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Figure 2-1A-HYP 
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Figure 2-1C-HYP 
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Figure 2-1 E-(1)-HYP 
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Figure 2-1E-(3)-HYP 
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Figure 2-1E-(5)-HYP 
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Figure 2-1 F-(1)-HYP 
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Figure 2-1 F-(3)-HYP 
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Figure 2-1 F-(5)-HYP 
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Figure 2-2-(1)-HYP 
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Figure 2-2-(3)-HYP 
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Figure 2-2-(5)-HYP 
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Figure 2-3A-HYP 
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Figure 2-4A-HYP 
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Figure 2-5A-HYP 
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Figure 3-1 -CHD 
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Figure 3-2A-CHD 
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Figure 3-2C-CHD 
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Figure 3-2E-CHD 
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Figure 3-3A-CHD 
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Figure 3-4-CHD 
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Figure 3-5A-CHD 
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Figure 3-5C-(1)-CHD 
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Figure 3-5C-(3)-CHD 
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Figure 3-5C-(5)-CHD 
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Figure 3-6A-CHD 
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Figure 3-6C-(1)-CHD 
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Figure 3-6C-(3)-CHD 
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Figure 3-6C-(5)-CHD 
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Figure 3-7-(1)-CHD 
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Figure 3-7-(3)-CHD 
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Figure 3-7-(5)-CHD 
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Figure 3-8A-CHD 
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Figure 3-8C-CHD 
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Figure 3-9A-CHD 
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Figure 3-9C-(1)-CHD 
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Figure 3-9C-(3)-CHD 

-4 -3 -2 -1 O f 2 3 4. 

t1) 

Simca-P8.0 by Umetrics AB2001-07-0314:36 

Figure 3-9C-(4)-CHD 

0.60 

O.50 

0.40 

O.30 

0.20 
SN. 

0.10 
O.00 

-0.10 

-0.20 

-0.30 

-0.40 
-0.30 -0.20 -0.10 O.OO 0.10 0.20 O.30 

  



Patent Application Publication Jun. 16, 2005 Sheet 42 of 55 US 2005/0130321 A1 

Figure 3-9C-(5)-CHD 
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Figure 3-10-(1)-CHD 
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Figure 3-10-(3)-CHD 
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Figure 3-10-(5)-CHD 

O. 40 

O, 2 O 

O, 00 

Simca-P8.0 by metrics AB 2001-07-03 15:01 

Figure 3-10-(6)-CHD 

O.10 

0.10 

-0.20 

Nv to o SSRSSS33S TNow a to No ones assages seges S&SRs 

  



Patent Application Publication Jun. 16, 2005 Sheet 46 of 55 US 2005/0130321 A1 

Figure 4-1A-OP 
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Figure 4-1C-OP 
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Figure 4-1E-OP 
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Figure 4-2A-OP 

Simca - P 8.0 by Ume trics A B 20 0 1 - O 6 - 28 15:08 

Figure 4-2B-OP 

ONJVC Nortory OCN o its V. OWO Va a o s ser O VOrforWC ove d Br t varietorova 
Coogenerge recognonry-Coooooonaco ty2ryst.too onnectantserientire reso'eeek'eeeeeeeeeeeeeeeeniennnn-innin's 

  

  



Patent Application Publication Jun. 16, 2005 Sheet 50 of 55 US 2005/0130321 A1 

Figure 4-3-OP 
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Figure 5-1A-OA 
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Figure 5-1C-OA 
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Figure 5-1E-OA 
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Figure 5-2A-OA 
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METHODS FOR ANALYSIS OF SPECTRAL DATA 
AND THEIRAPPLICATIONS 

RELATED APPLICATIONS 

0001) This application is related to (and where permitted 
by law, claims priority to): 

0002) (a) United Kingdom patent application GB 
0109930.8 filed 23 Apr. 2001; 

0003) (b) United Kingdom patent application GB 
O117428.3 filed 17 Jul. 2001; 

0004 (c) United States Provisional patent application 
U.S. Ser. No. 60/307,015 filed 20 Jul. 2001; 

0005 the contents of each of which are incorporated 
herein by reference in their entirety. 
0006. This application is one of five applications filed on 
even date naming the same applicant: 

0007 (1) attorney reference number WJW/LP5995600 
(PCT/GB02/ ); 

0008 (2) attorney reference number WJW/LP5995618 
(PCT/GB02/ ); 

0009 (3) attorney reference number WJW/LP5995626 
(PCT/GB02/ ); 

0010 (4) attorney reference number WJW/LP5995634 
(PCT/GB02/ ), 

0.011) (5) attorney reference number WJW/LP5995642 
(PCT/GB02/ ); 

0012 the contents of each of which are incorporated 
herein by reference in their entirety. 

TECHNICAL FIELD 

0013 This invention pertains generally to the field of 
metabonomics, and, more particularly, to chemometric 
methods for the analysis of chemical, biochemical, and 
biological data, for example, Spectral data, for example, 
nuclear magnetic resonance (NMR) spectra, and their appli 
cations, including, e.g., classification, diagnosis, prognosis, 
etc. 

BACKGROUND 

0.014 Throughout this specification, including the claims 
which follow, unless the context requires otherwise, the 
word “comprise,” and variations Such as "comprises and 
“comprising,” will be understood to imply the inclusion of 
a Stated integer or Step or group of integers or Steps but not 
the exclusion of any other integer or Step or group of integers 
or Steps. 

0.015. It must be noted that, as used in the specification 
and the appended claims, the Singular forms “a,”“an,” and 
“the' include plural referents unless the context clearly 
dictates otherwise. Ranges are often expressed herein as 
from “about one particular value, and/or to “about another 
particular value. When Such a range is expressed, another 
embodiment includes from the one particular value and/or to 
the other particular value. Similarly, when values are 
expressed as approximations, by the use of the antecedent 
“about,” it will be understood that the particular value forms 
another embodiment. 
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0016 Biosystems 
0017 Biosystems can conveniently be viewed at several 
levels of bio-molecular organisation based on biochemistry, 
i.e., genetic and gene expression (genomic and transcrip 
tomic), protein and signalling (proteomic) and metabolic 
control and regulation (metabonomic). There are also impor 
tant cellular ionic regulation variations that relate to genetic, 
proteomic and metabolic activities, and Systematic Studies 
on these even at the cellular and Sub-cellular level should 
also be investigated to complete the full description of the 
bio-molecular organisation of a bio-system. 
0018 Significant progress has been made in developing 
methods to determine and quantify the biochemical pro 
ceSSes occurring in living Systems. Such methods are valu 
able in the diagnosis, prognosis and treatment of disease, the 
development of drugs, for improving therapeutic regimes for 
current drugs, and the like. 
0019 Many diseases of the human or animal body (such 
as cancers, degenerative diseases, autoimmune diseases and 
the like) have an underlying basis in alterations in the 
expression of certain genes. The expressed gene products, 
proteins, mediate effects Such as abnormal cell growth, cell 
death or inflammation. Some of these effects are caused 
directly by protein-protein interactions; other are caused by 
proteins acting on Small molecules (e.g. "second messen 
gers') which trigger effects including further gene expres 
SO. 

0020 Likewise, disease states caused by external agents 
Such as viruses and bacteria provoke a multitude of complex 
responses in infected host. 

0021. In a similar manner, the treatment of disease 
through the administration of drugs can result in a wide 
range of desired effects and unwanted Side effects in a 
patient. 

0022. In recent years, it has been appreciated that the 
reaction of human and animal Subjects to disease and 
treatments for them can vary according to the genomic 
makeup of an individual. This has led to the development of 
the field of “pharmacogenomics.” A fuller understanding of 
how an individual's own genome reacts to a particular 
disease and/or drug treatment will allow the development of 
new therapies, as well as the refinement of existing ones. 
0023. At the genetic level, methods for examining gene 
expression in response to these types of events are often 
referred to as “genomic methods,” and are concerned with 
the detection and quantification of the expression of an 
organism's genes, collectively referred to as its “genome,” 
usually by detecting and/or quantifying genetic molecules, 
such as DNA and RNA. Genomic studies often exploit 
proprietary "gene chips,” which are Small disposable 
devices encoded with an array of genes that respond to 
extracted mRNAS produced by cells (see, for example, 
Klenk et al., 1997). Many genes can be placed on a chip 
array and patterns of gene expression, or changes therein, 
can be monitored rapidly, although at Some considerable 
COSt. 

0024 However, the biological consequences of gene 
expression, or altered gene expression following perturba 
tion, are extremely complex. This has led to the development 
of “proteomic methods” which are concerned with the 
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Semi-quantitative measurement of the production of cellular 
proteins of an organism, collectively referred to as its 
“proteome” (see, for example, Geisow, 1998). Proteomic 
measurements utilise a variety of technologies, but all 
involve a protein Separation method, e.g., 2D gel-electro 
phoresis, allied to a chemical characterisation method, usu 
ally, Some form of mass spectrometry. 
0.025. At present, genomic methods have a high associ 
ated operational cost and proteomic methods require invest 
ment in expensive capital cost equipment and are labour 
intensive, but both have the potential to be powerful tools for 
Studying biological response. The choice of method is still 
uncertain Since careful Studies have Sometimes shown a low 
correlation between the pattern of gene expression and the 
pattern of protein expression, probably due to Sampling for 
the two technologies at inappropriate time points. See, e.g., 
Gygi et al., 1999. Even in combination, genomic and pro 
teomic methods still do not provide the range of information 
needed for understanding integrated cellular function in a 
living System, Since they do not take account of the dynamic 
metabolic Status of the whole organism. 
0026. For example, genomic and proteomic Studies may 
implicate a particular gene or protein in a disease or a 
Xenobiotic response because the level of expression is 
altered, but the change in gene or protein level may be 
transitory or may be counteracted downstream and as a 
result there may be no effect at the cellular and/or biochemi 
cal level. Conversely, Sampling tissue for genomic and 
proteomic Studies at inappropriate time points may result in 
a relevant gene or protein being overlooked. 

0.027 Gene-based prognosis has yet to become a clinical 
reality for any major prevalent disease, almost all of which 
have multi-gene modes of inheritance and Significant envi 
ronmental impact making it difficult to identify the gene 
panels responsible for Susceptibility. 

0028. While genomic and proteomic methods may be 
useful aids, for example, in drug development, they do Suffer 
from Substantial limitations. For example, while genomic 
and proteomic methods may ultimately give profound 
insights into toxicological mechanisms and provide new 
Surrogate biomarkers of disease, at present it is very difficult 
to relate genomic and proteomic findings to classical cellular 
or biochemical indices or endpoints. One simple reason for 
this is that with current technology and approach, the 
correlation of the time-response to drug exposure is difficult. 
Further difficulties arise with in vitro cell-based studies. 
These difficulties are particularly important for the many 
known cases where the metabolism of the compound is a 
prerequisite for a toxic effect and especially true where the 
target organ is not the Site of primary metabolism. This is 
particularly true for pro-drugs, where Some aspect of in Situ 
chemical (e.g., enzymatic) modification is required for activ 
ity. 

0029 Metabonomics 
0030) A new “metabonomic' approach has been devel 
oped which is aimed at augmenting and complementing the 
information provided by genomics and proteomics. "Meta 
bonomics' is conventionally defined as “the quantitative 
measurement of the multiparametric metabolic response of 
living Systems to pathophysiological Stimuli or genetic 
modification” (see, for example, Nicholson et al., 1999). 
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This concept has arisen primarily from the application of "H 
NMR spectroscopy to study the metabolic composition of 
biofluids, cells, and tissues and from Studies utilising pattern 
recognition (PR), expert Systems and other chemoinformatic 
tools to interpret and classify complex NMR-generated 
metabolic data Sets. Metabonomic methods have the poten 
tial, ultimately, to determine the entire dynamic metabolic 
make-up of an organism. 

0031. As outlined above, each level of bio-molecular 
organisation requires a Series of analytical bio-technologies 
appropriate to the recovery of the individual types of bio 
molecular data. Genomic, proteomic and metabonomic tech 
nologies by definition generate massive data Sets which 
require appropriate multi-variate statistical tools (chemo 
metrics, bio-informatics) for data mining and to extract 
useful biological information. These data exploration tools 
also allow the inter-relationships between multivariate data 
Sets from the different technologies to be investigated, they 
facilitate dimension reduction and extraction of latent prop 
erties and allow multidimensional Visualization. 

0032. This leads to the concept of “bionomics', the 
quantitative measurement and understanding of the inte 
grated function (and dysfunction)of biological Systems at all 
major levels of bio-molecular organisation. In the Study of 
altered gene expression, (known as transcriptomics), the 
variables are mRNA responses measured using gene chips, 
in proteomics, protein Synthesis and associated post-trans 
lational modifications are typically measured using (mainly) 
gel-electrophoresis coupled to mass spectrometry. In both 
cases, thousands of variables can be measured and related to 
biological end-points using Statistical methods. In metabolic 
(metabonomic) studies, only NMR (especially 'H) and mass 
Spectrometry has been used to provide this level of data 
density on bio-materials although these data can be Supple 
mented by conventional biochemical assayS. 

0033 For in vivo mammalian studies, the ability to 
perform metabonomic Studies on biofluids Such as plasma, 
CSF and urine is very important because it gives integrated 
Systems-based information on the whole organism. Further 
more, in clinical Settings, for the full utilization of functional 
genomic knowledge in patient Screening, diagnostics and 
prognostics, it is much more practical and ethically-accept 
able to analyze biofluid Samples than to perform human 
tissue biopsies and measure gene responses. 

0034. A pathological condition or a xenobiotic may act at 
the pharmacological level only and hence may not affect 
gene regulation or expression directly. Alternatively signifi 
cant disease or toxicological effects may be completely 
unrelated to gene Switching. For example, exposure to 
ethanol in Vivo may cause many changes in gene expression 
but none of these events explains drunkenneSS. In cases Such 
as these, genomic and proteomic methods are likely to be 
ineffective. However, all disease or drug-induced patho 
physiological perturbations result in disturbances in the 
ratioS and concentrations, binding or fluxes of endogenous 
biochemicals, either by direct chemical reaction or by bind 
ing to key enzymes or nucleic acids that control metabolism. 
If these disturbances are of Sufficient magnitude, effects will 
result which will affect the efficient functioning of the whole 
organism. In body fluids, metabolites are in dynamic equi 
librium with those inside cells and tissues and, consequently, 
abnormal cellular processes in tissues of the whole organism 



US 2005/O130321 A1 

following a toxic insult or as a consequence of disease will 
be reflected in altered biofluid compositions. 

0.035 Fluids secreted, excreted, or otherwise derived 
from an organism (“biofluids) provide a unique window 
into its biochemical Status Since the composition of a given 
biofluid is a consequence of the function of the cells that are 
intimately concerned with the fluid's manufacture and Secre 
tion. For example, the composition of a particular fluid (e.g., 
urine, blood plasma, milk, etc.) can carry biochemical 
information on details of organ function (or dysfunction), for 
example, as a result of Xenobiotics, disease, and/or genetic 
modification. Similarly, the composition and condition of an 
organism's tissues are also indicators of the organism’s 
biochemical Status. 

0036). In general, a xenobiotic is a Substance (e.g., com 
pound, composition) which is administered to an organism, 
or to which the organism is exposed. In general, Xenobiotics 
are chemical, biochemical or biological species (e.g., com 
pounds) which are not normally present in that organism, or 
are normally present in that organism, but not at the level 
obtained following administration/exposure. Examples of 
Xenobiotics include drugs, formulated medicines and their 
components (e.g., vaccines, immunological Stimulants, inert 
carrier vehicles), infectious agents, pesticides, herbicides, 
Substances present in foods (e.g. plant compounds admin 
istered to animals), and Substances present in the environ 
ment. 

0037. In general, a disease state pertains to a deviation 
from the normal healthy State of the organism. Examples of 
disease States include, but are not limited to, bacterial, Viral, 
and parasitic infections, cancer in all its forms, degenerative 
diseases (e.g., arthritis, multiple Sclerosis); trauma (e.g., as 
a result of injury); organ failure (including diabetes); car 
diovascular disease (e.g., atherosclerosis, thrombosis); and, 
inherited diseases caused by genetic composition (e.g., 
Sickle-cell anaemia). 
0.038. In general, a genetic modification pertains to alter 
ation of the genetic composition of an organism. Examples 
of genetic modifications include, but are not limited to: the 
incorporation of a gene or genes into an organism from 
another Species, increasing the number of copies of an 
existing gene or genes in an organism; removal of a gene or 
genes from an organism; and, rendering a gene or genes in 
an organism non-functional. 
0039 Biofluids often exhibit very subtle changes in 
metabolite profile in response to external Stimuli. This is 
because the body's cellular Systems attempt to maintain 
homeostasis (constancy of internal environment), for 
example, in the face of cytotoxic challenge. One means of 
achieving this is to modulate the composition of biofluids. 
Hence, even when cellular homeostasis is maintained, Subtle 
responses to disease or toxicity are expressed in altered 
biofluid composition. However, dietary, diurnal and hor 
monal variations may also influence biofluid compositions, 
and it is clearly important to differentiate these effects if 
correct biochemical inferences are to be drawn from their 
analysis. 

0040 Metabonomics offers a number of distinct advan 
tages (over genomics and proteomics) in a clinical Setting: 
firstly, it can often be performed on Standard preparations 
(e.g., of Serum, plasma, urine, etc.), circumventing the need 
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for Specialist preparations of cellular RNA and protein 
required for genomics and proteomics, respectively. Sec 
ondly, many of the risk factors already identified (e.g., levels 
of various lipids in blood) are small molecule metabolites 
which will contribute to the metabonomic dataset. 

0041) Application of NMR to Metabonomics 
0042. One of the most successful approaches to biofluid 
analysis has been the use of NMR spectroscopy (see, for 
example, Nicholson et al., 1989); similarly, intact tissues 
have been Successfully analysed using magic-angle-spin 
ning "H NMR spectroscopy (see, for example, Moka et al., 
1998; Tomlins et al., 1998). 
0043. The NMR spectrum of a biofluid provides a meta 
bolic fingerprint or profile of the organism from which the 
biofluid was obtained, and this metabolic fingerprint or 
profile is characteristically changed by a disease, toxic 
process, or genetic modification. For example, NMR spectra 
may be collected for various states of an organism (e.g., 
pre-dose and various times post-dose, for one or more 
Xenobiotics, separately or in combination; healthy (control) 
and diseased animal; unmodified (control) and genetically 
modified animal). 
0044) For example, in the evaluation of undesired toxic 
Side-effects of drugs, each compound or class of compound 
produces characteristic changes in the concentrations and 
patterns of endogenous metabolites in biofluids that provide 
information on the Sites and basic mechanisms of the toxic 
process. H NMR analysis of biofluids has successfully 
uncovered novel metabolic markers of organ-specific toxic 
ity in the laboratory rat, and it is in this “exploratory’ role 
that NMR as an analytical biochemistry technique excels. 
However, the biomarker information in NMR spectra of 
biofluids is very Subtle, as hundreds of compounds repre 
Senting many pathways can often be measured Simulta 
neously, and it is this overall metabonomic response to toxic 
insult that So well characterises the lesion. 

0045 Another important advantage of NMR-based meta 
bonomics over genomics or proteomics is the intrinsic 
analytical accuracy of NMR spectroScopy. Reanalysis of the 
same sample by 1H NMR spectroscopy results in a typical 
coefficient of variation for the measurement of peak inten 
Sities in a Spectrum of less than 5% acroSS the whole range 
of peaks. Thus if the appropriate experiments are under 
taken, on average the value of each peak intensity will lie in 
the range 0.95 to 1.05 of the true value. In addition, it is 
possible using NMR spectroScopy to measure absolute 
amounts or concentrations of a number of analytes whereas 
using gene chip technology only fold changes can be deter 
mined. The best available accuracy achieved using gene 
chips is a two fold change, i.e., the value for each parameter 
lies in the range 0.50 to 2.00 fold of the “true” value) and 
proteomic technology is even leSS intrinsically accurate. A 
Similar limitation also applies to proteomic Studies. 
0046 Although, undoubtedly, technology is improving at 
a rapid rate the gap between the intrinsic accuracies of NMR 
Spectroscopy and gene chip technology is So wide that it will 
require a revolutionary rather than evolutionary improve 
ment in gene expression quantification methodology before 
it can rival the accuracy of NMR spectroscopy. 
0047 The intrinsic accuracy of NMR provides a distinct 
advantage when applying pattern recognition techniques. 
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The multivariate nature of the NMR data means that clas 
sification of Samples is possible using a combination of 
descriptors even when one descriptor is not Sufficient, 
because of the inherently low analytical variation in the data. 
All biological fluids and tissues have their own characteristic 
physico-chemical properties, and these affect the types of 
NMR experiment that may be usefully employed. One major 
advantage of using NMR spectroScopy to Study complex 
biomixtures is that measurements can often be made with 
minimal Sample preparation (usually with only the addition 
of 5-10% DO) and a detailed analytical profile can be 
obtained on the whole biological Sample. Sample Volumes 
are small, typically 0.3 to 0.5 mL for standard probes, and 
as low as 3 till for microprobes. Acquisition of simple NMR 
Spectra is rapid and efficient using flow-injection technol 
ogy. It is usually necessary to SuppreSS the water NMR 
CSOCC. 

0.048 Many biofluids are not chemically stable and for 
this reason care should be taken in their collection and 
Storage. For example, cell lysis in erythrocytes can easily 
occur. If a Substantial amount of DO has been added, then 
it is possible that certain H NMR resonances will be lost by 
H/D exchange. Freeze-drying of biofluid Samples also 
causes the loSS of Volatile components Such as acetone. 
Biofluids are also very prone to microbiological contami 
nation, especially fluids, Such as urine, which are difficult to 
collect under sterile conditions. Many biofluids contain 
Significant amounts of active enzymes, either normally or 
due to a disease State or organ damage, and these enzymes 
may alter the composition of the biofluid following Sam 
pling. Samples should be Stored deep frozen to minimise the 
effects of Such contamination. Sodium azide is usually added 
to urine at the collection point to act as an antimicrobial 
agent. Metal ions and or chelating agents (e.g., EDTA) may 
be added to bind to endogenous metalions (e.g., Ca", Mg" 
and Zn") and chelating agents (e.g., free amino acids, 
especially glutamate, cysteine, histidine and aspartate, cit 
rate) to intentionally alter and/or enhance the NMR spec 
trum. 

0049. In all cases the analytical problem usually involves 
the detection of “trace' amounts of analytes in a very 
complex matrix of potential interferences. It is, therefore, 
critical to choose a Suitable analytical technique for the 
particular class of analyte of interest in the particular bioma 
trix which could be, for example, a biofluid or a tissue. High 
resolution NMR spectroscopy (in particular H NMR) 
appears to be particularly appropriate. The main advantages 
of using H NMR spectroscopy in this area are the speed of 
the method (with spectra being obtained in 5 to 10 minutes), 
the requirement for minimal Sample preparation, and the fact 
that it provides a non-Selective detector for all metabolites in 
the biofluid regardless of their structural type, provided only 
that they are present above the detection limit of the NMR 
experiment and that they contain non-exchangeable hydro 
gen atoms. The Speed advantage is of crucial importance in 
this area of work as the clinical condition of a patient may 
require rapid diagnosis, and can change very rapidly and So 
correspondingly rapid changes must be made to the therapy 
provided. 

0050) NMR studies of body fluids should ideally be 
performed at the highest magnetic field available to obtain 
maximal dispersion and sensitivity and most "H NMR 
studies have been performed at 400 MHz or greater. With 
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every new increase in available spectrometer frequency the 
number of resonances that can be resolved in a biofluid 
increases and although this has the effect of Solving Some 
assignment problems, it also poses new ones. Furthermore, 
there are still important problems of spectral interpretation 
that arise due to compartmentation and binding of Small 
molecules in the organised macromolecular domains that 
exist in some biofluids such as blood plasma and bile. All 
this complexity need not reduce the diagnostic capabilities 
and potential of the technique, but demonstrates the prob 
lems of biological variation and the influence of variation on 
diagnostic certainty. 

0051. The information content of biofluid spectra is very 
high and the complete assignment of the H NMR spectrum 
of most biofluids is usually not possible (even using 900 
MHz NMR spectroscopy). However, the assignment prob 
lems vary considerably between biofluid types. Some fluids 
have near constant composition and concentrations and in 
these the majority of the NMR signals have been assigned. 
In contrast, urine composition can be very variable and there 
is enormous variation in the concentration range of NMR 
detectable metabolites, consequently, complete analysis is 
much more difficult. Those metabolites present close to the 
limits of detection for 1-dimensional (1D) NMR spectros 
copy (typically ca. 100 nM at 800 MHz) pose severe NMR 
spectral assignment problems. (In absolute terms, the detec 
tion limit may be ca. 4 nmol, e.g., 1 lug of a 250 g/mol 
compound in a 0.5 mL Sample Volume.) Even at the present 
level of technology in NMR, it is not yet possible to detect 
many important biochemical Substances (e.g. hormones, 
Some proteins, nucleic acids) in body fluids because of 
problems with Sensitivity, line widths, dispersion and 
dynamic range and this area of research will continue to be 
technology-limited. In addition, the collection of NMR 
spectra of biofluids may be complicated by the relative water 
intensity, Sample Viscosity, protein content, lipid content, 
and low molecular weight peak overlap. 
0052) Usually in order to assign "H NMR spectra, com 
parison is made with Spectra of authentic materials and/or by 
Standard addition of an authentic reference Standard to the 
Sample. Additional confirmation of assignments is usually 
sought from the application of other NMR methods, includ 
ing, for example, 2-dimensional (2D) NMR methods, par 
ticularly COSY (correlation spectroscopy), TOCSY (total 
correlation spectroscopy), inverse-detected heteronuclear 
correlation methods such as HMBC (heteronuclear multiple 
bond correlation), HSQC (heteronuclear Single quantum 
coherence), and HMOC (heteronuclear multiple quantum 
coherence), 2DJ-resolved (JRES) methods, spin-echo meth 
ods, relaxation editing, diffusion editing (e.g., both ID NMR 
and 2D NMR such as diffusion-edited TOCSY), and mul 
tiple quantum filtering. Detailed "H NMR spectroscopic data 
for a wide range of metabolites and biomolecules found in 
biofluids have been published (see, for example, Lindon et 
al., 1999) and supplementary information is available in 
Several literature compilations of data (see, for example, 
Fan, 1996; Sze et al., 1994). 
0053) For example, the successful application of H 
NMR spectroscopy of biofluids to study a variety of meta 
bolic diseases and toxic processes has now been well 
established and many novel metabolic markers of organ 
Specific toxicity have been discovered (see, for example, 
Nicholson et al., 1989; Lindon et al., 1999). For example, 
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NMR spectra of urine is identifiably altered in situations 
where damage has occurred to the kidney or liver. It has been 
shown that Specific and identifiable changes can be observed 
which distinguish the organ that is the Site of a toxic lesion. 
Also it is possible to focus in on particular parts of an organ 
Such as the cortex of the kidney and even in favourable cases 
to very localised parts of the cortex. 

0054. It is also possible to deduce the biochemical 
mechanism of the Xenobiotic toxicity, based on a biochemi 
cal interpretation of the changes in the urine. A wide range 
of toxins has now been investigated including mostly kidney 
toxins and liver toxins, but also testicular toxins, mitochon 
drial toxins and muscle toxins. 

0055 Pattern Recognition 
0056. However, a limiting factor in understanding the 
biochemical information from both 1D and 2D-NMR spec 
tra of tissues and biofluids is their complexity. The most 
efficient way to investigate these complex multiparametric 
data is employ the 1D and 2D NMR metabonomic approach 
in combination with computer-based “pattern recognition' 
(PR) methods and expert systems. These statistical tools are 
Similar to those currently being explored by workers in the 
fields of genomics and proteomics. 

0057 Pattern recognition (PR) methods can be used to 
reduce the complexity of data sets, to generate Scientific 
hypotheses and to test hypotheses. In general, the use of 
pattern recognition algorithms allows the identification, and, 
with Some methods, the interpretation of Some non-random 
behaviour in a complex System which can be obscured by 
noise or random variations in the parameters defining the 
System. Also, the number of parameters used can be very 
large Such that Visualisation of the regularities, which for the 
human brain is best in no more than three dimensions, can 
be difficult. Usually the number of measured descriptors is 
much greater than three and So Simple Scatter plots cannot be 
used to visualise any Similarity between Samples. Pattern 
recognition methods have been used widely to characterise 
many different types of problem ranging for example over 
linguistics, fingerprinting, chemistry and psychology. In the 
context of the methods described herein, pattern recognition 
is the use of multivariate Statistics, both parametric and 
non-parametric, to analyse spectroscopic data, and hence to 
classify Samples and to predict the value of Some dependent 
variable based on a range of observed measurements. There 
are two main approaches. One Set of methods is termed 
"unsupervised' and these simply reduce data complexity in 
a rational way and also produce display plots which can be 
interpreted by the human eye. The other approach is termed 
“Supervised' whereby a training Set of Samples with known 
class or outcome is used to produce a mathematical model 
and this is then evaluated with independent validation data 
SetS. 

0.058 Unsupervised PR methods are used to analyse data 
without reference to any other independent knowledge, for 
example, without regard to the identity or nature of a 
Xenobiotic or its mode of action. Examples of unsupervised 
pattern recognition methods include principal component 
analysis (PCA), hierarchical cluster analysis (HCA), and 
non-linear mapping (NLM). 
0059) One of the most useful and easily applied unsu 
pervised PR techniques is principal components analysis 
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(PCA) (see, for example, Kowalski et al., 1986). Principal 
components (PCs) are new variables created from linear 
combinations of the Starting variables with appropriate 
weighting coefficients. The properties of these PCs are Such 
that (i) each PC is orthogonal to (uncorrelated with) all other 
PCs, and (ii) the first PC contains the largest part of the 
variance of the data set (information content) with Subse 
quent PCS containing correspondingly Smaller amounts of 
variance. 

0060 PCA, a dimension reduction technique, takes m 
objects or Samples, each described by values in K dimen 
Sions (descriptor vectors), and extracts a set of eigenvectors, 
which are linear combinations of the descriptor vectors. The 
eigenvectors and eigenvalues are obtained by diagonalisa 
tion of the covariance matrix of the data. The eigenvectors 
can be thought of as a new set of orthogonal plotting axes, 
called principal components (PCs). The extraction of the 
Systematic variations in the data is accomplished by projec 
tion and modelling of variance and covariance Structure of 
the data matrix. The primary axis is a Single eigenvector 
describing the largest variation in the data, and is termed 
principal component one (PC1). Subsequent PCs, ranked by 
decreasing eigenvalue, describe Successively less variability. 
The variation in the data that has not been described by the 
PCs is called residual variance and signifies how well the 
model fits the data. The projections of the descriptor vectors 
onto the PCs are defined as scores, which reveal the rela 
tionships between the samples or objects. In a graphical 
representation (a "scores plot or eigenvector projection), 
objects or Samples having Similar descriptor vectors will 
group together in clusters. Another graphical representation 
is called a loadings plot, and this connects the PCs to the 
individual descriptor vectors, and displays both the impor 
tance of each descriptor vector to the interpretation of a PC 
and the relationship among descriptor vectors in that PC. In 
fact, a loading value is simply the cosine of the angle which 
the original descriptor vector makes with the PC. Descriptor 
vectors which fall close to the origin in this plot carry little 
information in the PC, while descriptor vectors distant from 
the origin (high loading) are important in interpretation. 

0061 Thus a plot of the first two or three PC scores gives 
the “best” representation, in terms of information content, of 
the data Set in two or three dimensions, respectively. A plot 
of the first two principal component scores, PC1 and PC2 
provides the maximum information content of the data in 
two dimensions. Such PC maps can be used to visualise 
inherent clustering behaviour, for example, for drugs and 
toxins based on Similarity of their metabonomic responses 
and hence mechanism of action. Of course, the clustering 
information might be in lower PCs and these have also to be 
examined. 

0062 Hierarchical Cluster Analysis, another unsuper 
vised pattern recognition method, permits the grouping of 
data points which are similar by virtue of being “near to one 
another in Some multidimensional Space. Individual data 
points may be, for example, the Signal intensities for par 
ticular assigned peaks in an NMR spectrum. A "similarity 
matrix." S, is constructed with elements S-1-r/r", 
where r is the interpoint distance between points i and j 
(e.g., Euclidean interpoint distance), and r" is the largest 
interpoint distance for all points. The most distant pair of 
points will have S equal to 0, since r then equals r". 
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Conversely, the closest pair of points will have the largest St. 
For two identical points, S is 1. 9 - 

0.063. The similarity matrix is scanned for the closest pair 
of points. The pair of points are reported with their Separa 
tion distance, and then the two points are deleted and 
replaced with a single combined point. The proceSS is then 
repeated iteratively until only one point remains. A number 
of different methods may be used to determine how two 
clusters will be joined, including the nearest neighbour 
method (also known as the Single link method), the furthest 
neighbour method, and the centroid method (including cen 
troid link, incremental link, median link, group average link, 
and flexible link variations). 
0064. The reported connectivities are then plotted as a 
dendrogram (a treelike chart which allows Visualisation of 
clustering), showing Sample-sample connectivities versus 
increasing separation distance (or equivalently, versus 
decreasing similarity). The dendrogram has the property in 
which the branch lengths are proportional to the distances 
between the various clusters and hence the length of the 
branches linking one Sample to the next is a measure of their 
Similarity. In this way, Similar data points may be identified 
algorithmically. 
0065. Non-linear mapping (NLM) is a simple concept 
which involves calculation of the distances between all of 
the points in the original K dimensions. This is followed by 
construction of a map of points in 2 or 3 dimensions where 
the sample points are placed in random positions or at values 
determined by a prior principal components analysis. The 
least Squares criterion is used to move the Sample points in 
the lower dimension map to fit the inter-point distances in 
the lower dimension Space to those in the K dimensional 
Space. Non-linear mapping is therefore an approximation to 
the true inter-point distances, but points close in K-dimen 
Sional Space should also be close in 2 or 3 dimensional Space 
(see, for example, Brown et al., 1996; Farrant et al., 1992). 
0.066. In this simple metabonomic approach, a sample 
from an animal treated with a compound of unknown 
toxicity is compared with a database of NMR-generated 
metabolic data from control and toxin-treated animals. By 
observing its position on the PR map relative to Samples of 
known effect, the unknown toxin can often be classified. The 
Same approach can be used for human Samples for classi 
fication according to disease. However, Such data are often 
more complex, with time-related biochemical changes 
detected by NMR. Also, it is more rigorous to compare 
effects of xenobiotics in the original K-dimensional NMR 
metabonomic space. 
0067. Alternatively, and in order to develop automatic 
classification methods, it has proved efficient to use a 
“Supervised' approach to NMR data analysis. Here, a “train 
ing set of NMR metabonomic data is used to construct a 
Statistical model that predicts correctly the “class” of each 
Sample. This training Set is then tested with independent data 
(referred to as a test or validation Set) to determine the 
robustness of the computer-based model. These models are 
Sometimes termed “expert Systems,” but may be based on a 
range of different mathematical procedures. Supervised 
methods can use a data set with reduced dimensionality (for 
example, the first few principal components), but typically 
uSe unreduced data, with all dimensionality. In all cases the 
methods allow the quantitative description of the multivari 
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ate boundaries that characterise and Separate each class, for 
example, each class of Xenobiotic in terms of its metabolic 
effects. It is also possible to obtain confidence limits on any 
predictions, for example, a level of probability to be placed 
on the goodness of fit (see, for example, Kowalski et al., 
1986). The robustness of the predictive models can also be 
checked using croSS-Validation, by leaving out Selected 
Samples from the analysis. 
0068 Expert systems may operate to generate a variety of 
useful outputs, for example, (i) classification of the sample 
as “normal” or "abnormal” (this is a useful tool in the control 
of Spectrometer automation, e.g., using Sequential flow 
injection NMR spectroscopy); (ii) classification of the target 
organ for toxicity and Site of action within the tissue where 
in certain cases, mechanism of toxic action may also be 
classified; and, (iii) identification of the biomarkers of a 
pathological disease condition or toxic effect for the par 
ticular compound under Study. For example, a Sample can be 
classified as belonging to a single class of toxicity, to 
multiple classes of toxicity (more than one target organ), or 
to no class. The latter case would indicate deviation from 
normality (control) based on the training Set model but 
having a dissimilar metabolic effect to any toxicity class 
modelled in the training Set (unknown toxicity type). Under 
(ii), a System could also be generated to Support decisions in 
clinical medicine (e.g., for efficacy of drugs) rather than 
toxicity. 
0069. Examples of Supervised pattern recognition meth 
ods include the following: 

0070 soft independent modelling of class analysis 
(SIMCA) (see, for example, Wold, 1976); 

0071 partial least squares analysis (PLS) (see, for 
example, Wold, 1966; Joreskog, 1982; Frank, 1984; 
Bro, R., 1997); 

0072 linear descriminant analysis (LDA) (see, for 
example, Nillson, 1965); 

0073 K-nearest neighbour analysis (KNN) (see, for 
example, Brown et al., 1996); 

0074 artificial neural networks (ANN) (see, for 
example, Wasserman, 1989; Anker et al., 1992; Hare, 
1994); 

0075 probabilistic neural networks (PNNs) (see, for 
example, Parzen, 1962; Bishop, 1995; Speckt, 1990; 
Broomhead et al., 1988; Patterson, 1996); 

0076 rule induction (RI) (see, for example, Quinlan, 
1986); and, 

0.077 Bayesian methods (see, for 
Bretthorst, 1990a, 1990b, 1988). 

example, 

0078. As the size of metabonomic databases increases 
together with improvements in rapid throughput of NMR 
Samples (>300 Samples per day per spectrometer is now 
possible with the first generation of flow injection Systems), 
more Subtle expert Systems may be necessary, for example, 
using techniques Such as “fuzzy logic' which permit greater 
flexibility in decision boundaries. 
0079 Application to Metabonomics 
0080 Pattern recognition methods have been applied to 
the analysis of metabonomic data. See, for example, Lindon 
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et al., 2001. A number of Spectroscopic techniques have been 
used to generate the data, including NMR spectroScopy and 
mass spectrometry. Pattern recognition analysis of Such data 
Sets has been Succesful in Some cases. The Successful Studies 
include, for example, complex NMR data from biofluids, 
(see, for example, Anthony et al., 1994; Anthony et al., 1995; 
Beckwith-Hall et al., 1998; Gartland et al., 1990a; Gartland 
et al., 1990b, Gartland et al., 1991; Holmes et al., 1998a; 
Holmes et al., 1998b; Holmes et al., 1992; Holmes et al., 
1994; Spraulet al., 1994; Tranter et al., 1999) conventional 
NMR spectra from tissue samples (Somorjai et al., 1995), 
magic-angle-spinning (MAS) NMR spectra of tissues (Gar 
rod et al., 2001), in vivo NMR spectra (Morvan et al., 1990; 
Howells et al., 1993; Stoyanova et al., 1995; Kuesel et al., 
1996; Confort-Gouny et al., 1992; Weber et al., 1998), wines 
(Martin et al., 1998, 1999) and plant tissues (Kopka et al., 
2000). 
0.081 Although the utility of the metabonomic approach 
is well established, its full potential has not yet been 
exploited. The metabolic variation is often Subtle, and pow 
erful analysis methods are required for detection of particu 
lar analytes, especially when the data (e.g., NMR spectra) 
are So complex. For example, all that has been previously 
proposed is still not generally Sufficient to achieve clinically 
useful diagnosis of disease. New methods to extract useful 
metabolic information from biofluids are needed. 

0082 The inventors have developed novel methods 
(which employ multivariate statistical analysis and pattern 
recognition (PR) techniques, and optionally data filtering 
techniques) of analysing data (e.g., NMR spectra) from a test 
population which yield accurate mathematical models which 
may Subsequently be used to classify a test Sample or 
Subject, and/or in diagnosis. 

0.083 Unlike methods previously described, the methods 
described herein have the power to provide clinically useful 
and accurate diagnostic and prognostic information in a 
medical Setting. 

0084. The methods described herein represent a signifi 
cant advance over chemometric methodologies described 
previously. Although chemometricS has been able to provide 
Some classification of types previously, the Studies have 
required that the classification be done under a Series of 
restrictions which limit the ability to apply the method to 
analysis of complex datasets as would be required to apply 
the method for the practical diagnosis/prognosis of diseases 
that could be useful clinically. 
0085 For example, several studies have reported on the 
classification of animals on the basis of an NMR spectrum 
of urine or plasma. Although these Studies clearly demon 
Strate the potential of the technique, they are limited because 
the animals which compose each class are genetically 
homogenous (in-bred populations). As a result, these meth 
ods have been demonstrated to be able to detect patterns but 
only against “low noise' backgrounds. Application of meta 
bonomics to “real' populations (e.g., in human clinical 
practice) requires the ability to detect patterns against the 
Substantial noise due to the genetic variation of outbred 
populations and also due to dietary and hormonal differ 
CCCS. 

0.086 Similarly, many of the studies described to date 
have examined relatively major differences between groups, 
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for example, the ability to differentiate renally acting toxins 
from liver acting toxins. The two groupS under Study dif 
fered in a broad Spectrum of metabolites making the pattern 
relatively easy to detect. In conjugation with the restriction 
of using in-bred populations of animals, most Studies pub 
lished to date have only demonstrated metabonomics to be 
practicable under conditions of high “signal to noise' ratio, 
conditions which are very different from the human clinical 
environment. 

0087. Some studies have begun to attempt classifications 
of out-bred human populations where the data variation is 
high. However, to date, all these Studies have simplified the 
System Substantially to focus in on Specific molecules: for 
example, Some Studies have looked Specifically at the reso 
nances associated with lipoproteins. Since lipoproteins are 
major constituents of plasma, the variance they contribute 
readily exceeds the background variance due to genetic and 
environmental differences between individuals. Unfortu 
nately, Such an approach is insufficiently powerful to iden 
tify weak patterns against the background biochemical 
noise, and could not be used, for example, to determine the 
extent of coronary heart disease or to distinguish identical 
from non-identical twins. Identification of Such low “signal 
to noise' ratio patterns requires the application of the 
methods of this invention, which represent a significant 
advance over what has been previously reported. 

SUMMARY OF THE INVENTION 

0088 One aspect of the present invention pertains to a 
method of classifying a Sample, as described herein. 
0089. One aspect of the present invention pertains to a 
method of classifying a Subject as described herein. 
0090. One aspect of the present invention pertains to a 
method of diagnosing a Subject as described herein. 
0091. One aspect of the present invention pertains to a 
method of identifying a diagnostic Species, or a combination 
of a plurality of diagnostic Species, for a predetermined 
condition, as described herein. 
0092. One aspect of the present invention pertains to a 
diagnostic species identified by a method as described 
herein. 

0093. One aspect of the present invention pertains to a 
diagnostic species identified by a method as described 
herein, for use in a method of classification. 
0094. One aspect of the present invention pertains to a 
method of classification which employs or relies upon one or 
more diagnostic Species identified by a method as described 
herein 

0095 One aspect of the present invention pertains to use 
of one or more diagnostic Species identified by a method of 
classification as described herein. 

0096. One aspect of the present invention pertains to an 
assay for use in a method of classification, which assay relies 
upon one or more diagnostic Species identified by a method 
as described herein. 

0097. One aspect of the present invention pertains to use 
of an assay in a method of classification, which assay relies 
upon one or more diagnostic Species identified by a method 
as described herein. 
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0.098 One aspect of the present invention pertains to a 
method of therapeutic monitoring of a Subject undergoing 
therapy which employs a method of classification as 
described herein. 

0099. One aspect of the present invention pertains to a 
method of evaluating drug therapy and/or drug efficacy 
which employs a method of classification, as described 
herein. 

0100. One aspect of the present invention pertains to a 
computer System or device, Such as a computer or linked 
computers, operatively configured to implement a method as 
described herein; and related computer code computer pro 
grams, data carriers carrying Such code and programs, and 
the like. 

0101 These and other aspects of the present invention are 
described herein. 

0102) As will be appreciated by one of skill in the art, 
features and preferred embodiments of one aspect of the 
present invention will also pertain to other aspects of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0103) Twins 
0104 FIG. 1-1A-TW is a scores scatter plot for PC2 and 
PC1 (t2 vs. t1) for the PCA model (principal components 
analysis) derived from 1-D 'H-NMR spectra of serum from 
monozygote twins (MZ) (triangles, A) and dizygote twins 
(DZ) (circles, O). 
0105 FIG. 1-1B-TW is the corresponding loadings scat 
ter plot (p2 vs. p1) for the PCA shown in FIG. 1-1A-TW. 
0106 FIG. 1-1C-TW is a scores scatter plot for PC2 and 
PC1 (t2 vs. t1) for the PCA model derived from 1-D 
"H-NMR spectra of serum from MZ twins (triangles, A) and 
DZ twins (circles, O). Prior to PCA, the data were filtered 
(in this case, using orthogonal signal correction, OSC). 
0107 FIG. 1-1D-TW is the corresponding loadings scat 
ter plot (p2 vs. p1) for the PCA shown in FIG. 1-1C-TW. 
0108 FIG. 1-1E-TW is a scores scatter plot for PC2 and 
PC1 (t2 vs. t1) for the PLS-DA model derived from 1-D "H 
NMR spectra of serum from MZ twins (triangles, A) and DZ 
twins (circles, O). Prior to PCA, the data were filtered (in 
this case, using orthogonal signal correction, OSC). 
0109 FIG. 1-1F-TW is the corresponding loadings scat 
ter plot (p2 vs. p1) for the PLS-DA shown in FIG. 1-1E-TW. 
0110 FIG. 1-2A-TW shows a section of the variable 
importance plot (VIP) for the OSC-PLS-DA model, showing 
the calculated importance of the 21 most important vari 
ables. 

0111 FIG. 1-2B-TW is a plot of the regression coeffi 
cients of the 1-D H NMR variables for the MZ and DZ 
serum samples, derived from the OSC-PLS-DA model. Each 
bar represents a spectral region covering 6 0.04. 
0112 FIG. 1-3-TW is a y-predicted scatter plot, showing 
MZ twins (triangles, A) and DZ twins (circles, O) samples 
and validation Samples (diamonds, 0), for a partial least 
Squares discriminant analysis (PLS-DA) model calculated 
for the same data, following OSC. 
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0113 Hypertension 

0114 FIG.2-1A-HYP is a scores scatter plot for PC2 and 
PC1 (t2 vs. t1) for the principal components analysis (PCA) 
model derived from 1-D H NMR spectra from serum 
Samples from patients with low SBP (triangles, A), middle 
SBP (circles, O), or high SBP (squares, ). 
0115 FIG. 2-1B-HYP is the corresponding loadings 
scatter plot (p2 vs. p1) for the PCA shown in FIG. 2-1A 
HYP. 

0116 FIG.2-1C-HYP is a scores scatter plot for PC2 and 
PC1 (t2 vs. t1) for the PCA model derived from 1-D "H 
NMR spectra from serum samples from patients with low 
SBP (triangles, A), middle SBP (circles, O), or high SBP 
(squares, ). Prior to PCA, the data were filtered (in this 
case, using orthogonal signal correction, OSC). 
0117 FIG. 2-1D-HYP is the corresponding loadings 
scatter plot (p2 vs. p1) for the PCA shown in FIG. 2-1C 
HYP. 

0118 FIG.2-1E-HYP shows three pairs of plots (a scores 
scatter plot for PC2 and PC1 (t2 vs. t1) for a PCA model 
calculated from 1-D H NMR data for pairs of classes of 
Serum samples, and the corresponding loadings plot (p2 VS. 
p1)). In the Scores plots, Serum Samples from patients with 
low SBP are denoted with triangles (A), middle SBP with 
circles (O), and high SBP with squares (): 
0119 FIG. 2-1E(1)-HYP: Low and Middle SBP scores 
Scatter plot. 

0120 FIG.2-1E(2)-HYP: Low and Middle SBP loadings 
Scatter plot. 

0121 FIG. 2-1E(3)-HYP: Middle and High SBP scores 
Scatter plot. 

0122 FIG. 2-1E(4)-HYP: Middle and High SBP load 
ings Scatter plot. 

0123 FIG. 2-1E(5)-HYP: Low and High SBP scores 
Scatter plot. 

0.124 FIG. 2-1E(6)-HYP: Low and High SBP loadings 
Scatter plot 

0.125 FIG.2-1F-HYP shows three pairs of plots (a scores 
scatter plot for PC2 and PC1 (t2 vs. t1) for an OSC-PLS-DA 
model calculated from 1-D H NMR data for pairs of classes 
of Serum Samples, and the corresponding loadings plot (p2 
VS. p1)). In the Scores plots, Serum Samples from patients 
with low SBP are denoted with triangles (A), middle SBP 
with circles (O), and high SBP with squares (): 
0126 FIG. 2-1F(1)-HYP: Low and Middle SBP scores 
Scatter plot. 

O127 FIG.2-1F(2)-HYP: Low and Middle SBP loadings 
Scatter plot. 

0128 FIG. 2-1F(3)-HYP: Middle and High SBP scores 
Scatter plot. 

012.9 FIG. 2-1F(4)-HYP: Middle and High SBP load 
ings Scatter plot. 

0130 FIG. 2-1F(5)-HYP: Low and High SBP scores 
Scatter plot. 
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0131 FIG. 2-1F(6)-HYP: Low and High SBP loadings 
Scatter plot. 

0132) FIG. 2-2-HYP shows, for each of the OSC-PLS 
DA models described in FIG. 2-1F-HYP, both a section of 
the variable importance plot (VIP) and a plot of regression 
coefficients for each of the respective models: 

0133 FIG. 2-2-(1)-HYP: VIP for low and middle SBP 
Samples. 

0134 FIG. 2-2-(2)-HYP: Regress. coefs., low with 
respect to middle SBP. 

0135 FIG. 2-2-(3)-HYP: VIP for middle and high SBP 
Samples. 

0136 FIG. 2-2-(4)-HYP: Regress. coefs., middle with 
respect to high SBP. 

0137 FIG. 2-2-(5)-HYP: VIP for low and high SBP 
Samples. 

0138 FIG. 2-2-(6)-HYP: Regress. coefs., low with 
respect to high SBP. 

0139 FIG. 2-3A-HYP is a plot of distance-to-model(D- 
ModXPS) for a model constructed from 14 low SBP 
samples, and tested with low and middle SBP samples. 
DCrit at 1.41. Prediction rate: 84%. 

0140 FIG. 2-3B-HYP is a plot of distance-to-model(D- 
ModXPS) for a model constructed from 9 middle SBP 
samples, and tested with low and middle SBP samples. 
DCrit at 1.50. Prediction rate: 84%. 

0141 FIG. 2-4A-HYP is a plot of distance-to-model(D- 
ModXPS) for a model constructed from 9 middle SBP 
samples, and tested with middle and high SBP samples. 
DCrit at 1.50. Prediction rate: 59%. 

0142 FIG. 2-4B-HYP is a plot of distance-to-model(D- 
ModXPS) for a model constructed from 9 high SBP 
samples, and tested with middle and high SBP samples. 
DCrit at 1.50. Prediction rate: 37%. 

0143 FIG. 2-5A-HYP is a plot of distance-to-model(D- 
ModXPS) for a model constructed from 15 low SBP 
samples, and tested with low and high SBP samples. DCrit 
at 1.41. Prediction rate: 80%. 

014.4 FIG. 2-5B-HYP is a plot of distance-to-model(D- 
ModXPS) for a model constructed from 9 high SBP 
samples, and tested with low and high SBP samples. DCrit 
at 1.50. Prediction rate: 83%. 

0145 Atherosclerosis/Coronary Heart Disease 

0146 FIG. 3-1-CHD is a 600 MHz 1-D H NMR spec 
trum for Serum obtained from (A) a patient with normal 
coronary arteries (NCA); and (B) a patient with triple vessel 
disease patient (TVD). The spectra were recorded at a 
temperature of 300 K, corrected for phase and baseline 
distortions, and chemical Shifts were referenced to that of 
lactate (CH; 8 1.33). 
0147 FIG. 3-2A-CHD is a scores scatter plot for PC3 
and PC2 (t3 vs. t2) for the principal components analysis 
(PCA) model derived from 1-D H NMR spectra from 
serum samples from NCA(circles, O) and TVD (squares, ) 
patients. 
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0.148 FIG. 3-2B-CHD is the corresponding loadings 
scatter plot (p3 vs. p2) for the PCA shown in FIG. 3-2A 
CHD. 

0149 FIG. 3-2C-CHD is a scores scatter plot for PC2 
and PC1 (t2 vs. t1) for the PCA model derived from 1-D "H 
NMR spectra from serum samples from NCA (circles, O) 
and TVD (squares, ) patients. Prior to PCA, the data were 
filtered (in this case, using orthogonal signal correction, 
OSC). 
0150 FIG. 3-2D-CHD is the corresponding loadings 
scatter plot (p2 vs. p1) for the PCA shown in FIG. 3-2C 
CHD. 

0151 FIG.3-2E-CHD is a scores scatter plot for PC2 and 
PC1 (t2 vs. t1) for the PLS-DA model derived from 1-D "H 
NMR spectra from serum samples from NCA (circles, O) 
and TVD (squares, ) patients. Prior to PCA, the data were 
filtered (in this case, using orthogonal signal correction, 
OSC). 
0152 FIG. 3-2F-CHD is the corresponding loadings 
scatter plot (wc2 vs. wic1) for the PLS-DA shown in FIG. 
3-2E-CHD. 

0153 FIG. 3-3A-CHD shows a section of the variable 
importance plot (VIP) for the OSC-PLS-DA model, showing 
the calculated importance of the 13 most important vari 
ables. 

0154 FIG. 3-3B-CHD is a plot of the regression coeffi 
cients of the 1-D H NMR variables for the TVD serum 
samples, derived from the OSC-PLS-DA. Each bar repre 
Sents a Spectral region covering 8 0.04. 
0155 FIG. 3-4-CHD is a y-predicted scatter plot, show 
ing NCA (circles, O) and TVD (squares, ) samples and 
validation Samples (triangle, A, NCA or TVA as marked), 
for an OSC-PLS-DA model. 

0156 FIG. 3-5A-CHD is the scores scatter plot for PC2 
and PC1 (t2 vs. t1) for the PCA model calculated from 1-D 
"H NMR data for all three classes of serum sample: type “1” 
vessel disease (triangles, A), type “2” vessel disease (circles, 
O), and type “3” vessel disease (squares, ). 
0157 FIG. 3-5B-CHD is the corresponding loadings 
scatter plot (p2 vs. p1) for the PCA shown in FIG. 3-5A 
CHD. 

0158 FIG. 3-5C-CHD shows three pairs of plots (a 
scores scatter plot for PC2 and PC1 (t2 vs. t1) for a PLS-DA 
model calculated from 1-D H NMR data for pairs of classes 
of Serum Samples, and the corresponding W*c loadings plot 
(wc2 VS. WC1)). In the Scores plots, type “1” samples are 
denoted by triangles (A); type “2 Samples are denoted by 
circles (O); and type “3” samples are denoted by squares 
(). 
0159 FIG.3-5C-(1)-CHD: type “1” and “2” scores scat 
ter plot. 

0160 FIG. 3-5C-(2)-CHD: type “1” and “2” loadings 
wic Scatter plot. 
0161 FIG.3-5C-(3)-CHD: type “2” and “3” scores scat 
ter plot. 

0162 FIG. 3-5C-(4)-CHD: type “2” and “3” loadings 
wic Scatter plot. 
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0163) 
ter plot. 

0164 FIG. 3-5C-(6)-CHD: type “1” and “3” loadings 
wic Scatter plot. 

0165 FIG. 3-6A-CHD is a scores scatter plot for PC2 
and PC1 (t2 vs. t1) calculated for a PCA model calculated 
using filtered 1-D H NMR data (in this case, filtered using 
orthogonal signal correction, OSC), for all three classes of 
Serum Sample: type “1” vessel disease (triangles, A); type 
“2” vessel disease (circles, O); and type “3” vessel disease 
(Squares, ). 
0166 FIG. 3-6B-CHD is the corresponding loadings 
scatter plot (p2 vs. p1) for PCA shown in 
0167 FIG. 3-5A-CHD. 
0168 FIG. 3-6C-CHD shows three pairs of plots (a 
scores scatter plot for PC2 and PC1 (t2 vs. t1) for a PLS-DA 
model calculated from 1-D H NMR data for pairs of classes 
of Serum Samples, following OSC, and the corresponding 
wic loadings plot (wc2 VS. we1)). In the scores plots, type 
“1” samples are denoted by triangles (A); type “2 Samples 
are denoted by circles (O); and type “3” samples are denoted 
by squares (). 

0169 FIG.3-8C-(1)-CHD: type “1” and “2” scores scat 
ter plot. 

0170 FIG. 3-6C-(2)-CHD: type “1” and “2” loadings 
wic Scatter plot. 

0171 FIG. 3-6C-(3)-CHD: type “2” and “3” scores scat 
ter plot. 

0172 FIG. 3-6C-(4)-CHD: type “2” and “3” loadings 
wic Scatter plot. 

FIG. 3-5C-(5)-CHD: type “1” and "3" scores scat 

0173 FIG.3-6C-(5)-CHD: type “1” and "3" scores scat 
ter plot. 

0174 FIG. 3-6C-(6)-CHD: type “1” and “3” loadings 
wic Scatter plot. 

0175 FIG.3-7-CHD shows, for each of the three models 
described in FIG. 3-6C, both a section of the variable 
importance plot (VIP) and a plot of the regression coeffi 
cients for the respective OSC-PLS-DA model. Each bar 
represents a spectral region covering 8 0.04. 

0176 FIG. 3-7-(1)-CHD: VIP for “1” and “2” vessel 
disease Samples. 

0177 FIG. 3-7-(2)-CHD: Regression coefficients, “1” 
with respect to “2” vessel disease. 

0178 FIG. 3-7-(3)-CHD; VIP for “2” and “3” vessel 
disease Samples. 

0179 FIG. 3-7-(4)-CHD: Regression coefficients, “2” 
with respect to “3” vessel disease. 

0180 FIG. 3-7-(5)-CHD; VIP for “1” and “3” vessel 
disease Samples. 

0181 FIG. 3-7-(6)-CHD: Regression coefficients, “1” 
with respect to “3” vessel disease. 

0182 FIG. 3-4-CHD shows three y-predicted scatter 
plots, showing type “1” (triangles, A), type “2 (circles, O), 
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type “3' (Squares, ) and validation Samples (diamonds), 
for PLS-DA models calculated for the same data, following 
OSC. 

0183) 
0184 

FIG. 3-8A-CHD: type “1” and “2”. 
FIG. 3-8B-CHD: type “2” and “3”. 

0185 FIG.3-8C-CHD: type “1” and “3”. 
0186 FIG. 3-9A-CHD is a scores scatter plot for PC2 
and PC1 (t2 vs. t1) for a PCA model calculated from 
established clinical parameters for subjects with type “1” 
(triangles, A), type “2” (circles, O), type “3” (squares, ) 
vessel disease. 

0187 FIG. 3-9B-CHD is the corresponding loadings 
scatter plot (p2 vs. p1) for the PCA shown in FIG. 3-9A 
CHD. 

0188 FIG. 3-9C-CHD shows three pairs of plots (a 
scores scatter plot for PC2 and PC1 (t2 vs. t1) for a PLS-DA 
model calculated using established clinical parameters, and 
the corresponding loadings wic plot (wc2 vs. wic1)). In 
the Scores plots, type “1” Samples are denoted by triangles 
(A); type “2” samples are denoted by circles (O); and type 
“3” samples are denoted by squares (). 
0189 FIG.3-9C-(1)-CHD: type “1” and “2” scores scat 
ter plot. 
0190 FIG. 3-9C-(2)-CHD: type “1” and “2” loadings 
wic Scatter plot. 
0191 FIG.3-9C-(3)-CHD: type “2” and "3" scores scat 
ter plot. 
0192 FIG. 3-9C-(4)-CHD: type “2” and “3” loadings 
wic Scatter plot. 
0193 FIG.3-9C-(5)-CHD: type “1” and "3" scores scat 
ter plot. 
0194 FIG. 3-9C-(6)-CHD: type “1” and “3” loadings 
wic Scatter plot. 
0195 FIG. 3-10-CHD shows, for each of the three mod 
els described in FIG. 3-9C, both a section of the variable 
importance plot (VIP) and a plot of the regression coeffi 
cients for the respective OSC-PLS-DA models. Each bar 
represents a spectral region covering Ö 0.04. 

0196) FIG. 3-10-(1)-CHD: VIP for “1” and “2” vessel 
disease Samples. 
0197) FIG. 3-10-(2)-CHD: Regres, coefs., “1” with 
respect to "2” vessel disease. 
0198 FIG. 3-10-(3)-CHD: VIP for “2” and “3” vessel 
disease Samples. 
0199 FIG. 3-10-(4)-CHD: Regres, coefs., “2” with 
respect to “3” vessel disease. 
0200 FIG. 3-10-(5)-CHD: VIP for “1” and “3” vessel 
disease Samples. 
0201 FIG. 3-10-(6)-CHD: Regres. coefs., “1” with 
respect to “3” vessel disease. 
0202) Osteoporosis 

0203 FIG. 4-1A-OP is a scores scatter plot for PC2 and 
PC1 (t2 vs. t1) for the principal components analysis (PCA) 
model derived from 1-D H NMR spectra from serum 
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Samples from control Subjects (triangles, A) and patients 
with osteoporosis (circles, O). 
0204 FIG. 4-1B-OP is the corresponding loadings scat 
ter plot (p2 vs. p1) for the PCA shown in FIG. 4-1A-OP. 
0205 FIG. 4-1C-OP is a scores scatter plot for PC2 and 
PC1 (t2 vs. t1) for the PCA model derived from 1-D "H 
NMR spectra from serum samples from control subjects 
(triangles, A) and patients with osteoporosis (circles, O). 
Prior to PCA, the data were filtered (in this case, using 
orthogonal signal correction, OSC). 
0206 FIG. 4-1D-OP is the corresponding loadings scat 
ter plot (p2 vs. p1) for the PCA shown in FIG. 4-1C-OP. 
0207 FIG. 4-1E-OP is a scores scatter plot for PC2 and 
PC1 (t2 vs. t1) for the PLS-DA model derived from 1-D "H 
NMR spectra from serum samples from control subjects 
(triangles, A) and patients with osteoporosis (circles, O). 
Prior to PLS-DA, the data were filtered (in this case, using 
orthogonal signal correction, OSC). 
0208 FIG. 4-1F-OP is the corresponding loadings scatter 
plot (p2 vs. p1) for the PCA shown in FIG. 4-1E-OP. 
0209 FIG. 4-2A-OP shows a section of the variable 
importance plot (VIP) derived from the PLS-DA model 
described in FIG. 4-1E-OP. 

0210 FIG. 4-2B-OP shows a section of the regression 
coefficient plot derived from the PLS-DA model described 
in FIG. 4-1E-OP. 

0211 FIG. 4-3-OP is a y-predicted scatter plot for a 
PLS-DA model calculated using ~85% of the control (tri 
angles, A) and osteoporosis (circles, O) samples, which was 
then used to predict the presence of disease in the remaining 
15% of samples (squares, ) (the validation set). 
0212 Osteoarthritis 
0213 FIG. 5-1A-OA is a scores scatter plot for PC2 and 
PC1 (t2 vs. t1) for the principal components analysis (PCA) 
model derived from 1-D H NMR spectra from serum 
Samples from control Subjects (triangles, A) and patients 
with osteoarthritis. (circles, O). 
0214 FIG. 5-1B-OA is the corresponding loadings scat 
ter plot (p2 vs. p1) for the PCA shown in FIG. 5-1A-OA. 
0215 FIG. 5-1C-OA is a scores scatter plot for PC3 and 
PC2 (t3 vs. t2) for the PCA model derived from 1-D "H 
NMR spectra from serum samples from control subjects 
(triangles, A) and patients with osteoarthritis (circles, O). 
Prior to PCA, the data were filtered (in this case, using 
orthogonal signal correction, OSC). 
0216 FIG. 5-1D-OA is the corresponding loadings scat 
ter plot (p3 vs. p2) for the PCA shown in FIG. 5-1C-OA. 
0217 FIG. 5-1E-OA is a scores scatter plot for PC2 and 
PC1 (t2 vs. t1) for the PLS-DA model derived from 1-D "H 
NMR spectra from serum samples from control subjects 
(triangles, A) and patients with Osteoarthritis (circles, O). 
Prior to PLS-DA, the data were filtered (in this case, using 
orthogonal signal correction, OSC). 
0218 FIG. 5-1F-OA is the corresponding loadings scat 
ter plot (p2 vs. p1) for the PCA shown in FIG. 5-1E-OA. 
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0219 FIG. 5-2A-OA shows a section of the variable 
importance plot (VIP) derived from the PLS-DA model 
described in FIG. 5-1E-OA. 

0220 FIG. 5-2B-OA shows a section of the regression 
coefficient plot derived from the PLS-DA model described 
in FIG. 5-1E-OA. 

0221 FIG. 5-3-OA is a y-predicted scatter plot for a 
PLS-DA model calculated using ~85% of the control (tri 
angles, A) and osteoporosis (circles, O) samples, which was 
then used to predict the presence of disease in the remaining 
15% of samples (squares, ) (the validation set). 

DETAILED DESCRIPTION OF THE 
INVENTION 

0222 Introduction 
0223) The inventors have developed novel methods 
(which employ multivariate Statistical analysis and pattern 
recognition (PR) techniques, and optionally data filtering 
techniques) of analysing data (e.g., NMR spectra) from a test 
population which yield accurate mathematical models which 
may Subsequently be used to classify a test Sample or 
Subject, and/or in diagnosis. 
0224. An NMR spectrum provides a fingerprint or profile 
for the Sample to which it pertains. Such spectra represent a 
measure of all NMR detectable species present in the sample 
(rather than a select few) and also, to Some extent, interac 
tions between these Species. AS Such, these spectra are 
characterised by a high data density which, heretofore, has 
not been fully exploited. 

0225. The methods described herein facilitate the analy 
sis of Such spectra, and the Subsequent use of the results of 
that analysis to classify test spectra (and therefore the 
associated Samples and Subjects, if applicable) according to 
one or more distinguishing criteria, at a discrimination level 
never before achieved. 

0226. These methods find particular application in the 
field of medicine. For example, analysis of NMR spectra for 
Samples taken from a population characterised by a certain 
condition yields a mathematical model which can be used to 
classify an NMR spectrum for a sample from a test subject 
as positive (also having the condition) or negative (not 
having the condition) with a high degree of confidence. 
0227. In effect, these methods facilitate the identification 
of the particular combination of amounts of (e.g., endog 
enous) spedes which are invariably associated with the 
presence of the condition. These combinations (patterns), 
which typically comprise many (often Small) uncorrelated 
variances which together are diagnostic, are encoded within 
the high data density of the NMR spectra. The methods 
described herein permit their identification and Subsequent 
use for classification. 

0228. However, it must be stressed that metabonomic 
analysis based on NMR spectra is much more powerful than 
Simply using a high technology analytical tool (the NMR 
spectrometer) to measure the levels of known metabolites. 
That is, the methods described herein are distinct from 
methods which Simply carry out multiple independent mea 
Sures of discrete chemical entitities (e.g., LDL cholesterol 
concentration). 
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0229. For example, considering the variance in NMR 
spectral intensity (total peak intensity) in any particular 
defined chemical shift region (known as a bucket or bin), a 
part of that variance may be associated with a given mol 
ecule (a biomarker), the level of which varies consistently as 
a result of the condition under study. The remainder of the 
variance may be due to differences in the levels of other 
molecules which give peaks in that integral region but which 
are unrelated to the condition under study (e.g., individual to 
individual differences Such as dietary factors, age, gender, 
etc.). 
0230. The methods described herein, which employ pat 
tern recognition techniques, permit identification of that 
NMR peak intensity which is related to the condition under 
Study, even though only a Small part of the variance in a 
spectral region (bucket) may be related to the condition 
under study. The identification power is enhanced by the 
application of data filtering techniques (e.g., orthogonal 
signal correction, OSC) which can lower the influence of 
buckets with variance unrelated to the condition of interest. 
Actual identification of the molecular biomarkers contrib 
uting to Significant bucketS is carried out by reexamination 
of the original NMR spectra by NMR experts, and could 
involve additional NMR spectroscopic experiments such as 
2-dimensional NMR spectroscopy; Separation of putative 
substances and their identification using HPLC-NMR-MS; 
addition of authentic Substance to the Sample and re-mea 
Suring the NMR spectrum, checking for coincidence of 
NMR peaks; etc. 
0231. For example, in NMR spectra of blood plasma, in 
the region around 6 1.2-1.3, a number of peaks appear, all of 
which will contribute to the intensity in those buckets 
labelled & 1.30 (e.g., the chemical shift region & 1.32-1.28), 
Ö 1.26 (e.g., the region 8 1.28-1.24), and ö 1.22 (e.g., the 
region 8 1.24-1.20). Given the bucket width of 0.04 ppm 
(i.e., 24 Hz at 600 MHz), the wings of the lorentzian lines 
of the NMR resonances will have contributions in most or all 
of these buckets even though the peak maximum appears in 
a single bucket The two main broad NMR peak envelopes in 
this region of the Spectrum have been assigned to the long 
chain methylene groups of the fatty acyl chains of lipopro 
teins, and in addition there are a number of Small molecule 
metabolites which have NMR resonances in this region, 
Some of which have been assigned. See, e.g., Nicholson et 
al, 1995. These include the methyl resonances of lactate (a 
doublet at 8 1.33), threonine (a doublet at 8 1.32), fucose (a 
doublet at 8 1.31), in some cases 3-hydroxybutyrate (a 
doublet at 8 1.20) and part of the methylene resonance of 
isoleucine (a multiplet at Ö 1.28). The two overlapping 
lipoprotein peaks have been assigned as mainly VLDL at Ö 
1.29 and mainly LDL at 8 1.25. However both of these 
Signals are asymmetric in appearance and are comprised of 
a number of overlapping resonances. By examination of the 
"H NMR spectra of individual lipoprotein fractions, it has 
been possible to use mathematical deconvolution techniques 
to show that this composite envelope in the Ö 1.3-1.2 region 
is comprised of two bands from VLDL, 3 bands from LDL 
and 2 bands from HDL. See, e.g., M. Ala-Korpela, Progress 
in NMR Spectroscopy, 27, 475-554 (1995)). In fact, the 
inventors have shown that the variance in the Spectral 
intensity in the bucket at 8 1.30 is only weakly correlated 
with the LDL level measured independently for a panel of 
100 patients. The correlation coefficient (r) between the level 
of LDL as measured by a conventional method and the 
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bucket intensity at 8 1.30 in the NMR spectra of the same 
Samples, is only 0.45. Therefore, the changes in the con 
centration of LDL over the samples in this panel of 100 
patients only accounts for about 20% of the variance in this 
bucket intensity, since variance is proportional to r. Thus 
the variance in the intensity in the 8 1.30 bucket, over the 
Sample population, contains much more information than 
solely the variance in the LDL concentration. The methods 
the present invention permit the determination and exploi 
tation of Such of the additional, until now hidden, informa 
tion. 

0232 Furthermore, the methods can be applied to 
achieve classification into multiple categories on the basis of 
a single dataset (e.g., an NMR spectrum for a single sample). 
Due to the very high data density of the input dataset, the 
analysis method can Separately (i.e., in parallel) or Sequen 
tially (i.e., in Series) perform multiple classifications. For 
example, a single blood Sample could be used to determine 
(e.g., diagnose) the presence or absence of Several, or 
indeed, many, (e.g., unrelated) conditions or diseases. 
0233. Thus, one aspect of the present invention pertains 
to improved methods for the analysis of chemical, biochemi 
cal, and biological data, for example spectra, for example, 
nuclear magnetic resonance (NMR) and other types of 
Spectra. 

0234 Methods of Classifying, Diagnosing 
0235. One aspect of the present invention pertains to a 
method of classifying a Sample, as described herein. 
0236. One aspect of the present invention pertains to a 
method of classifying a Subject by classifying a Sample from 
Said Subject, wherein Said method of classifying a Sample is 
as described herein. 

0237. One aspect of the present invention pertains to a 
method of diagnosing a Subject by classifying a Sample from 
Said Subject, wherein Said method of classifying a Sample is 
as described herein. 

0238 Classifying a Sample: by NMR Spectral Intensity 
0239. One aspect of the present invention pertains to a 
method of classifying a Sample, Said method comprising the 
step of relating NMR spectral intensity at one or more 
predetermined diagnostic spectral windows for Said Sample 
with a predetermined condition. 
0240 One aspect of the present invention pertains to a 
method of classifying a Sample from a Subject, Said method 
comprising the Step of relating NMR spectral intensity at 
one or more predetermined diagnostic spectral windows for 
Said Sample with a predetermined condition of Said Subject. 
0241 One aspect of the present invention pertains to a 
method of classifying a Sample, Said method comprising the 
step of relating NMR spectral intensity at one or more 
predetermined diagnostic spectral windows for Said Sample 
with the presence or absence of a predetermined condition. 
0242 One aspect of the present invention pertains to a 
method of classifying a Sample from a Subject, Said method 
comprising the Step of relating NMR spectral intensity at 
one or more predetermined diagnostic spectral windows for 
Said Sample with the presence or absence of a predetermined 
condition of Said Subject. 
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0243 One aspect of the present invention pertains to a 
method of classifying a Sample, Said method comprising the 
step of relating a modulation of NMR spectral intensity, 
relative to a control value, at one or more predetermined 
diagnostic spectral windows for Said Sample with a prede 
termined condition. 

0244. One aspect of the present invention pertains to a 
method of classifying a Sample from a Subject, Said method 
comprising the step of relating a modulation of NMR 
Spectral intensity, relative to a control value, at one or more 
predetermined diagnostic spectral windows for Said Sample 
with a predetermined condition of Said Subject. 

0245 One aspect of the present invention pertains to a 
method of classifying a Sample, Said method comprising the 
step of relating a modulation of NMR spectral intensity, 
relative to a control value, at one or more predetermined 
diagnostic spectral windows for Said Sample with the pres 
ence or absence of a predetermined condition. 

0246. One aspect of the present invention pertains to a 
method of classifying a Sample from a Subject, Said method 
comprising the step of relating a modulation of NMR 
Spectral intensity, relative to a control value, at one or more 
predetermined diagnostic spectral windows for Said Sample 
with the presence or absence of a predetermined condition of 
Said Subject. 

0247 Classifying a Subject: by NMR Spectral Intensity 

0248 One aspect of the present invention pertains to a 
method of classifying a Subject, Said method comprising the 
step of relating NMR spectral intensity at one or more 
predetermined diagnostic spectral windows for a Sample 
from Said Subject with a predetermined condition of Said 
Subject. 

0249 One aspect of the present invention pertains to a 
method of classifying a Subject, Said method comprising the 
step of relating NMR spectral intensity at one or more 
predetermined diagnostic spectral windows for a Sample 
from Said Subject with the presence or absence of a prede 
termined condition of Said Subject. 
0250 One aspect of the present invention pertains to a 
method of classifying a Subject, Said method comprising the 
step of relating a modulation of NMR spectral intensity, 
relative to a control value, at one or more predetermined 
diagnostic spectral windows for a Sample from Said Subject 
with a predetermined condition of Said Subject. 

0251 One aspect of the present invention pertains to a 
method of classifying a Subject, Said method comprising the 
step of relating a modulation of NMR spectral intensity, 
relative to a control value, at one or more predetermined 
diagnostic spectral windows for a Sample from Said Subject 
with the presence or absence of a predetermined condition of 
Said Subject. 

0252) Diagnosing a Subject: by NMR Spectral Intensity 

0253) One aspect of the present invention pertains to a 
method of diagnosing a predetermined condition of a Sub 
ject, Said method comprising the Step of relating NMR 
Spectral intensity at one or more predetermined diagnostic 
Spectral windows for a Sample from Said Subject with Said 
predetermined condition of Said Subject. 
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0254. One aspect of the present invention pertains to a 
method of diagnosing a predetermined condition of a Sub 
ject, Said method comprising the Step of relating NMR 
Spectral intensity at one or more predetermined diagnostic 
Spectral windows for a Sample from Said Subject with the 
presence or absence of Said predetermined condition of Said 
Subject. 

0255 One aspect of the present invention pertains to a 
method of diagnosing a predetermined condition of a Sub 
ject, Said method comprising the Step of relating a modula 
tion of NMR spectral intensity, relative to a control value, at 
one or more predetermined diagnostic spectral windows for 
a Sample from Said Subject with Said predetermined condi 
tion of Said Subject. 
0256. One aspect of the present invention pertains to a 
method of diagnosing a predetermined condition of a Sub 
ject, Said method comprising the Step of relating a modula 
tion of NMR spectral intensity, relative to a control value, at 
one or more predetermined diagnostic spectral windows for 
a Sample from Said Subject with the presence or absence of 
Said predetermined condition of Said Subject. 
0257 Classifying a Sample: by Amount of Diagnostic 
Species 

0258. One aspect of the present invention pertains to a 
method of classifying a Sample, Said method comprising the 
Step of relating the amount of, or relative amount of one or 
more diagnostic species present in Said Sample with a 
predetermined condition. 
0259 One aspect of the present invention pertains to a 
method of classifying a Sample from a Subject, Said method 
comprising the Step of relating the amount of, or relative 
amount of one or more diagnostic Species present in Said 
Sample with a predetermined condition of Said Subject. 
0260 One aspect of the present invention pertains to a 
method of classifying a Sample, Said method comprising the 
Step of relating the amount of, or relative amount of one or 
more diagnostic Species present in Said Sample with the 
presence or absence of a predetermined condition. 
0261) One aspect of the present invention pertains to a 
method of classifying a Sample from a Subject, Said method 
comprising the Step of relating the amount of, or the relative 
amount of, one or more diagnostic Species present in Said 
Sample with the presence or absence of a predetermined 
condition of Said Subject. 
0262 One aspect of the present invention pertains to a 
method of classifying a Sample, Said method comprising the 
Step of relating a modulation of the amount of, or relative 
amount of one or more diagnostic Species present in Said 
Sample, as compared to a control Sample, with a predeter 
mined condition. 

0263. One aspect of the present invention pertains to a 
method of classifying a Sample from a Subject, Said method 
comprising the Step of relating a modulation of the amount 
of, or relative amount of one or more diagnostic Species 
present in Said Sample, as compared to a control Sample, 
with a predetermined condition of Said Subject. 
0264. One aspect of the present invention pertains to a 
method of classifying a Sample, Said method comprising the 
Step of relating a modulation of the amount of, or relative 
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amount of one or more diagnostic Species present in Said 
Sample, as compared to a control Sample, with the presence 
or absence of a predetermined condition. 
0265. One aspect of the present invention pertains to a 
method of classifying a Sample from a Subject, Said method 
comprising the Step of relating a modulation of the amount 
of, or relative amount of one or more diagnostic Species 
present in Said Sample, as compared to a control Sample, 
with the presence or absence of a predetermined condition of 
Said Subject. 
0266 Classifying a Subject: by Amount of Diagnostic 
Species 
0267 One aspect of the present invention pertains to a 
method of classifying a Subject, Said method comprising the 
Step of relating the amount of, or relative amount of one or 
more diagnostic Species present in a Sample from Said 
Subject with a predetermined condition of Said Subject. 
0268 One aspect of the present invention pertains to a 
method of classifying a Subject, Said method comprising the 
Step of relating the amount of, or relative amount of one or 
more diagnostic Species present in a Sample from Said 
Subject with the presence or absence of a predetermined 
condition of Said Subject. 
0269. One aspect of the present invention pertains to a 
method of classifying a Subject, Said method comprising the 
Step of relating a modulation of the amount of, or relative 
amount of one or more diagnostic Species present in a 
Sample from Said Subject, as compared to a control Sample, 
with a predetermined condition of Said Subject. 
0270. One aspect of the present invention pertains to a 
method of classifying a Subject, Said method comprising the 
Step of relating a modulation of the amount of, or relative 
amount of one or more diagnostic Species present in a 
Sample from Said Subject, as compared to a control Sample, 
with the presence or absence of a predetermined condition of 
Said Subject. 
0271 Diagnosing a Subject: by Amount of Diagnostic 
Species 
0272. One aspect of the present invention pertains to a 
method of diagnosing a predetermined condition of a Sub 
ject, Said method comprising the Step of relating the amount 
of, or relative amount of one or more diagnostic Species 
present in a Sample from Said Subject with Said predeter 
mined condition of Said Subject. 
0273) One aspect of the present invention pertains to a 
method of diagnosing a predetermined condition of a Sub 
ject, Said method comprising the Step of relating the amount 
of, or relative amount of one or more diagnostic Species 
present in a Sample from Said Subject with the presence or 
absence of Said predetermined condition of Said Subject. 
0274. One aspect of the present invention pertains to a 
method of diagnosing a predetermined condition of a Sub 
ject, Said method comprising the Step of relating a modula 
tion of the amount of, or relative amount of one or more 
diagnostic species present in a Sample from Said Subject, as 
compared to a control Sample, with Said predetermined 
condition of Said Subject. 
0275 One aspect of the present invention pertains to a 
method of diagnosing a predetermined condition of a Sub 
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ject, Said method comprising the Step of relating a modula 
tion of the amount of, or relative amount of one or more 
diagnostic species present in a Sample from Said Subject, as 
compared to a control Sample, with the presence or absence 
of Said predetermined condition of Said Subject. 
0276 Classifying a Sample: by Mathematical Modelling 
0277 One aspect of the present invention pertains to a 
method of classification, Said method comprising the Steps 
of: 

0278 (a) forming a predictive mathematical model 
by applying a modelling method to modelling data; 

0279 (b) using said model to classify a test sample. 
0280. One aspect of the present invention pertains to a 
method of classifying a test Sample, Said method comprising 
the Steps of: 

0281 (a) forming a predictive mathematical model 
by applying a modelling method to modelling data; 

0282 wherein said modelling data comprises a plu 
rality of data Sets for modelling Samples of known 
class; 

0283 (b) using said model to classify said test 
Sample as being a member of one of Said known 
classes. 

0284. One aspect of the present invention pertains to a 
method of classifying a test Sample, Said method comprising 
the Steps of: 

0285) (a) forming a predictive mathematical model 
by applying a modelling method to modelling data; 

0286 wherein said modelling data comprises at 
least one data Set for each of a plurality of modelling 
Samples; 

0287 wherein said modelling samples define a class 
group consisting of a plurality of classes; 

0288 wherein each of said modelling samples is of 
a known class Selected from Said class group; and, 

0289 (b) using said model with a data set for said 
test Sample to classify Said test Sample as being a 
member of one class Selected from Said class group. 

0290 One aspect of the present invention pertains to a 
method of classification, Said method comprising the Step of: 

0291 using a predictive mathematical model; 
0292 wherein said model is formed by applying a 
modelling method to modelling data; 

0293) 
0294 One aspect of the present invention pertains to a 
method of classifying a test Sample, Said method comprising 
the step of: 

to classify a test Sample. 

0295 using a predictive mathematical model; 
0296 wherein said model is formed by applying a 
modelling method to modelling data; 

0297 wherein said modelling data comprises a plu 
rality of data Sets for modelling Samples of known 
class; 
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0298 to classify said test sample as being a member 
of one of Said known classes. 

0299. One aspect of the present invention pertains to a 
method of classifying a test Sample, Said method comprising 
the step of: 

0300 using a predictive mathematical model; 
0301 wherein said model is formed by applying a 
modelling method to modelling data; 

0302 wherein said modelling data comprises at 
least one data Set for each of a plurality of modelling 
Samples; 

0303 wherein said modelling samples define a class 
group consisting of a plurality of classes; 

0304 wherein each of said modelling samples is of 
a known class Selected from Said class group; 

0305 with a data set for said test sample to classify 
Said test Sample as being a member of one class 
Selected from Said class group. 

0306 Classifying a Subject: by Mathematical Modelling 
0307 One aspect of the present invention pertains to a 
method of classification, Said method comprising the Steps 
of: 

0308 (a) forming a predictive mathematical model 
by applying a modelling method to modelling data; 

0309 (b) using said model to classify a subject. 
0310. One aspect of the present invention pertains to a 
method of classifying a Subject, Said method comprising the 
Steps of: 

0311 (a) forming a predictive mathematical model 
by applying a modelling method to modelling data; 

0312 wherein said modelling data comprises a plu 
rality of data Sets for modelling Samples of known 
class, 

0313 (b) using said model to classify a test sample 
from Said Subject as being a member of one of Said 
known classes, and thereby classify Said Subject. 

0314. One aspect of the present invention pertains to a 
method of classifying a Subject, Said method comprising the 
Steps of: 

0315 (a) forming a predictive mathematical model 
by applying a modelling method to modelling data; 

0316 wherein said modelling data comprises at 
least one data Set for each of a plurality of modelling 
Samples; 

0317 wherein said modelling samples define a class 
group consisting of a plurality of classes; 

0318 wherein each of said modelling samples is of 
a known class Selected from Said class group; and, 

0319 (b) using said model with a data set for a test 
Sample from Said Subject to classify Said test Sample 
as being a member of one class Selected from Said 
class group, and thereby classify Said Subject. 
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0320 One aspect of the present invention pertains to a 
method of classification, Said method comprising the Step of: 

0321 using a predictive mathematical model; 
0322 wherein said model is formed by applying a 
modelling method to modelling data; 

0323) 
0324 One aspect of the present invention pertains to a 
method of classifying a Subject, Said method comprising the 
Step of: 

to classify a Subject. 

0325 using a predictive mathematical model 
0326 wherein said model is formed by applying a 
modelling method to modelling data; 

0327 wherein said modelling data comprises a plu 
rality of data Sets for modelling Samples of known 
class; 

0328 to classify a test sample from said subject as 
being a member of one of Said known classes, and 
thereby classify Said Subject. 

0329. One aspect of the present invention pertains to a 
method of classifying a Subject, Said method comprising the 
Step of: 

0330 using a predictive mathematical model, 
0331 wherein said model is formed by applying a 
modelling method to modelling data; 

0332 wherein said modelling data comprises at 
least one data Set for each of a plurality of modelling 
Samples; 

0333 wherein said modelling samples define a class 
group consisting of a plurality of classes; 

0334 wherein each of said modelling samples is of 
a known class Selected from Said class group; 

0335 with a data set for a test sample from said 
Subject to classify Said test Sample as being a mem 
ber of one class Selected from Said class group, and 
thereby classify Said Subject. 

0336 Diagnosing a Subject: by Mathematical Modelling 
0337. One aspect of the present invention pertains to a 
method of diagnosis, Said method comprising the Steps of 

0338) (a) forming a predictive mathematical model 
by applying a modelling method to modelling data; 

0339 (b) using said model to diagnose a subject. 
0340 One aspect of the present invention pertains to a 
method of diagnosing a predetermined condition of a Sub 
ject, Said method comprising the Steps of: 

0341 (a) forming a predictive mathematical model 
by applying a modelling method to modelling data; 

0342 wherein said modelling data comprises a plu 
rality of data Sets for modelling Samples of known 
class; 

0343 (b) using said model to classify a test sample 
from Said Subject as being a member of one of Said 
known classes, and thereby diagnose Said Subject. 
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0344 One aspect of the present invention pertains to a 
method of diagnosing a predetermined condition of a Sub 
ject, Said method comprising the Steps of: 

0345 (a) forming a predictive mathematical model 
by applying a modelling method to modelling data; 

0346 wherein said modelling data comprises at 
least one data Set for each of a plurality of modelling 
Samples; 

0347 wherein said modelling samples define a class 
group consisting of a plurality of classes; 

0348 wherein each of said modelling samples is of 
a known class Selected from Said class group; and, 

0349 (b) using said model with a data set for a test 
Sample from Said Subject to classify Said test Sample 
as being a member of one class Selected from Said 
class group, and thereby diagnose Said Subject. 

0350 One aspect of the present invention pertains to a 
method of diagnosis, Said method comprising the Step of: 

0351) using a predictive mathematical model; 

0352 wherein said model is formed by applying a 
modelling method to modelling data; 

0353 to diagnose a subject. 

0354. One aspect of the present invention pertains to a 
method of diagnosing a predetermined condition of a Sub 
ject, Said method comprising the Step of 

0355 using a predictive mathematical model; 

0356 wherein said model is formed by applying a 
modelling method to modelling data; 

0357 wherein said modelling data comprises a plu 
rality of data Sets for modelling Samples of known 
class, 

0358 to classify a test sample from said subject as 
being a member of one of Said known classes, and 
thereby diagnose said Subject. 

0359 One aspect of the present invention pertains to a 
method of diagnosing a predetermined condition of a Sub 
ject, Said method comprising the Step of 

0360 using a predictive mathematical model; 

0361 wherein said model is formed by applying a 
modelling method to modelling data; 

0362 wherein said modelling data comprises at 
least one data Set for each of a plurality of modelling 
Samples; 

0363 wherein said modelling samples define a class 
group consisting of a plurality of classes; 

0364 wherein each of said modelling samples is of 
a known class Selected from Said class group; 

0365 with a data set for a test sample from said 
Subject to classify Said test Sample as being a mem 
ber of one class Selected from Said class group, and 
thereby diagnose said Subject. 

Jun. 16, 2005 

0366 Certain Preferred Embodiments 
0367. In one embodiment, said sample is a sample from 
a Subject, and Said predetermined condition is a predeter 
mined condition of Said Subject. 
0368. In one embodiment, said test sample is a test 
Sample from a Subject, and Said predetermined condition is 
a predetermined condition of Said Subject. 
0369. In one embodiment, said one or more predeter 
mined diagnostic spectral windows are associated with one 
or more diagnostic Species. 
0370. In one embodiment, said relating step involves the 
use of a predictive mathematical model; for example, as 
described herein. 

0371 The nature of a predictive mathematical model is 
determined primarily by the modelling method employed 
when forming that model. 
0372. In one embodiment, said modelling method is a 
multivariate Statistical analysis modelling method. 
0373) In one embodiment, said modelling method is a 
multivariate Statistical analysis modelling method which 
employs a pattern recognition method. 
0374. In one embodiment, said modelling method is, or 
employs PCA. 
0375. In one embodiment, said modelling method is, or 
employs PLS. 
0376. In one embodiment, said modelling method is, or 
employs PLS-DA. 
0377. In one embodiment, said modelling method 
includes a step of data filtering. 
0378. In one embodiment, said modelling method 
includes a step of orthogonal data filtering. 

0379. In one embodiment, said modelling method 
includes a step of OSC. 
0380. In one embodiment, said model takes account of 
one or more diagnostic Species. 
0381. The precise details of the predictive mathematical 
model are determined primarily by the modelling data (e.g., 
modelling data sets). 
0382. In one embodiment, said modelling data comprise 
Spectral data. 
0383. In one embodiment, said modelling data comprise 
both spectral data and non-spectral data (and is referred to as 
a “composite data'). 
0384. In one embodiment, said modelling data comprise 
NMR spectral data. 
0385) In one embodiment, said modelling data comprise 
both NMR spectral data and non-NMR spectral data. 
0386. In one embodiment, said NMR spectral data com 
prises "H NMR spectral data and/or C NMR spectral data. 
0387. In one embodiment, said NMR spectral data com 
prises "H NMR spectral data. 
0388 
Spectra. 

In one embodiment, Said modelling data comprise 
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0389. In one embodiment, said modelling data are spec 
tra. 

0390. In one embodiment, said modelling data comprises 
a plurality of data Sets for modelling Samples of known 
class. 

0391) In one embodiment, said modelling data comprises 
at least one data Set for each of a plurality of modelling 
Samples. 

0392. In one embodiment, said modelling data comprises 
exactly one data Set for each of a plurality of modelling 
Samples. 

0393. In one embodiment, said using step is: using said 
model with a data Set for Said test Sample to classify Said test 
Sample as being a member of one class Selected from Said 
class group. 

0394. In one embodiment, each of said data sets com 
prises spectral data. 

0395. In one embodiment, each of said data sets com 
prises both spectral data and non-spectral data (and is 
referred to as a “composite data Set”). 
0396. In one embodiment, each of said data sets com 
prises NMR spectral data. 

0397. In one embodiment, each of said data sets com 
prises both NMR spectral data and non-NMR spectral data. 

0398. In one embodiment, said NMR spectral data com 
prises H NMR spectral data and/or C NMR spectral data. 
0399. In one embodiment, said NMR spectral data com 
prises "H NMR spectral data. 
0400. In one embodiment, each of said data sets com 
prises a Spectrum. 

04.01. In one embodiment, each of said data sets com 
prises a "H NMR spectrum and/or C NMR spectrum. 
0402. In one embodiment, each of said data sets com 
prises a "H NMR spectrum. 
0403. In one embodiment, each of said data sets is a 
Spectrum. 

0404) In one embodiment, each of said data sets is a "H 
NMR spectrum and/or C NMR spectrum. 
04.05) In one embodiment, each of said data sets is a "H 
NMR spectrum. 

0406. In one embodiment, said non-spectral data is non 
Spectral clinical data. 

0407. In one embodiment, said non-NMR spectral data is 
non-spectral clinical data. 

0408. In one embodiment, said class group comprises 
classes associated with Said predetermined condition (e.g., 
presence, absence, degree, etc.). 
04.09. In one embodiment, said class group comprises 
exactly two classes. 
0410. In one embodiment, said class group comprises 
exactly two classes: presence of Said predetermined condi 
tion; and absence of Said predetermined condition. 
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0411 Classification, Classifying, and Classes 
0412 AS discussed above, many aspects of the present 
invention pertain to methods of classifying things, for 
example, a Sample, a Subject, etc. In Such methods, the thing 
is classified, that is, it is associated with an outcome, or, 
more Specifically, it is assigned membership to a particular 
class (i.e., it is assigned class membership), and is said “to 
be of,”“to belong to,”“to be a member of,” a particular class. 
Classification is made (i.e., class membership is assigned) 
on the basis of diagnostic criteria. The Step of considering 
Such diagnostic criteria, and assigning class membership, is 
described by the word “relating,” for example, in the phrase 
“relating NMR spectral intensity at one or more predeter 
mined diagnostic spectral windows for said Sample (i.e., 
diagnostic criteria) with the presence or absence of a pre 
determined condition (i.e., class membership).” 
0413 For example, “presence of a predetermined condi 
tion' is one class, and “absence of a predetermined condi 
tion' is another class; in Such cases, classification (i.e., 
assignment to one of these classes) is equivalent to diagno 
SS. 

0414 Samples 
0415. As discussed above, many aspects of the present 
invention pertain to methods which involve a Sample, e.g., 
a particular Sample under Study ("study Sample'). 
0416) In general, a sample may be in any suitable form. 
For methods which involve spectra obtained or recorded for 
a Sample, the Sample may be in any form which is compat 
ible with the particular type of Spectroscopy, and therefore 
may be, as appropriate, homogeneous or heterogeneous, 
comprising one or a combination of, for example, a gas, a 
liquid, a liquid crystal, a gel, and a Solid. 
0417 Samples which originate from an organism (e.g., 
Subject, patient) may be in Vivo, that is, not removed from 
or separated from the organism. Thus, in one embodiment, 
Said Sample is an in Vivo Sample. For example, the Sample 
may be circulating blood, which is “probed” in situ, in vivo, 
for example, using NMR methods. 
0418 Samples which originate from an organism may be 
eX Vivo, that is, removed from or Separated from the 
organism (e.g., an ex vivo blood Sample, an ex vivo urine 
Sample). Thus, in one embodiment, said sample is an ex vivo 
Sample. 

0419. In one embodiment, said sample is an ex vivo 
blood or blood-derived sample. 

0420. In one embodiment, said sample is an ex vivo 
blood Sample. 

0421. In one embodiment, said sample is an ex vivo 
plasma Sample. 

0422. In one embodiment, said sample is an ex vivo 
Serum Sample. 

0423 In one embodiment, said sample is an ex vivo urine 
Sample. 

0424. In one embodiment, said sample is removed from 
or Separated from an/said organism, and is not returned to 
said organism (e.g., an ex vivo blood Sample, an ex vivo 
urine sample). 
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0425. In one embodiment, said sample is removed from 
or separated from an/said organism, and is returned to Said 
organism (i.e., “in transit) (e.g., as with dialysis methods). 
Thus, in one embodiment, Said Sample is an eX Vivo in transit 
Sample. 
0426 Examples of samples include: 

0427 a whole organism (living or dead, e.g., a living 
human); 

0428 a part or parts of an organism (e.g., a tissue 
Sample, an organ); 

0429 a pathological tissue such as a tumour; 
0430 a tissue homogenate (e.g. a liver microSome 
fraction); 

0431 an extract prepared from a organism or a part 
of an organism (e.g., a tissue Sample extract, Such as 
perchloric acid extract); 

0432 an infusion prepared from a organism or a part 
of an organism (e.g., tea, Chinese traditional herbal 
medicines); 

0433) 
0434 a Suspension of a particular cell type (e.g. 
hepatocytes); 

0435 an excretion, secretion, or emission from an 
organism (especially a fluid), 

0436 material which is administered and collected 
(e.g., dialysis fluid); 

0437 material which develops as a function of 
pathology (e.g., a cyst, blisters); and, Supernatant 
from a cell culture. 

an in vitro tissue Such as a spheroid; 

0438 Examples of fluid samples include, for example, 
blood plasma, blood Serum, whole blood, urine, (gallblad 
der) bile, cerebroSpinal fluid, milk, Saliva, mucus, Sweat, 
gastric juice, pancreatic juice, Seminal fluid, prostatic fluid, 
Seminal vesicle fluid, Seminal plasma, amniotic fluid, foetal 
fluid, follicular fluid, Synovial fluid, aqueous humour, ascite 
fluid, cystic fluid, blister fluid, and cell Suspensions, and 
extracts thereof. 

0439 Examples of tissue samples include liver, kidney, 
prostate, brain, gut, blood, blood cells, Skeletal muscle, heart 
muscle, lymphoid, bone, cartilage, and reproductive tissues. 
0440 Still other examples of samples include air (e.g., 
exhaust), Water (e.g., Seawater, groundwater, wastewater, 
e.g., from factories), liquids from the food industry (e.g. 
juices, wines, beers, other alcoholic drinks, tea, milk), 
Solid-like food Samples (e.g. chocolate, pastes, fruit peel, 
fruit and vegetable flesh Such as banana, leaves, meats, 
whether cooked or raw, etc.). 
0441. A few preferred samples are discussed below. 
0442 Blood, Plasma, Serum 
0443 Blood is the fluid that circulates in the blood 
vessels of the body, that is, the fluid that is circulated through 
the heart, arteries, Veins, and capillaries. The function of the 
blood and the circulation is to service the needs of other 
tissues: to transport oxygen and nutrients to the tissues, to 
transport carbon dioxide and various metabolic waste prod 

Jun. 16, 2005 

ucts away, to conduct hormones from one part of the body 
to another, and in general to maintain an appropriate envi 
ronment in all tissue fluids for optimal Survival and function 
of the cells. 

0444 Blood consists of a liquid component, plasma, and 
a Solid component, cells and formed elements (e.g., eryth 
rocytes, leukocytes, and platelets), Suspended within it. 
Erythrocytes, or red blood cells account for about 99.9% of 
the cells Suspended in human blood. They contain hemo 
globin which is involved in the transport of oxygen and 
carbon dioxide. Leukocytes, or white blood cells, account 
for about 0.1% of the cells suspended in human blood. They 
play a role in the body's defense mechanism and repair 
mechanism, and may be classified as agranular or granular. 
Agranular leukocytes include monocytes and Small, medium 
and large lymphocytes, with Small lymphocytes accounting 
for about 20-25% of the leukocytes in human blood. T cells 
and B cells are important examples of lymphocytes. Three 
classes of granular leukocytes are known, neutrophils, eosi 
nophils, and basophils, with neutrophils accounting for 
about 60% of the leukocytes in human blood. Platelets (i.e., 
thrombocytes) are not cells but Small spindle-shaped or 
rodlike bodies about 3 microns in length which occur in 
large numbers in circulating blood. Platelets play a major 
role in clot formation. 

0445 Plasma is the liquid component of blood. It serves 
as the primary medium for the transport of materials among 
cellular, tissue, and organ Systems and their various external 
environments, and it is essential for the maintenance of 
normal hemostasis. One of the most important functions of 
many of the major tissue and organ Systems is to maintain 
Specific components of plasma within acceptable physi 
ological limits. 
0446. Plasma is the residual fluid of blood which remains 
after removal of Suspended cells and formed elements. 
Whole blood is typically processed to removed suspended 
cells and formed elements (e.g., by centrifugation) to yield 
blood plasma. Serum is the fluid which is obtained after 
blood has been allowed to dot and the clot removed. Blood 
Serum may be obtained by forming a blood clot (e.g., 
optionally initiated by the addition of thrombin and calcium 
ion) and Subsequently removing the clot (e.g., by centrifu 
gation). Serum and plasma differ primarily in their content 
of fibrinogen and Several components which are removed in 
the clotting process. Plasma may be effectively prevented 
from clotting by the addition of an anticoagulant (e.g., 
Sodium citrate, heparin, lithium heparin) to permit handling 
or Storage. Plasma is composed primarily of water (approxi 
mately 90%), with approximately 7% proteins, 0.9% inor 
ganic Salts, and Smaller amounts of carbohydrates, lipids, 
and organic Salts. The term “blood Sample,” as used herein, 
pertains to a sample of whole blood. The term “blood 
derived Sample, as used herein, pertains to an ex vivo 
sample derived from the blood of the subject under study. 
04.47 Examples of blood and blood-derived samples 
include, but are not limited to, whole blood (WB), blood 
plasma (including, e.g., fresh frozen plasma (FFP)), blood 
Serum, blood fractions, plasma fractions, Serum fractions, 
blood fractions comprising red blood cells (RBC), platelets 
(PLT), leukocytes, etc., and cell lysates including fractions 
thereof (for example, cells, Such as red blood cells, white 
blood cells, etc., may be harvested and lysed to obtain a cell 
lysate). 
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0448 Methods for obtaining, preparing, handling, and 
Storing blood and blood-derived samples (e.g., plasma, 
serum) are well known in the art. Typically, blood is 
collected from Subjects using conventional techniques (e.g., 
from the ante-cubital fossa), typically pre-prandially. 

0449 For use in the methods described herein, the 
method used to prepare the blood fraction (e.g., Serum) 
should be reproduced as carefully as possible from one 
Subject to the next. It is important that the same or similar 
procedure be used for all subjects. It may be preferable to 
prepare serum (as opposed to plasma or other blood frac 
tions) for two reasons: (a) the preparation of Serum is more 
reproducible from individual to individual than the prepa 
ration of plasma, and (b) the preparation of plasma requires 
the addition of anticoagulants (e.g., EDTA, citrate, or hep 
arin) which will be visible in the NMR metabonomic profile 
and may reduce the data density available. 

0450 A typical method for the preparation of serum 
suitable for analysis by the methods described herein is as 
follows: 10 mL of blood is drawn from the antecubital fossa 
of an individual who had fasted overnight, using an 18 gauge 
butterfly needle. The blood is immediately dispensed into a 
polypropylene tube and allowed to clot at room temperature 
for 3 hours. The clotted blood is then subjected to centrifu 
gation (e.g., 4,500xg for 5 minutes) and the Serum Super 
natant removed to a clean tube. If necessary, the centrifu 
gation step can be repeated to ensure the serum is efficiently 
Separated from the clot. The Serum Supernatant may be 
analysed “fresh” or it may be stored frozen for later analysis. 

0451 A typical method for the preparation of plasma 
suitable for analysis by the methods described herein is as 
follows: High quality platelet-poor plasma is made by 
drawing the blood using a 19 gauge butterfly needle without 
the use of a tourniquet from the anetcubital fossa. The first 
2 mL of blood drawn is discarded and the remainder is 
rapidly mixed and aliquoted into Diatube H anticoagulant 
tubes (Becton Dickinson). After gentle mixing by inversion 
the anticoagulated blood is cooled on ice for 15 minutes then 
Subjected to centrifugation to pellet the cells and platelets 
(approximately 1,200xg for 15 minutes). The platelet poor 
plasma Supernatant is carefully removed, drawing off the 
middle third of the Supernatant and discarding the upper 
third (which may contain floating platelets) and the lower 
third which is too close to the readily disturbed platelet layer 
on the top of the cell pellet. The plasma may then be 
aliquoted and stored frozen at -20° C. or colder, and then 
thawed when required for assay. 

0452 Samples may be analysed immediately (“fresh”), 
or may be frozen and stored (e.g., at -80 C.) (“fresh 
frozen’) for future analysis. If frozen, Samples are com 
pletely thawed prior to NMR analysis. 

0453. In one embodiment, said sample is a blood sample 
or a blood-derived Sample. 

0454) 

0455) 
Sample. 

0456) 
Sample. 

In one embodiment, Said Sample is a blood Sample. 

In one embodiment, Said Sample is a blood plasma 

In one embodiment, Said Sample is a blood Serum 
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0457. Urine 
0458. The composition of urine is complex and highly 
variable both between Species and within Species according 
to lifestyle. A wide range of organic acids and bases, simple 
Sugars and polysaccharides, heterocydes, polyols, low 
molecular weight proteins and polypeptides are present 
together with inorganic species Such as Na', K", Ca", 
Mg", HCO, SO’ and phosphates. 
0459. The term “urine,” as used herein, pertains to whole 
(or intact) urine, whether in Vivo (e.g., foetal urine) or ex 
Vivo, e.g., by excretion or catheterisation. 
0460 The term “urine-derived sample,” as used herein, 
pertains to an ex vivo Sample derived from the urine of the 
Subject under Study (e.g., obtained by dilution, concentra 
tion, addition of additives, Solvent- or Solid-phase extrac 
tion, etc.). Analysis may be performed using, for example, 
fresh urine; urine which has been frozen and then thawed; 
urine which has been dried (e.g., freeze-dried) and then 
reconstituted, e.g., with water or D.O. 
0461) Methods for the collection, handling, storage, and 
pre-analysis preparation of many classes of Sample, espe 
cially biological Samples (e.g., biofluids) are well known in 
the art. See, for example, Undon et al., 1999. 
0462. In one embodiment, said sample is a urine sample 
or a urine-derived Sample. 
0463 
0464 Organisms, Subjects, Patients 

In one embodiment, Said Sample is a urine Sample. 

0465 AS discussed above, in many cases, Samples are, or 
originate from, or are drawn or derived from, an organism 
(e.g., Subject, patient). In Such cases, the organism may be 
as defined below. 

0466 In one embodiment, the organism is a prokaryote 
(e.g., bacteria) or a eukaryote (e.g., protoctista, fungi, plants, 
animals). 
0467. In one embodiment, the organism is a prokaryote 
(e.g., bacteria) or a eukaryote (e.g., protoctista, fungi, plants, 
animals). 
0468. In one embodiment, the organism is a protoctista, 
an alga, or a protozoan. 
0469. In one embodiment, the organism is a plant, an 
angiosperm, a dicotyledon, a monocotyledon, a gymno 
Sperm, a conifer, a ginkgo, a cycad, a fern, a horsetail, a 
clubmoss, a liverwort, or a moSS. 
0470) 
0471. In one embodiment, the organism is a chordate, an 
invertebrate, an echinoderm (e.g., Starfish, Sea urchins, 
brittleStars), an arthropod, an annelid (Segmented worms) 
(e.g., earthworms, lugworms, leeches), a mollusk (cephalo 
pods (e.g., Squids, octopi), pelecypods (e.g., oysters, mus 
Sels, clams), gastropods (e.g., Snails, slugs)), a nematode 
(round worms), a platyhelminthes (flatworms) (e.g., planar 
ians, flukes, tapeworms), a cnidaria (e.g., jelly fish, Sea 
anemones, corals), or a porifera (e.g., Sponges). 
0472. In one embodiment, the organism is an arthropod, 
an insect (e.g., beetles, butterflies, moths), a chilopoda 
(centipedes), a diplopoda (millipedes), a crustacean (e.g., 
shrimps, crabs, lobsters), or an arachnid (e.g., Spiders, scor 
pions, mites). 

In one embodiment, the organism is an animal. 
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0473. In one embodiment, the organism is a chordate, a 
vertebrate, a mammal, a bird, a reptile (e.g., Snakes, lizards, 
crocodiles), an amphibian (e.g., frogs, toads), a bony fish 
(e.g., Salmon, plaice, eel, lungfish), a cartilaginous fish (e.g., 
Sharks, rays), or a jawless fish (e.g., lampreys, hagfish). 
0474. In one embodiment, the organism (e.g., Subject, 
patient) is a mammal. 
0475. In one embodiment, the organism (e.g., Subject, 
patient) is a placental mammal, a marsupial (e.g., kangaroo, 
wombat), a monotreme (e.g., duckbilled platypus), a rodent 
(e.g., a guinea pig, a hamster, a rat, a mouse), murine (e.g., 
a mouse), a lagomorph (e.g., a rabbit), avian (e.g., a bird), 
canine (e.g., a dog), feline (e.g., a cat), equine (e.g., a horse), 
porcine (e.g., a pig), Ovine (e.g., a sheep), bovine (e.g., a 
cow), a primate, Simian (e.g., a monkey or ape), a monkey 
(e.g., marmoset, baboon), an ape (e.g., gorilla, chimpanzee, 
orangutans, gibbon), or a human. 
0476 Furthermore, the organism may be any of its forms 
of development, for example, a Spore, a Seed, an egg, a larva, 
a pupa, or a foetus. 
0477. In one embodiment, the organism (e.g., Subject, 
patient) is a human. 
0478 The subject (e.g., a human) may be characterised 
by one or more criteria, for example, Sex, age (e.g., 40 years 
or more, 50 years or more, 60 years or more, etc.), ethnicity, 
medical history, lifestyle (e.g., Smoker, non-Smoker), hor 
monal Status (e.g., pre-menopausal, post-menopausal), etc. 
0479. The term “population,” as used herein, refers to a 
group of organisms (e.g., Subjects, patients). If desired, a 
population (e.g., of humans) may be selected according to 
one or more of the criteria listed above. 

0480 Conditions 
0481. As discussed above, many methods of the present 
invention involve assigning class membership, for example, 
to one of one or more classes, for example, to one of the two 
dasses: (i) presence of a predetermined condition, or (ii) 
absence of a predetermined condition. 
0482. A condition is “predetermined” in the sense that it 
is the condition in respect to which the invention is prac 
tised; a condition is predetermined by a step of Selecting a 
condition for considering, Study, etc. 

0483 AS used herein, the term “condition” relates to a 
State which is, in at least one respect, distinct from the State 
of normality, as determined by a Suitable control population. 

0484. A condition may be pathological (e.g., a disease) or 
physiological (e.g., phenotype, genotype, fasting, Water 
load, exercise, hormonal cycles, e.g., Oestrus, etc.). 
0485 Included among conditions is the state of “at risk 
of a condition, "predisposition towards a condition, and 
the like, again as compared to the State of normality, as 
determined by a Suitable control population. In this way, 
Osteoporosis, at risk of osteoporosis, and predisposition 
towards osteoporosis are all conditions (and are also condi 
tions associated with Osteoporosis). 
0486) Where the condition is the state of “at risk of,”“Pre 
disposition towards,” and the like, a method of diagnosis 
may be considered to be a method of prognosis. 
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0487. In this context, the phrases “at risk of,”“predispo 
Sition towards,” and the like, indicate a probability of being 
classified/diagnosed (or being able to be classified/diag 
nosed) with the predetermined condition which is greater 
(e.g., 1.5.x, 2x, 5x, 10x, etc.) than for the corresponding 
control. Often, a time period (e.g., within the next 5 years, 
10 years, 20 years, etc.) is associated with the probability. 
For example, a Subject who is 2x more likely to be diag 
nosed with the predetermined condition within the next 5 
years, as compared to a Suitable control, is "at risk of that 
condition. 

0488 Included among conditions is the degree of a 
condition, for example, the progreSS or phase of a disease, or 
a recovery therefrom. For example, each of different States 
in the progreSS of a disease, or in the recovery from a 
disease, are themselves conditions. In this way, the degree of 
a condition may refer to how temporally advanced the 
condition is. Another example of a degree of a condition 
relates to its maximum Severity, e.g., a disease can be 
classified as mild, moderate or severe). Yet another example 
of a degree of a condition relates to the nature of the 
condition (e.g., anatomical site, extent of tissue involve 
ment, etc.). 
0489 
0490 The term “indication,” as used herein, pertains to 
any condition (e.g., pathologic, physiologic) which affects 
more than about 100 individuals worldwide, and includes 
conditions or syndromes which has yet to be identified by 
medical research. The lower limit of “about 100 individuals” 
is determined by the need for a Sufficiently large population 
from which an effective model can be constructed and 
verified. 

Indications 

0491. A great many indications are known. 
0492 Specific examples of indications include, but are 
not limited to, the following: 
0493 Diseases of the cardiovascular system, including 
atherOSclerosis and diseases Such as myocardial infarction, 
Stroke, acute ischemia which is Secondary to atherosclerosis, 
local or Systemic vasculitis, e.g., Behcet's Syndrome, giant 
cell arteritis, polymyalgia rheumatica, Wegener's granulo 
matosis, Churg-StrauSS Syndrome vasculitis, Henoch 
Schönlein purpura, Kawasaki disease, microscopic polyan 
glitis, Takayasu's arteritis, essential cryoglobulinemic 
vasculitis, cutaneous leukocytoclastic anglitis, polyarteritis 
nodosa, primary granulomatous central nervous System Vas 
culitis, drug-induced antineutrophil cytoplasmic autoanti 
bodies (ANCA)-associated vasculitis, cryoglobulinemic 
vasculitis, lupus vasculitis, rheumatoid vasculitis, Sjögren's 
Syndrome vasculitis, hypocomplemtemic urticarial vasculi 
tis, Goodpasture's Syndrome, Serum-sickneSS Vasculitis, 
drug-induced immune complex vasculitis, paraneoplastic 
Small vessel vasculitis (e.g., lymphoproliferative neoplasm 
induced vasculitis, myeloproliferative neoplasm-induced 
vasculitis, and carcinoma-induced vasculitis), and inflam 
matory bowel disease vasculitis, hypertension; reperfusion 
injury to a range of tissues, but particularly brain and heart; 
aortic aneurysms, Vein graft hyperplasia; angiogenesis, 
hypercholesterolemia, including Xanthoma; congestive heart 
failure; Kawasaki's disease, Stenosis or restenosis, particu 
larly in patients undergoing angioplasty, or in Stents, or in 
arteriovenous shunts or fistulas, thromboembolic disease; 
deep-vein thrombosis, Sudden death Syndrome; arrythmias, 
Varicose veins. 
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0494 Diseases of the skeleton, including osteoporosis 
and related disorders associated with pathologically low 
bone mineral density; Osteoarthritis, osteopetrosis, Padget's 
disease, and ectopic bone formation. 
0495 Disorders of the central nervous system, including 
obesity, anorexia, migraine, chronic pain, neuralgia, clinical 
depression, epilepsy; psychiatric disorderS Such as manic 
depression, Schizophrenia, catolepsy, hebephrenia, clepto 
mania, dipsomania, Sadomasochism, and addictive behav 
iour, Sexual dysfunction, including male erectile dysfunc 
tion, Alzheimers disease and idiopathic dementia; 
Spongiform encephalopathies, including Creutzfeld-Jacob 
Disease (CJD) and new variant CJD.; Parkinsons Disease; 
multiple myositis, Meniere's disease; Guillain-Barre Syn 
drome; amyotrophic lateral Sclerotis, myalgic encephaoly 
elitis, Solitary neuritis, radiculopathy. 
0496 Diseases of the respiratory system including 
asthma, chronic obstructive pulmonary disease (COPD); 
pulmonary fibrosis Such as idiopathic pulmonary fibrosis, 
cystic fibrosis, lung disease, e.g., due to respiratory Syncicial 
virus infection, or lung injury (Lukacs et al., Adv. Immunol., 
62, 257 (1996)); adult respiratory distress syndrome (Rob 
bins, Pathologic Basis of Disease, Cotran et al. (Eds.), 5th 
ed.); Loeffler's Syndrome; chronic eosinophilic pneumonia; 
acute interstitial pneumonitis, pulmonary fibrosis, emphy 
Sema; pleurisy. 
0497 Renal disorders, including nephritis due to, for 
example, autoSomal dominant polycystic kidney disease, 
diabetic nephropathy, IgA nephropathy, interstitial fibrosis, 
or lupus, glomerulonephritis (Gesualdo et al., Kidney Inter 
national, 51, 155 (1997)); hemolytic uremic syndrome (Van 
Setten et al., Pediatr. Res., 43,759 (1998)); kidney stones; 
urinary incontinence. 
0498 Skin disorders, including urticaria; eczema, psoria 
sis, dermatomyositis, leukoderma Vulgaris, photosensitivity; 
cutaneous T-cell lymphoma. 
0499 Eye diseases such as uveitis or blinding Herpes 
Stromal keratitis, cataracts, myopia, astigmatism and related 
disorders, detached retina; macular degeneration; comeal 
damage; Siderosis bulbi, retinitis, pigmentosa. 
0500 Diseases of the liver and related organs, including 
cihrrosis and other forms of liver fibrosis. Such as drug 
induced fibrosis, diseases of the gall bladder, Such as gall 
StOneS. 

0501 Diseases with an inflammatory or autoimmune 
component, including allergic diseases, Such as atopy, aller 
gic rhinitis, atopic dermatitis, anaphylaxis, allergic bron 
chopulmonary aspergillosis, and hyperSensitivity pneumoni 
tis (pigeon breeders disease, farmer's lung disease, 
humidifier lung disease, malt workers' lung disease); aller 
gies, including flea allergy dermatitis in mammals. Such as 
domestic animals, e.g., dogs and cats, contact allergens 
including mosquito bites or other insect Sting allergies, 
poison ivy, poison oak, poison Sumac, or other skin aller 
gens, autoimmune disorders, including, but not limited to, 
type I diabetes, Crohn's disease, multiple Sclerosis, arthritis, 
rheumatoid arthritis (Ogata et at., J. Pathol., 182, 106 
(1997); Gong et al., J. Exp. Med., 186, 131 (1997)), systemic 
lupus erythematosus, autoimmune (Hasimoto's) thyroiditis, 
autoimmune liver diseaseS Such as hepatitis and primary 
biliary cirrhosis, hyperthyroidism (Graves disease; thyro 
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toxicosis), insulin-resistant diabetes, autoimmune adrenal 
insufficiency (Addison's disease), autoimmune oophoritis, 
autoimmune orchitis, autoimmune hemolytic anemia, par 
oxysmal cold hemoglobinuria, Behcet's disease, autoim 
mune thrombocytopenia, autoimmune neutropenia, perni 
cious anemia, pure red cell anemia, autoimmune 
coagulopathies, myasthenia gravis, experimental allergic 
encephalomyelitis, autoimmune polyneuritis, pemphiguS 
and other bullous diseases, rheumatic carditis, Goodpas 
ture's Syndrome, postcardiotomy Syndrome, Sjogren's Syn 
drome, polymyositis, dermatomyositis, and Scleroderma; 
disease States resulting from inappropriate inflammation, 
either local or Systemic, for example, irritable or inflamma 
tory bowel syndrome (Mazzucchelli et al., J. Pathol., 178, 
201 (1996)), skin diseases such as psoriasis and lichen 
planus, delayed type hyperSensitivity, chronic pulmonary 
inflammation, e.g., pulmonary alveolitis and pulmonary 
granuloma, gingival inflammation or other periodontal dis 
ease, and OSSeous inflammation associated with lesions of 
endodontic origin (Volejnikova et al., Am. J. Pathol., 150, 
1711 (1997)), hypersensitivity lung diseases such as hyper 
Sensitivity pneumonitis (Sugiyama et al., Eur: Respir. J., 8, 
1084 (1995)), and inflammation related to histamine release 
from basophils (Dvorak et al., J. Allergy Clin. Immunol., 98, 
355 (1996)), such as hay fever, histamine release from mast 
cells (Martin et al., 1989), or mast cell tumors, types of type 
1 hyperSensitivity reactions (anaphylaxis, skin allergy, 
hives, allergic rhinitis, and allergic gastroenteritis); ulcer 
ative colitis. 

0502 Infection by one or more pathogens, including but 
not limited to viruses, protozoa, fungi and bacteria. For 
example, infection with human immunodeficiency virus 
(HIV), other lentiviruses or retroviruses, or infection with 
other viruses, e.g., cytomegalovirus, herpesvirus, Viral men 
ingitis, common cold; influenza; fever, general Viremia; 
measles, mumps, Smallpox, poliomyelitis, protozoal infec 
tions including, malaria, cerebral malaria, and other conse 
quences of infection by parasites related to plasmodium; 
parasitic infections, e.g., trypanoSome, Mycobacterium lep 
rae or Mycobacterium tuberculosis infection, helminth 
infections, Such as nematodes (round worms) (Trichuriasis, 
Enterobiasis, AScariasis, Hookwom, Strongyloidiasis, Tri 
chinosis, filariasis); trematodes (fluxes) (Schistosomiasis, 
Clonorchiasis), cestode (tape worms) (Echinococcosis, Tae 
niasis Saginata, Cysticercosis); Visceral works, visceral larva 
migrans (e.g., ToxOcara), eosinophilic gastroenteritis (e.g., 
Anisaki spp., Phocanema Ssp.), cutaneous larva migrans 
(Ancylostoma braziliens, Ancylostoma carinum); bacterial 
infection, e.g., bacterial peritonitis, meningitis or gram nega 
tive Sepsis, toxic shock Syndrome; lethal endotoxemia; 
granulomatous diseaseS Such as Mycobacteriosis, Pneu 
mocystosis, Histoplasmosis, Blastomycosis, Coccidiomyco 
sis, Cryptococcosis, Aspergillosis, granulomatous enteritis, 
foreign body granulomas and peritonitis, pulmonary granu 
lomatosis, Syphilis and other Sexual transmitted infections, 
cat-Scratch disease, erhlichiosis or Lyme disease including 
Lyme arthritis; Helicobacter pylori infection, and similar 
chronic infections, infection by Chlamydia species; Septic 
and nonseptic Shock, infections with fungi, including can 
dida albicans, taenia pedis, taenia cruris. 
0503 Neoplasia in any organ system, both as a primary 
tumour and as metastases e.g., histocytoma, glioma, astro 
cyOma, Sarcoma, OsteoSarcoma, Osteoma (Zheng et al., J. 
Cell Biochem., 70, 121 (1998)), melanoma, Kaposi's sar 
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coma, ovarian carcinoma, breast carinome, bowel cancer, 
lung cancer, Small cell lung cancer, various leukemias, 
testicular cancer, prostate cancer as well as myeloSuppres 
Sion and mucositis associated with chemotherapy; as well as 
benign growths and tumours, including inflammatory 
pseudotumor of the lung. 
0504 Metabolic disorders, including non-insulin-depen 
dent diabetes (or type II diabetes); lipoproteinemias; gout, 
malnourishment (including vitamin deficiency, mineral defi 
ciency, imbalanced dietary intake, etc.); hypothyroidism; 
hyperthyroidism; Basedow's disease; Addison's disease. 
0505 Miscellaneous diseases including aberrant hemato 
poiesis, anemia; otitis externa; pancreatitis, cachexia of 
tuberculosis or cancer; dental disorders, including dental 
caries, gum disease, gingivitis, cosmetic disorders (e.g., 
halitosis, alopetia, baldness, excessive body odour, etc.); 
Sterility and related reproductive dysfunction; diarrohea, 
headaches. 

0506 Trauma induced pathology, either surgical or non 
Surgical in origin, including complications of organ trans 
plantation, Such as acute transplant rejection or delayed graft 
function, allograft rejection and graft verSuS host disease; 
transplant vasculopathy; intraperitoneal adhesions, e.g., 
adhesions which develop post-Surgery, particularly after 
gynecologic or intestinal Surgeries (Zeyneloglu et al., Am. J. 
Obstet. Gynecol., 179, 438 (1998)); scarring after surgery; 
radiation-induced fibrosis, post-trauma inflammation, e.g., 
post-Surgical inflammation Such as that following Orthope 
dic Surgeries, e.g., prosthetic implants, as well as atherec 
tomy, circulatory Surgeries, and tissue replacements, com 
plications associated with peritoneal dialysis (Such as 
inflammation e.g. Sach et at., Nephol. Dial. Transplant, 12, 
315 (1997)); brain or spinal cord trauma, such as after disc 
surgery (Ghimikar et al., J. Neurosci. Res., 46, 727 (1996); 
Berman et al., J. Immunol., 156, 3017 (1996)); scarring 
during normal wound healing, complications associated 
with trauma which is not externally obvious, including bone 
fractures and breaks, internal organ damage; internal bleed 
ing, edema (in particular cerebral Swelling), ruptured kidney, 
pancreas or liver, brain damage, persistant vegetative State; 
coma, presence or Severity of chemical bums, presence or 
severity of thermalbums. 
0507 States arising from poisoning or substance abuse, 
including Silicosis, Sarcoidosis (Iida et al., Thorax. 52, 431 
(1997); Car et al., Am. J. Respir: Crit. Care Med., 149, 655 
(1994)) and berylliosis, poisoning (e.g., with heavy metals 
Such as lead or cadmium; with arsenic or mercuric Salts, with 
organics Such as Strychnine, ergots, etc.); Substance abuse 
(e.g., overdoses with therapeutics Such as paracetamol or 
other common Substances Such as alcohol or nicotine, or use 
of illegal Substances Such as heroin, cocaine or LSD, as well 
as anabolic steroids, etc.). 
0508. In one embodiment, said indication is selected 
from: neurodegeneration (including Alzeihmer Disease, Par 
kinsons Disease, and Creutzfeld Jacob disease (CJD); 
osteoporosis; Osteoarthritis; atherosclerosis (including coro 
nary heart disease and stroke); hypertension; respiratory 
diseases (including asthma, COPD emphysema, and respi 
ratory distress Syndrome); autoimmune diseases (including 
rheumatoid arthritis, multiple Sclerosis, Systemic lupus 
erythromatosis, and various allergies); cancer (primary 
tumours and metastatic disease); Systemic or local fibrosis, 
and, infection (with Viruses, bacteria, fungi, or protozoa). 
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0509. In one embodiment, said indication is selected 
from: hypertension; atherosclerosis/coronary heart disease; 
Osteoporosis, and Osteoarthritis. 
0510. In one embodiment, said predetermined condition 
is associated with one of the above-mentioned indications, 
for example, the indication, degree of the indication, pre 
disposition to the indication, etc. 

0511 Predetermined Condition 
0512. In one embodiment, said predetermined condition 
is associated with genetic and/or fraternal twinning. 
0513. In one embodiment, said predetermined condition 
is associated with hypertension. 

0514. In one embodiment, said predetermined condition 
is associated with atherosclerosis/coronary heart disease. 

0515. In one embodiment, said predetermined condition 
is associated with Osteoporosis. 

0516. In one embodiment, said predetermined condition 
is associated with Osteoarthritis. 

0517. Hypertension 
0518) Hypertension, or high blood pressure, is one of the 
most prevalent clinically significant abnormalities in the 
Western world. More than 20% of individuals Suffer from 
mild to moderate elevations of blood pressure. The conse 
quences of hypertension include headaches, nausea and 
Visual disturbances as direct consequences, and an increased 
risk of atherosclerosis (and hence heart attacks and ischemic 
Stroke) as well as diabetes, haemorrhagic stroke and kidney 
failure. 

0519 In most cases, the causes of hypertension are not 
well understood. In the minority of cases, a single well 
defined cause of the hypertension can be identified (for 
example, tumours of the adrenal gland can lead to overpro 
duction of the pressor hormones Such as adrenalin, leading 
to a chronic elevation in blood pressure). In the majority of 
cases, however, the cause of the hypertension remain uni 
dentified by the clinician, and the disorder is classified as 
“essential hypertension.” 

0520 Much of the risk of hypertension is thought to be 
genetic, Since individuals who have the highest blood pres 
Sure within a population Sample when they are children 
mostly have the highest blood preSSures with a population 
Sample as adults. Since blood pressure rises in everyone with 
age (as the artery walls harden reducing vessel elasticity and 
compliance) these individuals are readily identified as those 
Subjects at highest risk of developing hypertension as they 
age. 

0521. It is cheap, trivial and non-invasive to measure 
blood pressure using a Sphyngomanometer. Hence, unlike 
coronary artery disease, the major difficulty in the treatment 
of hypertension is not identifying people with the disease, or 
at risk of the disease, but in treating the root cause of the 
abnormality. Since it is not understood what is the cause of 
hypertension in the vast majority of the cases, treatment 
consists of Symptomatic relief. For example, people with 
hypertension are often treated with inhibitors of the enzyme 
ACE (angiotensin converting enzyme) since angiotensin II 
is a major acute pressor Signal, and reducing angiotensin II 
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production reduces blood pressure. A typical ACE inhibitor, 
captopril, allows rapid and effective Symptomatic control of 
high blood pressure. 
0522) While it was clear that relieving the phenotype of 
hypertension reduces Some of the consequential co-morbid 
ity e.g., reduces the risk of haemorrhagic Stroke which is 
directly caused by the high blood pressure, it is much leSS 
clear whether intervening to reduce blood pressure norma 
lises the risk of diabetes or coronary artery disease that is 
asSociated with hypertension. In other words, an hyperten 
Sive individual may have the same elevated risk of coronary 
heart disease whether or not they are Successfully treated 
with agents that lower blood pressure. The likely reason for 
this is that a common pathogenic mechanism underlies both 
the hypertension and the coronary artery disease and that the 
treatments to lower blood preSSure do not do So by attacking 
the root cause of the two problems. 
0523 Atherosclerosis/Coronary Heart disease 
0524 Coronary heart disease (CHD) is a major cause of 
mortality and morbidity in developed countries, affecting as 
many as 1 in 3 individuals before the age of 70 years (see, 
e.g., Kannel et al., 1974). 
0525) Atherosclerosis (commonly called “hardening of 
the arteries”), is a vascular condition in which arteries 
narrow. It is associated with deposits of oxidised lipid on the 
walls of arteries, which accumulate and eventually harden 
into plaques. The arteries become calcified and lose elastic 
ity, and as this process continues, blood flow slows. It can 
affect any artery, including, e.g., the coronary arteries. 
0526 In order to perform the arduous task of pumping 
blood, the heart muscle needs a plentiful Supply of oxygen 
rich blood, which is provided through a network of coronary 
arteries. Coronary artery disease is the end result of athero 
Sclerosis, preventing Sufficient oxygen-rich blood from 
reaching the heart. Oxygen deprivation in Vital cells (called 
ischaemia) causes injury to the tissues of the heart. If the 
artery becomes completely blocked, damage becomes So 
extensive that cell death, a heart attack, occurs. A heart 
attack usually occurs when a blood clot forms completely 
Sealing off the passage of blood in a coronary artery. This 
typically happens when the plaque itself develops fissures or 
tears, blood platelets adhere to the Site to Seal off the plaque 
and a blood clot (thrombus) forms. 
0527 Angina is not a disease itself but is the primary 
Symptom of coronary artery disease. It is typically experi 
enced as chest pain, which can be mild, moderate, or Severe, 
but is often reported as a dull, heavy pressure that may 
resemble a crushing object on the chest. Pain often radiates 
to the neck, jaw, or left shoulder and arm. LeSS commonly, 
patients report mild burning chest discomfort, Sharp chest 
pain, or pain that radiates to the right arm or back. Some 
times a patient experiences ShortneSS of breath, fatigue, or 
palpitations instead of pain. Classic angina is precipitated by 
exertion, StreSS, or exposure to cold and is relieved by rest 
or administration of nitroglycerin. Angina can also be pre 
cipitated by large meals, which place an immediate demand 
upon the heart for more oxygen. The intensity of the pain 
does not always relate to the Severity of the medical prob 
lem. Some people may feel a crushing pain from mild 
ischemia, while others might experience only mild discom 
fort from Severe ischemia. Some people have also reported 
a higher Sensitivity to heat on the Skin with the onset of 
angina. 
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0528. Although atherosclerosis is far and away the lead 
ing cause of angina, other conditions can impair the delivery 
of oxygen to the heart muscle and cause pain. Such condi 
tions include: Spasm in the coronary artery, abnormalities of 
the heart muscle itself, hyperthyroidism, anaemia, Vasculitis 
(a group of disorders that cause inflammation of the blood 
vessels), and, in rare cases, exposure to high altitudes. Many 
conditions may cause chest pains unrelated to heart or blood 
vessel abnormalities. High on the list are anxiety attacks, 
gastrointestinal disorders (gallstone attacks, peptic ulcer 
disease, hiatal hernia, heartburn), lung disorders (asthma, 
blood clots, bronchitis, pneumonia, collapsed lung), and 
problems affecting the ribs and chest muscles (injured 
muscles, fractures, arthritis, Spasms, infections). 
0529 Stable angina can be extremely painful, but its 
occurrence is predictable; it is usually triggered by exertion 
or StreSS and relieved by rest. Stable angina responds well to 
medical treatment. Any event that increases oxygen demand 
can cause angina, including exercise, cold Weather, emo 
tional tension, and even large meals. Angina attacks can 
occur at any time during the day, but a high proportion seems 
to take place between the hours of 6:00 AM and noon. 
0530 Unstable angina is a much more serious situation 
and is often an intermediate Stage between Stable angina and 
a heart attack. A patient is usually diagnosed with unstable 
angina under the following conditions: pain awakens a 
patient or occurs during rest, a patient who has never 
experienced angina has Severe or moderate pain during mild 
exertion (walking two level blocks or climbing one flight of 
Stairs), or stable angina has progressed in Severity and 
frequency within a two-month period. Medications are leSS 
effective in relieving pain of unstable angina. 
0531. Another type of angina, called variant or Prinzmet 
als angina, is caused by a Spasm of a coronary artery. It 
almost always occurs when the patient is at rest. Irregular 
heartbeats are common, but the pain is generally relieved 
immediately with treatment. 
0532. Some people with severe coronary artery disease 
do not experience angina pain, a condition known as Silent 
ischaemia, which Some experts attribute to abnormal pro 
cessing of heart pain by the brain. 
0533 Coronary artery disease (premature blockage of 
one or more of the coronary arteries) is the leading killer in 
the USA of both men and women, responsible for over 
475,000 deaths in 1996. On the positive side, mortality rates 
from coronary artery disease have Significantly declined in 
industrialised countries over the past few decades, although 
they are on the rise in developing nations. When the nec 
essary lifestyle changes are enacted in combination with 
appropriate medical or Surgical treatments, a perSon Suffer 
ing angina and heart disease has a good chance of living a 
normal life. Experts have believed, for example, that 
unstable angina indicates a very high risk for death after a 
heart attack, but a recent Study indicated that after the first 
year of treatment, Such a patient's risk for death is only 1.2% 
above the risk in the normal population. Much evidence 
exists, in fact, that onset of angina less than 48 hours before 
a heart attack is actually protective, possibly by conditioning 
the heart to resist the damage resulting from the attack. In 
one Study, people without chest pain experienced much 
higher complication and mortality rates than those with pain. 
0534 Angiographic X-ray imaging (“angiography”) has 
grown into its own classification of X-ray imaging over time. 
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The basic principal is the same as a conventional X-ray Scan: 
X-rays are generated by an X-ray tube and as they pass 
through the body part being imaged, they are attenuated 
(weakened) at different levels. These differences in X-ray 
attenuation are then measured by an image intensifier and 
the resulting image is picked up by a TV camera. In modern 
angiography Systems, each frame of the analogue TV signal 
is then converted to a digital frame and Stored by a computer 
in memory and/or on hard magnetic disk. These X-ray 
"movies' can be viewed in real time as the angiography is 
being performed, or they can be reviewed later using recall 
from digital memory. 

0535. During angiography, physicians inject streams of 
contrast agents or dyes into the area of interest using 
catheters to create detailed images of the blood vessels in 
real time. During the angiographic procedure, physicians 
can guide a catheter into the area of interest to remove 
stenoses (blockages) of blood vessels. Patients with block 
ages of the major leg vessels, for instance, can have nearly 
total recovery after Such angioplasty is performed to remove 
the constriction. 

0536 X-ray angiography is performed to specifically 
image and diagnose diseases of the blood vessels of the 
body, including the brain and heart Traditionally, angiogra 
phy was used to diagnose pathology of these vessels. Such as 
blockage caused by plaque build-up. However in recent 
decades, radiologists, cardiologists and vascular Surgeons 
have used the X-ray angiography procedure to guide mini 
mally invasive Surgery of the blood vessels and arteries of 
the heart. In the last Several years, diagnostic vascular 
images are often made using magnetic resonance imaging, 
computed X-ray tomography or ultrasound and whilst X-ray 
angiography is reserved for therapy. Conventional X-ray 
angiography has a lead role in the detection, diagnosis and 
treatment of heart disease, heart attack, acute Stroke and 
vascular disease which can lead to Stroke. 

0537 Most conventional X-ray angiography procedures 
are similar. Patient preparation involves removing clothing 
and jewellery and wearing a patient gown. In all cases, 
angiography requires that an intravenous contrast agent is 
administered. For interventional or therapeutic angiography, 
a Small incision is made in the groin or arm So that a catheter 
can be inserted during the Study. The patient is positioned on 
the examination table by the technologist So that the 
anatomy of interest (e.g. coronary arteries) is in the proper 
field of view between the X-ray tube and image intensifier. 
The technologist and radiologist remain at table-side during 
the procedure to operate the angiography System and work 
with the catheters, contrast injectors and related devices. 
Typically the patient Simply needs to relax and Stay calm 
during angiography. Some angiography procedures can take 
up to two hours while other procedures take less than an 
hour. Once the procedure is finished, the patient will be 
given a period of time to recover. During this period, the 
patient's case is reviewed on film or monitor. Depending on 
the type of angiographic procedure and the patient's medical 
condition, an inpatient recovery may be required or the 
patient may be released after a short time. In Some cases, 
more images may need to be taken. 

0538 Using angiography to see inside the body, doctors 
can repair blood vessels without the use of a Scalpel and 
fully invasive Surgical methods. Advances in the design and 
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use of catheters (Small tubes that are guided into the blood 
vessels through tiny incisions in the groin area or upper arm) 
allow physicians to perform very complex therapeutic pro 
cedures from within the blood vessel. Pathology of the blood 
vessels. Such as plaque build up in the arms and legs, neck 
and brain, and heart can be treated using a variety of 
interventional angiographic Surgery (e.g. coronary angio 
plasty). 
0539 Although coronary angiography is the gold stan 
dard for CHD (including detection, diagnosis, and treat 
ment), this technique is not without its problems. Coronary 
angiography is an extremely invasive technique and is 
associated with a morbidity rate of 1% and a mortality rate 
of 0.1%. In addition to the invasive nature of angiography, 
the technique is also very expensive and time-consuming. In 
the UK, the average cost for coronary angiography is 
approximately £8,000-£10,000 per case. The disadvantages 
asSociated with coronary angiography make the technique 
unsuitable as a routine Screening procedure. 
0540. Over the past three decades a range of environ 
mental and biochemical risk factors for the development of 
CHD have been identified in cross-sectional studies (see, 
e.g., Kjelsberg et al., 1997). Examples are listed in Table 
3-1-CHD. For example, tobacco smoking is associated with 
an approximately 2-fold increased risk of CHD (see, e.g., 
Kuller et al., 1991). Similarly, high levels of cholesterol in 
large, triglyceride-rich lipoprotein particles (mainly VLDL 
and LDL) and lower levels of cholesterol in HDL particles 
is well known to be associated with increased risk of CHD 
(see, e.g., MRFIT Research Group, 1986; Despres et al., 
2000). 

TABLE 3-1 -CHD 

Risk Factors for Coronary Heart Disease 

Potentially Changeable Risk Factors 

Fixed Risk Factors Strong Association Weak Association 

age hyperlipidaemia personality 
male sex cigarette Smoking obesity 
positive family history hypertension gout 

diabetes mellitus soft water 
lack of exercise 
contraceptive pill 
heavy alcohol intake 

0541. These epidemiological studies have been tremen 
dously useful in a number of ways. Firstly, they have 
underpinned public health policy on a range of issues, 
discouraging tobacco Smoking and promoting low choles 
terol diets (see, e.g., McIlvain et al., 1992; Dolecek et al., 
1986). Secondly, they have provided vital clues as to the 
underlying molecular mechanisms which cause atheroscle 
rosis and CHD (see, e.g., Ross, 1999). For example, once the 
association between elevated levels of LDL-cholesterol and 
CHD had been identified, it was possible to demonstrate that 
increased LDL-cholesterol actually causes atherOSclerosis 
by reverse genetic techniques in mice (See, e.g., Plump et al., 
1992; Yokode et al., 1990; Breslow, 1993). Extending these 
Studies, therapies were then designed on the basis of their 
ability to lower LDL-cholesterol. These lipid lowering 
therapies have now been shown to be broadly effective in 
reducing the risk of myocardial infarction, even among 
people with normal levels of LDL-cholesterol. 
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0542. However, the risk factors identified to date from 
croSS-Sectional epidemiological Studies are insufficiently 
powerful to provide a clinically useful diagnosis of CHD. 
Although algorithms have been designed based on a range of 
risk factors, Such as age, Sex, lipoprotein levels and blood 
preSSure, which can identify Sub-populations at very signifi 
cant excess risk of CHD, even the best of these based on the 
excellent PROCAM study in Munster, Germany, cannot 
diagnose the presence of CHD on an individual by indi 
vidual basis (see, e.g., Cullen et al., 1998). It is likely that 
CHD is weakly associated with a very large number of 
environmental, physiological and biochemical variables, 
and as a result even the full range of risk factors discovered 
to date comprise insufficient density of data to accurately 
discriminate CHD patients from healthy controls on an 
individual basis (see, e.g., Isles et al., 2000). 
0543 Recently, there have been technical advances 
which have allowed datasets to be constructed from indi 
viduals which have extremely high data densities. Tech 
niques Such as genomics (examining the cellular gene 
expression pattern of thousands of genes Simultaneously, 
See, e.g., Collins et al., 2001), proteomics (examining the 
cellular contents of multiple proteins simultaneously, See, 
e.g., Dutt et al., 2000) and metabonomics (examining the 
changes in hundreds or thousands of low molecular weight 
metabolites in an intact tissue or biofluid) offer the prospect 
of efficiently distinguishing individuals with particular dis 
ease or toxic States (See, e.g., Nicholson et al., 1999). 
0544) Whereas currently, a firm diagnosis of CHD can 
only be made through application of angiography, which is 
both expensive and invasive, the introduction of metabo 
nomic Screening, as described herein, would allow diagnosis 
to be made Simply and cheaply on the basis of a single blood 
Sample, e.g., a non-invasive diagnosis of CHD. Such 
changes would revolutionize the provision of health care for 
CHD, allowing both widespread population Screening and 
efficient targeting of drugs. Such as Statins which, while being 
broadly effective in reducing the risk of myocardial infarc 
tion, are difficult to target to those most in need of treatment. 
0545) Atherosclerotic Load and Atherosclerotic Condi 
tions 

0546. In one embodiment, the predetermined condition is 
related to atherosclerotic load, for example, a State of 
abnormally high atherOSclerotic load. 
0547 The terms “atherosclerotic load” and “atheroscle 
rotic burden,” as used herein, pertain to the total Volume of 
atherosclerotic plaque tissue found throughout the vascular 
tree of a Subject. Although most direct diagnostic proce 
dures, Such as angiography, examine only a particular site 
(e.g., the coronary arteries), most biochemical tests which 
depend on analysis of the blood are associated with the total 
atherosclerotic load throughout the vascular tree. In most 
cases, however, the presence of atherosclerosis in one organ 
System is indicative of its presence in others. Thus, Subjects 
with coronary artery atherOSclerosis will, in general, have 
higher total atherosclerotic load than Subjects without coro 
nary artery atherosclerosis. The converse is also true: indi 
viduals with high total atherosclerotic loads are much more 
likely to have coronary artery disease than individuals with 
low atherOSclerotic loads. Different conditions are associ 
ated with the presence of atherOSclerosis in particular arter 
ies, for example, coronary heart disease is associated with 
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atherOSclerosis, at least in part, in the coronary arteries, 
Stroke is associated with atherOSclerosis, at least in part, in 
the carotid arteries. 

0548. In one embodiment, the predetermined condition is 
related to an atherosclerotic condition. 

0549. The term “atherosderotic condition,” as used 
herein, pertains to a condition associated with an abnormally 
high atherOSclerotic load, as compared to a Suitable control 
population. 

0550 Examples of atherosclerotic conditions include, but 
are not limited to, the following, which are organised by the 
artery System affected or most affected or most relevant: 

0551 Peripheral vascular disease (PVD). This can lead to 
ischemia in the extremities, leading to pain, morbidity and in 
Severe cases to amputation. 

0552) Deep vein thrombosis (DVT). This is a common 
cause of ischemia, often secondary to PVD, but may have 
other causes (e.g., long periods of inactivity on long-haul 
flights). 

0553 Diabetes macrovascular atherosclerosis. This is 
one of the most common complications of diabetes. It may 
also include complications at Specific vascular beds, most 
commonly diabetic retinopathy and diabetic nephropathy, 
where the vascular beds of the eye and kidney, respectively, 
are particularly badly affected. 

0554 Coronary artery disease (CAD). This is the most 
common cause of heart attacks, and is atherosclerosis of one 
or more major coronary artery. 

0555 Angina. This describes the specific symptoms of 
CAD, and can be stable or unstable. 

0556 Ischemic stroke. The most common cause of stroke 
is ischemia Secondary to atherosclerosis of the major arteries 
Supplying the brain. This includes all forms of Stroke except 
haemorrhagic Stroke. 

0557 Transient ischemic attack syndrome (TIA). This is 
the brain equivalent of angina, in which the blood Supply to 
the brain is reduced-not Sufficiently to cause infarction 
(tissue death), but Sufficiently to lead to Symptoms resem 
bling epilepsy. 

0558 Renal hypertension. One of the most commori 
causes of hypertension is atherosclerosis of the renal artery, 
which reduces kidney perfusion and upsets the blood Vol 
ume regulatory mechanisms. 

0559) Marfan Syndrome. A relatively common inherited 
monogenic disorder due to mutation in the fibrillin genes, 
which results in vascular changes which can resemble 
atherOSclerosis. 

0560 MoyaMoya disease. This condition is similar to 
Marfan syndrome, but affects predominantly the brain vas 
culature. 

0561 Mönkeburg Syndrome. A rare monogenic disorder 
in which vascular calcification, Similar to that Seen in 
atherOSclerosis, affects the aorta. This condition resembles 
Marfan Syndrome and can lead to dissection of the vessel 
and death. 
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0562 Functions of Bone 
0563 The function of bone is to provide mechanical 
Support for joints, tendons and ligaments, to protect vital 
organs from damage and to act as a reservoir for calcium and 
phosphate in the preservation of normal mineral homeosta 
Sis. Diseases of bone compromise these functions, leading to 
clinical problems Such as fracture, bone pain, bone defor 
mity and abnormalities of calcium and phosphate homeo 
Stasis. 

0564) Types of Bone 
0565. The normal skeleton contains two types of bone; 
cortical or compact bone, which makes up most of the shafts 
(diaphysis) of the long bones Such as the femur and tibia, and 
trabecular or Spongy bone which makes up most of the 
vertebral bodies and the ends of the long bones. 
0566 All bone is subject to continual turnover, with old 
bone being actively resorbed, and new bone being deposited. 
This turnover, or “remodelling” is essential for maintenance 
of Structural competence because continual loading results 
in the formation of numerous microfractures in the bone 
matrix which, if left unchecked, would be weak points that 
could Seed catastrophic failures of the bone, i.e., clinically 
obvious fractures. Such a proceSS can be likened to a 
Stone-chip on an automobile windscreen: the Small crack can 
act as a catalyst for the Sudden failure of the entire Structure. 
0567 Remodelling is therefore an essential process for 
the maintaining bone strength. As the bone is resorbed and 
re-deposited, the microfractures and Structural imperfections 
are removed. 

0568 Trabecular bone has a greater surface area than 
cortical bone and because of this is remodeled more rapidly. 
Consequently, conditions associated with increased bone 
turnover tend to affect trabecular bone more quickly and 
more profoundly than cortical bone. Cortical bone is 
arranged in So-called Haversian Systems which consists of a 
Series of concentric lamellae of collagen fibres Surrounding 
a central canal that contains blood vessels. Nutrients reach 
the central parts of the bone by an interconnecting System of 
canaliculi that run between Osteocytes buried deep within 
bone matrix and lining cells on the bone Surface. Trabecular 
bone has a similar Structure, but here the lamellae run in 
parallel to the bone Surface, rather than concentrically as in 
cortical bone. 

0569. Bone Composition 
0570. The organic component of bone matrix comprises 
mainly of type I collagen: a fibrillar protein formed from 
three protein chains, wound together in a triple helix. 
Collagen type I is laid down by bone forming cells (osteo 
blasts) in organised parallel sheets (lamellae). Type I col 
lagen is a member of the collagen Superfamily of related 
proteins which all share the unique structural motif of a 
left-handed triple helix. The presence of this structural 
motif, which is responsible for the mechanical Strength of 
collagen sheets, imposes certain absolute requirements on 
the primary amino acid Sequence of the protein. If these 
requirements are not met, the protein cannot form into the 
triple helix characteristic of collagens. The most important 
Structural requirements are the presence of glycine amino 
acid residues at every third position (where the amino acid 
Side chain points in towards the center of the triple helix) and 
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proline residues at every third position to provide both 
Structural rigidity and periodicity on the helix. Glycine is 
required because it has the Smallest Side chain of all the 
proteogenic amino acids (just a single hydrogen atom) and 
So can be accommodated in the Spatially constrained interior 
of the helix. Proline is required because proline is the only 
Secondary amine among the 20 proteogenic acids, which 
introduces a rigid bend in the polypeptide, Such that the 
presence of proline residues at repeated intervals will result 
in the adoption of a helical conformation. 
0571 After synthesis, the collagen protein is the subject 
of post-translational modifications which are essential for 
the Structural rigidity required in bone. Firstly, collagen 
becomes hydroxylated on certain proline and lysine residues 
(e.g. to form hydoxyproline and hydroxylysine, respec 
tively). This hydroxylation depends on the activity of 
enzymes that require Vitamin C as a cofactor. Vitamin C 
deficiency leads to Scurvy, a disease in which bone and other 
collagen-containing tissues (Such as skin, tendon and con 
nective tissue) are structurally weakened. This demonstrates 
the essential requirement for normal collagen hydroxylation. 

0572. After deposition into the bone, the collagen chains 
become cross-linked by Specialised covalent bonds (pyri 
dinium cross-links) which help to give bone its tensile 
Strength. These croSS links are formed by the action of 
enzymes on the hydroxylated amino acids (particularly 
hydroxylysine) in the collagen. It is the absence of these 
crosslinks which results in the weakened State of the tissue 
in Scurvy when hydroxylation is inhibited by the absence of 
Sufficient vitamin C. 

0573 The biochemical structure of collagen is an impor 
tant factor in the Strength of bone, but the pattern in which 
it is laid down is also important. The collagen fibres should 
be laid down in ordered sheets for maximal tensile Strength. 
However, when bone is formed rapidly (for example in 
Paget’s disease, or in bone metastases), the lamellae are laid 
down in a disorderly fashion giving rise to “woven bone, 
which is mechanically weak and easily fractured. 

0574 Bone matrix also contains small amounts of other 
collagens and Several non-collagenous proteins and glyco 
proteins. The function of non-collagenous bone proteins is 
unclear, but it is thought that they are involved in mediating 
the attachment of bone cells to bone matrix, and in regulat 
ing bone cell activity during the process of bone remodel 
ling. The organic component of bone forms a framework 
(called osteoid) upon which mineralisation occurs. After a 
lag phase of about 10 days, the matrix becomes mineralised, 
as hydroxyapatite ((Cao(PO4)(OH)) crystals are depos 
ited in the Spaces between collagen fibrils. Mineralisation 
conferS upon bone the property of mechanical rigidity, 
which complements the tensile Strength, and elasticity 
derived from bone collagen. 
0575 Bone Cell Function and Bone Remodelling 
0576. The mechanical integrity of the skeleton is main 
tained by the process of bone remodelling, which occurs 
throughout life, in order that damaged bone can be replaced 
by new bone. Remodelling can be divided into four phases; 
resorption; reversal, formation, and quiescence (See, e.g., 
Raisz, 1988; Mundy, 1996). At any one time approximately 
10% of bone Surface in the adult skeleton is undergoing 
active remodelled whereas the remaining 90% is quiescent. 
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0577) Osteoclast Formation and Differentiation 
0578 Remodelling commences with attraction of bone 
resorbing cells (osteoclasts) to the site, which is to be 
resorbed. These are multinucleated phagocytic cells, rich in 
the enzyme tartrate-resistant acid phosphatase, which are 
formed by fusion of precursors derived from the cells of 
monocyte/macrophage lineage. Osteoclast formation and 
activation is dependent on close contact between Osteoclast 
precursors and bone marrow Stromal cells. Stromal cells 
secrete the cytokine M-CSF, which is essential for differen 
tiation of both osteoclasts and macrophages from a common 
precursor. 

0579. Mature osteoclasts form a tight seal over the bone 
Surface and resorb bone by Secreting hydrochloric acid and 
proteolytic enzymes through the “ruffled border” into a 
Space beneath the osteoclast (Howship's lacuna). The hydro 
chloric acid Secreted by Osteoclasts dissolves hydroxyapatite 
and allows proteolytic enzymes (mainly Cathepsin K and 
matrix metalloproteinases) to degrade collagen and other 
matrix proteins. Deficiency of these proteins causes osteo 
petrosis which is a disease associated with increased bone 
mineral density and Osteoclast dysfunction. After resorption 
is completed Osteoclasts undergo programmed cell death 
(apoptosis), in the So-called reversal phase which heralds the 
start of bone formation. 

0580 Osteoblast Formation and Differentiation 
0581 Bone formation begins with attraction of osteoblast 
precursors, which are derived from mesenchymal Stem cells 
in the bone marrow, to the bone Surface. Although these cells 
have the potential to differentiate into many cell types 
including adipocytes, myocytes, and chondrocytes, in the 
bone matrix they are driven towards an Osteoblastic fate. 
Mature osteoblasts are plump cuboidal cells, which are 
responsible for the production of bone matrix. They are rich 
in the enzyme alkaline phosphatase and the protein Osteo 
calcin, which are used clinically as Serum markers of Osteo 
blast activity. Osteoblasts lay down bone matrix which is 
initially unmineralised (osteoid), but which Subsequently 
becomes calcified after about 10 days to form mature bone. 
During bone formation, Some osteoblasts become trapped 
within the matrix and differentiate into Osteocytes, whereas 
others differentiate into flattened “lining cells” which cover 
the bone Surface. Osteocytes connect with one another and 
with lining cells on the bone Surface by an intricate network 
of cytoplasmic processes, running through cannaliculi in 
bone matrix. Osteocytes appear to act as Sensors of mechani 
cal Strain in the skeleton, and release Signalling molecules 
Such as prostaglandins and nitric oxide (NO), which modu 
late the function of neighbouring bone cells. 
0582) Regulation of Bone Remodelling 
0583 Bone remodelling is a highly organised process, 
but the mechanisms which determine where and when 
remodelling occurs are poorly understood. Mechanical 
Stimuli and areas of micro-damage are likely to be important 
in determining the Sites at which remodelling occurs in the 
normal skeleton. Increased bone remodelling may result 
from local or Systemic release of inflammatory cytokines 
like interleukin-1 and tumour necrosis factor in inflamma 
tory diseases. Calciotropic hormones Such as parathyroid 
hormone (PTH) and 1,25-dihydroxyvitamin D, act together 
to increase bone remodelling on a Systemic basis allowing 
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skeletal calcium to be mobilised for maintenance of plasma 
calcium homeostasis. Bone remodelling is also increased by 
other hormones Such as thyroid hormone and growth hor 
mone, but Suppressed by Oestrogen, androgens and calcito 
nin. There has been considerable Study of the processes 
which regulate the bone resorption side of the balance, but 
the factors regulating the rate of bone deposition are con 
siderably less well understood. 

0584) Bone Disorders 
0585. There are a range of disorders of bone which result 
from the failure to properly regulate the metabolic processes 
which govern bone turnover (e.g., metabolic bone disor 
ders). Osteoporosis (OP) is the most prevalent metabolic 
bone disease. It is characterized by reduced bone mineral 
density (BMD), deterioration of bone tissue, and increased 
risk of fracture, e.g., of the hip, Spine, and wrist Many 
factors contribute to the pathogenesis of Osteoporosis includ 
ing poor diet, lack of exercise, Smoking, and excessive 
alcohol intake. Osteoporosis may also arise in association 
with inflammatory diseaseS Such as rheumatoid arthritis, 
endocrine diseases Such as thyrotoxicosis, and with certain 
drug treatments Such as glucocorticoids. However there is 
also a Strong genetic component in the pathogenesis of 
Osteoporosis. 

0586 Osteoporosis is a major health problem in devel 
oped countries. As many as 60% of women suffer from 
osteoporosis, as defined by the World Health Organisation 
(WHO), with half of these suffers also having clinically 
relevant skeletal fractures. Thus 1 in 3 of all women in 
developed countries will have a skeletal fracture due to 
Osteoporosis. This is a major cause of morbidity and mor 
tality leading to massive health care costs (an estimated S14 
billion per annum in the USA alone) (See, e.g., Melton et al., 
1992). 
0587 Osteopetrosis, the opposite of osteoporosis, is char 
acterised by excessive bone mineral density. It is, however, 
much rarer than osteoporosis with as few as 1 in 25,000 
Women affected. 

0588. After osteoporosis, the next most prevalent bone 
disease is osteoarthritis. Osteoarthritis (OA) is the most 
common form of arthritis in adults, with Symptomatic dis 
ease affecting roughly 10% of the US population over the 
age of 30 (see, e.g., Felson et al., 1998). Because OA affects 
the weight bearing joints of the knee and hip more frequently 
than other joints, Osteoarthritis accounts for more physical 
disability among the elderly than any other disease (see, e.g., 
Guccione et al., 1994). Osteoaithritis is the most common 
cause of total knee and hip replacement Surgery, and hence 
offerS Significant economic as well as quality of life burden. 
Recent estimates Suggest the total cost of Osteoarthritis to the 
economy, accounting for lost working days, early retirement 
and medical treatment may exceed 2% of the groSS domestic 
product (see, e.g., Yelin, 1998). 
0589 The physiological mechanisms which underlie 
osteoarthritis remain hotly debated (see, e.g., Felson et al., 
2000) but it seems certain that several environmental factors 
contribute, including exceSS mechanical loading of the 
joints, acute joint injury, and diet, as well as a strong genetic 
component. The disease is characterised by the narrowing of 
the Synovial Space in the joint, inflammatory and fibrous 
changes to the connective tissue, and altered turnover of 
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connective tissue proteins, including the primary connective 
tissue collagen, type II. The most recent Studies Suggest that 
Osteoarthritis may result from misregulated connective tis 
Sue remodelling in much the same way that Osteoporosis 
results from misregulated bone remodelling. Whereas 
Osteoporosis is a disease of quantitatively low bone mineral 
density, Osteoarthritis is a disease of Spatially inappropriate 
bone mineralisation. 

0590 There are a range of other less common bone 
disorders, including: 

0591 Ricketts and osteomalacia are the result of vitamin 
D deficiency. Vitamin D is required for absorption of cal 
cium and phosphate and for their proper incorporation into 
bone mineral. Deficiency of vitamin D (called Ricketts in 
children and osteomalacia in adults) results in a range of 
Symptoms including low bone mineral density, bone defor 
mation and in Severe cases muscle tetany due to depletion of 
extracellular calcium ion Stores. 

0592 Hyperparathyroidism (over production of parathy 
roid horomone or PTH) can have similar symptoms to 
Ricketts. This is unsurprising since PTH production is 
Stimulated in Ricketts as an attempt to maintain the free 
calcium ion concentration. PTH Stimulates bone resorption 
by promoting Osteoclast activity, and hence can result in 
Symptoms resembling osteoporosis. Osteomalacia and 
hyperparathyoidism combined contribute only a very Small 
fraction of all cases of adult osteoporosis. In almost every 
case, adult osteoporosis is due to defective bone deposition 
rather than overactive resorption (See, e.g. Guyton, 1991). 
0593 Paget’s disease of bone is a relatively common 
condition (affecting as many as 1 in 1000 people in Some 
areas of the world) of unknown cause, characterized by 
increased bone turnover and disorganized bone remodeling, 
with areas of increased Osteoclastic and Osteoblast activity. 
Although Pagetic bone is often denser than normal bone, the 
abnormal architecture causes the bone to be mechanically 
weak, resulting in bone deformity and increased Suscepti 
bility to pathological fracture. 

0594 Multiple myeloma is a cancer of plasma cells. In 
contrast to most other haematological malignancies, the 
tumour cells do not circulate in the blood, but accumulate in 
the bone marrow where they give rise to high levels of 
cytokines that activate Osteoclastic bone resorption (e.g., 
interleukin-6). The disease accounts for approximately 20% 
of all haematological cancers and is mainly a disease of 
elderly people. 

0595 Balance Between Bone Deposition and Bone 
Resorption 

0596 All of the bone pathologies listed above result from 
an imbalance between bone deposition and bone resorption. 
If the mechanisms regulating these two processes become 
uncoupled than pathological changes in bone mineral den 
sity result. In just a few cases, the cause of the imbalance 
Seems clear for example prolonged estrogen deficiency 
(Such as due to Surgical Sterilisation) or lengthy treatment 
with glutocorticoids (such as for asthma) both perturb the 
balance and can lead to rapid demineralisation of the bone 
and Osteoporosis. 

0597 Unfortunately, in the vast majority of cases the 
mechanisms resulting in loSS of balance are much less dear. 
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The difficulty in identifying the causes stems in part of the 
Small Scale imbalances that must be occurring. For example, 
most osteoporotic fractures do not occur until 20-30 years 
after the menopause. If, as is generally assumed, the 
Osteoporosis was initiated by the reduction in estrogen levels 
after the menopause, then the demineralisation has been 
occurring Steadily over two or three decades. Since the bone 
remodelling process is relatively rapid (complete within 28 
days in any given Osteon) we must assume that the imbal 
ance in favour of demineralisation is very Small. 
0598. Current Treatments 
0599. There are currently two major classes of drugs used 
in the prevention and treatment of Osteoporosis: (1) Hor 
monally active medications (estrogens, Selective estrogen 
receptor modulators (SERMs)); and (2) anti-resorptives. 
0600 There is presently good data to suggest that the 
long term use of hormonally active medications (usually 
estrogen, estrogen analogs or conjugated estrogens) after the 
menopause in Women can prevent bone demineralisation 
and hence delay the onset of Osteoporosis. The molecular 
mechanisms involved are not clearly defined, possibly 
because they are So complex. However, there are plausible 
mechanisms which involve both stimulation of bone depo 
Sition and Suppression of resorption. 
0601 To date, such hormonally active medications, 
including the new generation of SERMs, such as Ralox 
ifene TM, which have the beneficial effects of estrogen on 
bone and the cardiovascular System but do not have the Side 
effects of breast and uterine hyperplasia that can increase the 
risk of cancer, have not achieved widespread use for the 
treatment of existing osteoporosis. 
0602. At present, treatment of known or suspected bone 
mineral deficiency is most commonly by the use of drugs to 
SuppreSS Osteoclast activity. The two most important drug 
groups in this class are bisphophonates (BPS) and non 
steroidal anti-inflammatory drugs (NSAIDs). 
0603 Bisphosphonates (also know as diphosphonates) 
are an important class of drugs used in the treatment of bone 
diseases involving excessive bone destruction or resorption, 
e.g., Paget's disease, tumour-associated osteolysis, and also 
in post-menopausal Osteoporosis where the defect might be 
in either bone deposition or resorption. Bisphosphonates are 
Structural analogues of naturally occurring pyrophosphate. 
Whereas pyrophasphate consists of two phosphate groups 
linked by an oxygen atom (P-O-P), bisphosphonates 
have two phosphate groups linked by a carbon atom 
(P-C-P). 
0604. This makes bisphosphonates very stable and resis 
tant to degradation. Furthermore, like pyrophosphate, bis 
phosphonates have very high affinity for calcium and there 
fore target to bone mineral in vivo. The carbon atom that 
links the two phosphate groups has two Side chains attached 
to it, which can be altered in Structure. This gives rise to a 
multitude of bisphosphonate compounds with different anti 
resorptive potencies. Bone resorption is mediated by highly 
Specialised, multinucleated Osteoclast cells. Bisphosphonate 
drugs specifically inhibit the activity and Survival of these 
cells. Firstly, after intravenous or oral administration, the 
bisphosphonates are rapidly cleared from the circulation and 
bind to bone mineral. As the mineral is then resorbed and 
dissolved by Osteoclasts, it is thought that the drug is 
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released from the bone mineral and is internalised by 
Osteoclasts. Intracellular accumulation of the drugs inhibits 
the ability of the cells to resorb bone (probably by interfering 
with Signal transduction pathways or cellular metabolism) 
and causes osteoclast apoptosis (See, e.g., Hughes et al., 
1997). 
0605 NSAIDs are widely used in the treatment of 
inflammatory diseases, but often cause Severe gastro-intes 
tinal (GI) side effects, due their inhibition of the prostag 
landin-generating enzyme, cyclooxygenase (COX). 
Recently developed selective cyclooxygenase-2 (COX-2) 
inhibitors offer new treatment strategies which are likely to 
be less toxic to the GI tract. NSAIDs developed by Nicox SA 
(Sophia Antipolis, France), that contain a nitric oxide (NO)- 
donor group (NO-NSAID) exhibit anti-inflammatory prop 
erties without causing GI side effects. The mechanisms 
responsible for the beneficial effects of NSAIDs on bone are 
not definitively identified, but since the bone resorbing 
Osteoclast cells are derived from the circulating monocyte 
pool, it is not difficult to imagine why generalised anti 
inflammatory treatments might have anti-resoptive effects. 
However, another class of powerful anti-inflammatory mol 
ecules, the glucacorticoids and their analogs Such as dex 
amethasone have the opposite effects to NSAIDs: chronic 
dexamethasone treatment (for example, in asthma) induces 
demineralisation and leads to Symptoms of rapid onset 
osteoporosis. Consequently, while NSAIDs empirically 
have anti-resorptive properties, further investigations into 
the detail mechanism of action of these drugs are clearly 
required. 
0606. It has recently been discovered that many of the 
drugs, which are used clinically to inhibit bone resorption, 
Such as bisphosphonates and Oestrogen do So by promoting 
osteoclast apoptosis (See, e.g., Hughes et al., 1997). At 
present the most commonly used types of drugs used to 
SuppreSS Osteoclast activity in these diseases are bisphopho 
nates (BPS) and non-steroidal anti-inflammatory drugs 
(NSAIDs). 
0607 Limitations of Current Treatments 
0608. There are a number of limitations which impact on 
the clinical utility of all the available therapeutic and pre 
Ventative modalities. For example, both hormonal medica 
tions (HRT and SERMs) and antiresorptives (BPs and 
NSAIDs) primarily target resorption. While this may be 
useful in, for example Paget's disease, it is likely to be leSS 
useful in Osteoporosis, where the majority of cases have 
reduced deposition rates as the primary defect. Of course, 
because bone mineral density is a balance between deposi 
tion and resorption rates, antiresorptive Strategies can have 
Some efficacy even where the primary defect is in the rate of 
deposition. 
0609 Possibly because current therapeutics target resorp 
tion when Suppressed deposition is the primary defect in 
Osteoporosis, none of the current agents can build bone, but 
instead only halt further demineralisation. Because of the 
limited availability of diagnostic techniques, particularly for 
population Screening, treatment cannot usually begin until 
clinical Symptoms exist (Such as fracture) by which point the 
bones may already be dangerously demineralised. In Such 
cases (which are the majority), a therapy which increases 
bone mineral density would be desirable. A new treatment 
based on abolishing proline deficiency would stimulate 
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deposition rate and hence be a new category of therapeutic: 
one which targets deposition preferentially over resorption. 
Therapeutics of this category would be expected to over 
come the limitation of being unable to increase bone mineral 
density. 
0610 Another limitation of existing therapies is the fail 
ure to treat the underlying cause of the pathology, but rather 
to try and alleviate the Symptoms. In part, this is because few 
direct causes of Osteoporosis have been identified. The 
inventors have identified a novel contributory mechanism to 
the development of Osteoporosis and hence have provided 
the first therapeutic approach to target one of the direct 
mechanisms resulting in pathologically low bone mineral 
density. 
0611 Bone Disorder Diagnostics 
0612. It has long been clear that early diagnosis of bone 
disorders was essential for good therapeutic management. 
Although there are now several effective treatments for 
Osteoporosis, each one is only able to arrest the further loSS 
of bone mineral density. No treatment to date has been 
effective in reversing loSS which has already occurred. Thus 
early, reliable diagnosis of declining bone mineral density is 
of the utmost clinical importance. 
0613 Existing diagnosis methods for bone disorders fall 
into two categories: 

0614 (a) direct observation (for example, bone min 
eral density Scans for Osteoporosis or radiographic 
assessment for osteoarthritis); and, 

0615 (b) indirect observation of molecular markers 
of remodelling (for example, collagen breakdown 
products). 

0616) Of the major determinants for bone fracture, only 
bone mineral density can presently be determined with any 
precision and accuracy. 
0.617 Bone densitometers typically give results in abso 
lute terms (i.e., bone mineral density, BMD, typically in 
units of g/cm) or in relative terms (T-scores or Z-scores) 
which are derived from the BMD value. The Z-score com 
pares a patient's BMD result with BMD measurements 
taken from a Suitable control population, which is usually a 
group of healthy people matched for SeX and age, and 
probably also weight. The T-Score compares the patient's 
BMD result BMD measurements taken from a control 
population of healthy young adults, matched for SeX. In 
other words, for Z-Scores, age and Sex-matched controls are 
used; for T-Scores just Sex-matched controls are used. The 
World Health Organisation (WHO) defines osteoporosis as a 
bone mineral density (BMD) below a cut-off value which is 
1.5 standard deviations (SDs) below the mean value for the 
age- and sex-matched controls (Z-Scores), or a bone mineral 
density (BMD) below a cut-off value which is 2.5 standard 
deviations (SDs) below the mean value for the sex-matched 
controls (T-scores) (See, e.g., World Health Organisation, 
1994). 
0618. The two most widely used methods for assessing 
bone mineral density (BMD) is the DEXA scan (dual 
emission X-ray absorbtion Scanning) and ultrasound. The 
DEXA method is considered the gold Standard diagnostic 
tool for bone mineral density, providing a reliable estimate 
of average bone mineral density in units of grams per cubic 
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centimetre. It can be applied to a number of different bones, 
but is most commonly used to measure lumbar spine density 
(as a measure of cortical bone) and femoral neck density (as 
a measure of trebecular bone mineral density). Ultrasound is 
easier and cheaper to perform than DEXA Scanning, but 
provides a leSS reliable estimate of bone mineral density and 
its accuracy is compromised by the Surrounding Soft tissue. 
AS a result, ultrasound is usually performed on the heel, 
where interference by Soft tissue is minimised, but it is 
unclear whether this is typical of whole body bone mineral 
density, and in any case it does not allow an assessment of 
cortical bone. See, for example, Pocock et al., 2000; Prince, 
2001. 

0619. Almost all of the molecular diagnostics currently 
employed are based on measurements of bone breakdown 
products. The Steady State level of breakdown products 
should be related to the bone remodelling rate, although it 
will be biased towards detection of overactive resorption 
rather than underactive deposition. It may be, in part, for this 
reason that all therapies currently on trial for Osteoporosis 
(Such as estrogen receptor modulators or bisphosphonates) 
are based on an antiresorptive Strategy rather than on pro 
moting deposition, even though (as noted above) most cases 
of Osteoporosis are not due to overactive resorption. 
0620 Examples of molecular diagnostics include the 
measurement of free crosslinks, hydroxyproline, collagen 
propeptides, or alkaline phosphatase in Serum or urine. Free 
crosslinks are produced when collagen is degraded during 
resorption. Although the collagen can mostly be broken 
down to free amino acids, the trimerised hydroxylysine 
residues that formed the crosslinks cannot be further 
metabolised and So accumulate in the blood until Secreted by 
the kidney in urine. Thus the levels of crosslink in serum or 
in urine will be related to the rate of collagen breakdown 
(most, but not all, of which will be occurring in the bone). 
Tests for hydroxyproline rely on a Similar principle: free 
proline (that is, proline not incorporated into protein) is 
never in the hydroxylated form, hydroxyproline. As a result, 
the only source of free hydroxyproline in blood is from 
collagen breakdown. AS for crosslinks, the free hydroxypro 
line generated during breakdown cannot be metabolised any 
further and accumulates until excreted by the kidney. Unfor 
tunately, the level of both of these metabolites (in either 
Serum or urine) is significantly affected by kidney function. 
0621 Collagen is produced as a proprotein which has 
both an N-terminal and C-terminal extension cleaved off 
prior to incorporation into the extracellular matrix. These 
extensions, or propeptides, are then metabolised or excreted. 
However, the Steady State level of the propeptides has been 
Suggested to be a marker for collagen deposition, Some, but 
not all, of which is likely to be occurring in the bone. 
0622 Problems with Current Diagnostic Methods 
0623 The gold standard bone densitometry method, 
DEXA Scanning, is too cumberSome and expensive for 
routine Screening procedures in Women without clinical 
Signs of osteoporosis. It requires specialist apparatus (which 
is large and expensive to install and maintain) as well as 
Specialist training for its operation. Despite accurately mea 
Suring bone mineral density, and hence providing the bench 
mark diagnosis of Osteoporosis, nevertheless it does not 
accurately predict future fracture risk, Suggesting that bone 
quality as well as density may also be important (see, for 
example, the comments above). 
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0624 Ultrasound measurements on the heel are simpler 
to perform, using cheaper apparatus and requiring less 
operator training, but the results are generally less able to 
predict the presence of either osteoporosis or future fracture 
risk. 

0625 Molecular diagnostics are considerably easier to 
implement, although in many cases the reagents required for 
the assays are expensive to obtain. The major disadvantage 
of the markers which have been evaluated to date is that the 
levels of the breakdown products in Serum or urine are not 
particularly temporally stable, changing with diurnal rhythm 
and also from day to day. As a result, spot measures (i.e., a 
Single specimen taken at a randomly chosen time) have 
Virtually no diagnostic or prognostic power. Series of mea 
Surements can be used to provide Some indication of relative 
risk for Osteoporosis, but the odds ratio for having 
Osteoporosis is only approximately 2-fold among individu 
als with high levels of the turnover markers (see, e.g., 
Gamero, 1996). Such a weak association is of little or no 
practical clinical value, and as a result, biochemical markers 
of bone metabolism have not found widespread application 
in the clinical arena, and have not been considered for 
population Screening. 

0626. Another important limitation of current molecular 
diagnostics is the focus on the products of bone metabolism 
(Such as cross links, hydroxyproline, and collagen pro 
petides). These species might offer diagnostic potential but 
they provide no information at all about the underlying 
causes of the imbalance between deposition and resorption. 
Identification of a risk factor that was not a direct marker of 
bone turnover may offer the prospect of identifying thera 
peutic targets as well as having prognostic potential. 

0627 Osteoarthritis 
0628 Osteoarthritis (OA) is the most prevalent type of 
arthritis, particularly in adults 65 years and older. OA is a 
chronic degenerative arthropathy that frequently leads to 
chronic pain and disability. With the aging of the population, 
this condition is becoming increasing prevalent and its 
treatment increasingly financially burdensome. Finding bet 
ter treatments for OA is a major focus of research at this 
time. Reported incidence and prevalence rates of OA in 
Specific joints vary widely, due to differences in the case 
definition of OA. OA may be defined by radiographic 
criteria alone (radiographic OA), by typical Symptoms 
(Symptomatic OA), or by both. Using radiographic criteria, 
the distal and proximal interphalangeal joints of the hand 
have been identified as the joints most commonly affected by 
OA, but they are the least likely to be symptomatic. In 
contrast, the knee and hip, which constitute the Second and 
third most common locations of radiographic OA, respec 
tively, are nearly always Symptomatic. The first metatarsal 
phalangeal and carpometacarpal joints are also frequent Sites 
of radiographic OA, while the shoulder, elbow, wrist and 
metacarpophalangeal joints rarely develop idiopathic OA. 

0629. In demographic Studies, age is the most consis 
tently identified risk factor for OA, regardless of the joint 
being studied. Prevalence rates for both radiographic OA 
and, to a lesser extent, Symptomatic OA rise Steeply after age 
50 in men and age 40 in women. Female gender is also a 
well-recognized risk factor for OA. Hand OA is particularly 
prevalent among women. In addition, polyarticular OA and 
isolated knee OA are slightly more common in women than 
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men, while hip OA occurs more commonly in men. Woman 
are more likely to report pain in all affected joints, including 
the hip, than men. Cohort Studies have demonstrated a clear 
asSociation of obesity with the development of radiographic 
knee OA in Women and a weaker association with hip OA 
Whether obesity is a risk factor for the development of hand 
OA remains controversial. 

0630 Occupation-related repetitive injury and physical 
trauma contribute to the development of Secondary (non 
idiopathic) OA, Sometimes occurring in joints that are not 
affected by primary (idiopathic) OA, Such as the metacar 
pophalangeal joints, wrists and ankles. Although the preva 
lence of knee OA is greater in adults who have engaged in 
occupations that require repetitive bending and Strenuous 
activities, an association with regular, intense exercise 
remains controversial. While early Studies in joggerS failed 
to find a higher prevalence of OA of the knee in joggers 
compared to non-joggers, a recent Study of the Framingham 
data base in elderly adults provided the first longitudinal 
asSociation between high level of physical activity and 
incident knee OA. Low-impact and recreational exercises 
are unlikely to constitute a risk factor for knee OA, and are 
likely to benefit the cardiovascular system. Prior menisec 
tomy is a significant risk factor in men for the development 
of OA in the knee. 

0631 Signs and Symptoms of OA 
0632 OA is diagnosed by a triad of typical symptoms, 
physical findings and radiographic changes. The American 
College of Rheumatology has Set forth classification criteria 
to aid in the identification of patients with Symptomatic OA 
that include, but do not rely Solely on, radiographic findings. 
Patients with early disease experience localized joint pain 
that worsens with activity and is relieved by rest, while those 
with Severe disease may have pain at rest. Weight bearing 
joints may "lock' or “give way due to internal derangement 
that is a consequence of advanced disease. Stiffness in the 
morning or following inactivity (“gel phenomenon') rarely 
exceeds 30 minutes. 

0633 Physical findings in osteoarthritic joints include 
bony enlargement, crepitus, cool effusions, and decreased 
range of motion. TenderneSS on palpation at the joint line 
and pain on passive motion are also common, although not 
unique to OA. Radiographic findings in OA include Osteo 
phyte formation, joint Space narrowing, Subchondral Scle 
rosis and cysts. The presence of an osteophyte is the most 
Specific radiographic marker for OA although it is indicative 
of relatively advanced disease. 
0634. Diagnosis 
0635. If a patient has the typical symptoms and radio 
graphic features described above, the diagnosis of OA is 
relative straightforward and is unlikely to be confused with 
other entities. However, in leSS Straightforward cases, other 
diagnoses should be considered. For example, periarticular 
pain that is not reproduced by passive motion or palpation of 
the joint should Suggest an alternate etiology Such as bur 
sitis, tendonitis or periostitis. If the distribution of painful 
joints includes MCP, wrist, elbow, ankle or shoulder, OA is 
unlikely. Prolonged stiffness (greater than one hour) should 
raise Suspicion for an inflammatory arthritis Such as rheu 
matoid arthritis. Marked warmth and erythema in a joint 
Suggests an infectious or microcrystalline etiology. Weight 
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loSS, fatigue, fever and loss of appetite Suggest a Systemic 
illness Such as polymyalgia rheumatica, rheumatoid arthri 
tis, lupus or Sepsis or malignancy. 
0636 Radiographs are considered the “gold standard” 
test for the diagnosis of OA, but radiographic changes are 
evident only relatively late in the disease. The need is great 
for a Sensitive and Specific biological marker that would 
enable early diagnosis of OA, and monitoring of its pro 
gression. Routine laboratory Studies, Such as Sedimentation 
rates and c-reactive protein, are not useful as markers for 
OA, although a recent Study Suggests that elevation of CRP 
predicts more rapidly progressive disease. 
0637. Several epitopes of cartilage components, how 
ever, have been described that offer Some promise as mark 
ers of OA. For example, chondroitin Sulfate epitope 846, 
normally expressed only in fetal and neonatal cartilage, has 
been observed in OA, but not normal adult, cartilage and 
Synovial fluid. An epitope unique to type II collagen has 
been described in OA cartilage, and can be unmasked in 
vitro by exposing normal cartilage to MMPs. This epitope 
can be measured in blood and urine and may prove useful in 
diagnosing or monitoring OA progression. Elevated Serum 
hyaluronan levels have also been shown by Some to corre 
late with radiographic OA. The finding of elevated cartilage 
oligomeric protein (COMP) levels in synovial fluid after 
traumatic joint injury may portend development of OA in the 
injured joint. Other potential markers of OA have been listed 
but are either not easily accessible or lack the Sensitivity and 
Specificity required to consider them as potential OA mark 
CS. 

0638 Current treatment for OA is relatively limited. 
Because there are currently no pharmacological agents 
capable of retarding or preventing disease, treatment is 
predominantly focused on relief of pain, and maintenance of 
quality of life and functional independence. 
0639. Several studies have shown acetaminophen (parac 
etamol) to be Superior to placebo and equivalent to nonste 
roidal anti-inflammatory agents (NSAIDs) for the short-term 
management of OA pain. At present, acetaminophen (up to 
4,000 mg/daily) is the recommended initial analgesic of 
choice for Symptomatic OA. However, many patients even 
tually require NSAIDS or more potent analgesics to control 
pain. 

0640 The mechanism by which NSAIDs exert their 
anti-inflammatory and analgesic effects is via inhibition of 
the prostaglandin-generating enzyme, cyclooxygenase 
(COX). In addition to their inflammatory potential, prostag 
landins also contribute to important homeostatic functions, 
Such as maintenance of the gastric lining, renal blood flow, 
and platelet aggregation. Reduction of prostaglandin levels 
in these organs can result in the well-recognized side effects 
of traditional non-selective NSAIDs-that is, gastric ulcer 
ation, renal insufficiency, and prolonged bleeding time. The 
elderly are at higher risk for these side effects. For example, 
adults over the age of 60 who are taking NSAIDs have a 4-5 
fold higher risk of gastrointestinal bleeding or ulceration 
then their age-matched counterparts. Other risk factors for 
NSAID-induced GI bleed include prior peptic ulcer disease 
and concomitant Steroid use. Potential renal toxicities of 
NSAIDS include azotemia, proteinura, and renal failure 
requiring hospitalization. Hematologic and cognitive abnor 
malities have also been reported with several NSAIDs. 
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Therefore, in elderly patients, and those with a documented 
history of NSAID-induced ulcers, traditional non-selective 
NSAIDs should be used with caution, usually in lower dose 
and in conjunction with a proton pump inhibitor. Renal 
function should be monitored in the elderly. In addition, 
prophylactic treatment to reduce risk of gastrointestinal 
ulceration, perforation and bleeding is recommended in 
patients >60 years of age with: prior history of peptic ulcer 
disease, anticipated duration of therapy of >3 months, 
moderate to high dose of NSAIDs; and, concurrent corti 
costeroids. Misoprostol, at a dose of 200 mg four times 
daily, constitutes effective anti-ulcer prophylaxis but is often 
poorly tolerated due to diarrhea. Omeprazole, and other 
proton pump inhibitors, are also very effective anti-ulcer 
prophylactic agents, although cost can be limiting. The 
recent development of Selective cyclooxygenase-2 (COX-2) 
inhibitors offers a new Strategy for the management of pain 
and inflammation that is likely to be less toxic to the GI tract. 
0641. The development of selective COX-2 inhibitors 
has been an exciting advance in the management of pain and 
inflammation, as discussed above. If the Safety profile of the 
specific COX-2 inhibitors is confirmed in additional long 
term studies to be superior to non-selective COX inhibitors, 
they are likely to replace traditional NSAIDs in the man 
agement of arthritis and other painful, inflammatory condi 
tions. It should be kept in mind, however, that no matter 
what their degree of selectivity, COX inhibitors (NSAIDs) 
do not alter the natural history of OA and a “disease 
modifying agent is still critically needed. 
0642 Local analgesic therapies include topical capsaicin 
and methyl Salicylate creams. Occasionally in late Stage 
disease, patients will require narcotic analgesics to control 
pain. Oral glucosamine and chondroitin Sulfate have been 
shown (each individually) to have a mild to moderate 
analgesic effect in Several double-blind, placebo-controlled 
Studies. 

0643) Judicious use of intra-articular glucocorticoid 
injections is appropriate for OA patients who cannot toler 
ate, or whose pain is not well controlled by, oral analgesic 
and anti-inflammatory agents. Periarticular injections may 
effectively treat burSitis or tendonitis that can accompany 
OA. The need for four or more intra-articular injections 
Suggests the need for Orthopedic intervention. 
0644 Intraarticular injection of hyaluronate preparations 
has been demonstrated in Several Small clinical trials to 
reduce pain in OA of the knee. These injections are given in 
a series of 3 or 5 weekly injections (depending on the 
Specific preparation) and may reduce pain for up to 6 months 
in Some patients. 
0645. Non-Pharmacological Management 

0646) Weight reduction in obese patients has been shown 
to Significantly relieve pain, presumably by reducing bio 
mechanical StreSS on weight bearing joints. Exercise has also 
been shown to be Safe and beneficial in the management of 
OA. It has been Suggested that joint loading and mobiliza 
tion are essential for articular integrity. In addition, quadri 
cep weakness, which develops early in OA, may contribute 
independently to progressive articular damage. Several Stud 
ies in older adults with symptomatic knee OA have shown 
consistent improvements in physical performance, pain and 
self-reported disability after 3 months of aerobic or resis 
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tance exercise. Other Studies have shown that resistive 
Strengthening improves gait, Strength and overall function. 
Low-impact activities, including water-resistive exercises or 
bicycle training, may enhance peripheral muscle tone and 
Strength and cardiovascular endurance, without causing 
excessive force acroSS, or injury, to joints. Studies of nursing 
home and community-dwelling elderly clearly demonstrate 
that one additional important benefit of exercise is a reduc 
tion in the number of falls. 

0647 Surgical Management 
0648 Patients in whom function and mobility remain 
compromised despite maximal medical therapy, and those in 
whom the joint is Structurally unstable, should be considered 
for Surgical intervention. Patients in whom pain has pro 
gressed to unacceptable levels-that is, pain at rest and/or 
nighttime pain-should also be considered as Surgical can 
didates. Surgical options include arthroscopy, Osteotomy and 
arthroplasty. 
0649 Arthroscopic removal of intra-articular loose bod 
ies and repair of degenerative menisci may be indicated in 
Some patients with knee OA. Tibial Osteotomy is an option 
for Some patients who have a relatively Small Varus angu 
lation (less than 10 degrees) and Stable ligamentous Support. 
Total knee arthroplasty is recommended for patients with 
more Severe Varus, or any Valgus, deformity and ligamen 
tous instability. Arthroplasty is also indicated for patients 
who have had ineffective pain relief following a tibial 
osteotomy, and for those with advanced hip OA. Patients 
who have not yet developed appreciable muscle weakness, 
generalized or cardiovascular deconditioning and who 
would medically withstand the StreSS of Surgery are ideal 
Surgical candidates. In contrast, full mobility and function 
may not be realistically expected in patients with Significant 
cognitive impairment or Symptomatic cardiopulmonary dis 
ease, Since these conditions can impede post-operative reha 
bilitation. 

0650) Several questionnaires have been established as 
validated, reliable research instruments for assessing func 
tional outcomes in patients with arthritis. These include the 
Lequesne index, the Western Ontario McMaster Arthritis 
scale (WOMAC), activities of daily living (ADL), etc. 
Several performance-based tests of function can be done 
rapidly and easily in the office, however, and may be more 
Sensitive in predicting impending disability than direct ques 
tions about disability and impairment. Such measures 
include grip Strength, a timed walk, and Sequential chair 
Stands. These tests can provide the clinician with valuable 
information on the patient's current level of function, as well 
as Serve longitudinally to assess decline in function. 
0651 Osteoarthritis is the most prevalent articular dis 
ease in the elderly. Disease markers that will detect early 
disease, and agents that will slow down or halt disease 
progression are critically needed. Current management 
should include Safe and adequate pain relief using Systemic 
and local therapies, and should include medical and reha 
bilitative interventions that limit functional deterioration. 

0652 Although epidemiological studies have promoted 
understanding of the risk factors that predispose to OA, the 
initiating events that trigger the disease are not yet under 
stood. 

0653 Cartilage is a unique tissue with viscoelastic and 
compressive properties which are imparted by its extracel 
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lular matrix, composed predominantly of type II collagen 
and proteoglycans. Under normal conditions, this matrix is 
Subjected to a dynamic remodeling process in which low 
levels of degradative and Synthetic enzyme activities are 
balanced, Such that the Volume of cartilage is maintained. In 
OA cartilage, however, matrix degrading enzymes are over 
expressed, Shifting this balance in favor of net degradation, 
with resultant loSS of collagen and proteoglycans from the 
matrix. Presumably in response to this loSS, chondrocytes 
initially proliferate and Synthesize enhanced amounts of 
proteoglycan and collagen molecules. AS the disease 
progresses, however, reparative attempts are outmatched by 
progressive cartilage degradation. Fibrillation, erosion and 
cracking initially appear in the Superficial layer 6f cartilage 
and progreSS over time to deeper layers, resulting eventually 
in large clinically observable erosions. OA, in Simplistic 
terms, therefore, can be thought of as a process of progres 
Sive cartilage matrix degradation to which an ineffectual 
attempt at repair is made. 
0654) A critical question is whether OA is truly a disease 
or a natural consequence of aging. Several differences 
between aging cartilage and OA cartilage have been 
described, Suggesting the former. For example, although 
denatured type II collagen is found in both normal aging and 
OA cartilage, it is more predominant in OA. In addition, OA 
and normal aging cartilage differ in the amount of water 
content and the in ratio of chondroitin-Sulfate to keratin 
Sulfate constituents. The expression of a chondroitin-Sulfate 
epitope (epitope 846) in OA cartilage, that is otherwise only 
present in fetal and neonatal cartilage, provides further 
evidence that OA is a distinct pathologic process. A final but 
important distinction is that degradative enzyme activity is 
increased in OA, but not in normal aging cartilage. 
0655 The primary enzymes responsible for the degrada 
tion of cartilage are the matrix metalloproteinases (MMPs). 
These enzymes are Secreted by both Synovial cells and 
chondrocytes and are categorized into three general catego 
ries: a) collagenases; b) stromelysins; and, c) gelatinases. 
Under normal conditions, MMP synthesis and activation are 
tightly regulated at Several levels. They are Secreted as 
inactive proenzymes that require enzymatic cleavage in 
order to become activated. Once activated, MMPs become 
susceptible to the plasma-derived MMP inhibitor, alpha-2- 
macroglobulin, and to tissue inhibitors of MMPs (TIMPs) 
that are also Secreted by Synovial cells and chondrocytes. In 
OA, synthesis of MMPs is greatly enhanced and the avail 
able inhibitors are overwhelmed, resulting in net degrada 
tion. Interestingly, Stromelysin can Serve as an activator for 
its own proenzyme, as well as for procollagenase and 
prostromelysin, thus creating a positive feedback loop of 
proMMP activation in cartilage. 

0656. One candidate is interleukin-1 (IL-1). IL-1 is a 
potent pro-inflammatory cytokine that, in Vitro, is capable of 
inducing chondrocytes and Synovial cells to Synthesize 
MMPs. Furthermore, IL-1 Suppresses the synthesis of type 
II collagen and proteoglycans, and inhibits transforming 
growth factor-B Stimulated chondrocyte proliferation. The 
presence of IL-1 RNA and protein have been confirmed in 
OA joints. Thus, IL-1 may not only actively promote carti 
lage degradation, but may also Suppress attempts at repair, 
in OA. In addition to these effects, IL-1 induces nitric oxide 
production, chondrocyte apoptosis, and prostaglandin Syn 
thesis, which further contribute to cartilage deterioration. 
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Under normal conditions, an endogenous IL-1 receptor 
antagonist regulates IL-1 activity. A relative exceSS of IL-1 
and/or deficiency of the IL-1 receptor antagonist could 
conceivably result in the cartilage destruction that is char 
acteristic of OA. It is likely that other cytokines or particu 
late material from damaged cartilage may also contribute to 
this inflammatory, degradative process. 

0657 Growth factors are produced locally in cartilage 
and Synovium and are likely to contribute to local cartilage 
remodeling by Stimulating the de novo Synthesis of collagen 
and proteoglycans. Transforming growth factor B (TGFB) is 
the best characterized and most potent of the chondrocyte 
growth factors. Not only does TGFB stimulate de novo 
matrix Synthesis, but it also counteracts cartilage degrada 
tion by down regulating IL-1 receptor expression and by 
increasing IL-1 receptor antagonist release and TIMP 
expression, Insulin-like growth factor (IGF-1) and basic 
fibroblast growth factor (b-FGF) are also present in OA 
cartilage and likely to contribute to reparative attempts, 
although, as noted, degradation ultimately outstrips repair in 
OA cartilage. 

0.658. One disease modifying strategy is to suppress the 
progressive degradation of cartilage that occurs in OA. To 
accomplish this, the ratio of MMP inhibitors to MMP 
enzymes must be shifted in favor of the former. This could 
be accomplished by enhancing articular levels of TIMP by 
recombinant gene therapy or by administration of exogenous 
TIMP. Studies of exogenous TIMP administration to animals 
with OA-like disease have had inconclusive results, how 
ever, perhaps due to ineffective penetration of this relatively 
high molecular weight protein into the cartilage matrix. An 
alternate approach, that has progressed more rapidly, is to 
develop oral inhibitors of MMPs. In fact, several synthetic 
small molecular weight inhibitors of MMPs have proven 
efficacious in animal models of arthritis and are entering 
Phase III clinical trials in humans. The antibiotic, tetracy 
cline, and its Semisynthetic derivatives, doxycycline and 
minocycline, have modest MMP inhibitory properties and 
have prompted investigations of these agents in the treat 
ment of both OA and RA. Finally, inhibition of IL-1, via 
administration of a Soluble IL-1 receptor or receptor antago 
nist, represents another rational Strategy for Suppressing 
MMP synthesis, and preliminary studies in RA are also 
promising. 

0659 Enhancing the repair of damaged cartilage consti 
tutes another rational Strategy for the treatment and/or 
prevention of OA. Administration of exogenous growth 
factors, such as IGF and bFGF, to stimulate chondrocyte 
proliferation and/or matrix Synthesis has had beneficial 
effects in animals models of OA, and TGF-B has the added 
advantage of suppressing MMP synthesis. The same effect 
could also be achieved theoretically by transplanting healthy 
autologous chondrocytes that have been genetically engi 
neered to over-express one or more of these growth factors 
Site. However, because the area of cartilage loSS in OA can 
be quite extensive and because older chondrocytes are 
metabolically leSS active than young chondrocytes, it is 
unclear that either autologous or heterologous transplants 
will be practical for the management of OA. 

0660. In Summary, MMPs and pro-inflammatory cytok 
ines (e.g., IL-1) appear to be important mediators of carti 
lage destruction in OA. Synthesis and Secretion of growth 
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factors and of inhibitors of MMPs and cytokines are appar 
ently inadequate to counteract these degradative forces. 
Progressive cartilage degradation and OA result. New thera 
pies, focused on reducing MMP activity and on Stimulating 
matrix Synthesis, are in development. 
0661 NMR Spectroscopy 
0662 AS discussed above, many aspects of the present 
invention pertain to methods which employ NMR spectra, or 
data obtained or derived from NMR spectra. 
0663 The principal nucleus studied in biomedical NMR 
spectroscopy is the proton or "H nucleus. This is the most 
Sensitive of all naturally occurring nuclei. The chemical shift 
range is about 10 ppm for organic molecules. In addition C 
NMR spectroscopy using either the naturally abundant 1.1% 
'C nuclei or employing isotopic enrichment is useful for 
identifying metabolites. The C chemical shift range is 
about 200 ppm. Other nuclei find special application. These 
include 'N (in natural abundance or enriched), 'F for 
studies of drug metabolism, and 'P for studies of endog 
enous phosphate biochemistry either in Vitro or in Vivo. 
0664) In order to obtain an NMR spectrum, it is necessary 
to define a “pulse program'. At its simplest, this is applica 
tion of a radio-frequency (RF) pulse followed by acquisition 
of a free induction decay (FID)—a time-dependent oscillat 
ing, decaying Voltage which is digitised in an analog-digital 
converter (ADC). At equilibrium, the nuclear spins are 
present in a number of quantum States and the RF pulse 
disturbs this equilibrium. The FID is the result of the spins 
returning towards the equilibrium State. It is necessary to 
choose the length of the pulse (usually a few microSeconds) 
to give the optimum response. 

0665. This, and other experimental parameters are chosen 
on the basis of knowledge and experience on the part of the 
spectroscopist. See, for example, T. D. W. Claridge, High 
Resolution NMR Techniques in Organic Chemistry. A Prac 
tical Guide to Modern NMR for Chemists, Oxford Univer 
sity Press, 2000. These are based on the observation 
frequency to be used, the known properties of the nucleus 
under Study (i.e., the expected chemical shift range will 
determine the spectral width, the desired peak resolution 
determines the number of data points, the relaxation times 
determine the recycle time between Scans, etc.). The number 
of Scans to be added is determined by the concentration of 
the analyte, the inherent Sensitivity of the nucleus under 
Study and its abundance (either natural or enhanced by 
isotopic enrichment). 
0666. After data acquisition, a number of possible 
manipulations are possible. The FID can be multiplied by a 
mathematical function to improve the Signal-to-noise ratio 
or reduce the peak line widths. The expert operator has 
choice over such parameters. The FID is then often filled by 
a number of Zeros and then subjected to Fourier transfor 
mation. After this conversion from time-dependent data to 
frequency dependent data, it is necessary to phase the 
Spectrum So that all peaks appear upright-this is done using 
two parameters by visual inspection on Screen (now auto 
matic routines are available with reasonable Success). At this 
point the Spectrum baseline can be curved. To remedy this, 
one defines points in the spectrum where no peaks appear 
and these are taken to be baseline. Usually, a polynomial 
function is fitted to these points, but other methods are 
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available, and this function Subtracted from the Spectrum to 
provide a fiat baseline. This can also be done in an automatic 
fashion. Other manipulations are also possible. It is possible 
to extend the FID forwards or backwards by “linear predic 
tion' to improve resolution or to remove So-called truncation 
artefacts which occur if data acquisition of a Scan is stopped 
before the FID has decayed into the noise. All of these 
decisions are also applicable to 2- and 3-dimensional NMR 
SpectroScopy. 

0667 An NMR spectrum consists of a series of digital 
data points with a y value (relating to signal strength) as a 
function of equally spaced X-values (frequency). These data 
point values run over the whole of the spectrum. Individual 
peaks in the Spectrum are identified by the Spectroscopist or 
automatically by Software and the area under each peak is 
determined either by integration (Summation of the y values 
of all points over the peak) or by curve fitting. A peak can 
be a single resonance or a multiplet of resonances corre 
sponding to a Single type of nucleus in a particular chemical 
environment (e.g., the two protons ortho to the carboxyl 
group in benzoic acid). Integration is also possible of the 
three dimensional peak volumes in 2-dimensional NMR 
spectra. The intensity of a peak in an NMR spectrum is 
proportional to the number of nuclei giving rise to that peak 
(if the experiment is conducted under conditions where each 
Successive accumulated free induction decay (FID) is taken 
Starting at equilibrium). Also, the relative intensity of peaks 
from different analytes in the Same Sample is proportional to 
the concentration of that analyte (again if equilibrium pre 
Vails at the start of each scan). 
0668 Thus, the term “NMR spectral intensity,” as used 
herein, pertains to Some measure related to the NMR peak 
area, and may be absolute or relative. NMR spectral inten 
sity may be, for example, a combination of a plurality of 
NMR spectral intensities, e.g., a linear combination of a 
plurality of NMR spectral intensities. 
0669. In the context of NMR spectral intensity, the term 
“NMR" refers to any type of NMR spectroscopy. 
0670) NMR spectroscopic techniques can be classified 
according to the number of frequency axes and these include 
1D-, 2D-, and 3D-NMR. 1D spectra include, for example, 
Single pulse, water-peak eliminated either by Saturation or 
non-excitation; spin-echo, Such as CPMG (i.e., edited on the 
basis of spin-spin relaxation); diffusion-edited, selective 
excitation of Specific Spectra regions. 2D spectra include for 
example J-resolved (JRES); 1H-1H correlation methods, 
Such as NOESY, COSY, TOCSY and variants thereof; 
heteronuclear correlation including direct detection meth 
ods, Such as HETCOR, and inverse-detected methods, Such 
as 1H-13C HMQC, HSQC, HMBC. 3D spectra, include 
many variants, all of which are combinations of 2D meth 
ods, e.g. HMOC-TOCSY, NOESY-TOCSY, etc. All of these 
NMR spectroscopic techniques can also be combined with 
magic-angle-spinning (MAS) in order to study Samples 
other than isotropic liquids, Such as tissues, which are 
characterised by anisotropic composition. 
0671 Preferred nuclei include H and C. Preferred 
techniques for use in the present invention include water 
peak eliminated, spin-echo Such as CPMG, diffusion edited, 
JRES, COSY, TOCSY, HMOC, HSOC, and HMBC. 
0672) NMR analysis (especially of biofluids) is carried 
out at as high a field strength as is practical, according to 
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availability (very high field machines are not widespread), 
cost (a 600 MHz instrument costs about £500,000 but a 
shielded 800 MHz instrument can cost more than £3,500, 
000, depending on the nature of accessory equipment pur 
chased), and ability to accommodate the physical size of the 
instrument. Maintenance/operational costs do not vary 
greatly and are Small compared to the capital cost of the 
machine and the perSonnel costs. 
0673) Typically, the H observation frequency is from 
about 200 MHz to about 900 MHz, more typically from 
about 400 MHz to about 900 MHz, yet more typically from 
about 500 MHz to about 750 MHz H observation frequen 
cies of 500 and 600 MHz may be particularly preferred. 
Instruments with the following H observation frequencies 
are/were commercially available: 200, 250, 270 (discontin 
ued), 300, 360 (discontinued), 400, 500, 600, 700, 750, 800, 
and 900 MHZ. 

0674 Higher frequencies are used to obtain better signal 
to-noise ratio and for greater spectral dispersion of reso 
nances. This gives a better chance of identifying the mol 
ecules giving rise to the peaks. The benefit is not linear 
because in addition to the better dispersion, the detailed 
Spectral peaks can move from being "Second-order-where 
analysis by inspection is not possible, towards “first-order, 
where it is. Both peak positions and intensities within 
multiplets change in a non-linear fashion as this progression 
occurs. Lower observation frequencies would be used where 
cost is an issue, but this is likely to lead to reduced 
effectiveness for classification and identification of biomar 
kers. 

0675) NMR Spectroscopy: Sample Preparation 
0676 NMR spectra can be measured in Solid, liquid, 
liquid crystal or gas States over a range of temperatures from 
120 K to 420 K and outside this range with specialised 
equipment. Typically, NMR analysis of biofluids is per 
formed in the liquid State with a Sample temperature of from 
about 274 K to about 328 K, but more typically from about 
283 K to about 321 K. An example of a typical temperature 
is about 300 K. 

0677 Lower temperatures would be used to ensure that 
the biofluid did not suffer from any decomposition or show 
any effects of chemical or enzymatic reactions during the 
data acquisition. Higher temperatures may be used to 
improve detection of certain Species. For example, for 
plasma or Serum, lipoproteins undergo a Series of phase 
changes as the temperature is increased; in particular, the 
low density lipoprotein (LDL) peak intensities are rather 
temperature dependent and the lines Sharpen and broader 
more-difficult-to-detect components become Visible as the 
lipoprotein becomes more “liquid.” 
0678 Typically, biofluid samples are diluted with solvent 
prior to NMR analysis. This is done for a variety of reasons, 
including: to lessen Solution Viscosity, to control the pH of 
the Solution, and to allow addition of reagents and reference 
materials. 

0679. An example of a typical dilution solvent is a 
solution of 0.9% by weight of sodium chloride in DO. The 
DO lessens the overall concentration of HO and eases the 
technical requirements in the Suppression of the Solvent 
water NMR resonance, necessary for optimum detection of 
metabolite NMR signals. The deuterium nuclei of the DO 
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also provides an NMR signal for locking the magnetic field 
enabling the exact co-registration of Successive Scans. 

0680 Depending on the available amount of the biofluid, 
typically, the dilution ratio is from about 1:50 to about 5:1 
by volume, but more typically from about 1:20 to about 1:1 
by volume. An example of a typical dilution ratio is 3:7 by 
Volume (e.g., 150 u, Sample, 350 u, Solvent), typical for 
conventional 5 mm NMR tubes and for flow-injection NMR 
SpectroScopy. 

0681 Typical sample volumes for NMR analysis are 
from about 50 till (e.g., for microprobes) to about 2 mL. An 
example of a typical Sample Volume is about 500 ul. 

0682) NMR peak positions (chemical shifts) are mea 
Sured relative to that of a known Standard compound usually 
added directly to the sample. For biofluids such as urine this 
is commonly a partially deuterated form of TSP, i.e., 3-tri 
methylsilyl-2,2,3,3-H-propionate sodium salt. For biof 
luids containing high levels of proteins, this Substance is not 
Suitable Since it binds to proteins and shows a broadened 
NMR line. Added formate anion (e.g., as a salt) can be used 
in Such cases as for blood plasma. 

0683 NMR Spectroscopy: Manipulation of NMR Spec 
tra 

0684 NMR spectra are typically acquired, and Subse 
quently, handled in digitised form. Conventional methods of 
Spectral pre-processing of (digital) Spectra are well known, 
and include, where applicable, Signal averaging, Fourier 
transformation (and other transformation methods), phase 
correction, baseline correction, Smoothing, and the like (see, 
for example, Lindon et al., 1980). 
0685 Modem spectroscopic methods often permit the 
collection of high or very high resolution spectra. In digital 
form, even a simple spectrum (e.g., signal versus spectro 
Scopic parameter) may have many thousands, if not tens of 
thousands of data points. It is often desirable to reduce or 
compress the data to give fewer data points, for both 
practical computing methods and also to effect Some degree 
of Signal averaging to compensate for physical effects, Such 
as pH variation, compartmentalisation, and the like. The 
resulting data may be referred to as “spectral data.” 

0686) For example, a typical 'H NMR spectrum is 
recorded as signal intensity versus chemical shift (ö) which 
ranges from about 8 0 to 8 10. At a typical chemical shift 
resolution of about 6 10-10 ppm, the spectrum in digital 
form comprises about 10,000 to 100,000 data points. As 
discussed above, it is often desirable to compress this data, 
for example, by a factor of about 10 to 100, to about 1000 
data points. 

0687 For example, in one approach, the chemical shift 
axis, 8, is “segmented” into “buckets” or “bins' of a specific 
length. For a 1-D H NMR spectrum which spans the range 
from 8 0 to 8 10, using a bucket length, Aö, of 0.04 yields 
250 buckets, for example, 8 10.0-9.96, 8 9.96-9.92, 8 
9.92-9.88, etc., usually reported by their midpoint, for 
example, 8 9.98, 8 9.94, 8 9.90, etc. The signal intensity 
within a given bucket may be averaged or integrated, and the 
resulting value reported. In this way, a spectrum with, for 
example, 100,000 original data points can be compressed to 
an equivalent spectrum with, for example, 250 data points. 
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0688. A similar approach can be applied to 2-D spectra, 
3-D spectra, and the like. For 2-D spectra, the “bucket” 
approach may be extended to a “patch.” For 3-D spectra, the 
“bucket” approach may be extended to a “volume.” For 
example, a 2-D H NMR spectrum which spans the range 
from 8 0 to 8 10 on both axes, using a patch of Aö 0.1XAö 
0.1 yields 10,000 patches. In this way, a spectrum with 
perhaps 10 original data points can be compressed to an 
equivalent spectrum of 10" data points. 
0689) 
referred to as "a spectral data Set, 
Spectral data, etc. 

In this context, the equivalent spectrum may be 
"a data Set comprising 

0690 Software for such processing of NMR spectra, for 
example AMIX (Analysis of MIXture, V 2.5, Bruker Ana 
lytik, Rheinstetten, Germany) is commercially available. 
0691. Often, certain spectral regions carry no real diag 
nostic information, or carry conflicting biochemical infor 
mation, and it is often useful to remove these “redundant' 
regions before performing detailed analysis. In the Simplest 
approach, the data points are deleted. In another simple 
approach, the data in the redundant regions are replaced with 
Zero values. 

0692 For example, due to the dynamic range problem 
with water in comparison with other molecules, the water 
resonance (around ö 4.7) is Suppressed. However, Small 
variations in water Suppression remain, and these variations 
can undesirably complicate analysis. Similarly, variations in 
water Suppression may also affect the urea signal (around 8 
6.0), by cross saturation. Therefore, it is often useful to 
delete certain spectral regions, for example, from about 6 4.5 
to 6.0 (e.g., & 4.52 to 6.00). 
0693. In general, NMR data is handled as a data matrix. 
Typically, each row in the matrix corresponds to an indi 
vidual sample (often referred to as a "data vector”), and the 
entries in the columns are, for example, Spectral intensity of 
a particular data point, at a particular 8 or Aö (often referred 
to as “descriptors”). 
0694. It is often useful to pre-process data, for example, 
by addressing missing data, translation, Scaling, Weighting, 
etc. 

0695 Multivariate projection methods, such as principal 
component analysis (PCA) and partial least Squares analysis 
(PLS), are so-called Scaling Sensitive methods. By using 
prior knowledge and experience about the type of data 
Studied, the quality of the data prior to multivariate model 
ling can be enhanced by Scaling and/or weighting. Adequate 
Scaling and/or weighting can reveal the important and inter 
esting variation hidden within in the data, and therefore 
make Subsequent multivariate modelling more efficient. 
Scaling and weighting may be used to place the data in the 
correct metric, based on knowledge and experience of the 
Studied System, and therefore reveal patterns already inher 
ently present in the data. 
0696. If at all possible, missing data, for example, gaps in 
column values, should be avoided. However, if necessary, 
Such missing data may replaced or “filled with, for 
example, the mean value of a column ("mean fill”); a 
random value (“random fill”), or a value based on a principal 
component analysis ("principal component fill”). Each of 
these different approaches will have a different effect on 
Subsequent PR analysis. 

36 
Jun. 16, 2005 

0697) “Translation” of the descriptor coordinate axes can 
be useful. Examples of Such translation include normalisa 
tion and mean centring. 
0698 “Normalisation” may be used to remove sample 
to-sample variation. Many normalisation approaches are 
possible, and they can often be applied at any of Several 
points in the analysis. Usually, normalisation is applied after 
redundant spectral regions have been removed. In one 
approach, each spectrum is normalised (scaled) by a factor 
of 1/A, where A is the Sum of the absolute values of all of 
the descriptors for that spectrum. In this way, each data 
vector has the same length, Specifically, 1. For example, if 
the Sum of the absolute values of intensities for each bucket 
in a particular spectrum is 1067, then the intensity for each 
bucket for this particular spectrum is scaled by 1/1067. 
0.699) “Mean centring” may be used to simplify interpre 
tation. Usually, for each descriptor, the average value of that 
descriptor for all Samples is Subtracted. In this way, the mean 
of a descriptor coincides with the origin, and all descriptors 
are “centred” at Zero. For example, if the average intensity 
at Ö 10.0-9.96, for all spectra, is 1.2 units, then the intensity 
at Ö 10.0-9.96, for all spectra, is reduced by 1.2 units. 
0700. In “unit variance scaling,” data can be scaled to 
equal variance. Usually, the value of each descriptor is 
scaled by 1/StDev, where StDev is the standard deviation for 
that descriptor for all Samples. For example, if the Standard 
deviation at 8 10.0-9.96, for all spectra, is 2.5 units, then the 
intensity at Ö 10.0-9.96, for all spectra, is scaled by 1/2.5 or 
0.4. Unit variance Scaling may be used to reduce the impact 
of “noisy” data. For example, some metabolites in biofluids 
show a strong degree of physiological variation (e.g., diurnal 
variation, dietary-related variation) that is unrelated to any 
pathophysiological process. Without unit variance Scaling, 
these noisy metabolites may dominate Subsequent analysis. 
0701 “Pareto Scaling” is, in some sense, intermediate 
between mean centering and unit variance Scaling. In effect, 
Smaller peaks in the Spectra can influence the model to a 
higher degree than for the mean centered case. Also, the 
loadings are, in general, more interpretable than for unit 
variance based models. In pareto Scaling, the value of each 
descriptor is scaled by 1/sqrt(StDev), where StDev is the 
Standard deviation for that descriptor for all Samples. In this 
way, each descriptor has a variance numerically equal to its 
initial Standard deviation. The pareto Scaling may be per 
formed, for example, on raw data or mean centered data. 
0702 “Logarithmic scaling” may be used to assist inter 
pretation when data have a positive skew and/or when data 
spans a large range, e.g., Several orders of magnitude. 
Usually, for each descriptor, the value is replaced by the 
logarithm of that value. For example, the intensity at Ö 
10.0-9.96 is replaced the logarithm of the intensity at 6 
10.0-9.96, for all spectra. 
0703. In “equal range scaling,” each descriptor is divided 
by the range of that descriptor for all Samples. In this way, 
all descriptorS have the Same range, that is, 1. For example, 
if, at 8 10.0-9.96, for all spectra, the largest value is 87 units 
and the Smallest Value is 1, then the range is 86 units, and the 
intensity at 8 10.0-9.96, for all spectra, is divided by 86 
units. However, this method is Sensitive to presence of 
outlier points. 
0704. In “autoscaling,” each data vector is mean centred 
and unit variance Scaled. This technique is a very useful 
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because each descriptor is then weighted equally and, in the 
case of NMR descriptors, large and Small peaks are treated 
with equal emphasis. This can be important for metabolites 
present at very low, but still detectable, levels. 
0705. Several Supervised methods of scaling data are also 
known. Some of these can provide a measure of the ability 
of a parameter (e.g., a descriptor) to discriminate between 
classes, and can be used to improve classification by Stretch 
ing a separation. 
0706 For example, in “variance weighting,” the variance 
weight of a single parameter (e.g., a descriptor) is calculated 
as the ratio of the inter-class variances to the Sum of the 
intra-class variances. A large value means that this variable 
is discriminating between the classes. For example, if the 
Samples are known to fall into two classes (e.g., a training 
Set), it is possible to examine the mean and variance of each 
descriptor. If a descriptor has very different mean values and 
a Small variance, then it will be good at Separating the 
classes. 

0707 “Feature weighting” is a more general description 
of variance weighting, where not only the mean and Standard 
deviation of each descriptor is calculated, but other well 
known weighting factors, Such as the Fisher weight, are 
used. 

0708) Multivariate Statistical Analysis 
0709 AS discussed above, multivariate statistics analysis 
methods, including pattern recognition methods, are often 
the most convenient and efficient way to analyse complex 
data, such as NMR spectra. 
0710 For example, such analysis methods may be used 
to identify, for example diagnostic spectral windows and/or 
diagnostic Species, for a particular condition under Study. 
0711 Also, such analysis methods may be used to form 
a predictive model, and then use that model to classify test 
data. For example, one convenient and particularly effective 
method of classification employs multivariate Statistical 
analysis modelling, first to form a model (a "predictive 
mathematical model”) using data ("modelling data') from 
Samples of known class (e.g., from Subjects known to have, 
or not have, a particular condition), and Second to classify an 
unknown Sample (e.g., "test data'), as having, or not having, 
that condition. 

0712 Examples of pattern recognition methods include, 
but are not limited to, Principal Component Analysis (PCA) 
and Partial Least Squares-Discriminant Analysis (PLS-DA). 
0713 PCA is a bilinear decomposition method used for 
overviewing “clusters” within multivariate data. The data 
are represented in K-dimensional space (where K is equal to 
the number of variables) and reduced to a few principal 
components (or latent variables) which describe the maxi 
mum variation within the data, independent of any knowl 
edge of class membership (i.e., “unsupervised’). The prin 
cipal components are displayed as a set of "scores” (t) which 
highlight clustering, trends, or outliers, and a set of "load 
ings” (p) which highlight the influence of input variables on 
t. See, for example, Kowalski et al., 1986). 
0714. The PCA decomposition can be described by the 
following equation: 

XTPE 
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0715 where T is the set of scores explaining the system 
atic variation between the observations in X and P is the set 
of loadings explaining the between variable variation and 
provides the explanation to clusters, trends, and outliers in 
the Score Space. The non-Systematic part of the variation not 
explained by the model forms the residuals, E. 
0716 PLS-DA is a Supervised multivariate method yield 
ing latent variables describing maximum Separation between 
known classes of samples. PLS-DA is based on PLS which 
is the regression extension of the PCA method explained 
earlier. When PCA works to explain maximum variation 
between the studied samples PLS-DA suffices to explain 
maximum Separation between known classes of Samples in 
the data (X). This is done by a PLS regression against a 
“dummy vector or matrix” (Y) carrying the class separating 
information. The calculated PLS components will thereby 
be more focused on describing the variation Separating the 
classes in X if this information is present in the data. From 
an interpretation point of view all the features of PLS can be 
used, which means that the variation can be interpreted in 
terms of Scores (t,u), loadings (p,c), PLS weights (w) and 
regression coefficients (b). The fact that a regression is 
carried out against a known class separation means that the 
PLS-DA is a Supervised method and that the class member 
ship has to be known prior to the actual modelling. Once a 
model is calculated and validated it can be used for predic 
tion of class membership for “new” unknown Samples. 
Judgement of class membership is done on basis of pre 
dicted class membership (Ypred), predicted scores (tpred) 
and predicted residuals (DmodXpred) using statistical Sig 
nificance limits for the decision. See, for example, Sostrom 
et al., 1986; Stahle et al., 1987. 
0717. In PLS, the variation between the objects in X is 
described by the X-scores, T, and the variation in the Y-block 
regressed against is described in the Y-scores, U. In PLS-DA 
the Y-block is a “dummy vector or matrix” describing the 
class membership of each observation. Basically, what PLS 
does is to maximize the covariance between T and U. For 
each component, a PLS weight vector, W, is calculated, 
containing the influence of each X-variable on the explana 
tion of the variation in Y. Together the weight vectors will 
form a matrix, W, containing the variation in X that maxi 
mizes the covariance between the Scores T and U for each 
calculated component. For PLS-DA this means that the 
weights, W, contain the variation in X that is correlated to 
the class separation described in Y. The Y-block matrix of 
weights is designated C. A matrix of X-loadings, P, is also 
calculated. These loadings are apart from interpretation used 
to perform the proper decomposition of X. 
0718 The PLS decomposition of X and Y can hence be 
described as follows: 

XTPE 

Y-TCF 

0719. The PLS regression coefficients, B, are then given 
by: 

B=W(PW)-1C 
0720. The estimate of Y, Y, can then be calculated 
according to the following formula: 

0721. Both of the pattern recognition algorithms exem 
plified herein (PCA, PLS-DA) rely on extraction of linear 
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associations between the input variables. When such linear 
relationships are insufficient, neural network-based pattern 
recognition techniques can in Some cases improve the ability 
to classify individuals on the basis of the many inter-related 
input variables (see, e.g., Ala-Korpela et al., 1995; Hiltunen 
et al., 1995). Nevertheless, the methods applied herein are 
sufficiently powerful to allow classification of the individu 
als Studied, and they provide an additional benefit over 
neural network methods in that they allow Some information 
to be gained as to what aspects of the input dataset were 
particularly important in allowing classification to be made. 

0722 Spurious or irregular data in spectra (“outliers”), 
which are not representative, are preferably identified and 
removed. Common reasons for irregular data (“outliers') 
include Spectral artefacts Such as poor phase correction, poor 
baseline correction, poor chemical shift referencing, poor 
water Suppression, and biological effects Such as bacterial 
contamination, shifts in the pH of the biofluid, toxin- or 
disease-induced biochemical response, and other conditions, 
e.g., pathological conditions, which have metabolic conse 
quences, e.g., diabetes. 

0723 Outliers are identified in different ways depending 
on the method of analysis used. For example, when using 
principal component analysis (PCA), Small numbers of 
Samples lying far from the rest of the replicate group can be 
identified by eye as outliers. A more objective means of 
identification for PCA is to use the Hotelling's TTest which 
is the multivariate version of the Well known Student ST test 
used in univariate Statistics. For any given Sample, the T2 
value can be calculated and this is compared with a Standard 
value within which a chosen fraction (e.g., 95%) of the 
samples would normally lie. Samples with T2 values sub 
Stantially outside this limit can then be flagged as outliers. 

0724. Also, when using more Sophisticated Supervised 
methods, such as SIMCA or PNNs, a similar method is used. 
A confidence level (e.g., 95%) is selected and the region of 
multivariate Space corresponding to confidence values 
above this limit is determined. This region can be displayed 
graphically in Several different ways (for example by plot 
ting the critical T2 ellipse on a PCA scores plot). Any 
Samples falling outside the high confidence region are 
flagged as potential outliers. 

0725 Confidence Limits for outlier detection are also 
calculated in the residual direction expressed as the distance 
to model in X (DModX). 
0726 Briefly, DModX is the perpendicular distance of an 
object to the principal component (or to the plane or hyper 
plane made up by two or more principal components). In the 
SIMCA Software, DModX is calculated as: 

0727 wherein e is the residual for a single observation; 

0728 K is the number of original variables in the data 
Set, 

0729) A is the number of principal components in the 
model; 

0730 V is a correction factor, based on the number of 
observations (N) and the number of principal compo 
nents (A), and is slightly larger than one. 
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0731. The outliers in this direction are not as severe as 
those occurring in the Score direction but should always be 
carefully examined before making a decision whether to 
include them in the modelling or not. In general, all outliers 
are thoroughly investigated, for example, by examining the 
contributing loadings and distance to model (DModX) as 
well as visually inspecting the original NMR spectrum for 
deviating features, before removing them from the model. 
Outlier detection by automatic algorithm is a possibility 
using the features of Scores and residual distance to model 
(DModX) described above. 
0732. When using PLS methods, the distance to the 
model in Y (DmodY) can also be calculated in the same way. 
0733) Data Filtering 
0734. Although pattern recognition methods may be 
applied to “unfiltered” data, it is often preferable to first filter 
data to removed irrelevant variation. 

0735. In one method, latent variables which are of no 
interest may be removed by “filtering.” 
0736. Examples of filtering methods include the regres 
Sion of descriptor variables against an indeX based on 
Sample class to eliminate variables with low correlation to 
the predefined classes. Related methods include target rota 
tion (see, e.g., Kvalheim et al., 1989) and PCT filtering (see, 
e.g., Sun, 1997). In these methods, the removed variation is 
not necessarily completely uncorrelated with Sample class 
(i.e., orthogonal). 
0737. In another method, latent variables which are 
orthogonal to Some variation or class index of interest are 
removed by “orthogonal filtering.” Here, variation in the 
data which is not correlated to (i.e., is orthogonal to) the 
class Separating variation of interest may be removed. Such 
methods are, in general, more efficient than non-Orthogonal 
filtering methods. 
0738 Various orthogonal filtering methods have been 
described (see, e.g., Wold et al., 1998a; Fearn, 2000; Ander 
son, 1999; Westerhuis et al., 2001; Wise et al., 2001). 
0739. One preferred orthogonal filtering method is con 
ventionally referred to as Orthogonal Signal Correction 
(OSC), wherein latent variables orthogonal to the variation 
of interest are removed. See, for example, Wold et al., 1998a. 
0740 The class identity is used as a response vector, Y, 
to describe the variation between the Sample classes. The 
OSC method then locates the longest vector describing the 
variation between the samples which is not correlated with 
the Y-vector, and removes it from the data matrix. The 
resultant dataset has been filtered to allow pattern recogni 
tion focused on the variation correlated to features of interest 
within the Sample population, rather than non-correlated, 
orthogonal variation. 
0741. OSC is a method for spectral filtering that solves 
the problem of unwanted Systematic variation in the Spectra 
by removing components, latent variables, orthogonal to the 
response calibrated against. In PLS, the weights, W, are 
calculated to maximise the covariance between X and Y. In 
OSC, in contrast, the weights, W, are calculated to minimize 
the covariance between X and Y, which is the same as 
calculating components as close to orthogonal to Y as 
possible. These components, orthogonal to Y, containing 
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unwanted Systematic variation are then Subtracted from the 
Spectral data, X, to produce a filtered predictor matrix 
describing the variation of interest. Briefly, OSC can be 
described as abilinear decomposition of the spectral matrix, 
X, in a Set of Scores, T, and a set of corresponding 
loadings, P**, containing varition orthogonal to the 
response, Y. The unexplained part or the residuals, E, is 
equal to the filtered X-matrix, X, containing leSS 
unwanted variation. The decomposition is described by the 
following equation: 

0742 The OSC procedure starts by calculation of the first 
latent variable or principal component describing the varia 
tion in the data, X. The calculation is done according to the 
NIPALS algorithm. 

0743. The first score vector, t, which is a summary of the 
between Sample variation in X, is then orthogonalized 
against response (Y), giving the orthogonalized score vector 
t*. 

0744. After orthogonalization, the PLS weights, w, are 
calculated with the aim of making Xw=t. By doing this, the 
weights, W, are Set to minimize the covariance between X 
and Y. The weights, w, are given by: 

0745) An estimate of the orthogonal score t is calcu 
lated from: 

0746 The estimate or updated score vector t is then 
again orthogonalized to Y, and the iteration proceeds until 
t* has converged. This will ensure that t will converge 
towards the longest vector orthogonal to response Y, Still 
giving a good description of the variation in X. The data, X, 
can then be described as the score, t, orthogonal to Y, 
times the corresponding loading vector p *, plus the unex 
plained part, the residual, E. 

0747 The residual, E, equals the filtered X, X, after 
Subtraction of the first component orthogonal to the response 
Y. 

0748 If more than one component needs to be removed, 
the same procedure is repeated using the residual, E, as the 
Starting data matrix, X. 

0749 New external data not present in the model calcu 
lation must be treated according to filtering of the modelling 
data. This is done by using the calculated weights, W, from 
the filtering to calculate a Score vector, t for the new data, 
X 

new 

new 

0750. By subtracting t 
the calibration, p *, from the new external data, X 

times the loading vector from 
the new 
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residual, E, will be the resulting OSC filtered matrix for 
the new external data. 

::::::f Enew 4-linew tnewP 

0751) If PCA suggests separation between the classes 
under investigation, orthogonal Signal correction (OSC) can 
be used to optimize the Separation, thus improving the 
performance of Subsequent multivariate pattern recognition 
analysis and enhancing the predictive power of the model. In 
the examples described herein, both PCA and PLS-DA 
analyses were improved by prior application of OSC. 
0752 An example of a typical OSC process includes the 
following Steps: 

0753 (a) 'H NMR data are segmented using AMIX, 
normalised, and optionally Scaled and/or mean cen 
tered. The default for orthogonal filtering of spectral 
data is to use only mean centered data, which means 
that the mean for each variable (spectral bucket) is 
Subtracted from each Single variable in the data 
matrix. 

0754 (b) a response vector (y) describing the class 
Separating variation is created by assigning class 
membership to each Sample. 

0755) (c) one latent variable orthogonal to the 
response vector (y) is removed according to the OSC 
algorithm. 

0756 (d) if desired, the removed orthogonal varia 
tion can be viewed and interpreted in terms of Scores 
(T) and loadings (P). 

0757 (e) the filtered data matrix, which contains 
leSS Variation not correlated to class Separation, is 
next used for further multivariate modelling after 
optional Scaling and/or mean centering. 

0758 Any particular model is only as good as the data 
used to formulate it. Therefore, it is preferable that all 
modelling data and test data are obtained under the same (or 
Similar) conditions and using the same (or similar) experi 
mental parameters. Such conditions and parameters include, 
for example, Sample type (e.g., plasma, Serum), Sample 
collection and handling protocol, sample dilution, NMR 
analysis (e.g., type, field strength/frequency, temperature), 
and data-processing (e.g., referencing, baseline correction, 
normalisation). If appropriate, it may be desirable to formu 
late models for a particular Sub-group of cases, e.g., accord 
ing to any of the parameters mentioned above (e.g., field 
Strength/frequency), or others, Such as Sex, age, ethnicity, 
medical history, lifestyle (e.g., Smoker, nonsmoker), hor 
monal Status (e.g., pre-menopausal, post-menopausal). 
0759. In general, the quality of the model improves as the 
amount of modelling data increases. Nonetheless, as shown 
in the examples below, even relatively Small Sets of mod 
elling data (e.g., about 50-100 subjects) is sufficient to 
achieve a confident classification (e.g., diagnosis). 
0760. A typical unsupervised modelling process includes 
the following Steps: 

0761 (a) optionally Scaling and/or mean centering 
modelling data; 

0762 (b) classifying data (e.g., as control or posi 
tive, e.g., diseased); 
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0763 (c) fitting the model (e.g., using PCA, PLS 
DA); 

0764 (d) identifying and removing outliers, if any; 

0765 (e) re-fitting the model; 

0766 (f) optionally repeating (c), (d), and (e) as 
neceSSary. 

0767 Optionally (and preferably), data filtering is per 
formed following step (d) and before step (e). Optionally 
(and preferably), orthogonal filtering (e.g., OSC) is per 
formed following step (d) and before step (e). 
0768. An example of a typical PLS-DA modelling pro 
ceSS, using OSC filtered data, includes the following Steps: 

0769 (a) OSC filtered data is optionally scaled 
and/or mean centered. 

0770 (b) a response vector (y) describing the class 
Separating variation is created by assigning class 
membership to all Samples. 

0771 (c) a PLS regression model is calculated 
between the OSC filtered data and the response 
vector (y). The calculated latent variables or PLS 
components will be focused on describing maximum 
Separation between the known classes. 

0772 (d) the model is interpreted by viewing scores 
(T), loadings (P), PLS weights (W), PLS coefficients 
(B) and residuals (E). Together they will function as 
a means for describing the Separation between the 
classes as well as provide an explanation to the 
observed separation. 

0773) Once the model has been calculated, it may be 
Verified using data for Samples of known class which were 
not used to calculate the model. In this way, the ability of the 
model to accurately predict classes may be tested. This may 
be achieved, for example, in the method above, with the 
following additional Step: 

0774 (e) a set of external samples, with known class 
belonging, which were not used in the (e.g., PLS) 
model calculation is used for validation of the mod 
el's predictive ability. The prediction results are 
investigated, fore example, in terms of predicted 
response (yea), predicted Scores (T,), and pre 
dicted residuals described as predicted distance to 
model (DmodX). 

0775. The model may then be used to classify test data, 
of unknown class. Before classification, the test data are 
numerically pre-processed in the same manner as the mod 
elling data. 

0776 Interpreting the output from the pattern recognition 
(PR) analysis provides useful information on the biomarkers 
responsible for the Separation of the biological classes. Of 
course, the PR output differS Somewhat depending on the 
data analysis method used. AS mentioned above, methods 
for PR and interpretation of the results are known in the art. 
Interpretation methods for two PR techniques (PCA and 
PLS-DA) are discussed briefly herein. 
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0777) 
0778 The data matrix (X) is built up by N observations 
(samples, rats, patients, etc.) and K variables (spectral 
buckets carrying the biomarker information in terms of 
"H-NMR resonances). 
0779). In PCA, the N*K matrix (X) is decomposed into a 
few latent variables or principal components (PCs) describ 
ing the Systematic variation in the data. Since PCA is a 
bilinear decomposition method, each PC can be divided into 
two vectors, scores (t) and loadings (p). The Scores can be 
described as the projection of each observation on to each 
PC and the loadings as the contribution of each variable 
(spectral bucket) to the PC expressed in terms of direction. 

Interpreting PCA Results 

0780 Any clustering of observations (samples) along a 
direction found in scores plots (e.g., PC1 versus PC2) can be 
explained by identifying which variables (spectral buckets) 
have high loadings for this particular direction in the Scores. 
A high loading is defined as a variable (spectral bucket) that 
changes between the observations in a Systematic way 
showing a trend which matches the Sample positions in the 
Scores plot. Each spectral bucket with a high loading, or a 
combination thereof, is defined by its "H NMR chemical 
shift position; this is its diagnostic spectral window. These 
chemical shift values then allow the skilled NMR spectros 
copist to examine the original NMR spectra and identify the 
molecules giving rise to the peaks in the relevant buckets, 
these are the biomarkers. This is typically done using a 
combination of standard 1- and 2-dimensional NMR meth 
ods. 

0781) If, in a scores plot, separation of two classes of 
Sample can be seen in a particular direction, then examina 
tion of those loadings which are in the same direction as in 
the Scores plots indicates which loadings are important for 
the class identification. The loadings plot shows points 
which are labelled according to the bucket chemical shift. 
This is the "H NMR spectroscopic chemical shift which 
corresponds to the centre of the bucket. This bucket defines 
a diagnostic Spectral window. Given a list of these bucket 
identifiers, the skilled NMR spectroscopist then re-examines 
the H NMR spectra and identifies, within the bucket width, 
which of several possible NMR resonances are changed 
between the two classes. The important resonance is char 
acterised in terms of exact chemical shift, intensity, and peak 
multiplicity. Using other NMR experiments, such as 2-D 
NMR spectroScopy and/or Separation of the Specific mol 
ecule using HPLC-NMR-MS for example, other resonances 
from the same molecule are identified and ultimately, on the 
basis of all of the NMR data and other data if appropriate, 
an identification of the molecule (biomarker) is made. 
0782. In a classification situation as described herein, one 
procedure for finding relevant biomarkers using PCA is as 
follows: 

0783 (a) PCA of the data matrix (X) containing N 
observations belonging to either of two known classes 
(healthy or diseased). The description of the observations 
lies in the K variables (spectral buckets) containing the 
biomarker information in terms of H NMR resonances. 

0784 (b) Interpretation of the scores (t) to find the 
direction for the Separation between the two known classes 
in X. 
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0785 (c) Interpretation of loadings (p) reveals which 
variables (spectral buckets) have the largest impact on the 
direction for separation described in the Scores (t). This 
identifies the relevant diagnostic Spectral windows. 
0786) (d) Assignment of the spectral buckets or combi 
nations thereof to certain biomarkers. This is done, for 
example, by interpretation of the resonances in H NMR 
Spectra and by using previously assigned Spectra of the same 
type as a library for assignments. 

0787) 
0788. In PLS-DA, which is a regression extension of the 
PCA method, the options for interpretation are more exten 
sive compared to the PCA case. PLS-DA performs a regres 
sion between the data matrix (X) and a “dummy matrix” (Y) 
containing the class membership information (e.g., Samples 
may be assigned the value 1 for healthy and 2 for diseased 
classes). The calculated PLS components will describe the 
maximum covariance between X and Y which in this case is 
the same as maximum Separation between the known classes 
in X. The interpretation of Scores (t) and loadings (p) is the 
same in PLS-DA as in PCA. Interpretation of the PLS 
weights (w) for each component provides an explanation of 
the variables in X correlated to the variation in Y. This will 
give biomarker information for the Separation between the 
classes. 

Interpreting PLS-DA Results 

0789. Since PLS-DA is a regression method, the features 
of regression coefficients (b) can also be used for discovery 
and interpretation of biomarkers. The regression coefficients 
(b) in PLS-DA provide a summary of which variables in X 
(spectral buckets) that are most important in terms of both 
describing variation in X and correlating to Y. This means 
that variables (spectral buckets) with high regression coef 
ficients are important for Separating the known classes in X 
Since the Y matrix against which it is correlated only 
contains information on the class identity of each Sample. 
0790 Again, as discussed above, the scores plot is exam 
ined to identify important loadings, diagnostic spectral win 
dows, relevant NMR resonances, and ultimately the associ 
ated biomarkers. 

0791. In a classification situation as described herein, one 
procedure for finding relevant biomarkers using PLS-DA is 
as follows: 

0792 (a) A PLS model between the N*K data matrix (X) 
against a “dummy matrix” Y, containing information on 
class membership for the observations in X, is calculated 
yielding a few latent variables (PLS components) describing 
maximum separation between the two classes in X (e.g., 
healthy and diseased). 
0793) (b) Interpretation of the scores (t) to find the 
direction for the Separation between the two known classes 
in X. 

0794) (c) Interpretation of loadings (p) revealing which 
variables (spectral buckets) have the largest impact on the 
direction for separation described in the scores (t); these are 
diagnostic spectral windows. 

0795. In PLS-DA, a variable importance plot (VIP) is 
another method of evaluating the Significance of loadings in 
causing a separation of class of Sample in a Scores plot. 
Typically, the VIP is a squared function of PLS weights, and 
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therefore only positive numerical values are encountered; in 
addition, for a given model, there is only one set of VIP 
values. Variables with a VIP value of greater than 1 are 
considered most influential for the model. The VIP shows 
each loading in a decreasing order of importance for class 
Separation based on the PLS regression against class Vari 
able. 

0796 A (wc) plot is another diagnostic plot obtained 
from a PLS-DA analysis. It shows which descriptors are 
mainly responsible for class separation. The (wc) param 
eters are an attempt to describe the total variable correlations 
in the model, i.e., between the descriptors (e.g., NMR 
intensities in buckets), between the NMR descriptors and the 
class variables, and between class variables if they exist (in 
the present two class case, where samples are assigned by 
definition to class 1 and class 2 there is no correlation). Thus 
for a situation in a Scores plot (e.g., t1 VS. t2), if class I 
Samples are clustered in the upper right hand quadrant and 
class 2 Samples are clustered in the lower left hand quadrant, 
then the (wc) plot will show descriptors also in these 
quadrants. Descriptors in the upper right hand quadrant are 
increased in class 1 compared to class 2 and Vice versa for 
the lower left hand quadrant. 
0797 (d) Interpretation of PLS weights (w) reveals which 
variables (spectral buckets) in X are important for correla 
tion to Y (class separation); these, too, are diagnostic spec 
tral windows. 

0798 (e) Interpretation of the PLS regression coefficients 
(b) reveals an overall Summary of which variables (spectral 
buckets) have the largest impact on the direction for sepa 
ration described in the Scores, these, too, are diagnostic 
Spectral windows. 
0799. In a typical regression coefficient plot for "H NMR, 
each bar represents a spectral region (e.g., 0.04 ppm) and 
shows how the "H NMR profile of one class of samples 
differs from the "H NMR profile of a second class of 
Samples. A positive value on the X-axis indicates there is a 
relatively greater concentration of metabolite (assigned 
using NMR chemical shift assignment tables) in one class as 
compared to the other class, and a negative value on the 
X-axis indicates a relatively lower concentration in one class 
as compared to the other class. 
0800 (f) Assignment of the spectral buckets or combi 
nations thereof to certain biomarkers. This is done, for 
example, by interpretation of the resonances in H NMR 
Spectra and by using previously assigned Spectra of the same 
type as a library for assignments. 
0801) Timed Sampling 
0802. The analysis methods described herein can be 
applied to a Single Sample, or alternatively, to a timed Series 
of Samples. These samples may be taken relatively close 
together in time (e.g., daily) or less frequently (e.g., monthly 
or yearly). 
0803. The timed series of samples may be used for one or 
more purposes, e.g., to make Sequential diagnoses, applying 
the same classification method as if each Sample were a 
Single Sample. This will allow greater confidence in the 
diagnosis compared to obtaining a Single Sample for the 
patient, or alternatively to monitor temporal changes in the 
Subject (e.g., changes in the underlying condition being 
diagnosed, treated, etc.). 
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0804. Alternatively, the timed series of samples can be 
collectively treated as a Single dataset increasing the infor 
mation density of the input dataset and hence increasing the 
power of the analysis method to identify weaker patterns. 

0805. As yet another alternative, the timed series of 
Samples can be collectively processed to yield a single 
dataset in which the temporal changes (e.g., in each bin) is 
included as an extra list of variables (e.g., as in composite 
data sets). Temporal changes in the amount of (e.g., endog 
enous) diagnostic species may greatly improve the ability of 
the analysis method to accurate classify patterns (especially 
when patterns are weak). 
0806 Batch Modelling 

0807. The methods described herein, including their 
applications (e.g., diagnosis, prognosis), may be further 
improved by employing batch modelling. 

0808 Statistical batch processing can be divided into two 
levels of multivariate modelling. The lower or the observa 
tion level is usually based on Partial Least Squares (PLS) 
regression against time (or any other index describing pro 
cess maturity), whereas the upper or batch level consists of 
a PCA based on the scores from the lower level PLS model. 
PLS can also be used in the upper level to correlate the 
matrix based on the lower level Scores with the end prop 
erties of the Separate batches. This is common in industrial 
applications where properties of the end product are used as 
a description of quality. 

0809. At the lower level of the Batch modelling the 
evolution of the studied process with time (maturity) can be 
monitored and interpreted in terms of PLS scores and 
loadings. Since the PLS performs a regression against Sam 
pling time (maturity), the calculated components will be 
focused on the evolution with time. The fact that the 
calculated PLS components are orthogonal to each other 
means that it is possible to detect independent time (matu 
rity) profiles and also to interpret which measured variables 
are causing these profiles. Confidence limits are used for 
detection of deviating behaviour of any spectra at any time 
point for Some optional Significance level, usually 95% 
and/or 99%. 

0810) The residuals expressed as distance to model 
(DModX) is, at the lower level, another important tool for 
detecting outlying batches or deviating behaviour for a 
Specific batch at a specific time point. The upper level or 
batch level provides the possibility to just look at the 
difference between the separate batches. This is done by 
using the lower level Scores including all time points for 
each batch as new variables describing each Single batch and 
then performing a PCA on this new data matrix. The features 
of Scores, loadings and DmodX are used in the same way as 
for ordinary PCA analysis, with the exception that the upper 
level loadings can be traced back down to the lower level for 
a more detailed explanation in the original loadings. 

0811 Predictions for “new” batches can be done on both 
levels of the batch model. On the lower level monitoring of 
evolution with time using Scores and DmodX is a powerful 
tool for detecting deviating behaviour from normality for 
batch at any time point. On the upper level prediction of 
Single batch behaviour can be done in terms of Scores and 
DmodX. 
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0812. The definition of a batch process, and also a 
requirement for batch modelling, is a process where all 
batches have equal duration and are Synchronised according 
to Sample collection. For example, Samples taken from a 
cohort of animals at identical fixed time points to monitor 
the effects of an administered Xenobiotic Substance. 

0813 The advantage of using batch modelling for such 
Studies is the possibility of detecting known, or discovering 
new, metabolic processes which evolve with time in the 
lower level Scores, and also the identification of the actual 
metabolites involved in the different processes from the 
contributing lower level loadings. The lower level analysis 
also makes it possible to differentiate between Single obser 
Vations (e.g., individual animals at Specific time points). 
0814 Applications for the lower level modelling include, 
for example, distinguishing between undosed controls and 
dosed animals in terms of metabolic effects of dosing in 
certain time points, and creating models for normality and 
using the models as a classification tool for new Samples, 
e.g., as normal or abnormal. This may be achieved using a 
PLS prediction of the new sample's class using the model 
describing normality. Decisions can then be made on basis 
of the combination of the predicted Scores and residuals 
(DmodX). 
0815. An automated expert system can be used for early 
fault detection in the lower level batch modelling, and this 
can be used to further enhance the analysis procedure and 
improve efficiency. 
0816. The upper level provides the possibility of making 
predictions of new animals using the existing model. Abnor 
mal animals can then be detected by judging predicted 
Scores and residuals (DmodX) together. Since the upper 
level model is based on the lower level Scores, the interpre 
tation of an animal predicted to be abnormal can be traced 
back to the original lower level Scores and loadings as well 
as the original raw variables making up the NMR spectra. 
Combining the upper and lower level for prediction of the 
Status of a new animal, the classification can be based on 
four parameters: upper level Scores and residuals (DmodX) 
and lover level scores and residuals (DModX). This dem 
onstrates that batch modelling is an efficient tool for deter 
mining if an animal is normal or abnormal, and if the latter, 
why and when they are deviating from normality. 
0817) See, for example, Wold et al., 1998b and Eriksson 
et al., 1999. 
0818 Integrated Metabonomics 
0819. As discussed above, many of the methods of the 
present invention may also be applied to composite data or 
composite data Sets. The term “composite data Set,” as used 
herein, pertains to a spectrum (or data vector) which com 
prises spectral data (e.g., NMR spectral data, e.g., an NMR 
spectrum) as well as at least one other datum or data vector. 
Examples of other data vectors include, e.g., one or more 
other NMR spectral data, e.g., NMR spectra, e.g., obtained 
for the same sample using a different NMR technique; other 
types of Spectra, e.g., mass Spectra, numerical representa 
tions of images, etc., obtained for the another Sample, of the 
same sample type (e.g., blood, urine, tissue, tissue extract), 
but obtained from the subject at a different timepoint; 
obtained for another Sample of different sample type (e.g., 
blood, urine, tissue, tissue extract) for the same Subject; and 
the like. 
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0820 Examples of other data including, e.g., one or more 
clinical parameters. Clinical parameters which are Suitable 
for use in composite methods include, but are not limited to, 
the following: 

0821 (a) established clinical parameters routinely 
measured in hospital clincal labS: age; Sex, body mass 
index; height; weight; family history; medication his 
tory; cigarette Smoking, alcohol intake; blood preSSure; 
full blood cell count (FBCs); red blood cells; white 
blood cells, monocytes, lymphocytes; neutrophils; 
eosinophils, basophils, platelets; haematocrit; haemo 
globin, mean corpuscular Volume and related haemodi 
lution indicators, fibrinogen; functional clotting param 
eters (thromoboplastin and partial thromboplastin); 
electrolytes (Sodium, potassium, calcium, phosphate); 
urea; creatinine; total protein; albumin; globulin; biliru 
bin; protein markers of liver function (alanine ami 
notransferase, alkaline phosphatase, gamma glutamyl 
transferase); glucose, Hbalc (a measure of glucose 
Haemoglobin conjugates used to monitor diabetes); 
lipoprotein profile; total cholesterol; LDL, HDL; trig 
lycerides, blood group. 

0822 (b) established research parameters routinely 
measured in research laboratories but not usually mea 
Sured in hospitals: hormonal Status, testosterone, estro 
gen; progesterone; follicle Stimulating hormone; 
inhibin; transforming growth factor-betal; Transform 
ing growth factor-beta2, chemokines; MCP-1; eotaxin; 
plasminogen activator inhibitor-1, cyStatin C. 

0823 (c) early-stage research parameters measured in 
one or a Small number of Specialist labs. antibodies to 
SRII; antibodies to blood group A antigen; antibodies to 
blood group B antigen; immunoglobulin (Ig|D) against 
alpha-gal; immunoglobulin (Ig)) against penta-gal. 

0824 Diagnostic Spectral Windows 
0825. As discussed above, many of the methods of the 
present invention involve relating NMR spectral intensity at 
one or more predetermined diagnostic Spectral windows 
with a predetermined condition. 
0826 Examples of methods for identifying one or more 
Suitable diagnostic Spectral windows for a given condition, 
using, for example, pattern recognition methods, are 
described herein. 

0827. The term “diagnostic spectral window,” as used 
herein, pertains to narrow range of chemical shift (A8) 
values encompassing an index value, ö, (that is, Ö, falls 
within the range A8). Each index value, and its associated 
spectral window, define a range of chemical shift (A8) in 
which the NMR spectral intensity is indicative of the pres 
ence of one or more chemical Species. 
0828 For 2D NMR methods, the diagnostic spectral 
window refers to a chemical shift patch (Aö, Aö) which 
encompasses an index value, 6, 8). For 3D NMR meth 
ods, the diagnostic spectral window refers to a chemical shift 
Volume (Aö, Aö, Aö) which encompasses an index value, 
8.1, 6.2, Öal. 
0829. In one embodiment, the spectral window is centred 
with respect to its index value (e.g., 8-1.30; Aö=ö 0.04, 
and Aö 1.28-1.32). 
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0830) The breadth of the range, Aö, is determined 
largely by the Spectroscopic parameters, Such as field 
Strength/frequency, temperature, Sample Viscosity, etc. The 
breadth of the range is often chosen to encompass a typical 
spin-coupled multiplet pattern. For peaks whose position 
varies with Sample pH, the breadth of the range is may be 
widened to encompass the expected range of positions. 
0831 Typically, the breadth of the range, Aö, is from 
about 8 0.001 to about 8 0.2. 

0832. In one embodiment, the breadth is from about 6 
0.005 to about 8 0.1. 

0833. In one embodiment, the breadth is from about 6 
0.005 to about 8 0.08. 

0834. In one embodiment, the breadth is from about 6 
0.01 to about 8 0.08. 

0835. In one embodiment, the breadth is from about 6 
0.02 to about 8 0.08. 

0836. In one embodiment, the breadth is from about 6 
0.005 to about 8 0.06. 

0837. In one embodiment, the breadth is from about 6 
0.01 to about 8 0.06. 

0838. In one embodiment, the breadth is from about 6 
0.02 to about 8 0.06. 

0839) 
0840. In one embodiment, the breadth is equal to the 
“bucket' or “bin' width. In one embodiment, the breadth is 
equal to an integer multiple of the “bucket' or “bin' width. 

In one embodiment, the breadth is about Ö 0.04. 

0841 Although the diagnostic spectral windows are 
determined in relation to the condition under Study, the 
precise index values for Such windows may vary in accor 
dance with the experimental parameters employed, for 
example, the digital resolution in the original Spectra, the 
width of the buckets used, the temperature of the spectral 
data acquisition, etc. The exact composition of the Sample 
(e.g., biofluid, tissue, etc.) can affect peak positions by 
compartmentation, metal complexation, protein-Small mol 
ecule binding, etc. The observation frequency will have an 
effect because of different degrees of peak overlap and of 
first/second order nature of Spectra. 
0842) In one embodiment, said one or more predeter 
mined diagnostic spectral windowS is: a Single predeter 
mined diagnostic spectral window. 
0843. In one embodiment, said one or more predeter 
mined diagnostic spectral windowS is: a plurality of prede 
termined diagnostic spectral windows. In practice, this may 
be preferred. 

0844. Although the theoretical limit on the number of 
predetermined diagnostic spectral windowS is a function of 
the data density (e.g., the number of variables, e.g., buckets), 
typically the number of predetermined diagnostic spectral 
windows is from 1 to about 30. It is possible for the actual 
number to be in any Sub-range within these general limits. 
Examples of lower limits include 1, 2, 3, 4, 5, 6, 8, 10, and 
15. Examples of upper limits include 3, 4, 5, 6, 8, 10, 15, 20, 
25, and 30. 

0845) 
2O. 

In one embodiment, the number is from 1 to about 
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46 In one embodiment, the number is from 1 to about 

st In one embodiment, the number is from 1 to about 

sis In one embodiment, the number is from 1 to about 

so In one embodiment, the number is from 1 to about 

so In one embodiment, the number is from 1 to about 

issil In one embodiment, the number is from 1 to about 

s: In one embodiment, the number is from 1 to about 

toss In one embodiment, the number is 1 or 2. 
0854. In one embodiment, said one or more predeter 
mined diagnostic spectral windows is: a plurality of diag 
nostic spectral windows, and, Said NMR spectral intensity at 
one or more predetermined diagnostic Spectral windowS is: 
a combination of a plurality of NMR spectral intensities, 
each of which is NMR spectral intensity for one of said 
plurality of predetermined diagnostic spectral windows. 

0855. In one embodiment, said combination is a linear 
combination. 

0856. In one embodiment, at least one of said one or more 
predetermined diagnostic spectral windows encompasses a 
chemical shift value for an NMR resonance of a diagnostic 
species (e.g., a "H NMR resonance of a diagnostic species). 
0857. In one embodiment, each of a plurality of said one 
or more predetermined diagnostic spectral windows encom 
passes a chemical shift value for an NMR resonance of a 
diagnostic species (e.g., a "H NMR resonance of a diagnos 
tic Species). 
0858. In one embodiment, each of said one or more 
predetermined diagnostic spectral windows encompasses a 
chemical shift value for an NMR resonance of a diagnostic 
species (e.g., a "H NMR resonance of a diagnostic species). 
0859 Diagnostic Spectral Windows-Hypertension 

0860. It is believed that the index values, and the asso 
ciated diagnostic spectral windows, primarily reflect the 
species described in Table 2-1-HYP, Table 2-2-HYP, and/or 
Table 2-3-HYP 

0861. In one embodiment, said predetermined diagnostic 
Spectral windows are defined by one or more index values, 
Ö, corresponding to the bucket regions listed in Table 
2-1-HYP, Table 2-2-HYP, and/or Table 2-3-HYP. 

0862 In one embodiment, said predetermined diagnostic 
Spectral windows are defined by one or more index values, 
8, corresponding to the bucket regions listed in Table 
2-1-HYP, Table 2-2-HYP, and/or Table 2-3-HYP, and 
breadth of the range value, Aö about 0.04. 
0863. In one embodiment, said predetermined diagnostic 
Spectral windows are defined by one or more index values, 
Ö, corresponding to the bucket regions listed in Table 
2-1-HYP, Table 2-2-HYP, and/or Table 2-3-HYP, and which 
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are determined using the conditions Set forth in the Section 
entitled “NMR Experimental Parameters.” 
0864 Diagnostic Spectral Windows-Atherosclerosis/ 
CHD 

0865. It is believed that the index values, and the asso 
ciated diagnostic spectral windows, primarily reflect the 
species described in Table 3-4-CHD. 
0866. In one embodiment, said predetermined diagnostic 
Spectral windows are defined by one or more index values, 
Ö, corresponding to the bucket regions listed in Table 
3-4-CHD. 

0867. In one embodiment, said predetermined diagnostic 
Spectral windows are defined by one or more index values, 
Ö, corresponding to the bucket regions listed in Table 
3-4-CHD, and breadth of the range value, Aö about 0.04. 
0868. In one embodiment, said predetermined diagnostic 
Spectral windows are defined by one or more index values, 
Ö, corresponding to the bucket regions listed in Table 
3-4-CHD, and which are determined using the conditions set 
forth in the section entitled “NMR Experimental Param 
eters. 

0869 Diagnostic Spectral Windows-Osteoporosis 

0870. It is believed that the index values, and the asso 
ciated diagnostic spectral windows, primarily reflect the 
species described in Table 4-1-OP and/of Table 4-2-OP. 
0871. In one embodiment, said predetermined diagnostic 
Spectral windows are defined by one or more index values, 
Ö, corresponding to the bucket regions listed in Table 
4-1-OP and/or Table 4-2-OP. 

0872. In one embodiment, said predetermined diagnostic 
Spectral windows are defined by one or more index values, 
Ö, corresponding to the bucket regions listed in Table 
4-1-OP and/or Table 4-2-OP, and breadth of the range value, 
Aö about 0.04. 
0873. In one embodiment, said predetermined diagnostic 
Spectral windows are defined by one or more index values, 
Ö, corresponding to the bucket regions listed in Table 
4-1-OP and/or Table 4-2-OP, and which are determined 
using the conditions set forth in the section entitled “NMR 
Experimental Parameters.” 
0874 Diagnostic Spectral Windows-Osteoarthritis 

0875. It is believed that the index values, and the asso 
ciated diagnostic spectral windows, primarily reflect the 
species described in Table 5-1-OA and/or Table 5-2-OA. 
0876. In one embodiment, said predetermined diagnostic 
Spectral windows are defined by one or more index values, 
Ö, corresponding to the bucket regions listed in Table 
5-1-OA and/or Table 5-2-OA. 

0877. In one embodiment, said predetermined diagnostic 
Spectral windows are defined by one or more index values, 
Ö, corresponding to the bucket regions listed in Table 
5-1-OA and/or Table 5-2-OA, and breadth of the range 
value, Aö about 0.04. 
0878. In one embodiment, said predetermined diagnostic 
Spectral windows are defined by one or more index values, 
Ö, corresponding to the bucket regions listed in Table r 
























































