
METHODS FOR THE DIAGNOSIS OF DEMENTIA AND OTHER
NEUROLOGICAL DISORDERS FIELD OF INVENTION [0001] The
present invention relates to small molecules or
metabolites that are found to have significantly
different abundances between clinically diagnosed
dementia or other neurological disorders, and normal
patients. The present invention also relates to
methods for diagnosing dementia and other neurological
disorders. BACKGROUND OF THE INVENTION 10002] The most
severe consequence of the aging brain is dementia,
which is defined in the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV) as
[0003] "the development of multiple cognitive deficits
that included memory impairment and at least one of
the following cognitive disturbances: aphasia,
apraxia, agnosia, or a disturbance in executive
functions. The cognitive impairment must be
sufficiently severe to cause impairment in
occupational or social functioning and must represent
a decline from a previously higher level of
functioning." [1] [0004] The number of elderly people
is increasing rapidly within our society and as a
consequence, dementia is growing into a major health
problem. In 1991, the Canadian Study of Health and
Aging had estimated 25% of the population over the age
of 65 had a form of dementia. The study also estimated
the number of people living with dementia will double
and triple in Canada by 201 1 and 2031, respectively
[2]. [0005] The clinical manifestation of dementia can
result from neurodegeneration (e.g. Alzheimer's
Disease [AD], dementia with Lewy bodies [DLB] and
frontotemporal lobe dementia [FTLD]), vascular (e.g.
multi-infarct dementia) or anoxic event (e.g. cardiac
arrest), trauma to the brain (e.g. dementia
pugilistica [boxer's dementia]), or exposure to an
infectious (e.g. Creutzfeldt-Jakob Disease) or toxic
agent (e.g. alcohol-induced dementia) [3]. [0006] AD
is the most common cause of dementia, followed by
vascular dementia (VaD), DLB and FTLD [4]. The
differential diagnosis of the types of dementia is not
straightforward, and is typically based on exclusion
of other disorders [5]. For example,blood chemistry
values are measured to determine if Vitamin B12
deficiency, anemia, infection, venereal disease or
thyroid disorder maybe possible reasons for the
dementia symptoms. Various neuroimaging techniques may
be employed, such as magnetic resonance imaging or
computerized tomography scans to determine if the
symptoms may be due to the presence of a tumor,
infection or vascular event [4]. [0007] If the
dementia symptoms can not be explained by another
disorder, a diagnosis of AD, DLB or FTLD is made
exclusively based on the clinical symptoms (e.g.
frequency of falls, rapid onset, presence of visual or
auditory hallucinations, etc). It is not until a
histopathological evaluation of the brain during
autopsy is performed that a definitive diagnosis can
be obtained [5-7]. A prospective study on the
prevalence of AD in people over the age of 85
indicated that more than half of the individuals with
neuropathological criteria for AD were either
non-demented or were incorrectly diagnosed with VaD.
As well, 35% of those individuals diagnosed with AD
based on clinical features were incorrectly diagnosed
as the neuropathological evaluation did not support
that diagnosis [8]. The degree of misdiagnosis is
understandable since the clinical symptoms of the
various dementias often overlap and is dependent upon
whether the pertinent information is made known to the
clinician. [0008] The different types of dementias are
based on specific neuropathological features. A
definitive diagnosis of AD relies on the deposition of
two types of neuronal protein: tau in the form of
intraneuronal neurofibrillary tangles (NFTs) and the
accumulation of extracellular b-amyloid to form senile
plaques (SPs). Tau is important for the formation of
microtubules in the neuronal axon by binding and
promoting polymerization of tubules. In AD, tau
becomes hyperphosphorylated thereby disrupting its
main function. The tau accumulates and forms tangles
within the axon. The neuron can no longer function and
dies. Tau protein is released into the extracellular
space where it can be detected in the cerebrospinal
fluid (CSF) [9]. The formation of SPs, however, is due
to the accumulation of a 40 and 42 residue protein
b-amyloid from amyloid precursor protein (APP) [10].
The formation and secretion of b-amyloid is closely
regulated by homeostasis, but something occurs in AD
that disrupts homeostasis resulting in the
accumulation of the protein within the brain and
disrupting the neurons within its vicinity [ 11-12].
The increased amount of tau and the absence of
b-amyloid in CSF have been proposed as possible
diagnostic markers for AD, but results have not been
consistent.The problem may be due to the presence of
NFTs and SPs that increase in number during normal
aging [13]. In order for the NFTs and SPs to be
diagnostic of AD, they must be localized together in
specific areas of the brain (neocortex and limbic
region) [12]. SPs without NFTs are present in the same
area in individuals with mild cognitive impairment
(MCI) and in 27% of non-demented individuals greater
then 75 years old [13]. [0009] A diagnosis of DLB is
based on the presence of protein deposits called
alphasynuclein, which is referred to as Lewy Bodies,
within brainstem and cortical neurons [6]. The
cognitive deficit corresponds to the amount of Lewy
Bodies within the brain. [0010] FTLD is not
characterized by a specific neuropathological feature.
Typically, areas of the frontal/temporal cortices have
neuronal loss, spongiform changes (microvacuolation)
and severe astrocytic gliosis. The clinical symptoms
in FTLD are dependent upon where the pathology is
found rather than the type of pathology [7]. [001 1]
Currently, various neuropsychological tests are used
to help diagnose dementia. For example, the
Alzheimer's Disease Assessment Scale (ADAS)-cognitive
subset is used to test the language ability (speech
and comprehension), memory, ability to copy geometric
figures and orientation to current time and place. The
Folstein's Mini-Mental State Exam (MMSE), which also
measures cognitive impairment, is an extensively
validated test of orientation, short and long-term
memory, praxis, language and comprehension. While
these tests may indicate the level of cognitive
impairment in an individual, they give no indication
of whether the dementia may be caused by AD or by 



non-AD dementias. [0012] It is commonly accepted that
by the time any symptom is evident in any of the
dementias described, irreversible neuronal loss has
occurred [14]. MCI is characterized by a prominent
impairment in memory with normal cognitive functions
[15]. MCI is considered a transitional stage between
normal aging and several types of dementia since a
large proportion of individuals with MCI are later
diagnosed with AD, DLB, or FTLD and all individuals
with fully developed dementia first exhibit mild
dementia symptoms similar to MCI [16].[0013] There is
a need to objectively differentiate the types of
dementia from one another. Preferably, such a method
would be specific, accurate, and efficient. Clearly,
there is a pressing need for differential diagnosis of
dementia prior to autopsy. [0014] A biomarker that
could detect neuropathological changes prior to
clinical symptoms would be of enormous value. A
consensus was reached in 1999 [17] as to what would be
expected in a biomarker in AD: 1. Detect a fundamental
feature of neuropathology 2. Diagnostic sensitivity of
>80 % for detecting AD 3. Specificity of >80% for
distinguishing other dementias 4. Reliable 5.
Reproducible 6. Noninvasive 7. Simple to perform 8.
Inexpensive [00 15] The identification of AD-specific
biomarkers in human serum would be extremely useful
since it would be noninvasive and could be used to
detect the presence of AD pathology prior to the
manifestation of clinical symptoms and differentiate
those patients who may have a different form of
dementia but similar clinical symptoms. SUMMARY OF THE
INVENTION [001 6] The present invention relates to
small molecules or metabolites that are found to have
significantly different abundances between clinically
diagnosed dementia or other neurological disorders,
and normal patients. The present invention also
relates to methods for diagnosing dementia and other
neurological disorders. [0017] The present invention
provides a method of identifying one or more than one
metabolite marker for differentially diagnosing AD
dementia, non-AD dementia, cognitive impairment, or a
combination thereof, comprising the steps of:
introducing one or more than one sample from one or
more than one patient with clinically diagnosed AD
dementia, clinically diagnosed non-AD
dementia,significant cognitive impairment, or any
combination thereof, said sample containing a
plurality of metabolites into a high resolution mass
spectrometer obtaining quantifying data for the
metabolites; creating a database of said quantifying
data; comparing the identifying and quantifying data
from the sample with corresponding data from a sample
from a reference sample; identifying one or more than
one metabolite marker that differs between same sample
and said reference sample, [0018] wherein the
metabolites metabolite markers are selected from the
metabolites listed in Tables 1-7, 10-13, and 18, or
any combination thereof. The method may further
comprising selecting a minimal number of metabolite
markers needed for optimal diagnosis. In a
non-limiting example, the the high resolution mass
spectrometer is a Fourier Transform Ion Cyclotron
Resonance Mass Spectrometer (FTMS). [0019] The present
invention also provides novel compounds selected from
the group consisting of the metabolites listed in
Tables 7-13. The 15. The metabolite may be selected
from the group consisting of
phosphatidylcholine-related compounds, ethanolamine
plasmalogens, endogenous fatty acids, essential fatty
acids, lipid oxidation byproducts, metabolite
derivatives of said metabolite classes, and any
metabolite that may contribute in any way to the
anabolic/catabolic metabolism of said metabolite
classes. [0020] In one embodiment of the present
invention, the compounds maybe selected from the group
consisting of metabolites with accurate masses
measured in Daltons of, or substantially equivalent
to, 541.3432, 569.3687, 699.5198, 723.5195, 723.5197,
751.5555, 803.568, 886.5582, 565.3394, 569.369,
801.555, and 857.6186. The metabolites with accurate
masses measured in Daltons of, or substantially
equivalent to, a) 541.3432, b) 569.3687, c) 699.5198,
d) 723.5195, e) 751.5555, and f) 803.568 may also be
characterized by a) an extracted ion chromatogram
(EIC) as shown in Figure 4A, and an MS/MS spectrum as
shown in Figure 6; b) an EIC as shown in Figure 4B,
and an MS/MS spectrum as shown in Figure 7; c) an EIC
as shown in Figure 4C, and an MS/MS spectrum as shown
in Figure 8;d) an EIC as shown in Figure 4D, and an
MS/MS spectrum as shown in Figure 9; e) an EIC as
shown in Figure 4E, and an MS/MS spectrum as shown in
Figure 10; and f) an EIC as shown in Figure 4F, and an
MS/MS spectrum as shown in Figure 11, respectively.
[0021] The compounds as described above may also be
further characterized by molecular formula a)
C25H5INO9P, b) C27H55NO9P, c) C39H74NO7P, d)
C4iH74NO7P, e) C43H78NO7P, and f) C43H8iNOioP,
respectively; and/or by the structures shown in a)
figure 12; b) figure 13; c) figure 17; d) figure 18;
e) figure 19; and f) figure 14, respectively. [0022]
The compounds may also be selected from the group
consisting of metabolites with accurate masses
measured in Daltons of, or substantially equivalent
to, a) 567.3547, b) 565.3394, c) 805.5832, d) 827.57,
e) 829.5856, f) 831.5997, and g) 853.5854. These
compounds may be further characterized by molecular
formula a) C27H55NO9P, b) C27H55NO9P, c) C43H83NO10P,
d) C45H8 1NO10P, e) C45H83NO10P, f) C45H85NO10P, and
g) C47H83NO10P, respectively; and/or by the structure
shown in a) Figure 15A; b) Figure 15B; c) Figure 15C;
d) Figure 15D; e) Figure 15E; f) Figure 15F; and g)
Figure 15G, 



respectively. [0023] The compounds may further be
selected from the group consisting of metabolites M05
to M24 with accurate masses of, or substantially
equivalent to those listed in Table 18. Of these
compounds, the metabolites with accurate masses
measured in Daltons of, or substantially equivalent
to, a) 701 .53591, b) 699.52026, c) 723.52026, d)
747.52026, e) 729.5672 1, f) 727.55 156, g) 779.58286,
and h) 775.55 156 maybe further characterized by a
MS/MS spectrum as shown in a) figure 2 1;b) figure 22;
c) figure 23; d) figure 24; e) figure 25; f) figure
26; g) figure 27; and h) figure 28, respectively.
[0024] The compounds as described above may also be
further characterized by molecular formula a)
C39H76NO7P, b) C39H74NO7P, c) C4 1H74NO7P, d)
C43H74NO7P, e) C4 1H80NO7P, f) C4iH78NO7P, g)
C45H82NO7P, and h) C45H78NO7P, respectively and/or by
the structurea> CH2-O-CH=CH-C14H29 b CH2
O-CH=CH-C14H29 CH-O-C(O)-CI 7H33 CH-O-C(O)-CI 7H31
CH2-O-P(O)-O-C2H4-NH2 CH2-O-P(O)-O-C2H4-NH2 OH OH c)
CH2-0-CH=CH-CI 4H29 d CH2-0-CH=CH-CI 4H29 CH-O-C(O)-CI
9H31 CH-O-C(O)-C21 H31 CH2-O-P(O)-O-C2H4-NH2
CH2-O-P(O)-O-C2H4-NH2 OH OH e) CH2-O-CH=CH-CI 6H33 f)
CH2-O-CH=CH-CI 6H33 CH-O-C(O)-CI 7H33 CH-O-C(O)-CI
7H31 CH2-O-P(O)-O-C2H4-NH2 CH2-O-P(O)-O-C2H4-NH2 OH OH
g) CH2-O-CH=CH-CI 6H33 andh) CH2-O-CH=CH-CI 6H33 CH
O-C(O)-CI 9H31 CH-O-C(O)-C21 H31 CH2-O-P(O)-O-C2H4-NH2
CH2-O-P(O)-O-C2H4-NH2 OH OH respectively. [0025] The
novel compounds may also be selected from the group
consisting of the metabolites listed in Table 30. Of
these compounds, the metabolites with accurate masses
measured in Daltons of, or substantially equivalent
to, 207.0822, 275.8712, 371.731 1, 373.728, 432.1532,
485.5603, 487.6482, 562.46, 622.2539, 640.2637,
730.6493, and 742.2972 are of particular interest.
[0026] One or more than one of the compounds of the
present invention maybe used for the differential
diagnosis of dementia.[0027] In another embodiment,
the present invention provides a method for
differentially diagnosing dementia or the risk of
dementia in a patient, the method comprising the steps
of: a) obtaining a sample from said patient; b)
analyzing said sample to obtain quantifiying data for
one or more than one metabolite marker; c) comparing
the quantifying data for said one or more than one
metabolite marker to corresponding data obtained from
one or more than one reference sample; and d) using
said comparison to differentially diagnose dementia or
the risk of dementia. [0028] The the step of analyzing
(step b) may comprise analyzing the sample by liquid
chromatography mass spectrometry (LC-MS), or
alternatively may comprise analyzing the sample by
liquid chromatography and linear ion trap mass
spectrometry when the method is a highthroughput
method. [0029] In the method as just described, the
one or more than one reference sample is a first
reference sample obtained from a non-demented control
individual. The one or more than one reference sample
may also comprise a second reference sample obtained
from a patient with clinically diagnosed AD-dementia;
a third reference sample obtained from a patient with
clinically diagnosed non-AD dementia; and/or a fourth
reference sample obtained from a patient suffering
from significant cognitive impairment. [0030] In one
alternative of the method described above, the sample
and the reference sample are serum samples, and the
one or more than one metabolite marker is selected
from the metabolites listed in Tables 1to 7, or a
combination thereof. These metabolite markers may be
selected from the group consisting of
phosphatidylcholine-related compounds, ethanolamine
plasmalogens, endogenous fatty acids, essential fatty
acids, lipid oxidation byproducts, metabolite
derivatives of said metabolite classes, and any
metabolite that may contribute in any way to the
anabolic/catabolic metabolism of said metabolite
classes.[003 1] The one or more than one metabolite
marker needed for optimal diagnosis may comprise
metabolites with accurate masses measured in Daltons
of, or substantially equivalent to, 541.3432,
569.3687, 699.5198, 723.5195, 723.5197, 751.5555,
803.568, 886.5582 , and any combination thereof. Of
these, the metabolite of accurate masses 699.5198,
723.5195, 723.5197, and 751.555 are ethanolamine
plasmalogens and are specifically decreased in
patients with AD dementia; and the metabolite markers
of accurate masses 541.3432, 569.3687, 803.568, and
886.5582 are phosphatidylchoine metabolites, are
decreased in patients with cognitive impairment on
ADAS-cog, and severity of cognitive impairment
correlates to the degree of decrease. [0032] The one
or more than one metabolite marker may be the
metabolites with accurate masses measured in Daltons
of, or substantially equivalent to, a) 541 .3432, b)
569.3687, c) 699.5198, d) 723.5195, e) 751.5555, and
f) 803.568. These metabolites maybe&tihs characterized
by a) an extracted ion chromatogram (EIC) as shown in
Figure 4A, and an MS/MS spectrum as shown in Figure 6;
b) an EIC as shown in Figure 4B, and an MS/MS spectrum
as shown in Figure 7; c) an EIC as shown in Figure 4C,
and an MS/MS spectrum as shown in Figure 8; d) an EIC
as shown in Figure 4D, and an MS/MS spectrum as shown
in Figure 9; 



e) an EIC as shown in Figure 4E, and an MS/MS spectrum
as shown in Figure 10; and f) an EIC as shown in
Figure 4F, and an MS/MS spectrum as shown in Figure
11, [0033] respectively. The metabolite may also be
further characterized by molecular formula a) C25H5
1NO9P, b) C27H55NO9P, c) C39H74NO7P, d) C4iH74NO7P, e)
C43H78NO7P, and f) C43H8 NOioP, respectively; and/or
by the structure shown in a) figure 12; b) figure 13;
c) figure 17; d) figure 18; e) figure 19; and f)
figure 14, respectively. [0034] In another alternative
of the method described above, the sample and the
reference sample may be cerebrospinal fluid (CSF)
samples, and the one or more than one metabolite
marker is selected from the metabolites listed in
Table 13, or a combination thereof. Of particular
interest are metabolite markers needed for optimal
diagnosis, which may comprise metabolites with
accurate masses measured in Daltons of,
orsubstantially equivalent to, 207.0822, 275.8712,
371.731 1, 373.728, 432.1532, 485.5603, 487.6482,
562.46, 622.2539, 640.2637, 730.6493, 742.2972, and
any combination thereof. Of these, metabolite markers
207.0822, 432. 1532, 562.46, 622.2539, 640.2637,
730.6493, and 742.2972 are increased in patients with
AD dementia; and metabolite markers 275.8712, 371 .731
1, 373.728, 485.5603, and 487.6482 are decreased
inpatients with AD dementia. [0035] In yet another
alternative of the method described above, the sample
and the reference sample are serum samples, and the
one or more than one metabolite marker may be selected
from metabolites M05 to M24 with accurate masses of,
or substantially equivalent to those listed in Table
18. Of these, the one or more than one metabolite
marker of particular interest may comprise metabolites
with accurate masses measured in Daltons of, or
substantially equivalent to, a) 701.53591, b)
699.52026, c) 723.52026, d) 747.52026, e) 729.56721,
f) 727.55156, g) 779.58286, and h) 775.55156, and
wherein a decrease in the level of a) to h) indicates
AD dementia with a severe cognitive impairment. [0036]
The metabolites listed above may be further
characterized by a MS/MS spectrum as shown in a)
figure 2 1, b) figure 22, c) figure 23, d) figure 24,
e) figure 25, f) figure 26, g) figure 27, and h)
figure 28, respectively. The metabolites may also be
further characterized by molecular formula a) C
H76NO7P, b) C H74NO7P, c) C4 1H74NO7P, d) C43H74NO7P,
e) C4 1H80NO7P, f) C4iH78NO7P, g) C45H82NO7P, and h)
C45H78NO7P, respectively; and/or by the structure a)
CH2-O-CH=CH-C1 4H29 b CH2-O-CH=CH-C1 4H29 CH-O-C(O)-CI
7H33 CH-O-C(O)-CI 7H31 CH2-O-P(O)-O-C2H4-NH2
CH2-O-P(O)-O-C2H4-NH2 OH OH c) CH2 O-CH=CH-C14H29 d)
CH2-0-CH=CH-CI 4H29 CH-O-C(O)-CI 9H31 CH-O-C(O)-C21
H31 CH2-O-P(O)-O-C2H4-NH2 CH2-O-P(O)-O-C2H4-NH2 OH
OHe) CH2-O-CH=CH-CI 6H33 f) CH2-O-CH=CH-CI 6H33
CH-O-C(O)-CI 7H33 CH-O-C(O)-CI 7H31
CH2-O-P(O)-O-C2H4-NH2 CH2-O-P(O)-O-C2H4-NH2 OH OH g)
CH2-O-CH=CH-CI 6H33 andh) CH2-O-CH=CH-CI 6H33 CH
O-C(O)-CI 9H31 CH-O-C(O)-C21 H31 CH2-O-P(O)-O-C2H4-NH2
CH2-O-P(O)-O-C2H4-NH2 OH OH respectively. [0037] In
yet another aspect of the present invention, there is
provided a method for assessing dementia or the risk
of dementia in a patient, the method comprising the
steps of: a) obtaining a serum sample from said
patient; b) analyzing said sample to obtain
quantifiying data for one or more than one metabolite
marker; c) comparing the quantifying data for said one
or more than one metabolite marker to corresponding
data obtained from one or more than one reference
sample; and d) using said comparison to assess
dementia or the risk of dementia. [0038] The the step
of analyzing (step b) may comprise analyzing the
sample by liquid chromatography mass spectrometry
(LC-MS), or alternatively may comprise analyzing the
sample by liquid chromatography and linear ion trap
mass spectrometry when the method is a highthroughput
method. [0039] In the method as just described, the
one or more than one reference sample may be a first
reference sample obtained from a non-demented control
individual. The one or more than one reference sample
may also further comprise a second reference sample
obtained from a patient with cognitive impairment as
measured by ADAS-cog, and/or athird reference sample
obtained from a patient with with cognitive impairment
as measured by MMSE. [0040] The one or more than one
metabolite marker in the method described above may be
selected from the metabolites listed in Tables 10-12,
or a combination thereof. Of particular interest are
the one or more than one metabolite markers is
selected from the group consisting of metabolites with
accurate masses measured in Daltons of, or
substantially equivalent to 541.3432, 569.3687,
699.5198, 723.5195, 723.5197, 751.5555, 803. 568,
886.5582, 565.3394, 569.369, 801.555, 857.6186, and
any combination thereof. Of these, a decrease in the
patient sample in metabolite markers 699.5198,
723.5195, 723.5197, and 751.555 indicates AD
pathology; a decrease in the patient sample in
metabolite markers 541.3432, 569.3687, 803.568, and
886.5582 indicates cognitive impairment on ADAS-cog;
and a decrease in the patient sample in metabolite
markers 565.3394, 569.369, 801.555, and 857.6186
indicates cognitive impairment on MMSE. [0041] hi yet
another embodiment of the present invention, a method
is provided for differentially diagnosing dementia or
the risk of dementia in a patient, the method 



comprising the steps of: a) obtaining a sample from
said patient; b) analyzing said sample to obtain
quantifiying data for one or more than one metabolite
marker; c) obtaining a ratio for each of the one or
more than one metabolite marker to an internal control
metabolite; d) comparing each ratio of said one or
more than one metabolite marker to the internal
control metabolite to corresponding data obtained from
one or more than one reference sample; and e) using
said comparison to differentially diagnose dementia or
the risk of dementia. [0042] The the step of analyzing
(step b) may comprise analyzing the sample by liquid
chromatography mass spectrometry (LC-MS), or
alternatively may comprise analyzing the sample by
liquid chromatography and linear ion trap mass
spectrometry when the method is a highthroughput
method.[0043] In the method as just described, the one
or more than one reference sample may be a first
reference sample obtained from a non-demented control
individual. The one or more than one reference sample
may further comprise a second reference sample
obtained from a patient with clinically diagnosed
AD-dementia; a third reference sample obtained from a
patient with clinically diagnosed non-AD dementia;
and/or a fourth reference sample obtained from a
patient suffering from significant cognitive
impairment. 10044] In one aspect of the method
described above, the sample and the reference sample
are serum samples, and the one or more than one
metabolite marker is selected from metabolites M05 to
M24 with accurate masses of, or substantially
equivalent to those listed in Table 18. Of particular
interest is the one or more than one metabolite marker
comprising metabolites with accurate masses measured
in Daltons of, or substantially equivalent to, a)
701.53591, b) 699.52026, c) 723.52026, d) 747.52026,
e) 729.56721, f) 727.55156, g) 779.58286, and h)
775.55156, and the internal control metabolite
comprising the metabolite with accurate mass measured
in Daltons of, or substantially equivalent to,
719.54648. When these metabolites and internal control
metabolite are used, a decrease in the ratio of
metabolite to the internal control metabolite
indicates AD dementia with a severe cognitive
impairment. [0045] The metabolites described above may
be further characterized by a MS/MS spectrum as shown
in a) figure 2 1, b) figure 22, c) figure 23, d)
figure 24, e) figure 25, f ) figure 26, g) figure 27,
and h) figure 28, respectively. These metabolites may
also be further characterized by molecular formula a)
C39H76NO7P, b) C3 H74NO7P, c) C4IH74NO7P, d)
C43H74NO7P, e) C4iH80NO7P, f) QiH 78NO7P, g)
C45H82NO7P, and h) C45H78NO7P, respectively, and the
internal control metabolite may be characterized by
molecular formula C H78NO8P; and/or by the structure
a) C H2-0-CH=CH-CI 4H29 b) C H2-0-CH=CH-CI 4H29
CH-O-C(O)-CI 7H33 CH-O-C(O)-CI 7H31 C
H2-O-P(O)-O-C2H4-NH2 C H2-O-P(O)-O-C2H4-NH2 O H O Hc)
C H2-0-CH=CH-CI 4H29 d) CH2 O-CH=CH-C14H29 CHO-C(O)-CI
9H31 CH-O-C(O)-C21H31 C H2-O-P(O)-O-C2H4-NH2
CH2-O-P(O)-O-C2H4-NH2 O H OH e) C H2-O-CH=CH-CI 6H33
f) CH2-O-CH=CH-CI 6H33 CH-O-C(O)-CI 7H33 CH-O-C(O)-CI
7H31 C H2-O-P(O)-O-C2H4-NH2 CH2-O-P(O)-O-C2H4-NH2 O H
OH g) CH2-O-CH=CH-CI 6H33 andh) CH2-O-CH=CH-CI 6H33 CH
O-C(O)-CI 9H31 CH-O-C(O)-C21 H31 CH2-O-P(O)-O-C2H4-NH2
CH2-O-P(O)-O-C2H4-NH2 I OH OH respectively, and the
internal control metabolite may be further
characterized by the stmcture CH2-O-C(O)-CI 5H31 CH
O-C(O)-CI 7H35 CH2-O-P(O)-O-C2H4-NH2 OH [0046] In yet
another embodiment of the present invention, there is
provided a method for evaluating the efficacy of a
therapy for treating dementia in a patient,
comprising: a) obtaining a sample from said patient;
b) analyzing said sample to obtain quantifying data
for one or more than one metabolite marker; c)
comparing said quantifying data to corresponding data
obtained from one or more than one reference sample;
andd) using said comparison to determine whether the
therapy is improving the demented state of the
patient. [0047] The the step of analyzing (step b) may
comprise analyzing the sample by liquid chromatography
mass spectrometry (LC-MS), or alternatively may
comprise analyzing the sample by liquid chromatography
and linear ion trap mass spectrometry when the method
is a highthroughput method. [0048] In the method as
just described, the one or more than one reference
sample may be a plurality of samples obtained from
from a non-demented control individuals; a plurality
of samples obtained from from a clinically diagnosed
AD patient; one or more than one pre-therapy baseline
sample obtained from the patient; or any combination
thereof. [0049] In one aspect of the above method, the
sample and the reference sample are serum samples, and
the one or more than one metabolite marker is selected
from the metabolites listed in Tables 1 to 7, or a
combination thereof. These metabolite marker markers
needed for optimal diagnosis may be selected from the
group consisting of 



phosphatidylcholine-related compounds, ethanolamine
plasmalogens, endogenous fatty acids, essential fatty
acids, lipid oxidation byproducts, metabolite
derivatives of said metabolite classes, and any
metabolite that may contribute in any way to the
anabolic/catabolic metabolism of said metabolite
classes. Of particular interest are the metabolites
with accurate masses measured in Daltons of, or
substantially equivalent to, 541.3432, 569.3687,
699.5198, 723.5195, 723.5197, 751.5555, 803.568,
886.5582. [0050] In another aspect, the sample and the
reference sample are cerebrospinal fluid (CSF)
samples, and the one or more than one metabolite
marker is selected from the metabolites listed in
Table 13, or a combination thereof. Of particular
interest are the metabolites with accurate masses
measured in Daltons of, or substantially equivalent
to, 207.0822, 275.8712, 371.731 1, 373.728, 432.1532,
485.5603, 487.6482, 562.46, 622.2539, 640.2637,
730.6493, 742.2972. [005 1] In a third aspect, the
sample and the reference sample are serum samples, and
the one or more than one metabolite marker may be
selected from metabolites M05 to M24 with accurate
masses of, or substantially equivalent to those listed
in Table 18. Of thesemetabolites, the metabolites with
accurate masses measured in Daltons of, or
substantially equivalent to, 701.53591, 699.52026,
723.52026, 747.52026, 729.56721, 727.55156, 779.58286,
and 775.55156 maybe of particular interest. [0052] The
present invention also provides a method for
evaluating the efficacy of a therapy for treating
dementia in a patient, comprising: a) obtaining a
sample from said patient; b) analyzing said sample to
obtain quantifying data for one or more than one
metabolite marker; c) obtaining a ratio for each of
the one or more than one metabolite marker to an
internal control metabolite; d) comparing each ratio
of said one or more than one metabolite marker to the
internal control metabolite to corresponding data
obtained from one or more than one reference sample;
and e) using said comparison to determine whether the
therapy is improving the demented state of the
patient. [0053] The the step of analyzing (step b) may
comprise analyzing the sample by liquid chromatography
mass spectrometry (LC-MS), or alternatively may
comprise analyzing the sample by liquid chromatography
and linear ion trap mass spectrometry when the method
is a highthroughput method. [0054] In the method as
just described, the one or more than one reference
sample may be a plurality of samples obtained from
from a non-demented control individuals; a plurality
of samples obtained from from a clinically diagnosed
AD patient; one or more than one pre-therapy baseline
sample obtained from the patient; or any combination
thereof. [0055] In the method as described above, the
sample and said reference sample are serum samples,
and the one or more than one metabolite marker may be
selected from metabolites M05 to M24 with accurate
masses of, or substantially equivalent to those listed
in Table 18. Of particular interest are the
metabolites with accurate masses measured in Daltons
of, or substantially equivalent to, 701.53591,
699.52026, 723.52026,747.52026, 729.56721, 727.55156,
779.58286, and 775.55156, and the internal control
metabolite with accurate mass measured in Daltons of,
or substantially equivalent to, 719.54648. [0056] The
methods of the present invention, including HTS
assays, can be used for the following, wherein the
specific "health-state" in this application refers to,
but is not limited to dementia: [0057] 1. identifying
small-molecule metabolite biomarkers which can
discriminate between multiple health-states using any
biological sample taken from an individual, [0058] 2.
specifically diagnosing a health-state using
metabolites identified in serum, plasma, whole blood,
serum, CSF, and/or other tissue biopsy as described in
this application, [0059] 3. selecting the minimal
number of metabolite features required for optimal
diagnostic assay performance statistics using
supervised statistical methods such as those mentioned
in this application, [0060] 4. identifying structural
characteristics of biomarker metabolites selected from
non-targeted metabolomic analysis using LC-MS/MS, MSn
and NMR, [0061] 5. developing a high-throughput
LC-MS/MS method for assaying selected metabolite
levels in serum, [0062] 6. diagnosing a given
health-state, or risk for development of a
health-state by determining the levels of any
combination of metabolite features disclosed from the
FTMS analysis patient serum, using any method
including but not limited to mass spectrometry, NMR,
UV detection, ELISA (enzyme-linked immunosorbant
assay), chemical reaction, image analysis, or other.
[0063] The impact of the present invention on the
diagnosis of dementia would be tremendous, as
literally everyone could be screened longitudinally
throughout their lifetime to assess risk. Given that
the performance characteristics of the test of the
present invention are representative for the general
population, this test alone may besuperior to any
other currently available screening method, as it may
have the potential to detect disease progression prior
to the emergence of clinical symptoms. [0064] This
summary of the invention does not necessarily describe
all features of the invention. BRIEF DESCRIPTION OF
THE DRAWINGS [0065] These and other features of the
invention will become more apparent from the following
description in which reference is made to the appended
drawings wherein: [0066] FIGURE 1 shows a mean
signal-to-noise +/-SEM of the AD serum 8 biomarker
panel for each different clinical group (AD with
significant cognitive impairment, Non- AD dementia,
and AD with no significant cognitive impairment)
relative to nondemented controls. [0067] FIGURE 2
shows a mean signal-to-noise +/-SEM of the AD serum 8
biomarker 



panel for two clinical groups with a significant
cognitive impairment (AD and Non-AD dementia). [0068]
FIGURE 3 shows a mean signal-to-noise +/-SEM of the AD
CSF 12 biomarker panel for two clinical groups with a
significant cognitive impairment (AD and Non-AD
dementia). [0069] FIGURE 4 shows Q-Star extracted ion
chromatograms (EIC) for the metabolites 541.3432 (A),
569.3687 (B), 699.5198 (C), 723.5195 (D), 751.5555
(E), and 803.568 (F). Top panel, 8 samples from
non-demented subjects, bottom panel, 8 samples from
clinically-diagnosed AD subjects. [0070] FIGURE 5
shows averaged AD biomarker intensities of the 8 AD
and 8 nondemented controls samples from FTMS and
Q-Star Analysis. [0071 ] FIGURE 6 shows MS/MS spectra
for metabolite 541 .3432 with CE voltage -50V. [0072]
FIGURE 7 shows MS/MS spectra for metabolite 569.3687
with CE voltage -50V. [0073] FIGURE 8 shows MS/MS
spectra for metabolite 699.5198 with CE voltage
-50V.[0074] FIGURE 9 shows MS/MS spectra for
metabolite 723 .5 195 with CE voltage -50V. [0075]
FIGURE 10 shows MS/MS spectra for metabolite 751.5555
with CE voltage - 50V. 10076] FIGURE 11 shows MS/MS
spectra for metabolite 803.568 with CE voltage -50V.
[0077] FIGURE 12 shows structural determination of
ADAS-cog serum biomarker 541.3432. [0078] FIGURE 13
shows structural determination of ADAS-cog serum
biomarker 569.3687. [0079] FIGURE 14 shows structural
determination of ADAS-cog serum biomarker 803.568.
[0080] FIGURE 15 shows putative structures of
additional serum biomarkers. A - metabolite with mass
of 567.3547; B- metabolite with mass of 565.3394; C-
metabolite with mass of 805.5832; D-metabolite with
mass of 827.57; E -metabolite with mass of 829.5856; F
- metabolite with mass of 531.5997; and G - metabolite
with mass of 853.5854. [0081] FIGURE 16 shows the
fragments obtained for the MS/MS analysis of the
751.5555 metabolite, along with its proposed
structure. [0082] FIGURE 17 shows the fragments
obtained for the MS/MS analysis of the 699.5198
metabolite, along with its proposed structure. [0083]
FIGURE 18 shows the fragments obtained for the MS/MS
analysis of the 723.5195 metabolite, along with its
proposed structure. [0084] FIGURE 19 shows the LC-MS
and MS/MS analysis of the 751.5555 metabolite
(18:0/20:4 EtnPls). Panel Al is an extracted ion
chromatogram (EIC) of parent ion 750 (M-H-) of a pure
standard; panel A2 is MS/MS spectra of parent ion M/Z
750 @ retention time 4.8-5.0 minutes. Panel Bl is the
EIC of parent ion 750 from a cognitively normal
subject; panel B2 is the MS/MS spectra of parent ion
M/Z 750 @ 4.8-5.0 min.Panel Cl is the EIC of parent
ion 750 from an AD subject; and panel C2 is the MS/MS
spectra of parent ion M/Z 750 @ 4.8-5.0 min. [0085]
FIGURE 20 shows the general structure of ethanolamine
phospholipids, as well as the naming convention used
herein. [0086] FIGURE 2 1 is an extracted ion
chromatogram (upper panel) and MS/MS spectrum (lower
panel) of EtnPls 16:0/18:1 (M15) in human serum.
[0087] FIGURE 22 is an extracted ion chromatogram
(upper panel) and MS/MS spectrum (lower panel) of
EtnPls 16:0/18:2 (M16) in human serum. [0088] FIGURE
23 is an extracted ion chromatogram (upper panel) and
MS/MS spectrum (lower panel) of EtnPls 16:0/20:4 (M17)
in human serum. [0089] FIGURE 24 is an extracted ion
chromatogram (upper panel) and MS/MS spectrum (lower
panel) of EtnPls 16:0/22:6 (M19) in human serum.
[0090] FIGURE 25 is an extracted ion chromatogram
(upper panel) and MS/MS spectrum (lower panel) of
EtnPls 18:0/18:1 (M20) in human serum. [0091] FIGURE
26 is an extracted ion chromatogram (upper panel) and
MS/MS spectrum (lower panel) of EtnPls 18:0/18:2 (M21)
in human serum. [0092] FIGURE 27 is an extracted ion
chromatogram (upper panel) and MS/MS spectrum (lower
panel) of EtnPls 18:0/20:4 (M23) in human serum.
[0093] FIGURE 28 is an extracted ion chromatogram
(upper panel) and MS/MS spectrum (lower panel) of
EtnPls 18:0/22:6 (M24) in human serum. [0094] FIGURE
29 is an extracted ion chromatogram (upper panel) and
MS/MS spectrum (lower panel) of EtnPls 18:1/18:2 and
Plasmanyl 16:0/20:4 (M07) in human serum. [0095]
FIGURE 30 is an extracted ion chromatogram (upper
panel) and MS/MS spectrum (lower panel) of EtnPls
20:0/20:4 and EtnPls 18:0/22:4 (M23) in human
serum.[0096] FIGURE 3 1 is an extracted ion
chromatogram (upper panel) and MS/MS spectrum (lower
panel) of Plasmanyl 18:0/20:4 (Ml 2) and Plasmanyl
16:0/22:4 (M08) in human serum. [0097] FIGURE 32 is an
extracted ion chromatogram (upper panel) and MS/MS
spectrum (lower panels) of EtnPls 18:1/20:4, EtnPls
16:0/22:5, Plasmanyl 16:0/22:6 (M09) in human serum.
[0098] FIGURE 33 shows a Q-Trap flow injection
analysis standard curve of EtnPls 16:0/22:6 (M19) in
healthy human serum. [0099] FIGURE 34 shows ehe effect
of dementia severity and SDAT pathology on serum EtnPl
levels (male and female subjects combined). (A) Mono
and di-unsaturated EtnPls and saturated PtdEt internal
control. (B) Polyunsaturated EtnPls and free DHA
(22:6). EtnPls abbreviations: (fatty acid carbons :
double bonds, not including the vinyl ether double
bond) and position on glycerol backbone (sn-l/sn-2).
D16:0/18:0 represents
diacylglycerophosphatidylethanolamine with palmitic
acid ( 16:0) at sn-1 and stearic acid (18:0) at sn-2;
22:6 represents free DHA. Values are expressed as mean
SEM (n=19- 112). [00100] FIGURE 35 shows serum
DHA-EtnPls (Log(2) EtnPls 16:0/22:6 (M19) to PtdEt
16:0/18:0 (MOl) ratio) distributions in subjects with
different levels of dementia 



severity (male and female subjects combined). [001 0
1] FIGURE 36 is a comparison of theoretical
distributions of AD pathology (A) compiled from
references 5-8 and experimentally determined
distributions of serum 22:6-containing EtnPls (Log(2)
EtnPls 16:0/22:6 (M19) to PtdEt 16:0/18:0 (MOl) ratio)
(B) in cognitively normal and demented subjects. Arrow
indicates positive diagnosis of AD. [001 02] FIGURE 37
is a linear regression analysis of disease severity
(ADAS-cog) and serum 22:6-containing EtnPls (EtnPls
16:0/22:6 (M19) to PtdEt 16:0/18:0 (MOl) ratio) levels
in 256 AD subjects. X = predicted initiation of EtnPls
depletion. Values are expressed as mean  SEM (n=66-1
12). Clinical progression assumes 7.5 ADAS-cog
points/year.[00103] FIGURE 38 shows serum
22:6-containing EtnPls (EtnPls 16:0/22:6 (M19) toPtdEt
16:0/1 8:0 (MOl) ratio) levels in AD, Cognitive
Normal, and general population subjects. (A) Mean  SEM
(n= 68-256). (B) Log(2) distributions. [00104] FIGURE
39 shows the distribution of serum white and gray
matter EtnPl scores in males and females. DETAILED
DESCRIPTION [00105] The present invention relates to
small molecules or metabolites that are found to have
significantly different abundances between clinically
diagnosed dementia or other neurological disorders,
and normal patients. The present invention also
relates to methods for diagnosing dementia and other
neurological disorders. [00 106] The present invention
provides novel methods for discovering, validating,
and implementing a metabolite markers for one or more
diseases or particular healthstates. In one embodiment
of the present invention, there is provided a method
for identifying specific biomarkers for differentially
diagnosing AD dementia, non-AD dementia, cognitive
impairment, or a combination thereof, comprising the
steps of: introducing one or more than one sample from
one or more than one patient with clinically diagnosed
AD dementia, clinically diagnosed non-AD dementia, or
significant cognitive impairment, said sample
containing a plurality of metabolites into a high
resolution mass spectrometer (for example, and without
wishing to be limiting, a Fourier Transform Ion
Cyclotron Resonance Mass Spectrometer (FTMS));
obtaining, identifying and quantifying data for the
metabolites; creating a database of said identifying
and quantifying data; comparing the identifying and
quantifying data from the sample with corresponding
data from a sample from a non-demented normal patient;
identifying one or more than one metabolites that
differ. The metabolite markers identified using the
method of the present invention may include the
metabolites listed in Tables 1-7, 10-1 3, and 18. The
method may further comprise selecting the minimal
number of metabolite markers needed for optimal
diagnosis.[00107] In order to determine the
biochemical markers of a given health-state in a
particular population, a group of patients
representative of the health state (i.e. a particular
disease) and/or a group of "normal" counterparts are
required. Biological samples taken from the patients
in the particular health-state category can then be
compared to the same samples taken from the normal
population as well as to patients in similar
health-state category in the hopes of identifying
biochemical differencesbetween Ihe two groups, by
analyzing the biochemicals present in the samples
using FTMS and/or LC-MS. [00108] The method for the
discovery of metabolite markers as described above may
be done using non-targeted metabolomic strategies or
methods. Multiple nontargeted metabolomics strategies
have been described in the scientific literature
including NMR [18], GC-MS [19-21], LC-MS, and FTMS
strategies [18, 22-24]. The metabolic profiling
strategy employed for the discovery of differentially
expressed metabolites in the present invention was the
non-targeted FTMS strategyby Phenomenome Discoveries
[21,24-27; see also US Published Application No.
2004-0029120 Al, Canadian Application No. 2,298,181,
and WO 0157518]. Non-targeted analysis involves the
measurement of as many molecules in a sample as
possible, without anyprior knowledge or selection of
components prior to the analysis. Therefore, the
potential for non-targeted analysis to discover novel
metabolite biomarkers is high versus targeted methods,
which detect a predefined list of molecules. The
present invention uses a non-targeted method to
identify metabolite components in serum samples that
differ between clinically diagnosed AD individuals and
non AD individuals. The same technology was used to
identify metabolite components that differ between
clinically diagnosed AD individuals with dementia from
clinically diagnosed non-AD individuals with dementia
in CSF samples. [00109] However, a person skilled in
the art would recognize that other metabolite
profiling strategies could be used to discover some or
all of the differentially regulated metabolites
disclosed in the present invention and that the
metabolites described herein, however discovered or
measured, represent unique chemical entities that are
independent of the analytical technology that may be
used to detect and measure them.[00110] The present
invention also provides a method for differentially
diagnosing dementia or the risk of dementia in a
patient, the method comprising the steps of: a)
obtaining a sample from said patient; b) analyzing
said sample to obtain quantifiying data for one or
more than one metabolite marker; c) comparing the
quantifying data for said one or more than one
metabolite marker to corresponding data obtained from
one or more than one reference sample; and d) using
said comparison to differentially diagnose dementia or
the risk of dementia. The step of analyzing the sample
(steb b) may comprise analyzing the sample using a
mass spectrometer (MS). For example, and without
wishing to be limiting, such mass spectrometer could
be of the FTMS, orbitrap, time of flight (TOF) or
quadrupole types. Alternatively, the mass spectrometer
could be equipped with an additional pre-detector mass
filter. For example, and without wishing to be
limiting such instruments are 



commonly referred to as quadrupole-FTMS (Q-FTMS),
quadrupole -TOF (Q-TOF) or triple quadrupole (TQ or
QQQ). In addition, the mass spectrometer could be
operated in either the parent ion detection mode (MS)
or in MSn mode, where n>=2. MSn refers to the
situation where the parent ion is fragmented by
collision induced dissociation (CID) or other
fragmentation procedures to create fragment ions, and
then one or more than one of said fragments are
detected by the mass spectrometer. Such framents can
then be further fragmented to create further
fragments. Alternatively, the sample could be
introduced into the mass spectrometer using a liquid
or gas chromatographic system or by direct injection.
[001 11] By the term "differential diagnosis" or
"differentially diagnosing", it is meant that various
aspects of a disease state may be distinguished from
one another. In particular, the present invention
allows for differential diagnosis a various states of
dementia; for example and without wishing to be
limiting, the present invention may provide
differential diagnosis ofAD dementia, non-AD dementia,
cognitive impariment, or a combination thereof.[001
12] The diagnosis of or the exclusion of any types of
neurological disorders is contemplated by the present
invention, using all or a subset of the metabolites
disclosed herein. The term "dementia" is used herein
as a broad term indicating both cognitive imparment as
well as pathologies causing cognitive impairment.
Dementia may be caused by a number of neurological
disorders. "AD dementia" as used herein refers to
dementia caused by Alzheimer's disease (AD, which may
also be referred to herein as "SDAT"); types of
"non-AD dementia" include, but are not limited to,
dementia with Lewy bodies (DLB), frontotemporal lobe
dementia (FTD), vascular induced dementia (e.g.
multi-infarct dementia), anoxic event induced dementia
(e.g. cardiac arrest), trauma to the brain induced
dementia (e.g. dementia pugilistica [boxer's
dementia]), dementia resulting from exposure to an
infectious (e.g. Creutzfeldt-Jakob Disease) or toxic
agent (e.g. alcohol-induced dementia), Autism,
Multiple Sclerosis, Parkinson's Disease, Bipolar
Disorder, Ischemia, Huntington's Chorea, Major
Depressive Disorder, Closed Head Injury,
Hydrocephalus, Amnesia, Anxiety Disorder, Traumatic
Brain Injury, Obsessive Compulsive Disorder,
Schizophrenia, Mental Retardation, and/or Epilepsy. Of
particular interest are AD dementia, and FTD and DLB
non-AD dementias. [001 13] Cognitive impairment can be
assessed by any method known in the art. For example,
and without wishing to be limiting, the Alzheimer's
Disease Assessment Scale (ADAS)-cognitive subset may
be used. This neuropsychological test is used to test
the language ability (speech and comprehension),
memory, ability to copy geometric figures and
orientation to current time and place. Errors on the
test are recorded resulting in a reverse score
impairment (i.e., the higher the score on ADAS, the
greater the cognitive impairment). A score of 0-15 is
considered normal, 16-47 is considered mildrnoderate
impairment and a score of 48-70 is considered
moderate-severe impairment [28]. Another
neuropsychological test, Folstein's Mini-Mental State
Exam (MMSE), which measures cognitive impairment, may
be used. The MMSE is widely used and is an extensively
validated test of orientation, short and long-term
memory, praxis, language and comprehension. A person
skilled in the art would recognize that additional
neuropsychological assessment that measure aspects of
the same cognitive deficit, such as, but not exclusive
to, the Blessed Roth Dementia Rating Scale, the
7-Minute Screen, Wechsler Memory Scale (WMS),
Halstead-Reitan Battery, Rey Auditory Verbal Learning
Test, California Verbal Learning Test, Buschke
Selective Reminding Test, BostonNaming Test, Clinical
Evaluation of Language Functioning, Peabody Picture
Vocabulary Tests, Mattis Dementia Rating Scale, Memory
Assessment Scale, Tests of Memory and Learning, Wide
Range Assessment of Memory and Learning, can also be
used. [001 14] In addition, a person skilled in the
art would recognize that any imaging technique that
has the potential to show a cognitive impairment or
structural change, such as, but not exclusive to,
structural magnetic resonance imaging (MRI), positron
emission tomography (PET), computerized tomography
(CT), functional magnetic resonance imaging (fMRI),
electroencephalography (EEG), single positron emission
tomography (SPECT), event related potentials,
magnetoencephalography, multi-modal imaging, would be
measuring the structural/regional brain areas that are
responsible for that cognitive deficit and AD
pathology, and therefore, would be related to the
metabolites disclosed in this invention. [001 15] In
accordance with the present invention, any type of
biological sample that originates from anywhere within
the body, for example but not limited to, blood
(serum/plasma), CSF, urine, stool, breath, saliva, or
biopsy of any solid tissue including tumor, adjacent
normal, smooth and skeletal muscle, adipose tissue,
liver, skin, hair, brain, kidney, pancreas, lung,
colon, stomach, or other may be used. Of particular
interest are samples that are serum or CSF. While the
term "serum" is used herein, those skilled in the art
will recognize that plasma or whole blood or a
sub-fraction of whole blood may also be used. CSF may
be obtained by a lumbar puncture requiring a local
anesthetic. [001 16] In a non-limiting example, when a
blood sample is drawn from a patient there are several
ways in which the sample can be processed. The range
of processing can be as little as none (i.e. frozen
whole blood) or as complex as the isolation of a
particular cell type. The most common and routine
procedures involve the preparation of either serum or
plasma from whole blood. All blood sample processing
methods, including spotting of blood samples onto
solid-phase supports, such as filter paper or other
immobile materials, are also contemplated by the
present invention. [001 17] In another non-limiting
example, CSF samples may be collected using a lumbar
puncture procedure; a local anesthetic is applied to
the lower back. A needle isthen inserted into the
numbed skin between the L4 and L5 vertebrae until it
pierces the subdural space. The CSF may be collected
into sterile tubes. [001 18] For example, but not
considered to be limiting in any manner, while
obtaining a CSF sample may result in more discomfort
for the patient than taking a blood sample, a CSF
assay used after a positive result on a AD-specific
serum test, a differential diagnosis between AD and
non-AD has a higher degree of confirmation. [00 119]
Without wishing to be limiting in any manner, the
processed blood, serum 



or CSF sample described above may then be further
processed to make it compatible with ihe methodical
analysis technique to be employed in the detection and
measurement of Ihe metabolites contained within the
processed serum or CSF sample. The types of processing
can range from as little as no further processing to
as complex as differential extraction and chemical
derivatization. Extraction methods could include
sonication, soxhlet extraction, microwave assisted
extraction (MAE), supercritical fluid extraction
(SFE), accelerated solvent extraction (ASE),
pressurized liquid extraction (PLE), pressurized hot
water extraction (PHWE) and/or surfactant assisted
extraction (PHWE) in common solvents such as methanol,
ethanol, mixtures of alcohols and water, or organic
solvents such as ethyl acetate or hexane. A method of
particular interest for extracting metabolites for
FTMS non-targeted analysis is to perform a
liquid/liquid extraction whereby non-polar metabolites
dissolve in an organic solvent and polar metabolites
dissolve in an aqueous solvent. [001 20] The extracted
samples may be analyzed using any suitable method know
in the art. For example, and without wishing to be
limiting in any manner, extracts of biological samples
are amenable to analysis on essentially any mass
spectrometry platform, either by direct injection or
following chromatographic separation. Typical mass
spectrometers are comprised of a source which ionizes
molecules within the sample, and a detector for
detecting the ionized molecules or fragments of
molecules. Nonlimiting examples of common sources
include electron impact, electrospray ionization
(ESI), atmospheric pressure chemical ionization
(APCI), atmospheric pressure photo ionization (APPI),
matrix assisted laser desorption ionization (MALDI),
surface enhanced laser desorption ionization (SELDI),
and derivations thereof. Common mass separation and
detection systems can include quadrupole, quadrupole
ion trap, linear ion trap, timeof-flight (TOF),
magnetic sector, ion cyclotron (FTMS), Orbitrap, and
derivations and combinations thereof. The advantage of
FTMS over other MS-based platforms is its high
resolving capability that allows for the separation of
metabolites differing by only hundredths of a Dalton,
many which would be missed by lower resolution
instruments. [00121] By the term "metabolite", it is
meant specific small molecules, the levels or
intensities of which are measured in a sample, and
that may be used as markers to diagnose a disease
state. These small molecules may also be referred to
herein as "metabolite marker", "metabolite component",
"biomarker", or "biochemical marker". [00122] The
metabolites are generally characterized by their
accurate mass, as measured by mass spectormetry
technique used in the above method. The accurate mass
may also be referred to as "accurate neutral mass" or
"neutral mass". The accurate mass of a metabolite is
given herein in Daltons (Da), or a mass substantially
equivalent thereto. By "substantially equivalent
thereto", it is meant that a +/- 5 ppm difference in
the accurate mass would indicate the same metabolite,
as would be recognized by a person of skill in the
art. The accurate mass is given as the mass of the
neutral metabolite. As would be recognized by a person
of skill in the art, the ionization of the
metabolites, which occurs during analysis of the
sample, the metabolite will cause either a loss or
gain of one or more hydrogen atoms and a loss or gain
of an electron. This changes the accurate mass to the
"ionized mass", which differs from the accurate mass
by the mass of hydrogens and electrons lost or gained
during ionization. Unless otherwise specified, the
accurate neutral mass will be refered to herein.
[00123] Similarly, when a metabolite is described by
its molecular formula or structure, the molecular
formula or structure of the neutral metabolite will be
given. Naturally, the molecular formula or structure
of the ionized metabolite will differ from the neutral
molecular formula or structure by the number of
hydrogens lost or gained during ionization. [00124]
Data is collected during analysis and quantifying data
for one or more than one metabolite is obtained.
"Quantifying data" is obtained by measuring the levels
or intensities of specific metabolites present in a
sample.[001 25] The quantifying data is compared to
correponding data from one or more than one reference
sample. The "reference sample" is any suitable
reference sample for the particular disease state. For
example, and without wishing to be limiting in any
manner, in the present invention the reference sample
may be a sample from a nondemented control individual,
i.e., a-.person not suffering from AD dementia, non-AD
dementia or cognitive impairment (also refered to
herein as a " 'normal' counterpart"); the reference
sample may also be a sample obtained from a patient
with clinically diagnosed with AD, a patient with
clinically diagnosed non-AD dementia, or a patient
diagnosed with significant cognitive impairment. As
would be understood by a person of skill in the art,
more than one reference sample may be used for
comparison to the quantifying data. For example and
without wishing to be limiting, the one or more than
one reference sample may be a first reference sample
obtained from a non-demented control individual. The
one or more than one reference sample may further
include a second reference sample obtained from a
patient with clinically diagnosed AD-dementia, a third
reference sample obtained from a patient with
clinically diagnosed non-AD dementia, a fourth
reference sample obtained from a patient suffering
from significant cognitive impairment, or any
combination thereof. [00126] The present invention
also provides novel compounds, identified using the
methods of the present invention. The novel compounds
may be used as metabolite markers in the differential
diagnosis of dementia, as described above. [00127] In
one embodiment, the compounds may be selected from the
metabolites listed in Tables 1 to 7, or a combination
thereof. These metabolites were identified in serum
samples, and may be phosphatidylcholine-related
compounds, ethanolamine plasmalogens, endogenous fatty
acids, essential fatty acids, lipid oxidation
byproducts, metabolite derivatives of said metabolite
classes, and any metabolite that may contribute in any
way to the anabolic/catabolic metabolism of said
metabolite classes. [00128] An optimal panel of
compounds may be indentified from those metabolites
listed in Tables 1 to 7. For example and without
wishing to be limiting, the metabolite markers maybe
metabolites with accurate masses measured in Daltons
of, or 



substantially equivalent to, 541.3432, 569.3687,
699.5198, 723.5195, 723.5197, 751.5555, 803.568,
886.5582. The metabolites of accurate masses 699.5198,
723.5195,723.5 197, and 751.555 have presently been
identified as ethanolamine plasmalogens, and are
specifically decreased in patients with AD dementia.
The metabolite markers of accurate masses 541.3432,
569.3687, 803.568, and 886.5582 have presently been
identified as phosphatidylcholine related metabolites,
and are decreased in patients with cognitive
impairment on ADAS-cog, and severity of cognitive
impairment correlates to the degree of decrease.
[00129] The metabolites with accurate masses measured
in Daltons of, or substantially equivalent to, a)
541.3432, b) 569.3687, c) 699.5198, d) 723.5195, e)
751.5555, f) 803.568, can be further characterized by
[00130] a) an extracted ion chromatogram (EIC) as
shown in Figure 4A, and an MS/MS spectrum as shown in
Figure 6; a molecular formula of C25H 1NOgP; and/or
the structure shown in figure 12; [001 31] b) an EIC
as shown in Figure 4B, and an MS/MS spectrum as shown
in Figure 7; a molecular formula OfC2 H 5NOgP; and/or
the structure shown in figure 13; [001 32] c) an EIC
as shown in Figure 4C, and an MS/MS spectrum as shown
in Figure 8; a molecular formula OfC H 74NO7P; and/or
the structure shown in figure 17; [00133] d) an EIC as
shown in Figure 4D, and an MS/MS spectrum as shown in
Figure 9; a molecular formula of GnH74NO7P; and/or the
structure shown in figure 18; [00134] e) an EIC as
shown in Figure 4E, and an MS/MS spectrum as shown in
Figure 10; a molecular formula of C43H7 NO7P; and/or
the structure shown in figure 19; [00135] f) an EIC as
shown in Figure 4F, and an MS/MS spectrum as shown in
Figure 11; a molecular formula of C4 H INOi0P; and/or
the structure shown in figure 14, [00136]
respectively.[00137] It is presently shown that the
ethanolamine plasmalogen metabolites (neutral masses
699.5 198, 723 .5 195, 751.5555) and the
phosphatidylcholine metabolites (neutral masses
699.5198, 723.5195, 751.5555) are decreased in the
serum of AD subjects exhibiting significant cognitive
impairment. This is the first report of serum-based
changes in these metabolites associated with AD and
dementia. It is further shown that the decrease in the
disclosed serum phospatidylcholine related metabolites
occurs in all patients exhibiting a significant
cognitive impairment as measured by the ADAS-cog
regardless of AD status, and that the degree of
decrease correlates with the severity of the cognitive
impairment. However, the observed decrease in
disclosed ethanolamine plasmalogens is independent of
cognitive impairment, occurs specifically in subjects
with AD and is therefore a true diagnostic of AD.
[00138] Ethanolamine plasmalogens are a type of
ethanolamine phospholipid. Ethanolamine phospholipids
can be further differentiated based on their sn-1
configurations (either acyl, ether, or vinyl ether).
The sn-2 position is typically acyl and the sn-3
position contains the phosphoethanolamine moiety.
Therefore, the three classes are described as either
diacyl (also referred to herein as PtdEt), alkyl-acyl
(also referred to herein as plasmanyl) or alkenyl-acyl
(also referred to herein as EtnPl or plasmenyl).
Various basic structures of ethanolamine phospholipids
are shown in Figure 20, along with the standard naming
convention used herein. [00 139] A decrease in the
disclosed ethanolamine plasmalogens may represent the
initial or early stages AD, and can be detected
non-invasively in living subjects by measuring serum
levels of specific ethanolamine plasmalogens.
Similarly, cognitive impairment can be quantitated
non-invasively by measuring the serum levels of
specific phosphatidylcholine metabolites. [00140]
Other metabolites have also been identified. For
example, the metabolites with accurate masses measured
in Daltons of, or substantially equivalent to, a) 541
.3432, b) 569.3687, c) 699.5198, d) 723.5195, e)
751.5555, f) 803.568, which maybe further
characterized by [00141] a) the molecular formula
C27H55NO9P; and/or the structure shown in Figure
15A[00142] b) the molecular formula C27H55NO9P; and/or
the structure shown in Figure 15B [00143] c) the
molecular formula C43H83NO10P; and/or the structure
shown in Figure 15C; [00144] d) the molecular formula
C45H8 1NO10P; and/or the structure shown in Figure
15D; [00145] e) the molecular formula C45H83NO10P;
and/or the structure shown in Figure 15E; [00146] f )
the molecular formula C45H85NO10P; and/or the
structure shown in Figure 15F; [00147] g) the
molecular formula C47H83NO10P; and/or the structure
shown in Figure 15G, [00148] respectively. [00149]
Based on the identification of metabolites specific to
AD dementia (accurate masses 699.5198, 723.5195,
723.5197, 751.555) as ethanolamineplasmalogens, other
ethanolamine phospholipid metabolite markers were
identified. These are metabolites M05 to M24 as listed
and characterized (accurate mass, name/composition,
molecular formula) in Table 18. The structure of the
metabolite can be deduced based on the metabolite name
as indicated in Table 18 and the nomenclature, as
indicated in Figure 20. [001 50] Of the compounds
listed in Table 18, those of particular interest
include metabolites with accurate masses measured in
Daltons of, or substantially equivalent to, a)
701.53591, b) 699.52026, c) 723.52026, d) 747.52026,
e) 729.56721, f) 727.55156, g) 



779.58286, and h) 775.55156, which can be further
characterized by [00151] a) a MS/MS spectrum as shown
in figure 21; molecular formula C27H55NO9P; and/or the
structure QJ_| 0-CH=CH-CI 4H29 CH-O-C(O)-CI 7H33
CH2-O-P(O)-O-C2H4-NH2 I[00152] b) a MS/MS spectrum as
shown in figure 22; molecular formula C39H74NO7P;
and/or the structure Q|_| . 0-CH=CH-CI 4H29
CH-O-C(O)-CI 7H31 CH2-O-P(O)-O-C2H4-NH2 OH [00153] c)
a MS/MS spectrum as shown in figure 23; molecular
formula C4 1H74NO7P; and/or the structure H2
-0-CH=CH-CI 4H29 CH O-C(O)-CI 9H31
CH2-O-P(O)-O-C2H4-NH2 OH [00154] d) a MS/MS spectrum
as shown in figure 24; molecular formula C43H74NO7P;
and/or the structure CH2 0-CH=CH-CI 4H29 CH-O-C(O)-C21
H31 CH2-O-P(O)-O-C2H4-NH2 OH [00155] e) a MS/MS
spectrum as shown in figure 25; molecular formula
C4IH80NO7P; and/or the structure C H2-O-CH=CH-CI 6H33
CH-O-C(O)-CI 7H33 CH2-O-P(O)-O-C2H4-NH2 IO H [00156] f
) a MS/MS spectrum as shown in figure 26; molecular
formula C41H 78NO7P; and/or the structure n
_O-OH=PH-P1 fi H' CH-O-C(O)-CI 7H31
CH2-O-P(O)-O-C2H4-NH2 OH [00157] g) a MS/MS spectrum
as shown in figure 27; molecular formula C45H82NO7P;
and/or the structure C H2-O-CH=CH-CI 6H33 CH O-C(O)-CI
9H31 CH2-O-P(O)-O-C2H4-NH2 OH[00158] h) a MS/MS
spectrum as shown in figure 28; molecular formula
C45H78NO7P; and/or the structure C H2-O-CH=CH-CI 6H33
CH-O-C(O)-C21 H31 CH2-O-P(O)-O-C2H4-NH2 OH [00159]
respectively. [OO160] In another embodiment of the
present invention, the compounds may be selected from
the metabolites listed in Table 13, or a combination
thereof. These metabolites were identified in CSF
samples. Of particular interest are the metabolites
with accurate masses measured in Daltons of, or
substantially equivalent to, 207.0822, 275.8712,
371.731 1, 373.728, 432.1532, 485.5603, 487.6482,
562.46, 622.2539, 640.2637, 730.6493, 742.2972. When
used to diagnose dementia, the metabolite markers
207.0822, 432.1532, 562.46, 622.2539, 640.2637,
730.6493, and 742.2972 are increased in patients with
AD dementia; and metabolite markers 275.8712, 371.731
1, 373.728, 485.5603, and 487.6482 are decreased in
patients with AD dementia. [00161] In a further method
of the present invention, a method for assessing
dementia or the risk of dementia in a patient is
described. The method comprises the steps of: a)
obtaining a serum sample from said patient; b)
analyzing said sample to obtain quantiflying data for
one or more than one metabolite marker; c) comparing
the quantifying data for said one or more than one
metabolite marker to corresponding data obtained from
one or more than one reference sample; and d) using
said comparison to assess dementia or the risk of
dementia.[00162] The step of analyzing the sample
(steb b)) may comprise analyzing the sample by liquid
chromatography mass spectrometry (LC-MS).
Alternatively,the step of analyzing the sample (step
b)) may comprise analyzing the sample by linear ion
trap mass spectrometry followed by liquid
chromatograph, when the method is a highthroughput
method. [00163] The one or more than one reference
sample may include a first reference sample obtained
from a non-demented control individual, a second
reference sample obtained from a patient with
cognitive impairment as measured by ADAS-cog, a third
reference sample obtained from a patient with with
cognitive impairment as measured by MMSE, or a
combination of one or more of these. [00164] Without
wishing to be limiting in any manner, the one or more
than one metabolite marker used to asses dementia or
the risk of dementia may be selected from the
metabolites listed in Tables 10-12, or a combination
thereof. Of particular interest are metabolites with
accurate masses measured in Daltons of, or
substantially equivalent to 541.3432, 569.3687,
699.5198, 723.5195, 723.5197, 751.5555, 803.568,
886.5582, 565.3394, 569.369, 801.555, 857.6186. A
decrease in the patient sample in metabolite markers
699.5198, 723.5195, 723.5197, and 751.555 indicates
ADpathology; a decrease in the patient sample in
metabolite markers 541 .3432, 569.3687, 803.568, and
886.5582 indicates cognitive impairment on ADAS-cog;
and 565.3394, 569.369, 801.555, and 857.6186 indicates
cognitive impairment on MMSE. [00165] In yet another
embodiment of the present invention, there is provided
a 



method for differentially diagnosing dementia or the
risk of dementia in a patient. The method comprising
the steps of: a) obtaining a sample from said patient;
b) analyzing said sample to obtain quantifiying data
for one or more than one metabolite marker; c)
obtaining a ratio for each of the one or more than one
metabolite marker to an internal control metabolite;
d) comparing each ratio of said one or more than one
metabolite marker to the internal control metabolite
to corresponding data obtained from one or more than
one reference sample; ande) using said comparison to
differentially diagnose dementia or the risk of
dementia. [00166] The step of analyzing the sample
(steb b) may comprise analyzing the sample using a
mass spectrometer (MS). For example, and without
wishing to be limiting, such mass spectrometer could
be of the FTMS, orbitrap, time of flight (TOF) or
quadrupole types. Alternatively, the mass spectrometer
could be equipped with an additional pre-detector mass
filter. For example, and without wishing to be
limiting such instruments are commonly referred to as
quadrupole-FTMS (Q-FTMS), quadrupole - TOF (Q-TOF) or
triple quadrupole (TQ or QQQ). In addition, the mass
spectrometer could be operated in either the parent
ion detection mode (MS) or in MSn mode, where n>=2.
MSn refers to the situation where the parent ion is
fragmented by collision induced dissociation (CID) or
other fragmentation procedures to create fragment
ions, and then one or more than one of said fragments
are detected by the mass spectrometer. Such framents
can then be further fragmented to create further
fragments. Alternatively, the sample could be
introduced into the mass spectrometer using a liquid
or gas chromatographic system or by direct injection.
[00167] In the method as just described above, the one
or more than one reference sample may be a first
reference sample obtained from a non-demented control
individual. The one or more than one reference sample
may further include a second reference sample obtained
from a patient with clinically diagnosed AD-dementia,
a third reference sample obtained from a patient with
clinically diagnosed non-AD dementia, a fourth
reference sample obtained from a patient suffering
from significant cognitive impairment, or any
combination thereof. [00168] In the method as
described above, the sample and reference sample may
be serum samples. The one or more than one metabolite
marker may be selected from the metabolites as listed
and characterized (accurate mass, name/composition,
molecular formula) in Table 18. The "internal control
metabolite" refers to an endogenous metabolite
naturally present in the patient. Any suitable
endogenous metabolite that does not vary over the
disease states can be used as the internal control
metabolite. For example, and without wishing to be
limiting, the internal control metabolite may be
phosphatidylethanolamine 16:0/18:0 (PtdEt 16:0/18:0,
MOl), as shown in Table 18; thisinternal control
metabolite has a molecular formula of C39H78NO8P, and
a structure characterized as CH2 O-C(O)-CI 5H31 CH
O-C(O)-CI 7H35 CH2-O-P(O)-O-C2H4-NH2 OH [OO169] Use of
the ratio of the metabolite marker to the internal
control metabolite offers measurement that are more
stable and reproducible than measurement of absolute
levels of the metabolite marker. As the internal
control metabolite is naturally present in all samples
and does not appear to vary significantly over disease
states, the sample-tosample variability (due to
handling, extraction, etc) is minimized. [00170] Of
the compounds listed in Table 18, those of particular
interest in the above method include metabolites with
accurate masses measured in Daltons of, or
substantially equivalent to, a) 701.53591, b)
699.52026, c) 723.52026, d) 747.52026, e) 729.56721, f
) 727.55156, g) 779.58286, and h) 775.55156. A
decrease in the ratio of a) to h) to the internal
control metabolite indicates AD dementia with a severe
cognitive impairment. These metabolites can be further
characterized by [00171] a) a MS/MS spectrum as shown
in figure 21; molecular formula C27H55NO9P; and/or the
structure Q .0-CH=CH-CI 4H29 CH-O-C(O)-CI 7H33
CH2-O-P(O)-O-C2H4-NH2 OH [00172] b) a MS/MS spectrum
as shown in figure 22; molecular formula C39H74NO7P;
and/or the structure Q . 0-CH=CH-CI 4H29 CH-O-C(O)-CI
7H31 CH2-O-P(O)-O-C2H4-NH2 OH[00173] c) a MS/MS
spectrum as shown in figure 23; molecular formula C4
1H74NO7P; and/or the structure CH2-0-CH=CH-CI 4H29
CH-O-C(O)-CI 9H31 [00174] CH-O-C(O)-C21 H31
CH2-O-P(O)-O-C2H4-NH2 OH [00175] e) a MS/MS spectrum
as shown in figure 25; molecular formula C4 1H80NO7P;
and/or the structure C H2-O-CH=CH-CI 6H33 CH-O-C(O)-CI
7H33 CH2-O-P(O)-O-C2H4-NH2 OH [00176] f) a MS/MS
spectrum as shown in figure 26; molecular formula
C4iH78NO7P; and/or the structure -Q-PH=PH-P 1RH
CH-O-C(O)-CI 7H31 



CH2-O-P(O)-O-C2H4-NH2 OH [00177] g) a MS/MS spectrum
as shown in figure 27; molecular formula C45H82NO7P;
and/or the structure C H2-O-CH=CH-CI 6H33 CH O-C(O)-CI
9H31 CH2-O-P(O)-O-C2H4-NH2 IO H [00178] h) a MS/MS
spectrum as shown in figure 28; molecular formula
C45H78NO7P; and/or the structure C H2-O-CH=CH-CI 6H33
CH-O-C(O)-C21H31 CH2-O-P(O)-O-C2H4-NH2 OH[00179]
respectively. [00 180] In yet another embodiment of
the present invention, there is provided a method for
evaluating the efficacy of a therapy for treating
dementia in a patient, comprising: a) obtaining a
sample from said patient; b) analyzing said sample to
obtain quantifying data for one or more than one
metabolite marker; c) comparing said quantifying data
to corresponding data obtained from one or more than
one reference sample; and d) using said comparison to
determine whether the therapy is improving the
demented state of the patient. [001 81] Optionally,
after the step of analyzing (step b), a ratio for each
of the one or more than one metabolite marker to an
internal control metabolite may be obtained. In this
case, each ratio of said one or more than one
metabolite marker to the internal control metabolite
to corresponding data obtained from one or more than
one reference sample is compared to evaluate the
efficacy of the therapy. [00182] The step of analyzing
(step b) may comprise analyzing the sample by liquid
chromatography mass spectrometry (LC-MS), or
alternatively may comprise analyzing the sample by
liquid chromatography and linear ion trap mass
spectrometry when the method is a highthroughput
method. [001 83] By the term "therapy", it is meant
any suitable course of therapy that may improve the
health state or demented state of the patient being
evaluated. When evaluating the efficacy of the
therapy, the effect of the particular therapy in
improving or degrading the health state of the patient
will be measured. In doing so, a person of skill in
the art would be capable of determining whether the
therapy is effective for treating the demented
state.[001 84] In the methods as described, the one or
more than one reference sample may be any suitable
reference sample. For example, and without wishing to
be limiting in any manner, the reference sample may be
a plurality of samples obtained from from non-demented
control individuals; a plurality of samples obtained
from clinically diagnosed AD patients; one or more
than one pre-therapy baseline sample obtained from the
patient; or any combination thereof. A pre-therapy
baseline sample from the patient is particularly
useful, as the variation in metabolites will then be
specific to the patient. [001 85] The sample and the
reference sample may be serum samples. In this case,
the one or more than one metabolite marker could be
selected from the metabolites listed in Tables 1to 7,
or a combination thereof, for example, metabolite
markers with accurate masses measured in Daltons of,
or substantially equivalent to, 541.3432, 569.3687,
699.5198, 723.5195, 723.5197, 751.5555, 803.568,
886.5582. Alternatively, the metabolite markers may be
selected from metabolites M05 to M24 with accurate
masses of, or substantially equivalent to those listed
in Table 18, for example, metabolites with accurate
masses measured in Daltons of, or substantially
equivalent to, 701.53591, 699.52026, 723.52026,
747.52026, 729.56721, 727.55156, 779.58286, and
775.55156. Metabolites M05-M24 could also be used when
a ratio is obtained between the metabolites and the
internal control metabolite; the internal metabolite
could be, for example, metabolite MOl, as described in
Table 18. [00186] The sample and the reference sample
may also be cerebrospinal fluid (CSF) samples. In this
case, the one or more than one metabolite marker could
be selected from the metabolites listed in Table 13,
or a combination thereof; for example, metabolites
with accurate masses measured in Daltons of, or
substantially equivalent to, 207.0822, 275.8712,
371.731 1, 373.728, 432.1532, 485.5603, 487.6482,
562.46, 622.2539, 640.2637, 730.6493, 742.2972.
[00187] The identified metabolites can be readily
measured systemically. This point is of fundamental
importance, since the majority of research pertaining
to AD and other neurological disorders has ignored the
peripheral systems. The ability to measure
neurodegenerative processes within a blood sample is
of substantial value in the diagnosis of dementia.
With respect to the specific ethanolamine plasmalogen
metabolites of the present invention, these are a
valid biochemical marker of ADpathology since this
molecular species' content does not change in
Parkinson's disease, a disease which is often
accompanied by dementia [29] . Furthermore, the
specificity of the plasmalogen metabolites to AD
indicates that its levels in serum could be readily
measured longitudinally throughout the lifetime of an
individual to assess the risk or for early detection
of the disease prior to the emergence of clinical
symptoms. |00188] The present invention also provides
high throughput methods for differential diagnosis of
AD dementia and non-AD dementia states. The method may
involve fragmentation of the parent molecule; in a
non-limiting example, this may be accomplished by a
Q-Trap(tm) system. Detection of the metabolites may be
performed using one of various assay platforms,
including colorimetric chemical assays (UV, or other
wavelength), antibody-based enzyme-linked
immunosorbant assays (ELISAs), chipbased and
polymerase-chain reaction for nucleic acid detection
assays, bead-based nucleic-acid detection methods,
dipstick chemical assays or other chemical reaction, 



image analysis such as magnetic resonance imaging
(MRI), positron emission tomography (PET) scan,
computerized tomography (CT) scan, nuclear magnetic
resonance (NMR), and various mass spectrometry-based
systems. [00 189] A high-throughput method for
determining the levels of the metabolites in a
person's blood and comparing the levels to levels in a
normal "reference" population can lead to a prediction
of whether the person has AD or not. This can be
carried out in several ways. One way is to use a
prediction algorithm to classify the test sample, as
previously described, which would output a percentage
probability for having AD. A predictive approach would
work independently of the assay method, as long as the
intensities of the metabolites could be measured.
Another method could simply be based on setting a
threshold intensity level from the mass spectrometer,
and determining whether a person's profile is above or
below the threshold which would indicate their AD
status. Alternatively, and without wishing to be
limiting in any manner, a preferred method is a truly
quantitative assay could be performed to determine the
molar concentration of the six metabolites in the
non-demented normal and AD population. An absolute
threshold concentration could then be determined for
AD-positivity. In a clinical setting, this would mean
that if the measured levels of the metabolites, or
combinations of the metabolites, were below a certain
concentration, there would be an associated
probability that the individual is positive for AD.
Therefore, the optimaldiagnostic test could comprise a
method of measuring the intensities of the metabolites
in serum, and an algorithm for taking the intensity
values and outputting a predicted probability for
having AD as well as for being healthy (i.e.,
AD-negative). [00 190] The methods and identified
biomarkers of the present invention, based on small
molecules or metabolites in a sample, fulfills the
criteria identified in 1999 for an ideal screening
test [82], as development of assays capable of
detecting specific metabolites is relatively simple
and cost effective per assay. The test is minimally
invasive and is indicative of cognitive impairment and
of AD pathology. Translation of Ihe method into a
clinical assay compatible with current clinical
chemistry laboratory hardware is commercially
acceptable and effective. Furthermore, the method of
the present invention does not require highly trained
personnel to perform and interpret the test. [00191]
The present invention will be further illustrated in
the following examples. Example 1: Identification of
Differentially Expressed Metabolites [00192]
Differentially expressed metabolites were identified
in clinically diagnosed AD with and without
significant cognitive impairment, clinically diagnosed
non-AD and non-demented controls. [001 93]
ClinicalSamples. For the AD serum diagnostic assay
described, samples were obtained from representative
populations of non-demented healthy individuals and of
clinically diagnosed AD and non-AD dementia patients.
The biochemical markers of AD described in the
invention were derived from the analysis of 75 serum
samples from patients clinically diagnosed with
probable AD (43 patients with significant cognitive
impairment, 32 with no cognitive impairment), serum
samples from 30 patients with clinically diagnosed
non-AD dementia, and 3 1 serum samples from
non-demented controls. Samples in the three groups
were from a diverse population of individuals, ranging
in age, ethnicity, weight, occupation, and displaying
varying non-dementiarelated health-states. All samples
were single time-point collections. Cognitive
impairment of the patients was also assessed using the
Alzheimer's Disease Assessment Scale (ADAS)-cognitive
subset.[00 194] For the AD CSF diagnostic assay
described, samples were obtained from a group of
patients that represented clinically diagnosed AD with
dementia and non-AD patients with dementia. The
biochemical markers ofAD described in this invention
were derived from the analysis of 6 CSF samples from
clinically diagnosed AD patients with dementia and 5
CSF samples from clinically diagnosed non-AD patients
with dementia. [00195] Samples in both groups were
from a diverse population of individuals, ranging in
age, ethnicity, weight, occupation, and displaying
varying non-dementiarelated health-states. All samples
were single time-point collections. The metabolites
contained within the 136 serum samples and 11 CSF
samples used in this application were separated into
polar and non-polar extracts through sonication and
vigorous mixing (vortex mixing). [00196] Mass
Spectrometry Analysis. Analysis of serum extracts
collected from 136 individuals (75 clinically
diagnosed AD, 30 clinically diagnosed non-AD, and 3 1
non-demented healthy controls) and 11 CSF extracts (6
clinically-diagnosed AD and 5 clinically diagnosed
non-AD patients) was performed by direct injection
into aFTMS and ionization by either ESI or atmospheric
pressure chemical ionization (APCI) in both positive
and negative modes. Sample extracts were diluted
either three or six-fold in methanols. 1%(v/v)
ammonium hydroxide (50:50, v/v) for negative
ionization modes, or in methanol:0. 1% (v/v) formic
acid (50:50, v/v) for positive ionization modes. For
APCI, sample extracts were directly injected without
diluting. All analyses were performed on a Bruker
Daltonics APEX III Fourier transform ion cyclotron
resonance mass spectrometer equipped with a 7.0 T
actively shielded superconducting magnet (Bruker
Daltonics, Billerica, MA). Samples were directly
injected using electrospray ionization (ESI) and/or
APCI at a flow rate of 1200 mL per hour. Ion
transfer/detection parameters were optimized using a
standard mix of serine, tetra-alanine, reserpine,
Hewlett-Packard tuning mix and the
adrenocorticotrophic hormone fragment 4-10. In
addition, the instrument conditions were tuned to
optimize ion intensity and broad-band accumulation
over the mass range of 100-1000 amu according to the
instrument manufacturer's recommendations. A mixture
of the abovementioned standards was used to internally
calibrate each sample spectrum for mass accuracy over
the acquisition range of 100-1 000 amu.[00197] In
total, six separate analyses comprising combinations
of extracts and ionization modes were obtained for
each sample: Aqueous Extract 1. Positive ESI (analysis
mode 1101) 



2. Negative ESI (analysis mode 1102) Organic Extract
3. Positive ESI (analysis mode 1201) 4. Negative ESI
(analysis mode 1202) 5. Positive APCI (analysis mode
1203) 6. Negative APCI (analysis mode 1204) [00198]
Mass Spectrometry Data Processing. Using a linear
least-squares regression line, mass axis values were
calibrated such that each internal standard mass peak
had a mass error of < 1 p.p.m. compared with its
theoretical mass. Using XMASS software from Bruker
Daltonics Inc., data file sizes of 1 megaword were
acquired and zero-filled to 2 megawords. A sinm data
transformation was performed prior to Fourier
transform and magnitude calculations. The mass spectra
from each analysis were integrated, creating a peak
list that contained the accurate mass and absolute
intensity of each peak. Compounds in the range of
100-2000 m/z were analyzed hi order to compare and
summarize data across different ionization modes and
polarities, all detected mass peaks were converted to
their corresponding neutral masses assuming hydrogen
adduct formation. A self-generated two-dimensional
(mass vs. sample intensity) array was then created
using DISCOVAmetrics(tm) software (Phenomenome
Discoveries Inc., Saskatoon, SK, Canada). The data
from multiple files were integrated and this combined
file was then processed to determine the unique
masses. The average of each unique mass was
determined, representing the y axis. This value
represents the average of all of the detected accurate
masses that were statistically determined to be
equivalent. Considering that the mass accuracy of the
instrument for the calibration standards is
approximately 1 ppm, a person skilled in the art will
recognize that these average masses may include
individual masses that fall within +/- 5 ppm of this
average mass. A column was created for each file that
was originally selected to be analyzed, representing
the x axis. The intensity for each mass found in each
of the files selected was then filled into its
representative x,y coordinate. Coordinates that did
not contain an intensity value were leftblank. Once in
the array, the data were further processed, visualized
and interpreted, and putative chemical identities were
assigned. Each of the spectra were then peak picked to
obtain the mass and intensity of all metabolites
detected. These data from all of the modes were then
merged to create one data file per sample. The data
from all 136 samples was then merged and aligned to
create a two-dimensional metabolite array in which
each sample is represented by a column and each unique
metabolite is represented by a single row. In the cell
corresponding to a given metabolite sample
combination, the intensity of the metabolite in that
sample is displayed. When the data is represented in
this format, metabolites showing differences between
groups of samples were determined. The same procedure
was utilized to combine the 11CSF samples in a
twodimensional metabolite array. [00199] A. Serum
Biomarkers [00200] A student's T-test was used to
select for metabolites which differed significantly
between the following different clinical groups in
serum. Metabolites that were less than p<0.05 were
considered significant. [00201] Al - Clinically
diagnosed AD patients (n=75) vs. non-demented controls
(n=3 1). This comparison yielded 262 metabolites (see
Table 1). [00202] A2 - Clinically diagnosed AD
patients with a significant cognitive impairment
(n=32) vs. non-demented controls (n=31). This
comparison yielded 292 metabolites (see Table 2).
[00203] A3 - Clinically diagnosed AD patients with a
significant cognitive impairment (n=32) vs. clinically
diagnosed non-AD patients with a significant cognitive
impairment (n=30); this comparison yielded 118
metabolites markers (see Table 3). [00204] A4 -
Clinically diagnosed AD patients with significant
cognitive impairment (n=32) vs. clinically diagnosed
AD patients without significant cognitive impairment
(n=43). This comparison yielded 97 metabolites markers
(see Table 4). [00205] A5 - Clinically diagnosed
non-AD patients (n=30) vs. non-demented controls
(n=31); this comparison yielded 199 metabolites
markers (see Table 5).[00206] A6 - Clinically
diagnosed AD patients with mild cognitive impairment
(n=43) vs. non-demented controls (n=3 1) . This
comparison yielded 136 metabolites (see Table 6).
[00207] A7 - Patients with significant cognitive
impairment (n=42) and patients with a mild cognitive
impairment (n=43). This comparison yielded 8 1
metabolites (Table 7). [00208] Tables 1-7 show
biochemical markers whose concentrations or amounts in
serum are significantly different (p<0.05) between the
tested populations and therefore have potential
diagnostic utility for identifying each of the
aforesaid populations. The features are described by
their accurate mass and analysis mode, which together
are sufficient to provide the putative molecular
formulas and chemical characteristics (such as
polarity and putative functional groups) for each
metabolite. [00209] From the initial lists of several
hundred possible metabolites, it was determined that a
combination of 8 metabolites fulfills the criteria for
a serum dementia test: the combination can
differentiate AD dementia from non-AD dementia, the
early stages of AD and healthy controls. The best
combination of 8 metabolites included the metabolites
with neutral masses (measured in Daltons) 541.3432,
569.3687, 699.5198, 723.5195, 723.5197, 751.5555,
803.568, 886.5582. Although these are the actual
masses, a person skilled in the art of this technology
would recognize that +/- 5 ppm difference would
indicate the same metabolite. [00210] In analyzing the
present results, a person of skill in the art would
understand that the following clinical groups are of
interest: non-AD with significant cognitive
impairment, AD with significant cognitive impairment,
AD without significant cognitive impairment and
non-demented controls. Bar graphs representing the
mean +/- SEM of the 8 biomarkers for the four
different clinical groups are shown in Figure 1.
Relative to control, non-demented individuals, the
three non-control states can be 



described as follows: [002 11] 1. Non-AD with
significant cognitive impairment vs. control: a.
Biomarker 541 .3432 - decreased b. Biomarker 569.3687
- decreasedc . Biomarker 699.5198 - no difference d.
Biomarker 723.5195 - no difference e. Biomarker
723.5197 - no difference f . Biomarker 751.5555 - no
difference g - Biomarker 803.568 - decreased h.
Biomarker 886.5582 - decreased [00212] Clinically
diagnosed AD with significant cognitive impairment vs.
control a . Biomarker 541.3432 - decreased b.
Biomarker 569.3687 - decreased c. Biomarker 699.5198 -
decreased d. Biomarker 723.5195 - decreased e.
Biomarker 723.5197 - decreased f . Biomarker 751.5555
- decreased g - Biomarker 803.568 - decreased h.
Biomarker 886.5582 - decreased [00213] Clinically
diagnosed AD without significant cognitive impairment
vs. control a. Biomarker 541.3432 - decreased b.
Biomarker 569.3687 - no difference c. Biomarker
699.5198 - decreased d. Biomarker 723.5195 - decreased
e . Biomarker 723.5197 - decreased f . Biomarker
751.5555 - decreased Biomarker 803.568 - no difference
Biomarker 886.5582 - no difference [002 14] In each of
the three non-control cases described above, a unique
subset of markers was decreased. [002 15] Bar graphs
representing the mean +/- SEM of the 8biomarkers for
the two different clinical groups with a significant
cognitive impairment are shown in Figure 2.Relative to
non-AD dementia with significant cognitive impairment,
AD patients with significant cognitive impairment can
be described as: a. Biomarker 541 .3432 - no
difference b. Biomarker 569.3687 - no difference c.
Biomarker 699.5 198 - decreased d. Biomarker 723 .5
195 - decreased e . Biomarker 723 .5 197 - decreased
f. Biomarker 751.5555 - decreased g. Biomarker 803
.568 - no difference h. Biomarker 886.5582 - no
difference [002 16] The results of this invention show
a clear distinction between the serum of individuals
with clinically diagnosed AD WITH a significant
cognitive impairment, individuals with clinically
diagnosed AD WITHOUT a significant cognitive
impairment (this could be early stage AD), individuals
with non-AD dementia WITH a significant cognitive
impairment, and non-demented controls. These findings
are capable of identifying and distinguishing the
different types of dementia from one another and from
the early stages of cognitive impairment as described
in this application. From the above results, it can be
further concluded that the metabolite markers with
masses 699.5198, 723.5195, 723.5997, 751.5555 are
specific forADpathology; while markers with masses of
541 .3432, 569.3687, 803.568, 886.5582 are specific
for cognitive impaired based on ADAS-cog testing.
[00217] A second neuropsychological test, Folstein's
Mini-Mental State Exam (MMSE), which measures
cognitive impairment, was applied to all 136 patients.
The MMSE is widely used and is an extensively
validated test of orientation, short and longterm
memory, praxis, language and comprehension. In the
clinically diagnosed AD patients that had no
significant cognitive impairment (n=43), 15 of those
patients had a score on MMSE that would indicate
normal cognition (MMSE > 28), whereas the remaining 28
patients had MMSE scores that indicated a mild
impairment (score 18-23, n=11) or severe cognitive
impairment (score 9-17, n=l 7). A F-test was used to
select for metabolites which differed significantly
between the MMSE scores (normal, mild or severe
cognitive impairment) for 43 clinically diagnosed AD
patients with no significantcognitive impairment on
the ADAS-cog test (p<0.05 ) . 23 metabolites met this
criterion (shown in Table 8). These are all features
which differ statistically between the two populations
and therefore have potential diagnostic utility. The
features are described by their accurate mass and
analysis mode, which together are sufficient to
provide the putative molecular formulas and chemical
characteristics (such as polarity and putative
functional groups) of each metabolite. [00218] An
optimal subset of 4 metabolites, all of which were
observed to decrease, from the 23 metabolites was
selected using Principal Components Analysis (PCA).
The 4 metabolites able to produce the greatest
separation between the groups were 565.3394, 569.369,
801.555, 857.6186. The metabolites are indicated by
asterisks on Table 8 and represent a 4-metabolite
biomarker panel associated with cognitive impairment
on MMSE. The fact that a second set of metabolites
were associated cognitive impairment suggests that the
MMSE must be specific to one or several other
cognitive states that the ADAS-cog is not specifically
measuring. [00219] Therefore, a total of three
4-biomarker panels can be applied to the 136 patients
to classify them into one of 8 categories which will
simultaneously indicate the presence of AD pathology
(biomarkers 699.5198, 723.5195, 723.5997, 751.5555),
cognitive impaired on ADAS-cog (541.3432, 569.3687,
803.568, 886.5582) and 



cognitive impaired on MMSE (565.3394, 569.369,
801.555, 857.6186). Using a 0/1 binary model, each
patient can be labeled using a 3 digit code from "000"
indicating no cognitive impairment and no AD pathology
to "111" indicating both MMSE and ADAScog impairment
and AD pathology. Table 9 indicates the separation of
the patient samples into the 8 categories. [00220] The
three 4-biomaker panels were applied individually to
the metabolite array and the patients that showed the
best separation on the PCA plot were selected. These
patients were selected because they represented the
best discriminator between the 3 different groups [AD
(n=20) vs. non-AD pathology (n=20), high ADAS score
(n=20) vs. low ADAS score (n=12), impaired cognition
on the MMSE score (n=20) vs. normal cognition on the
MMSE score (n=20)]. A student's t-test was performed
between the different clinical groups (p<0.05). The
116 metabolites that met the p-value criteria for AD
vs. non-AD pathology are listed in Table 10. Table 11
lists the 124 metabolites thatmet the p-value criteria
for high ADAS score vs. low ADAS score, and Table 12
contains the list of 344 metabolites that met the
p-value criteria for impaired score on MMSE and normal
cognition on MMSE. [00221] Both the ADAS-cog and MMSE
neuropsychological tests measure cognitive errors
related to praxis, orientation, memory and language
ability. Therefore, it would be reasonable to suggest
biomarkers associated with ADAS-cog score and/or MMSE
are related to the ability to conceive of, organize
and initiate unfamiliar sequences, the awareness of
one's self and environment, as well as memory and
language ability. As such, these biomarkers are not
exclusive to cognitive impairment associated with
dementia; rather any condition that results in any
type of praxis, orientation, memory and/or language
deficit would show a similar reduction within a
biological sample. [00222] The sample set (136
individuals) used for this discovery was not trivial,
and was comprised of individuals of various ethnic and
geographical backgrounds, and of varying age and
health status. Therefore, there is sound reason to
expect that the findings are representative of the
general dementia population. [00223] B. CSF
Biomarkers. [00224] A student' s T-test was used to
select for metabolites which differ between the
clinically diagnosed AD patients and clinically
diagnosed non-AD patients in CSF samples (p<0.05). 42
metabolites met this criterion (shown in Table 13).
These metabolites differed statistically between the
two populations and therefore have potential
diagnostic utility. The metabolites are described by
their accurate mass and analysis mode, which together
are sufficient to provide the putative molecular
formulas and chemical characteristics (such as
polarity and putative functional groups) of each
metabolite. [00225] An optimal subset of 12
metabolites from the 42 metabolites described above
was selected. These metabolites had the greatest
statistical difference between the two groups (p<0.0
1) . Metabolites were excluded if they were not
detected in at least 60% of the samples in each group
(4/6 clinically diagnosed AD and 3/5 clinically
diagnosed non-AD). The panel comprises masses
207.0822, 275.8712, 371.731 1, 373.728, 432.1532,
485.5603, 487.6482, 562.46, 622.2539, 640.2637,
730.6493, 742.2972.Although these are the actual
masses, a person skilled in the art of this technology
would recognize that an +/- 5 ppm difference would
indicate the same metabolite. [00226] The 12 biomarker
panel was tested using 5 CSF samples from undiagnosed
patients. The only information available on the
samples was the subject's age, gender, and whether an
individual had a cognitive deficit. If the 12
biomarker panel was correct, the subject could be
diagnosed as havingAD dementia, non-AD dementia, or
normal. From the 5 CSF samples provided by undiagnosed
patients, 1 was diagnosed with non-AD dementia, 2 with
AD dementia, and 2 as normal. The two normal subjects
did not have a cognitive impairment as indicated by
the Mini Mental State Examination (MMSE) score.
Therefore, using a 12 metabolite feature set it was
possible to both diagnose AD and non-AD dementia.
[00227] Bar graphs representing the mean +/- SEM of
the 12 biomarkers for the two different clinical
groups are shown in Figure 3. Relative to non-AD
dementia with significant cognitive impairment, AD
patients with a significant cognitive impairment can
be described as: a . Biomarker 207.0822 - increased b.
Biomarker 275.8712 - decreased c . Biomarker 371.73 11
- decreased d. Biomarker 373.728 - decreased e.
Biomarker 432. 1532 - increased f . Biomarker 485.5603
- decreased g. Biomarker 487.6482 - decreased h.
Biomarker 562.46 - increased i . Biomarker 622.2539 -
increased j . Biomarker 640.2637 - increased k.
Biomarker 730.6493 - increased 1. Biomarker 742.2972
-increased [00228] Based on these results, a clear
distinction was made between the CSF of clinically
diagnosed non-AD and AD patients. Therefore, such
findings are capable of identifying and distinguishing
AD dementia from non-AD dementia and can form thebasis
of a dementia diagnostic test in CSF as described in
this application. It is expected that the finding are
representative of the general dementia population.
[00229] Although a non-targeted FTMS-based platform
was used in the identification and selection of the
optimal metabolites in serum and CSF, other methods of
subsequently detecting the molecules, including other
MS-based platforms, ELISAs, colorimetric assays, etc
can used to detect the molecules. Example 2:
Independent Method Confirmation of Discovered
Metabolites [00230] A. Serum Biomarkers [00231] An
independent mass spectrometry method was used to
verify the intensity differences between non-demented
normal and clinically-diagnosed AD serums of the 



eight diagnostic metabolites discovered using the FTMS
method. Eight representative clinically-diagnosed AD
sample extracts and eight representative non-demented
control sample extracts were analyzed by LC-MS using
an HP 1100 high-performance liquid chromatography
interfaced to an ABI Q-Star mass spectrometer. [00232]
Aqueous fractions from five clinically-diagnosed AD
and five nondemented control sample extracts were
evaporated under nitrogen gas and reconstituted in 100
uL of methanokwater.formic acid (5:94.9:0.1). Five mL
of the reconstituted sample was subjected to HPLC
(Agilent Technologies) (HP 1100 with Metasil AQ 3u,
100 x 2 mm column) for full scan and 10 mL for MS/MS
at a flow rate of 0.2 ml/min. [00233] Eluate from the
HPLC was analyzed using an ABI Q-Star XL mass
spectrometer fitted with a Turboion spray ion (ESI)
source in negative mode. The scan type in full scan
mode was time-of-flight (TOF) with an accumulation
time of 1.0000 seconds, mass range between 50 and 1500
Da, and duration time of 70 min. Source parameters
were as follows: Ion source gas 1 (GSl) 55; Ion source
gas 2 (GS2) 90; Curtain gas (CUR) 40; Nebulizer
Current (NC) 0; Temperature 4500C; Declustering
Potential (DP) -55; Focusing Potential (FP) -265;
Declustering Potential 2 (DP2) -15. In MS/MS mode,
scan type was product ion, accumulation time was
1.0000 seconds, scan range between 50 and 1000 Da and
duration time 70 min. All source parameters are
thesame as above, with a collision energy of (CE) of
-50 V and collision gas (CAD, nitrogen) of 5 psi.
[00234] Six of the eight metabolite masses previously
discovered on the FTMS were verified on the ABI Q-Star
mass spectrometer. The metabolites with the accurate
masses of 723.5195 and 723.5197 were determined to be
the same metabolite, and the metabolite with accurate
mass of 886.5582 was not detected. Therefore, only six
metabolites (699.5198, 723.5195, 751.5555, 541.3432,
569.3687, 803.568) were used for the remaining
analyses. [00235] The extracted ion chromatograms
(EICs) for the six biomarkers are shown in Figure 4
The top panel shows the eight non-demented control
EICs, and the bottom panel of each shows the eight
clinically-diagnosed AD EICs. The sensitivity of the
Qstar is superior to the FTMS, resulting in a greater
magnitude in intensity difference between the
non-demented control subjects and clinically diagnosed
AD population for the selected biomarkers. Figure 5
shows the average raw intensity of the six biomarkers
of the eight non-demented control and eight
clinically-diagnosed AD samples as detected on the
FTMS and Q-Star. [00236] B. CSF Biomarkers [00237] The
metabolites and their associations with the clinical
variables described in this invention are further
confirmed using an independent mass spectrometry
system. Representative sample extracts from each
variable group are re-analyzed by LC-MS using an HP
1050 high-performance liquid chromatography, or
equivalent interfaced to an ABI Q-Star, or equivalent
mass spectrometer to obtain mass and intensity
information for the purpose of identifying metabolites
that differ in intensity between the clinical
variables under investigation. Example 3: Structure
Elucidation of the Primary Metabolite Biomarkers
[00238] Characteristics that can be used for structure
elucidation of metabolites include accurate mass and
molecular formula determination, polarity, acid/base
properties, NMR spectra, and MS/MS or MSn spectra.
These data, and in particular theMS/MS spectrum, can
be used as fingerprints of a particular metabolite and
are uniqueidentifiers of a particular metabolite
regardless of whether the complete structure has been
determined. [00239] A. Serum Biomarkers - Structural
Elucidation [00240] 1. LC retention time. The extracts
containing the metabolites of interest were subjected
to reverse phase LC-MS using a C18 column and analysis
byMS as described in Example 2 above. Table 14 lists
the resulting retention times and detected masses for
each of the six serum metabolite markers. The
retention time for all six of the biomarkers is
approximately 29-42 minutes under these HPLC
conditions. [00241] 2. Extraction conditions. The
conditions of extraction also provide insights about
the chemical properties of the biomarkers. All eight
metabolites in the serum (from Example 1) were ionized
in negative mode (3 in APCI and 5 in ESI), which is
indicative of a molecule containing an acidic moiety
such as a carboxylic acid or phosphate. Any moiety
capable of losing a hydrogen atom can be detected in
negative ionization mode. Three of the metabolite
markers were extracted into an organic ethyl acetate
fraction (plasmalogen metabolites), indicating that
these metabolites are non-polar under acidic
condition; one was extracted into an organic ethyl
acetate fraction dried down and resuspended in
butanol, indicating that this metabolite (plasmalogen
metabolite) is non-polar under acidic conditions. Four
of the metabolites (phosphatidyl choline related
metabolites) did not extract into the organic
fraction, but rather remained in the aqueous
methanol/ammonium hydroxide fraction, indicating that
these metabolites are very polar. [00242] 3. MS/MS
spectra. The six serum metabolites identified as
having the best diagnostic ability were subject to
MS/MS fragmentation using collision induced
dissociation (CID). The structure of a given molecule
will dictate a specific fragmentation pattern under
defined conditions that is specific for that molecule
(equivalent to a person's fingerprint). Even slight
changes to the molecule's structure can result in a
different fragmentation pattern. In addition to
providing a fingerprint of the molecule's identity,
the fragments generated by CID can be used to gain
insights about the structure of a molecule, and for
generating a very specific high-throughputquantitative
detection method (see [30-33] for examples). Figures 6
through 11 show the MS/MS spectra for each of the six
markers at -50V collision energy (CE) voltages.
[00243] The masses resulting from CID MS/MS of each
parent mass were then used to calculate putative
formulas for each of the fragment ions for the
metabolites specific to the ADAS-cog scores, as shown
in the tables for each marker (Tables 15 to 17). The
information inherent in the fragmentation data is
highly specific and descriptive for each metabolite,
which can be used to gain structural insights about
each 



molecule. MS/MS was carried out on the ABI-Q Star XL
with all parameters as previously mentioned using
Nitrogen as the collision gas at 5 psi and collision
energy (CE) settings of -50 volts. [00244] Based on
the fragmentation pattern and masses, the metabolite
markers specific to the ADAS-cog scores have been
assigned structures having a
phosphatidylcholine-related backbone. From the CID
MS/MS, the molecular formulae of 3 metabolites
specific to the ADAS-cog scores (accurate neutral
masses of 541 .3432, 569.3687, 803.568) were
determined to be C25H5iNO9P, C27H55NO9P, and C43H8
1NO10P, respectively. Their structures are shown in
Figures 12-14. The putative structures of additional
markers are shown in Figure 15. [00245] The 3
metabolites specific to AD pathology, with accurate
neutral masses of 751.5555, 699.5198, and 723.5195,
were analyzed using FT-ICRMS and LC/MS techniques, and
by HRAPCI-MS, and MS/MS spectral analysis. Daughter
ions determined from the fragmentation pattern for
each metabolite marker are shown in figures 16-18. The
molecular formulae were determined to be C43H7 NO7P, C
H 4NO7P, and C4IH7 NO7P, respectively. Based on the
fragmentation pattern and masses, the metabolite
markers specific to ADpatehology have been assigned
structures having an ethanolamine plasmalogen
backbone. [00246] For the 751.5555 metabolite (C4
H78NO7P), and due to negative ionization conditions,
the HRAPCI-MS m/z measured was 750.5482 ([M - H]-,
calcd. 750.5477 for C43H77NO7P). The relative
intensity of the MS/MS fragment masses (MS/MS m/z)
were measured as follows: 750 ([M - H]-, 25%), 482
(1%), 464 (12%), 446 (5%), 329 (8%), 303 (100%), 259
(12%), 205 (8%), 140 (8%). The MS/MS fragments are
shownin Figure 16. The strong MS/MS fragment ion at
m/z 303 and other fragment ions due to loss of sn-2
acyl group (m/z 464) as a ketone, loss of the sn-1
vinyl ether side chain (m/z 482) though small, and the
fragment ion due to phosphoethanolamine (m/z 140)
indicated the metabolite to be a plasmenyl
phosphatidylethanolamine-type molecule with
arachidonic acid at the sn-2 position. Based on these
results, the structure of the 751.5555 metabolite was
elucidated as
1-O-1'-(Z)-octadecenyl-2-arachidoyl-sn-glycero-
3-phosphoethanolamine. This was confirmed by
comparison of their LC/MS and MS/MS spectral data
(Figure 19) [00247] The two remaining metabolites with
molecular formulae C39H74NO7P (neutral mass 699.5198)
and C4 1H74NO7P (neutral mass 723.5195) were found to
coelute with the 751.5555 metabolite in LC/MS. The
metabolites' MS/MS fragment ions and fragmentation
patterns were similar to those of the 751.5555
metabolite. [00248] For the 699.5198 metabolite, the
HRAPCI-MS m/z measured was 698.5125 ([M - H]-, calcd.
698.5130 for C39H73NO7P). The relative intensity of
the MS/MS m/z were measured as follows: 698 ([M-H] ,
8%), 536 (4%), 279 (100%), 255 (15%), 119 (10%). The
MS/MS fragments are shown in Figure 17. Based on these
results and on its structural similarity to the
751.5555 metabolite, the structure of the 699.5198
metabolite was determined to be
l-O-r-(Z)-hexadecenyl-2-linoleyl-snglycero- 3
-phosphoethanolamine. [00249] For the 723.5195
metabolite, the HRAPCI-MS m/z measured was 722.5124
([M-H]-, calcd. 722.5130 for C4 1H73NO7P). The
relative intensity of the MS/MS m/z were measured as
follows: 722 ([M - H] , 12%), 482 ( 1%), 436 (15%),
418 (6%), 303 ( 100%), 279 (6%), 259 (15%), 255 (10%),
205 (4%), 140 (5%). The MS/MS fragments are shown in
Figure 18. Based on these results and on its
structural similarity to the 751.5555 metabolite, the
structure of the 723 .5 195 metabolite was proposed as
1- O- l'-(Z)-hexadecenyl-2-arachidoyl-sn-glycero-3
-phosphoethanolamine. [00250] 4. NMR spectra. The
MS/MS fragmentation provides highly specific
descriptive information about a metabolite. However,
nuclear magnetic resonance (NMR) can assist in solving
and confirming the structures of the metabolites. As
NMR analysis techniques are typically less sensitive
than mass spectrometry techniques,multiple injections
are performed on the HPLC and the retention time
window corresponding to the metabolites of interest
collected and combined. The combined extract is then
evaporated to dryness and reconstituted in the
appropriate solvent for NMR analysis. [00251] Multiple
NMR techniques and instruments are available, for
example, NMR spectral data are recorded on Bruker
Avance 600 MHz spectrometer with cryogenic probe after
the chromatographic separation and purification of the
metabolites of interest. IH NMR, 13C NMR,
noe-difference spec, as well as 2-D NMR techniques
like heteronuclear multiple quantum correlation
(HMQC), and heteronuclear multiple bond correlation
(HMBC) are used for structure elucidation work on the
biomarkers. [00252] B. CSF Biomarkers [00253] The
structural characteristics (LC retention time,
extraction conditions, MS/MS fragments) for the 12 CSF
metabolite markers are determined in the same manner
as detailed above. Example 4 : Characterization of
Ethanolamine Phospholipids in Serum [00254] Based on
the fact that the metabolite markers specific to AD
pathology have an ethanolamine plasmalogen backbone,
it was further investigated whether other serum
plasmalogens could be indicative of AD. This
characterization of ethanolamine phospholipids in
serum was made using a chromatographic method combined
with a mass spectrometric detector. [00255] For MS/MS
applications and experiments involving chromatography,
an Agilent 1100 HPLC system was used in combination
with an Applied Biosystems QSTAR XL mass spectrometer.
An Agilent Zorbax RX-SIL (4.6 x 150mm, 5mm) column was
used for normal phase chromatography. Conditions
included an isocratic mobile phase (55:40:5
isopropanol:hexane:H2O) at a flow rate of 1.OmL/min
for a total run time of 15min. The column was heated
to 35C. The sample injection volume was 1OmL. Organic
solvent extracts (ethyl acetate) of samples were
evaporated to dryness under nitrogen gas and the
residue was reconstituted in lOOmL of 55:40:5
isopropanol:hexane:H2O solution prior to
injection.[00256] The QSTAR XL instrument was equipped
with an APCI (Heated 



Nebulizer) source operating in negative mode. Values
of major instrument parameters were DP, -60; FP, -265;
DP2, -15; GSl, 75; GS2, 15; CUR, 30; NC, -3; TEM,
4000C; Scan range, 50-1500amu; Accumulation time, 1
sec. [00257] The three classes of ethanolamine
phospholipids are described as diacyl (also referred
to herein as PtdEt), alkyl-acyl (also referred to
herein as plasmanyl) or alkenyl-acyl (also referred to
herein as EtnPl or plasmenyl). Various basic
structures of ethanolamine phospholipids are shown in
Figure 20, along with the standard naming convention
used herein. Table 18 shows a list of plasmanyl and
plasmenyl ethanolamine phospholipids (M5-M24) that are
presently identified and are of particular interest.
[00258] Figures 21-32 show structural information
pertaining to selected metabolites detected in serum.
These figures illustrate the retention time, MS/MS
fragmentation patterns, and putative structures for
selected molecules. Due to the conserved MS/MS
fragmentation mechanism between these molecules, the
theoretical MS/MS transition can be determined for any
ethanolamine phospholipid by using a combination of
the parent ion mass and the fragment mass of the
moiety at either the sn-1 or sn-2 position. Example 5:
High Throughput Commercial Method Development [00259]
A high throughput method for differential diagnosis of
AD dementia and non-AD dementia states was
established. [00260] High throughput screening (HTS)
was performed with a linear ion trap mass spectrometer
(Q-trap 4000, Applied Biosystem) coupled with Agilent
1100 LC system. Sample was prepared by adding 15uL of
internal standard(5 mg/mLof(24-13C)- Cholic Acid in
methanol) to 12OuL ethyl acetate fraction of each
sample. 100 ul sample was injected by flow injection
analysis (FIA), and monitored under negative APCI
mode. The method was based on multiple reaction
monitoring (MRM) scan mode of one parent/daughter
transition for each metabolite and one internal
standard. Each transition was scanned for 70 ms for a
total cycle time of 2.475 sec. The isocratic 10% EtOAc
in MeOH elution was performed with a flow rate at 360
ml/min for lmin. The source parameters were set as
follows: CUR: 10.0, CAD: 8, NC: -4.0, TEM: 400, GSl :
30, GS2:50, interface heater on. The compound
parameters were set as follows: DP: -120.0, EP: - 10,
NC: -4.0, CE: -40, CXP: -15. Figure 33 illustrates a
representative standard curve for this method for
EtnPls 16:0/22:6 generated by diluting a normal serum
sample while maintaining a constant concentration of
internal standard (24-13C)-Cholic Acid). Example 6 :
Effect of Aging and Severity of Dementia on Serum
Levels of Ethanolamine Phospholipids [00261] The
effect of aging and severity of dementia on serum
levels of ethanolamine phospholipids in 752 subjects
aged 40-95 with various levels of dementia was
investigated. The clinical data on the subject cohorts
is shown in Table 19. [00262] The effect of age was
evaluated using a set of aged 30 to 95 subjects of
untested cognitive status who did not suffer from
dementia. Subjects were divided into one of five
subgroups based upon their decade of life (30's, 40's,
50's, 60's, and >70). The 40-49 cohort was used as the
pre-dementia reference group due to the low incidence
of dementia at this age. The metabolites of interest
(see Table 18) were measured using the high throughput
method described in Example 5. [00263] The effect of
dementia severity was determined in subjects aged 56
to 95, comprised of 68 cognitively confirmed
non-demented subjects (MMSE > 28); 256 subjects
currently diagnosed with SDAT (ADAS-cog 6-70, MMSE
0-26); 20 post mortem confirmed SDAT and 20
post-mortem confirmed controls. Subjects were grouped
into one of four dementia subgroups based upon either
their MMSE score [> 28 = Cognitively Normal] or their
ADAS-cog score [5-19 = low cognitive impairment); 20-
39 = moderate; 40-70 = severe]. [00264] 6A. Absolute
levels of Ethanolamine Phospholipids [00265] A
significant gender bias was observed in that only
females exhibited an age-related decrease in EtnPls.
Free docosohexanoic acid (DHA, Free 22:6, M25) in both
males and females was significantly increased in the
50-59, 60-69, and 70+ cohorts relative to the 40-49
cohorts. However, only males exhibited a concomitant
increase in both 16:0/22:6-EtnPl (M19) and
18:0/22:6-EtnPl (M24) (see Tables 20-21 for males;
Tables 22-23 for females). These data indicate that,
in females, there may be an agerelated dysfunction in
the packaging of DHA into EtnPls. This gender
difference may explain the increased incidence of
dementia in very old females (19). [00266] In both
males and females, the majority of EtnPls in all
dementia subgroups were significantly reduced relative
to cognitive controls. In both males and females, free
DHA (M25) was significantly decreased only in severely
demented subjects. In females, a dementia effect was
observed for three EtnPls (16:0/1 8:2 (M16), 18:0/1
8:2 (M21), and 16:0/20:4 (M17)) in that both
18:2-containing EtnPls were significantly lower in
severely demented subjects versus either low or
moderately demented females, and 16:0/20:4 (Ml 7) was
lower in the severe group versus the low group (see
Tables 24-26). In males, a dementia effect was
observed for DHA (M25) and 16:0/22:6 (M19) in that
free DHA (M25) was reduced in the moderate group
versus the low group and in the severe group versus
the moderate group and 16:0/22:6 (M19) was reduced in
the severe group versus the low group (see Tables
27-29). These results indicate that the progressive
cognitive deterioration in AD manifests slightly
differently in the two sexes. [00267] Brain white
matter contains primarily 18:1- and 18:2-containing
EtnPls with low levels of 20:4-containing and
22:6-containing EtnPls, whereas gray matter contains
significantly higher levels of 20:4-containing and
22:6-containing EtnPls [34]. In females, increasing
dementia appears to affect both white ( 18:2) and gray
(20:4) matter EtnPls equally, whereas in males
predominantly gray (22:6) matter EtnPls appear to be
affected to a greater extent. [00268] Post-mortem
collected serum samples from 20 pathologically
confirmed AD subjects and 20 subjects containing
minimal amyloid deposition were also analyzed. Both
gray and white matter EtnPls were significantly
decreased in post-mortem confirmed AD relative to age
matched controls (see Tables 30 and 31). 



[00269] 6B. Relative levels of Ethanolamine
Phospholipids [00270] The data collected above was
re-analyzed to obtain a ratio between the levels of
each ethanolamine phospholipids with 16:0/1 8:0 PtdEt
(MOl). Measurement of the ethanolamine phospholipid
levels in this manner is more stable and reproducible
than measurement of the absolute levels. Furthermore,
because the 16:0/18:0 PtdEt (MOl) is naturally present
in all samples and does not appear to vary
significantly over diseasestates, this approach
minimizes the sample-to-sample variability (due to
handling, extraction, etc). [00271] The results
obtained further support the observations and
conclusions made in 6A. The gender bias was with
respect to an age-related decrease in EtnPls was
evident in data where ratios to MOl were measured (see
Tables 32-33 for males; Tables 34-35 for females). The
same trends with respect to the severity of cognitive
impairment were also observed (see Tables 36-38 for
males; Tables 39-41 for females). In addition,
pathology results on post-mortem serum samples show
similar trends (Tables 42 and 43). [00272] Both the
absolute EtnPls levels and the EtnPls to MOl ratio
exhibited a significant dementia effect. The EtnPls to
MOl ratios of all eight EtnPls (16:0/18:1 (Ml 5),
16:0/18:2 (Ml 6), 16:0/20:4 (Ml 7), 16:0/22:6 (Ml 9),
18:0/18:1 (M20), 18:0/18:2 (M21), 18:0/20:4 (M22),
18:0/22:6 (M24)) were significantly lower in the
severely demented group relative to the low group
while six of the eight were significantly lower in the
severe group relative to the moderate group Example 7
: The Grey and White Matter Score Distribution [00273]
A white and gray matter specific EtnPl scoring system
was developed whereby each EtnPl in each subject was
normalized to their respective gender-specific
cognitively normal mean, Iog2 transformed and mean
centered. Each subject's white matter score was taken
as the lowest such value of plasmenyl 16:0/18:1 (M15),
16:0/18:2 (Ml 6), 18:0/18:1 (M20), and 18:0/18:2 (M21)
EtnPls, and their gray matter score as the lowest of
plasmenyl 16:0/20:4 (Ml 7), 16:0/22:6 (Ml 9),
18:0/20:4 (M22), and 18:0/22:6 (M24) EtnPls. 100274]
These simplified scores revealed that both gray and
white matter EtnPls were decreased at all stages of AD
(Figure 39) and that the levels in post-mortem
confirmed AD closely matched levels in severely
demented subjects of both sexes (Tables 44-45). The
cross-sectional white and gray matter score
distributions in subjects of various levels of
dementia clearly showed a dementia dependent shift in
the population means (Tables 46-47). The effect of age
on the white and gray matter scores was also
determined (Tables 48-49). This also indicated that
changes in serum levels of gray matter EtnPls may
precede white matter changes and potentially be an
early risk factor forAD. Such cross-sectional data
does not account for baseline variability among
subjects. Individual longitudinal trajectories of
these scores may be more accurate at detecting early
risk of AD in otherwise healthy, non-demented
subjects. [00275] Based on these scores, risk
prediction can be performed on both male and female
subjects (Tables 49-50) where a cut-off value that
results in approximately 20- 30% of cognitively normal
subjects being classified as either intermediate or
high risk is used. Using this cut-off value, a
subject's white and gray matter score is evaluated. If
the subject tests normal on both scores, the subject
is deemed to be at low risk. If the subject tests
positive on one of the scores, the subjects is deemed
to be at intermediate risk and if the subject tests
positive on both scores, the subject is deemed to be
at high risk. Example 8. Effect of Dementia Severity
and AD Pathology on Serum EtnPls Levels in combined
male and female subjects [00276] The effect of
dementia severity was determined using 324 subjects
(176 female, 148 male) aged 56 to 95, comprised of 68
cognitively confirmed non-demented subjects (MMSE >
28) and 256 subjects currently diagnosed with AD
(ADAS-cog 6-70, MMSE 0-26). The effect of AD pathology
was determined using serum samples collected from 20
post-mortem confirmed AD and 19 control subjects
(Table 19). Subjects were grouped into one of four
dementia severity cohorts based upon either their MMSE
score [> 28 = Cognitively Normal] or their ADAS-cog
score [5-19 = low cognitive impairment; 20-39 =
moderate; 40-70 = severe]. 100277] Mean serum levels
of 16:0/18:1 (M15), 16:0/18:2 (M16), 16:0/20:4 (Ml 7),
16:0/22:6 (Ml 9), 18:0/18:1 (M20), 18:0/18:2 (M21),
18:0/20:4 (M22), 18:0/22:6 (M24) EtnPls; free
docosahexaenoic acid (DHA, Free 22:6, M25); and
phosphatidylethanolamine (PtdEt) 16:0/18:0
(D16:0/18:0; MOl) were determined for each group
(Figure 34). All eight EtnPls in all dementia
subgroups were observed to be significantly reduced
relative to cognitive controls (24 pair-wise
comparisons, t-test pvalues 2.6e-2 to 2.Oe- 10, median
= 3.9e-5). Free DHA (M25) was significantly decreased
in both moderately and severely demented subjects
(p<0.05). All eight EtnPls were also significantly
decreased in post-mortem confirmed SDAT relative to
age matched controls.D16:0/18:0 (MOl) levels, a
non-plasmalogen phoshopholipid remained unchanged
across the different dementia cohorts. Example 9.
Population Distributions as a Function of Dementia
Severity [00278] TheEtnPls 16:0/22:6 (M19) to PtdEt
16:0/1 8:0 ratio (MOl) (DHA-EtnPls) showed the
strongest overall sex-independent dementia effect
(Tables 38, 41) and was used for all subsequent
population distributions and comparisons. A summary of
the key comparisons using this ratio are listed in
Table 52. This ratio was then log(2) transformed and
used to create a population histogram for each cohort
of increasing cognitive impairment (Figure 35). A
cut-off value was selected based upon the findings of
Bennett et al [35], (i.e. -30% of the CN group being
detected as AD) (Figure 35, dotted line). Using this
cut-off, 63%, 79% and 83% of low, moderate and
severely demented subjects, respectively, were
subsequently classified as AD. [00279] To compare
these distributions with the known distributions of Ab
pathology in AD, the results of four prospective
pathology studies [8, 35-37] were combined to generate
the theoretical population distributions of Ab
pathology in demented and non-demented populations,
assuming that Ab is normally distributed in each
population (Figure 36A). These studies reported that
only 71% (140/198) of clinically diagnosed AD subjects
have AD pathology at death and that 32% (87/268) of 



cognitively normal subjects meet neuropathological
criteria for AD at death. When the data from all of
our cognitively tested subjects were combined, 32%
(22/68) of our nondemented population and 75%
(192/256) of our demented population were classified
as AD positive based upon their serum EtnPls level
(Figure 36B). This comparison revealed that the
observed distribution of depleted 22:6-containing
EtnPls perfectly matched the theoretical distribution
of AD pathology in demented and non-demented subjects.
Example 10. Linear Extrapolation of Disease
Progression and Serum EtnPls Depletion [00280] To
investigate whether a correlation between the decrease
in EtnPls and increasing dementia in the clinically
diagnosed AD population exists, a linear regression
analysis was performed using the mean 22:6-containing
EtnPls level (normalized to CN) of each of the
dementia cohorts and the average ADAS-cog score for
each of these three cohorts (Figure 37). A very high
correlation was observed between the mean
22:6-containing EtnPls level and the mean ADAS-cog
scores of the three dementia cohorts (r2=0.99).
However, this linear decrease did not extrapolate back
to the CN group (X vs. CN). Assuming a clinical AD
progression of 7.5 ADAS-cog units per year, this
extrapolation predicts that that 22:6-containing
EtnPls levels begin to decline approximately seven
years before clinical cognitive impairment (ADAS-cog =
15) is evident. Example 11. The Effect of
Chronological Age on Serum DHA-EtnPls Levels [00281]
To investigate whether the above prediction could be
verified experimentally, the serum 22:6-containing
EtnPls levels in 209 subjects ( 110 male, 99 female,
Table 19) of unknown cognitive status but currently
not diagnosed with dementia was determined and
compared to the clinical AD and CN cohorts (Figure
38). The results of this analysis revealed a
significant drop in serum 22:6-containing EtnPls in
the aged 60-69 cohort versus the aged 50-59 cohort
(Figure 38A). This cohort also had significantly lower
levels versus the CN group even though the CN group
was, on average, 13 years older. Interestingly, the
aged 70-95 cohort was not significantly different from
either the aged 50-59 cohort or the CN cohort, but had
significantly higher levels than the SDAT cohort.
Example 12. Sub-Populations Identified by Serum
DHA-EtnPls Levels 100282] The distribution of serum
DHA-EtnPls within each age group, as shown in Figure
38B, was also examined. The population distributions
of the five groups (three age groups, CN and AD)
differentiated by age and dementia status reveal the
presence of three distinct populations (P1-P3, Figure
38B). The populations were assigned as: Pl - subjects
with AD pathology and no remaining reserve capacity;
P3 - subjects with little or no AD pathology; P2 -
subjects that are transitioning from P3 to Pl . These
P2 subjects are hypothesized to have AD pathology and
some level of reserve remaining. [00283] Since AD
subjects have a life expectancy of less than 10 years
from diagnosis [38, 39] and low 22:6-containing EtnPls
are highly associated with AD severity, the decreased
number of Pl subjects observed in the aged 70-95
cohort is most likely due to differences in life
expectancy between Pl and P2 or P3. The transitory
nature of P2 is best illustrated by examining the
different ratios between the percentagesof subjects
present in P3 compared to P2, as observed in the lower
three panels of Figure 7B. These three cohorts differ
only in dementia status. The P3 to P2 ratio changes
from 3:1 (68% versus 22%) in the confirmed cognitive
normal group to an intermediate ratio of 1:1 (43%
versus 46%) in the normal healthy elderly group of
unknown cognitive status, to 0.6:1 (25% versus 40%) in
the confirmed demented AD cohort. [00284] All
citations are hereby incorporated by reference.
[00285] The present invention has been described with
regard to one or more embodiments. However, it will be
apparent to persons skilled in the art that a number
of variations and modifications can be made without
departing from the scope of the invention as defined
in the claims.[00286] Table 1: Accurate mass features
differing between clinically diagnosed AD patients and
non-demented controls (p<0.05, Iog2
transformed).Security token and method for
authentication of a user with the security token Field
of the invention The invention relates to a method and
a device to authenticate a user, to give access to a
system that is secured and to facili tate the
management of personal digital identities. Prior Art
and background of the invention There are several
devices and methods to authenticate the user to a
system, which may be a building system, or to a
computer network, or to a remote information system.
The aim of authentication may be physical access to a
building, e.g. to open a door, or logical access to a
webservice, e.g. access to a web page or for
information retrieval, e.g. from a remote computer
system. Thereby the user uses generally his name which
is also desig nated as a user ID in combination with
the password or a PINCode. After successful
authentication the user has access to a computer
network or to said system. The weakest link in a
secure system is generally the user. This is due to
the fact that the user is usually negligent in view of
choosing strong passwords. Additionally passwords are
often not treated as highly valuable secrets.
Furthermore the user may also be a target for social
engineering attacks like phishing, where user names
and corre sponding passwords are stolen or snatched by
third parties. A typical user of computer systems and
Internet services would have to memorize and manage
over 50 UserIDs, passwords and PINcodes, all this
information has to be treated as real secrets asit is
supposed by most of today's authentication systems. It
is a well-known fact that users don't handle such
identity creden tials as valuable secrets. Users
choose either simple passwords or simple rules to
memorize passwords. Dictionary attacks can 



break such alleged password secrets within seconds. To
augment the authentication security operators
distribute passive or ac tive tokens (cards, OTP-
lists, time dependant pass code genera tors, digital
certificates etc) . The handling of all these physical
and virtual identity credentials makes life not easier
for their owner. Many internet services are just not
used any more because users forgot how to access the
site. Users restrict their business relations to fewer
operators which naturally re duces the business
opportunities for e-commerce. While many sys tems
offer identity management functions for operators the
prob-- lem o f the user side identity management
remains unsolved. The purpose of an authentication at
a physical gate or a virtual portal is the same. The
access to a restricted site should be limited to
authorized persons. Only the security policy should
define what identity credentials are acceptable for a
specific access control. In the real world however
many organizations run different and more or less
separated access control systems with independent
identity credentials for physical (access to build
ings and sites etc) and logical access (access to
computer systerns and information etc) . This
inconsistency creates adminis trative overhead,
complications for the users and last but not least a
security flaw. Since a number of years Federated
identity management (FIM) and Single-sign-on (SSO)
systems or enterprise-reduced-sign-on sy s tems are
suggested to reduce this burden of multiple authentica
tion for the user. This is correct, however, the main
problem of such FIM systems is the necessity that the
different firms orservice provider have to coordinate
their work and accept each other the common users.
This is not workable. These efforts are- - in the end
- ineffective to solve this problem. WO 02/15626
relates to a mobile phone usable as authentication
device, wherein the user authenticates himself with
the mobile phone in one or more ways including
biometric characteristics and then the mobile phone
authenticates itself with the re quested service. WO
02/15626 strives to obviate the transmittal of a token
from the user to the device, wherein one authentica
tion can be used as long as all authentication service
provider use the same protocols . Summary of the
invention An object of the present invention is to
provide a method and a device, which allows a user
authentication that is more secure than using methods
of prior art. It is a further object of the present
invention to optimize the user-operator relation in
terms of efficiency and security. It is a still
further object to provide a simpler and more ergonomic
method and device to grant access to a secured system.
It is still a further object to provide the user with
a personal identity management system (PIMS) that
administers his digital identities and identity
credentials with a minimum of user in teraction. It is
still a further object to provide a user with a
modular PIMS which can be customized at any time with
an additional to ken that contains information for a
new authentication or ser vice delivery
process.According to the invention there is provided a
security token comprising a personal data memory to
store personal and person alized data of the user as
digital identity credentials, an input appliance to
allow checking of said personal or personalized data,
a key record data memory to store identity credentials
of an authentication server or application operator, a
transmitter and receiver unit for creating a secure
channel directly or in directly to said authentication
server or application operator to handle said key
record relating to said authentication server or
application operator, a control unit to control the
transmit ter and receiver unit as well as the key
record data memory in view of said handling,
comprising an action from the group of interpreting,
deciphering, creating, checking, renewing, withdrawing
and further key record handling actions. It may option
ally be equipped with a fixation mechanism which
allows the con nection to an additional token with
customization information (see below) . It preferably
further comprises a power supply unit and a protected
channel for firmware updates. The security token can
have the form of a smart -card but can also be a
cellular phone or a PDA. It is important that personal
data can be entered and stored. Such personal data can
be a se cret or biometric data. In order to allow
authentication a key record data memory is used to
store identity credentials of one or more
authentication servers. These key records are
"handled" after creating a secure channel directly or
indirectly to said authentication server, wherein
handling comprises a number of actions. Occasionally
the security token is used in combination with an 



additional token to perform an identity check upon
creating a new key record. Such an additional token
can be a one-timepassword, to perform an
authentication check of property of said password, or
comprise an electronic circuit element with addi
tional transmitter and receiver means to create an
additional secure channel to the security token. This
enables the entire device to receive a message payload
from the authentication server which is processed and
forwarded to said control unit, to handle the relevant
key record. This option makes the device modular and
customizable for the delivery of new authentication
services which are not yet known at the time of the
delivery to the user. In a preferred embodiment there
are provided a plurality of key records, each record
attributed to one certification authority or
authentication service provider or operator. Several
key records may be attributed by the certification
authority and later be activated by different
authentication service providers. This enables each
certification authority to authenticate the iden tity
of the user independently within the token, whereas
the . user only has this one token and additionally
has control over his personal data (biometric data are
only stored within the to ken) . It is up to the
different organizations to decide, how to : handle the
different key records by different authentication
servers or application operators. The user has a very
convenient way to authenticate himself with only one
security token and credentials of different providers
securely memorized in said token. If one of the
authentication servers or application op erators wants
to renew and change the authorization, this can be
done completely independent from the key records of
other or- : ganizations . ' The preferred embodiment
foresees a secured USB, especially mini -USB or other
physical connector that may be used for the reloading
of the internal power supply equipment and for
thebootstrap or renewal of the firmware. It may also
be used to de liver certified information that can not
be delivered over the other available channels (e.g.
X509 certificate) . If some CAs have a lead on the
market, it is possible to create two or more key
segments comprising different key records which can be
enabled and distributed by the different certification
authorities to different authentication servers or
application operators. Such a CA or an authentication
service provider authorized by the CA may operate a
portal that gives access to multiple sites and
services that need an authentication of their users
but that do not want to run an own authentication
system. The token and the method is of course intended
to provide positive authentication of the security
token to allow the user quite a number of actions, as
e.g. access to a software applica tion, to effect a
payment, to create a ticket or to allow physi cal
access, especially to open a door. Such a user side
personal identity management system must always be
under the control of the user and it must be protected
from any outside malicious ma-.: nipulation. Therefore
a personal identity management system should not be
implemented on data terminal equipment (PC, Mobile
phone etc) that can come under control of an attacker.
The invention is based on the insight of the
inventors, that the proposals used in the prior art
start from the wrong side of the user-operator
relation. Only a user side identity management can
handle the multiple identity credentials of the user.
The invention enables the user to use federated
identities in a highly secured environment, using
biometric data to authenticate himself with the device
and within the method used, but without giving away
such biometric data to third parties .Brief
description of the drawings The drawings will be
explained in greater detail by means of a description
of exemplary embodiments, with reference to the
following figures : Fig. 1 shows a method and a device
according to the present invention embedded in a
secured environment; Fig. 2 shows the relevant
components and the communication channels for the
device of figure 1 and while using the method
according to the invention; Fig . 3 shows
schematically a card for use with the method and the
device of figure 1 ; Fig . 4 shows the data
architecture of a credential management within a card
according to the present invention; Fig . 5 shows a
possible set up method according to the present
invention; Fig . 6 shows schematically the method and
device according to the present invention with a user;
FFii qg.. 77 shows the interaction of the card with a
smart card ac cording to the present invention in
combination; Fig . 8 shows schematically a card
according to the present in 



vention; Fig . 9 shows schematically a pouch according
to the present invention, Fig . 10 shows a stand alone
operation mode; Fig . 11 shows a authentication
service operation; Fig . 12 shows a certification
authority operation; and Fig. 13 shows a federated
operation. Detailed description of preferred
embodiments Figure 1 and 2 show schematically a
possible arrangement of the method according to one
embodiment of the present invention.Thereby figure 1
shows a three functional subsystem 7 . The three
functional subsystem 7 comprises a token 8 , 9 , an
authentication platform 6 , and authentication modules
12. The token 8 , 9 is a security token and used
within the context of a multifactor authentication as
"something the user has". The token 8 , 9 may be a
smart card, a SIM-card or comprise a reader terminal
for such a card. In the latter case the security token
8 , 9 is then the combination of an intelligent card
and the reader. A PDA or a mobile phone can therefore
be considered to be such a token 8, 9 . In the
following description it is assumed that the security
token is a card 8 , 9 . The three functional subsystem
7 is responsible to control, re strict and
authenticate access to subsequent secured applications
13 . It is understood to the person skilled in the art
that such applications 13 are not limited to the one
which are shown and mentioned in figure 1 . It is to
be noted that the creden tials provided by the
organizations running the applications 13.. can be
separate (and therefore physically to be loaded into
the subsystem 7 ) but also included in the
authentication modules 12 through a software transfer
into a secured memory as will be shown below. Within
the entire description, some abbreviations will be
used which are defined in the enclosed list of
reference numerals at the end of the description. An
example of such an authentication platform 6 is
illustrated by means of figure 2 . The authentication
platform 6 comprises a license server 65, a
certification authority server CA 64, an
authentication service provider server AuSP 63,
optical features 61 and/or information transmitting
means 62, such as radio fre quency identification
features (RFID) . The authentication platform 6 may be
built as a digital portal to enable the authenti
cation service provider to grant access to a computer
system or it may be built as a physical portal, which
controls for example access to a building. An optical
feature 61 may be a plug-in applet or any other
graphics generating program that generates a
flickering code that is displayed on the screen of the
user computer e.g. in a client browser window (e.g. as
described in EP1255178) and will be read by an optical
channel of the card 8 , 9 . As input the applet or the
program gets an authentication server message with a
card, segment and key record address and an encrypted
message. (This message is transmitted from the
authentication server to the local terminal equipment
over a http-, https- or an other secured channel
protected by a suitable point-to-point protocol, e .g.
SSL-protocol) . During a session the operator may
authenti cate or verify the presence of the authorized
user one or sev eral times and link this
authentication with transaction spe cific information
that is only accessible through the token 8,9. The
channel from the server to the local data terminal is
addi tionally secured by the usual network security
mechanisms (VPN, https or other SSL protected
protocols) . The RFID feature 62 may be an application
for the RFID server that transforms the address and
the message from the authentica tion server into an
RFID communication dialog for the reader terminal or
card 8 , 9 . Said message will be transmitted using
the same protocols as described above. Beside these
two communication ways it is also possible that the
information is transmitted in an acoustic way or in a
simple op-.' tic way (IR transmission) , with the
usual backdraws of such a slower transmission mode.The
AuSP- server 63 performs the basic authentication
protocol and it generates on request of the operator
server 63 the appro priate challenge-response message,
encrypts it, signs it and transforms it into a SOAP
message (Simple Object Access Proto- ' coll) . If
necessary (first and renewal registration, on-line en
rolment) it communicates with the certification
authority server (CA server) 64 to get the necessary
keys, activation and renewal codes . The CA server 64
allows a certification authority (CA) to ini tialize
cards 8 , 9 with their private keys and to perform the
enrolment process . A license server 65 is the card
management system that administrates all circulating
cards 8 , 9 delivers the access codes for 



the CA server 64 (SAC- segment activation code 53, KAC
- Key Ac tivation Code 54) and the license renewal
information (KRC-Key Renewal code with a new KED-Key
expiration date referenced as 77 in Fig. 4 ) . The
license control codes allow the implementation of new,
flexible and modular business models with a charge for
one or several authentication acts or for a limited or
unlimited period (license per sale of the token 8,9) .
The basic implementation of the method according to
the present invention may be done for applications
that are offered over the internet. The whole
authentication method however can be also used for the
authentication within operating systems (Windows,
Solaris, Linux etc) or in applications that need user
authentication (SAP, Secure Adobe, CRMs, CSMs etc) .
If the method ac cording to the present invention is
used for operating systems or applications, the
standard login and user authentication mod ule of said
applications have to be replaced with a corresponding
authentication module according to the present
invention. The device according to the present
invention will be explained by means of figure 3 , 4 ,
8 and 9 . A person or user 1 establishes a link to a
card 8 , 9 according to the method as described below.
The card 8 , 9 holds personal (biometric) data 31 (In
a multif actor authentication this cre dential is
"something about the user is") , personalized digital
data 33 and certified digital credentials 34, 34' for
the per sons identity relative to a certain
authentication service pro vider and establishes a
permanent, strong and provable link 35, 35' to the
AuSP servers 2 , 2'. Together the personalized digital
data and the certified credential 33, 34 form the
essential information of the key record 75. This may
be done once and for ever. The digital credentials 33,
34 may be initialized and pre- : sented to an
independent information management system (IMS) and
their authentication servers 2 , 2'. However, the
credentials 33, 34, 33', 34' may also be presented to
any other system as known by the person skilled in the
art. Fig. 3 also shows the possi bility that a
plurality of different digital credentials 1 to n may
be saved on the card 8 and additionally the card 8 is
equipped to verify the identity of the IMS-Servers 2 ,
2 ' by the credentials 34, 34' etc. .It is one
advantage of the device according to Fig. 3 that the
input of personal data, i.e. biomet ric data or a
secret, is handled through connection 10 and is stored
as factor 31. These entries are used, when creating
the private keys 1 to n , but preferably do not
necessarily comprise such data as part of the key.
This has the advantage that the user remains as owner
of the card 8 also physical owner over his biometric
data and no distribution of these biometric data out-
: side of the card 8 is contemplated. Therefore no
abuse of such data, i.e. through hacking by third
parties in a master serverstoring such biometric data,
is possible. This is important since such biometric
data cannot be replaced as it is possible with a PIN.
On one hand the card 8 , 9 verifies the identity of
the author ized user through a two- or three-factor
authentication 7 , on the other hand it processes
identity credentials and digital au thentication
requests that may have various different forms. Such
examples of such an authentication service provided by
the card may be a response to a challenge -response
protocol as ex plained in EP 1 480 107 from the same
inventors, a generation of a digital signature, the
delivery of a message authentication code or the
activation code for a software certificate. Such a
digital authentication request may comprise a
challenge relating to "something the user knows" .
Depending on the security level one of the mentioned
checks may be omitted. The card 8 according to the
present invention is preferably pre loaded with a set
of addresses 51, 52 and 73, keys 33, 34, 72, 79 and
codes 53, 54, 76, 77 as it may be seen from an example
of such a card shown in Fig. 4 and examples of
manufacturing proc esses 4 , 5 as shown in Fig. 5 .
The card 8 is the personal digi tal identity
management assistant. This means that information
regarding to the users identity is stored on the card
8 as well as other information that relate to other
services. The informa tion relating to the users
identity is usually contained in overall data 55
together with the enrolment record 74 etc., rep
resented by reference numeral 31 in Fig. 3 . The card
8 comprises several key storage segments 71, wherein
each segment can comprise a number for key records 75.
This is equivalent to an in ternal identity credential
management system that contains pri vate keys (part of
34) in a key storage record 75 within a key storage
section 71 as digital identity credentials, the corre-
.sponding public keys of the AuSP (part of 34) that
uses a spe cific private key, the public key of the CA
79 that loaded the private keys, optional enrolment 78
and license access informa tion. Key renewal section
77 as well as segment activation codes 53 are also
contained in each segment. However, all data stored 



on the card are externally deliverable via a suitable
interface and suitable permissions (license or
CA-permissions) and/or can be updated later on through
separate uploads . Therefore the structure shown in
Fig. 4 shows a card in use. It is possible to
attribute a first CA a segment 71 with only one record
75 and a second CA another segment 71 with e.g. five
records 75. It is later on always possible to extend
the allocation of records of card 8 to additional CA'
s (a new third CA can receive a newly created
segment), or to allocate additional or delete existing
records 75 for said first or second CA. The physical
place of such information within the memory of the
card is controlled by identity numbers as IDT 51 for
the token, IDS 52 for a segment and IDX 73 for a key
record. Figure 8 shows a first embodiment of such a
card 8 according to the present invention. The card 8
has a similar size as a usual credit card, but is
typically thicker than a credit card, usu ally twice
to thrice (the representation within Fig. 8 and 9 is
exaggerated) . Personal information 83 is stored on
the card by storage means. Storage means may be a
simple picture, a barcode, a radio frequency chip or
any other suitable mean. Additionally the card 8
comprises a reception pocket to receive an additional
chip card 84 which may be inserted and removed as
indicated by arrow 82 . The additional chip card 84
may be a chip card analog to a SIM Card that may be
inserted in the card 8 . The chip ca rd : 84 may also
be designated as additional token. Several different
chip cards may be edited by different CA' s , AuSP' s
and opera tors .Besides physically adding the
additional security token it is also possible to
upload said information into a memory as will be seen
in the description relating to Fig. 7 . An AuSP or an
operator may accept such upload as sufficient for
access to his services or request the presence of a
physical token 84 or 94 within the card 8 or 9 .
Figure 9 shows a second embodiment of a pouch 9
according to the present invention. The pouch 9 has
also a similar size as the card 8 in the first
embodiment. Personal information 83 is stored on the
pouch by storage means . Storage means may be a simple
picture, a barcode, a radio frequency chip or any
other suitable means. Additionally the pouch 9
comprises a slot 91 in order to receive an additional
data card 94, which may be in serted and removed as
indicated by arrow 92 . The additional data card 94
may be a smart card with electrical connectors or RFID
interface. However the additional data 94 card may be
hooked up to the pouch 9 by some mechanical connector.
The additional data card 94 may also be designated as
additional token. A third embodiment may consist of
the data card 8 alone without additional interfaces to
chip cards or smart cards. For the sake of simplicity
the card 8 as well as the pouch 9 will now be
designated as card 8 , 9 and the chip card as well as
the additional data card will now be designated as
additional token 84, 94. Additionally the card 8 , 9
may comprise several interfaces 85, 95. The interfaces
85, 95 may be an optical interface, a radio frequency
interface or an electrical interface. However any
other interface as know by the person skilled in the
art mayalso be used. The optical interface for example
is able to read a flickering code that is provided by
a client browser 61. Fur thermore it is also possible
that the card 8 , 9 comprises dis play means in order
to display status and other information to the user.
Display means may be LEDs for status information or
liquid crystal display for signaling more complex
information. In order to transmit data from the
additional token 84, 94 to the card 8 a secure
connection using a secure communication channel or
encrypted communication channel 40 between the two
will be established. This connection will be
established at the first time the additional card 84,
94 gets into contact with the token 8 . After this
first insertion the use of the additional card 84, 94
may be restricted to the token 8,9, depending on the
policy of the editor of the additional card. The card
8 as shown in Fig. 4 contains an internal identity cre
dential management system that contains private keys
as identity credentials, the corresponding public keys
of the AuSP 63 that uses a specific private key, the
public key of the CA 64 that loaded the private keys,
enrolment, license access and software update
information. To enable multiple independent relations
between operators (provider of services etc.) and
users (holder of card) a key manage ment and
initialization system is necessary. The digital
identity services work either with the internal
identity credentials alone, as provided within the
segments 71 and key records 75, with the internal
identity credentials and some ad-hoc received
information that enters the card 8 through 



one of the available interfaces preferably optical,
radio fre quency or electrical contact or with the
internal identity eredentials, some ad-hoc received
information that enters the token through one of the
available interfaces and some additional in formation
from the replaceable and customizable additional token
84, 94 that is hooked up to the token. The additional
token 84, 94 may contain information that speci fies
the nature of the authentication service to provide
for a business relationship with the editor or
provider of the addi tional token 84, 94. It may also
contain additional identity credentials that may only
be used by a specific owner of the card 8 . Typically
the additional token 84, 94 may be issued by a third
party. The additional token 84, 94 may be issued for
exampie by a commercial institute such as a bank,
online shop, in surance company. Or the additional
token may be issued by a company to its employees in
order to gain access to an internal computer system.
The additional token may also be a token that has been
issued to the user ahead of the cards 8,9. User 1 of
Fig. 7 uses a card 8 or 9 . The use of a new service
necessitates authentication. Such service may be the
first ser vice or may be one of a plurality already
existing services. Ac cording to the biometrical
identification the card 8 is linked directly to the
user 1 . The provider of the new service now transmits
a token 84 to the user 1 . This token 84 can be issued
from the AuSU, AXS-CA or AXS-PI. It is only important
that the service provider trusts the sender of the
token 84 . The delivery of the token 94 has therefore
received the reference numeral 47. The token can be,
as suggested by the graphical form in Fig. 7 , a
smart-card, the chip of a SIM-Card or equivalent or a
one-time password or link to access a secure web-page.
It is only impor- : tant, that upon the first use of
the token 84 the card 8 starts a secure channel 41
between the card and the AuSU as well as a secure
access to the new segment 71 or record 75 to be
activated. Of course it is possible, that the token is
a smart-card' . ; 84 creating itself a secure channel
40 between the card 8 and the smart card 84, but it is
also possible that the one-timetoken is used inside
card 8 without external hardware. Upon opening of this
channel 41 a message payload relating to the new
identity is channeled to the card 8 and then either
processed and validated through the token 84 or
validated di rectly by the one -time -token as
mentioned above. In the end, either a new segment 71
is initialized and/or a new record 75 within a
existing segment 71. In the above described platform
identity credentials can be pairs of signed asymmetric
keys. The private key of the pair is : always enclosed
in a safe memory of the entity that uses it to
authenticate itself. The corresponding public key is
distributed and signed by the CA to all instances that
want to identify the owner of the private part of the
key. All encrypted messages , over the network
infrastructure are first encrypted with the public key
of the receiver and signed with the private key of .
the sender. The system may run with different
asymmetric encryp- . tion schemes: RSA, ECC, ElGamal
encryption with appropriate key length known by the
person skilled in the art . The data architecture of
the platform foresees a key record for " ; each
business relation the card holder has with an
application operator (AuSU, 66) that request
authentication. The authentica- ' .-.< : tion service
is provided by the authentication service provider
(AuSP, 63) that is either integrated in the IMS of the
AuSU 66 or a dedicated external service. The AuSP 63
registers the End- User and activates the
corresponding Key Record on the card 8 , 9 with the
permission of the CA 64 that owns the key storage seg
ment 71 on the card. The AuSP 63 delivers at the same
time hisidentity credential into the card 8 for mutual
authentication purposes. After the registration of the
card 8 at the AuSP 63 the key record 75 has an
activated private key (within 76) as identity
credential and (optional) a public key of the AuSP 63
that will be used to authenticate the AuSP 63 server
by the card 8 . In the case of a pouch 9 some of the
key records contains ad ditional fields for the key
information for the communication with the connected
smart card. As shown in Fig. 13, a card 8 is issued by
the producer of the card (AXS-PI, 67). Each card 8 , 9
may be used by several inde pendent CA 64, each CA 64
using one segment 71 of the card 8 having received a
licence for such use. Each CA 64 may store a set of
identity credentials (initialized key records) 75 on
the card 8 upon request of the EndUser. The identity
credentials of one CA 64 are all stored in an own
allocated segment 71 with a certain number of key
records 75 that may be activated at. a given time by
the CA 64 or an AuSP 63 affiliated to the CA 64 . The
card issuing CA 64 delivers the card 8 with the first
segment 71 initialised. It also cares about the first
enrolment of 



the user with the card 8 The CA 64 that initialises a
further key storage segment 71 afterwards may request
the run of a new enrolment protocol or may accept the
enrolment of the card issu ing CA 64 . The
corresponding information (personal enrolment code
called FingerCode for the segment 71 and the
corresponding fingerprint mapping) is stored inside
the segment 71 together with the certificate of the CA
(public key) . The initialization by a further CA may
also happen after the issuing of the card to the user.
It is sufficient that the necessary access codes are
predefined just after ' the firmware loading 102
(AXS-PI) into the card. Each key record contains
additional handling information whichdefines the used
key length, the cryptographic algorithm and the
treatment of the message data. The access to the
segments 71 and to each key 75 inside is under the
sole control of the corre sponding CA 64 . But for the
initialization of the segment and the key records the
CA 64 has to obtain a segment access (SAC) and key
record access (KAC) codes which are delivered by the
card producer AXS-PI 67. For each activated key record
an expi ration data (KED) is defined. The KED is set
at the time of the activation of the key record
(registration of the card 8 at an AuSP 63) . The key
record is active until the latest date in the Event
and Time Log record is newer than the KED. After that
re spectively at the next use of the key record
credential the KED must be refreshed to a new date .
This refreshment request a key renewal code (KRC) that
is also delivered by the card producer. These unlock
and renewal mechanisms allow a periodic license ac
tivation for all identity credentials in use. A
similar mecha nism allows to revoke a single
credential within one card with out affecting the
usability of the card and the other creden tials on
the card. The control and metadata parameters allow to
realize with the same card 8 completely different use
cases and business models without altering the basic
firmware. A method for setting up such a card 8 and an
additional token 84 as described above is illustrated
in Fig. 4 and 5 and described as follows. The
production of the card 8 , 9 comprises the following
steps: - hardware production 100, wherein the card 8
or the pouch 9 will be manufactured. - Load firmware
101. The firmware will be loaded on the card.- The
hardware as well as the firmware will be tested. If
all the tests were successful, the card 8 , 9 is
designated as "Anonymous Card" and is then ready to
load the different identifier, credentials and codes.
The following steps individualize the anonymous card:
- Load card initialization activation and renewal
codes 102. The initialization instance enters an
identifier map into the identity credential database
and initializes the card 8 , 9 with the identifiers
(IDT, IDS, IDX) and the licence control codes (SAC,
KAC, KRC) and sets on each record the key expiration
data (KED) . After this step the hardware and firmware
is only acces sible through the standard communication
channels (e.g. RFID, optical interface, etc.). After
the production and initialization step the
individualized cards 8 , 9 are shipped to the CA 64.
The CA 64 runs on each card 8, 9 the following key
loading protocol : - Loading the CA public key (PubCA)
for the specific lot PubCA into the segment opened by
the SAC-code 103, 104. - Initializing the Key records
of the segment with the PrivKey IDX, the key
activation code (KAC) and the command controls that
define the operations on the messages After that the
following steps will be applied: - User enrollment
with the registration of the biometric ref erence
templates in the card 105The CA 64 initializes the
card with digital cryptographic iden tity credentials
and produces the corresponding certificates. It
delivers them (cards and optionally the certificates)
to affili ated enrolment centres (EC) . Each
certificate contains information on the security level
that has been applied for the enrol ment process by
the issuing CA 64 respectively its EC. There are three
enrolment environments with different security levels
and with inversely proportional ease of deployment: As
a 1st level enrolment security a distribution model
applies. Enrolment may be at any place after the card
and a special en rolment enabling code has been sent
to the user through a secure channel (standard
security level, e.g. applied with credit card
distribution) . The card is shipped to the end-user by
an unsecured but reliable distribution channel (ground
mail, HR offices within an organisation etc) . In
parallel an enrolment code is shipped to the end-user
over a secure channel (e.g. certified Mail) . With the
enrolment code the end-user can run an enrolment
protocol at any computer connected to the Internet.
The enrol - 



ment protocol is provided by the authentication server
of the CA. As a 2nd level enrolment security a trusted
tree model applies. .-. Enrolment in the presence of a
trusted and already enrolled person that is entitled
to enroll new users (enhanced security level) . The
new end-user gets his card 8 , 9 from an agent who
knows him personally and who owns already an enrolled
card. The new end-user gets the corresponding
enrolment code on a same secure channel than in the
distributed model. To run the ...; ' ; enrolment
protocol for the new card 8 , 9 the agent has to start
: ' ;: it at any internet connected computer with his
card 8 , 9 . Then the new user runs the standard
enrolment process from the same computer terminal. The
agent knows the new user and thus .guarantees that
only the right person gets enrolled. He acts as a
temporary mobile EC. A s a 3rd level enrolment
security a certified authentication model applies.
Enrolment inside a trusted site (EC) under human
supervision with a presentation of an official
identity pass (high security level) . The CA mandates
and certifies specific sites in a protected
environment to be an enrolment centre (EC) . A new
End-User receives the card 8 , 9 in the EC after a
verification of his identity through an EC-officer
(e.g. presentation of a governmental issued passport)
. The new End- User then runs the enrolment protocol
at a dedicated terminal in the EC. The enrolment code
is provided by the EC-officer. A user 1 that later
wants an upgrade of the security level of his card 8 ,
9 has to go through a new enrolment process or a
verification of his enrolment that is compatible with
the aimed security level. The initialization and
enrolment process of the CA and the EC may be
certified according recognized certification standards
(CC, IPSEC, FIPS) to guarantee mutual trust if more
than one CA issues cards and certificates. The
enrolment process is the same for all three security
levels. It estab lishes a strong 2-or 3-factor link
between the user as a person and the card 8 , 9 .
After a proper enrolment each certificate represents
an independent certified digital identity credential
for the User's identity. In all authentication systems
the enrolment is a critical step that includes a
priori knowledge and certitudes on the identity o f a
person 1 . In most cases the initial identity
information comes from a governmental IMS. The
registration and management of the identities of their
citizens is one of the most important tasks of any
state. All IMS have to bootstrap on some sort of
official government issued credentials.After
completion of the enrolment protocol the enrolment
secu rity level is written into the card 8 , 9 and may
be queried in further registration or authentication
processes. After the enrollment the card is ready to
be used. For this the user (enrolled card holder)
makes the following two operations: - Registration at
the AuSP 106 at the first access to a new site or
service - Authentication as often as the user needs to
proof his identity to access restricted sites or
services 107. After the above mentioned steps, the
card 8 , 9 is an operative card 8 , 9 for the use with
AuSP 66. However if the credential expires, they may
be unlocked with a key renewal code 108. If the code
is valid, the card will be unlocked. If the code is in
valid the specific key on the card will be blocked.
Additionally if the pouch 9 is used in combination
with the ad ditional token 94, an initialization 110
of the pouch 9 and the additional token 94 is
necessary. The pouch 9 option allows an a posteriori
customization of the additional token 94
functionality. The specific response to a message
payload is processed in the additional token 94 which
may be a smart card or another removable token that
can be hooked to the card. The pouch 9 (card with a
mechanical slot 91 to hold a smart card) serves as a
authenticating device that transmits the decrypted
message to the SMC over a secure channel 40 between
the pouch and the SMC. This secure channel 40 is
established the first time the additional token 94 is
introduced into the pouch 9 through a symmetric
mechanism. After this ini tialization the additional
token 94 can only communicate with the initial pouch 9
. All other communication channels to otherdevices
(card readers) are not altered by this initialization
operation. The same is true, if the message payload is
processed with the help of the additional
one-time-software-token to ini tialize a given segment
71 or record 75 . The card 8 , 9 may be registered at
AuSP/AuSU. When the user en ters into a business
relation with an operator (AuSU/AuSP) the next
available certificate of the user's card 8,9 has to be
de livered to the authentication server of the
operator. This certificate is then allocated solely
for the authentication of the user in this specific
operator network. The authentication 



server may be part of the IMS of the operator himself
or may be operated by an external Authentication
Service Provider (AuSP) . In the network registration
the card 8 ,9 is registered in an IMS of an
Authentication Service Provider (AuSP) . The card 8 ,
9 registration activates the next unused key in the
list of the initially stored keys (IDX) . The message
also contains the CAsigned PubKey of the AuSP. This
allows then mutual authentication between server and
card 8,9. The key renewal section in each key record
is a license control field. It contains the key
renewal code (KRC) that blocks the access to this
field for non legitimates messages. In the field is
also key expiration code, which defines the validity
date of the actual record. After passing the validity
date, a new key renewal code (send by the authorized
instance) has to be stored in the record and the KED
has to be set to the new expiration date. For all
edited cards 8 , 9 , the provider maintains a
credential management system. This system delivers the
necessary codes to store, initialize and operate the
identity credentials in the:card. It will also allow
reproducing in collaboration with the involved CA lost
or stolen cards without excessive user interaction
(only the reenrollment of the user is necessary) .
With reference to Fig. 7 , no trusted network of
operators is necessary to realize identity federation.
Many different mutual trusting or non-trusting
organizations may use the same card 8,9 to
authenticate its owner. The only restriction is that
the or ganizations must assure or belief that the card
is really in the hand of the alleged user. This can be
done by an enrolment check. Every operator can do such
a check at any time over the Internet (see enrolment
protocol) . Normally it is sufficient that the
operator gets access to a specific credential inside
the card 8,9 from the editing CA. The CA then
guarantees at a specified security level that the
identified card 8,9 is in the sole possession of the
legitimate owner. A new business relation is then very
easy to start. The user just registers his personal
card 8 , 9 in the IMS of the operator. The operator
gets the access code for one of the pre- initialized
identity credential stored in the card 8 , 9 and
establishes an authentic one-to-one relation with this
user based on the specific allocated identity
credential . This scheme realizes an unlimited
identity federa tion across all operators that accept
the authentication. Thereby the card 8 , 9 uses the
same identity credentials for logical as well as
physical access. The separation between logi cal and
physical access systems comes partly from the fact
that two different communication concepts are used.
For physical ac cess we often use an integrated
circuit card (smart cards) that holds an identity
credential which we have to present (contact or
contactless) to a reader at the entry gate. For
logical ac cess we often have to submit a secret code
over a keyboard in the authentication process.With the
device and method according to the present invention
these two forms of authentication are integrated in
the same scheme. The same identity credentials are
used to deliver the requested identity proofs over
appropriate communication chan nels. The card 8 , 9
generates the proof (OTP) and delivers it over the
internal LCD- screen for the logical access infrastruc
ture. For physical access the same identity credential
delivers the identity proof over the built-in RFID
communication channel (ISO 14443 Standard) to the
reader at the gate. This means that the unification of
logical and physical access can be done with minimal
changes on the existing infrastructure. ISO uses the
term "Integrated Circuit Card" (ICC) to encompass all
those devices where an integrated circuit is contained
within an ISO 1 identification card piece of plastic
of the standard size of a credit card (commonly named
smart card) . In tegrated Circuit Cards come in two
forms, contact and contact - less. Smart card
technology is used increasingly in applications that
must protect personal information or deliver fast,
secure transactions . The card 8 , 9 according to the
present invention is able to make smart cards
accessible at any place. Thereby new applications for
business purposes will be created. The use of Smart
Cards depends on the availability of a local reader
which restricts the mobility and the application
fields of the cards. The card 8 , 9 is designed to
establish a secure connection to smart cards and to
serve to some extend as personal mobile reader. With
the card 8 , 9 solution new services may be hooked up
to the authen tication system even after the roll out.
The operator just sends smart card customized for his
new service to the users who can access the new
service inserting the smart card or additionaltoken 94
into card 8 , 9 . Instead of a smart card with the
standard size only the smart card connection field
(chip and connector (like a SIM card) may 



be used as plug-in into the card 8 . This would allow
a simpli fied solution for the pouch concept as
described above. The authentication device and method
according to the present invention is flexible to
serve different operation models according the
authentication needs of the operator or the operator
community. This will be illustrated by means of
figures 10 to 13. Figure 10 shows the present
invention in a stand-alone operation. In this
operation one organization combines the roles of the
CA, the EC, the AuSP and the AuSU. The organization
runs an own IMS using the authentication to control
physical and logical access of authorized users to the
assets of the organization. It gets the card 8 and the
license codes from the producer 67 and distributes it
to its users. Figure 11 shows the present invention in
an authentication ser vice operation. In the
authentication service operation model an organization
68 delivers to several organizations 66 the service of
identity management and identity credential
verification. The main application of such service is
the authentication of online users for business
platform operators. The authentication ser vice
provider 68 combines the roles of the CA, the EC and
the AuSP. It distributes the cards and manages the
identity credentials for the different operators that
have a business relation with the End ser of a card.
The AuSP may run a specific Web-: based portal to
bundle all provided accesses.Figure 12 shows the
present invention in a certification author ity
operation. In this operation model an already
established and recognized public or private
organization takes the role of a CA 64. It runs EC and
provides other organizations 69 (AuSP+AuSU) with
certified public keys of the cards, so that these
organizations can verify the identity of the End Users
whenever they get in business relation with the AuSU
Figure 13 shows the present invention in a federated
operation. In this model several CA 64 may initialize
cards 8 with their certified key as identity
credentials. Each card 8 may contain several
independent identity credential segments 71 each one
al located to a different CA 64 . Each CA 64 then
operates for his client organization 69 as an
independent CA 64 for the credential segment on the
card 8 that has been certified by the spe cific CA 4 .
Each CA 64 has to purchase a segment activation Code
that allows it to store his credentials on a specific
card seg ment 71. This subsequent loading of keys to a
card 8 by a CA 64 does not interfere with the
previously loaded credentials of other CA' s 64. Each
CA 64 may request an enrolment verification from the
End User according her security policy. In a special
privacy enhancing technology embodiment a CA deliv ers
to the end user the signed certificates for the loaded
credentials. The end-user then delivers at a
registration process the corresponding certificate to
the AuSP. The AuSP can the ver ify the certificate
without asking the CA and the those is not able to
track the business relations of a user nor can the
AuSP verify further personal information than the ones
delivered with the certificate. This scheme allows
establishing the concept of a trusted and certified
pseudonym which may be different for each AuSP. This
protects the user from profiling attacks and al lows
him to keep maximal anonymity in online transactions.
:The authentication system can run all above described
operation models without any modification of the card
8 or the authentica tion platform. For this, a
proprietary data architecture for the virtual storage
and the management of the identity credentials has
been developed as outlined above. Reference Numerals I
Physical Person, end-user 2 access unit, credential
server of IMS of AuSP 3 Token, realized as card or
pouch 4 manufacturing method for card, life cycle 5
manufacturing method for pouch, life cycle . 6
authentication platform, including CA-server,
AuSP-server 7 Complete authentication system with the
three functional subsystem: personal token;
authentication platform with the specific
infrastructure; interface module to existing: . IMS
and application user managements 8 Card . 9 Pouch 10
input devices for biometric and secret knowledge data
II On board identity verification system: 2- or 3 -
factors 12 authentication modules, interfaces to
existing systems and applications 13 secured
applications 31 Personal data for authentication
factor verification . '. 32 internal embedding of
personalized data (secret private keys) in the key
records 



33,33' private key, personalized digital data 34,34'
digital identity credential record (key record) :; .:
35,35' transmission to AuSP system 40 secure/encrypted
communication channel 41 secure/encrypted
communication channel \ .2 payload with secret message
and instructions 47 delivery of token 51 token
identity (IDT) 52 segment identity (IDS) 53 segment
activation code (SAC) 54 key activation code (KAC) 55
overall enrolment record 61 Data terminal equipment at
the end-user site with a screen display for the
optical flickering code 62 RFID reader equipment 63
Authentication service provider (AuSP) 64
Certification Authority (CA) 65 License Server 66
Authentication service user (AuSU, operator) 61 Token
producer (AXS-PI) 68 Joint CA and AuSP operating
organization 69 Joint AuSP-AuSu operating organization
71 key storage segment 72 Control codes for cipher and
payload treatment 73 key record address 74 enrolment
records, reference templates and secret 75 key records
76 key storage section 77 key renewal section 78
segment enrolment record 79 public key of CA 81
reception pocket 82 insert direction 83 personal
information with storage medium 84 chip data card 85
interfaces 91 slot 92 insert direction93 personal
information 94 additional data card 95 interfaces 96
storage meanClaims 1 . Security token (8, 9 )
comprising a personal data memory to store, based on
personal data (31) of the user and/or personalized
data, digital identity cre dentials (33, 34; 33',
34'), an input appliance (10) to allow checking of
said per sonal data, preferably with an on board
identity verification using 2 - or 3-authentication
factors, a key record data memory (71, 75) to store at
least one identity credential of an authentication
server (63, AuSP) or of an application operator (66,
AuSU) , preferably to store a plu rality of identity
credentials initialized by a certification authority
(CA) , a transmitter and receiver unit for creating a
secure channel (41) directly or indirectly (66) to
said authentication server (63, AuSP) or application
operator (66, AuSU) or certifi cation authority (CA)
to handle said key record (71, 75) relat ing to said
authentication server (63, AuSP) or application
operator (66, AuSU) or certification authority (CA),
respectively, a control unit to control the
transmitter and receiver unit as well as the key
record data memory (71, 75) in view of said handling,
comprising an action from the group of interpret ing,
deciphering, creating, checking, renewing, withdrawing
and further key record handling actions. 2 . Security
token (8, 9 ) according to claim 1 , wherein the
content of an additional token (84, 94) is input to
the control unit to perform an identity check upon
creating or activating a new key record (71, 75) or
using an activated key record with a new payload
instruction. 3 . Security token (8, 9)- according to
claim 2 , comprising anelectronic circuit element as
the additional token (84, 94) com prising additional
transmitter and receiver means to create an additional
secure channel (40) to said security token to receive
a message payload (42) from the authentication server
(63, AuSP) or application operator (66, AuSU) , and
processing means to for ward a processed message to
said control unit. 4 . Security token (8, 9 )
according to claim 2 , wherein a se cret is the
additional token (84, 94) as input to control the
control unit. 5 . Security token (8, 9 ) according to
one of claims 1 to 4 , wherein is provided a plurality
of key records (75) , wherein the control unit
comprises record activation elements enabling one 



certification authority (64, CA) or authentication
server (63, AuSP) to handle all key records to
distribute authorizations to handle different key
records (75) to different authentication servers (63,
AuSP) or application operators (AuSU), respec tively.
6 . Security token (8, 9 ) according to claim 5 ,
wherein two or more key segments (71) are provided
comprising at least one each of the plurality of key
records (75) , wherein the control unit comprises
segment activation elements enabling one certification
authority (64, CA) to handle all key records of one
key segment (71) and to distribute authorizations to
handle differ ent key records (75) to different
authentication servers (63, AuSP) or application
operators (AuSU) . 7 . Security token (8, 9 )
according to one of claims 1 to 6 , wherein the
personal data memory and the input appliance is pro
vided to store and check biometric data as personal
data and/or a secret as personal data of the user.8 .
Method for authentication of a user with the security
to ken according to one of claims 1 to 7 , comprising
the steps: checking stored personal data of the user
to verify authorization of the user to use said
security token, creating a secure channel between the
security token to handle a key record relating to an
authentication server (63, AuSP) or application
operator (66, AuSU) comprising an action from the
group of interpreting, deciphering, creating,
checking, renewing, withdrawing and further key record
handling actions. 9 . Method according to claim 8 ,
wherein an unlimited iden tity federation is provided
by the step that the security token (8, 9 ) receives a
message payload from an authentication server (63,
AuSP) or application operator (66, AuSU) over the
secured channel (41) and submit said message over an
additional secured channel (4 0 ) to an additional
token (84, 94) processing said , message and sending
the processed message back to the security token (8, 9
) to authenticate the user via this security token.
10. Method according to claim 9 , wherein the
additional se cured channel (40) will be established
the first time the addi tional token (84, 94) is
introduced into the card (8,9) to cre ate, activate or
be linked to a key record (71, 75) within the memory
of the security token. 11. Method according to any of
the preceding claims 8 to 10, wherein the security
token is used to scan a flickering code on a display
of the application operator (66, AuSU) in order to
authenticate the validity of the interface. 12. Method
according to any of the preceding claims 8 to 11,
wherein the positive authentication of the security
token isused to allow access to a software
application, to effect a pay ment, to create a ticket,
to receive a secret message or to al-" /.;'. . low
physical access, especially to open a door. 13 .
Method for authentication of a user with the security
to ken according to one of claims 1 to 7 with a user
controlled management of the identity credentials
signed by the CA usable to generate a secure and
trusted link with one of the key re cords (71, 75)
within the token (8, 9 ) . 


