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Alzheimer's disease (AD) is the leading cause of dementia, and the most prevalent
neurodegenerative disease in the elderly. The prevalence of AD is predicted to rise as life
expectancy grows across populations. The exact cause of this devastating disease is still
unknown; however, it is an aging-related multi-factorial disorder, and growing evidence
supports the contribution of modifiable environmental factors to unmodifiable factors
such as gene and ageing itself. The recent advancement of methodologies and techniques
for early diagnosis of AD facilitates the investigation of strategies to reduce the risk for AD
progression in the earliest stages of the disease. Pharmacological attempts at curing,
halting or modifying it have, by and large, been unsuccessful, and no breakthrough is seen
in the near future. However, a lot of elements that seem to contribute to the disease such
as risk factors have been identified, mainly from epidemiological and basic research
studies. Many of these are amenable to lifestyle modification. Therefore, prevention in the
preclinical stage is likely the most effective way to decrease the incidence of this age-
associated dreadful neurodegenerative condition, and its associated burden for individuals
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and society. We provide an overview of modifiable risk factors for AD along with the
supporting evidence.
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INTRODUCTION

Astonishing advancement in medical knowledge and everlast-
ing improvements in healthcare services in recent years have
contributed to an increased longevity in the worldwide popula-
tion (1), which is projected to continue to increase. While it is
evident that expansion of life expectancy might be indicative of
a healthier population, it is also true that a growing number of
population are living to an older age with risk factors for age-re-
lated neurodegenerative disorders, most typically Alzheimer’s
disease (AD), which will ultimately result in dramatic increase
in the number of people suffering from dementia and related
cognitive decline (2). This age-related cognitive decline is a
burgeoning public health concern domestically, as well as in-
ternationally. Current pharmacological agents available for AD
target the neurotransmitter deficits of the disorder, but provide
only symptomatic relief for a brief duration. Furthermore, these
compounds are unable to halt the degenerative process, and
may lead to an unfavorable risk/benefit position and tolerance
(3). Over the past decade, research efforts have concentrated
largely on therapeutic strategies that aim to prevent the forma-
tion and deposition of f-amyloid and tau, or accelerate their
clearance, but there has been limited success (4). Therefore,
there is an urgent and unmet need to develop novel strategies
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that will be able to delay onset of dementia, or halt the progres-
sion of disease course. Until then, it would be a reasonable op-
tion to adopt any measures known to mitigate dementia risk. It
is estimated that about half of AD cases worldwide might be at-
tributable to known risk factors. Taking immediate action on
the known risk factors could perhaps prevent up to one-fifth of
predicted new cases by 2025 (5). We tried to describe here the
most pertinent findings from literature reviews, together with
some more speculative ideas and hypotheses for further scrutiny.

STATUS OF AD

How big is the problem?

AD is the most common cause of dementia in persons aged 60
yr and older, representing 60%-80% of cases (6). The second
most common cause is vascular dementia or dementia due to
the occurrence of multiple strokes. However, increasing evi-
dence from population-based neuropathological and neuro-
imaging studies shows that mixed neuropatholgies (character-
istic of AD, cerebral infarctions and Lewy bodies) account for
most dementia cases, particularly in very old people (7, 8). AD
is a fairly common condition in older age. The overall prevalence
among individuals aged 65 yr and older has been estimated to
be 10%-13%, and the rate increases exponentially with older
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age: from 3% among 65-74-yr-olds to 19% among 75-84-yr-olds,
and nearly half (47%) of those aged 85 yr and older (6).

Where are we now?

Given the expected dramatic increase in the incidence and prev-
alence of dementia, the development of successful prevention
and treatment strategies is critical. However, the current phar-
maceutical treatment of AD can only modestly improve symp-
toms, and cannot cure or halt clinical progression. As a result,
prevention of dementia through risk factor identification and
modification is of the utmost importance until truly efficacious
disease-modifying agents are available.

Is Alzheimer’s disease preventable?
Prevention is traditionally divided into three levels: primary,
secondary, and tertiary prevention. Primary prevention refers
to reducing the incidence of the disease by eliminating or treat-
ing specific risk factors, which may decrease or delay the devel-
opment of a specific disease. In the case of AD, people currently
without any signs or symptoms of AD could remain without AD
through the primary prevention strategy. Secondary prevention
aims to detect the disease at an early stage, before any symp-
tom has emerged, when treatment could halt or limit its pro-
gression. Tertiary prevention ameliorates the impact of compli-
cations and disability of long-term diseases, thus it allows pa-
tient to maintain an acceptable quality of life.

In this review, the discussion will be largely focused on pri-
mary prevention of AD. Evidence surrounding the prevention
of AD will be discussed, where available.

RISK FACTORS AND PREVENTION

Although the exact etiology of AD largely remains unknown,
researchers in this field currently agree that it is multifactorial,
being the result of complex interactions among ageing, genetic,
lifestyle and environmental factors. The primary risk factors for
late-onset AD include older age, the APOE &4 genotype, head
injury, family history, low education and low participation in
cognitively stimulating activities (9). Among them, advanced
age is the strongest risk factor for AD such that the risk doubles
every 5 yr after the age of 65. Dysfunctional vascular conditions
and related vascular risk factors are the primary focus of the
current research in AD aside from vascular dementia (10). Among
these factors, physical activity (11), diet (12) , hypertension (13),
obesity (14), hypercholesterolemia (13), diabetes (15), heart
disease (16), cerebrovascular disease (CVD) (7), and metabolic
syndrome (17), are the most actively investigated areas. The
strong relationship between CVD and diet, as well as between
CVD and dementia support the idea that diet also plays a role
in dementia at the very least through its effect on cardiovascu-
lar-related conditions (18). Genetic causes of AD are restricted
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to early-onset cases in persons less than 60 yr of age, and ac-
count for only 1% of all cases (19).

There is also increasing evidence suggesting that many risk
factors that contribute to the development of late-life demen-
tias are modifiable (13). The same factors that forced people to
be at risk for dementia may be targets for interventions (Identi-
fying strategies to delay the onset of dementia is, thus, of great
importance for alleviating the rising pressures of this disease on
health-care systems and societies (20). Even a very small reduc-
tion in the rate of development of AD pathology would have
enormous public health benefits.

Cognitive activity (Cognitive training)

Several observational studies demonstrate that education is the
most established risk factor for dementia. People who are more
educated have lower rates of AD and all-cause dementia than
those with less education. Engaging in highly complex mental
activities conferred protection against the subsequent develop-
ment of dementia. The term “cognitive reserve (CR)” has been
applied to describe this condition that the greater number of
neurons or advance neuropsychological competence can pro-
tect individuals from developing clinically overt cognitive de-
cline or dementia (21). High CR individuals seem to have a rep-
ertoire of strategies to resolve complex tasks, as well as redun-
dant neuronal networks to carry out the same activities (22). Al-
though several randomized controlled trials of cognitive inter-
vention have yielded mixed and inconclusive results, the do-
main of global cognitive functioning, as measured by Mini-Men-
tal State Examination, showed consistent and significant inter-
vention effects (23). Recently the ACTIVE study group demon-
strated the effects of cognitive training on cognitive abilities and
everyday function over 10 yr. They randomized 2,832 patients
into four groups and three intervention arms: 10 training ses-
sions for memory (verbal episodic memory), reasoning (ability
to solve problems that follow a serial pattern), or speed of pro-
cessing (visual search and identification); four sessions of boost-
er training 11 and 35 months after initial training. The results
revealed that compared to the control group, cognitive-trained
subjects showed less decline in self-reported instrumental ac-
tivities of daily living (IADL). Reasoning and speed, but not
memory, training resulted in improved targeted cognitive abili-
ties for 10 yr (24). Based on these results, it seems advisable to
engage in cognitive training programs as part of a formal multi-
modal therapeutic approach. At least, these nonpharmacologi-
cal interventions should be considered as a complementary
option of intervention.

Physical activity

The most thoroughly and well-researched behavioral interven-
tion for cognitive functioning is physical activity (PA). PA may
also mitigate associated risk factors for cognitive decline such
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as cardiovascular disease. One recent meta-analytic study ar-
gued that high and moderate intensity PA decreased the risk of
cognitive decline in healthy individuals by up to 38% and 35%
respectively (25).

Lautenschlager et al. (26) reported that PA has been shown
to improve cognitive outcomes in patients with mild cognitive
impairment. One recent prospective study on PA suggests that
cognitively normal older adults who report higher levels of phys-
ical activity may have slightly better cognitive performance, but
the potential cognitive benefits of higher levels of physical ac-
tivity over time may be most evident in individuals at genetic
risk for AD (27).

It is believed that BDNF plays a central role on the effects of
exercise on synaptic plasticity. It has recently been reported that
an exercise regimen known for its capacity to enhance learning
and memory through a BDNF-related mechanism, promotes
remodeling of chromatin containing the BDNF gene (28). Mul-
tiple genes analysis using microarray technology has been in-
strumental in determining the pathways stimulated by exercise
in the brain. These studies have shown that voluntary exercise
elevated the expression of a subgroup of genes that are associ-
ated with the actions of BDNF and insulin-like growth factor
(IGF) systems on synaptic plasticity (29).

Aerobic exercise reduced the risk of cognitive impairment
and dementia which can be explained by either a direct neuro-
trophic effect of exercise or by an improvement in the cerebro-
vascular and cardiovascular risk profiles. The authors argue that
aerobic exercise attenuates progression of neurodegenerative
processes and age-related loss of synapses and neuropil via fa-
cilitation of neurotrophic factors and neuroplasticity (30). These
findings are in line with animal experiments in which aerobic
exercise enhances hippocampal dendritic length and dendritic
spine complexity (31). In a long-term, prospective cohort study,
the usual weekly walking distances reported by healthy adults at
baseline were positively associated with neocortical and hippo-
campal MRI volumes 9 yr later (32). Recently, Rovio et al. (33)
reported that leisure-time PA at midlife (on average 21 yr before
the diagnosis of dementia) is related to a decreased risk of de-
mentia and AD. Individuals participating at least twice a week
in a leisure-time PA had 50% lower odds of dementia compared
with sedentary persons. The association was somewhat stron-
ger for AD than for overall dementia; those in the active group
had 60% lower odds of AD compared with those in the seden-
tary group, even after adjusting for potential confounding fac-
tors. The APOE ¢4 allele status appeared to modify the associa-
tions between PA and dementia or AD as PA had more pro-
nounced effects against dementia or AD among the APOE ¢4
carriers; dementia may have affected the individuals’ observed
PA (33). Thus, ongoing, moderate-intensity physical exercise
should be considered as a prescription for lowering cognitive
risks and slowing cognitive decline across the age spectrum.

888  http://jkms.org

Vascular risk factor controls

Mounting evidence indicates that vascular disease and risk fac-
tors not only elevate the risk of vascular dementia (VaD) but
also AD (34). Moreover, the neuropathology of cognitive im-
pairment in later life is often a mixture of Alzheimer disease
and microvascular brain damage, which may overlap and syn-
ergize to heighten the risk of cognitive impairment (35). It is re-
cently reported that midlife cardiovascular risk factors are relat-
ed to impairments in executive functions as ascertained by
novel errors and traditional measures (36). An association of el-
evated blood pressure in midlife with an increased risk of de-
mentia and AD later in life has been reported in several popula-
tion-based studies (37, 38) while follow-up studies of late-life
blood pressure and risk of dementia yield mixed results, largely
depending on the length of follow-up. The short-term follow-
up studies (e.g., less than 3 yr) often found no association or
even an inverse association between blood pressure and risk of
dementia and AD. However, studies of very old people (i.e., 75
+ yr) with a longer follow-up period (i.e., more than 6 yr) also
revealed an increased risk of dementia associated with low
blood pressure, suggesting that low blood pressure is a signifi-
cant risk factor for dementia in very old people (39).

The association of diabetes and pre-diabetes with AD may
reflect the direct effects of chronic hyperglycemia, hyperinsu-
linemia, or insulin resistance on brain neurodegenerative chang-
es (40). Multiple mechanisms related to diabetes-related glu-
cose and insulin dysregulation can lead to vascular and neuro-
nal damage (41). Studies suggest that the longer the duration of
diabetes, the poorer the cognitive function (42).

Dyslipidemia has been suggested as a risk factor for AD (2)
Some reports, mostly retrospective epidemiological studies,
have observed a decreased prevalence of AD in patients taking
the cholesterol lowering drugs, statins. People with high levels
of low-density lipoproteins in late life have increased risk of
cognitive impairment and dementia with stroke (43). The pro-
duction of amyloid-B (Ap) is modulated by cholesterol, and
studies on animal models have consistently demonstrated that
hypercholesterolemia is associated with an increased deposi-
tion of cerebral AB peptides (44). Several mechanisms contrib-
ute to AD development and progression, and increasing epide-
miological and molecular evidence suggests a key role of cho-
lesterol in its initiation and progression. Altered cholesterol
metabolism and hypercholesterolemia appear to play funda-
mental roles in amyloid plaque formation and tau hyperphos-
phorylation (45).

Since the above-mentioned vascular risk factors are convinc-
ingly associated with an increased risk of incident dementia,
treatments targeting vascular risk factors in mid-life seem to be
safe and fruitful.
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Nutritional approaches
Among other factors, ample evidence suggests that cognitive
function is influenced by nutrition (46). The role of nutrition in
cardiovascular disease is well documented particularly regard-
ing the protective effect of poly-unsaturated fatty acids of the
omega 3 series (n-3 PUFA) (18). We could therefore expect a
protective effect of the same nutrients against vascular demen-
tia, but also against the vascular component of AD. A healthy
diet could then contribute to simultaneously decrease the risk
of several conditions whose incidence sharply increases with
ageing. Consequently, the potential of nutritional intervention
to prevent or delay cognitive impairment and the development
of AD is a subject of growing scientific interest. Elevated satu-
rated fatty acids could have negative effects on age-related cog-
nitive decline and mild cognitive impairment (MCI). Further-
more, at present, epidemiological evidence suggests a possible
association between fish consumption, monounsaturated fatty
acids and polyunsaturated fatty acids (PUFA; in particular, n-3
PUFA) and a reduced risk of cognitive decline and dementia.
Poorer cognitive function and an increased risk of vascular de-
mentia (VaD) were found to be associated with a lower con-
sumption of milk or dairy products. Among different dietary
patterns, recent prospective studies provided evidence that a
higher adherence to a Mediterranean-type diet (MedDiet) could
be associated with slower cognitive decline, reduced risk of
progression from MCI to AD, reduced risk of AD, and decreased
all-cause mortality in AD patients (47-49). One recent interven-
tion study with MedDiet was associated with better global cog-
nitive performance after 6.5 yr of follow-up compared with a
control group who received advice on a lower-fat diet (50). Epi-
demiological studies have recently reported an association be-
tween wine consumption and the incidence of AD. Red wine in
particular, another component of the MedDiet, was investigat-
ed in the Personnes Agees Quid (PAQUID) study, in which the
relative risk for dementia and AD among 318 subjects who
drank three or four glasses of wine each day in comparison with
971 total abstainers were 0.21 and 0.25, respectively. Among the
922 older subjects who drank no more than one or two glasses
of wine each day with regard to the abstainers the relative risk
for AD was significantly reduced (0.55) (51). A possible mecha-
nism for the protective effect of wine is provided by the antioxi-
dant and anti-inflammatory properties of resveratrol and mela-
tonin, which are most prominent in red wine (52-54). Studies
suggest that dietary polyphenolics may benefit AD by modulat-
ing multiple disease-modifying modalities, both B-amyloid-
dependent and independent mechanisms, and provide impe-
tus for the development of polyphenolic compounds for AD
prevention (55). They also show antioxidant, cardioprotective,
anticancer, antidiabetic, neuroprotective and anti-aging activi-
ties (54).

A recent review article emphasized the potential role of nu-
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tritional supplementation to prevent cognitive decline by coun-
teracting deleterious neurodegenerative and pathological pro-
cess. The literature reinforces the need for early intervention in
AD and suggests that multi-nutritional intervention, targeting
multiple aspects of the neurodegenerative process during the
earliest possible phase in the development of the disease, is
likely to have the greatest therapeutic potential (56). Therefore
effective, nutrition-based approaches would be of great benefit
due to a relatively low risk of side effects in a presymptomatic or
prodromal stage, and benefit a relatively healthy population al-
lied to the necessarily long exposure time (57).

Stress management

High levels of perceived stress are associated with a higher risk
of developing AD (58). Increasing evidence has been accumu-
lating about the role of stress as an important challenge to the
onset and progression of AD. The hippocampus, a main struc-
ture of the brain damaged during AD, is the first brain region,
besides the hypothalamus, to be recognized as a target of stress
hormones, including cortisol, sympathetic and parasympathet-
ic neurotransmitters, cytokines and metabolic hormones (59).
Neuroinfalmmatory mechanisms induced by stress is likely to
cause neuronal dysfunction and impaired neurogenesis which
eventually develop AD (60).

Sleep is a very important physiologic phenomenon to reduce
mental and physical tensions alike. Several studies suggest that
sleep may influence AD pathogenesis. Sleep-wake abnormali-
ties are associated with the presence of amyloid deposition in
the preclinical stage of AD. Moreover, sleep abnormalities may
increase soluble AB_ levels over the long term, leading to an in-
creased chance of amyloid plaque accumulation, further sleep
disruption, and, subsequently, symptomatic AD (61). In a cou-
ple of cross-sectional studies, insufficient or decreased sleep
quality was associated with poor cognitive function (62, 63).

The attenuating effect of meditation on stress reduction, the
prevention of psychosomatic disorders, blood pressure, and
other cardiovascular diseases has been well recognized (64).
Meditation techniques are considered to be specific cognitively
stimulating activities. Newberg et al. suggests that the applica-
tion of meditation techniques in patients with neurodegenera-
tive diseases has a positive impact on memory, and attention
(65). One recent pilot study demonstrated that in adults most
susceptible to the development of dementia, meditation may
reduce hippocampal atrophy and improve functional connec-
tivity in the same areas of the brain most affected by the disease
process (66). Thus meditation can be a potentially suitable non-
pharmacological intervention aimed at the prevention of cog-
nitive decline in the elderly (67).

Social engagement
Social relationships are hypothesized to prevent or slow down
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cognitive decline. It has been well documented that individuals
with reduced social networks are more susceptible to develop
cognitive decline compared with those who have more exten-
sive social interactions (68). Brenowitz et al. (69) reported that
compared with living with a spouse/partner, risk of MCI was
significantly higher for those living with others (hazard ratio:
1.35; 95% confidence interval: 1.03, 1.77), but not for living alone.
Risk of MCI was not associated with having children or having
siblings. Participation in socially engaging leisure activities-such
as visits with friends and relatives, going to the movies, clubs,
centers, and church/synagogues, and volunteering was also as-
sociated with reduced risk of dementia. It is possible that aspects
of cognitive processing that allow people to develop and main-
tain large social networks might also provide a reserve against
the development of cognitive impairment despite the accumu-
lation of AD pathology, or otherwise compensate for the effects
of degeneration of non-social cognitive systems (70, 71).

Multimodal interventions

Recent reviews suggest that multimodal interventions that in-
clude more than one behavioral or lifestyle intervention may
have a greater likelihood of influencing neurobiological mecha-
nisms underlying cognitive decline than any one activity alone
(72). Tai Chi is a good example of multimodal interventional
strategy. Tai Chi is an increasingly popular multimodal mind-
body exercise that incorporates physical, cognitive, social, and
meditative components in the same activity. Tai Chi shows po-
tential to enhance cognitive function in older adults, particular-
ly in the realm of executive functioning and in individuals with-
out significant impairment (73). Recent prospective study sug-
gests that individuals who participated in the 4-month exercise
and frontal cognitive stimulation intervention program had
better performance on dual-task activities, better postural bal-
ance on the force platform, and greater functional capacity than
control participants. Therefore, their results confirmed the hy-
pothesis that a combination of physical exercise and frontal
cognitive stimulation has a favorable effect on frontal cognition
relative to postural control and functional capacity components
in individuals with AD (74). According to recent studies, the
combination of diet and exercise can deliver more beneficial
effects than intervention alone (75, 76).

CONCLUSION

AD is now considered as epidemic in the 21st century; however,
in spite of enormous intellectual, financial and time investments,
the exact pathomechanism of AD is still far from being fully elu-
cidated. Current treatment options for AD are limited to couple
of classes of symptomatic medications targeting cholinergic
and glutaminergic neurotransmitter derangements respective-
ly. Moreover, neither class of medication is thought to signifi-
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cantly alter the causal pathways in AD, i.e., none can stop or
slow the progress of the disease. In recent years, many drug
candidates aimed at disease modification have advanced into
large, randomized controlled trials, but none has demonstrated
efficacy in slowing down the relentless progression of AD. It is,
therefore, critical to address the current lack of effective treat-
ments to target the underlying pathology and disease process
inAD.

Epidemiological studies have identified many risk factors for
AD, some genetic but most environmental and therefore modi-
fiable. In this context, a concerted action to fight the AD epidem-
ic must be taken by aggressive risk factor management through
the above-mentioned lifestyle modification strategies until ef-
fective disease modifying drugs are available.

ACKNOWLEDGMENTS

This is an invited review which has been presented at the 4th
Academic Forum of the National Academy of Medicine of Ko-
rea, held on September 26, 2013 in Seoul, Korea.

ORCID
Seol-Heui Han http://orcid.org/0000-0003-3608-2514

REFERENCES

1. United Nations, Department of Economic and Social Affairs, Popula-
tion Division. World population prospects: the 2012 revision, key find-
ings and advance tables. 2013. No. ESA/P/WP227.

. Reitz C, Mayeux R. Alzheimer disease: epidemiology, diagnostic criteria,
risk factors and biomarkers. Biochem Pharmacol 2014; 88: 640-51.

. Ritchie CW, Zhinchin G. Low dose, high dose, or no dose: better prescrib-
ing of cholinesterase inhibitors for Alzheimer’s disease. Int Psychogeriatr
2013; 25: 511-5.

. Rosenblum WI. Why Alzheimer trials fail: removing soluble oligomeric

N

w

IS

beta amyloid is essential, inconsistent, and difficult. Neurobiol Aging
2014; 35: 969-74.
. Smith AD, Yaffe K. Dementia (including Alzheimer’s disease) can be pre-

o

vented: statement supported by international experts. ] Alzheimers Dis
2014; 38: 699-703.

6. Evans DA, Funkenstein HH, Albert MS, Scherr PA, Cook NR, Chown
M]J, Hebert LE, Hennekens CH, Taylor JO. Prevalence of Alzheimer’s dis-
ease in a community population of older persons: higher than previously
reported. JAMA 1989; 262: 2551-6.

. Salthouse TA. Selective review of cognitive aging. ] Int Neuropsychol Soc

2010; 16: 754-60.

Viswanathan A, Rocca WA, Tzourio C. Vascular risk factors and demen-

tia: how to move forward? Neurology 2009; 72: 368-74.

. Reitz C, Brayne C, Mayeux R. Epidemiology of Alzheimer disease. Nat
Rev Neurol 2011; 7: 137-52.

. Daviglus ML, Bell CC, Berrettini W, Bowen PE, Connolly ES J1, Cox NJ,
Dunbar-Jacob JM, Granieri EC, Hunt G, McGarry K, et al. NIH state-of-

~

®

©

1

o

http://dx.doi.org/10.3346/jkms.2014.29.7.886



Han J-Y, et al. < Primary Prevention of Alzheimer's Disease: Is It an Attainable Goal?

JKMS

1

—

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

the-science conference statement: preventing Alzheimer’s disease and
cognitive decline. NIH Consens State Sci Statements 2010; 27: 1-30.

. Larson EB, Wang L, Bowen JD, McCormick WC, 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.
Luchsinger JA, Noble JM, Scarmeas N. Diet and Alzheimer’s disease.
Curr Neurol Neurosci Rep 2007; 7: 366-72.

Kivipelto M, Helkala EL, Laakso MP, Hinninen T, Hallikainen M, Alhain-
en K, livonen S, Mannermaa A, Tuomilehto J, Nissinen A, et al. Apoli-
poprotein E epsilond allele, elevated midlife total cholesterol level, and
high midlife systolic blood pressure are independent risk factors for late-
life Alzheimer disease. Ann Intern Med 2002; 137: 149-55.

Whitmer RA, Gunderson EP, Barrett-Connor E, Quesenberry CP Jr, Yaffe
K. Obesity in middle age and future risk of dementia: a 27 year longitu-
dinal population based study. BMJ 2005; 330: 1360.

Luchsinger JA, Tang MX, Stern Y, Shea S, Mayeux R. Diabetes mellitus
and risk of Alzheimer’s disease and dementia with stroke in a multieth-
nic cohort. Am J Epidemiol 2001; 154: 635-41.

Reitz C, Brickman AM, Luchsinger JA, Wu WE, Small SA, Tang MX. Fre-
quency of subclinical heart disease in elderly persons with dementia. Am
J Geriatr Cardiol 2007; 16: 183-8.

Yaffe K, Weston AL, Blackwell T, Krueger KA. The metabolic syndrome
and development of cognitive impairment among older women. Arch
Neurol 2009; 66: 324-8.

Estruch R, Ros E, Salas-Salvadé J, Covas MI, Corella D, Ar6s FE Gémez-
Gracia E, Ruiz-Gutiérrez V, Fiol M, Lapetra J, et al. Primary prevention
of cardiovascular disease with a Mediterranean diet. N Engl ] Med 2013;
368: 1279-90.

Bekris LM, Yu CE, Bird TD, Tsuang DW. Genetics of Alzheimer disease. J
Geriatr Psychiatry Neurol 2010; 23: 213-27.

Brookmeyer R, Johnson E, Ziegler-Graham K, Arrighi HM. Forecasting
the global burden of Alzheimer’s disease. Alzheimers Dement 2007; 3:
186-91.

Valenzuela MJ, Sachdev P. Brain reserve and dementia: a systematic re-
view. Psychol Med 2006; 36: 441-54.

Stern Y. What is cognitive reserve? theory and research application of the
reserve concept. ] Int Neuropsychol Soc 2002; 8: 448-60.

Alves J, Magalhaes R, Thomas RE, Gongalves OF, Petrosyan A, Sampaio
A. Is there evidence for cognitive intervention in Alzheimer disease? a sys-
tematic review of efficacy, feasibility, and cost-effectiveness. Alzheimer
Dis Assoc Disord 2013; 27: 195-203.

Rebok GW, Ball K, Guey LT, Jones RN, Kim HY, King JW, Marsiske M,
Morris JN, Tennstedt SL, Unverzagt FW, et al. Ten-year effects of the ad-
vanced cognitive training for independent and vital elderly cognitive train-
ing trial on cognition and everyday functioning in older adults. ] Am Geri-
atr Soc 2014; 62; 16-24.

Sofi E Valecchi D, Bacci D, Abbate R, Gensini GF, Casini A, Macchi C.
Physical activity and risk of cognitive decline: a meta-analysis of prospec-
tive studies. ] Intern Med 2011; 269: 107-17.

Lautenschlager NT, Cox KL, Flicker L, Foster JK, van Bockxmeer FM,
Xiao J, Greenop KR, Almeida OP. Effect of physical activity on cognitive
function in older adults at risk for Alzheimer disease: a randomized tri-
al. JAMA 2008; 300: 1027-37.

Pizzie R, Hindman H, Roe CM, Head D, Grant E, Morris JC, Hassenstab
J]. Physical activity and cognitive trajectories in cognitively normal adults:

http://dx.doi.org/10.3346/jkms.2014.29.7.886

28.

29.

3

(=}

31

32.

33.

34.

3

(52

36.

37.

38.

39.

40.

41.

42.

43.

the adult children study. Alzheimer Dis Assoc Disord 2014; 28: 50-7.
Gomez-Pinilla F Zhuang Y, Feng ], Ying Z, Fan G. Exercise impacts brain-
derived neurotrophic factor plasticity by engaging mechanisms of epi-
genetic regulation. Eur ] Neurosci 2011; 33: 383-90.

Molteni R, Ying Z, Gémez-Pinilla E Differential effects of acute and chron-
ic exercise on plasticity-related genes in the rat hippocampus revealed by
microarray. Eur ] Neurosci 2002; 16: 1107-16.

. Ahlskog JE, Geda YE, Graff-Radford NR, Petersen RC. Physical exercise

as a preventive or disease-modifying treatment of dementia and brain
aging. Mayo Clin Proc 2011; 86: 876-84.

. Eadie BD, Redila VA, Christie BR. Voluntary exercise alters the cytoar-

chitecture of the adult dentate gyrus by increasing cellular proliferation,
dendritic complexity, and spine density. ] Comp Neurol 2005; 486: 39-47.

Erickson KI, Prakash RS, Voss MW, Chaddock L, Hu L, Morris KS, White
SM, Wéjcicki TR, McAuley E, Kramer AE Aerobic fitness is associated
with hippocampal volume in elderly humans. Hippocampus 2009; 19:
1030-9.

Rovio S, Kareholt I, Helkala EL, Viitanen M, Winblad B, Tuomilehto J,
Soininen H, Nissinen A, Kivipelto M. Leisure-time physical activity at
midlife and the risk of dementia and Alzheimer’s disease. Lancet Neurol
2005; 4: 705-11.

De la Torre JC. Is Alzheimer’s disease a neurodegenerative or a vascular
disorder? data, dogma, and dialectics. Lancet Neurol 2004; 3: 184-90.

. Gorelick PB, Scuteri A, Black SE, Decarli C, Greenberg SM, Iadecola C,

Launer LJ, Laurent S, Lopez OL, Nyenhuis D, et al. Vascular contribu-
tions to cognitive impairment and dementia: a statement for healthcare
professionals from the American heart association/american stroke as-
sociation. Stroke 2011; 42: 2672-713.

Nishtala A, Preis SR, Beiser A, Devine S, Hankee L, Seshadri S, Wolf PA,
Au R. Midlife cardiovascular risk impacts executive function: Framing-
ham Offspring Study. Alzheimer Dis Assoc Disord 2014; 28: 16-22.

Qiu C, Winblad B, Fratiglioni L. The age-dependent relation of blood
pressure to cognitive function and dementia. Lancet Neurol 2005; 4: 487-
99.

Alonso A, Mosley TH Jr, Gottesman RE Catellier D, Sharrett AR, Coresh
J. Risk of dementia hospitalisation associated with cardiovascular risk
factors in midlife and older age: the Atherosclerosis Risk in Communities
(ARIC) Study. ] Neurol Neurosurg Psychiatry 2009; 80: 1194-201.

Qiu C, Winblad B, Fratiglioni L. Low diastolic pressure and risk of de-
mentia in very old people: a longitudinal study. Dement Geriatr Cogn
Disord 2009; 28: 213-9.

Biessels GJ, Staekenborg S, Brunner E, Brayne C, Scheltens P. Risk of
dementia in diabetes mellitus: a systematic review. Lancet Neurol 2006;
5:64-74.

Craft S. The role of metabolic disorders in Alzheimer disease and vascu-
lar dementia: two roads converged. Arch Neurol 2009; 66: 300-5.
Cukierman-Yaffe T, Gerstein HC, Williamson JD, Lazar RM, Lovato L,
Miller ME, Coker LH, Murray A, Sullivan MD, Marcovina SM, et al. Re-
lationship between baseline glycemic control and cognitive function in
individuals with type 2 diabetes and other cardiovascular risk factors:
the action to control cardiovascular risk in diabetes-memory in diabetes
(ACCORD-MIND) trial. Diabetes Care 2009; 32: 221-6.

Wood WG, Li L, Miiller WE, Eckert GP. Cholesterol as a causative factor
in Alzheimer’s disease: a debatable hypothesis. ] Neurochem 2014; 129:
559-72.

http://jkms.org 891



JKMS

Han J-Y,etal. < Primary Prevention of Alzheimer's Disease: Is It an Attainable Goal?

44,

45.

46.

47.

48.

49.

50.

5

—

52.

53.

54.

55.

56.

57.

58.

59.

60.

892

Ricciarelli R, Canepa E, Marengo B, Marinari UM, Poli G, Pronzato MA,
Domenicotti C. Cholesterol and Alzheimer’s disease: a still poorly under-
stood correlation. IUBMB Life 2012; 64: 931-5.

Gamba P, Testa G, Sottero B, Gargiulo S, Poli G, Leonarduzzi G. The link
between altered cholesterol metabolism and Alzheimer’s disease. Ann N
Y Acad Sci 2012; 1259: 54-64.

Dauncey MJ. New insights into nutrition and cognitive neuroscience.
Proc Nutr Soc 2009; 68: 408-15.

Gardener S, Gu Y, Rainey-Smith SR, Keogh JB, Clifton PM, Mathieson
SL, Taddei K, Mondal A, Ward VK, Scarmeas N, et al. Adherence to a
Mediterranean diet and Alzheimer's disease risk in an Australian popu-
lation. Transl Psychiatry 2012; 2: e164.

Otaegui-Arrazola A, Amiano P, Elbusto A, Urdaneta E, Martinez-Lage P.
Diet, cognition, and Alzheimer’s disease: food for thought. Eur ] Nutr
2014; 53: 1-23.

Solfrizzi V, Panza E, Frisardi V, Seripa D, Logroscino G, Imbimbo BP, Pi-
lotto A. Diet and Alzheimer’s disease risk factors or prevention: the cur-
rent evidence. Expert Rev Neurother 2011; 11: 677-708.
Martinez-Lapiscina EH, Clavero P, Toledo E, Estruch R, Salas-Salvadé J,
San Julidn B, Sanchez-Tainta A, Ros E, Valls-Pedret C, Martinez-Gonza-
lez MA. Mediterranean diet improves cognition: the PREDIMED-NA-
VARRA randomised trial. ] Neurol Neurosurg Psychiatry 2013; 84: 1318-
25.

. Orgogozo JM, Dartigues JE Lafont S, Letenneur L, Commenges D, Sal-

amon R, Renaud S, Breteler MB. Wine consumption and dementia in
the elderly: a prospective community study in the Bordeaux area. Rev
Neurol (Paris) 1997; 153: 185-92.

Kwon KJ, Kim JN, Kim MK, Lee J, Ignarro L], Kim HJ, Shin CY, Han SH.
Melatonin synergistically increases resveratrol-induced heme oxygenase-1
expression through the inhibition of ubiquitin-dependent proteasome
pathway: a possible role in neuroprotection. ] Pineal Res 2011; 50: 110-
23.

Kwon KJ, Kim HJ, Shin CY, Han SH. Melatonin potentiates the neuro-
protective properties of resveratrol against beta-amyloid-induced neuro-
degeneration by modulating AMP-activated protein kinase pathways. J
Clin Neurol 2010; 6: 127-37.

Fernandez-Mar MI, Mateos R, Garcia-Parrilla MC, Puertas B, Cantos-
Villar E. Bioactive compounds in wine: resveratrol, hydroxytyrosol and
melatonin: a review. Food Chem 2012; 130: 797-813.

Pasinetti GM. Novel role of red wine-derived polyphenols in the preven-
tion of Alzheimer’s disease dementia and brain pathology: experimental
approaches and clinical implications. Planta Med 2012; 78: 1614-9.
Kamphuis PJ, Scheltens P. Can nutrients prevent or delay onset of Alzhei-
mer’s disease? ] Alzheimers Dis 2010; 20: 765-75.

Mi W, van Wijk N, Cansev M, Sijben JW, Kamphuis PJ. Nutritional ap-
proaches in the risk reduction and management of Alzheimer's disease.
Nutrition 2013; 29: 1080-9.

Wilson RS, Evans DA, Bienias JL, Mendes de Leon CF, Schneider JA,
Bennett DA. Proneness to psychological distress is associated with risk of
Alzheimer's disease. Neurology 2003; 61: 1479-85.

Ricci S, Fuso A, Ippoliti E Businaro R. Stress-induced cytokines and neu-
ronal dysfunction in Alzheimer’s disease. ] Alzheimers Dis 2012; 28: 11-
24.

McEwen BS. Physiology and neurobiology of stress and adaptation: cen-

http://jkms.org

6

6

6

6

6

6

6

6

6

7

7

7

7

7

7

7

1.

N

w

4.

5.

6.

]

(e}

9.

0.

1.

N

3.

4.

5.

=2}

tral role of the brain. Physiol Rev 2007; 87: 873-904.

Ju YE, McLeland JS, Toedebusch CD, Xiong C, Fagan AM, Duntley SP,
Morris JC, Holtzman DM. Sleep quality and preclinical Alzheimer dis-
ease. JAMA Neurol 2013; 70: 587-93.

. XuL, Jiang CQ, Lam TH, Liu B, Jin YL, Zhu T, Zhang WS, Cheng KK, Tho-

mas GN. Short or long sleep duration is associated with memory impair-
ment in older Chinese: the Guangzhou Biobank Cohort Study. Sleep 2011;
34:575-80.

. Tworoger SS, Lee S, Schernhammer ES, Grodstein E The association of

self-reported sleep duration, difficulty sleeping, and snoring with cogni-
tive function in older women. Alzheimer Dis Assoc Disord 2006; 20: 41-8.
Barnes VA, Treiber FA, Davis H. Impact of Transcendental Meditation
on cardiovascular function at rest and during acute stress in adolescents
with high normal blood pressure. ] Psychosom Res 2001; 51: 597-605.
Newberg AB, Serruya M, Wintering N, Moss AS, Reibel D, Monti DA.
Meditation and neurodegenerative diseases. Ann N'Y Acad Sci 2014;
1307: 112-23.

Wells RE, Yeh GY, Kerr CE, Wolkin J, Davis RB, Tan Y, Spaeth R, Wall RB,
Walsh J, Kaptchuk TJ, et al. Meditation’s impact on default mode network
and hippocampus in mild cognitive impairment: a pilot study. Neurosci
Lett 2013; 556: 15-9.

. Marciniak R, Sheardova K, Cermékova P, Hude¢ek D, Sumec R, Hort J.

Effect of meditation on cognitive functions in context of aging and neu-
rodegenerative diseases. Front Behav Neurosci 2014; 8: 17.

. Seidler A, Bernhardt T, Nienhaus A, Frolich L. Association between the

psychosocial network and dementia: a case-control study. ] Psychiatr
Res 2003; 37: 89-98.

Brenowitz WD, Kukull WA, Beresford SA, Monsell SE, Williams EC. So-
cial relationships and risk of incident mild cognitive impairment in US
Alzheimer’s disease centers. Alzheimer Dis Assoc Disord 2014. doi: 10.1097/
WAD.0000000000000020

Bennett DA, Schneider JA, Tang Y, Arnold SE, Wilson RS. The effect of
social networks on the relation between Alzheimer’s disease pathology
and level of cognitive function in old people: a longitudinal cohort study.
Lancet Neurol 2006; 5: 406-12.

Glei DA, Landau DA, Goldman N, Chuang YL, Rodriguez G, Weinstein
M. Participating in social activities helps preserve cognitive function: an
analysis of a longitudinal, population-based study of the elderly. Int J
Epidemiol 2005; 34: 864-71.

. Burgener SC, Yang Y, Gilbert R, Marsh-Yant S. The effects of a multimod-

al intervention on outcomes of persons with early-stage dementia. Am J
Alzheimers Dis Other Demen 2008; 23: 382-94.

Wayne PM, Walsh JN, Taylor-Piliae RE, Wells RE, Papp KV, Donovan
NJ, Yeh GY. Effect of tai chi on cognitive performance in older adults: sys-
tematic review and meta-analysis. ] Am Geriatr Soc 2014; 62: 25-39.

De Andrade LP, Gobbi LT, Coelho FG, Christofoletti G, Costa JL, Stella F.
Benefits of multimodal exercise intervention for postural control and fron-
tal cognitive functions in individuals with Alzheimer’s disease: a con-
trolled trial. ] Am Geriatr Soc 2013; 61: 1919-26.

Gomez-Pinilla E The combined effects of exercise and foods in prevent-
ing neurological and cognitive disorders. Prev Med 2011; 52; S75-80.

. Burgener SC, Marsh-Yant S, Nega KK. A combined, multimodal inter-

vention for individuals with dementia. Res Gerontol Nurs 2011; 4: 64-75.

http://dx.doi.org/10.3346/jkms.2014.29.7.886



