thisPA
protective
More
effect.We
More
research
is warranted
to explore
the relationships
between
and the effect.
aging brain.
research
is warranted
explore may
the relationships
between PA
and the aging
brain. Other
factors,
Other factors,
includingtogenetics,
affect the development
of neurological
disorders.
However,
in
including
genetics,
may
affect
the
development
of
neurological
disorders.
However,
in
most
cases,
most cases, moderate PA is beneficial for both physical and mental health in older adults.
moderate
PA is beneficial
both physical
andtraining,
mental health
in older
adults.
Moderate-intensity
aerobicfor
exercise,
resistance
stretching,
toning,
andModerate-intensity
a range of motion
aerobic
exercise,
resistance
training,
stretching,
toning,Although
and a range
of motion
exercises,
yield
exercises,
may yield
cognitive
benefits
in older adults.
the exact
mechanisms
by may
which
PA
cognitive
benefits
in
older
adults.
Although
the
exact
mechanisms
by
which
PA
decreases
the
risk
decreases the risk for dementia is not fully understood, PA should be encouraged [124], sincefor
it
dementia
not
fully understood,
should
be encouraged
since shows
it improves
the quality
of life
improves is
the
quality
of life for allPA
older
adults.
The existing[124],
evidence
that rates
of dementia
for
all be
older
adults.ifThe
existing
shows
that
rates
of dementia
could be
people
could
reduced,
people
wereevidence
physically
active
[10].
There
is a possibility
thatreduced,
PA mayifbecome
were
physically
active
[10].
There
is
a
possibility
that
PA
may
become
the
most
important
behavioral
the most important behavioral factor in facilitating healthy mental and physical aging (Figure 1).
factor
in evidence
facilitating
healthy PA’s
mental
andand
physical
(Figure 1).benefits,
Currentregardless
evidence supports
PA’s
Current
supports
short
long aging
term cognitive
of age. Many
short
and
long
term
cognitive
benefits,
regardless
of
age.
Many
mechanisms
responsible
for
the
mechanisms responsible for the PA’s protective effect against age-related cognitive impairmentPA’s
are
protective
effect
against age-related cognitive impairment are still not fully understood.
still not fully
understood.

Figure 1.
1. The
Theevidence
evidenceofofPA’s
PA’s
role
in reducing
the risks
of cognitive
decline
in adults.
older adults.
The
Figure
role
in reducing
the risks
of cognitive
decline
in older
The dotted
dotted arrows
thatresearch
more research
is warranted.
arrows
indicateindicate
that more
is warranted.
Acknowledgments: This work was supported by research grant (Nobuko Hongu).
Acknowledgments:
ThisConception
work was supported
grant
(Nobuko
Hongu).
Author Contributions:
and designby
ofresearch
the review
paper:
Patrick
J. Gallaway, Hiroji Miyake, Maciej
S.
Buchowski,
and
Nobuko
Hongu.
Drafted
the
manuscript:
Patrick
J.
Gallaway,
Hiroji
Author Contributions: Conception and design of the review paper: Patrick J. Gallaway,
HirojiMiyake,
Miyake,Maciej
Maciej S.
S.
Buchowski,
and
Nobuko
Hongu.
Critical
revision
of
the
manuscript
submitting
for
review:
All
authors.
Edited
Buchowski, and Nobuko Hongu. Drafted the manuscript: Patrick J. Gallaway, Hiroji Miyake, Maciej S. Buchowski,
and Nobuko
Critical revision
of the manuscript
submitting
forthe
review:
authors.
and revised
revised Hongu.
the manuscript
after review:
All authors.
Approved
finalAll
version
of Edited
the manuscript
to the
be
manuscript
after
review: All authors. Approved the final version of the manuscript to be published: All authors.
published: All
authors.
Conflicts of Interest: The authors declare no conflict of interest.
Conflicts of Interest: The authors declare no conflict of interest.

Brain Sci. 2017, 7, 22

10 of 16

References
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.

11.
12.
13.

14.
15.

16.
17.

18.
19.

20.

21.

Vincent, G.K.; Velkoff, V.A. Population Estimates and Projections; US Census Bureau: Suitland, MD, USA, 2010.
Bernstein, R.; Edwards, T. An Older and More Diverse Nation by Midcentury; US Census Bureau: Suitland, MD,
USA, 2008.
Hebert, L.E.; Weuve, J.; Scherr, P.A.; Evans, D.A. Alzheimer disease in the United States (2010–2050) estimated
using the 2010 census. Neurology 2013, 80, 1778–1783. [CrossRef] [PubMed]
Alzheimer’s Association. 2016 Alzheimer’s Disease Facts and Figures. Alzheimer’s Dement. 2016, 12, 459–509.
WHO. Dementia: Fact Sheet No. 362. Geneva, Switzerland, April 2016. Available online: http://www.who.
int/mediacentre/factsheets/fs362/en/ (accessed on 18 February 2017).
Murray, C.J.L.; Lopez, A.D. Summary: The Global Burden of Disease; The Harvard School of Public Health:
Boston, MA, USA, 1996.
Dalle Carbonare, L.; Maggi, S.; Noale, M.; Giannini, S.; Rozzini, R.; Lo Cascio, V.; Crepaldi, G. Physical
disability and depressive symptomatology in an elderly population: A complex relationship. The Italian
Longitudinal Study on Aging (ILSA). Am. J. Geriatr. Psychiatry. 2009, 17, 144–154. [CrossRef] [PubMed]
Cummings, J.L.; Morstorf, T.; Zhong, K. Alzheimer’s disease drug-development pipeline: Few candidates,
frequent failures. Alzheimers. Res. Ther. 2014, 6, 37. [CrossRef] [PubMed]
Gregory, S.M.; Parker, B.; Thompson, P.D. Physical activity, cognitive function, and brain health: What is the
role of exercise training in the prevention of dementia? Brain Sci. 2012, 2, 684–708. [CrossRef] [PubMed]
Sallis, J.F.; Bull, F.; Guthold, R.; Heath, G.W.; Inoue, S.; Kelly, P.; Oyeyemi, A.L.; Perez, L.G.; Richards, J.;
Hallal, P.C. Progress in physical activity over the Olympic quadrennium. Lancet 2016, 388, 1325–1336.
[CrossRef]
Petersen, R.C. Clinical practice. Mild cognitive impairment. N. Engl. J. Med. 2011, 364, 2227–2234. [CrossRef]
[PubMed]
Langa, K.M.; Levine, D.A. The diagnosis and management of mild cognitive impairment: A clinical review.
JAMA 2014, 312, 2551–2561. [CrossRef] [PubMed]
Canevelli, M.; Grande, G.; Lacorte, E.; Quarchioni, E.; Cesari, M.; Mariani, C.; Bruno, G.; Vanacore, N.
Spontaneous reversion of mild cognitive impairment to normal cognition: A systematic review of literature
and meta-analysis. J. Am. Med. Dir. Assoc. 2016, 17, 943–948. [CrossRef] [PubMed]
Pandya, S.Y.; Clem, M.A.; Silva, L.M.; Woon, F.L. Does mild cognitive impairment always lead to dementia?
A review. J. Neurol. Sci. 2016, 369, 57–62. [CrossRef] [PubMed]
Jak, A.J.; Bondi, M.W.; Delano-Wood, L.; Wierenga, C.; Corey-Bloom, J.; Salmon, D.P.; Delis, D.C. Quantification
of five neuropsychological approaches to defining mild cognitive impairment. Am. J. Geriatr. Psychiatry 2009,
17, 368–375. [CrossRef] [PubMed]
Folstein, M.F.; Folstein, S.E.; McHugh, P.R. Mini-Mental State: A practical method for grading the cognitive
state of patients for the clinician. J. Psychiatr. Res. 1975, 12, 189–198. [CrossRef]
Nasreddine, Z.S.; Phillips, N.A.; Bédirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; Cummings, J.L.;
Chertkow, H. The Montreal Cognitive Assessment, MoCA: A brief screening tool for mild cognitive
impairment. J. Am. Geriatr. Soc. 2005, 53, 695–699. [CrossRef] [PubMed]
Nieuwenhuis-Mark, R.E. The death knoll for the MMSE: Has it outlived its purpose? J. Geriatr. Psychiatry Neurol.
2010, 23, 151–157. [CrossRef] [PubMed]
Arevalo-Rodriguez, I.; Smailagic, N.; Roqué, I.; Figuls, M.; Ciapponi, A.; Sanchez-Perez, E.; Giannakou, A.;
Pedraza, O.L.; Bonfill Cosp, X.; Cullum, S. Mini-Mental State Examination (MMSE) for the detection of
Alzheimer’s disease and other dementias in people with mild cognitive impairment (MCI). Cochrane Database
Syst. Rev. 2015, 5, 3.
Hoops, S.; Nazem, S.; Siderowf, A.D.; Duda, J.E.; Xie, S.X.; Stem, M.B.; Weintraub, D. Validity of the MoCA
and MMSE in the detection of MCI and dementia in Parkinson disease. Neurology 2009, 73, 1738–1745.
[CrossRef] [PubMed]
Videnovic, A.; Bernard, B.; Fan, W.; Jaglin, J.; Leurgans, S.; Shannon, K.M. The Montreal cognitive assessment
as a screening tool for cognitive dysfunction in Huntington’s disease. Mov. Disord. 2010, 25, 401–404.
[CrossRef] [PubMed]

Brain Sci. 2017, 7, 22

22.

23.
24.

25.
26.

27.
28.
29.
30.

31.

32.
33.
34.

35.
36.

37.
38.
39.
40.

41.

11 of 16

Freitas, S.; Batista, S.; Afonso, A.C.; Simões, M.R.; de Sousa, L.; Cunha, L.; Santana, I. The Montreal Cognitive
Assessment (MoCA) as a screening test for cognitive dysfunction in multiple sclerosis. Appl. Neuropsychol. Adult
2016. [CrossRef] [PubMed]
Petersen, R.C.; Caracciolo, B.; Brayne, C.; Gauthier, S.; Jelic, V.; Fratiglioni, L. Mild cognitive impairment: A
concept in evolution. J. Intern. Med. 2014, 275, 214–228. [CrossRef] [PubMed]
Albert, M.S.; DeKosky, S.T.; Dickson, D.; Dubois, B.; Feldman, H.H.; Fox, N.C.; Gamst, A.; Holtzman, D.M.;
Jagust, W.J.; Petersen, R.C.; et al. The diagnosis of mild cognitive impairment due to Alzheimer’s disease:
Recommendations from the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic
guidelines for Alzheimer’s disease. Alzheimers. Dement. 2011, 7, 270–279. [CrossRef] [PubMed]
Gauthier, S.; Reisberg, B.; Zaudig, M.; Petersen, R.C.; Ritchie, K.; Broich, K.; Belleville, S.; Brodaty, H.;
Bennett, D.; Chertkow, H.; et al. Mild cognitive impairment. Lancet 2006, 367, 1262–1270. [CrossRef]
Petersen, R.C.; Doody, R.; Kurz, A.; Mohs, R.C.; Morris, J.C.; Rabins, P.V.; Ritchie, K.; Rossor, M.; Thal, L.;
Winblad, B. Current concepts in mild cognitive impairment. Arch. Neurol. 2001, 58, 1985–1992. [CrossRef]
[PubMed]
Katz, S.; Peters, K.R. Enhancing the mind? Memory medicine, dementia, and the aging brain. J. Aging Stud.
2008, 22, 348–355. [CrossRef]
Bland, J. Mild cognitive impairment, neurodegeneration, and personalized lifestyle medicine. Integr. Med.
2016, 15, 12–14.
Bidzan, L.; Bidzan, M.; Pachalska,
˛
M. The effects of intellectual, physical, and social activity on further
prognosis in mild cognitive impairment. Med. Sci. Monit. 2016, 22, 2551–2560. [CrossRef] [PubMed]
Ströhle, A.; Schmidt, D.K.; Schultz, F.; Fricke, N.; Staden, T.; Hellweg, R.; Priller, J.; Rapp, M.A.; Rieckmann, N.
Drug and exercise treatment of Alzheimer disease and mild cognitive impairment: A systematic review and
meta-analysis of effects on cognition in randomized controlled trials. Am. J. Geriatr. Psychiatry. 2015, 12,
1234–1249. [CrossRef] [PubMed]
Colombo, M.; Vitali, S.; Cairati, M.; Vaccaro, R.; Andreoni, G.; Guaita, A. Behavioral and psychotic symptoms
of dementia (BPSD) improvements in a special care unit: A factor analysis. Arch. Gerontol. Geriat. 2007, 44
(Suppl. S1), 113–120. [CrossRef] [PubMed]
Macfarlane, S.; O’Connor, D. Managing behavioural and psychological symptoms in dementia. Aust. Prescr.
2016, 39, 123–125. [CrossRef] [PubMed]
Karantzoulis, S.; Galvin, J.E. Distinguishing Alzheimer’s disease from other major forms of dementia.
Expert Rev. Neurother. 2014, 11, 1579–1591. [CrossRef] [PubMed]
Gorelick, P.B.; Scuteri, A.; Black, S.E.; DeCarli, C.; Greenberg, S.M.; Iadecola, C.; Launer, L.J.; Laurent, S.;
Lopez, O.L.; Nyenhuis, D.; et al. Vascular contributions to cognitive impairment and dementia a statement
for healthcare professionals from the American Heart Association/American Stroke Association. Stroke 2011,
42, 2672–2713. [CrossRef] [PubMed]
Buntinx, F.; De Lepeleire, J.; Paquay, L.; Iliffe, S.; Schoenmakers, B. Diagnosing dementia: No easy job.
BMC Fam. Pract. 2011, 12, 60. [CrossRef] [PubMed]
Bamford, C.; Olsen, K.; Davison, C.; Barnett, N.; Lloyd, J.; Williams, D.; Firbank, M.; Mason, H.; Donaldson, C.;
O’Brien, J. Is there a preference for PET or SPECT brain imaging in diagnosing dementia? The views of
people with dementia, carers, and healthy controls. Int. Psychogeriatr. 2016, 28, 123–131. [CrossRef] [PubMed]
Savva, G.M.; Arthur, A. Who has undiagnosed dementia? A cross-sectional analysis of participants of the
Aging, Demographics and Memory Study. Age Ageing 2015, 44, 642–647. [CrossRef] [PubMed]
Alzheimer’s Association. 2011 Alzheimer’s disease facts and figures. Alzheimer’s Dementia 2011, 7, 208.
McMurtray, A.; Clark, D.G.; Christine, D.; Mendez, M.F. Early-onset dementia: Frequency and causes
compared to late-onset dementia. Dement. Geriatr. Cogn. Disord. 2006, 21, 59–64. [CrossRef] [PubMed]
Villemagne, V.L.; Burnham, S.; Bourgeat, P.; Brown, B.; Ellis, K.A.; Salvado, O.; Szoeke, C.; Macaulay, S.L.;
Martins, R.; Maruff, P.; et al. Amyloid β deposition, neurodegeneration, and cognitive decline in sporadic
Alzheimer’s disease: A prospective cohort study. Lancet Neurol. 2013, 12, 357–367. [CrossRef]
Gomar, J.J.; Bobes-Bascaran, M.T.; Conejero-Goldberg, C.; Davies, P.; Goldberg, T.E. Alzheimer’s Disease
Neuroimaging Initiative. Utility of combinations of biomarkers, cognitive markers, and risk factors to predict
conversion from mild cognitive impairment to Alzheimer disease in patients in the Alzheimer’s disease
neuroimaging initiative. Arch. Gen. Psychiatry 2011, 68, 961–969. [CrossRef] [PubMed]

Brain Sci. 2017, 7, 22

42.

43.

44.
45.
46.
47.

48.

49.

50.

51.

52.
53.

54.
55.
56.

57.

58.

59.

60.

12 of 16

Sperling, R.A.; Aisen, P.S.; Beckett, L.A.; Bennett, D.A.; Craft, S.; Fagan, A.M.; Iwatsubo, T.; Jack, C.R.;
Kaye, J.; Montine, T.J. Toward defining the preclinical stages of Alzheimer’s disease: Recommendations
from the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for
Alzheimer’s disease. Alzheimers. Dement. 2011, 7, 280–292. [CrossRef] [PubMed]
Xie, Y.; Cui, Z.; Zhang, Z.; Sun, Y.; Sheng, C.; Li, K.; Gong, G.; Han, Y.; Jia, J. Identification of amnestic mild
cognitive impairment using multi-modal brain features: A combined structural MRI and diffusion tensor
imaging study. J. Alzheimers. Dis. 2015, 47, 509–522. [CrossRef] [PubMed]
Bowler, J.V. Modern concept of vascular cognitive impairment. Br. Med. Bull. 2007, 83, 291–305. [CrossRef]
[PubMed]
Nagata, K.; Saito, H.; Ueno, T.; Sato, M.; Nakase, T.; Maeda, T.; Satoh, Y.; Komatsu, H.; Suzuki, M.; Kondoh, Y.
Clinical diagnosis of vascular dementia. J. Neurol. Sci. 2007, 257, 44–48. [CrossRef] [PubMed]
Jellinger, K.A. Morphologic diagnosis of “vascular dementia”—A critical update. J. Neurol. Sci. 2008, 270,
1–12. [CrossRef] [PubMed]
Niemantsverdriet, E.; Feyen, B.F.; Le Bastard, N.; Martin, J.J.; Goeman, J.; De Deyn, P.P.; Engelborghs, S.
Overdiagnosing vascular dementia using structural brain imaging for dementia work-up. J. Alzheimer’s Dis.
2015, 45, 1039–1043.
Morley, J.E.; Vellas, B.; van Kan, G.A.; Anker, S.D.; Bauer, J.M.; Bernabei, R.; Cesari, M.; Chumlea, W.C.;
Doehner, W.; Evans, J.; et al. Frailty consensus: A call to action. J. Am. Med. Dir. Assoc. 2013, 14, 392–397.
[CrossRef] [PubMed]
Kojima, G.; Taniguchi, Y.; Iliffe, S.; Walters, K. Frailty as a predictor of Alzheimer disease, vascular dementia,
and all dementia among community-dwelling older people: A systematic review and meta-analysis. J. Am.
Med. Dir. Assoc. 2016, 17, 881–888. [CrossRef] [PubMed]
Panza, F.; D’Introno, A.; Colacicco, A.M.; Capurso, C.; Parigi, A.D.; Capurso, S.A.; Caselli, R.J.; Pilotto, A.;
Scafato, E.; Capurso, A.; et al. Cognitive frailty: Predementia syndrome and vascular risk factors.
Neurobiol. Aging. 2006, 27, 933–940. [CrossRef] [PubMed]
Kelaiditi, E.; Cesari, M.; Canevelli, M.; van Kan, G.A.; Ousset, P.J.; Gillette-Guyonnet, S.; Ritz, P.; Duveau, F.;
Soto, M.E.; Provencher, V.; et al. Cognitive frailty: Rational and definition from an (I.A.N.A./I.A.G.G.)
international consensus group. J. Nutr. Health Aging. 2013, 17, 726–734. [CrossRef] [PubMed]
Ruan, Q.; Yu, Z.; Chen, M.; Bao, Z.; Li, J.; He, W. Cognitive frailty, a novel target for the prevention of elderly
dependency. Ageing Res. Rev. 2015, 20, 1–10. [CrossRef] [PubMed]
Solfrizzi, V.; Scafato, E.; Seripa, D.; Lozupone, M.; Imbimbo, B.P.; D’Amato, A.; Tortelli, R.; Schilardi, A.;
Galluzzo, L.; Gandin, C.; et al. Reversible cognitive frailty, dementia, and all-cause mortality. The Italian
Longitudinal Study on Aging. J. Am. Med. Dir. Assoc. 2017, 18, 89.e1–89.e8. [CrossRef] [PubMed]
Strittmatter, W.J.; Roses, A.D. Apolipoprotein E and Alzheimer’s disease. Annu. Rev. Neurosci. 1996, 19,
53–77. [CrossRef]
Liu, C.C.; Kanekiyo, T.; Xu, H.; Bu, G. Apolipoprotein E and Alzheimer disease: Risk, mechanisms and
therapy. Nat. Rev. Neurol. 2013, 9, 106–118. [CrossRef] [PubMed]
Liu, Y.; Yu, J.T.; Wang, H.F.; Han, P.R.; Tan, C.C.; Wang, C.; Meng, X.F.; Risacher, S.L.; Saykin, A.J.; Tan, L.
APOE genotype and neuroimaging markers of Alzheimer’s disease: Systematic review and meta-analysis.
J. Neurol. Neurosurg. Psychiatry 2015, 86, 127–134. [CrossRef] [PubMed]
Luck, T.; Riedel-Heller, S.G.; Luppa, M.; Wiese, B.; Köhler, M.; Jessen, F.; Bickel, H.; Weyerer, S.; Pentzek, M.;
König, H.H.; et al. Apolipoprotein E epsilon 4 genotype and a physically active lifestyle in late life: Analysis
of gene-environment interaction for the risk of dementia and Alzheimer’s disease dementia. Psychol. Med.
2014, 44, 1319–1329. [CrossRef] [PubMed]
Laitinen, M.H.; Ngandu, T.; Rovio, S.; Helkala, E.L.; Uusitalo, U.; Viitanen, M.; Nissinen, A.; Tuomilehto, J.;
Soininen, H.; Kivipelto, M. Fat intake at midlife and risk of dementia and Alzheimer’s disease: A
population-based study. Dement. Geriatr. Cogn. Disord. 2006, 22, 99–107. [CrossRef] [PubMed]
Vemuri, P.; Lesnick, T.G.; Przybelski, S.A.; Knopman, D.S.; Machulda, M.; Lowe, V.J.; Mielke, M.M.;
Roberts, R.O.; Gunter, J.L.; Senjem, M.L.; et al. Effect of intellectual enrichment on AD biomarker trajectories:
Longitudinal imaging study. Neurology 2016, 86, 1128–1135. [CrossRef] [PubMed]
Anttila, T.; Helkala, E.L.; Viitanen, M.; Kåreholt, I.; Fratiglioni, L.; Winblad, B.; Soininen, H.; Tuomilehto, J.;
Nissinen, A.; Kivipelto, M. Alcohol drinking in middle age and subsequent risk of mild cognitive impairment
and dementia in old age: A prospective population based study. BMJ 2004, 329, 539. [CrossRef] [PubMed]

Brain Sci. 2017, 7, 22

61.
62.

63.
64.
65.
66.

67.
68.

69.
70.

71.
72.
73.
74.
75.
76.
77.
78.
79.

80.
81.

82.

83.

13 of 16

Cedazo-Mínguez, A.; Cowburn, R.F. Apolipoprotein E: A major piece in the Alzheimer’s disease puzzle.
J. Cell. Mol. Med. 2001, 5, 254–266. [CrossRef] [PubMed]
Kivipelto, M.; Rovio, S.; Ngandu, T.; Kåreholt, I.; Eskelinen, M.; Winblad, B.; Hachinski, V.;
Cedazo-Minguez, A.; Soininen, H.; Tuomilehto, J.; et al. Apolipoprotein E epsilon4 magnifies lifestyle
risks for dementia: A population-based study. J. Cell. Mol. Med. 2008, 12, 2762–2771. [CrossRef] [PubMed]
Sleegers, K.; Lambert, J.C.; Bertram, L.; Cruts, M.; Amouyel, P.; Van Broeckhoven, C. The pursuit of susceptibility
genes for Alzheimer’s disease: Progress and prospects. Trends Genet. 2010, 26, 84–93. [CrossRef] [PubMed]
Chouraki, V.; Seshadri, S. Genetics of Alzheimer’s disease. Adv. Genet. 2014, 87, 245–294. [PubMed]
Yamazaki, Y.; Painter, M.M.; Bu, G.; Kanekiyo, T. Apolipoprotein E as a therapeutic target in Alzheimer’s
disease: A review of basic research and clinical evidence. CNS Drugs 2016, 30, 773–789. [CrossRef] [PubMed]
Newman, A.B.; Fitzpatrick, A.L.; Lopez, O.; Jackson, S.; Lyketsos, C.; Jagust, W.; Ives, D.; Dekosky, S.T.;
Kuller, L.H. Dementia and Alzheimer’s disease incidence in relationship to cardiovascular disease in the
cardiovascular health study cohort. J. Am. Geriatr. Soc. 2005, 53, 1101–1107. [CrossRef] [PubMed]
Claassen, J.A. New cardiovascular targets to prevent late onset Alzheimer disease. Eur. J. Pharmacol. 2015,
763, 131–134. [CrossRef] [PubMed]
Diniz, B.S.; Butters, M.A.; Albert, S.M.; Dew, M.A.; Reynolds, C.F. Late-life depression and risk of vascular
dementia and Alzheimer’s disease: Systematic review and meta-analysis of community-based cohort studies.
Br. J. Psychiatry 2013, 202, 329–335. [CrossRef] [PubMed]
Chi, S.; Wang, C.; Jiang, T.; Zhu, X.-C.; Yu, J.-T.; Tan, L. The prevalence of depression in Alzheimer’s disease:
A systematic review and meta-analysis. Curr. Alzheimer Res. 2015, 12, 189–198. [CrossRef] [PubMed]
Modrego, P.J.; Ferrández, J. Depression in patients with mild cognitive impairment increases the risk of
developing dementia of Alzheimer type: A prospective cohort study. Arch. Neurol. 2004, 61, 1290–1293.
[CrossRef] [PubMed]
Carnevale, D.; Perrotta, M.; Lembo, G.; Trimarco, B. Pathophysiological links among hypertension and
Alzheimer’s disease. High. Blood Press. Cardiovasc. Prev. 2016, 23, 3–7. [CrossRef] [PubMed]
Ribe, E.M.; Lovestone, S. Insulin signalling in Alzheimer’s disease and diabetes: From epidemiology to
molecular links. J. Intern. Med. 2016, 280, 430–442. [CrossRef] [PubMed]
Guo, Z.; Viitanen, M.; Winblad, B.; Fratiglioni, L. Low blood pressure and incidence of dementia in a very
old sample: Dependent on initial cognition. J. Am. Geriatr. Soc. 1999, 47, 723–726. [CrossRef] [PubMed]
Leduc, V.; Jasmin-Bélanger, S.; Poirier, J. APOE and cholesterol homeostasis in Alzheimer’s disease.
Trends Mol. Med. 2010, 16, 469–477. [CrossRef]
Polidori, M.C.; Pientka, L.; Mecocci, P. A review of the major vascular risk factors related to Alzheimer’s
disease. J. Alzheimers. Dis. 2012, 32, 521–530. [PubMed]
Dickstein, D.L.; Walsh, J.; Brautigam, H.; Stockton, S.D.; Gandy, S.; Hof, P.R. Role of vascular risk factors and
vascular dysfunction in Alzheimer’s disease. Mt. Sinai J. Med. 2010, 77, 82–102. [CrossRef] [PubMed]
Ju, Y.E.; Lucey, B.P.; Holtzman, D.M. Sleep and Alzheimer disease pathology—A bidirectional relationship.
Nat. Rev. Neurol. 2014, 10, 115–119. [CrossRef] [PubMed]
Wiesmann, M.; Kiliaan, A.J.; Claassen, J.A. Vascular aspects of cognitive impairment and dementia. J. Cereb.
Blood Flow Metab. 2013, 33, 1696–1706. [CrossRef] [PubMed]
Akinyemi, R.; Mukaetova-Ladinska, E.; Attems, J.; Ihara, M.; Kalaria, R.N. Vascular risk factors and
neurodegeneration in ageing related dementias: Alzheimer’s disease and vascular dementia. Curr. Alzheimer Res.
2013, 10, 642–653. [CrossRef] [PubMed]
Luck, T.; Luppa, M.; Briel, S.; Riedel-Heller, S.G. Incidence of mild cognitive impairment: A systematic
review. Dement. Geriatr. Cogn. Disord. 2010, 29, 164–175. [CrossRef] [PubMed]
Taylor, A.H.; Cable, N.T.; Faulkner, G.; Hillsdon, M.; Narici, M.; Van Der Bij, A.K. Physical activity and older
adults: A review of health benefits and the effectiveness of interventions. J. Sports Sci. 2004, 22, 703–725.
[CrossRef] [PubMed]
Hoang, T.D.; Reis, J.; Zhu, N.; Jacobs, D.R.; Launer, L.J.; Whitmer, R.A.; Sidney, S.; Yaffe, K. Effect of early
adult patterns of physical activity and television viewing on midlife cognitive function. JAMA Psychiatry
2016, 73, 73–79. [CrossRef] [PubMed]
Chang, M.; Snaedal, J.; Einarsson, B.; Bjornsson, S.; Saczynski, J.S.; Aspelund, T.; Garcia, M.; Gudnason, V.;
Harris, T.B.; Launer, L.J.; et al. The association between midlife physical activity and depressive symptoms
in late life: Age gene/environment susceptibility—Reykjavik study. J. Gerontol. A Biol. Sci. Med. Sci. 2016, 71,
502–507. [CrossRef] [PubMed]

Brain Sci. 2017, 7, 22

84.

14 of 16

Irie, F.; Masaki, K.H.; Petrovitch, H.; Abbott, R.D.; Ross, G.W.; Taaffe, D.R.; Launer, L.J.; White, L.R.
Apolipoprotein E epsilon4 allele genotype and the effect of depressive symptoms on the risk of dementia in
men: The Honolulu-Asia Aging Study. Arch. Gen. Psychiatry 2008, 65, 906–912. [CrossRef] [PubMed]
85. Robitaille, A.; Muniz, G.; Lindwall, M.; Piccinin, A.M.; Hoffman, L.; Johansson, B.; Hofer, S.M. Physical
activity and cognitive functioning in the oldest old: Within-and between-person cognitive activity and
psychosocial mediators. Eur. J. Ageing 2014, 11, 333–347. [CrossRef] [PubMed]
86. Kramer, A.F.; Hahn, S.; Cohen, N.J.; Banich, M.T.; McAuley, E.; Harrison, C.R.; Colcombe, S. Ageing, fitness
and neurocognitive function. Nature 1999, 400, 418–419. [CrossRef] [PubMed]
87. Dawe, D.; Moore-Orr, R. Low-intensity, range-of-motion exercise: Invaluable nursing care for elderly patients.
J. Adv. Nurs. 1995, 21, 675–681. [CrossRef] [PubMed]
88. Lam, L.C.; Chau, R.; Wong, B.M.; Fung, A.W.; Lui, V.W.; Tam, C.C.; Leung, G.T.; Kwok, T.C.; Chiu, H.F.;
Ng, S.; et al. Interim follow-up of a randomized controlled trial comparing Chinese style mind body (Tai Chi)
and stretching exercises on cognitive function in subjects at risk of progressive cognitive decline. Int. J.
Geriatr. Psychiatry 2011, 26, 733–740. [CrossRef] [PubMed]
89. Young, J.; Angevaren, M.; Rusted, J.; Tabet, N. Aerobic exercise to improve cognitive function in older people
without known cognitive impairment. Cochrane Database Syst. Rev. 2015. [CrossRef]
90. Colcombe, S.J.; Erickson, K.I.; Scalf, P.E.; Kim, J.S.; Prakash, R.; McAuley, E.; Elavsky, S.; Marquez, D.X.;
Hu, L.; Kramer, A.F. Aerobic exercise training increases brain volume in aging humans. J. Gerontol. A. Biol.
Sci. Med. Sci. 2006, 61, 1166–1170. [CrossRef] [PubMed]
91. Maass, A.; Düzel, S.; Goerke, M.; Becke, A.; Sobieray, U.; Neumann, K.; Lövden, M.; Lindenberger, U.;
Bäckman, L.; Braun-Dullaeus, R.; et al. Vascular hippocampal plasticity after aerobic exercise in older adults.
Mol. Psychiatry 2015, 20, 585–593. [CrossRef] [PubMed]
92. Chang, Y.K.; Pan, C.Y.; Chen, F.T.; Tsai, C.L.; Huang, C.C. Effect of resistance-exercise training on cognitive
function in healthy older adults: A review. J. Aging Phys. Act. 2012, 20, 497–517. [CrossRef] [PubMed]
93. Smolarek Ade, C.; Ferreira, L.H.; Mascarenhas, L.P.; McAnulty, S.R.; Varela, K.D.; Dangui, M.C.;
de Barros, M.P.; Utter, A.C.; Souza-Junior, T.P. The effects of strength training on cognitive performance in
elderly women. Clin. Interv. Aging 2016, 11, 749–754. [CrossRef] [PubMed]
94. Liu-Ambrose, T.; Donaldson, M.G. Exercise and cognition in older adults: Is there a role for resistance
training programmes? Br. J. Sports Med. 2009, 43, 25–27. [CrossRef] [PubMed]
95. Best, J.R.; Chiu, B.K.; Liang Hsu, C.; Nagamatsu, L.S.; Liu-Ambrose, T. Long-term effects of resistance
exercise training on cognition and brain volume in older women: Results from a randomized controlled trial.
J. Int. Neuropsychol. Soc. 2015, 21, 745–756. [CrossRef] [PubMed]
96. Salat, D.H.; Greve, D.N.; Pacheco, J.L.; Quinn, B.T.; Helmer, K.G.; Buckner, R.L.; Fisch, B. Regional white
matter volume differences in nondemented aging and Alzheimer’s disease. Neuroimage 2009, 44, 1247–1258.
[CrossRef] [PubMed]
97. Colcombe, S.; Kramer, A.F. Fitness effects on the cognitive function of older adults: A meta-analytic study.
Psychol. Sci. 2003, 14, 125–130. [CrossRef] [PubMed]
98. Swain, R.A.; Berggren, K.L.; Kerr, A.L.; Patel, A.; Peplinski, C.; Sikorski, A.M. On aerobic exercise and
behavioral and neural plasticity. Brain Sci. 2012, 2, 709–744. [CrossRef] [PubMed]
99. Geda, Y.E.; Roberts, R.O.; Knopman, D.S.; Christianson, T.J.; Pankratz, V.S.; Ivnik, R.J.; Boeve, B.F.;
Tangalos, E.G.; Petersen, R.C.; Rocca, W.A. Physical exercise, aging, and mild cognitive impairment: A
population-based study. Arch. Neurol. 2010, 67, 80–86. [CrossRef] [PubMed]
100. Podewils, L.J.; Guallar, E.; Kuller, L.H.; Fried, L.P.; Lopez, O.L.; Carlson, M.; Lyketsos, C.G. Physical
activity, APOE genotype, and dementia risk: Findings from the Cardiovascular Health Cognition study.
Am. J. Epidemiol. 2005, 161, 639–651. [CrossRef] [PubMed]
101. Farrer, L.A.; Cupples, L.A.; Haines, J.L.; Hyman, B.; Kukull, W.A.; Mayeux, R.; Myers, R.H.;
Pericak-Vance, M.A.; Risch, N.; van Duijn, C.M. Effects of age, sex, and ethnicity on the association between
apolipoprotein E genotype and Alzheimer disease. A meta-analysis. APOE and Alzheimer Disease Meta
Analysis Consortium. JAMA 1997, 278, 1349–1356. [CrossRef] [PubMed]
102. Larson, E.B.; Wang, L.; Bowen, J.D.; McCormick, W.C.; Teri, L.; Crane, P.; Kukull, W. Exercise is associated
with reduced risk for incident dementia among persons 65 years of age and older. Ann. Intern. Med. 2006,
144, 73–81. [CrossRef] [PubMed]

Brain Sci. 2017, 7, 22

15 of 16

103. Heyn, P.; Abreu, B.C.; Ottenbacher, K.J. The effects of exercise training on elderly persons with cognitive
impairment and dementia: A meta-analysis. Arch. Phys. Med. Rehabil. 2004, 85, 1694–1704. [CrossRef]
[PubMed]
104. Ahlskog, J.E.; Geda, Y.E.; Graff-Radford, N.R.; Petersen, R.C. Physical exercise as a preventive or
disease-modifying treatment of dementia and brain aging. Mayo Clin. Proc. 2011, 86, 876–884. [CrossRef]
[PubMed]
105. Öhman, H.; Savikko, N.; Strandberg, T.E.; Pitkälä, K.H. Effect of physical exercise on cognitive performance in
older adults with mild cognitive impairment or dementia: A systematic review. Dement. Geriatr. Cogn. Disord.
2014, 38, 347–365. [CrossRef] [PubMed]
106. Groot, C.; Hooghiemstra, A.M.; Raijmakers, P.G.; van Berckel, B.N.; Scheltens, P.; Scherder, E.J.; van der
Flier, W.M.; Ossenkoppele, R. The effect of physical activity on cognitive function in patients with dementia:
A meta-analysis of randomized control trials. Ageing Res. Rev. 2016, 25, 13–23. [CrossRef] [PubMed]
107. Kennedy, G.; Hardman, R.J.; Macpherson, H.; Scholey, A.B.; Pipingas, A. How does exercise reduce the rate
of age-associated cognitive decline? A review of potential mechanisms. J. Alzheimers Dis. 2017, 55, 1–18.
[CrossRef] [PubMed]
108. Fox, P.T.; Raichle, M.E. Focal physiological uncoupling of cerebral blood flow and oxidative metabolism
during somatosensory stimulation in human subjects. Proc. Natl. Acad. Sci. USA 1986, 83, 1140–1144.
[CrossRef] [PubMed]
109. Lista, I.; Sorrentino, G. Biological mechanisms of physical activity in preventing cognitive decline.
Cell. Mol. Neurobiol. 2010, 30, 493–503. [CrossRef] [PubMed]
110. Burdette, J.H.; Laurienti, P.J.; Espeland, M.A.; Morgan, A.; Telesford, Q.; Vechlekar, C.D.; Hayasaka, S.;
Jennings, J.M.; Katula, J.A.; Kraft, R.A.; et al. Using network science to evaluate exercise-associated brain
changes in older adults. Front. Aging Neurosci. 2010, 2, 23. [CrossRef] [PubMed]
111. Snowdon, D.A.; Greiner, L.H.; Mortimer, J.A.; Riley, K.P.; Greiner, P.A.; Markesbery, W.R. Brain infarction and
the clinical expression of Alzheimer disease: The Nun Study. JAMA 1997, 277, 813–817. [CrossRef] [PubMed]
112. Motoyama, M.; Sunami, Y.; Kinoshita, F.; Kiyonaga, A.; Tanaka, H.; Shindo, M.; Sasaki, J.; Arakawa, K.
Blood pressure lowering effect of low intensity aerobic training in elderly hypertensive patients. Med. Sci.
Sports Exerc. 1998, 30, 818–823. [CrossRef] [PubMed]
113. Vlassara, H.; Palace, M.R. Diabetes and advanced glycation endproducts. J. Intern. Med. 2002, 251, 87–101.
[CrossRef] [PubMed]
114. Yaffe, K.; Kanaya, A.; Lindquist, K.; Simonsick, E.M.; Harris, T.; Shorr, R.I.; Tylavsky, F.A.; Newman, A.B. The
metabolic syndrome, inflammation, and risk of cognitive decline. JAMA 2004, 292, 2237–2242. [CrossRef]
[PubMed]
115. Launer, L.J. Demonstrating the case that AD is a vascular disease: Epidemiologic evidence. Ageing Res. Rev.
2002, 1, 61–77. [CrossRef]
116. Colberg, S.R.; Sigal, R.J.; Fernhall, B.; Regensteiner, J.G.; Blissmer, B.J.; Rubin, R.R.; Chasan-Taber, L.;
Albright, A.L.; Braun, B. Exercise and type 2 diabetes: The American College of Sports Medicine and
the American Diabetes Association: Joint position statement executive summary. Diabetes Care 2010, 33,
2692–2696. [CrossRef] [PubMed]
117. Ploughman, M. Exercise is brain food: The effects of physical activity on cognitive function. Dev. Neurorehabil.
2008, 11, 236–240. [CrossRef] [PubMed]
118. McDermott, L.M.; Ebmeier, K.P. A meta-analysis of depression severity and cognitive function. J. Affect. Disord.
2009, 119, 1–8. [CrossRef] [PubMed]
119. Byers, A.L.; Yaffe, K. Depression and risk of developing dementia. Nat. Rev. Neurol. 2011, 7, 323–331.
[CrossRef] [PubMed]
120. Martinsen, E.W. Physical activity in the prevention and treatment of anxiety and depression. Nord. J. Psychiatry
2008, 62, 25–29. [CrossRef] [PubMed]
121. Hartescu, I.; Morgan, K.; Stevinson, C.D. Sleep quality and recommended levels of physical activity in older
people. J. Aging Phys. Act. 2016, 24, 201–206. [CrossRef] [PubMed]
122. Rose, K.M.; Fagin, C.M.; Lorenz, R. Sleep disturbances in dementia: What they are and what to do.
J. Gerontol. Nurs. 2010, 36, 9–14. [CrossRef] [PubMed]

Brain Sci. 2017, 7, 22

16 of 16

123. Xie, L.; Kang, H.; Xu, Q.; Chen, M.J.; Liao, Y.; Thiyagarajan, M.; O’Donnell, J.; Christensen, D.J.; Nicholson, C.;
Iliff, J.J.; et al. Sleep drives metabolite clearance from the adult brain. Science 2013, 342, 373–377. [CrossRef]
[PubMed]
124. Das, P.; Horton, R. Physical activity-time to take it seriously and regularly. Lancet 2016, 388, 1254–1255.
[CrossRef]
125. Gomes, M.J.; Martinez, P.F.; Pagan, L.U.; Damatto, R.L.; Cezar, M.D.; Lima, A.R.; Okoshi, K.; Okoshi, M.P.
Skeletal muscle aging: Influence of oxidative stress and physical exercise. Oncotarget 2017. [CrossRef]
[PubMed]
126. Gary, R. Evaluation of frailty in older adults with cardiovascular disease: Incorporating physical performance
measures. J. Cardiovasc. Nurs. 2012, 27, 120–131. [CrossRef] [PubMed]
© 2017 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

