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Summary We conducted a review of cohort studies and interventional

studies on nutritional and life-style risk factors and primary prevention of

Alzheimer’s Disease. Studies were assessed by the Oxford classification.

Interventional studies exist for mental training and vitamin supplementation.

For alcohol, fat and fish intake, mediterranean diet, homocysteine, over-

weight=caloric intake, physical and social activity, hypercholesterolemia,

diabetes and smoking, currently there is only evidence from cohort studies.

Cognitive stimulation by mental training increases mental functions and can

be recommended on the basis of positive interventional studies. Vitamin

supplementation cannot prevent AD on the basis of interventional studies.

Hyperlipidemia, hyperhomocysteinemia, diabetes and typical life-style

factors (alcohol, smoking, obesity etc.) modestly increased AD risk, fish,

mediterranean diet and unsaturated fat or n-3 fatty acids and social

activity are protective in observational cohorts, but interventional studies

are lacking.
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Introduction

Alzheimer’s Disease (AD) is a neurodegenerative disorder

with the clinical hallmarks of cognitive decline, impaired

daily activities and neurological=neuropsychological ab-

normalities. Neuropathologic features are intraneuronal neu-

rofibrillary tangles containing abnormally phosphorylated

tau protein, extracellular b-Amyloid plaques and functional

impairment of neurotransmitter systems like acetylcholine.

In 2000, AD affected approximately 4.5 million people in

the US and 3.3 million people in Europe (Hebert et al.

2003; Lobo et al. 2000). According to a recent consensus

study, the number of demented patients will double every

20 years (Ferri et al. 2005). The annual costs for patients

with AD are approximately 40,000 USD. Often patients

initially present with mild cognitive impairment (MCI)

which exceeds aging-associated memory decline and which

can be separated from AD.

Between 6 and 25% of patients with MCI annually con-

vert to AD (Petersen et al. 2001). Since there is no proven

medical therapy for MCI, patients often ask what else can

be done to prevent progression to AD. Now, the availability

of several longitudinal data from large cohort studies al-

lows assessing the impact of possible life-style factors on

the risk to develop AD.

Material and methods

Relevant studies were identified by systematic search of following data

sources: MEDLINE (‘‘AlzheimerþDisease’’[MeSH] AND (randomized

controlled study OR risk factor OR cohort study)); Embase, Current con-

tents, the Cochrane database and www.clinicaltrialresults.org for articles

published from January 1966 to June 2006. Search was limited to English

abstracts and human studies. We identified additional articles and studies by

hand-searching referenced articles or reviews on this topic and also personal

contacts with investigators. The studies can be appraised as additional ma-

terial to this article on the web.

Inclusion criteria were:

� Adequate description of the study type and population under study.

� Description of the intervention in therapeutic studies.

� Description of risk factor determination, AD diagnosis.

� Time of follow-up, principal measure of effect given (hazard or relative

risk).

� Covariates stated.

� Description of outcome.

� Primary prevention.
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Exclusion criteria were:

� Studies that did not address AD (e.g. only cognitive decline).

� Editorials and Letters.

� Studies in defined populations with pre-existing disease (e.g. coronary

artery disease or stroke).

� Pharmacological studies.

Grading quality of evidence

After the literature search, relevant studies were graded according to a

scheme proposed by the Oxford Centre for Evidence-based Medicine (see

Table 1). In this scheme, evidence is ranked higher for interventional studies

than for cohort studies. If studies with higher Oxford levels of evidence were

found, further literature search was stopped. Studies were included if they

had data available on risk factor (defined measure and criteria), age, gender,

and if AD was diagnosed by standard criteria. More detailed quality assess-

ment, like standardized assessment of limitation, inconsistencies or prob-

ability of reporting bias was not performed.

Results

1. Interventional studies

Cognitive stimulation, leisure activity, social contacts

Several cohort studies consistently showed a protective ef-

fect of increased leisure and social activities against AD

(see additional material; relative risk 0.46–0.93).

In an older meta-analysis of controlled studies mnemon-

ic training in healthy elderly subjects showed a modest

but significant effect size of 0.73 (Verhaeghen et al., 1992)

on cognition but not incidence of AD. A controlled trial

of cognitive and psychomotor training (SIMA-Project)

showed a beneficial effect on memory performance in el-

derly patients (Oswald et al., 1996). In patients with MCI,

no studies have been published. For secondary prevention

there are 5 randomized studies which investigated cogni-

tive stimulation. Most of them showed improvement of

behavioral problems, depression or quality of life but not

progression of AD. Taken together, there is cumulating

evidence from many cohort studies and some interventional

studies (without AD as an endpoint) that an active, mental-

challenging and social lifestyle might protect against cog-

nitive decline and possibly also AD (Review by Fratiglioni

et al. (2004) and Livingston et al. (2005), evidence level

1a).

Micronutrients

In a recent double-blind, placebo-controlled study by

Petersen et al., published in the New England Journal of

Medicine, treatment with Vitamin E showed no delay in the

progression from MCI to AD (evidence level 1b) (Petersen

et al., 2005). For AD, a randomized placebo-controlled study

investigated whether selegiline, vitamin E (alpha-tocopherol)

or both delayed death, institutionalization, daily activities or

severe dementia. After correction for baseline Mini-Mental

Test results, vitamin E significantly delayed institutionali-

zation (risk ratio 0.42) but not cognitive endpoints, death,

daily activities or severe dementia (Sano et al., 1997). It is

currently unclear whether a combination of vitamin C and

E is protective.

For folic acid and B12, there are four small randomized

placebo-controlled trials (Cochrane reviews by Malouf,

evidence level 1a (Malouf et al., 2003; Malouf and Areosa,

2003). For vitamin B6 supplementation, there is no evi-

dence for short-term benefit in improving cognitive func-

tion (Malouf and Grimley, 2003) (evidence level 1a).

In the Framingham study, AD was associated with ele-

vated homocysteine (relative risk 1.8 (1.3–2.5) per increase

of 1 SD at baseline) (Seshadri et al., 2002). Recent in-

terventional trials for cardiovascular outcomes (recurrent

myocardial infarction, stroke and vascular death) consis-

tently showed no benefit for lowering Homocysteine with

vitamin B (Bonaa et al., 2006; Lonn et al., 2006; Toole

et al., 2004).

Low folic acid doubles AD risk (relative risk 2.1 (1.2–3.5))

(Wang et al., 2001). Interventional studies to prevent pro-

gression of MCI are currently on the way therefore clear re-

commendations cannot be given.

Table 1. Protective factors and risk factors for Alzheimer’s Disease:

hierarchy of evidence

Risk factor Oxford classification (Centre for

Evidence-Based Medicine, 2001)

Cognitive stimulation 1a

Vitamins

E 1b

Folate 1a

B6 1a

B12 1a

Alcohol 2b

Fat intake 2b

Fish intake 2b

Homocysteine 2b

Overweight 2b

Caloric intake 2b

Physical activity 2b

Hypercholesterolemia 2b

Diabetes 2b

Smoking 2b

Oxford classification for prevention and therapy.

1a: Systematic review or meta-analysis of interventional studies.

1b: At least one randomized intervention study.

2a: Systematic review of cohort studies.

2b: At least one cohort study or randomized controlled study.

2c: Outcome Research; Ecological studies.
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2. Cohort studies

Diet

The impact of diet on AD has recently been reviewed by

Luchsinger and Mayeux (2004). Several cohort studies in-

vestigated an association between fat and fish intake and

AD (Table 2). Total fat (relative risk 0.9 (0.4–1.8)) and

dietary cholesterol (relative risk 0.9 (0.4–2.4)) did not

increase risk (Morris et al., 2003a). The Rotterdam study

showed no association between total dietary fat and vari-

ous subtypes of fat and AD (odds ratio 0.9 (0.8–1.1))

(Engelhart et al., 2002a). Fish intake was a protective factor

(relative risk 0.3 (0.1–0.9)) (Kalmijn et al., 1997). The

Chicago Health and Aging Project showed that polyun-

saturated and unhydrogenated fat is protective and conver-

sely, saturated or trans- unsaturated (hydrogenated) fats

increase AD risk (Morris et al., 2003a). The Rotterdam

studies found no significant association between saturated

fat intake and AD (Engelhart et al., 2002a; Kalmijn et al.,

1997). A recent follow-up of the WHICAP study found

Mediterranean diet (rich in vegetables, legumes, fruits, cere-

als, unsaturated fatty acids, low intake of saturated fatty

acids, moderate intake of fish) protective (Hazard 0.6

(0.4–0.9))(Scarmeas et al., 2006).

Whereas several studies showed a decrease of weight

immediately before and after onset of AD, it has been

shown that a high BMI in middle age carries an increased

risk for developing AD in later ages: In the study of

Gustafson et al. (2003), which had a long follow-up pe-

riod of 18 years, the relative risk for AD increased to

1.4 (1.2–1.6)=BMI-Point in women. However, the study

had few patients with dementia and was not controlled

for APOE and physical activity. In the HAAS cohort, the

relative risk for dementia after more than 20 years (but

not for AD) was 1.2 (1.1–1.4) for each 1-point increase

of BMI (Kalmijn et al., 2000). Other studies confirmed

the effect of obesity on AD (Whitmer et al., 2005) or

found no significant association (Yoshitake et al., 1995).

However, all of these studies were not controlled by

APOE, which is an important link between fat metabo-

lism and AD risk. For caloric intake, to our knowledge

there is only the WHICAP (Luchsinger et al., 2002) study

which found a relative risk for AD in the upper quartile

of caloric intake of 1.5 (1.0–2.2) (Evidence level 2b; see

Table 2).

Alcohol

Alcohol is a neurotoxin. Alcohol abuse or heavy use is

a clear risk factor for dementia (Fratiglioni et al., 1993;

Saunders et al., 1991). Several cohort studies searched

for the relation between alcoholic drinks and AD (see

supplemental data). Most studies showed that high alco-

hol intake increased dementia risk and moderate alcohol

intake could reduce dementia (combined relative risk 0.55,

evidence level 2b). However, there are no randomized

studies.

Hypercholesterolemia

The role of hypercholesterolemia in AD remains unclear

(Table 2; evidence level 2b). Some cohort studies found an

increased AD or dementia risk with increased cholesterol,

where others found decreased risk or no association. The

findings might be explained by different timing of choles-

terol determination in relation to age and assessment of

dementia (Mielke et al., 2005).

Diabetes

Several cohort studies addressed an association of diabetes

with AD (see Table 2). Interventional studies with de-

mentia as an endpoint are lacking (evidence level 2b). Ac-

cording to the latest position statement of the American

Diabetes Association, screening for diabetes is recom-

mended in 3-year intervals above an age of 45 years and

at a BMI below 25 kg=m2. Obese subjects (BMI above

25 kg=m2), physical inactive, hypertensive, hyperlipidemic

persons or persons with a history of vascular disease should

be tested for diabetes even at younger ages and more fre-

quently (2006).

Smoking

The interaction between smoking and dementia is complex.

Smoking is a clear risk factor for cardiovascular disease

and stroke. Initial case-control studies suggested a protec-

tive effect of smoking on AD. An earlier review of 19 case-

control studies of AD and smoking showed a protective

effect (relative risk 0.60, 95% CI 0.5–0.8) (Lee, 1994).

However, in prospective population based cohort studies

like the Rotterdam study, smoking was a risk factor for

AD. Overall, in this study smoking doubled AD (relative

risk 2.3). The risk was much higher in individuals without

an APOE4 allele (relative risk 4.6 (1.5–14.2)) (Ott et al.,

1998). Other cohort studies confirmed this effect (Launer

et al., 1999; Merchant et al., 1999) with a smaller relative

risk, but did not control for the APOE-effect. Further

cohort studies, like CSHA (Lindsay et al., 2002) or the

Hisayama study (Yoshitake et al., 1995) were negative (evi-

dence level 2b).

Prevention of Alzheimer’s disease 1189
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Physical activity

Several cohort studies now indicate that physical activity

is capable of reducing deficits associated with AD (see ad-

ditional material on the web). In the Hisayama Study this

was confirmed by a high number of autoptic proven AD

(Yoshitake et al., 1995). In some smaller studies, there was

no significant association between physical activity and

AD (Wilson et al., 2002b; Verghese et al., 2003) (evidence

level 2b).

Discussion

Evidence from mainly observational studies suggests that

life-style risk factors increase the risk for Alzheimer’s Dis-

ease (AD). Due to ethical reasons, there are no randomized

studies for life-style risk factors. Most observational studies

showed only modest associations of AD with relative risks

usually below 2 or 0.5, respectively.

Still the real impact of life-style and other risk factors

might be overestimated due to publication bias. Our litera-

ture showed that there is benefit of cognitive stimulation on

cognitive functioning in elderly, but whether AD can be

prevented is not known. Cognitive training has not been

investigated in larger trials, but can be recommended to

patients with MCI on the basis of the currently available

studies.

There is good evidence from observational studies that

physical activity may reduce AD risk and associated

symptoms.

A recent trial showed no benefit for Vitamin E in mild

cognitive impairment. Data regarding Vitamin C are incon-

clusive. Folate, Vitamin B6 and B12 can be recommended

to prevent neuropathy and pernicious anemia in patients at

risk but not to prevent cognitive decline or AD.

There is evidence from cohort studies that hyperlipide-

mia, hyperhomocysteinemia and diabetes increase AD risk,

but there are no interventional non-pharmacologic studies

that would support that treatment is preventive.

For alcohol, most observational studies showed a dose-

dependent effect on AD: High alcohol intake increases

dementia risk; moderate alcohol intake (several alcoholic

drinks per week) reduces dementia risk.

Cohort studies showed that high calorie and fat intake

(total, saturated and trans-unsaturated fat) intake, obesity

and smoking increases AD risk. There is also good evidence

from cohort studies that mediterranean diet, fish and n-3

unsaturated fat might be protective.

There is no evidence whether randomized interventions

that favour protective life-style factors are beneficial. The

amount of publication bias and the causality in all these

observations and associations is not known. The possible

underlying biological effects and mechanisms of an ac-

tive and socially integrated lifestyle have been recently

reviewed by Fratiglioni et al. (2004). They encompass

effects of increased cognitive reserve in an enriched envir-

onment, vascular protection and stress reduction as an

psychological mechanism.

Our literature search was not as complete, methodologic

and systematic as proposed by the Cochrane Collaboration,

which might limit its validity. We cannot rule out that

extending of the search term probably would bring up more

studies that are relevant. Still, we think that we covered the

relevant literature and this might help both clinicians and

researchers to see the current status of studies regarding

prevention of Alzheimer’s disease. Still, we cannot rule

out that we missed more relevant or unpublished studies.

Since mainly cohorts, but not interventional studies were

cited, the recommendations drawn have to be interpretated

with caution.

The research in this field will be improved by perform-

ing carefully controlled long-term interventional studies

on life-style factors since Alzheimer’s disease is chronic

and neurodegenerative with long observational periods.
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