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Alzheimer’s disease (AD) is the most common type of dementia in the US and much of the world
with rates increasing exponentially from age 65. Increases in life expectancy in the last century
have resulted in a large number of people living to old ages and will result in a quadrupling of AD
cases by the middle of the century. Preventing or delaying the onset of AD could have a huge
impact in the number of cases expected to develop. The oldest-old are the fastest growing segment
of the population and are estimated to account for 12% of the population over 65. Establishing
accurate estimates of dementia and AD rates in this group is crucial for public health planning.
Prevalence and incidence estimates above age 85 are imprecise and inconsistent because of the
lack of very old individuals in most studies. Moreover, risk and protective factors in our oldest
citizens have been studied little, and clinical-pathological correlations appear to be poor. We
introduce The 90+ Study, established to address some of the unanswered questions about AD and
dementia in the oldest-old. Our preliminary results show that close to half of demented oldest-old
do not have known cerebral pathology to account for their cognitive deficits. Furthermore, the
APOE-e4 allele appears to be a risk factor for AD only in the women in our study. In addition to
the challenge of preventing and treating AD, the oldest-old will require major investigative energy
to better understand the concomitants of longevity, the causes of dementia, and the factors that
promote successful aging in oldest citizens.
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INTRODUCTION
In 1906, at a meeting of South-West Germany Psychiatrists, Alois Alzheimer first described
the clinical and pathologic features of a 51-year-old woman with rapidly developing mental
impairment [1]. Describing his observations as ‘a peculiar, little known disease process of
the presenium’, he later recognized that the changes he saw in Auguste D were similar to the
pathological findings in elderly individuals with “senile psychosis”. Although he published
this observation in 1911 [2], the medical community did not regard Alzheimer’s disease
(AD) as one of the leading causes of functional impairment and death in the elderly until the
latter part of the last century [3]. One hundred years after AD was first described, we face a
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profound and growing epidemic of the disease throughout much of the world in people
living to their 70’s, 80’s, and beyond.
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THE INCIDENCE AND PREVALENCE OF AD: PROJECTIONS FOR THE 21st
CENTURY
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Supported by clinical and pathological data, Alzheimer’s disease is clearly the most
common cause of senile dementia throughout much of the world for individuals between the
ages of 65 and 85 [4]. Fig. 1 shows age-specific incidence rates of Alzheimer’s disease
throughout the world. Between the ages of 65 and 85 years, studies are consistent in
showing an exponential increase in the risk of developing AD. Above age 85, prevalence
and incidence estimates are somewhat inconsistent, and confidence limits are very wide
because of the relative paucity of individuals in this age range in most study populations.
For many years, the numbers of people with AD in the US and much of the world have been
rapidly growing, primarily because people are living longer -by about 30 years - than they
did in Alzheimer’s day. In the United States, it is currently estimated that there are between
2 and 4 million people afflicted with AD [5, 6]. The number of dementia cases worldwide is
estimated at around 24 million, most suffering from AD [7]. Projections for the middle of
this century show a quadrupling of the numbers of AD cases in the US, and thus, a
quadrupling of an already huge public health care burden unless we find a way to prevent or
delay the onset of this disease [6].

RISK AND PREVENTIVE FACTORS AND THE PUBLIC HEALTH IMPACT OF
DELAYING DISEASE ONSET
As a strategy to develop therapeutic approaches, considerable research has been conducted
in the past few decades to investigate risk and protective factors for Alzheimer’s disease.
These studies have identified several putative risk and protective factors. For example, the
e4 allele of the Apolipoprotein E gene (APOE) has emerged as a clear genetic susceptibility
factor for Alzheimer’s dementia [8], although it has not resulted in effective therapeutic
strategies, thus far. Numerous observational studies have reported putative protective effects
in relation to dietary intake and nutritional supplementation (fish oils [9], folate [10] and
vitamins E and C [11]); mental [12] and physical exercise [13]; and medications including
estrogen therapy [14], non-steroidal anti-inflammatory drugs [15], and statins [16].
Unfortunately, the limited randomized clinical trials to date have not supported a role for
these agents in the prevention of AD [17, 18], but more studies need to be done.
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Randomized prevention trials are the most reliable study designs to control for biases and
the effects of confounding variables inherent to observational studies. Such trials need to be
large to detect moderate effects and to account for the high mortality and attrition rates in
elderly subjects. The resources needed to conduct prevention-related research are large, but
the costs are small in comparison with the long-term economic and social costs of delaying
disability even modestly in an increasingly aging population [6]. Brook-meyer and
colleagues calculated projections of Alzheimer’s disease in the United States and the impact
of delaying disease onset by 6 months, 1, 2, and 5 years, as shown in Fig. 2 [6]. If
interventions could delay onset of the disease by 2 years, after 50 years there would be
nearly 2 million fewer cases than currently projected. This potential effect size would be
predicted if any of the putative protective factors in observational studies were to be
confirmed in clinical trials with protective effects of similar magnitude.
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INCREASES IN LIFE EXPECTANCY
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Over the past century, life expectancy has increased by about 30 years [19]. Remarkably,
progress in this area continues today with an increase of almost six months over the past
three years alone (Fig. 3). Although the gap is closing, women continue to significantly
outlive men. By age 70 approximately 1½ women are alive for every man; after age 90, the
ratio is more than three women for each man. Reasons for this difference in longevity by
gender are unknown, but notably, in all species where there is a difference in longevity, it
appears to be the case that the female lives longer. A once rare group, centenarians in the
United States now number 50,454 [20] as compared to 4,447 in 1950 [21]. The limits of the
human lifespan are poorly understood, but it is likely that life expectancy will continue to
increase in the coming decades, providing an ever-growing number of the oldest-old.

THE OLDEST-OLD IN THE POPULATION
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Currently there are approximately 2 million people aged 90 or older in the United States.
This number is expected to increase strikingly to almost 10 million by the middle of the
century (Fig. 4). Projected by the United Nations, there will be over 14 million people aged
90+ in China, almost 8 million in India, and about 6 million in Brazil [22]. While at present,
the oldest-old represent about 0.5% of the population in the United States [20], by the
middle of the century they will represent 2.5% of the U.S. population [23]. In countries such
as Japan, the statistics are even more impressive with almost 5.5% of the population
anticipated to be aged 90 or over by the middle of this century [22]. Similar trends in Italy,
France, and Germany will result in 3.9, 3.1, and 2.8% of their populations over age 90. It
should be noted that these changes in the population structure are related to declines in birth
rates, perhaps even more so than changes in mortality. For example, a significant amount of
the projected changes in countries like Japan reflect the results of family planning, which
halved birth rates in a short period of time [24]. Nonetheless, the absolute number of people
greater than 90 continues to increase.
Not only are the oldest-old a growing percentage of the total population, but they are also an
increasingly larger percentage of the elderly population (those aged 65 and older). In the US
in 1950, those aged 90 and older constituted 1.8% of the elderly, in 1990 they were 3.5% of
the elderly, by 2050 those aged 90 and older are estimated to constitute 12% of the elderly
population [23]. While the population as a whole is aging, the elderly population itself is
aging as well.
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This aging of the population also creates a public health problem in terms of the number of
people available to care for these oldest-old individuals. In the United States, the ratio of
potential caregivers (people aged 20 to 64) to care receivers (people aged 90+) is expected to
decrease dramatically in the next few decades. For example, in 2000, for every person aged
90+ there were 98 people aged 20 to 64. By the year 2050, however, it is estimated that there
will be 22 people in the potential caregiver age range for every 90+ year old. And this does
not account for the millions of people with AD, other dementias, and chronic diseases who
are below age 90 and also require caregiving. The disparity between the public health
burden and the number of those to provide care is growing ever wider.

STUDIES OF DEMENTIA AND ALZHEIMER’S DISEASE IN THE OLDESTOLD
While it is easy to assume that Alzheimer’s disease continues to affect an increasing
percentage of people in their tenth and eleventh decades, this has not been clearly
demonstrated. Estimates of dementia and AD in 85-year-olds suggest that between 1/5 and
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1/2 of the population suffer from dementia, primarily of the AD type [25–28]. Although the
risk of dementia and AD double with every five years of life from age 65 until age 85 [29],
we do not know if this exponential rise continues into the tenth and eleventh decades.
Although some studies have suggested persistent rise in incidence and prevalence, other
studies have suggested a leveling off, or even a decline, in the risk of developing this
degenerative cognitive disorder (Fig. 1). If the risk of developing Alzheimer’s disease and
other dementing illnesses doubles with every five years of life after the age of 85, the public
health burden will be quite different than if the incidence of these disorders levels off or
decreases. Important for public health planning, the prevalence and incidence of dementing
and other illnesses in the oldest-old remain unknown.

CLINICAL-PATHOLOGICAL CORRELEATIONS IN THE OLDEST-OLD
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In the oldest-old, clinical pathological correlations in patients with dementia have been
inconsistent. Several investigators have noted that close to half of demented individuals in
the tenth decade are likely to have no obvious pathology to explain their cognitive and
functional loss [30, 31]. Conversely, approximately one of every three non-demented
individuals at age 85 have been reported to have senile plaques and neurofibrillary tangles at
autopsy, suggesting a pathological diagnosis of AD despite the lack of clear clinical
dementia syndrome [31–33]. Initial results in a small group of centenarians also showed that
about one third of non-demented participants meet pathological criteria for AD [34]. Not all
studies, however agree on this issue. For example, in a small sample of non-demented,
optimally healthy 85+ year olds, AD lesions were infrequent [35]. Thus, clinical
pathological correlations and dementia etiology in the oldest-old is an area that requires
further investigation.

RISK AND PROTECTIVE FACTORS FOR DEMENTIA AND AD IN THE
OLDEST-OLD
Although APOE has emerged as a clear genetic susceptibility factor for Alzheimer’s
dementia in younger subjects, it is not clear if it continues to play a significant role as
individuals reach their tenth decade. Some studies of participants aged 85+ found the
presence of an e4 allele to be related to prevalent AD [36–38] but this was not the case in a
study of Finnish centenarians [39]. Furthermore, it is not known if agents that potentially
confer protection in younger subjects such as folate, non-steroidal anti-inflammatory drugs,
statins, antioxidants, estrogen therapy, and physical and cognitive activities are operative for
individuals in extreme old age. These will be crucial areas of investigation during the
coming century as we deal with the growing number of individuals in this age group.
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THE 90+ STUDY
Recognizing the dearth of knowledge about a rapidly growing segment of the population, we
established The 90+ Study in 2003. All participants of The 90+ Study are survivors from the
Leisure World Cohort Study originally recruited between 1981–1985 by investigators from
the University of Southern California (USC) [40–42]. The original group included 13,978
people (8,877 women; 5,101 men) with an average age of 73 years. Over the next 25 years,
these participants completed follow-up mail surveys with questions about their diets,
vitamins, medications, health, and activities.
In collaboration with Dr. Annlia Paganini-Hill of USC, we traced the subjects of the original
cohort, inviting qualified participants to join this longitudinal prospective epidemiologic
study. As of January 1, 2003, there were 1,150 participants of the original Leisure World
Cohort who were alive and aged 90 or older. This group makes up approximately 1% of the
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entire population of 90+ year olds in the US. Of the original 1,150 eligible people, we have
enrolled 938 subjects in The 90+ Study.
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Our primary goals in The 90+ Study are to prospectively examine factors associated with
longevity and dementia, to determine dementia prevalence and incidence rates and types of
dementia, to measure rates of cognitive and functional decline, and to develop DNA and
brain tissue banks for future collaborations and studies in the oldest-old. Thus far, we have
collected DNA samples in approximately 500 of the participants, and have established cell
lines for more than 300 individuals. Remarkable for an epidemiological study, 13% of the
participants have agreed to brain autopsy, and 48 autopsies have been completed.

PRELIMINARY RESULTS FROM THE 90+ STUDY
Overall Descriptives
The average age at first evaluation of the 938 participants in The 90+ Study was 94 years
(range: 90–106) and 77% were women. While many of them still lived at home alone (28%)
a significant portion lived in assisted living or other group quarters (29%) and 15% lived in
a nursing home.
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A history of high blood pressure was present in almost half of the participants (47%), heart
disease (coronary artery disease, myocardial infarction, atrial fibrillation, or congestive heart
failure) in 40%, thyroid disease in about one quarter (26%), and clinical stroke in 15%.
Depression was reported by 19% and anxiety only by 8% of 90+ participants. While
diabetes was relatively infrequent (6%) a history of cancer was reported by more than one
third (39%) of 90+ year olds.
More than half of 90+ participants reported having suffered a fall in the previous year (53%)
and most participants reported using an assistive device for walking (71%). Half of all 90+
year olds used the help of a paid caregiver, either full- or part-time (51%).
In terms of cognitive performance, about one third of all participants were considered to
have normal cognition (32%), another third met criteria for dementia (32%), and the
remaining third had cognitive deficits that were not severe enough to meet criteria for
dementia (36%). The most common type of dementia, as judged by a neurological examiner,
was AD (71%).
Apolipoprotein E as a Risk Factor for Dementia or AD
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Previously published studies of Caucasian populations have reported allelic frequencies for
the APOE gene at about 8%, 76%, and 16% for the alleles e2, e3, and e4, respectively. In
addition, the presence of the e4 allele has been described as a strong risk factor for
Alzheimer’s disease and dementia in general. Most studies, however, have included very
small numbers of very old subjects. In our study, we found the APOE-e4 allele to be a risk
factor in women, but not in men, with clinically-diagnosed AD1. Our study was done in the
first 403 participants examined in-person in The 90+ Study. Dementia was determined by
the neurological examiner applying DSM-IV criteria for dementia [43] and NINCDSADRDA criteria for AD [44].
APOE genotype was available for 342 of the 403 participants (85%). Most participants were
women (70%) and Caucasian (100%). The average age was 94.7 years (range: 90 to 105).

1Corrada M, Paganini-Hill A, Maalouf M, Zuniga R, Kawas C. APOE genotype distribution and its association with prevalent
dementia in the oldest-old: The 90+ Study. Abstract presented at The 9th International Conference on Alzheimer’s Disease and
Related Disorders, July 17 - 22, Philadelphia, PA, (2004).
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The APOE allelic frequencies were e2 = 8.2%, e3 = 81.6%, e4 = 10.2%. In the overall
sample, the presence of an e4 allele was not associated with the prevalence of dementia or
AD (Table 1). When stratified analyses were performed according to sex, the presence of an
e4 allele was significantly associated with the prevalence of dementia and AD in women but
not in men.
Our study showed the e4 allelic frequency to be lower in this sample of oldest-old
participants with an equivalent increase in the e3 allelic frequency, when compared to
studies of younger subjects. Moreover, the e4 allele appears to be a risk factor for dementia
and AD only in oldest-old women. Additional clinical and pathological studies in relation to
APOE in the oldest-old will be of interest.
Clinical and Pathological Agreement
Braak & Braak [45] staging of β-amyloid plaques and neurofibrillary tangles (NFT) has
been associated with the presence and severity of dementia in older individuals, but the few
studies in the oldest-old do not consistently support this finding. Our initial results2 showed
a poor correlation between a clinical diagnosis of dementia and pathological abnormalities.
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Preliminary results in the first 29 participants to come to autopsy are shown below. All
available data was reviewed to arrive at a consensus clinical diagnosis, using DSM-IV
criteria for dementia [43] and NINCDS-ADRDA criteria for AD [44]. Plaque and tangle
staging was done with Braak & Braak criteria [45]. The 29 participants (7 men and 22
women) died between the ages of 92 and 105 (mean: 96.3). Nineteen of these participants
were diagnosed as having dementia at the time of their last evaluation, which was on
average 3.7 months before death (range: 0.2–16.1). The interval from last evaluation to
death and age at death were similar in the demented and non-demented groups. Brain weight
was lower in the demented group as were cognitive scores at last evaluation.
Fig. 5 shows the distribution of plaque and tangle scores for the demented and nondemented groups. Great overlap is seen in the distributions of plaques and tangle scores of
the two groups and statistical analyses showed no differences in the plaque and tangle scores
of demented and non-demented participants. Of interest, all participants had some degree of
NFT and none had a tangle stage less than II.
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When participants were classified according to agreement between clinical and pathological
diagnosis, we had three similar sized groups (Fig. 6). None of the participants in the nondemented group had sufficient pathology to meet any of the standard pathological criteria,
and thus are designated as “Not-Demented Insufficient Pathology” (NDIP). In the demented
group, there were two distinct groups. The first group did not have sufficient pathology to
meet any of the pathological criteria, designated here as “Demented Insufficient Pathology”
(DIP). The second group met pathological criteria for Alzheimer’s disease, designated here
as “Demented Alzheimer Pathology” (DAP). Thus, 9 out of 20 (45%) demented participants
did not have pathology that would account for their dementia.
To identify features that could help distinguish the groups, we compared clinical
characteristics and past medical histories, including hypertension, diabetes, thyroid disease,
cardiac diseases (myocardial infarction, arrhythmia, congestive heart failure), stroke, and
transient ischemic attack (TIA)) (Table 2). Clinical dementia diagnoses were more varied in
the DIP group, perhaps reflecting atypical features and the difficulty of diagnosing dementia
in this group. Mini-Mental scores [46] were very different in the 3 groups, with the DAP
2Corrada M, Head E, Kim R, Kawas C. Braak and Braak staging and dementia in the oldest-old: Preliminary results from The 90+
Study. Abstract presented at The 57th Annual American Academy of Neurology Meeting, April 9 – 16, Miami, FL, (2005).
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group having more severe dementia (median score = 0) as compared to the DIP group
(median score = 17). There was also a difference in duration of disease, with the DIP group
dying sooner after a diagnosis than those in the DAP group, even though age at death was
not different. A very interesting finding was that the brain weight of the two demented
groups was very similar, and lower, than the NDIP group, even when the NDIP and the DIP
groups had similar levels of pathology. There were no significant differences in any of the
medical histories except for a self-report of TIA’s, which were more frequent in the DIP
group than the DAP group.
There are several possible interpretations for our findings. First, early AD may take less
pathology in 90+ year olds and the DIP group may represent early AD. Perhaps if these
individuals had lived longer, they would have developed sufficient pathology to meet
current AD pathologic criteria. Another interpretation may be that the DIP group represents
a dementia etiology not yet identified. Finally, there are always concerns that we may be
misclassifying the DIP group as demented because they were not performing or functioning
as well due to various physical problems. Against this last interpretation is the observation
that there were no major differences in vision, hearing, or medical histories, and that brain
weight in the DIP group was similar to the DAP group. This difference in brain weight
suggests to us the presence of a degenerative process.
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INVESTIGATIONS IN THE OLDEST-OLD
In addition to The 90+ Study there are other studies in the US and other countries that have
been established specifically to investigate the oldest-old.
The New England Centenarian Study [47] recruits people who have reached the age of 100
in an eight-town area surrounding Boston, Massachusetts. In the Oregon Brain Aging Study
[35], participants are aged 85 and over, live in the community, function independently, and
have no chronic medical conditions. The Vantaa 85+ Study [31] recruited all people at least
85 years of age living in the city of Vantaa, Finland. Two Swedish studies have used a
similar approach to recruiting: one recruited all 95+ year olds registered in the city of
Göteborg [48], the other recruited all 90+ year old inhabitants of the Kungsholmen district
[49]. As we can see, these studies have selected different methods for investigating extreme
aging. Hopefully the variety of approaches and populations being studied will yield
important information to begin to fill in the gap in knowledge regarding longevity,
cognition, and function in the oldest-old. In recognition of this rapidly growing segment of
the population even more studies designed to understand these pioneers of aging are likely
to be initiated in the near future.
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CONCLUSION
In the century since the first description of Alzheimer’s disease, we have been successful in
extending life expectancy by about 30 years. As a result, more and more people live to older
ages and develop diseases such as Alzheimer’s disease. In the coming century, we continue
to face the challenge of developing effective therapies for this devastating and ever more
prevalent disorder. Hopefully, current and future research will find ways to delay or prevent
AD, one of the most frequent obstacles to successful aging. But the coming decades also
bring a new 100-year challenge: the rapidly growing number of people who experience a
century of life. Even with the development of an effective treatment or preventive strategy
for AD, these approaches may not be very effective in the oldest-old because half of the
cases of dementia in this age group may be due to etiologies other than AD. The oldest-old
will require major investigative energy to better understand the concomitants of longevity,
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the causes of dementia, and factors that promote successful aging in oldest citizens. It is a
major public health and medical research challenge for this century.
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Age-Specific Incidence Rates of Alzheimer’s Disease in Studies with Oldest-Old
Participants
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Fig. 2.

Potential Effect on Prevalence of Interventions to Delay Onset of Alzheimer’s Disease.
Adapted from Brookmeyer, Gray, & Kawas [6]
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Estimated Life Expectancy at Birth in the United States, 1950–2003. (Source: National Vital
Statistics Report [19]).
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Fig. 4. Oldest-Old Population in the United States from 1950 to 2050
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(Source: US Census Bureau 1950–2000, Population Projections US Census Bureau 2002
[23])
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Fig. 5.

Distribution of Braak & Braak Plaque and Tangle Scores for Demented and Non-Demented
Participants, The 90+ Study
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Fig. 6.
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Classification of Autopsied Participants by Clinical and Pathological Diagnosis, The 90+
Study
NDIP = Not Demented Insufficient Pathology; DIP = Demented Insufficient Pathology;
DAP = Demented Alzheimer Pathology
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22 (44.9)

2.21 (1.12–4.35)2

--

61 (32.1)

e4 −

e4 +

0.28 (0.03–2.24)2

--

1.53 (0.84–2.78)1

--

OR (95% CI)

Dementia

1 (5.3)

14 (16.7)

23 (33.8)

75 (27.4)

N (%)

e4 +

e4 −

e4 +

e4 −

APOE

17 (38.6)

44 (25.4)

1 (5.3)

9 (11.4)

18 (28.6)

53 (21.0)

N (%)

2.64 (1.24–5.61)2

--

0.42 (0.05–3.58)2

--

1.87 (0.96–3.64)1

--

OR (95% CI)

AD

Logistic regression adjusted for age

2

Logistic regression adjusted for age and gender

1

APOE = Apolipoprotein E; e4 − = no e4 alleles; e4 + = 1 or more e4 alleles; OR = odds ratio; 95%CI = 95% Confidence Interval

Women

Men

All

Sex

Association of the Apolipoprotein E - e4 allele with Prevalent Dementia and Alzheimer’s Disease, The 90+ Study
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-

Age at onset (years)

Age at diagnosis (years)

Diagnosis to death (years)

2 (22%)

6 (67%)

1 (14%)

7 (78%)

Number (%)

3 (2–3)

1 (1–2)

1086 (946–1192)

2 (1–4)

92 (91–95)

90 (89–91)

94 (93–96)

17 (11–22)

Median (IQR)

5 AD
2 VaD
1 AD/VaD
1 Unknown

Demented Insufficient Pathology (DIP)

2 (20%)

1 (14%)

2 (25%)

10 (100%)

6 (5–6)

2 (1–3)

1056 (982–1156)

6 (4–9)

90 (87–93)

88 (84–92)

95 (92–96)

0 (0–4)

9 AD
1 AD/VaD

Demented AD Pathology (DAP)

>0.2

0.01

>0.2

>0.2

0.14

>0.2

0.05

-

-

-

>0.2

<0.01

>0.2

0.06

>0.20

>0.20

<0.001

0.10

>0.20

<0.01

0.08

>0.20

>0.20

<0.01

DIP vs DAP

p-value1

NDIP vs DIP

Curr Alzheimer Res. Author manuscript; available in PMC 2012 June 12.

p-values are from Fisher’s exact test for proportions and from Wilcoxon Ranks Sum test for continuous variables

1

CIND=Cognitive Impairment not demented; AD = Alzheimer’s disease; VaD=Vascular Dementia; AD/VaD = Mixed AD and Vascular Dementia; MMSE=Mini-Mental State Exam; TIA’s=Transient
Ischemic Attacks; IQR = Interquartile Range; APOE = Apolipoprotein E

6 (67%)

0

Strokes in autopsy (single or multiple)

0

5 (56%)

Female

History of TIA’s

3 (3–4)

Tangle stage

Presence of APOE-e4 allele

2 (0–2)

Plaque stage

1199 (1169–1253)

96 (95–97)

Age at death (years)

Brain weight (g)

27 (24–28)

6 Normal
3 CIND

MMSE Score

Clinical Diagnosis

Not Demented Insufficient Pathology
(NDIP)

Characteristics of Autopsied Participants by Clinical Pathological Groups, The 90+ Study
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