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■ Abstract Alzheimer’s disease (AD) appears to resemble other chronic diseases,
whereby a myriad of interconnected factors, including those associated with lifestyle,
are involved in disease development. In this paper, we examine accepted and proposed
risk factors for AD and explore health behaviors, including diet, exercise, prevention
of injury, and cognitive stimulation, that may help prevent AD. Adherence to a healthy
lifestyle may directly protect against AD or may prevent diseases associated with
AD, such as vascular disease and diabetes. A healthy lifestyle to prevent AD may be
important throughout life rather than after disease manifestation and may be particularly
relevant if other factors, such as genetic predisposition, also increase risk of AD. If
changes in lifestyle can help prevent AD by reducing modifiable risk factors, this
knowledge can aid individuals who wish to take action to protect themselves and their
families from the disease.

INTRODUCTION

Although scientists have made numerous advances in determining possible causes
and mechanisms of Alzheimer’s disease (AD), the disease remains enshrouded in
mystery. Similar to other chronic diseases, some of the risk for AD may be due
to our own actions, and therefore, personal and societal choices may influence
AD development. If we do not discover ways to either delay the onset or slow the
progression of the disease, projections indicate that the public health impact of
AD over the next 50 years will be severe, with prevalence of AD increasing four
times over current rates, afflicting between 8 to 13 million people in the United
States alone by the year 2050 (20). This scenario is slightly brighter if successful
prevention methods are identified, introduced, and utilized; but even with some
successes, rates will probably greatly increase (79).

The current annual economic cost of AD for health care and lost wages in the
United States is between $80 and $100 billion, making it the third most costly dis-
ease, behind heart disease and cancer (56). In addition to the increasing numbers
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of individuals suffering with the disease, these projections point to much higher
costs for patient care, increases in caregiver burden, and the need for more out-
patient and institutional care (79). Emphasis on prevention, rather than treatment,
can reduce disease incidence and avoid the costly consequences of this disease.

Originally, scientists believed that lifestyle factors did not affect AD. Ecolog-
ical and cross-sectional studies indicated that AD prevalence and incidence rates
differed in countries throughout the world (16), but methodological weaknesses
in many of the earlier studies dampened interest in examining environmental risk
factors. Over time, research methods have improved, yet international comparisons
continue to show differential rates of AD, with lower rates in developing than in
developed countries (31, 37). Additionally, longitudinal studies show increased
rates of AD in populations that migrate to more developed countries (27, 90).

Another methodological issue that slowed interest in lifestyle factors was the
exclusion of individuals at risk for vascular disease from early AD research (77).
Historically, AD and vascular dementia were considered to be distinct diseases,
with AD being the most prevalent subtype of dementia, followed by vascular de-
mentia (37). However, the types of dementia appear to represent a continuum of
diseases, with overlapping causes and mixed pathologies. Neuropathologic stud-
ies indicate that most individuals have either AD alone or a combination of AD
and vascular dementia, with few pure cases of vascular dementia detected at au-
topsy (80). Although many writers use the terms AD and dementia interchange-
ably, we attempt to distinguish research on AD from research on other types of
dementia.

The increasing acceptance of a relationship between vascular disease and AD,
combined with recent research implicating environmental factors in development
of cognitive decline and AD, has strengthened the possibility that healthy lifestyle
choices may prevent AD. Similar to other chronic diseases, myriad interconnected
factors, including those associated with lifestyle, appear to be involved in AD
development. In this paper, we examine accepted and proposed risk factors for AD
and then explore health behaviors that may help prevent AD. If studies determine
that AD has modifiable risk factors and that changes in lifestyle can help prevent
AD, this knowledge can aid individuals who wish to take personal action to help
protect themselves and their families from the disease and support advocacy of
community efforts to improve and maintain health behaviors.

OVERVIEW OF ALZHEIMER’S DISEASE

In the U.S. population, prevalence rates for all types of dementia, including AD,
are 4%–11% for people>65 years and 24%–47% for those>85 years, the fastest
growing sector of all age groups (87). Early-onset AD is rare and usually occurs
in individuals younger than 60 years of age, whereas late-onset accounts for the
vast majority of AD cases and generally develops after age 60 (83).

A growing body of literature supports AD as a syndrome with multiple brain ab-
normalities, including: (a) accumulation of abnormal materials, especially amyloid
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plaques and neurofibrillary tangles, the two hallmark lesions in AD; (b) loss of
brain substance, especially synapses, and reductions in neurotransmitters; (c) ox-
idative damage; and (d) inflammation (6). Whether these abnormalities fuel AD
or result from cells working to combat the disease process is uncertain, but clearly
the disease process is complex (6).

In general, AD research has focused on single risk factors, although more
recent studies have examined combinations of risk factors and development of
AD. As recently as 1997, the primary accepted risk factors for AD were old age,
family history,Apolipoprotein E(ApoE) genotype, and Down’s syndrome (36).
Additional risk factors for AD are being identified and are categorized in this paper
as non-modifiable and modifiable. Table 1 summarizes selected studies of AD that
examine potentially modifiable lifestyle factors.

It is important to note, because we discuss risk factors for AD, that risk factors
do not necessarily cause disease but rather are associated with increased likelihood
of disease occurrence (45). Additionally, the research discussed below regarding
risk factors for AD represents a broad range of study designs, study populations,
outcome and exposure measures, data analysis, and result interpretation. Although
some studies are randomized controlled intervention studies, many are longitudinal
cohort studies of varying duration with individuals at differing baseline cognitive
skills, as measured by various cognitive tests and clinical outcomes. Other studies
are retrospective case-control studies, which are subject to numerous methodolog-
ical biases, or cross-sectional studies, which provide information on relationships
between risk factors and disease, but not on temporal sequence or causality. As re-
search focuses on potential lifestyle risk factors for AD, the quality of studies will
continue to strengthen, as is illustrated by the increased funding by the National
Institutes of Health for randomized controlled trials and long-term longitudinal
studies of lifestyle factors.

Non-Modifiable Risk Factors

ADVANCED AGE Although many people experience little or no decline in cogni-
tive functioning as they age, the aging process generally slows down brain activity.
Numerous age-related changes occur in the vasculature of the brain, including de-
creased capillary density, narrowed lumens, degenerated pericytes, and thickened
basement membranes (17). In AD, these age-related changes are aggravated by
further decreased capillary density and basement membrane thickening, together
with other AD pathophysiologic processes such as twisted microvessels and mito-
chondrial losses (12). The risk of AD increases exponentially with age, doubling
every five years for individuals over the age of 65 until at least the age of 90 years
(37), and this age-associated increase persists in international studies (11).

FAMILY HISTORY OF AD Individuals have 3.5 times greater the risk of developing
AD if they have a parent or sibling with the disease (83). This risk increases with
age and is greater for relatives of individuals with early-onset rather than late-onset
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AD. The risk of AD by the age of 80 years for children whose parents both were
afflicted with the disease is about 50% (36).

GENETIC PREDISPOSITION Several genetic mutations predispose to AD. Early-
onset familial AD is partly the result of genetic mutations in chromosomes 21,
14, and 1 (30). Individuals with Down’s syndrome have an extra copy of the beta-
amyloid precursor gene on chromosome 21 and usually develop brain changes that
resemble AD before 40 years of age, with about 50% developing dementia before
60 years of age (63).

Late-onset AD appears to result from multiple mutations that create a predis-
position for the disease. The most widely studied mutation is the polymorphism
for ApoE, a lipoprotein responsible for transporting and metabolizing cholesterol
and other lipids to the neurons and for repairing injured neurons (62). Of the three
major isoforms ofApoE(ε2, ε3, andε4), ε4 is a risk factor for both familial and
late-onset AD (9). Approximately 15% to 30% of the general population has at
least oneApoEε4 allele, and about 2% has twoε4 alleles (43). Compared to in-
dividuals with noε4 alleles, individuals with oneε4 allele are three to four times
more likely and individuals with twoε4 alleles are about eight to ten times more
likely to develop AD. However,ApoEε4 alleles account for only about 13% to
20% of dementia cases (21).

Researchers are investigating other possible genetic risk factors for AD, such as
polymorphisms for inflammatory cytokines, antioxidant enzymes, and oxidative
stress enzymes (60, 71). Identifying genetic factors may provide valuable infor-
mation for targeting prevention and treatment strategies to individuals at increased
risk for AD (30).

Modifiable Risk Factors

HEAD INJURY Traumatic head injury with loss of consciousness has been asso-
ciated with AD in numerous, but not all, studies (56), with risk being highest for
injuries in adults over 70 years of age (53). Head injuries may reduce brain reserve
or induce alterations in neuronal metabolism or circuitry (30). One study suggests
that head trauma is only a risk factor for individuals who carry the ApoEε4 allele,
although the mechanism for this interaction is unclear (52). Animal studies suggest
that repeated injuries, rather than single events, increase amyloid beta deposition
(88), providing a possible explanation for the discordant findings of head injury
and AD in humans.

LOW EDUCATION Cross-sectional and longitudinal research studies conducted in
numerous countries have found an association between low education and AD (67).
However, results are mixed, with some studies finding relationships with vascular
dementia or AD only, and others, particularly in developing areas of the world, find-
ing no relationship at all (26). The possible relationship between education and AD
is complex, with four primary mechanisms speculated to account for these observed
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associations: (a) cognitive reserve; (b) increased synaptic density through mental
activity; (c) education as a proxy for other risk factors, such as health habits; and
(d) diagnostic biases in neuropsychological tests (26). The positive correlations
of low education with cognitive inactivity, poverty, and other demographic and
health variables obscure a clear understanding of the role of education and AD.

COGNITIVE INACTIVITY Retrospective case-control and cross-sectional studies
indicate that frequency of cognitive activity in midlife is associated with cognitive
function in old age (24). The Religious Orders Study, a prospective study of over
800 nuns, priests, and monks who were healthy at baseline, found more frequent
participation in cognitively stimulating activities was associated with reduced risk
of AD. Cognitive activity may protect against AD through strengthening process-
ing skills, making them more efficient and less vulnerable to age-related decline
and damage by AD (92). However, when follow-up periods are relatively short,
cognitive inactivity at baseline could simply reflect an early symptom of AD.

VASCULAR DISEASE Evidence implicates both cardiovascular and cerebrovascular
disease as predispositions for AD (32). Both diseases cause decreased cerebral
perfusion (oxygenation), which leads to lowered brain metabolism, brain lesions,
and initiation of chronic pathophysiologic processes, all of which are implicated
in AD (30). Cerebral infarcts, which result from strokes, are frequently detected in
AD brains, and patients who have suffered a stroke experience reduced cognitive
function, more rapid cognitive decline, and are more prone to develop AD (80).
Additionally, cross-sectional studies show that patients with AD often have heart
disease, and that nondemented patients with heart disease are at the same risk for
formation of beta-amyloid plaques as are persons with AD (81).

Hypertension, a well-recognized risk factor for stroke and multi-infarct de-
mentia, is now a suspected risk factor for AD (32). Indeed, the condition of the
vasculature throughout one’s life may be an important factor in the development
of AD. Elevated blood pressure preceding development of AD was a risk factor
in at least three longitudinal studies, including studies of Swedish adults followed
for 9 to 15 years (78), Japanese-American men followed for an average of 25
years (46), and Finnish adults followed for an average of 21 years (42). However,
once AD manifests, the disease appears to be associated with decreased blood
pressure, which continues to decline as the disease progresses (78). This may, in
part, explain the discrepant results regarding blood pressure and cognitive decline
in cross-sectional research.

DIABETES Results of studies examining diabetes and AD are mixed; however, sev-
eral large epidemiological studies of older adults have found higher rates of AD
in adults with diabetes (68). Two population studies found that impaired glucose
tolerance and hyperinsulinemia were associated with cognitive impairment and
AD (44). The Honolulu-Asia Aging study found that diabetes was associated with
development of AD and vascular dementia, and this association was strongest in
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adults who also carried the ApoEε4 allele (68). This relationship is partly explained
through the effect of diabetes on cerebral arteries and acetylcholine neurotrans-
mitter function. Additionally, the advanced glycation end products associated with
diabetes result in amyloid deposition, tau formation, and oxidative stress (58).

HIGH CHOLESTEROL High-serum cholesterol is strongly associated with vascular
disease (82) and has recently become a suspected risk factor in AD research.
Although results are conflicting in cross-sectional studies, longitudinal studies
consistently implicate high cholesterol in AD development. Several Finnish studies
have found that high serum cholesterol in midlife increased risk of AD in later life,
independent of numerous demographic, behavioral, vascular, and genetic factors
(42, 62). Further, a case-control study demonstrated reduced risk of AD in persons
who are under 80 years of age and take statins or any lipid-lowering medication,
providing further evidence of a high cholesterol and AD relationship (35).

HIGH HOMOCYSTEINE LEVELS Homocysteine is a substrate for several enzymes
and is an important intermediate in the metabolic reactions of methionine, an
essential amino acid. Intake of Vitamins B6 and B12 and folate are the major dietary
determinants of plasma homocysteine levels, although other lifestyle factors, such
as smoking, coffee, and alcohol consumption are also associated with high levels
(18). High homocysteine is a major risk factor for vascular disease, and case-
control studies have shown that patients with AD have higher homocysteine levels
than controls (15). Although one prospective study of cognitive decline did not
show an association (39), the Framingham Heart Study found a strong, graded
association of homocysteine levels with risk for AD. In this study, high levels of
homocysteine, measured up to eight years before dementia onset, nearly doubled
the risk of developing AD (76).

ESTROGEN Estrogen has been widely researched for its potential protective role
in numerous areas of women’s health; however, study results have been mixed.
Estrogen use was not associated with cognitive function in postmenopausal women
in the Rancho Bernardo cohort (5), and both the Nurses’ Health and the Women in
the Atherosclerosis Risk in Communities studies did not find a protective effect for
hormone replacement therapy (HRT) on cognitive function examined over time
(2, 29). Although one small clinical trial of 12 women with AD indicated improved
cognitive function for those treated with HRT (4), two larger trials of women with
AD showed no improvement (57). A large federal study designed to examine the
beneficial effects of a combined estrogen/progestin therapy was recently halted
because of the increased risk of breast cancer, stroke, and heart disease observed
in women taking HRT (93). Numerous possible mechanisms exist through which
estrogen could protect against AD including its antioxidant properties (74), but
with the latest clinical trial findings, research in this area will necessarily proceed
with caution.
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NON-STEROIDAL ANTI-INFLAMMATORY DRUGS Inflammation is one of the abnor-
malities detected in AD brains and is evidenced by the neurotoxic properties of
prostaglandins, the cytokines that are released during inflammatory reactions. Non-
steroidal anti-inflammatory drugs (NSAIDs) inhibit the synthesis of prostaglandins,
and several case-control and cross-sectional studies have reported a lower risk of
AD with reported NSAID use (8). In the Baltimore Longitudinal Study of Ag-
ing, use of NSAID was associated with reduced risk of AD, which was further
decreased with increasing duration of NSAID use (84). However, the role of anti-
inflammatory drugs in AD is unclear. A recent study found prednisone, another
anti-inflammatory/immunosuppressive drug, ineffective in preventing cognitive
decline in a randomized controlled trial of 138 people. Subjects in the prednisone
treatment group showed a cognitive decline similar to subjects in the placebo
group (1).

METAL EXPOSURE The neurotoxicity of iron, aluminum, and other metals and their
role in catalyzing free radicals has led to research on the risk of exposure to metals
for development of AD but with inconsistent results (14). Elevated concentrations
of iron and aluminum in AD brains suggest that some alteration in the homeostasis
of these metals could influence AD (14). However, studies examining relationships
between aluminum in drinking water, aluminum powder, and other aluminum-
containing products and AD are inconclusive, with some reporting negative and
others showing positive associations (72).

INTERACTIONS OF RISK FACTORS Similar to results of studies on cardiovascular
disease, recent research suggests that interactions between identified factors, par-
ticularly gene-environment interactions, are important in cognitive decline and
development of dementia (13). One study found that women with anε4 allele
were at much greater risk of AD compared to men with anε4 allele (9). Another
study found that men, but not women, with variant genotypes for myeloperoxidase,
an antimicrobial enzyme agent, and ApoEε4 had increased AD risk (71). Other
studies have found that ApoE genotype interacts with several other risk factors
to increase risk of AD, including ethnicity (85), diabetes (68), and several dietary
factors (9, 55).

LIFESTYLE FACTORS THAT MAY HELP PREVENT AD

In general, health behaviors cluster together, and when an individual becomes
aware of the effect that personal behaviors can have on health, that awareness may
be reflected in numerous areas of living. For example, a person who increases
physical activity may also improve other health behaviors, such as improving diet
and reducing stress. Indeed, a healthy lifestyle may be the important factor, rather
than specific behaviors, since these behaviors frequently work synergistically in
maintaining health.
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Studies on health behaviors have shown that adherence to healthy lifestyles,
such as eating a vegetarian diet, eating fruits and vegetables, being physically
active, not smoking, and maintaining optimum levels of blood pressure, blood
cholesterol, and weight, reduces mortality (23). Further, evidence suggests that
in people with healthy lifestyles, disability is delayed and compressed into fewer
years at the end of life (89). Diseases positively influenced by health behaviors
include vascular disease, coronary heart events, diabetes, and strokes, all of which
are associated with AD. Therefore, adherence to a healthy lifestyle may affect AD
directly or indirectly by preventing these diseases.

Research on healthy lifestyles is difficult. First, the health variables examined
may be, in part, surrogates for other, unmeasured variables. Individuals who de-
velop healthy habits may be different in numerous ways—physically, mentally,
and perhaps spiritually—from those who do not develop healthy habits. Yet, the
effect of the measured variables is often quite strong and therefore is unlikely to
be due solely to confounding by other variables.

Second, diet features predominantly in the cascade of healthy lifestyle factors,
and dietary measures are subject to numerous biases. Misclassifications in dietary
assessments can be caused by an incomplete nutrient database, poor data quality,
and deficits in the respondents’ memories (91). Some of these shortcomings may
be remedied as valid and reliable dietary biomarkers are identified, but many large
cohort studies rely solely on self-report dietary data.

Third, much of the research in the area of healthy lifestyle factors is epidemi-
ological, with few trials assessing long-term benefits of these behaviors. Primary
prevention trials are especially cumbersome because of the long follow-up needed
to detect disease incidence, the difficulty of implementing and maintaining behav-
ioral lifestyle change, and the potential confounding by individual, community,
and societal factors.

Some of the major aspects of a healthy lifestyle that we examine include
diet, physical activity, and stress along with protection from head injuries and
maintaining cognitive stimulation. Each of these factors has multiple components.
For example, a healthy diet is comprised of numerous factors, including low in-
take of saturated fat and cholesterol; high intake of antioxidant-rich foods, fruits,
vegetables, and whole grains; combined with adequate water consumption. Al-
though examination of individual effects of each factor is limited since the be-
haviors likely occur in tandem, the following sections summarize some of these
results.

Healthy Diet

Research supports diet as one of the most important factors in the incidence of
several diseases and as a primary factor in increasing life expectancy (7). Improving
dietary intake may affect AD prevalence directly, through intake of antioxidant-
rich and low-cholesterol foods, and indirectly, through preventing other AD risk
factors, such as high blood pressure, high cholesterol, and diabetes.
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ANTIOXIDANTS Antioxidant nutrients include vitamin E, vitamin C, and beta-
carotene. These nutrients help protect the body from oxidative damage by neutral-
izing free radicals, combining with the oxidative products and thereby breaking
chain reactions, repairing or replacing molecules damaged by the radicals, and
chelating transition metal catalysts (75). The oxidative damage observed in AD
brains and the effects of antioxidant nutrients in decreasing oxidative damage in
laboratory studies of brain tissue suggest that antioxidant intake could play a role
in preventing AD (47).

Several cross-sectional studies have found lower serum levels of antioxidants,
including alpha tocopherol (vitamin E) and ascorbic acid (vitamin C) in persons
diagnosed with AD compared with control subjects (34). However, this may reflect,
in part, reduced vitamin intake associated with the disease. Prospective studies
provide somewhat stronger evidence, although many of these studies rely on self-
report data. In the Rotterdam study cohort, adults who reported higher intake
at baseline of foods rich in vitamins E and C had lower incidence of AD and
other dementias (19). This relationship was most pronounced among smokers.
The Chicago Health and Aging Project found that increased vitamin E intake
from foods and not from supplements, was associated with decreased risk for
developing AD, and this association occurred only in individuals who did not have
an ApoEε4 allele (55). The Honolulu-Asia Aging study, which examined only
supplemental and not dietary antioxidant intake, found that men who reported
taking vitamin E and C supplements at baseline were less likely than those who
did not take supplements to develop vascular dementia, but had no reduction in
the risk of AD (50). An antioxidant intervention study found that for patients with
moderately severe AD, vitamin E (1200 IU twice daily) intake and selegiline intake
each delayed death, institutionalization, disease progression, or loss of daily living
activities, but did not improve memory (75).

Studies of antioxidant intake are difficult for several reasons. First, antioxidant
studies have variability in what they measure and how they measure it. Some
studies measure antioxidants in serum, others measure amounts in plasma, and
most have only self-report measures. Many studies do not assess both dietary and
supplemental antioxidant intake, and studies with both types of data often do not
analyze them separately. Second, intervention studies use different amounts and
combinations of antioxidants, making comparisons across studies difficult. Third,
many of the supplements taken by individuals and used in clinical trials differ
in their ingredients. For example, the vitamin E supplements used in intervention
studies have largely been made from synthetic vitamin E, which frequently includes
only the alpha-tocopherol form of vitamin E. Other tocopherols may be more
efficient in crossing the blood-brain barrier (70). Fourth, the older age and disease
state of the subjects in many studies may be associated with neurologic dam-
age that is too great for increases in antioxidant intake to stabilize or improve the
condition.

The results of the laboratory studies showing oxidative stress in AD, the positive
influence of antioxidants in reducing oxidative damage, and the studies showing
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an association between varying components of antioxidant intake and AD support
evaluation of the effectiveness of antioxidants on preventing AD. The National
Institute on Aging is currently supporting several large clinical trials to examine the
usefulness of vitamin E, vitamin C, selenium, beta-carotene, folate, multivitamins,
and various combinations of these supplements in reducing the risk of cognitive
decline and preventing AD.

GOOD FAT/BAD FAT The role of dietary fat in AD is complicated by lack of con-
sensus among researchers regarding numerous aspects of the relationship between
fat intake and health. For over 25 years, almost every national health organization
has advocated low-fat diets yet much is unknown about the effects of fats versus
carbohydrates, unsaturated versus saturated fat, good cholesterol (high-density
lipoprotein) versus bad cholesterol (low-density lipoprotein), and cholesterol ver-
sus triglycerides on health outcomes. Fortunately, several large studies are under
way to examine these areas. In the meantime, speculations abound regarding these
effects on cognitive health.

Research studies have found that diets high in saturated and monosaturated fats
(aka bad fat) are associated with worse cognitive decline (66), whereas diets high
in unsaturated fat (aka good fat) and low in saturated fat are associated with better
cognitive function (40). Animal studies show that membrane lipid composition
can be altered by dietary fats, and bad fats increase levels of cholesterol in serum
and the brain (64). Higher intakes of omega-3 long-chain polyunsaturated fatty
acids (LCPUFA) appears to protect against thrombosis, inflammatory responses,
high blood pressure, and insulin sensitivity (40). Two longitudinal cohort studies,
the Zutphen Elderly Study and the Rotterdam Study, showed that high fish intake,
which contains high levels of LCPUFA, was associated with reduced risk of de-
mentia, particularly AD (Rotterdam) (40) and tended to be associated with reduced
risk of cognitive decline (Zutphen) (38). LCPUFA intake may be associated with
cognitive function and AD through prevention of vascular disease and diabetes or
more directly through altering the lipid composition of the brain membrane, as has
been seen in animal studies (61).

CHOLESTEROL A low-cholesterol diet is recommended to prevent numerous dis-
eases, including heart disease, and may also prevent AD, through stopping the
deleterious effect of high cholesterol on brain function, or through averting vascu-
lar disease. However, much of the early research may have missed the connection
between cholesterol and AD because of a crossover effect described by Notkola
et al. (62). In their research, high-serum cholesterol during midlife and early old age
was associated with development of AD, but serum cholesterol levels dropped dur-
ing the early stage of the disease, in most cases before manifestation of symptoms
(62). This could explain the inconsistent findings in cross-sectional studies where
all measurements occurred around the same time, possibly missing the increased
and then decreased cholesterol levels as AD progresses. This crossover effect,
whereby patients with AD actually had declining cholesterol levels, indicates that
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recommendations for cholesterol-lowering diets or drugs for individuals who are
already manifesting AD symptoms may be ill-advised. Although, to our knowl-
edge, no clinical trials are exploring the effects of dietary cholesterol lowering on
AD, several clinical studies are investigating the effects of cholesterol-lowering
drugs on cognitive decline.

VITAMIN B AND FOLATE Speculations about the role of B vitamins and folate in
AD have been fueled by the findings previously mentioned that high levels of
homocysteine are associated with AD. Vitamin B6, vitamin B12, and folate are
cofactors with homocysteine in enzymes, catalyze reactions, and recycle homo-
cysteine back to methionine. Since vitamins B6 and B12 and folic acid can lower
homocysteine levels, consuming more of these nutrients could possibly protect
against AD (76). The AD Cooperative Study is conducting a clinical trial to de-
termine the effect of folate and vitamins B6 and B12 supplementation on slowing
cognitive decline in patients with AD. In addition to supplements, dietary ap-
proaches can also affect homocysteine levels, as evidenced by the DASH (Dietary
Approaches to Stop Hypertension) study whereby consumption of a diet rich in
fruits and vegetables, whole grains, beans, and low-fat dairy products lowered
plasma homocysteine levels (51). Additional research examining the relationship
between homocysteine, the B vitamins, and folate in AD is needed, along with
studies examining the potential benefit of increasing folic acid and vitamin B intake
through foods or supplements, on AD prevention.

Physical Activity

Increased physical activity is associated with reduced risk of numerous chronic
diseases, including heart disease, stroke, and cancer of the breast and colon (61).
Several large population studies have shown that higher physical activity increases
life expectancy by 2 to 5 years (22), and a recent study found that older women
with higher levels of physical activity during the 6 to 8 years of follow-up were less
likely to develop cognitive impairment (94). Several case-control studies suggest
that low physical activity is a risk factor for AD. In one case-control study, cases
were more likely than controls to consider themselves less physically active than
their same age peers for 10 or more years prior to enrollment in the study (10).
A second case-control study determined that increased physical activities, such
as participation in sports, exercising, and walking, during midlife were associated
with reduced risk for AD (24). Recent support for a protective effect of physical
activity on AD comes from the Canadian Study of Health and Aging, a longitudinal
study that found that regular physical activity in cognitively-normal older adults
was associated with reduced risk of AD at the 5-year follow-up assessment (48).

Direct and indirect mechanisms could explain a protective effect of physical
activity on development of AD. Although in case-control studies, inactivity may
reflect the early effects of the disease, longitudinal studies supporting a protective
role suggest that other explanations merit consideration. Physical activity may
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affect AD directly by increasing cerebral blood flow and stimulating neuronal
growth or through affecting lipid, hormone, and insulin levels and the immune sys-
tem (73). Additionally, physical activity is related to reduced risk for hypertension
and obesity (24), two conditions implicated in AD. The large body of evidence ver-
ifying a protective role of physical activity in preventing chronic diseases suggests
that explorations of biological mechanisms to explain this relationship are needed,
along with examinations of physical activity variables in longitudinal studies.

Stress Management

Although the effects of stress have received little attention as a risk factor for
AD, stress has a consistent negative effect on hypertension and heart disease (65).
Several animal studies suggest that chronic stress may be a risk factor for cognitive
decline and AD (54), and a small study of older men indicates that traumatic life
events at early ages are associated with an increased incidence of AD (69).

Although research in this area is scant, numerous plausible biological mech-
anisms support a possible relationship between stress and AD. The sympathetic,
neuroendocrine, and immune systems can over respond to chronic stress, which
adversely affects brain function in animals (25). Elevated levels of cortisol, a hor-
mone with augmented production in response to stress, have increased the risk of
cognitive decline in humans (41), supported by the relationship observed between
high cortisol levels and atrophy in the hippocampal area of the brain (49). Stress
may cause this hippocampal damage or it may affect hormonal activities, immune
functioning, or vascular factors, all of which are suspected of playing a role in AD.
These mechanisms, combined with the growing interest in similarities between
AD and other chronic diseases, indicate the need for further research into the role
of chronic stress in development of AD.

Protection from Head Injury

Traumatic brain injury (TBI) is highest in adolescents and young adults (15–
24 years) and older adults (>75 years) (33). The primary causes of all TBIs are
motor vehicle, bicycle, or pedestrian-vehicle accidents; however, among the frail
elderly, the second most frequent cause of TBI is falls (3). Head injury prevention
strategies for adolescents and young adults, such as mandated motorcycle helmet
use; promotion of helmet use in bicycling, skateboarding, and skiing; and efforts
to alert sports participants of the dangers of boxing and heading the ball in soccer
may help prevent AD in later life (3).

Cognitive Activity

The Religious Orders Study, a longitudinal study that examined the effects of
cognitive activity on development of AD, found that compared with nuns, priests,
and monks in the lowest 10% of cognitive activity, those who were in the upper
10% of cognitive activity were 47% less likely to develop AD. This study suggests
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that individuals can directly affect their ability to retain their thinking capacity into
old age by engaging in intellectual activities throughout life (92). However, these
results need to be replicated in other longitudinal studies. Although research in
this area is still preliminary, the Institute for the Study of Aging recommends that
education begin early and that learning continue into old age to maintain cognitive
health (33).

NO EASY ANSWERS

Research indicates that there are no easy answers to determining how to prevent
AD. In addition to the questions mentioned in the discussion above of risk factors
and potential prevention factors for AD, studies up to this point allow us to speculate
on a few questions:

Will AD Prevention be Multifaceted?

Similar to what is known about risk for stroke, cardiovascular disease, and cancer,
prevention of AD will likely require modifications in numerous aspect of life,
including diet, physical and cognitive activity, and other behavioral factors. Studies
of populations who have healthy lifestyles, such as the Amish and Seventh-Day
Adventists, show lower rates of all chronic diseases, and interventions to improve
lifestyle behaviors are effective in reversing heart disease (65). However, we have
no definitive evidence yet of the role of lifestyle behaviors and AD. Although
several clinical trials are under way to examine the benefit of pharmacologically
treating conditions and diseases associated with AD, such as high cholesterol,
high blood pressure, and heart disease, no trials on dietary interventions, to our
knowledge, are being conducted. Further, it is possible that without changing
dietary patterns underlying the conditions associated with AD, pharmacological
treatments may have less effect than if coupled with improved dietary intake.

When Should AD Prevention Begin?

Although dietary factors in very early life are difficult to ascertain, recent longitu-
dinal studies that collected risk factor data decades prior to disease onset support
the hypothesis that risk factors in midlife and earlier, including hypertension, high
cholesterol, low cognitive activities, and diabetes, are associated with subsequent
development of AD (62, 78, 92). A few studies suggest that exposure to risk fac-
tors as early as the prenatal period and early childhood may affect AD outcome
(28). Because the neurodegenerative processes in AD appear to begin long before
cognitive decline is evident, effective preventive efforts, such as practicing good
dietary habits and staying physically and cognitively active, will probably need to
begin early in life.

Several of the lifestyle factors examined in this paper may have long-term, rather
than short-term, protective effects on AD. For example, if the protective effects of
physical activity are operating indirectly through prevention of cardiovascular or
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cerebrovascular disease, participation in a short-term intervention may be ineffec-
tive. Similarly, interventions started after the disease process has manifested may
be less effective than those initiated early in life. However, research in heart disease
prevention provides some optimism in the utility of changing lifestyle behaviors
after disease onset, since intensive lifestyle changes adapted by participants in the
Lifestyle Heart Trial resulted in regression of coronary atherosclerosis and fewer
cardiac events, compared to the controls (65).

Should AD Preventive Efforts be Targeted to
Specific High-Risk Groups?

The diversity and heterogeneity of the world’s population support the probability
that risk factors will not operate in the same manner in different high-risk groups.
Although research examining risk-factor interactions for AD is still preliminary,
some of the observed interactions suggest that prevention interventions may be
most effective in individuals at high risk for the disease. For example, although
a particular aspect of a healthy lifestyle may not reduce risk of AD in all people,
individuals who possess additional risk factors, such as theε4 allele, or who have
other chronic diseases, such as diabetes or vascular disease, may receive increased
protection from preventive efforts.

Even If a Healthy Lifestyle Helps Prevent AD, How Do We
Change Behavior and Maintain This Change?

Initiating and maintaining behavior change is difficult. Even with diseases that
have devastating and immediate results, such as AIDS, where specific behaviors
are associated with disease, efforts to change behavior have been challenging. Af-
ter identifying modifiable risk factors for AD, such as those involved in a healthy
lifestyle, how do we get people to change their behaviors? What individual, family,
community, and societal factors influence individual change, and how are these
factors influenced? Understanding this extremely important area is pivotal to de-
veloping and implementing effective disease prevention programs.

The Task Force on Community Prevention Services has published a guide that
reviews and recommends interventions designed to promote health and prevent
disease (86); their website (http://www.thecommunityguide.org) provides system-
atic reviews and evidenced-based recommentations. As results are published from
the studies currently examining interventions for AD, this guide may be valuable
in developing successful community health programs, products, and services that
are specific to AD prevention.

CONCLUSION

Much of what is proposed in this paper uses the public health paradigm of expand-
ing risk factors research from one chronic disease to another, building on studies to
date. AD research has greatly expanded our knowledge of the disease, its causes,
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and possible preventative approaches; however, more research is clearly needed in
these areas. We have posed questions and offered hypotheses for lifestyle factors
that may be associated with AD and advocate for promotion of healthy lifestyle,
which may directly reduce AD incidence and will positively influence numerous
other chronic disease, including several that are associated with AD.

The large number of modifiable risk factors for AD indicates that even if several
risk factors are not modifiable, individuals can reduce their risk of the disease
through improving lifestyle behaviors. Similarly, the probable interactions between
genetic and environmental factors suggest that individuals who are at high risk for
disease owing to one risk factor may modify behaviors, such as dietary intake and
exercise, to counter those risks. Because it appears that prevention of AD is a life-
long process, these health behaviors need to be maintained throughout life, rather
than adopted after the disease begins to manifest. Educational interventions on
the effects of healthy lifestyle on AD will need to stimulate behavioral change to
reduce an individual’s risk for AD; however, they will also need to raise awareness
among parents and grandparents about the importance of healthy lifestyles, so that
children develop and maintain healthy behaviors throughout life.

The Annual Review of Public Healthis online at
http://publhealth.annualreviews.org
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