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Is aging part of Alzheimer’s disease, or is Alzheimer’s
disease part of aging?

Russell H. Swerdlow ∗

Department of Neurology, University of Virginia Health System, McKim Hall, 1 Hospital Drive, P.O. Box 800394, Charlottesville, VA 22908, United States

Received 6 February 2006; received in revised form 5 June 2006; accepted 22 June 2006
Available online 31 July 2006

bstract

For 70 years after Alois Alzheimer described a disorder of tangle-and-plaque dementia, Alzheimer’s disease was a condition of the
elatively young. Definitions of Alzheimer’s disease (AD) have, however, changed over the past 30 years and under the revised view AD has
ruly become an age-related disease. Most now diagnosed with AD are elderly and would not have been diagnosed with AD as originally
onceived. Accordingly, younger patients that qualify for a diagnosis of AD under both original and current Alzheimer’s disease constructs
ow represent an exceptionally small percentage of the diagnosed population. The question of whether pathogenesis of the “early” and “late”
nset cases is similar enough to qualify as a single disease was previously raised although not conclusively settled. Interestingly, debate on

his issue has not kept pace with advancing knowledge about the molecular, biochemical and clinical underpinnings of tangle-and-plaque
ementias. Since the question of whether both forms of AD share a common pathogenesis could profoundly impact diagnostic and treatment
evelopment efforts, it seems worthwhile to revisit this debate.

2006 Elsevier Inc. All rights reserved.
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At the opening of the twentieth century, Alois Alzheimer
eported non-elderly demented individuals whose brains con-
ained characteristic histopathologic features called plaques
nd tangles [3]. Shortly thereafter, Oscar Fischer recognized
rains of elderly demented individuals also contained plaques
53]. In subsequent years, the medical community assimilated
hese observations so that the former situation was considered
disease and assigned a diagnostic eponym, Alzheimer’s dis-
ase (AD) [105]. The latter situation was considered a normal
art of aging, and for many decades hence syndromically
eferred to as senile dementia [4,18].

In the decades that followed, AD was a rather uncom-
on entity. Senile dementia, on the other hand, became

ncreasingly prevalent as life expectancy increased. Whether

r not a normal part of aging, the fact that senile dementia so
dversely affected people’s lives could no longer be ignored.
n the second half of the twentieth century, expectations of
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hat medical art and science could deliver were also grow-
ng. A case could be made that treating senile dementia was
arranted. Up to this point, those dementing before the age
f 65 had a disease, AD, and those after the age of 65 did not.
he time to dispose of this arbitrary divide had come.

In a powerful and influential 1976 editorial, Katzman
rgued “Alzheimer disease and senile dementia are a single
rocess and should therefore be considered a single disease”
93]. This justified making dementia syndrome research a
ational health priority and invigorated research into the phe-
omenon. Expanding the definition of AD to include those
ith senile dementia swelled the ranks of those diagnosed

o such an extent it caused some to claim an “Alzheimeriza-
ion” of dementia [1,178]. Today, AD is far and away the most
ommonly diagnosed dementia. When dementia overlap syn-
romes, such as mixed vascular-degenerative dementia are

onsidered, the processes underlying AD (which can also
rive changes of the cerebrovasculature) could be held to
ccount for an even greater percentage of the overall demen-
ia burden than it already is.

mailto:rhs7e@virginia.edu
dx.doi.org/10.1016/j.neurobiolaging.2006.06.021
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Fig. 1. APP processing by the alpha, beta and gamma secretases. Note the
amino acid positions of the APP protein itself are numbered starting from
the amino end, while the sites where secretases cut APP indicate the number
of amino acids upstream from the APP carboxyl end. Only the key neuronal
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Thirty years later, it is time to pay homage to the pre-
cience of the Katzman editorial, as well as key observations
eading up to it [16]. It is also time to reflect on the tremen-
ous strides clinical and molecular neuroscience have made
owards understanding both the original AD (as described
y Alzheimer) and senile dementia. It seems reasonable to
onsider Katzman’s 1976 editorial within the context of the
linical and scientific advances it helped spur. Finally, this
eview will attempt to discuss AD from a perspective of aging,
perationally defined here as the aggregate of clinical and
olecular changes that develop over the course of one’s life,

ut which are not felt to represent an actual disease process.

. Beta amyloid and the “Amyloidization” of
lzheimer’s disease

If the field of dementia research has indeed experienced
Alzheimerization” in recent decades, then AD research can
e further said to have undergone “amyloidization”. Many
nvestigators feel the key to understanding AD lies in deci-
hering the nature of the extracellular plaques seen in those
ith the disease. These plaques consist largely of an amyloid
rotein derivative called beta amyloid.

Amyloid proteins are beta-sheet proteins that can aggre-
ate. When viewed by polarized light microscopy, following
ongo red staining aggregations manifest a typical green
irefringence pattern. Extracellular cortical plaques observed
n persons with AD, elderly non-demented persons with-
ut clinical AD, dementia with Lewy bodies, non-demented
ersons following head trauma, temporal lobe epilepsy, the
ELAS syndrome (mitochondrial encephalopathy, lactic

cidosis and stroke), cerebrovascular disease and Down’s
yndrome largely consist of an amyloid protein called beta
myloid (A�) [5,83,92,107,126,136,153]. Beta amyloid, in
urn, is a proteolytic degradation product of a larger protein
alled amyloid precursor protein (APP). Homozygous APP
nock-out mice show early clinical and histologic sequellae
in the form of gliosis), which suggests APP is necessary for
roper neuronal function and perhaps cerebral development
227]. Studies also demonstrate APP can influence a variety
f cell processes [9,218]. Nevertheless, normal APP physi-
logy remains poorly understood.

Considerably more is known about APP processing (see
ig. 1) [192]. Proteolysis by an enzyme or enzymes called
lpha secretase(s) can occur 83 amino acids from APP’s
ntracellular carboxyl terminal. Alternatively, proteolysis by
nzymes called the beta secretases (BACE) cut 99 amino
cids upstream of the APP carboxyl end. An enzyme com-
lex, the gamma secretase, further processes the remaining
arboxyl end of alpha secretase (C-terminal fragment �;
TF�) or beta secretase (C-terminal fragment �; CTF�)

igested APP. This complex consists of the following pro-
eins: presenilin 1 or presenilin 2, nicastrin, APH-1 and PEN2
47]. Gamma secretase proteolysis does not uniformly occur
t a single amino acid, although proteolysis either 57, 59 or

i
(
a
a

95 amino acid isoform of APP is shown. CTF, C terminal fragment; sAPP,
oluble APP; AICD, amyloid intracellular domain.

1 amino acids up from the APP carboxyl terminus is most
ommon. A second gamma secretase cut also occurs 50 amino
cids from the APP carboxyl end, which generates a 50 amino
cid (from the APP carboxyl end) degradation product called
he amyloid intracellular domain (AICD) [156].

Initial data suggested AICD protein translocates to cell
uclei and regulates gene transcription via a process func-
ionally reminiscent of Notch-mediated transcription regula-
ion [27,42,100,189,215]. As first reported, the phenomenon
nvolved binding of the AICD to specific cytoplasmic “adap-
or proteins” (Fe65, Jip1b) followed by subsequent binding
f the resulting complex to a histone acetytransferase (Tip60)
nside the nucleus [27,100,215]. It was further proposed that
ia this mechanism AICD protein facilitated creation of a
eedback loop through which APP protein status could mod-
late transcriptional activation of the APP gene itself [215].
t is important to note, though, the story of how APP pro-
ein status regulates gene expression is still unfolding. Recent
ata indicate AICD control of Tip60 may not involve nuclear
ranslocation or even membrane release of the AICD frag-

ent [28], or that APP itself may activate Tip60 through a
amma-secretase independent pathway [75].

Following sequential alpha and gamma secretase proteol-
sis, in addition to the AICD two other main APP degradation
roducts are produced. The peptide flanked by the alpha
nd gamma secretase cuts is a 3 kDa fragment called p3.
he much longer amino terminal portion persisting upstream
f the alpha secretase cut is titled soluble APP� (sAPP�).
APP� appears to act as a trophic factor [144]. Beta-gamma
ecretase processing precludes sAPP� production, creating
nstead a long amino-end fragment called sAPP�. The 40–42

although it can be 38–43) amino acid segment directly cre-
ted by beta and gamma secretase proteolysis is the beta
myloid peptide.
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Beta amyloid plaques vary morphologically [46]. Plaques
ontaining neither reactive glia nor degrading neurite projec-
ions are called diffuse plaques. The presence of degenerating
euronal processes and reactive glia within and around the
laque is often associated with the presence of a homoge-
eous appearing, darkly staining core and plaques contain-
ng such are called dense core plaques. Dense core plaques
re also called senile or neuritic plaques. The fact that dif-
use plaques can exist suggests amyloid plaque deposition is
ot necessarily associated with immediate neuronal demise.
hile diffuse plaques occur in a variety of degenerative and

on-degenerative conditions, neuritic plaques are particularly
ikely to exist in persons with AD. Therefore, criteria for
he histopathologic diagnosis of AD assume the presence of
umerous cortical neuritic plaques indicates AD, while the
bsence of numerous neuritic plaques eliminates AD as a
iagnostic consideration [19,34,97,138,139].

To complicate matters, neuritic plaques also occur in
he non-demented elderly [5,65,103]. Indeed, among the
ery old plaque histopathology cannot accurately distin-
uish those with dementia from those without dementia
36,40,72,94,150,165,188,200,224]. Observations such as
his have fueled a long-standing controversy as to which is

ore important in diagnosing AD, clinical symptoms/signs
r brain histopathology. If brain histopathology trumps clin-
cal presentation, then those with neuritic plaques but not
ementia technically have AD. Similarly, demented AD-
iagnosed individuals without sufficient neuritic plaques can-
ot technically have AD. If clinical presentation trumps
istopathology, then what clinicians are truly diagnosing is an
lzheimer’s syndrome. In the Alzheimer’s syndrome, typical
D brain histopathology may or may not be present.
From a practical standpoint, among the demented elderly

laque pathology is so common that approximately 90%
f those with the Alzheimer’s syndrome also meet AD
istopathologic criteria [58,106]. When dealing with elderly
atients, though, considerable diagnostic angst exists for
our reasons. First, there are patients with the Alzheimer’s
yndrome, no other obvious clinical explanation for their
ementia, and plaque pathology insufficient to render a diag-
osis of AD. For example, one large clinicopathologic series
rom federally designated AD centers found of 1833 indi-
iduals clinically diagnosed with AD, 190 did not receive a
oncomitant pathologic diagnosis of AD and therefore their
D clinical syndrome did not correlate with their histologic

ssignment. This study suggests the number of persons with
iscordant clinical (AD) and histologic (not AD) diagnoses
s small but not inconsequential [131]. Further, for some of
hese individuals histologic assessment will fail to identify
n alternative diagnosis [58]. Second, there are patients with
ognitive complaints not severe enough to meet criteria for
he Alzheimer’s syndrome that will have sufficient plaque

athology to render an AD diagnosis. Some of these patients
ill die without ever dementing. Third, there are those with
ementia judged secondary to non-AD causes who will meet
D histologic criteria [152]. Fourth, some demented indi-
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iduals diagnosed with AD will have not only AD histologic
hanges, but also histologic changes that suggest an alterna-
ive explanation for their dementia syndrome [38]. How to
esolve issues such as these depends on whether elderly indi-
iduals cognitively decline because they have AD, or whether
lderly individuals have AD because they cognitively decline.

The lion’s share of currently conducted AD molecular
nd biochemical research relates to beta amyloid. Providing
onceptual guidance to these efforts is the amyloid cascade
ypothesis. The amyloid cascade hypothesis postulates an
verproduction of beta amyloid causes AD and all its asso-
iated clinical, histopathological, molecular and biochemical
anifestations [39,70,71,190,191]. Data supporting the amy-

oid cascade hypothesis stem from studies of early onset,
utosomal dominant AD. All the autosomal dominant deter-
inistic mutations (in the APP, presenilin 1 and presenilin 2

enes) favor processing of APP by the beta-gamma secretase
leavage system, and in such a way that beta amyloid 1–42
s preferentially generated [186].

The amyloid cascade hypothesis presumes AD is a pri-
ary disease of amyloidosis, and that amyloidosis in AD

s not a secondary consequence of other more basic cell
evel pathophysiology. Initially, the amyloid cascade hypoth-
sis proposed amyloidosis in the form of amyloid plaques
as causal. As the hypothesis has evolved, ascendancy of

he plaque as the principal upstream pathology in AD has
een challenged by the possibility that soluble beta amyloid
ligomers are the key toxic moiety [113,114,216]. Several
ypotheses addressing mechanisms of oligomer toxicity are
urrently undergoing critical assessment. In this regard, two
articular postulates are worth noting. In one scenario, amy-
oid oligomers access intracellular organelles such as mito-
hondria and compromise their function [125]. The other sce-
ario is supported by data showing soluble amyloid oligomers
pecifically bind certain synaptic membrane proteins [63].
uch oligomer-specific binding appears limited to hippocam-
al and cortical synapses, where it may interfere with long-
erm potentiation and modify intracellular signal transduction
vents [108]. Because of this ligand-like effect, some refer
o soluble beta amyloid oligomers as “A�-derived diffusible
igands” (ADDLs) [101]. Therefore, beta amyloid oligomer
oxicity could potentially explain the noted poor relationship
n AD subjects between plaque counts and dementia severity
209], as well as the observation that synaptic dysfunction
ay precede neuronal loss in AD subjects [95,212].
Brain amyloid deposition is also associated with local

nflammatory and immunologic alterations. Such observa-
ions lead some to propose inflammation is relevant to
D neurodegeneration [132]. In this regard, inflammatory
r immunologic paradigms are often viewed as a corol-
ary of the amyloid cascade hypothesis. The inflamma-
ory/immunologic hypotheses argue that although beta amy-

oid may have direct neurotoxicity, at least some of its tox-
city might actually be an indirect consequence of a beta
myloid protofibril-induced microglia activation and astro-
yte recruitment. This inflammatory response may repre-
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ent an attempt to clear amyloid deposition. However, it is
lso associated with release of cytokines, nitric oxide and
ther radical species, and complement factors that can both
njure neurons and promote ongoing inflammation [182].
ndeed, levels of multiple cytokines and chemokines are
levated in AD brains, and certain pro-inflammatory gene
olymorphisms are reported to associate with AD [143,182].
he relevance of such phenomena to AD is further sup-
orted by epidemiologic data suggesting exposure to non-
teroidal anti-inflammatory drugs (NSAIDS) may reduce AD
isk [133,172]. However, multiple prospective short dura-
ion trials of NSAIDS in AD prevention and of NSAIDS,
teroids and hydroxychloroquine in actual AD have been
herapeutically unimpressive [2,21]. A prospective long-
uration prevention trial designed to assess the ability of
wo anti-inflammatory agents, celecoxib and naproxen, was
nitiated but is currently on hold due to toxicity concerns
128].

The amyloid cascade hypothesis mostly developed from
nd is supported by studies of early onset, autosomal dom-
nant AD. Its status in this “familial AD” (FAD) etiologic
ierarchy seems reasonable. A wealth of biochemical data
efining both beta amyloid overproduction and underclear-
nce phenomena can also be used in support of the amyloid
ascade hypothesis [63,112,203,228], and help justify its
xtrapolation to late onset, non-familial AD. Given the high
ge-related prevalence of late onset AD [50], if this extrapo-
ation proves correct then investigators studying aging will
eed to consider protein amyloidosis as a primary cause
f aging. This extrapolation, though, may ultimately hinder
iagnostic and treatment advances if in fact aging is not a
onsequence of amyloidosis, and if late onset AD proves
o be a primary neurodegenerative disease of aging rather
han a primary amyloidosis. In essence, before concluding
ate onset AD is a primary amyloidosis, it would be worth
esolving whether amyloidosis causes aging or aging causes
myloidosis.

. Tau and tangle pathology in the most common
Tauopathy”

Intracellular neurofibrillary tangles consist of tau protein.
au normally exists in phosphorylated and unphosphorylated
tates [73,124]. The phosphorylated state is characteristi-
ally seen in undifferentiated dividing cells, and is called
etal tau. Differentiated cells contain unphosphorylated tau.
n differentiated cells, tau associates with the microtubule
ytoskeleton. Phosphorylated tau appears not to associate
ith cytoskeletal microtubules. Tau phosphorylation status

s regulated by a series of serine-threonine kinases, as well
s phosphatase enzymes [13].
In tangle-containing neurons, tau exists in a hyperphos-
horylated state. Tangle tau is reminiscent of fetal tau,
lthough several additional serine and threonine residues
re uniquely phosphorylated in AD tangle tau [61]. It is not

d
(
g
m
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efinitively known whether abnormal tau phosphorylation
s mediated mostly by increased kinase activity, decreased
hosphatase activity or a combination of both possibilities
62]. The tau kinases are not specific to tau, and these
nzymes also play integral roles in cell metabolism and
eplication events.

Neurofibrillary tangles are characteristic of AD, and
angle counts correlate more closely with the degree of
linical dementia than plaque counts [10,11,59,148]. In
ddition to considering plaques, AD histopathology criteria
rovide tangle count diagnostic guidelines [19,34,138]. In
D, tau-tangle events are not widely considered to drive the
isease process. While tau gene mutations can induce neu-
odegeneration, such mutations are associated with familial
rontotemporal dementia (FTD) rather than familial AD
149]. Also, tangle formation does not necessarily represent
terminal cell event. In AD brain histopathologic studies, it

s common to find tangle-bearing neurons that contain both
ntact nuclei and ongoing transcriptional activity [23,76].
ndeed, it is estimated by some that tangle-bearing neurons
ay survive for decades [33,142].
Further, while tangle counts reflect dementia status better

han plaque counts, tangles do not provide the best avail-
ble histologic reflection of cognitive decline [33,209]. As
ar as histologic markers go, synaptic density correlates best
ith clinical status [32,33,43,44,185,209]. While an early
echanistic-oriented study suggested tau aggregation might

tself represent the cause of synaptic pathology in AD [145],
ata inconsistent with this possibility subsequently emerged.
lthough these later data did show tangle-containing neu-

ons demonstrate striking reductions in synaptophysin mes-
age expression (a marker of synaptic health and integrity)
ompared to non-tangle containing neurons, in AD neurons
ynaptophysin reductions exist independent of tangle pres-
nce or even tau serine 396/404 phosphorylation [24,25].
his argues that although a relationship between tangle and
ynapse pathology perhaps exists, neither tangle formation
or tau phosphorylation can entirely account for declining
ynaptic density in AD.

In addition to AD and some FTD, abnormal tau phos-
horylation with tangle formation is seen in progressive
upranuclear palsy (PSP), corticobasal degeneration and the
arkinsonism-dementia complex of Guam [213]. The asso-
iation of tangles with a variety of disease states supports
he “tauopathy” concept of neurodegenerative disease [111],
lthough tauopathy as a primary cause of neurodegenerative
isease is currently only demonstrable in a handful of familial
TD cases. In all other situations the genetic basis for tangle
ormation is unknown.

Aside from AD and FTD, the most studied tauopathy is
SP. In PSP, most of those affected (90%) possess a particu-

ar tau genotype, the H1/H1 genotype. H1/H1 status clearly

oes not cause PSP, since PSP is a rare disease and most
over 60%) of the general population also carry the H1/H1
enotype [120]. The H1/H1 genotype, therefore, is either per-
issive for PSP or else facilitates tangle deposition in ways



gy of Aging 28 (2007) 1465–1480 1469

t
a

g
a
A
h
l
i
A
t
U
w
a

3
o

t
i
n
w
o
r
r
t
o
l
[

i
t
t
t
d
t
p
u
i
t
i
t
w
p
r
o
t
t
a
u
t
a
t
c

Fig. 2. Distributions of persons with autosomal dominant and pseudospo-
r
p
a

k
i
g
m
p
R
s
t
i
o
D
d
o
D
d
t
f
t
s
fi
s
a
s
m
A

A
o
c
a
n
i
o

R.H. Swerdlow / Neurobiolo

hat render persons with clinical PSP more likely to receive
post mortem PSP diagnosis.

Tangles are also found in non-demented adults [81]. Tan-
le deposition begins in the third decade and increases with
ge [20]. Therefore, if the elderly dement because they have
D, then AD is a disease that essentially spans all of adult-
ood. Further, because AD (both clinically and histopatho-
ogically) has the potential to affect most people, then AD
s a disease that afflicts most people for most of their lives.
lternatively, if the elderly develop AD because they dement,

hen tangles can be seen as a general marker of brain aging.
nder this scenario, those with more tangles at a given age
ould be judged to have less successful brain aging than their

ge-matched counterparts with fewer tangles.

. Epidemiology and genetics of early and late
nset AD

Epidemiologic data identify two distinct AD populations,
hose with clearly recognizable autosomal dominant inher-
tance and those without. Patients with autosomal domi-
ant AD typically present at far younger ages than those
ithout obvious autosomal dominant inheritance. The late
nset group tends to manifest either sporadic or pseudospo-
adic epidemiology. In this regard, the term pseudospo-
adic is technically more accurate, because it acknowledges
hat while classic Mendelian inheritance is not unequiv-
cally demonstrable, those with late onset AD are more
ikely to have AD-affected relatives than those without AD
77].

The transition between the early and late onset subtypes
s usually identified as 55, 60 or 65 years of age. Attempts
o mark a chronologic border, though, are complicated by
he fact that persons with sporadic AD can present before
he age of 55, and those with autosomal dominant AD can
ement after the age of 65. Despite this overlap, though,
he epidemiology of early and late onset AD may provide
athogenic insights. Persons with autosomal dominant AD
sually present in their fourth or fifth decade, less commonly
n their third or sixth decade, and even more rarely beyond
hose limits [26,88,176]. The age distribution of these cases
s generally consistent with that of a bell curve. This pat-
ern is reminiscent of other known Mendelian diseases, in
hich affected individuals present within the confines of a
articular minimum and maximum age range. Pseudospo-
adic cases, on the other hand, can rarely present in the fifth
r sixth decade, but beyond the sixth decade the proportion of
hose with pseudosporadic AD begins to rise in an exponen-
ial fashion (Fig. 2) [55,77,173]. This implies that although
utosomal dominant AD does tend to manifest within a partic-
lar age range, it is not a disease of aging in the same sense

hat the pseudosporadic form is. The possibility that early
nd late onset AD, despite various shared pathologic fea-
ures, are fundamentally different diseases therefore requires
onsideration.

[
A
m
a

adic AD. Autosomal dominant AD is not a true disease of aging, while
seudosporadic AD is. Proportions of those with autosomal dominant AD
nd pseudosporadic AD are not shown to scale.

Three “deterministic” autosomal dominant genes are
nown. Mutations in these genes cause AD. These genes
nclude the APP gene on chromosome 21, the presenilin 1
ene on chromosome 14 and the presenilin 2 gene on chro-
osome 1 [60,115,193]. Mutation of each gene increases

roduction of the beta amyloid derivative of APP [186].
ecently, APP gene duplication was shown to cause auto-

omal dominant, very early onset AD (manifesting in the
hird decade) [177]. Since some degree of APP process-
ng to beta amyloid normally occurs [56], overexpression
f APP itself should increase beta amyloid production.
own’s syndrome individuals also carry APP duplications,
evelop beta amyloid brain amyloidosis and manifest adult
nset cognitive destabilization. Cognitive destabilization in
own’s syndrome, though, typically occurs in the fifth
ecade [22]. This observation is relevant because attempts
o extrapolate findings from Down’s syndrome to AD are
requently made. It is only valid to do this if one assumes
he genetic and clinical similarities between AD and Down’s
yndrome outweigh the genetic and clinical differences. The
nding that the age-of-onset of cognitive decline differs
ubstantially between those with isolated APP duplication
nd those with chromosome 21 trisomy suggests Down’s
yndrome is not a faithful model of early onset, autoso-
al dominant AD, let alone late onset, pseudosporadic
D.
When age of onset is used to define early versus late onset

D, most autosomal dominant cases fall within the early
nset category. It is important to note that not all early onset
ases, though, are autosomal dominant. A very small percent-
ge of total AD meets early onset criteria, and only a limited
umber of early onset cases show autosomal dominant inher-
tance. Despite this, literature citations sometimes state early
nset, autosomal dominant cases constitute 5–15% of all AD

74,175]. It is worth considering the accuracy of this estimate.

conservative assumption is that most early onset, autoso-
al dominant patients will present before the age of 60 and

lso have an affected parent that developed AD before the age
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f 60. Clinical experience suggests far less than 1% of those
iagnosed with AD meet these two criteria (R.H. Swerdlow,
ersonal observation). Therefore, APP, presenilin 1 and pre-
enilin 2 mutational screening is reasonably indicated for an
xceptionally small percentage of AD subjects. Indeed, pre-
enilin 1 (the most commonly mutated of the deterministic
D genes) is the only one of the three genes for which muta-

ional screening is commercially available.
Late onset, pseudosporadic AD is not associated with

eterministic gene mutations. It is, however, genetically influ-
nced. By far the most established genetic risk factor is
he apolipoprotein E (APOE) gene on chromosome 19 [37].
hree allelic variants of the APOE gene exist within popu-

ations, the APOE2, APOE3 and APOE4 variants. In most
opulations, possessing one APOE4 allele increases the like-
ihood the carrier will develop AD, and carrying two copies
ncreases this likelihood even more. The molecular basis
or this association is not definitively known. Not everyone
ith an APOE4 allele will develop AD, and approximately
alf of those with AD do not carry an APOE4 allele [146].
pidemiologic data suggest that although having an APOE4
llele is not deterministic for AD, having an APOE4 allele
ends to move up the age of onset in those perhaps des-
ined to develop AD anyway [15,121]. Since most people
robably have the potential to develop AD, what possess-
ng an APOE4 allele does from an epidemiologic perspective
s increase the chance individuals will develop AD before
hey die.

APOE genotyping of cognitively impaired individuals
s commercially available. Carrying an APOE4 allele does
ncrease the likelihood a patient with cognitive complaints
ill also manifest sufficient cortical plaques to warrant a
istopathologic diagnosis of AD [169,187]. APOE geno-
yping can increase or decrease the specificity of an AD
iagnosis, as well as address the likelihood that those with
D-like prodromes will progress to frank AD over the next

everal years [131,160]. Otherwise, it cannot be used as a
urrogate or substitute for the clinical diagnosis. If a patient
s clinically diagnosed with AD and does not have an APOE4
llele, the diagnosis is still AD.

It is worth noting the APOE4 allele also associates with
poor recovery from severe traumatic brain injury [29,147].
his raises the possibility that APOE’s association with AD
ight result from effects on brain plasticity rather than

irect effects on AD-specific pathophysiology. Consistent
ith this possibility, in addition to its effects on AD the
POE gene in general appears to influence aging. Rela-

ive to its frequency in the overall population, the APOE4
llele is underrepresented in the oldest old [96,123,155,184].
t will be interesting to see whether future identified AD
isk factor genes also influence aging. If so, gene variants
hat promote overall longevity more than they do success-

ul brain aging could actually increase AD risk. Conversely,
ene variants that reduce longevity more than they do AD
isk, while not beneficial in general, could appear to decrease
D risk.
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. Clinical knowledge advances: Alzheimer’s, mild
ognitive impairment, and beyond

Establishing AD as a common condition justified creation
f centralized AD research centers [98]. Over the past two
ecades, these centers have to a large degree defined current
D clinical perspectives. Most of the subjects studied at these

enters are elderly, and therefore this approach has mostly
dvanced our knowledge of the late onset form of the disease.
hanks largely to these centers, we now have both cognitive
xam and clinical history-based diagnostic approaches that
re fairly standardized and reliable [52,140]. Perhaps the most
mportant lesson learned from these efforts is that AD is so
nsidious that elderly persons with AD may in fact have AD
or decades before they are diagnosed.

The term mild cognitive impairment (MCI) was developed
o categorize patients with cognitive complaints not suffi-
ient to warrant a syndromic diagnosis of dementia [161].
et, most persons meeting MCI criteria will over subsequent
ears deteriorate to a point that they meet dementia crite-
ia, and for most of these the diagnosis will be AD [162]. A
ogical extension of this is that what clinicians are actually
eeing in most with MCI is the initial manifestation of a pro-
ressive degenerative dementia that will eventually meet AD
iagnostic criteria [141].

It now appears cognitive decline begins even before
he MCI syndrome can be diagnosed. Neuropsycholog-
cal testing seems able to identify individuals likely to
evelop cognitive decline either before those individuals
oice complaints of cognitive decline or meet MCI criteria
8,48,85,119,129,163,179,180,183,197,211]. It also appears
ossible to estimate which individuals will receive an AD
iagnosis at the earlier end of the late-onset AD age spec-
rum decades before that diagnosis will be made [198,199].
ecause it is necessary to consider such studies might simply
e revealing early baseline differences in cognitive reserve,
pecific efforts were made in relevant studies to address
his possibility by controlling for academic achievement
nd intellect, two recognized surrogates of cognitive reserve
198,199]. The authors of these studies concluded cognitive
eserve phenomena, therefore, could not account for their
ndings. These data as well as the neuropsychological test-

ng literature, therefore, suggest AD cognitive decline is a
rajectory that runs throughout adulthood (Fig. 3).

This realization reflects the diagnostic dilemma clinicians
valuating patients with cognitive complaints actually face.
ith elderly patients, the pertinent issue confronting the

linician is not whether the patient has truly experienced cog-
itive decline, but rather whether sufficient cognitive decline
as occurred to warrant a diagnosis of AD. Creating the
CI diagnostic entity has provided clinicians the ability

o acknowledge someone is developing cognitive changes

efore those changes meet AD criteria. However, MCI has
ts own criteria [223], and it is not uncommon for patients with

emory complaints to appear too intact on neuropsychologi-
al testing or historical inventory to qualify for either an AD or
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possibility such mechanisms are themselves age-related.
ig. 3. Cognitive decline in Alzheimer’s disease follows a trajectory that
ppears to include most of adulthood. AD, Alzheimer’s disease; MCI, mild
ognitive impairment; MMSE, mini mental state exam.

n MCI diagnosis. Perhaps a diagnostic entity of “pre-MCI”
s also needed to provide clinicians a way to syndromically
lassify these individuals, since there is currently no way to
linically designate them beyond the ICD-9 general symptom
ode for “memory loss not otherwise specified” [84].

Of course, individuals with early-onset, autosomal domi-
ant AD also cognitively deteriorate over time. Partly because
f the limited number of these patients, the a priori pre-
umption that subjective cognitive decline in these patients
s due to AD, and the ability of deterministic gene muta-
ional analysis to alleviate uncertainty about the diagnosis,
here are fewer data evaluating whether such individuals pass
hrough pre-MCI and MCI states during the course of their
ecline [54,151]. In any case, most neurologists evaluating
cognitively declining young adult with a family history of

utosomal dominant AD and a known APP, PS1 or PS2 muta-
ion would diagnose that patient with AD, even if the degree
f cognitive decline technically warranted only a syndromic
iagnosis of MCI. Similarly, for the patient profile now pre-
ented the key clinical dilemma distinctly differs from that
f the potential late onset AD patient. Unlike the late onset
atient, where the crucial clinical question relates to whether
particular degree of cognitive decline has occurred, for the
arly onset patient the key question is simply whether or not
here is cognitive decline.

When approaching AD from an aging perspective, it is
mportant to know just how much risk increases with age.
his has been a longstanding contentious issue. The frail-

ies of very advanced age confound both neuropsychological
esting parameters and activity of daily living independence
210]. This renders the clinical diagnosis somewhat arbitrary.
he inability to sort controls from subjects at advanced ages
ecause we simply do not know what is cognitively expected
f the very elderly further complicates such analyses. Thus,
hile it is clear persons can reach their ninth and tenth decade

nd probably beyond without dementia, it is not possible
o render a consensus “percentage” of those that do. This

erhaps explains why some epidemiologic surveys find con-
ersion rates seem to reach a maximum, perhaps in the 10th
ecade of life [137], while others find given enough time
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ossibly everyone has the potential to develop clinical AD
57,68,91,166,168]. If histopathology defines the AD diag-
ostic gold standard, it is pertinent to note a recent autopsy
tudy of centenarian brains reported 95% met at least minimal
ERAD and Khachaturian histopathologic criteria for AD

90]. In another study, with histopathological assessments of
59 brains from persons (either demented or non-demented
t the time of death) aged 85 years or older, all 159 brains
showed at least mild AD pathology” [166], although it is
mportant to note this designation did not reflect a strict
istopathologic diagnosis of AD but rather referred to the
act that all brains assessed contained at least some tangle or
laque pathology. The qualitative nature of this observation
hould also not detract from the fact that quantitative total
laque counts (the sum of both diffuse and neuritic plaques)
ere in one study able to segregate rigorously certified non-
emented subjects (who did not have memory complaints)
rom those with a clear-cut dementia syndrome [134].

It is worth considering whether any histologic marker per-
its rigorous segregation of AD from non-AD elderly sub-

ects. Although quantitative plaque and tangle pathology (at
east as defined by current AD histologic diagnostic criteria)
ails on this account, one study of 7 AD and 14 age-matched
ontrols found CA1 neuron counts were consistently lower
n those with AD [220]. There was no inter-group overlap;
A1 neuron counts were in each case reduced in the AD
roup. Additionally, for non-AD subjects of various ages,
bserved variations in CA1 neuron counts did not correlate
ith age. The authors concluded CA1 neuron loss is there-

ore not an age-related phenomenon, and AD must involve
vents that do not occur as part of normal or even “acceler-
ted” aging [220]. A related study evaluated whether entorhi-
al neuron counts from “preclinical AD” brains (defined as
eeting AD histopathologic criteria despite an absence of

linical dementia) resembled those of non-demented indi-
iduals without AD histopathology or demented individuals
ith AD histopathology [167]. As was the case with the non-
emented, no-AD histopathology brains, the preclinical AD
rains did not show significant neuronal loss. A third rel-
vant clinicopathologic study of elderly persons with and
ithout AD dementia found tangle counts inversely corre-

ated with neuron counts in the CA1, entorhinal cortex and
rodman’s area 9 regions [59]. In this study, the extent of

hese histopathologic changes (tangle counts and neuronal
oss) also correlated reasonably well with MMSE scores.

These neuronal count studies suggest onset of clini-
al AD and degree of dementia correspond better with
euroanatomic-specific neuronal loss than plaque and even
angle histopathology. However, neuron counting does not
ddress issues of neuron function. None of these studies
ddress potential mechanisms underlying CA1, entorhinal
r frontal cortex neuronal loss, and so cannot exclude the
ge-related biochemical or molecular change could account
or these findings if CA1 or other regional neuronal death
equires a degree of change to exceed a particular thresh-
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ld. It seems premature, based on these data, to conclude
ate onset AD requires an “independent pathological process”
hat is not associated with aging [220]. This line of reason-
ng is supported by a fourth neuronal count study, which
oncluded CA1 neuronal death in AD is a relatively late
tage histopathologic feature [221], indicating it represents a
ownstream consequence of more primary events. Moreover,
ther studies of elderly AD and control subjects report CA1
euron counts do not distinguish those with dementia from
hose without, and that there is in fact an inverse correlation
etween CA1 neuron counts and increasing age [195,214].

Regardless, even if there exists a small cadre of those who
imply will not develop neurodegenerative-related cognitive
ecline no matter how long they live, we can probably say
ith confidence that beyond the age of 100 such individ-
als represent a minority. Since what is held to be normal
argely depends on the majority status of a population, at
dvanced ages it seems more reasonable to assume the old-
st old come to meet AD criteria because they dement, as
pposed to assuming they dement because they have AD.
o some degree the NINCDS-ADRDA criteria have circum-
ented this issue by identifying a 90 year old cut-off for
iagnosing AD [135]. Nevertheless, it seems logical to con-
lude the 89 year old and the 91 year old presenting to their
hysician with cognitive decline significant enough to cause
ocial and/or occupational dysfunction have more in com-
on pathogenically than do the 89 year old pseudosporadic

ase and the 35 year old with an autosomal dominant history
f cognitive decline.

. Implications for diagnostics development

AD is still primarily a clinical diagnosis [135]. For the
linician, convincing oneself a patient truly has AD can con-
ume considerable time. It is often necessary to obtain the
istory from, in addition to the patient, one or more infor-
ants and informants may not present consistent stories. In

ddition to general medical and neurologic examinations,
cognitive examination is indicated. Further complicating
atters is the fact that for the elderly, the main challenge

f the physician is not to determine whether the patient has
xperienced cognitive decline, but rather whether a particular
hreshold of cognitive decline has been reached. Early in the
ourse of a degenerative dementing disorder this threshold
an seem somewhat subjective. Further, the implications of
n AD diagnosis to a patient and their family are substantial.
or these reasons, most clinicians can probably identify a
ase in which they diagnosed a patient with AD even though
hey were uncomfortable doing so. Development of paraclin-
cal tests to corroborate (or refute) clinical suspicions could
otentially address this issue.
Considerable effort has gone into AD biomarker devel-
pment [99]. The most consistently reported advances come
rom studies evaluating cerebrospinal fluid (CSF) concentra-
ions of beta amyloid 1–42 in conjunction with either total

i

d
i
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au or hyperphoshorylated tau levels [41]. On average, beta
myloid 1–42 levels are reduced in AD subject CSF, per-
aps due to diminished transport through brain parenchyma.
ean CSF total and phosphorylated tau levels, on the other

and, are increased and this is felt to reflect neuronal damage.
easuring CSF tau and beta amyloid levels (many investiga-

ions focus on tau:beta amyloid ratios) can help distinguish
ubjects with AD from control subjects [82,127,205]. It is
mportant to note, though, relevant studies compared persons
ith AD to “healthy controls”, not controls with functionally
orderline memory complaints and no signs of an alterna-
ive cause of cognitive change (the common situation for
hich a useful biomarker test is most needed). Even under

hese ideal circumstances group segregation was incomplete,
nd predictive values were not superior to clinical impres-
ion. In addition to these studies of AD, a study of CSF tau
nd beta amyloid levels in MCI found a combination of ele-
ated tau and reduced beta amyloid helped identify which
CI-diagnosed individuals were most likely to progress to a

iagnosis of AD over the next 4–6 years [69].
Despite these impressive findings, while clinically avail-

ble biomarker tests can certainly increase the clinical suspi-
ion or raise the level of certainty of the clinical diagnosis, no
articular test can actually serve as a surrogate of or substitute
or the clinical diagnosis. This applies to CSF, serum or urine
iochemical analyses (of tau, beta amyloid and neurofilament
hread protein levels); risk factor genotyping (of APOE alle-
es); magnetic resonance biochemical survey (magnetic res-
nance spectroscopy); structural neuroimaging approaches
hippocampal volume determination, diffusion tensor imag-
ng); and functional neuroimaging (positron emission tomog-
aphy) [35,164].

The ability to use positron emission tomography to image
laque or plaque/tangle burdens has recently created much
xcitement in the field [102,194]. The results of these efforts,
hough, demonstrate this approach may not constitute a diag-
ostic panacea. The reason for this is that in published analy-
es, histopathology overlap was seen between demented and
on-demented elderly individuals [51,102,194]. In retrospect
his outcome is not surprising, as histologic surveys clearly
emonstrate among the elderly plaque counts do not reliably
istinguish those who were demented at the end of life from
hose who were not [36,40,72,90,94,150,165,188,200,224].
laque imaging in persons diagnosed with MCI also shows
ubstantial heterogeneity, with subjects falling into either
D, control or “intermediate” groups based on in vivo plaque
urden [45,122]. Moving beyond MCI, Pittsburgh Com-
ound B (PIB) was also used to evaluate five “high IQ” elderly
ndividuals with “memory impairment” (IQ-MI) not severe
nough to qualify for either dementia or MCI syndromic diag-
oses. It was found 40% of the IQ-MI group had PIB binding
evels that overlapped with those of five concomitantly stud-

ed AD subjects [171].

In the course of AD biomarker development studies, initial
ata often suggest considerable diagnostic potential. Follow-
ng this early success, it is commonly shown that in typical
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linical settings, the biomarker in question is not particu-
arly useful or is only useful under rare circumstances. This
erhaps reflects the fact that what is needed in the clini-
al arena are not biomarkers that can distinguish those with
o dementia from those with obvious dementia, but rather
iomarkers that can distinguish elderly individuals whose
ognitive decline does not interfere excessively with social or
ccupational functioning from those whose cognitive decline
oes.

Developing such diagnostics will prove logistically diffi-
ult if not impossible [67]. After all, for elderly individuals
ntering AD studies whether or not someone qualifies as a
ontrol or patient requires some degree of subjective judge-
ent. This substantially complicates biomarker trial design

nd interpretation. Moreover, given the commonality of AD
mong the elderly, investigators cannot know whether today’s
ontrol is tomorrow’s AD subject. Because in old age devel-
ping AD is not an all-or-none situation, biomarker tests
pproaching AD as an all-or-none condition probably will
ot work.

. Implications for treatment development

AD treatment preclinical development relies heavily on
he use of AD transgenic mice. These mice are engineered
o express mutated human APP genes, mutated human pre-
enilin 1 genes or combinations of both. Mice utilized by
ifferent investigators also vary in the type of promoter used
o express the transgene, the nature of the transgene muta-
ion, and for mutant APP mice the isoform (length) of the
PP protein product [17,64,89]. Mice that express a mutated
uman tau transgene in addition to mutated human APP and
S1 transgenes also exist [154].

These animal models have permitted investigators to begin
ddressing fundamental issues of beta amyloid amyloidosis
nd neurofibrillary tangle physiology. They have shed consid-
rable light on how particular mutations in the APP, PS1 and
au genes affect processing and handling of these proteins.
laque and/or tangle deposition in the mice increases with

ime, and quantification of plaque and/or tangle histopathol-
gy is technically possible. As compared to wild-type mice,
he transgenic mice prematurely develop behavioral deficits.
nset and progression of behavioral deficits is quantifiable
sing standardized assessment strategies widely held to sen-
itively reflect cognitive status [7,104].

These transgenic mouse models show no-to-little accel-
ration of neurodegeneration [79], so admittedly they are
oor models of a neurodegenerative disease. The degree to
hich this impacts on the reliability of these mice for ther-

peutic development depends, therefore, on whether AD is
primary disease of amyloidosis that secondarily manifests

eurodegeneration, or whether it is a primary neurodegen-
rative disease that secondarily manifests amyloidosis. For
ndividuals with early-onset AD due to APP and PS muta-
ions, the former situation clearly applies.
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The situation in late-onset AD is more complex. An argu-
ent can certainly be made that late-onset AD more likely

onstitutes a primary neurodegenerative disease. After all,
oth demented and non-demented elderly individuals can
anifest similar degrees of amyloidosis [36,40,72,90,94,

50,165,188,200,224]. Cellular changes associated with
ging, such as oxidative stress and mitochondrial dysfunc-
ion, cause secondary amyloidosis [207]. Autosomal dom-
nant forms usually present with a relatively young age of
nset, and unlike the late onset forms cannot truly be consid-
red diseases of aging. For reasons such as these, it may turn
ut that early onset, autosomal dominant AD is a primary
myloidosis and late onset, pseudosporadic AD is a primary
eurodegenerative disorder.

The treatment-related implication of this debate is inter-
entions that effectively treat early onset, autosomal domi-
ant patients may only marginally benefit late onset cases.
ndeed, if it turns out persons develop late onset AD
ecause they age (a true disease of aging), optimal treatment
pproaches may need to focus more on “fixing” aging than
n reversing or retarding amyloidosis. If correct, then ame-
iorating age-related cell level molecular changes would in
ny case secondarily reduce amyloidosis.

Human clinical trials of treatments already known to ben-
fit AD transgenic mice may practically resolve this issue.
arious interventions successfully ameliorate AD transgenic
ouse behavioral decline and/or plaque accumulation. A

able summarizing just some of these interventions is pro-
ided in Table 1. Only those interventions that also have at
east some human track record are provided, since such exam-
les are best suited to help put the question posed above in
erspective or to shed light on this question in the foreseeable
uture [6,12,14,30,31,49,66,78,80,86,87,109,110,116,117,
18,130,138,157–159, 170, 174, 181, 196, 201, 202,204,206,
08,217,219,222,225,226]. For the sake of brevity, treat-
ents reported to reduce transgenic mouse brain amyloidosis

re not included in the table if there is no human track record
nd also no reports to show the treatment clinically benefits
he mice.

If interventions such as those in Table 1 do not substan-
ially benefit late onset human AD subjects, it would suggest
he transgenic mice have a fundamentally different disorder.
o summarize the clinical outcomes column of Table 1, avail-
ble human trial data suggest any potential benefit (if indeed
here is any benefit at all) will be on the level of slowed pro-
ression, rather than arrested progression.

If interventions that benefit the transgenic mice are shown
o benefit early onset, autosomal dominant AD subjects but
ot those with the common late onset form, it will addition-
lly imply early and late onset forms of AD are fundamentally
ifferent disorders. Data addressing this point are currently
acking, as the vast majority of human clinical trial experience

omes from studies of late-onset, non-autosomal dominant
D; no phase II or III trials specifically designed to treat auto-

omal dominant AD are reported in the literature. In any case,
t seems worthwhile to consider the possibility that treatments
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Table 1
Will treatment protocols that benefit AD transgenic mice benefit humans with AD?

Treatment Reduces amyloid
in mice

Behavioral, cognitive or other
clinical benefits in mice

Used or tested
in humans

Human experience

Vitamin E Yes and no Not reported Yes Does not prevent cognitive decline, but cannot rule out
minimal slowing of decline

Gingko Biloba No Yes Yes Does not prevent cognitive decline, but cannot rule out
minimal slowing of decline

Melatonin Yes Yes Yes Does not benefit sleep difficulties in AD
Curcumin Yes Yes Yes Under study in AD
Docosahexaenoic acid Yes Not reported Yes Widely available; under study in AD
Almonds Yes Yes Yes Widely available
Ibuprofen Yes Yes Yes No specific AD trials, but widespread human use
Flurbiprofen analogs Yes Not reported Yes Under study in AD
Atorvastatin Yes Not reported Yes Widespread human use; under study in AD
Lithium Yes Not reported Yes No specific AD trials, but substantial human

experience
Valproic Acid Yes Not reported Yes Substantial human experience; under study in AD
Pioglitazone Yes Not reported Yes Used in diabetes; under study in AD
A� vaccination Yes Yes Yes Phase IIa trial inconclusive, although primary clinical

endpoints were negative
A� antibodies Yes Yes Indirectly Inconclusive case series of AD subjects receiving

immunoglobulin reported
Butyrylcholinesterase

inhibition
Yes Not reported Yes Widely used in AD subjects since 2001; possible

symptomatic benefit but impact on cognitive decline
rates unclear

Enoxaparin Yes Not reported Yes Used in humans, but not specifically tested in AD
“Cerebrolysin” peptides Yes Yes Yes Reported to improve cognition in AD subjects
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from porcine brain
aloric restriction Yes Not reported
nvironmental enrichment Yes and no Yes

hat work in one type of AD may not work as well in the
ther.

. Conclusions

Whether or not late-life dementia represents a disease state
r is part of aging, it is imperative to recognize it destroys
ives. Efforts to intervene medically are justified at both
umanistic and economic levels. Katzman’s 1976 editorial
ointed out it was irrational to assume those dementing before
he age of 65 had a medical problem, while those dementing
fter 65 did not. The case was persuasively made based on
ata available at the time. As Katzman wrote, when consider-
ng persons with plaques, tangles and dementia, “neither the
linician, the neuropathologist, nor the electron microscopist
an distinguish between the two disorders, except by the age
f the patient” [93].

Advances spurred by this statement, though, suggest it
ay no longer be advantageous to consider tangle and

laque dementias as one entity. At the gene level, molec-
lar neuroscience now distinguishes a number of different
lzheimer’s diseases. At the clinical level, emerging data

uggest cognitive decline that accompanies aging probably

ever represents a benign process. Whereas at the time of
atzman’s editorial it was believed that with cognition, age-

ssociated “minor changes do not result in the functional
isability or increased mortality that can be directly attributed

i
m

c

Yes No AD trials yet
Yes Unclear

o Alzheimer disease” [93], it increasingly appears late onset
D constitutes a continuum that manifests years and proba-
ly decades before AD diagnostic criteria are met.

Whether appropriate or not, lumping the original AD
nd senile dementia cases has resulted not only in the
Alzheimerization” of dementia research, but also in its
amyloidization”. Underlying most current AD research
fforts is the assumption that beta amyloid amyloidosis is
he etiologic cause. This assumption is extrapolated from a
ery limited number of early onset, autosomal dominant AD
ases. While this form of AD can rightly be considered a
rimary amyloidosis, studies attempting to address whether
ate onset AD is also a primary amyloidosis are inconclusive.
espite this, by default early and late onset AD are generally

onsidered one entity.
Interestingly, while Katzman’s editorial helped make AD

malady intimately associated with aging, research into AD
as largely ceased to consider the molecular, biochemical
nd physiologic roles aging might play in this disorder [207].
ince the vast majority of those with an AD diagnosis are
lderly, and the risk of developing AD rises with advancing
ge, it seems reasonable to consider the following question:
o the elderly dement because they have AD or do they have
D because they dement? Resolving this conundrum could
nfluence the ongoing search for better diagnostic tools and
ore effective treatments.
Finally, it is worth considering whether the amyloid

ascade hypothesis in its current forms provides adequate
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nsight into the etiology of late onset, sporadic AD. No matter
ow strong the arguments made against the amyloid cascade
ypothesis, though, in the absence of rival hypotheses it will
ikely by default remain the dominant AD paradigm. In terms
f generating rival hypotheses, because AD and aging are so
ntwined, considering AD from an aging theory perspective
eems appropriate. One such attempt was recently published
207].
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