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The epidemiologic study of dementia: a life-long quest?
L.J. Launef

Laboratory of Epidemiology, Demography, Biometry, National Institute on Aging, National Institutes of Health, Bethesda, MD 20892, USA
Received 15 January 2004; received in revised form 13 March 2004; accepted 30 March 2004

Abstract

Based on many experimental and observational studies we now understand that neurodegenerative brain changes begin by middle age
Characteristics of the risk factors for these brain changes may also change with age. A review is conducted of studies that report on the
association of mid-life risk factors to late cognitive impairment and dementia. Issues related to the interpretation of the data are discussed.
The studies suggest that mid-life cardiovascular risk factors, and in particular elevated levels of blood pressure, increase the risk for late-life
cognitive impairment and dementia. Our understanding the contribution of cardiovascular risk factors to late age brain disease has been helped
tremendously by prospective studies with long follow-up. To better understand which risk factors lead to disease initiation, progression and
prognosis, a life course approach to the epidemiologic study of dementia is needed.
© 2004 Elsevier Inc. All rights reserved.
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We are slowly moving back the bar on diseases of 1. Changes with age

old age, as we understand that disease processes that are

‘age-related’ begin long before they are clinically evident. 1.1. Brain structure and function
Studies, reviewed below, suggest that by the age most
clinical and epidemiologic studies of brain aging begin,
i.e., 65-years-old, individuals have already experienced the
initial pathologic changes that lead to a degeneration in
brain structure and function. On the exposure side, there
is a growing body of evidence documenting age-related
changes that may directly or indirectly affect, or be affected
by, neurodegenerative processes. The result is that the rela
tionship between a risk factor and late-age brain pathology
may differ depending on the age the risk factor is measured
relative to the outcome. This can have important implications
for the selection and timing of prevention and treatment
strategies. This review of specific risk factors measured in
middle and late-age will illustrate this point. The aim is to
develop a framework for taking a life course approach to the
study of risk factors for late age cognitive impairment and

Studies conducted at different ages suggest brain aging be-
gins relatively early. From the studies of Braak ef2], we
have learned that the classical markers of Alzheimer’s disease
pathology can start to appear in autopsied brains of 40-year-
olds. White matter hyperintensities appear on magnetic reso-
nance images (MRI) of the brains of middle-age adults with-
out a history of cerebrovascular disef24]. Cross-sectional
MRI studies show that selected sub-regions of the hippocam-
pus also begin to atrophy at this d¢&]. The density of the
frontal cortex gray matter may begin to decrease at an even
earlier agd48]. These anatomical changes may be markers
of cellular and neurochemical processes that are the basis of
age-associated decline in specific domains of cognitive func-
tion[36]. Relatively early changesin frontal lobe functions, in
particular, have been documented in longitudinal stuydi2ls

dementia.
2. Risk factors
* Tel.: +1 301 496 1178; fax: +1 301 496 4006. The levels of risk factors, such as a blood pressure or
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ations in brain and peripheral structures, in gene expression be more resistant (for genetic reasons) to neurodegenerative
and in the nature of endogeneous and exogenous environchanges.
mental exposures.
2.2. Environmental risk factors
2.1. Genetic risk factors
Age-associated changes in gene expression can be mod-
With the increase in our ability to study the genetic con- ified by factors in the environment. The impact of environ-
tribution to diseases in old age, comes the understanding thaimental factors, such as smoking, diet, physical activity and
the role of genes and their proteins may change with age.vascular disease, can be expected to change over time both
The genetic changes can work by turning on or off differ- within an individual and across birth cohoft®]. Cardiovas-
ent neuroprotective or neurotoxic pathways. Although there cularrisk factors, such as hypertension, hypercholesterolemia
are many studies in which the gene expression in developingand diabetes increase in prevalence by middle age, although
organisms is compared to that in matured organisms, thereby old age, these risk factors may decline in prevalence
are few studies comparing gene expression in young adults[1,14,26] Within any time period, rates of smoking decrease
and older adults. Based on one recent study it was estimatedvith age and are usually lower for women than nj&).
that 6.2% of genes had different expression patterns in olderThere are also secular trends in smoking and other cardiovas-
compared to young adults. The differences were in the rangecular risk factors. For instance, over time the prevalence of
of 1.4-1.9 times different. Of those genes that could be char- obesity and diabetes in the population has increased, physical
acterized, the greatest proportion was involved in regulating activity [49] and smoking has decreased, and treatment for
DNA and RNA metabolisnfi25]. conditions such as high blood pressure has increased. Such
In addition to gene expression changing with age, selective trends can be expected to change survivorship, and the inci-
mortality or preservation of certain genotypes may introduce dence and co-occurrence of chronic diseases such as diabetes
changes in the gene pool of susceptibles that live to the ageand stroke. Even the role of education may change over time.
when the incidence of disorders of cognition increg5é$. The generation of older persons now participating in studies
For instance, one study suggests that people who smoke an@f aging, did not have compulsory schooling as children do
have anapolipoprotein& allele (APO Ez4) are atincreased  now.
risk for early cardiovascular-related mortalify8] compared In addition to change in the external environment there are
to non-smokers with an4 allele. Such a pattern would de- also endogeneous changes with age. One part of this change
plete the pool of smokers who were genetically susceptible is in the hypothalamus—pituitary—adrenal axis (HPA) system,
to AD because they carried the apolipoproteigdEallele. In which plays a central role in many of the autonomic, behav-
practice, this would lead to a higher estimated risk for AD ioral, and endocrine systems that are hypothesized to modify
associated with smoking in people with rd allele com- the risk for dementid31,52] Specifically, the HPA plays
pared to those with &4 allele. Such a differential in risk has  a direct or indirect role in regulating risk factors such as
been reported. In the Rotterdam Study, for example, smok-blood pressure, cholesterol, the stress response, inflamma-
ing was a strong risk factor for AD in individuals without the tory response, sex hormones, and weight. Many studies have
APO E 4 allele (odds ratio =4.6), but had no effect in par- documented changes with age in endocrine levels and in the
ticipants with this allele (OR =0.633]. This is illustrated in response to feedback loops that regulate the @4 6]
Fig. 1, which shows, due to the selective mortality pattern, the Both peripheral and central systems could lead to a change
smokers that survive to old age have a low genetic risk. The in the HPA. Conditions often co-morbid with dementia, such
remaining smokers with the apolipoproteireE allele may as diabetes, stroke or depression may also modify function
of the HPA. There is also pathologic evidence that the HPA

may start to atrophy in middle agé1], a pattern that may
e — O — reflect a direct neurodegenerative process.
Smoker- no genetic risk
Non-smoker- genetic . .
— risk 3. Long-term perspectives on the study of dementia:
g Smokers— genetic mid-life risk factor_s' and the risk for late-life
2 risk disorders of cognition
These age-related changes in brain structure and func-
tion, and concurrent changes in risk factors for cognitive
impairment may be dependent or independent and various
= scientific approaches are needed to determine how such

changes are related. One important approach is prospective
Fig. 1. Survival of smokers with and without a genetic risk for Alzheimer's POpUlation-based studies that measure cognitive function in
disease. Based on findings frg@8]. late age—and risk factors in early and middle age, when pre-
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sumably risk factors are less affected by the disease. The valuean be accounted for by elements of the study design, specifi-
of prospective studies of dementia with a long follow-up is cally a combination of the duration of time between the mea-
illustrated in this brief overview. The association is examined surement of blood pressure and brain function, and the ages
between risk factors measured in mid-life (for the purposes at which the measurements were made.

of this review mid-life is 40—60 years of age) and the risk In general, the older the age the blood pressure is measured
for late-age (i.e., after 65 years of age) cognitive impairment, and the shorter the interval between the measure of blood
dementia and specific measures of brain pathology, hereaftepressure and brain function the more difficult it is to validly
referred to as diseases of cognition (DOC). In this context, investigate whether the risk for DOC is altered by levels of
examples will be provided to demonstrate how the interpre- blood pressure. The reason for this is that blood pressure de-
tation of an association between a risk factor and diseases oftlines with ‘age’ or more specifically—with pathology. For
cognition can change depending on how early in the diseaseinstance, the studies of Skoog et[db] show that, compared

process the risk factor is measured. to non-demented persons, those who were eventually diag-

nosed with dementia, experienced a greater decline in blood
3.1. Epidemiologic studies of mid-life risk factors and pressure over the 15 years prior to the diagnosis of dementia.
late-life disorders of cognition There are many reasons for the decline in blood pressure,

including vessel stiffening26] and weight loss. Some of

Several population-based cohorts of middle-aged men andthese changes in blood pressure may be the indirect result of
women, started in the 1960s and 1970s, have been examinediseases such as stroke or diabgg3. It is also possible
through to late age, often accumulating more than 20 years ofthat changes in the autonomic regulation of blood f[d]
follow up. Many of these studies have one or more measureleads to a decline in measured BP. Such changes may also
of brain function and structure including cognitive function, result from neurodegeneration.
MR, clinical diagnoses of dementia, and neuropathology.
Such studies include European cohorts developed from the3.3. Cholesterol
World Organization’s MONICA studieR9,43]and in Fin-

land[21], Iceland45], and the Netherlandg]; in the United Multiple studies have examined the association of mid-life
States [Japanese—American nii2®], NHLBI Veterans twin cholesterol levels to DOC. In settings such as Finland, where
study[3], and the Framingham stuf®]]; and in Japaf53]. very high levels of cholesterol are characteristic of the popu-

Many of these cohorts were started in response to the epi-lation, a positive association between total cholesterol level
demic of cardiovascular disease that afflicted European andand late-life cognitive impairmef21] and dementif22] has
North American countries in the late 1950s and 1960s. As a been reported. However, these findings have not been repli-
result we know the most about the association of these fac-cated in other cohort®0]. In the cohort of male twin§4],
torstotherisk for DOC. Because relatively standard measureslow HDL was associated with an increased risk for white
of cardiovascular disease and risk factors were employed inmatter lesions; in a cohort of Japanese—American men, high
these studies we also have the opportunity to compare result$dDL was associated with an increased risk for neuropatho-

across cohorts. logic markers of AD[30].
Unlike blood pressure, there is no consistent relationship
3.2. Blood pressure ofthe interval between cholesterol measure and cognition and

the strength of the association. More basic research is needed
The increase in the risk for late-life disorders of cognition to understand the role of cholesterol and lipoproteins in brain
associated with elevated mid-life levels of blood pressure is aging. In addition, there are questions about the interpreta-
the most consistent finding across cohorts. The elevated risktion of the epidemiologic association that need to be raised.

has been estimated for cognitive impairmé®o,27] de- Many studies have demonstrated that cholesterol levels are
mentia including Alzheimer’s diseag2?,28), MRI findings lower in persons with certain medical conditiga8] includ-
of brain atrophy and white matter lesidds6,7,17] and neu- ing occult illness such as cancer, inflammation, weight loss

ropathologic markers of A[B8]. Untreated mid-life hyper-  or change in diet that might follow events such as myocar-
tension may be more strongly related to the risk for cognitive dial infarction. This means the group with low cholesterol
impairment in men with the APO E4 allele[34]. — which is thought to be the ‘optimal’ reference — includes
There are fewrisk factors that have been studied in so manya sub-group of individuals who are sick and have not had
cohorts, and in multiple measures of brain aging. However, ‘life-long’ exposure to low levels of cholesterol. Therefore,
not all studies support these findings—the results of early part of the reason for the inconsistencies among studies may
studies (i.e.[11]), and even more recent ong32] did not be due to differences among cohorts in the prevalence of
find an increasing level of blood pressure was arisk factor for other co-morbidities that might affect cholesterol levels. A
DOC. In fact, cross-sectional analyses in particular, suggest‘contaminated’ reference group can reduce the power of the
elevated levels of BP protect against demefiti]. Closer analysis, or bias the estimation and the comparisons of risk
analysis of the inconsistencies between cross-sectional ancdamong studies to the extent they differ in the prevalence of
longitudinal studies suggests the discrepancies among thentonditions causing cholesterol levels to decline. Other fac-
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tors, such as treatment patterns should also be consideredrurther people with high levels of CRP may have a genetic
when comparing results across cohorts. tendency towards an overactive immune system thatincreases
the risk for several different chronic diseases, including DOC.

3.4. Other risk factors

Other mid-life cardiovascular risk factors that have been 4. Lessons about diseases of cognition from the
reported to increase the risk for disorders of cognition in- long-term follow-up studies
clude: smokind13,51], poor lung functior{3,5], indicators
of glucose dysregulatiof$,20], and atherosclerosjg]. Glu- The body of research reviewed here suggests mid-life
cose dysregulation may be more strongly related to the risk levels of cardiovascular risk factors, and in particular ele-
for cognitive impairment in men with the APO & allele vated levels of blood pressure, increase the risk for DOC that
[3,35]. emerge 20 years or more after the risk factor is measured.

The association of DOC to these various cardiovascular There is some support for the hypothesis that increased ge-
risk factors suggests there may be some common mech-netic susceptibility, marked by having the apolipoprotein E
anisms mediating these relationships. Inflammation is one €4 allele, may interact with these risk factors to increase the
such mechanism that has been investigated both in experfiskfor DOC. Chronicinflammation may also contribute to an
imental studies and epidemiologic studies of risk factors increased risk for DOC, either directly or indirectly through
for cardiovascular diseagg9]. The association of mid-life ~ other cardiovascular risk factors.
markers of inflammation and the risk for late-age demen- ~ Our understanding of the direction and magnitude of the
tia has been examined in the Honolulu Asia Aging Study association between diseases of cognition and cardiovascu-
[44]. In this study raised levels of C-reactive protein (CRP), lar risk factors has been helped tremendously by these long-
a marker of an inflammatory response, were associated withterm prospective studies. We now understand better that by
anincreased risk for diabetes, stroke, blood pressure, and hismid-life we already can detect changes in the brain that are
tory of smoking. Increasing levels of CRP also increased the predictive of dementia. We also have data showing risk fac-
risk for Alzheimer’s disease with no cardiovascular disease tors of interest change, either as a direct, indirect or unrelated
contributing to the dementia, Alzheimer’s disease with con- consequence of neurodegeneration. Thus, when we measure
tributing cardiovascular disease, and vascular dementia. Theparticular risk factors will certainly dictate to a large extent
risk estimates were moderately reduced after controlling for the direction and magnitude of their relationship to DOC.
cardiovascular risk factors, suggesting these factors partially ~ These findings have importantimplications for prevention
explain the association of mid-life CRP and late-life demen- and treatment of the disease-in particular the timing and na-
tia. However, the relationship was not completely explained ture of the intervention. The blood pressure findings provide
by these risk factors. Better measures of cardiovascular riskan illustrative exampleRig. 2). The mid-life studies suggest
factors will be needed to understand how inflammation and treatment of high blood pressure will contribute to a reduc-
cardiovascular risk factors interact to affect the brain. Other tion in risk for DOC; the cross-sectional stud[@§] suggest
mechanisms may also explain the association. Possibly, thereelevated levels of blood pressure should not be treated. Be-
is leakage from the brain to the periphery of cytokines pro- cause of such inconsistencies in the literature, the aggressive
duced in reaction to already existing cerebrovascular lesions.treatment of high blood pressure, or any treatment of blood

High blood pressure increases the risk for dementia

Exogeneous and \

Endogeneous changes T

ainssald poo|g

Low blood pressure increases the risk for dementia

age

Fig. 2. Change in the relation of blood pressure to risk for dementia as people age and the interval increases between the measurement of béoat pressure
the onset of dementia.
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of blood pressure in older persons remains controversial[14] Goodwin JS. Embracing complexity: a consideration of hypertension
[14]. in the very old. J Gerontol A Biol Sci Med Sci 2003;58:653-8.
The findings also inform us on new directions for defining [15] Guo Z, Viitanen M, Fratiglioni L, Winblad B. Low blood pres-

. . . . . . sure and dementia in elderly people: the Kungsholmen project. BMJ
phenotypes in epidemiologic research in dementia. Because  ;g95.312-805-8

most DOC increase dramatically in incidence only after 75 [16] Hall JE, Gill S. Neuroendocrine aspects of aging in women. En-
years of age, new approaches will have to be found to charac-  docrinol Metab Clin N Am 2001;3:631-46.
terize a phenotype based on characteristics of a person whefil7] Havlik RJ, Foley DJ, Sayer B, Masaki K, White L, Launer LJ.
they are younger. More research will be needed on ‘surro- Variability in midlife systolic blood pressure is related to late-life
, ’ S brain white matter lesions: the Honolulu-Asia aging study. Stroke
gate’ markers of DOC that can be measured when individu- 2002:33:26-30
als are younger and that are predictive of late age DOC. This[1g] Humphries SE, Talmud PJ, Hawe E, Bolla M, Day IN, Miller GJ.
life course approach will help identify factors that may initi- Apolipoprotein E4 and coronary heart disease in middle-aged men
ate the disease process, contribute to its progression and the who smoke: a prospective study. Lancet 2001;358:115-9. _
prognosis once the clinical threshold of dementia is crossed.[19] Jacobs DR, Hannan PJ, Wallace D, Liu K, Wiliams OD, Lewis
: . . . . . . CE. Interpreting age, period, and cohort effects in plasma lipids
It will also provide information on the different trajectories

. . and serum insulin using repeated measures regression analysis: the
to health and disease in old age. Cardia study. Stat Med 1999:18:655-79.

[20] Kalmijn S, Foley D, White L, Burchfiel CM, Curb JD, Petrovitch
H, et al. Metabolic cardiovascular syndrome and risk of dementia
in Japanese-American elderly men. The Honolulu-Asia aging study.

References Arterioscler Thromb Vasc Biol 2000;20:2255-60.

[21] Kivipelto M, Helkala EL, Hanninen T, Laakso MP, Hallikainen

[1] Abbott RD, Sharp DS, Burchfiel CM, Curb JD, Rodriguez BL, M, Alhainen K, et al. Midlife vascular risk factors and late-life
Hakim AA, et al. Cross-sectional and longitudinal changes in to- mild cognitive impairment: a population-based study. Neurology
tal and high-density-lipoprotein cholesterol levels over a 20-year pe- 2001;56:1683-9.
riod in elderly men: the Honolulu heart program. Ann Epidemiol [22] Kivipelto M, Helkala EL, Laakso MP, Hanninen T, Hallikainen M,
1997;7:417-24. Alhainen K, et al.a4, elevated midlife total cholesterol level, and

[2] Braak H, de Vos RA, Jansen EN, Bratzke H, Braak E. Neuropatho- high systolic blood pressure are independent risk factors for late-life
logical hallmarks of Alzheimer's and Parkinson’s diseases. Prog Alzheimer disease. Ann Intern Med 2002;137:149-55.

Brain Res 1998;117:267-85. [23] Korpelainen JT, Sotaniemi KA, Myllyla VV. Autonomic nervous

[3] Carmelli D, Swan GE, Reed T, Miller B, Wolf PA, Jarvik GP, et al. system disorders in stroke. Clin Auton Res 1999;9:325-33.

Midlife cardiovascular risk factors, ApoE, and cognitive decline in  [24] Kruit MC, van Buchem MA, Hoffman PAM, Bakkers JTN, Terwindt
elderly male twins. Neurology 1998;50:1580-5. GM, Ferrari MD, Launer LJ. Migraine as a risk factor for subclinical

[4] Carmelli D, Swan GE, Reed T, Wolf PA, Miller BL, DeCarli C. brain lesions. JAMA 2004;291:427-34.

Midlife cardiovascular risk factors and brain morphology in identical [25] Kyng KJ, May A, Steen K, Bohr VA. Gene expression profiling in
older male twins. Neurology 1999;52:1119-24. Werner syndrome closely resembles that of normal aging. Proc Natl

[5] Chyou PH, White LR, Yano K, Sharp DS, Burchfiel CM, Chen R, Acad Sci USA 2003;100:12259-64.
et al. Pulmonary function measures as predictors and correlates of[26] Lakatta EG. Catecholamines and cardiovascular function in aging.
cognitive functioning in later life. Am J Epidemiol 1996;143:750-6. Endocrinol Metab Clin N Am 1987;16:877-91.

[6] DeCarli C, Miller BL, Swan GE, Reed T, Wolf PA, Carmelli D. [27] Launer LJ, Masaki K, Petrovitch H, Foley D, Havlik RJ. The as-
Cerebrovascular and brain morphologic correlates of mild cognitive sociation between midlife blood pressure levels and late-life cog-
impairment in the National Heart, Lung, and Blood Institute twin nitive function. The Honolulu-Asia aging study. J Am Med Assoc
study. Arch Neurol 2001;58:643-7. 1995;274:1846-51.

[7] de Leeuw FE, de Groot JC, Oudkerk M, Witteman JC, Hofman A, [28] Launer LJ, Ross GW, Petrovitch H, Masaki K, Foley D, White LR,
van Gijn J, et al. A follow-up study of blood pressure and cerebral et al. Midlife blood pressure and dementia: the Honolulu-Asia aging
white matter lesions. Ann Neurol 1999;46:827-33. study. Neurobiol Aging 2000;21:49-55.

[8] de Leeuw FE, De Groot JC, Oudkerk M, Witteman JC, Hofman [29] Launer LJ, Oudkerk M, Nilsson LG, Alperovitch A, Berger K,
A, van Gijn J, et al. Aortic atherosclerosis at middle age predicts Breteler MM, et al. CASCADE: A European collaborative study on
cerebral white matter lesions in the elderly. Stroke 2000;31:425-9. vascular determinants of brain lesions. Study design and objectives.

[9] Elias MF, Wolf PA, D’'Agostino RB, Cobb J, White LR. Untreated Neuroepidemiology 2000;19:113-20.
blood pressure level is inversely related to cognitive functioning: the [30] Launer LJ, White LR, Petrovitch H, Ross GW, Curb JD. Choles-
Framingham study. Am J Epidemiol 1993;138:353—64. terol and neuropathologic markers of AD: a population-based au-

[10] Ettinger WH, Wahl PW, Kuller LH, Bush TL, Tracy RP, Manolio topsy study. Neurology 2001;57:1447-52.

TA, et al. Lipoprotein lipids in older people. Results from the Car- [31] McEwen BS, Magarinos AM, Reagan LP. Studies of hormone action
diovascular Health Study. The CHS Collaborative Research Group. in the hippocampal formation: possible relevance to depression and
Circulation 1992;86:858-69. diabetes. J Psychosom Res 2002;53:883-90.

[11] Farmer ME, White LR, Abbott RD, Kittner SJ, Kaplan E, Wolz MM,  [32] Morris MC, Scherr PA, Hebert LE, Glynn RJ, Bennett DA, Evans
et al. Blood pressure and cognitive performance. The Framingham DA. Association of incident Alzheimer disease and blood pressure
study. Am J Epidemiol 1987;126:1103-14. measured from 13 years before to 2 years after diagnosis in a large

[12] Ferrari E, Cravello L, Muzzoni B, Casarotti D, Paltro M, Solerte SB, community study. Arch Neurol 2001;58:1640-6.
et al. Age-related changes of the hypothalamic-pituitary-adrenal axis: [33] Ott A, Slooter AJ, Hofman A, van Harskamp F, Witteman JC, van
pathophysiological correlates. Eur J Endocrinol 2001;144:319-29. Broeckhoven C, et al. Smoking and risk of dementia and Alzheimer’s

[13] Galanis DJ, Petrovitch H, Launer LJ, Harris TB, Foley DJ, White disease in a population-based cohort study: the Rotterdam study.
LR. Smoking history in middle age and subsequent cognitive perfor- Lancet 1998;351:1840-3.

mance in elderly Japanese-American men. The Honolulu-Asia aging [34] Peila R, White LR, Petrovitch H, Masaki K, Ross GW, Havlik RJ,
study. Am J Epidemiol 1997;145:507-15. et al. Joint effect of the APOE gene and midlife systolic blood



340 L.J. Launer / Neurobiology of Aging 26 (2005) 335-340

pressure on late-life cognitive impairment: the Honolulu-Asia aging [45] Sigurdsson E, Thorgeirsson G, Sigvaldason H, Sigfusson N. Prog-

study. Stroke 2001;32:2882-9. nostic role of cardiovascular risk factors for men with car-

[35] Peila R, Rodriguez BL. Launer LJ. Type 2 diabetes, APOE gene, diomegaly (the Reykjavik study). Am J Cardiol 1996;78:1355—
and the risk for dementia and related pathologies: the Honolulu-Asia 61.
aging study. Diabetes 2002;51:1256—62. [46] Skoog |, Lernfelt B, Landahl S, Palmertz B, Andreasson LA, Nilsson

[36] Petersen RC, Smith G, Kokmen E, Ivnik RJ, Tangalos EG. Memory L, et al. 15-year longitudinal study of blood pressure and dementia.
function in normal aging. Neurology 1992;42:396-401. Lancet 1996;347:1141-5.

[37] Peto R, Darby S, Deo H, Silcocks P, Whitley E, Doll R. Smoking, [47] Small SA, Tsai WY, DeLaPaz R, Mayeux R, Stern Y. Imaging hip-
smoking cessation, and lung cancer in the UK since 1950: com- pocampal function across the human life span: is memory decline
bination of national statistics with two case-control studies. BMJ normal or not? Ann Neurol 2002;53:290-5.
2000;321:323-9. [48] Sowell ER, Peterson BS, Thompson PM, Welcome SE, Henkenius

[38] Petrovitch H, White LR, Izmirlian G, Ross GW, Havlik RJ, Markes- AL, Toga AW. Mapping cortical change across the human life span.
bery W, et al. Midlife blood pressure and neuritic plaques, neu- Nat Neurosci 2003;6:309-15.
rofibrillary tangles, and brain weight at death: the HAAS. Neurobiol [49] Talbot LA, Fleg JL, Metter EJ. Secular trends in leisure-time phys-
Aging 2000;21:57-62. ical activity in men and women across four decades. Prev Med

[39] Ridker PM. High-sensitivity C-reactive protein and cardiovascular 2003;37:52-60.
risk: rationale for screening and primary prevention. Am J Cardiol [50] Tan ZS, Seshadri S, Beiser A, Wilson PW, Kiel DP, Tocco M,
2003;92:17K-22K. D’Agostino RB, et al. Plasma total cholesterol level as a risk fac-

[40] Rub U, Del Tredici K, Schultz C, Thal DR, Braak E, Braak H. tor for Alzheimer disease: the Framingham study. Arch Intern Med
The autonomic higher order processing nuclei of the lower brain 2003;163:1053-7.
stem are among the early targets of the Alzheimer's disease-related[51] Tyas SL, White LR, Petrovitch H, Ross WG, Foley DJ,
cytoskeletal pathology. Acta Neuropathol (Berl) 2001;101:555-64. Heimovitz HK, et al. Mid-life smoking and late-life dementia:

[41] Salehi A, Swaab DF. Diminished neuronal metabolic activity in the Honolulu-Asia aging study. Neurobiol Aging 2003;24:589—
Alzheimer’s disease. J Neural Transm 1999;106:955-86. 96.

[42] Salthouse T. Memory aging from 18 to 80. Alzheimer Dis Assoc [52] Weinert BT, Timiras PS. Invited review: theories of aging. J Appl
Disord 2003;17:162-7. Physiol 2003;95:1706-16.

[43] Sarti C, Stegmayr B, Tolonen H, Mahonen M, Tuomilehto J, As- [53] Yamada M, Kasagi F, Sasaki H, Masunari N, Mimori Y, Suzuki G.
plund K. WHO MONICA Project. Geographical variation in the Association between dementia and midlife risk factors: the radiation
major risk factors of coronary heart disease in men and women effects research foundation adult health study. J Am Geriatr Soc
aged 35-64 years. The WHO MONICA project. World Health Stat 2003;51:410-4.

Q 1988;41:115-40. [54] Yashin Al, Ukraintseva SV, De Benedictis G, Anisimov VN, Butov

[44] Schmidt R, Schmidt H, Curb JD, Masaki K, White LR, Launer AA, Arbeev K, et al. Have the oldest old adults ever been frail in
LJ. Early inflammation and dementia: a 25-year follow-up of the the past? A hypothesis that explains modern trends in survival. J

Honolulu-Asia aging study. Ann Neurol 2002:168-74. Gerontol A Biol Sci Med Sci 2001;56:B432—42.



	The epidemiologic study of dementia: a life-long quest?
	Changes with age
	Brain structure and function

	Risk factors
	Genetic risk factors
	Environmental risk factors

	Long-term perspectives on the study of dementia: mid-life risk factors and the risk for late-life disorders of cognition
	Epidemiologic studies of mid-life risk factors and late-life disorders of cognition
	Blood pressure
	Cholesterol
	Other risk factors

	Lessons about diseases of cognition from the long-term follow-up studies
	References


