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Abstract: Considerablelatasuggesthat AlzheimerOdiseaséAD) may haveits
originsin earlylife, supportinga life courseapproacho its prevention. Thelackof
a one-to-one correspondence between the severity of AD pathology and the
appearancef dementiampliesthat individuals havevarying amountsof brain and
cognitivereserveallowing thosewith morereserveto stay abovethe thresholdfor
dementiadespitethe presencef AD pathology. Although genedikely explainat
least two-thirds of AD cases, environmental factors are important for its
expression.Nutrition andintellectualstimulation in early life affectthe amountof
brain reserveandthe developmentf cognitivestrategies.Largerbrain size,higher
educationand greaterlQ protectindividuals from expressinglementia. Increases
in reservahrougheducationnutrition and mentalexercisefferan effectivavay to
postpone the onset of AD to later ages and possibly prevent its clinical
manifestation altogether.

The prevention of Alzheimer® disease (AD) is an important goal of
ongoing research. Two objectives must be accomplished to make
prevention feasible: (1) safe and effective interventions need to be
developed that either reduce or slow the accumulation of AD
neuropathology or lead to a decrease in clinical expression of this
pathology; and (2) individuals at high risk of AD need to be identified
before the earliest symptoms become evident, by which time extensive
neurodegeneration has already occurred and intervention to prevent the
diseaseis likely to belesssuccessful. An understanding of the early life risk
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factors for AD can aid in the identification of individuals at risk and also
provide information relevant to the development of effective interventions.
In the reviewl summarized here, we provide evidence that AD has its
origins in early life and that two setsof risk factors are involved, those for
the pathology and those for clinical expression.

Over the past two decades, considerable data have been obtained
suggesting that AlzheimerOsdiseasemay have its origins in early life. Such
data argue that rather than considering AD a late-life illness, it might bestbe
viewed from a life course perspective, with important influences beginning
as early as conception [1].

Clinicopathologic studies have demonstrated a lack of a one-to-one
correspondence between AD pathology and clinical dementia, with some
individuals having severe pathology showing little cognitive impairment
and others with mild pathology expressing a frank dementia. This finding
has been interpreted as providing support for variable amounts of brain
reserve that buffer individuals from expressing the disease despite
substantial neuropathology. Mortimer [2] proposed that the clinical
expression of AD requires two elements: (1) a propensity to accumulate AD
lesions over the life span at an increased rate, and (2) the attainment of a
critical threshold of OObraireserveOfelow which normal cognitive function
cannot be sustained. This threshold model suggeststhat dementia may be
prevented either by modifying the AD neuropathologic process or by
increasing the amount of brain reserve available (Figure 1 [3]).

Becausegenesare inherited at conception, they represent the earliest risk
factors for AD. There is strong evidence that genesplay a critical role in the
expression of AD pathology. A crucial question is how much of the illness
is determined by genesinherited from oneOparents. The best estimate for
this contribution comes from large twin studies in which concordance for
AD in identical twins has been compared to that in fraternal twins. Using
all available twin pairs and models that adjust for age, Gatz et al. (4]
reported the heritability for AD in the Swedish Twin Study to be 0.79(95%
confidence interval (Cl), 0.67-0.88). The most succinct interpretation of this
finding is that inherited genesaccount for at least two-thirds of Alzheimer
cases. While the magnitude of genetic influences is surprising large,
monozygotic twins discordant for AD suggesta role for non-genetic factors
as well. [4]
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Figure 1
Solid line (A) represents the trajectory for most individuals in the population who
do not develop dementia during their lifetime. Dotted line (B) represents the
trajectory for individuals with the same rate of cell loss and accumulation of
Alzheimer lesions as (A), but who have less brain reserve to start. Dashed line (C)
represents the trajectory for people with the same initial brain reserve as (A), but
who have faster cell loss and accumulation of Alzheimer lesions. Reprinted with
permission from Borenstein Graves [3].
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Other risk factors for AD pathology include Down@® syndrome, head
injury and insulin resistance, all of which have effects on either the
expression and/ or metabolism of amyloid beta (A8) [1]. The association
with DownOssyndrome is thought to result from having an extra copy of a
region on chromosome 21 coding for the precursor protein of A8. While the
association with head injury dates from early case-control studies, only
recently has it become evident that A8 aggregates in the brains of about
30% of patients with severe head injuries and that these patients have a
higher frequency of the APOE-¢4 allele [1]. Given the epidemic of
childhood obesity and hyperinsulinemia, the association between
hyperinsulinemia and increased levels of A4, in the CSF as well as with
CSF levels of pro-inflammatory cytokines that affect A8 transport raises
concerns that increases in A aggregation in the brain may result from
increases in obesity in childhood.

Risk factors for clinical expression of underlying AD neuropathology are
usually considered to reflect reserve provided by larger and more well-
connected brains or by cognitive abilities related to education and IQ.
Individuals with greater reserve are able to stay above the threshold for
clinical expression, despite the presence of similar or even greater
neurodegeneration. Data related to this issue have been derived from
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studies of birth weight, interuterine environment, sibship size and birth
order, early life brain development, early life body growth, early life socio-
economic conditions, education and IQ. Because birth weight, interuterine
environment, SES of the family or origin, brain volume, height, education
and IQ are interrelated, associations that have been found between AD and
these early life risk factors may reflect one or a few underlying mechanisms,
with some of these risk factors acting through others. For example,
increased birth weight is associated with both higher IQ and educational
attainment, both of which affect the expression of AD in late life. Similarly,
undernutrition in utero may well have later influences on education and
intellectual abilities, which in turn are related to the development of AD.

Associations of increased risk of AD with larger sibship size may operate
through the well-documented relation between sibship size and education
or through other mechanisms related to development [1]. Studies of birth
order to date have not revealed an association between this variable and risk
of AD, although few studies have examined this risk factor [1].

Because the brain attains 93% of its final size by age 6 [5], deficits in
physical brain development focus on the period from fetal life through this
age. Numerous studies have shown that individuals with smaller brains
have increased prevalence and incidence rates, earlier onset of symptoms,
and increased severity of cognitive deficit in AD [6]. Other measures of
body growth, such as attained height, reflect development mainly in the
second decade of life. Because nutritional and other deficits associated with
socioeconomic status of the family of origin likely continue through the end
of puberty, it is perhaps not surprising that shorter height, arm and leg
length have been found to be associated with increased risk of AD and
dementia in old age. The development of the brain, and in particular,
synaptogenesis and pruning, continues during the second decade of life.

Measures of socioeconomic position in childhood, including lower
paternal social class and poverty, have been shown in several studies to
predict increased prevalence and incidence rates of AD [1]. A variety of
influences related to SES may be involved, including pre-natal, infant and
childhood nutrition, living conditions including exposure to infectious
agents, intellectual stimulation at home, and access to quality education.
Controlled studies of environmental enrichment in transgenic mice have
shown that such enrichment can prevent the learning and memory deficits
that occur in mice carrying human genes for AD. The fact that the amount
of AD neuropathology was either increased or unchanged in mice with
environmental enrichment argues for a strong role of reserve or
compensation [1].

Reserve can be provided by hardware enhancements (greater numbers of
neurons and/or increased synaptic connectivity) or improved software
(related to the patterns of interconnection between brain regions). Cognitive
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reserve reflects the latter, the ability to utilize alternative networks or
strategies to accomplish tasks. Because clinicopathologic studies have
shown that education is not significantly associated with the severity of AD
neuropathology, it is likely that increased educational achievement reduces
the risk of AD through enhancement of cognitive reserve. In addition,
simple counting of years of education may be less useful than assessment of
its quality [1].

Education also may be a surrogate for the more direct measure of
cognitive function, IQ. Some studies have shown that IQ may be more
strongly related to the risk of dementia than education [1]. Because IQ has a
heritability of around 0.50, some of its association with dementia may be
genetically mediated.

Finally, evidence from autopsy studies has suggested that the
neuropathology of AD may begin to accumulate prior to age 25 [1]. Data
showing that individuals carrying the !4 allele for apolipoprotein E have a
greater chance of discontinuing their education in their early teens and that
linguistic abilities gleaned from essays written by Catholic nuns at an
average age of 22 predict the number of AD lesions found at autopsy 60
years later provide support for very early signs of this illness [1].

Existing data suggest that the risk of AD is probably not determined in
any particular time period, but results from a complex interplay between
genetics and environmental exposures over the life course.

The presence of signs of AD in early life suggests that it may be possible
in the future to identify persons when they are young adults who are at risk
for developing AD later in life, facilitating earlier intervention to prevent
the disease. Education and nutrition, as well as mental and physical exercise
provide important modalities with which to maintain or increase brain and
cognitive reserve not only in youth, but over the life course. Increases in
reserve offer an effective means of postponing the onset of AD to later ages
and possibly preventing its clinical manifestation altogether.
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