
Alzheimer’s disease (AD) is the leading subtype

of dementia. In the United States in 2003, it was

the fifth and eighth leading cause of death in

women and men aged ≥ 65 years, respectively.1

Taiwan became an aging country in 1993 (≥ 7%

of the population aged ≥ 65 years, as defined by

the World Health Organization), and the aged

population exceeded 10% at the end of 2006. As

medical care advanced over time in Taiwan, life

expectancy reached 75 and 81 years for men and

women, respectively, in 2007.2 This has led to the

observation of an increasing number of demen-

tia cases. In Taiwan, dementia affects more than

160,000 people according to data from the

Association of Dementia in Taiwan in 2009. This

is twice as many as 15 years ago. There are about

5 million AD patients in the United States and

this is estimated to rise to 16 million in 40

years.3 In Western countries, AD affects 1–3% of

people aged 60–64 years, and 3–12% of people

aged 70–80 years. This proportion increases to

25–35% for people older than 85 years.4 In con-

trast, the prevalence of dementia in Taiwanese

people aged ≥ 65 years was estimated to be 2–4%

by 2000, which is lower than that in other devel-

oped countries.5 In addition, the actual number

is underestimated because: (1) the aging popula-

tion in Taiwan is composed mainly of people 

at a relatively younger age of 65–75 years; (2) 

the mortality rate is higher among those with 
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dementia than those without; (3) diagnosis of

dementia is complicated and it is easily over-

looked; and (4) genetic differences exist between

ethnic groups (e.g. there are fewer APOEe4 allele

carriers in Taiwan).5 Therefore, the actual preva-

lence of dementia in Taiwan is probably greater

than has been observed.

Dementia is categorized into a few subtypes

according to its causes. AD accounts for about

half of the affected population, followed by vas-

cular dementia (VaD) (20–25%), mixed dementia

(5–10%), Parkinson’s disease, dementia with Lewy

bodies, physical brain injury, Huntington’s dis-

ease, Creutzfeldt–Jacob disease, frontotemporal

dementia/Pick’s disease, and normal pressure

hydrocephalus.5,6 AD is also the most common

neurodegenerative disorder and affects 20–30

million individuals worldwide.7 AD has been

further categorized into two forms according to

its onset: sporadic cases (> 95%) with late-onset

disease, and autosomal-dominant mutation cases

(< 5%) with early onset.

The pathogenesis of AD includes the forma-

tion and deposition of amyloid β (Aβ), neurofib-

rillary tangles (assembled by hyperphosphorylated

Tau protein), and inflammation.8,9 Among these,

it is widely accepted that fibrillar Aβ plays an im-

portant role in AD pathogenesis through activa-

tion of microglia and stimulates the release of

inflammatory mediators, which lead to neuronal

dysfunction and subsequent cell death.10 However,

recent clinical evidence and animal studies have

revealed that astrocyte and microglial activation

may be an early event in AD, which occurs be-

fore the formation of Aβ.11–16 The importance of

inflammation on the progress of AD has been

emphasized. However, it is uncertain whether Aβ
and neurofibrillary tangles are causal factors of

AD. Current medical treatment for dementia

aims to improve cognitive and behavioral symp-

toms; therefore, it is essential to identify markers

for the early stage of dementia to prevent or halt

disease progress.

Factors associated with dementia include age,

sex, inflammation, genetic factors, comorbidity,

environmental factors, and lifestyle. Protective

factors include high education level, moderate

alcohol consumption, use of hormone replace-

ment therapy (HRT) for women, use of anti-

inflammatory drugs, and diet. Associations 

between these factors and dementia might vary

by disease subtype and are discussed in this 

review.

Methods

We performed searches of MEDLINE (http://

medline.cos.com) and PubMed (http://www.ncbi.

nlm.nih.gov/entrez/query.fcgi) to identify rele-

vant articles published between 1966 and 2009.

We also searched EMBASE (http://www.embase.

com) for articles published between 1991 and

2009.

Genetic Effects

Several studies have used candidate gene ap-

proaches to explore the association between ge-

netic variants and the risk of dementia. Among

these, the APOE gene is of great importance in the

majority of people with dementia, which mostly

are sporadic cases. The association between APOE

genotype and the risk of AD was first reported by

Corder et al in 1993.17 A Swedish twin study has

reported that 60–80% of AD is attributable to ge-

netic effects.18,19 For late-onset AD, genetic varia-

tions in the APOE gene play an important role.

For early-onset cases, APP, preselin (PS)-1, and PS-2

genes are of interest.20 As the number of APOEe4

alleles increases, the risk of late-onset AD in-

creases from 20% to 90%, and the mean age at

onset decreases from 84 to 68 years.17 A meta-

analysis has shown that the APOEe4 allele is a

major risk factor for AD in all ethnic groups for

men and women aged between 40 and 90 years.21

This association is stronger among Japanese than

Caucasians but weaker among African-Americans

and Hispanics.21 Even though the APOEe4 allele

has been related to an elevated risk of AD,22 only

50% of AD cases carry an APOEe4 allele.23 This
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reflects that genes other than APOE may play a

role in the pathogenesis of AD.

Inflammation is an important process in the

pathogenesis of AD, and recent studies have shown

that polymorphisms of one of the inflammatory

genes alone or in combination have comparable

effects on AD risk to those for the APOEe4 allele.

For example, IL-1a-889 allele T is associated sig-

nificantly with the risk of late-onset AD regardless

of the genotype of APOE.24 Homozygous variant

carriers of high-risk alleles, e.g. IL-1α-889 and 

IL-1β + 395325–27 or the combination of the

APOEe4 and high-risk allele of TNF-a,28 could

predict people at high risk of AD.29 These find-

ings reflect that the joint effect of inflammatory

and APOE genes may be better predictors of dis-

ease risk than APOE genotypes alone. In contrast

to the candidate gene approach, recent genome-

wide association studies30–32 have consistently

found that APOE is a significant risk factor for

dementia among Caucasians.

Age

The effects of aging and parental age at birth

have been linked to the risk of dementia. In the

United States and Europe, several cohort stud-

ies33–39 have shown that the risk of dementia and

AD increases with age. This association has been

observed in all subtypes of dementia in a Spanish

study.39 A meta-analysis that included 17 Chinese

studies has also shown that the prevalence of AD

and VaD increases with age.40 As a whole, the 

effect of aging is a relatively consistent risk factor

for dementia across various ethnic groups.

Relatively few studies have evaluated the asso-

ciation between parental age at birth and the risk

of dementia. Some studies have found that ad-

vanced parental age at birth is associated with an

increased risk of AD, probably because of chro-

mosomal abnormality.41–43 However, other stud-

ies have failed to replicate this association.44–46

Parental health status might vary significantly

between individuals and populations; therefore,

it may not be a reliable predictor for dementia.

Sex

Sex is an important risk factor for AD among eld-

erly people. A Dutch follow-up study has found

that the incidence of AD in women is higher than

that in men after the age of 85 years.47 However,

there are no sex differences in rates or risk for

VaD. The same team has also reported that the

risk of AD declines in men but not in women after

the age of 90 years.48 The overall incidence of

VaD is lower in women than in men.48 A meta-

analysis that included only Chinese populations

has shown a higher prevalence of AD, but not

VaD, among women as compared with men aged

≥ 60 years.40 The above findings can be explained

by a protective effect of estrogen for pre-

menopausal women, and earlier death for men

from cardiovascular disease.47 In contrast, the as-

sociation between sex and risk of dementia has

been shown to be not significant in Italian and

Spanish populations.39,49 Several factors might

complicate this association, e.g. sex steroid hor-

mones, lifestyle, ethnicity, and genetic poly-

morphisms of sex-related genes. Therefore, it is

important to consider various risk factors while

the association between sex and risk of dementia

is explored.

Physical Activity

The association between physical activity and

risk of dementia has been explored extensively.

Some cohort studies have observed that physical

activity is associated positively with cognitive

function among older people.50,51 Other studies

have found that physical activity is associated with

a reduction of 30–50% in cognitive decline.52–54

A meta-analysis that included 30 randomized trials

has found that exercise training has a positive effect

on cognitive function.55 A randomized trial in the

elderly conducted after the meta-analysis has found

that 24 weeks of physical activity intervention

may improve cognitive function.56 Furthermore,

a cross-sectional study in community-dwelling

residents aged 70–79 years has shown that high
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levels of recreational activity are associated sig-

nificantly with lower levels of the inflammatory

markers interleukin-6 and C-reactive protein.57

Such potential benefits of increased physical ac-

tivity on inflammatory markers will need to be

confirmed in clinical trials. The protective effect

of physical activity might be a result of reduced

vascular risk and obesity, lower levels of inflam-

matory markers, enhanced fitness, neuronal

health, and physical function, as well as positive

behavior.55,58 In a follow-up study in the United

States, individuals who participated in at least

four physical activities within 2 weeks before

study recruitment had a significantly lower risk

of dementia compared with those who engaged

in only one or no activity.59 This association was

significant among APOEe4 allele non-carriers,

but absent from APOEe4 allele carriers.59 As a

whole, most previous studies have supported the

notion that physical activity can reduce the risk

of dementia, probably through improvement of

cognitive function and overall health status.

Different measurements of cognition, various

lengths of study period, and different subject

characteristics have been used to evaluate the 

effect of physical activity on the risk of dementia,

and these might explain the inconsistency of pre-

vious findings.

Smoking

The effect of smoking on dementia risk is contro-

versial. A recent meta-analysis has shown that

current smoking is associated significantly with

an increased risk of AD but not with VaD and

cognitive decline.60 Two follow-up studies61,62 in

the United States and one in China63 have re-

ported a significant association between current

smokers and the risk of dementia. This association

was not significant among former smokers.61,62

Previous inconsistent findings possibly have re-

sulted from survival bias, some potential issues for

case–control studies (e.g. recall bias, under- and

overestimation of smoking), and failure to strat-

ify the subjects by smoking status (current and

former smoking) in the analysis. Smoking could

be a potential confounder for the association of

cerebrovascular diseases with dementia. However,

cerebrovascular diseases have not been explored

consistently in previous studies. Future studies

using a follow-up design will be able to provide

more accurate data on cigarette smoking. Stratifi-

cation by smoking status (current vs. former smok-

ing) is warranted to elucidate this association.

Drugs

Several drugs are related to the risk of dementia.

This review only discusses some commonly used

drugs. A French study has shown that former, but

not current use of benzodiazepines, was related to

an increased risk of dementia in a nested case–

control study.64 Conversely, some drugs might

be beneficial in lowering dementia risk. Statins

(HMG-CoA reductase inhibitors) are used widely

to lower the level of cholesterol, especially low-

density lipoprotein cholesterol, in patients with

cardiovascular disease. In a follow-up study of an

elderly population in the United States, statin use

was associated inversely with the risk of preva-

lent dementia, but not for incident dementia or

AD.65 Similarly, a recent observational study has

found that simvastatin significantly reduces the

risk of dementia among individuals over 65 years

of age.66 Statins seem to reduce the risk of de-

mentia effectively through an anti-inflammatory

mechanism by lowering the level of cholesterol,

and isoprenylation.66 More randomized clinical

trials are needed to confirm the effect of statins,

as well as studies stratified by dementia subtypes

(e.g. VaD and mixed type) and age of dementia

onset. Four clinical trials have investigated the ef-

fects of antihypertensive drugs on the risk of de-

mentia. The Syst-Eur trial67 has shown that active

treatment with nitrendipine, with the possible

addition of enalapril and/or hydrochloroth-

iazide, could lower the incidence of dementia by

50% as compared with the placebo group. The

PROGRESS study has found that active treatment

with perindopril with/without indapamide was

Dementia and risk factors
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associated significantly with a reduction in cogni-

tive decline as compared with the placebo group.68

However, the SCOPE study69 (candesartan with/

without hydrochlorothiazide vs. placebo) and

the SHEP trial70 (chlorthalidone with/without

atenolol or reserpine vs. placebo) have failed to

show a significant reduction in dementia inci-

dence. Other classes of antihypertensive drugs

(e.g. angiotensin-converting enzyme inhibitors,

angiotensin II receptor blockers, diuretics, and

calcium channel blockers) might lower the risk of

dementia.71 The findings from antihypertensive

drugs are inconclusive, which could be the result

of the different etiology of dementia subtypes, as

well as different pharmacokinetics and pharma-

codynamics. Previous studies mainly have ex-

plored overall dementia, and prospective studies

and clinical trials stratified by dementia subtypes

are needed to explore the effects of various drugs

on the risk of dementia.

Several studies have found an association be-

tween HRT and lower risk of AD among

women.72–77 The phenomenon can be explained

by the protective effect of estrogen.47 However,

this relationship was not observed in the Women’s

Health Initiative Memory Study.78 In addition, the

decreased endogenous estrogen level was related

to an increased risk of AD.72 However, no associ-

ation was observed in other studies.79,80 Peri-

menopausal women are at a relatively young age,

which has a lower risk of dementia, and experience

complicated physiological changes. The hetero-

geneity of HRT, different study designs, and many

other factors could confound the association be-

tween HRT and the risk of dementia and explain

previous inconsistent findings. A well-defined

cohort study would help to elucidate the rela-

tionship between HRT and the risk of dementia.

Animal studies have reported that some non-

steroidal anti-inflammatory drugs (NSAIDs) can

lower the level of Aβ-42,81 which is independent of

cyclooxygenase activity,82 and long-term NSAIDs

exposure can lower the risk and slow down pro-

gression of AD.8,83 A meta-analysis of four prospec-

tive studies has found that lifetime NSAID

exposure was associated with a 26% reduction in

risk of AD. A meta-analysis of three prospective

studies has shown that use of NSAIDs for ≥ 2

years contributed to a 58% reduction in risk of

dementia.84 However, some randomized clinical

trials have failed to demonstrate this associa-

tion.85–87 A recent cohort study has confirmed

the protective effect of NSAIDs on the risk of AD

[hazard ratio, 0.63; 95% confidence interval (CI),

0.45–0.88].88 Few randomized clinical trials are

available to evaluate the effect of NSAIDs on de-

mentia because of their potential cardiovascular

side effects.89,90 More observational studies are

needed to confirm the association between use

of NSAIDs and risk of dementia. In addition,

drug–drug interactions need to be considered to

rule out the confounding effect from other med-

ications. To date, the mechanism of protection

against dementia by NSAIDs is not clearly 

understood.91,92

Education

In a follow-up study, subjects with less education

had a higher risk of non-AD dementia [odds ratio

(OR), 1.75; 95% CI, 1.03–2.98] as compared with

those with a high school diploma.93 However,

this association was not observed for AD.93 In

addition to childhood education, less post-

secondary education (i.e. education beyond high

school or 12th-grade level) was significantly asso-

ciated with an increased risk of dementia after

the age of 60 years.94 Similarly, a study in the

United States has found that Caucasians with

low education level (≤ 10 years) had twice the

risk of dementia of those with high education

level (> 10 years).95 A cohort study has reported a

significant association between education level

and cognitive function, but the association was

not significant between education and rate of

cognitive decline.96 It is possible that individuals

with lower education level tend to have lower

cognitive function compared with those at the

same age but with higher education level. There-

fore, the onset of dementia among the former is

likely to be earlier than that in the latter. As a

J.H. Chen, et al
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whole, education level is related to socioeco-

nomic status97 and sex,47 both of which may

complicate the association between education

level and risk of dementia. The different cutoff

points of the education level between studies,

and failure to explore the association by demen-

tia subtypes in some studies, could explain previ-

ous controversial findings.

Alcohol Consumption

Alcohol intake seems to protect older people

from dementia, including AD, in a J-shape asso-

ciation.98 A recent meta-analysis, including 20

cohorts and three nested case–control studies,

has indicated that alcohol drinking may be pro-

tective for AD and dementia, but not for VaD and

cognitive decline.99 However, some studies have

shown that heavy alcohol consumption might

be associated with an increased risk of dementia

in patients with mild cognitive impairment or in

men carrying the APOEe4 allele.100,101 In con-

trast, the consumption of liquor, beer, and total

alcohol is not associated with a decreased risk of

AD.102 Decreased risk of AD is associated with

wine consumption of up to three servings daily

among individuals aged ≥ 65 years without the

APOEe4 allele.102 Controversial findings in previ-

ous studies could have resulted from different

types of alcohol (e.g. liquor, beer or wine), dif-

ferent follow-up time, measurement of alcohol

consumption, and other confounding factors.

More studies with more accurate measurement

are needed to confirm this association.

Body Mass Index (BMI)

Overweight and obesity are risk factors of AD,

hyperinsulinemia and diabetes.103 A recent meta-

analysis,104 including 10 follow-up studies with

subjects aged 40–80 years at baseline, has shown

a U-shape relationship between BMI and demen-

tia.104 However, a recent follow-up study105 has

demonstrated an increased risk of dementia among

obese persons (BMI > 30), as compared with those

with normal weight (BMI 20–25) at 50 years of

age. Whereas, there was a reverse association be-

tween BMI and risk of dementia at ≥ 65 years of

age.105 In contrast, weight gain and increased waist

circumference and skinfold thickness are related

to increased risk of dementia.104 Another study has

found that steady annual weight loss of 1 kg/m2

among old people was related to a 35% increase

in AD risk, as compared with individuals without

BMI changes.106 Weight loss can reflect underlying

diseases and obesity can be related to subsequent

vascular diseases. Old people experience muscle

loss, therefore, waist circumference rather than

BMI might be a better surrogate of overweight or

obesity. This could explain partly the controver-

sial findings from previous studies.

Comorbidity

Dementia risk is related to various diseases. Hyper-

tension is an important risk factor for VaD107 but

not AD.108 Type 2 diabetes is associated strongly

with insulin resistance, which is related to the

formation of Aβ and inflammatory agents in the

brain,109,110 and the subsequent increased risk of

AD.109 On average, around half of individuals with

vascular cognitive impairment might develop 

dementia within 5 years after a stroke.111 In addi-

tion, there is an increased risk of dementia among

individuals > 84 years old and who have had two

or more infections in the 4 years preceding diag-

nosis of dementia compared to those who have

had zero or one infection.112 Human immuno-

deficiency virus and hepatitis C virus have been

reported to be associated with dementia.113,114

Moreover, traumatic brain injury can induce the

early development of AD.115 A meta-analysis that

included 15 case–control studies has found that

head injury is associated with an elevated risk of

AD among men but not women.116 Men tend to

be involved with more dangerous work than

women, and therefore have a higher risk of head

injury and subsequent increased risk of dementia

than do women. Furthermore, two meta-analyses

Dementia and risk factors
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have shown consistently that a history of depres-

sion is a risk factor for AD in later life.117,118 As 

a whole, infections, vascular factors and related

diseases, head injury, and psychological condi-

tions can share a common inflammatory pathway

that contributes to the etiology of dementia.

Environmental Factors

The role of environmental factors on the progress

of dementia is complicated. Aluminum is related

to the risk of dementia because it can act as a co-

factor in the progression of dementia.119,120 It has

been speculated that other metals, such as iron,

copper and zinc, are related to dementia.119,121–123

Several nutrients have also been linked with the

risk of dementia. For example, serum vitamin D

level is lower among women with mild dementia

than among those without.124 In addition, a clin-

ical trial has shown that vitamin E is not benefi-

cial to patients with mild cognitive impairment

at a stage between normal aging and early stages

of dementia.125 Some macronutrients, such as

glucose, protein (tryptophan and tyrosine) and

unsaturated fatty acids, have been linked to 

age-related changes in cognitive function among

people with AD and VaD.119 Dementia can be ex-

acerbated via oxidative stress as a result of higher

energy and lower antioxidant intake.126 People

with AD or VaD have similar dietary patterns, 

except that the former consume more animal fats

than the latter.126 In addition, excessive intake of

n-6 polyunsaturated fatty acids (PUFAs) or defi-

ciency of n-3 PUFAs may lead to chronic inflam-

mation, platelet aggregation, or microvascular

endothelial dysfunction.126 Environmental expo-

sure before the onset of dementia may be influ-

ential and many environmental factors are yet to

be identified.

Conclusions

Dementia is a complex human disease and many

factors contribute to its pathogenesis. As a result

of improved health care and changes in lifestyle,

longer life spans have led to an increasing num-

ber of people with dementia. In the post-genome

era, the advance of high-throughput genotyping

technology, e.g. microarrays, and statistical tools

have allowed us to extensively assess the associa-

tion between genetic factors and risk of dementia.

Environmental factors, which have not been well

identified, might also play an important role in the

pathogenesis of dementia. Future research should

place an emphasis on identifying new environ-

mental risk factors, perform whole-genome asso-

ciation studies at different levels (DNA, RNA and

protein), explore the interaction between genetic

and environmental factors, and include non-

Caucasian populations, to unravel the etiology

of dementia.
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