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INTRODUCTION

One in ten thousand (0.01%) persons in the United States is
100 y of age or older (1). Many assume that, because of the
prevalent misconception that “the older a person gets, the sicker
that person gets,” centenarians are the most unhealthy and debilitated among the elderly. Given that the prevalence of Alzheimer disease (AD) is 앒50% for persons aged 욷85 y, one could
assume that if the prevalence continues to increase at even older
ages, most of the oldest old should have AD (2, 3). One
population-based study did in fact report a dementia prevalence
of 100% among a sample of centenarians (4). However,
population-based centenarian studies from Denmark, Sweden,
Germany, and the United States have reported dementia-free
rates of 앒30% (5, 6). In the New England Centenarian Study,
12% of centenarians were living independently (7). Among centenarians who did show cognitive impairment, 쏜90% were cognitively intact until well into their 90s (8). For some reason, a
notable portion of centenarians escape dementia altogether; of
those who don’t, clinical demonstration of dementia is delayed in
many until very late in life.
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The hypothesis of compression of morbidity, as proposed by
Fries in 1980 (9), seems to be valid among the very long-lived
with respect to functional impairment. Onset and accumulation
of disease-related disability can be compressed into the last years
of life for many centenarians; however, it is also possible to live
to 100 y and older with a long history of age-related disease.
Researchers have speculated that some special adaptive ability,
or functional reserve, allows some to survive to very old age
despite the presence of diseases that would otherwise be associated with significant mortality risk and disability at much
younger ages (10 –14).
Evert et al (15) looked at the timing of age-related disease in a
retrospective cohort study of 쏜400 centenarians. Prevalence and
age of onset of heart disease, hypertension, diabetes, skin cancer,
nonskin cancer, osteoporosis, stroke, Parkinson disease, thyroid
conditions, and chronic obstructive pulmonary disease were surveyed. On the basis of the results, the subjects were divided into
3 distinct groups: survivors, delayers, and escapers. Forty-two
percent were classified as survivors, persons who had been diagnosed with at least one age-related disease before the age of
80 y; 45% were delayers, in whom no age-associated disease had
been diagnosed until after the age of 80 y; and 13% fell into the
category of escapers, persons who reached centenarian status
without a previous diagnosis of any of the 10 diseases of aging
studied.
Because most centenarians remain functionally independent
through their early 90s, these results appear to support the presence of an adaptive mechanism or functional reserve. Subset
analysis of the data for the most deadly of the age-related diseases
(ie, heart disease, nonskin cancer, and stroke), however, showed
that persons either delay or escape these; few centenarians were
survivors of such diseases.
These results suggest several routes to longevity may be possible. The survivor, delayer, and escaper profiles represent different centenarian phenotypes and probably also reflect different
underlying genotypic and environmental interactions. It also appears that most centenarians have a history of delaying or escaping cognitive impairment, because in the very old, cognitive
impairment is perhaps the most reliable marker of impending
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ABSTRACT
Many people believe that the older a person gets, the sicker he or she
becomes. The result can be quite a pessimistic view of very old age.
If this were true, most if not all centenarians would have significant
disability. However, 앒90% of centenarians in a population-based
study were functionally independent at the average age of 92 y. Thus,
to achieve extreme old age, a much more enabling point of view
emerges: the older an individual gets, the healthier he or she has been.
Centenarians thus have the potential to represent a model of relative
resistance to age-related diseases and slower aging. Currently, 1 in
every 10 000 persons in the United States is 100 y of age or older.
This prevalence is quickly changing, however, and it is likely that
most industrialized nations will soon experience twice that prevalence, or one centenarian per 5000 persons. The ability to survive to
extreme old age appears to be the result of a complex combination of
genetics, environment, lifestyle, and luck. Understanding the genetics of the very old, and identifying the molecular drivers of longevity
(or of mortality), is a potentially powerful approach to discovering
and targeting the pathways mediating aging and disease susceptibility and developing preventive and therapeutic agents that will allow
more of the population to age in good health.
Am J Clin Nutr
2006;83(suppl):484S–7S.
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mortality (16, 17). Such delay or escape could be due to cognitive
reserve in the face of an underlying progressive neuropathologic
process or could be due to the absence of such a process. Neuropsychological–neuropathologic correlation studies are critical
to determining which of these scenarios leads to delayed cognitive impairment.
NEUROPSYCHOLOGICAL-NEUROPATHOLOGIC
CORRELATIONS

Dementia incidence among the oldest old
One meta-analysis of 9 epidemiologic studies found the rate of
increase in dementia prevalence declined among octogenarians
and appeared to plateau at 앒40% at age 95 y (27). In a longitudinal study of older persons living in Cache County, UT, the
incidence of both dementia and AD increased almost exponentially until ages 85 to 90 y but declined after 93 y for men and 97 y
for women (28). Another meta-analysis of dementia incidence
studies noted a significant age effect in which the increase in
incidence rates slowed at advanced ages and women were consistently at higher risk of developing AD than were men (29).
Causes of dementia
Of interest are observations that the frequencies of various
causes of dementias differ between centenarians and younger
cohorts. Researchers in the Danish Centenarian Study reported
that 50% of the dementia cases among centenarians were due to
pure vascular disease (5). An autopsy series of 13 Japanese centenarians with at most mild cognitive impairment showed vascular but not AD pathology (19). It is likely that rare causes of
dementia become more common among centenarians because
persons who are prone to develop AD die at younger ages, leaving survivors to develop other neurodegenerative illnesses, such
as vascular dementia, Pick disease, and Lewy Body disease (24).
This selecting out of a survivor cohort that is less likely to develop potentially lethal age-related diseases is known as demographic selection (30).
Why would Alzheimer disease slow or plateau?
A genetic example of demographic selection is the decreased
frequency of the apolipoprotein E (APOE) ⑀-4 allotype in the

oldest old. Persons who are homozygous for APOE ⑀-4 have a
2.3– 8.0 times greater risk of developing AD than does the general white population (31). The allelic frequency of APOE ⑀-4
falls off in the oldest age groups, which is likely because of its
association with AD and vascular disease (32). Interestingly, the
effect of APOE allotype on AD incidence appears to decrease
with age at these very old ages (33), presumably because those
who survive have other genetic variations or lifestyle factors that
protect them from the deleterious effects of their APOE allotype.
THE GENETICS OF EXTREME AGE

It has been suggested that persons who reach extreme old age
have genetic variations that affect the basic mechanisms of aging
and result in decreased susceptibility to age-associated diseases
(34). Persons who achieve oldest age likely lack many of the
disease gene variations that substantially increase risk of premature death (35). More controversial are the possible existence of
longevity-enabling genes that might actually protect persons
from basic causes of aging or age-related illnesses (36).
The progressive selection for genetically fit persons at very old
age provides the basis for a simpler model of aging and longevity.
Centenarians might be rare because a complex set of environmental and genetic variables coexist to allow such survival. Studies of centenarian pedigrees suggest that family members are
more likely to share such sets of variables than the general population. One study analyzed the pedigrees of 444 centenarian
families in the United States that included 2092 siblings of centenarians (37). Compared with the US 1900 birth cohort, male
siblings of centenarians were 17 times as likely, and female
siblings were 8 times as likely, to reach 100 y of age. Such
elevated relative survival probability values support the possibility that family members can share genetic and environmental
factors that are important to survival to extreme old age (38, 39).
LONGEVITY GENES?

Discovery of genetic variations that explain even a small percentage of variations in relative survival probability will provide
important clues to the cellular and biochemical mechanisms that
mediate aging and susceptibility to age-associated diseases. Until recently, only one genetic variation had been reproducibly
associated with exceptional longevity (although the degree of
this association varies according to ethnicity). Schachter et al
(32) observed that the frequency of the APOE ⑀4 allele decreases
with advancing age. One of its counterparts, the APOE ⑀2 allele,
becomes more frequent with advancing age in whites (40).
The elevated relative survival probability values found among
the siblings of centenarians support the utility of studies to determine which genetic region or regions, and ultimately which
genetic variations, centenarians and their siblings have in common that confer their survival advantage (38). Centenarians and
their siblings from the New England Centenarian Study were
used in a genome-wide sibling pair study of 308 persons belonging to 137 families with exceptional longevity. Using nonparametric analysis, significant evidence for linkage was noted for a
locus on chromosome 4 at D4S1564 with a maximum logarithmof-odds score of 3.65 (P ҃ 0.044) (41). A detailed haplotype map
was created of the chromosome 4 locus that extended over 12
million base pairs and involved the genotyping of 쏜2000 singlenucleotide polymorphism markers in 700 centenarians and 700
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Supporting the observation that 12–25% of centenarians appear not to have clinical dementia, a subset of these persons also
appear to have no dementia according to neuropathologic examination (18 –21). In a case series of 14 centenarians consenting to
undergo both neuropsychological and postmortem neuropathologic assessments, 4 subjects had clinical dementia rating (CDR)
(22) scores of zero (indicating no impairment). These subjects
without dementia also did not meet Braak and Braak neuropathologic criteria for AD (23) and did not have neuritic plaques on
examination (24, 25). Six subjects with CDR scores 쏜 0.5 (very
mild to severe dementia) had neuropathologic evidence of AD.
The remaining 4, who had CDR scores 울 0.5, had neuropathology consistent with probable AD and yet did not clinically demonstrate the disease premortem. Snowden (26) observed a 102y-old who on examination did not meet the clinical criteria for
dementia yet was discovered on autopsy to have significant AD
pathology. Such cases where there is discordance between the
clinical and pathologic examinations suggest that some persons
have a functional reserve that allows for minimal or no cognitive
impairment in the presence of significant pathology.
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CONCLUSIONS

Discovering genes that promote longevity while compressing
morbidity and disability toward the end of life will provide possible explanations to how the aging process mediates susceptibility to age-related diseases and how this susceptibility might be
modulated. Human “longevity genes” are likely to influence
aging at its most basic levels and to affect a wide range of genetic
and cellular pathways simultaneously. Mapping of the centenarian genome will be critical; comparing single-nucleotide polymorphism frequencies implicated in disease in centenarians with
frequencies in persons with disease will identify clinically relevant polymorphisms. The ultimate objective, of course, is that
these gene discoveries will lead to the identification of therapeutic targets and the development of therapeutic agents to enable
more of the population to age as centenarians do.
The author had no conflicts of interest to report.
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that cardiovascular disease is significantly delayed among the
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delay or escape cardiovascular disease and stroke beyond the age
of 80 y, it follows that the frequency of genetic polymorphisms
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longevity.
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