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Cognitive aging and clinically probable Alzheimer’s
disease can be discriminated by means of clinical and
neuropsychological testing, and structural and functional
imaging techniques. Research at the level of cognitive brain
systems and at the molecular level provides exciting new
insights into the relation between aging and
neurodegeneration. The advances at the clinical and at the
basic research levels are necessary if we wish to meet the
formidable challenge that the increasing prevalence of
Alzheimer’s disease poses to the medical community.
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A
mong the neurodegenerative diseases,
clinically probable Alzheimer’s disease
(AD) has the highest prevalence, esti-

mated at 1.450/100 000.1 Between 65 and 69
years of age, its prevalence is estimated at
1.53%.2 From the age of 60 onwards up to 80
years of age, incidence and prevalence of AD
increases exponentially with age, doubling every
five years.2 3 Between the age of 80 and 85 the
prevalence is as high as 25%–30% of the
population.4 The distinction between this highly
prevalent disorder and normal aging will be the
focus of this review. Given the demographic
evolution, AD will pose a challenge over the
decades to come all over the world. The distinc-
tion between normal aging and AD is one first
step if we want to combat this disease efficiently.
This review draws a new face of AD: a

treatable disorder that evolves insidiously over
many years and that can be diagnosed at an early
stage by means of positive diagnostic features.
This contrasts with a more traditional view of AD
as an exclusion diagnosis of an untreatable
disorder associated with impairment of basic
activities of daily living.
We will adopt an evidence based approach

(table 1). On several occasions positive likelihood
ratios will be used. This permits the combination
of sensitivity and specificity into one value
(table 1). Positive likelihood ratios between 2
and 5 imply small (but sometimes important)
shifts between pre-test and post-test probabil-
ities and values between 5 and 10 moderate
shifts. Values above 10 imply conclusive changes
to the pre-test probability.

DISCRIMINATING NORMAL AGING
FROM PROBABLE AD
The distinction between age related cognitive
decline and probable AD has important clinical
implications. Probable AD is a treatable dis-
order5–9 while no evidence exists at the moment
that medical treatment is beneficial for age

related cognitive decline. Counselling about
diagnosis and prognosis also differs between
cognitive aging and probable AD. The transition
from normal aging to probable AD, however, is
not categorical. Mild cognitive impairment
(MCI) refers to this transition zone from normal
aging to probable AD.10

Clinical features
Cognitive aging
Only a minority of aged people maintain their
peak cognitive performance level during senes-
cence. They experience successful aging.11 In
most healthy people above the age of 50, episodic
memory (table 2) declines with respect to the
person’s prior performance.12 13 Age related epi-
sodic memory decline typically affects free recall
more than recognition (familiarity judg-
ment).14 15 Other cognitive changes associated
with normal aging are a decrease in cognitive
processing speed16 and executive functions
(table 2). Typically, cognitive aging does not
affect cognition globally but leaves specific
cognitive domains intact, for example, familiarity
judgement. In this review, we refer to this
pattern of age related cognitive changes as
cognitive aging.
On its own a subjective memory complaint

does not increase the risk of developing probable
AD.17 In a hierarchical regression model, sub-
jective memory complaints were explained sig-
nificantly more by mood than by actual memory
performance on cognitive tests.17 When a patient
presents with a subjective memory complaint,
two key questions are: ‘‘Have your relatives,

Abbreviations: AD, Alzheimer’s disease; MCI, mild
cognitive impairment; MMSE, mini-mental state
examination; IADL, instrumental activities of daily living;
PET, positron emission tomography; MRI, magnetic
resonance imaging; CT, computed tomography; LTP, long
term potentiation; CREB, cAMP response element binding
protein; PKA, protein kinase A; APP, amyloid precursor
protein; KPI, kunitz protease inhibitor; AVF, animal verbal
fluency

Table 1 Evidence based medicine
terminology

Disease
positive

Disease
negative

Test positive a b
Test negative c d

Specificity = d/(b+d)); sensitivity = a/(a+c);
positive likelihood ratio = sensitivity/
(12specificity); positive predictive value
= a/(a+b); negative predictive value = d/
(c+d).
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friends or colleagues noticed any change?’’, and ‘‘Does the
cognitive change impact on the way you carry out daily
activities (professional, leisure, finances, shopping, car
driving, etc)?’’A positive answer increases the likelihood that
the patient suffers from an objective cognitive deficit,
possibly related to degenerative disease, rather than a
subjective perception of age related memory decline.
A diagnosis of age related memory decline requires

exclusion of alternative explanations, such as vascular brain
lesions, obstructive sleep apnea syndrome, depression,
chronic obstructive pulmonary disease, diabetes mellitus, or
cardiac failure.18 The drug list must be systematically
reviewed for drugs that are used commonly in the elderly
population and that exert minor or major cognitive side
effects, such as benzodiazepines used during the day, tricyclic
antidepressants, opioid derivatives, and centrally active
antihistaminergic drugs.

Mild cognit ive impairment
The distinction between cognitive aging and a pathological
deficit may be subtle. A standardised systematic neuro-
psychological assessment may be necessary to distinguish
between cognitive aging and a pathological deficit. A
prospective longitudinal study of the diagnostic accuracy of
neuropsychological tests in patients referred for memory loss
determined which neuropsychological tests discriminated
best between patients who developed probable AD and those
who remained non-demented over a two year follow up
period.19 Classic neuropsychological episodic memory tests,
which require the learning and recalling of lists of words,
elements of a story, or series of abstract visual designs, had a
positive likelihood ratio of about 12,19 20 corresponding to a
moderate to large change from pre-test to post-test prob-
ability (table 1).
Could we increase the diagnostic value by doing repeat

examination at, for example, one year intervals and carrying
out within subject comparisons? There are two caveats. The
standard error of the difference between the initial and the
repeat test is the square root of two times higher than the
standard error of the test itself. Secondly, repeat assessments
in normal controls suffer from a comparatively high within
subject variance from one test to another. Specific norms of
longitudinal change are necessary for each of the tests to
discover if a person’s change falls within a normal range.21

Despite these caveats, if repeat neuropsychological assess-
ment with a one year interval shows significant deterioration
in a patient classified as MCI or, on the other hand,
improvement or stabilisation, this is clinically valuable
information regarding the risk of conversion to probable
AD.22

If a pathological memory deficit is present, if there is no
significant impairment of instrumental activities of daily
living, and if other cognitive domains are intact and if

identifiable medical or psychiatric causes have been
excluded, the patient may be diagnosed as MCI.23 A diagnosis
of MCI implies a risk of conversion to probable AD of 15% per
year.10 MCI patients should therefore undergo regular (for
example, six monthly) clinical or neuropsychological follow
up, to ensure timely diagnosis of conversion to probable AD.23

No treatment with verified efficacy exists for MCI.

Clinically probable AD
A diagnosis of probable AD requires the presence of an
acquired and progressive episodic memory deficit (table 2)
combined with impairment in at least one other cognitive
domain and associated with a significant impact on instru-
mental activities of daily living (NINCDS-ADRDA24 or
DSM-IV criteria25). The cognitive deficits should not occur
exclusively during the course of a delirium.25 If the patient
suffers from concomitant diseases that may contribute to the
cognitive deficits, the patient falls under the category of
clinically possible AD.
Episodic memory impairment is a cornerstone of the

diagnosis of probable AD24 25 (table 2). Typical episodic
memory complaints are: I have to re-read previous passages
in books more frequently than before, I have difficulty
retrieving my parked car, or I forget where I was seated or
what I went to look for. Patients may frequently ask the same
questions, reiterate identical stories, or not remember recent
social events they attended. Clinically useful ways to test
episodic memory are the three words recall item and the
orientation items of the mini-mental state examination
(MMSE)26 or the three words three shapes test.27 In addition
to episodic memory, at least one other cognitive domain must
be affected to meet criteria. Domains that are frequently
affected at an early stage are executive functions,28 word

Table 2 Definitions of some of the important cognitive domains that are affected early in
Alzheimer’s disease

Episodic memory Memory for personally experienced events in a particular temporal and spatial context
Typical clinical test Three words recall of MMSE
Neuroanatomy Hippocampal formation, prefrontal cortex, diencephalon
Semantic memory Knowledge of public events, words, and of the associations between concepts
Typical clinical test Animal verbal fluency
Neuroanatomy Anterior temporal lobe, distributed neocortical representation
Executive functions Coordination of multiple cognitive processes
Typical clinical test Animal verbal fluency
Neuroanatomy Prefrontal cortex
Working memory Ability to manipulate short term memory representations
Typical clinical test Backward digit span
Neuroanatomy Prefrontal cortex

Key point

Cognitive aging refers to age related decline that selectively
affects specific cognitive processes, including delayed recall,
processing speed, and executive functions.

Key point

Criteria for mild cognitive impairment are the presence of a
subjective memory complaint in a person above 50 years of
age, evidence of an objective pathological episodic memory
deficit, minimal impact on instrumental daily activities, and
no alternative explanations (medication, comorbidity,
depression).
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finding, and semantic memory.29 The MMSE also contains
items for working memory (serial 7 and spelling backwards),
confrontation naming (pen and watch), and constructional
abilities (overlapping pentagons). According to a prospective
study comparing patients with dementia and normal
controls, an MMSE cut off score of 23 of 30 had a positive
likelihood ratio of 8.4.30 A retrospective study compared
probable AD patients visiting a memory clinic with normal
controls and found that MMSE with a cut off of 25–26 of 30
distinguished the two groups with a positive likelihood ratio
of 37.31 An MMSE score below 24 generally points to the
presence of cognitive impairment. A score above 24 however
does not exclude that the patient suffers from a clinically
significant, objective cognitive deficit. In these cases the
diagnosis of memory and other cognitive deficits relies on
clinical tests such as the animal verbal fluency (AVF) or
MMSE subitems (for example, the three words recall) as well
as on neuropsychological assessment.
The AVF test is a classic clinical test that probes executive

functions as well as semantic memory32 (table 2). Subjects
have to enumerate as many animals as possible within one
minute. This test does not rely on episodic memory and is
impaired comparatively early in the course of AD.33 Clinically,
a score below 12 on the AVF is nearly always abnormal. A
retrospective study in normal controls and probable AD
patients yielded a positive likelihood ratio for the AVF of
14.3.34 Other examples of clinically useful tests are the clock
drawing test23 and the 15 item version of the Boston naming
test.32

A third criterion for the diagnosis of probable AD is
significant impairment of instrumental activities of daily
living (IADL), including the ability to handle finances, drive
safely, or go shopping.
A retrospective necropsy study conducted by a consortium

of US Alzheimer’s disease centres of 1833 cases with
premortem diagnosis of probable or possible AD and 355
non-AD patients showed that clinical consensus criteria had
a positive predictive value (table 1) of 90% but a negative
predictive value of only 64%. This means that a considerable
number of patients with neuropathologically definite AD are
not diagnosed as Alzheimer patients, even at academic
research centres.35 Comparable estimates for a combined
diagnosis of probable and possible AD by NINCDS-ADRDA
criteria were obtained in the prospective community based
Oxford project to investigate memory and aging study.36 37 In
that study of 19 probable AD patients, 39 possible AD
patients, 7 non-AD demented patients, and 9 controls, the
positive predictive value of the NINCDS criteria of probable
AD with respect to a pathological diagnosis of AD (CERAD
criteria38) was 100% and the negative predictive value 50%.
The positive predictive value of the criteria for probable AD or
possible AD grouped together was 88% and the negative
predictive value 69%.36

At the time of initial evaluation of a patient with cognitive
complaints, a blood examination is recommended.39 This
should include complete blood count, serum electrolytes,
blood urea/creatinine, sedimentation, calcium and phos-
phorus, liver function tests, vitamin B12, and thyroid
stimulating hormone (TSH). Vitamin B12 deficiency or
lowering of TSH are common in the elderly population.
These abnormalities however rarely cause cognitive deficits as
their sole and primary clinical manifestation.39

Brain pathology
Cognitive aging
In rat hippocampus and prefrontal cortex stereological
postmortem studies have not provided clear proof of age
related neuronal loss.40 In humans, the number and length of
dendritic segments in specific layers of dorsolateral prefrontal

cortex decreases with age, together with a decrease in
dendritic spine and synaptic density.41 In the non-demented
elderly population, the entorhinal cortex and the basal
forebrain (fig 1) display diffuse plaques as well as neuro-
fibrillary tangles or pre-tangle tau pathology. It is possible
that these lesions also contribute to cognitive aging.42

Clinically probable AD
Neurodegenerative diseases are characterised by the progres-
sive loss of neurons with a high neuroanatomical selectivity
at the initial stages. This neuroanatomical selectivity deter-
mines the clinical manifestations. The earliest changes in AD
are in the entorhinal cortex43 44 (fig 1), a structure that lies
just laterally to the hippocampus and provides input to the

Figure 1 Neuroanatomy of episodic memory. Green: medial temporal
cortex; red: prefrontal cortex; yellow: Basal forebrain (including nucleus
basalis of Meynert among other structures); brown: dorsomedial
thalamus. (A) Transparant view through the brain; (B) transverse MRI
sections, from top to bottom.

Key point

Criteria for a diagnosis of clinically probable Alzheimer’s
disease are the presence of an episodic memory deficit in
combination with impairment of at least one other cognitive
domain. Frequently affected domains at an early stage are
executive functions and word finding. There must be a
significant impact on activities of daily living and no
alternative explanations (delirium, medication, comorbidity,
depression).

Cognitive aging and Alzheimer’s disease 345

www.postgradmedj.com

 on M
ay 17, 2023 by guest. P

rotected by copyright.
http://pm

j.bm
j.com

/
P

ostgrad M
ed J: first published as 10.1136/pgm

j.2004.028290 on 3 June 2005. D
ow

nloaded from
 

http://pmj.bmj.com/


hippocampus.45 This explains why episodic memory deficits
play such a prominent part in the definition of AD. From the
entorhinal cortex, disease spreads to the hippocampus and
subsequently to the inferotemporal and lateral temporal
cortex and other neocortical association areas. This explains
the impairment of other cognitive domains apart from
episodic memory. This hierarchical spread of AD has been
divided into six stages by Braak and Braak.43 According to
this proposal, the topography and intensity of the Alzheimer
lesions parallels different stages in the clinical evolution.43

Several criteria have been put forward for a pathological
diagnosis of definite AD,38 43 46 with varying emphasis on the
presence of neuritic plaques or neurofibrillary tangles (fig 2).
Neuritic plaques (fig 2A) consist of the extracellular

deposition of congophilic, amyloid material that can be
immunostained with antibodies against Ab42 and also with
antibodies against paired helical filament t (PHF t).47

Neuritic plaques must be distinguished from diffuse plaques,
which only stain for Ab42 and are present in the aging brain
from the age of 40 onwards.
Neurofibrillary tangles (fig 2B) represent intracellular

paired helical filaments of hyperphosphorylated protein.
They can be visualised with silver and thioflavin S staining
and with immunostaining for PHFt. Neurofibrillary tangles
are nearly always present in the entorhinal cortex above the
age of 75.44 48

Brains from patients with probable AD also show vascular
lesions, such as cerebral amyloid angiopathy and cerebral

endothelial degeneration.49 The additional presence of lacu-
nar infarcts in the basal ganglia, the thalamus, or the white
matter in neuropathologically definite AD brains significantly
increases the probability that the disease expressed itself
clinically, with an odds ratio of 21.50

The neuropathological distinction between brains of
patients that suffered from probable AD during their lifetime
and brains of cognitively normal people is less clear cut than
originally proposed.51 In people who do not show pathological
cognitive deficits during life, neuritic plaques and neuro-
fibrillary tangles may be present in sufficient quantity to
warrant a neuropathological diagnosis of definite AD.52 In the
Medical Research Council cognitive function and aging
(MRC-CFAS) study, a prospective community based necropsy
study, diffuse and neuritic amyloid plaques as well as
neurofibrillary tangles were present in a significant percen-
tage of cognitively intact elderly people in numbers and with
a distribution sufficient to warrant a pathological diagnosis
of definite AD.53 Multiple regression analysis with dementia
status as outcome measure and the degree and distribution of
tangles and plaques as explanatory variables misclassified
one in four non-demented controls as demented.53

Neurochemically, AD is associated with neuronal loss in
the nucleus basalis of Meynert leading to cholinergic
depletion.54 According to the cholinergic theory, this deple-
tion underlies the episodic memory and attentional deficits.55

This influential theory has driven the development of
cholinesterase inhibitors as a treatment for probable AD. In
mild to moderate disease stages (MMSE 10 to 24 of 30),
cholinesterase inhibitors (donepezil, galantamine, and rivas-
tigmine) favourably affect cognition, activities of daily living,
and behavioural symptoms.5 7 9 56 The difference between
patients receiving active treatment or receiving placebo is
sufficiently large to be detectable by means of semi-
structured interviews of patients and caregivers by clinicians
blinded for the treatment (such as the clinician interview
based impression of change).5 7 9 56

Mild cognitive impairment
Necropsy studies in MCI so far have mostly shown
pathological features consistent with the diagnosis of early
stage AD, corresponding to Braak and Braak stages 3 to 4
(limbic stages).42 57

Neurochemically, no cholinergic depletion was found in
neocortex58 or in the hippocampal formation59 in patients
who died with a diagnosis of MCI or early probable AD. This
has cast doubt on the validity of the cholinergic theory55 at an
early disease stage. In a recent necropsy study of the nucleus
basalis, the important source of cholinergic innervation for
the cortex, Mesulam et al compared a group of five MCI
patients and seven age matched controls: the cholinergic
neurons of the nucleus basalis showed significantly more
tangles and pre-tangles than the age matched controls.42 This
suggests that cholinergic depletion does have a role at the
pre-dementia stage in structures that are most sensitive to
the disease process.

Figure 2 Classic pathological hallmarks for Alzheimer’s disease.
(A) Neuritic plaques, stained with anti-Ab42 antibodies; (B) neuritic
plaque and neurofibrillary tangles, stained with paired helical filament
t antibody.

Key point

Several sets of consensus criteria exist for a diagnosis of
pathologically definite AD. Neuritic plaques and neurofibril-
lary tangles are the hallmarks of AD but also occur in normal
aging. Prospective double blind studies that correlate the
clinical diagnosis with pathological diagnosis show that
brain necropsy findings do not always accurately predict
who was demented or cognitively normal during lifetime.
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In vivo structural and functional imaging
Cognitive aging
Recent technical advances permit the investigation of age
related brain changes in humans during lifetime. In a large
cross sectional structural magnetic resonance imaging (MRI)
study of 465 normal adult human brains, medial temporal
structures such as the hippocampus or the entorhinal cortex
did not show measurable diminution of volume.60 This
corresponds to recent stereological findings in rat brains that
did not show age related neuronal loss in the hippocampus.61

A second in vivo brain imaging technique, positron
emission tomography (PET), permits the measurement of
regional brain glucose metabolism (18fluorodeoxyglucose
(FDG) PET) as well as the integrity of neurotransmitter
systems. Aging is associated with a decline in glucose
metabolism in specific brain regions, such as the anterior
cingulate and perisylvian cortex62 and with changes in
neurotransmitter systems, such as a decrease in D2 dopamine
receptors and presynaptic dopamine transporters.63 Given the
projections of the dopaminergic system to prefrontal cortex
(fig 1), this dopaminergic decrease may be related to the
decrease in mental flexibility that occurs with aging (table 2).
A different methodology, functional MRI (fMRI), permits

the measurement of brain activation related to motor,
sensory, or cognitive processes. Most studies of age related
changes in cognitive brain systems have relied on cross
sectional comparisons between comparatively small numbers
of younger and elderly subjects. Potential confounders in
functional imaging studies of aging are between subject
differences in task performance and the adoption of task
solving strategies that differ from those used by the young
subjects. Some of the general principles of age related re-
organisation are:

(1) Loss of inter-hemispheric gradients.64 65 For instance, in
younger subjects the left prefrontal cortex is more active
during encoding and the right prefrontal cortex during
retrieval. In older subjects this hemispheric encoding/
retrieval asymmetry is much less pronounced.65

(2) Context dependency of age related changes. A given
region may be less active when two specific conditions
are compared but may be normally activated in a contrast
between two other conditions.66 The dynamic nature of
the age related changes differs fundamentally from the
context independent changes studied with structural
MRI.

(3) Loss of cognitive specificity of activity patterns.66 67 For
instance, while the processing of location and facial
identity follows a dorsal and a ventral processing stream,
respectively, in the younger group, this distinction is less
clear in older subjects.67 This loss of specificity could be
considered as a reversal of the functional differentiation
during the developmental stage.

Clinically probable AD
Only in 1%–5% of patients who are clinically suspected to
suffer from probable AD and have no clinical indication of an
alternative cause does computed tomography (CT) disclose
an alternative cause, such as a tumour, silent large vessel
stroke, or subdural haematoma.68 As the detection of
neoplasms or subdural haematoma significantly changes
diagnosis and treatment, one brain scan in the routine initial
evaluation of patients with dementia is appropriate.39

MRI allows for accurate volumetric measurements of
medial temporal structures, such as the hippocampus. As
medial temporal neuronal loss is an important feature of AD,
MRI can be used to corroborate the positive diagnosis of

Figure 3 (A, B) Role of structural MRI as an exclusionary tool. Both
cases presented with a clinical picture typical for probable AD. (A) A 83
year old man presents with memory complaints without significant
impact on IADL. These cognitive changes had been apparent for two
months. MMSE score is 23/30 and animal verbal fluency 6. The clock
drawing test is normal. On clinical neurological examination there are
discrete extrapiramidal signs to the right. MRI shows a comparatively
recent chronic subdural haematoma. (B) A 72 years old woman presents
with memory complaints as well as behavioural changes (irritability and
mood swings) without significant impact on IADL. MMSE score is 24/30
(delayed recall sub-item 0/3); animal verbal fluency 10, clock drawing
test is normal. MRI shows a sphenoidal meningeoma with pressure on
the basal forebrain. (C, D, E, F) Various grades of hippocampal
atrophy.70 (C) Normal hippocampal volume. (D) Grade 1: the fissura
choroidea is dilated. (E) A 75 year old woman has had memory
complaints for one year, with significant impact on IADL. MMSE score is
19, animal verbal fluency 7, months backwards is impossible. During the
clock drawing test the patient counts from 12 onwards and writes these
numbers in the circle. The overlapping pentagon test of the MMSE is
impossible. The 15 item version of the Boston naming test: 7/15.
Clinically the patient fulfils the criteria of probable AD. Coronal MRI
sections show hippocampal atrophy grade 2: The fissura choroidea and
the temporal horn of the lateral ventricle are dilated. (F) Grade 4: severe
widening of the fissura choroidea, of the temporal horn, and flattening of
the hippocampus.

Key point

Pathological findings support the notion that MCI is a
transition zone between normal aging and AD.

Key point

Cognitive aging is not merely associated with decreases in
brain activations but also with activity increases and
functional reorganisation
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probable AD (for review see Scheltens et al68), and not only as
a tool to exclude alternative explanations (fig 3 A and B). In
early stage AD (MMSE.21) the percentage of patients with a
normalised total hippocampal volume below the 50th centile
compared with normal controls was 97%. Fifty eight per cent
was situated below the 5th centile.69 Visual ratings of medial
temporal lobe atrophy in probable AD and healthy controls
reach a sensitivity of 81% and a specificity of 67%70 (fig 3 C, D,
E, F). Hippocampal volume correlates with disease stage, as
measured with MMSE or neuropathology.71 Hippocampal
atrophy does not differentiate AD from other types of
dementia.71 In one longitudinal three year study, the mean
annualised rate of hippocampal atrophy was 1.73% in stable
controls and 3.5% in patients with probable AD.72 A potential
application lies in the use of hippocampal atrophy as a
surrogate marker in therapeutic trials.73

A second MRI investigation in the diagnosis of AD is the
evaluation of the vascular burden. The presence of lacunar
infarcts on MRI by no means excludes a diagnosis of probable
AD.50 When the vascular lesions are extensive, for example,
encompassing more than one fourth of the white matter, or
strategically localised, for example, in the dorsomedial
thalamus, the patient may be classified as clinically probable
vascular dementia according to the NINDS-AIREN criteria74

rather than probable AD under the condition that the patient
also has clinical signs of neurological lateralisation and a
stepwise progressive disease course.74 A prospective commu-
nity based necropsy study in 80 patients with an MMSE
below 24 showed that the specificity of the NINDS-AIREN
criteria was 95% with a sensitivity of only 43%.75

While structural MRI studies have focused on hippocampal
changes, FDG PET principally provides an image of the
involvement of neocortical association areas. The character-
istic FDG PET pattern in probable AD is a decline of FDG
uptake in posterior cingulate, temporoparietal, and lateral
frontal association cortex (fig 4). This decline correlates with
dementia severity.62 In patients with mild probable AD
(MMSE above 23) compared with non-demented controls
the sensitivity was 84% at a specificity of 93%.62 Among 128
patients with cognitive decline who underwent an FDG PET
during lifetime as well as postmortem neuropathological
diagnosis, sensitivity of FDG PET for the diagnosis of AD
compared with other forms of dementia was 94% and
specificity 73%.76 Single photon emission computed tomo-
graphy (SPECT) may also show characteristic patterns of
perfusion changes that distinguish AD from normal controls.

A neuropathologically verified series of 80 AD patients, 24
non-AD dementia patients, and 14 controls showed a
sensitivity of 89% with a specificity of only 60%. The positive
predictive value of SPECT for the discrimination between AD
and normal controls was 81% and the negative predictive
value 74%.77

Functional MRI studies comparing probable AD with age
matched controls showed higher activity in prefrontal cortex
during episodic and semantic memory in early stage AD.78

The activity increases correlated positively with performance,
suggesting that they represent compensatory mechanisms.78

Activity levels in the hippocampus during episodic memory
tasks are decreased in AD.13

Mild cognitive impairment
A structural quantitative hippocampal volumetry study in 80
MCI patients showed that according to a lifetable analysis,
probable AD free survival differed significantly between MCI
patients with volumes above the 50th centile (n=13),
between the 50th and the 1st percentile (n=54), and those
lower than the 1st percentile (n=13). In the first group 75%
of patients did not convert to probable AD after a five year
period while in the second group this number was 25%.79 80

Cellular biology
Cognitive aging
In mouse models of aging the age related decline in spatial
memory is associated with a reduction of long term
potentiation (LTP), a neurophysiological mechanism for
episodic memory.61 Specifically, the late phase of LTP is
affected. This late phase is mediated by cAMP and proteine
kinase A (PKA) and is associated with RNA and protein
synthesis (for review see Nguyen and Woo81) (fig 5). This
pathway can be activated by an increased Ca influx (fig 5A)
or by activation of guanine nucleotide binding regulatory
protein (G protein) (fig 5B). This induces cytosolic cAMP,

Figure 4 A 58 year old woman was
admitted to the emergency department
after syncope. Since the age of 57 she
suffered from progressive apraxia and
aphasia and increased apathy. She
could no longer handle money,
organise shopping, or cooking.
Fluorodeoxyglucose PET scan shows
severe hypometabolism of parietal,
frontal, and temporal association cortex
with relative sparing of the primary
visual and motor cortex. The left
hemisphere is predominantly affected
than the right.

Key point

Hippocampal volumes differ significantly between elderly
people and patients who have probable AD or who are
going to develop probable AD. There is however a
pronounced degree of overlap in volumes so that predictions
at the individual level are difficult.
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which leads in its turn to activation of calcium/calmodulin
dependent kinase IV or protein kinase A (PKA), which then
translocates to the nucleus and phosphorylates cAMP
response element binding protein (CREB). phosphoCREB in
turn activates gene transcription necessary for memory and
neuronal plasticity. Expression of CREB and coactivators of
CREB as well as CREB DNA binding activity decrease
significantly with aging.82 These age related molecular
changes in cognitive brain systems differ between brain
regions. Advancing age results in the reduction of cAMP/PKA
signalling in hippocampus where the opposite can be shown
for prefrontal cortex. This neuroanatomical specificity has its
consequences for the development of therapeutic agents for
age related memory decline. Activation of cAMP/PKA
through phosphodiesterase inhibitors or dopamine 5 receptor
agonists may be beneficial for hippocampus dependent age
related memory impairment61 while agents that increase PKA
activity impair prefrontal cortical function in aged rats and
monkeys with prefrontal cortical deficits.83

Clinically probable AD
Trisomy 21, mutations of the amyloid precursor protein
(APP) gene and of presenilin 1 and 2 lead to AD. In these
familial disorders Ab 42 is increased because the total
production of Ab, the ratio of Ab 42 over Ab 40, or its
fibrillogenetic propensity are increased. The Ab 40–42 is
proteolytically released from a larger amyloid precursor
protein (APP) by two sequential cleavages (fig 6).

N A first cleavage occurs in the extracellular domain and is
exerted by b secretase, identied as BACE1, an aspartic
protease.84

N The second cleavage is an intramembraneous cleavage by
the c -secretase complex. This cleavage requires at least
three other members (aph 1, pen 2, and nicastrin) in
addition to the proteolytic active presenilins.

According to the amyloid cascade hypothesis, the neuro-
toxic Ab 42 is the culprit of both sporadic and familial AD. Ab
is a highly hydrophobic peptide that can aggregate into
oligomers, protobrils, and eventually can precipitate in the
characterising amyloid plaques. The amyloid cascade hypoth-
esis provides several potential targets for drug development,
such as b-secretase inhibitors85 or active immunisation
against amyloid plaques.86

Excitotoxicity refers to the damage evoked by over-
stimulation of the glutamatergic N-methyl D-aspartate
(NMDA) receptors. This over-excitation provides a rationale
for treating probable AD patients by means of memantine,
a reversible competitive NMDA receptor antagonist.
Memantine has verified efficacy in patients with probable
AD and an MMSE between 3 and 14.8 The effect size,
measured by means of cognitive scales, is somewhat smaller
than that reported with cholinesterase inhibitors in mild to
moderate AD patients.8

AGING AS A RISK FACTOR FOR
NEURODEGENERATIVE DISEASE
The strongest risk factor for probable AD is age. Over our
lifespan the consequences of noxious events accumulate and
may progressively affect the brain and increase the risk of

Figure 5 The cAMP/PKA signalling
cascade is principally activated by two
mechanisms. The first (A) involves
calcium and calmodulin (Ca/CaM).
Influx of calcium through for instance
NMDA receptors stimulates Ca/CaM
sensitive adenylyl cyclase, which
synthesises cAMP. The second (B)
mechanism for activation of cAMP/PKA
signalling entails binding of chemical
transmitters and hormones to their
receptors, followed by stimulation of
adenylyl cyclase by guanine nucleotide
binding regulatory proteins (G
proteins). Cytosolic cAMP can bind to
regulatory subunits (R) of protein kinase
A (PKA) holoenzymes. This releases
free catalytic subunits (C) that
translocate to the nucleus and
phosphorylate downstream proteins
such as cAMP response element
binding protein (CREB). This
phosphorylation can start transcription
of cAMP response elements (CRE)
associated genes.

Key point

Morphometry of the hippocampus does not show clear
agerelated neuronal loss in the hippocampus. At the
molecular level, however, pathways that underlie memory
consolidation undergo age related changes that may account
for cognitive aging patterns.

Key point

The molecular pathway that gives rise to amyloid deposition
is known in reasonable detail and offers multiple potential
targets for drug treatment.
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neurodegenerative disease (indirect consequence of aging).
Alternatively, the aging process by itself may be associated
with changes that increase the risk of AD (direct effect of
aging).

Indirect consequences of aging
Epidemiological studies provide evidence for an association
between probable AD and mid-life hypertension,87–89 diabetes
mellitus,89 90 and hyperhomocysteinaemia.91 Clinical stroke is
also an important risk factor for the development of AD. In
the absence of clinical stroke, the presence of white matter
hyperintensities on T2 MRI also increases the risk of
dementia.92

Direct consequences of aging
Aging and the amyloid cascade hypothesis
In humans, monkeys, and transgenic mice, Ab levels increase
with age.93 Logically, this could happen through three major
mechanisms:

(1) Increased production of Ab and hence, of Ab 42

(2) Increased ratios of Ab 42 over Ab 40

(3) Reduced clearance of Ab 42

Increased production of total Ab or Ab 42.
Total APP mRNA or protein brain levels do not increase with
age94 but there is a significant relative increase in mRNA for
two APP isoforms as a result of alternative splicing (kunitz
protease inhibitor (KPI) harbouring APP751 and 770).95

These KPI containing APP isoforms comparatively increase
the production of Ab.96

Activity of b-secretase, a necessary enzymatic step in the
production of Ab (fig 6), also increases with age in the
cortices of both humans and monkeys because of age related
post-translational changes.93

Reduced Ab clearance
Neprilysin and insulin degrading enzyme (IDE) are two
important Ab degrading enzymes.97 98 The age related changes
in these enzymes differ between regions and no clear picture
has emerged until now. A genetic polymorphism of apolipo-
protein E(e4–e4 and e4–e3) is associated with an earlier onset
of the AD in a dose dependent manner.35 Apolipoprotein E
binds to the VLDL related protein receptor and also to
amyloid plaques. One possible explanation for the association
between AD and the apolipoprotein E polymorphism is that
the e 4 polymorphism is associated with a reduced clearance
of Ab 42.
Not only does Ab 42 increase with age,99 the toxicity of Ab

may also augment with age.100 The gradual load of toxic Ab
species can further induce tauopathy, inflammatory changes,
and oxidative stress, events that are already setting off

Figure 6 The amyloid cascade
hypothesis states that the generation of
b amyloid (A) derived from the amyloid
precursor protein (APP) triggers
multiple secondary events that
eventually lead to neuronal cell death.
Which forms of Ab contribute to the
toxicity is a subject of debate (question
marks in figure).

Key point

Mid-life hypertension is a significant risk factor for probable
AD
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in normal aged brains and could intensify Ab induced
pathology.

CONCLUSION
The discrimination between cognitive aging and probable AD
has important implications for treatment and also funda-
mentally changes the information provided to the patient and
the caregiver concerning diagnosis and prognosis. In our
experience, coping by the patient or the caregiver may
significantly improve with early clarification of the nature of
the disease that underlies cognitive and behavioural changes.
At a moderate to severe disease stage clinical tests of

cognitive functioning may suffice together with brain
imaging and blood examination to establish the diagnosis.
In early probable AD or in MCI, neuropsychological assess-
ment, hippocampal MRI volumetry, and FDG PET have
confirmed positive diagnostic value. They may provide a
means to diagnose neurodegenerative diseases before mas-
sive and irreversible neuronal loss has taken place. These
tools may have an important role in the development of
treatment aimed at prolonging neuronal survival. Given the
association between AD and aging, delaying the onset of
probable AD would significantly reduce its overall prevalence.

MULTIPLE CHOICE QUESTIONS (TRUE(T)/FALSE (F);
ANSWERS AT END OF REFERENCES

1. Neuropathological examination alone is the gold stan-
dard for the diagnosis of AD.

2. Normal aging is not associated with hippocampal
atrophy, in contrast with probable AD.

3. Initial assessment of a patient with a pathological
memory deficit requires, among other tests, structural
brain imaging, and determination of vitamin B12 and
TSH.

4. A modern diagnosis of probable AD relies on technical
investigations.

5. The animal verbal fluency test has confirmed diagnostic
accuracy for the discrimination between normal aging
and probable AD.

6. Hippocampal atrophy allows for the distinction between
different dementia subtypes.

7. Aging inevitably leads to AD.

8. Mid-life hypertension is a risk factor for cognitive
decline in later life stages.
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