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BIOMARKERS FOR PRE-DIABETES, CARDIOVASCULAR DISEASES, AND
OTHER METABOLIC-SYNDROME RELATED DISORDERS AND METHODS
USING THE SAME

Cross-Reference to Related Applications
[0001] This application claims the benefit of U.S. Provisional Application No.

60/950,286, filed July 17, 2007, and U.S. Provisional Application No. 61/037,628, filed

March 18, 2008, the entireties of which are hereby incorporated by reference herein.

Field

[0002] The invention generally relates to biomarkers, methods for identifying
biomarkers correlated to insulin resistance, cardiovascular disease, and metabolic-

syndrome-related disorders and methods based on the same biomarkers.

Background
[0003] Diabetes is classified as either type 1 (early onset) or type 2 (adult onset), with

type 2 comprising 90-95% of the cases of diabetes. Diabetes is the final stage in a
disease process that begins to affect individuals long before the diagnosis of diabetes is
made. Type 2 diabetes develops over 10 to 20 years and results from an impaired ability
to utilize glucose (glucose utilization) due to impaired sensitivity to insulin (insulin
resistance).

[0004] In pre-diabetes, insulin becomes less effective at helping tissues metabolize
glucose. Pre-diabetics may be detectable as early as 20 years before diabetic symptoms
become evident. Studies have shown that although patients show very few symptoms,
long-term physiological damage is already occurring at this stage. Up to 60% of these
individuals will progress to type 2 diabetes within 10 years.

[0005] The American Diabetes Association (ADA) has recommended routine
screening to detect patients with pre-diabetes. Current screening methods for pre-
diabetes include the fasting plasma glucose (FPG) test, the oral glucose tolerance test

(OGTT), the fasting insulin test and the hyperinsulinemic euglycemic clamp (HI clamp).
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The first two tests are used clinically whereas the latter two tests are used extensively in
research but rarely in the clinic. In addition, mathematical means (e.g., HOMA,
QUICKI) that consider the fasting glucose and insulin levels together have been
proposed. However, normal plasma insulin concentrations vary considerably between
individuals as well as within an individual throughout the day. Further, these methods
suffer from variability and methodological differences between laboratories and do not
correlate rigorously with glucose clamp studies.

[0006] Worldwide, an estimated 194 million adults have type 2 diabetes and this
number is expected to increase to 333 million by 2025, largely due to the epidemic of
obesity in westernized societies. In the United States, it is estimated that over 54 million
adults are pre-diabetic, depending on the level of insulin resistance. There are
approximately 1.5 million new cases of type 2 diabetes a year in the United States. The
annual US healthcare cost for diabetes is estimated at $174 billion. This figure has risen
more than 32% since 2002. In industrialized countries such as the U.S., about 25% of
medical expenditures treat glycemic control, 50% is associated with general medical care
associated with diabetes, and the remaining 25% of the costs go to treat long-term
complications, primarily cardiovascular disease. Considering the distribution of the
healthcare costs and the fact that insulin resistance is a direct causal factor in
cardiovascular disease and diabetes progression, it is no surprise that cardiovascular
disease accounts for 70-80% of the mortality observed for diabetic patients. Detecting
and preventing type 2 diabetes has become a major health care priority.

[0007] Diabetes may also lead to the development of other diseases or conditions, or
is a risk factor in the development of conditions such as Metabolic Syndrome and
cardiovascular diseases. Metabolic Syndrome is the clustering of a set of risk factors in
an individual. According to the American Heart Association these risk factors include:
abdominal obesity, decreased ability to properly process glucose (insulin resistance or
glucose intolerance), dyslipidemia (high triglycerides, high LDL, low HDL cholesterol),
hypertension, prothrombotic state (high fibrinogen or plasminogen activator inhibitor-1 in
the blood) and proinflammatory state (elevated C-reactive protein in the blood).
Metabolic Syndrome is also known as syndrome X, insulin resistance syndrome, obesity

syndrome, dysmetabolic syndrome and Reaven’s syndrome. Patients diagnosed with
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Metabolic Syndrome are at an increased risk of developing diabetes, cardiac and vascular
disease. It is estimated that, in the United States, 20% of the adults (>50 million people)
have metabolic syndrome. While it can affect anyone at any age, the incidence increases
with increasing age and in individuals who are inactive, and significantly overweight,
especially with excess abdominal fat.

[0008] Type 2 diabetes is the most common form of diabetes in the United States.
According to the American Diabetes Foundation over 90% of the US diabetics suffer
from Type 2 diabetes. Individuals with Type 2 diabetes have a combination of increased
insulin resistance and decreased insulin secretion that combine to cause hyperglycemia.
Most persons with Type 2 diabetes have Metabolic Syndrome.

[0009] The diagnosis for Metabolic Syndrome is based upon the clustering of three or
more of the risk factors in an individual. There are no well-accepted criteria for
diagnosing the metabolic syndrome. The criteria proposed by the National Cholesterol
Education Program (NCEP) Adult Treatment Panel 111 (ATP I1I), with minor |
modifications, are currently recommended and widely used.

[0010] The American Heart Association and the National Heart, Lung, and Blood
Institute recommend that the metabolic syndrome be identified as the presence of three or
more of these components: increased waist circumference (Men—equal to or greater
than 40 inches (102 cm), Women—equal to or greater than 35 inches (88 cm); elevated
triglycerides (equal to or greater than 150 mg/dL); reduced HDL (“good’) cholesterol
(Men—Iless than 40 mg/dL, Women—Iess than 50 mg/dL); elevated blood pressure
(equal to or greater than 130/85 mm Hg); elevated fasting glucose (equal to or greater
than 100 mg/dL).

[0011] Type 2 diabetes develops slowly and often people first learn they have type 2
diabetes through blood tests done for another condition or as part of a routine exam. In
some cases, type 2 diabetes may not be detected before damage to eyes, kidneys or other
organs has occurred. A need exists for an objective, biochemical evaluation (e.g. lab test)
that can be administered by a primary care provider to identify individuals that are at risk
of developing Metabolic Syndrome or Type 2 diabetes.

[0012] Newer, more innovative molecular diagnostics that reflect the mechanisms of

the patho-physiological progression to pre-diabetes and diabetes are needed because the
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prevalence of pre-diabetes and diabetes is increasing in global epidemic proportions.
Mirroring the obesity epidemic, pre-diabetes and diabetes are largely preventable but are
frequently undiagnosed or diagnosed too late due to the asymptomatic nature of the
progression to clinical disease.

[0013] Therefore there is an unmet need for diagnostic biomarkers and tests that can
identify pre-diabetics at risk of developing type 2 diabetes and to determine the risk of
disease progression in subjects with insulin resistance. Insulin resistance biomarkers and
diagnostic tests can better identify and determine the risk of diabetes development in a
pre-diabetic subject, can monitor disease development and progression and/or regression,
can allow new therapeutic treatments to be developed and can be used to test therapeutic
agents for efficacy on reversing pre-diabetes and/or preventing diabetes. Further, a need
exists for diagnostic biomarkers to more effectively assess the efficacy and safety of pre-

diabetic and diabetic therapeutic candidates.

Summary of the Invention
[0014] In one embodiment, the present disclosure provides a method of diagnosing

insulin resistance in a subject, the method comprising analyzing a biological sample from
a subject to determine the level(s) of one or more biomarkers for insulin resistance in the
sample, where the one or more biomarkers are selected from one or more biomarkers
listed in Tables 4, 5, 6, 7, 8, 9A, 9B, 27, 28, 29 and combinations thereof; and comparing
the level(s) of the one or more biomarkers in the sample to insulin resistance-positive
and/or insulin resistance-negative reference levels of the one or more biomarkers in order
to diagnose whether the subject is insulin resistant.

[0015] In another embodiment, the present disclosure provides a method of
predicting the glucose disposal rate in a subject, the method comprising, analyzing a
biological sample from a subject to determine the level(s) of one or more biomarkers for
insulin resistance in the sample, where the one or more biomarkers are selected from one
or more biomarkers listed in Tables 4, 5, 6, 7, 8, 9A, 9B, and combinations thereof; and
comparing the level(s) of the one or more biomarkers in the sample to glucose disposal
reference levels of the one or more biomarkers in order to predict the glucosal disposal
rate in the subject.

[0016] The disclosure also provides a method of classifying a subject according to
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glucose tolerance from normal glucose tolerance (NGT), impaired fasting glucose
tolerance (IFG), or impaired glucose tolerance (IGT), to type-2 diabetes, the method
comprising, analyzing a biological sample from a subject to determine the level(s) of one
or more biomarkers for glucose tolerance in the sample, where the one or more
biomarkers are selected from one or more biomarkers listed in Tables 4, 5, 6, 7, 8, 9A,
9B, and combinations thereof; and comparing the level(s) of the one or more biomarkers
in the sample to glucose tolerance reference levels of the one or more biomarkers in order
to classify the subject as having NGT, IFG, IGT, or diabetic.

[0017] Further provided is a method of determining susceptibility of a subject to
developing type-2 diabetes, the method comprising, analyzing a biological sample from a
subject to determine the level(s) of one or more biomarkers for pre-diabetes in the
sample, where the one or more biomarkers are selected from one or more biomarkers
listed in Tables 4, 5, 6, 7, 8, 9A, 9B, and combinations thereof; and comparing the
level(s) of the one or more biomarkers in the sample to diabetes-positive and/or diabetes-
negative reference levels of the one or more biomarkers in order to diagnose whether the
subject is susceptible to developing type-2 diabetes.

[0018] The present disclosure also provides a method of determining an insulin
resistance score in a subject, the method comprising, analyzing a biological sample from
a subject to determine the level(s) of one or more biomarkers in the sample, where the
one or more biomarkers are selected from one or more biomarkers listed in Tables 4, 5, 6,
7, 8, 9A, 9B, and combinations thereof; and comparing the level(s) of the one or more
biomarkers in the sample to insulin resistance reference levels of the one or more
biomarkers in order to determine an insulin resistance score for the subject.

[0019] In another embodiment, the present disclosure provides a method of
monitoring the progression or regression of pre-diabetes in a subject, the method
comprising, analyzing a biological sample from a subject to determine the level(s) of one
or more biomarkers for pre-diabetes in the sample, where the one or more biomarkers are
selected from one or more biomarkers listed in Tables 4, 5, 6, 7, 8, 9A, 9B, and
combinations thereof; and comparing the level(s) of the one or more biomarkers in the
sample to pre-diabetes progression and/or pre-diabetes-regression reference levels of the

one or more biomarkers in order to monitor the progression or regression of pre-diabetes
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in a subject.

[0020] In yet another embodiment, the present disclosure provides a method of
monitoring the efficacy of insulin resistance treatment, the method comprising: analyzing
a first biological sample from a subject to determine the level(s) of one or more
biomarkers for pre-diabetes, the first sample obtained from the subject at a first time
point wherein the one or more biomarkers are selected from one or more biomarkers
listed in Tables 4, 5, 6, 7, and 8, and combinations thereof; treating the subject for insulin
resistance; analyzing a second biological sample from the subject to determine the
level(s) of the one or more biomarkers, the second sample obtained from the subject at a
second time point after treatment; comparing the level(s) of one or more biomarkers in
the first sample to the level(s) of the one or more biomarkers in the second sample to
assess the efficacy of the treatment for treating insulin resistance.

[0021] The present disclosure further provides a method of diagnosing whether a
subject has metabolic syndrome, the method comprising, analyzing a biological sample
from a subject to determine the level(s) of one or more biomarkers for metabolic
syndrome in the sample, where the one or more biomarkers are selected from one or more
biomarkers listed in Tables 12 and 13, analyzing the biological sample to determine the
level(s) of one or more biomarkers for glucose disposal, obesity, and/or cardiovascular
disease, wherein the one or more biomarkers for glucose disposal, obesity, and/or
cardiovascular disease are selected from one or more biomarkers identified in Tables 4, 5,
6,7,8,9A,9B, 14, 15, 16, 17, 21, 22, 23, 25, 26, 27, 28, and combinations thereof;, and
comparing the level(s) of the one or more biomarkers in the sample to the respective
disorder-positive and/or disorder-negative reference levels of the one or more biomarkers
in order to diagnose whether the subject has the metabolic syndrome.

[0022] In another embodiment, the present disclosure provides a method of
diagnosing a cardiovascular disease in a subject, the method comprising, analyzing a
biological sample from a subject to determine the level(s) of one or more biomarkers for
a cardiovascular disease in the sample, where the one or more biomarkers are selected
from one or more biomarkers listed in Tables 14, 15, 16, 17, 21, 22, 23, 25, and
combinations thereof; and comparing the level(s) of the one or more biomarkers in the

sample to disease-positive and/or disease-negative reference levels of the one or more
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biomarkers in order to diagnose whether the subject has cardiomyopathy or
atherosclerosis.

[0023] The disclosure further provides a method for determining whether a subject is
predisposed to becoming obese, the method comprising: analyzing a biological sample
from a subject to determine the level(s) of one or more biomarkers for obesity in the
sample, where the one or more biomarkers are selected from one or more biomarkers
listed in Table 26; and comparing the level(s) of the one or more biomarkers in the
sample to obesity-positive and/or obesity-negative and/or lean-positive and/or lean-
negative reference levels of the one or more biomarkers in order to determine whether the
subject is susceptible to obesity.

[0024] In yet a further embodiment, the disclosure provides a method for determining
whether a therapeutic agent is capable of inducing weight gain in a subject, the method
comprising: analyzing a biological sample from a subject receiving a therapeutic agent to
determine the level(s) of one or more biomarkers for obesity in the sample, where the one
or more biomarkers are selected from one or more biomarkers listed in Table 26; and
comparing the level(s) of the one or more biomarkers in the sample to obesity-positive
and/or obesity-negative and/or lean-positive and/or lean-negative reference levels of the
one or more biomarkers in order to determine whether the subject is susceptible to
gaining weight.

[0025] The present disclosure also provides a method for predicting a subject’s
response to a course of treatment for pre-diabetes or diabetes, the method comprising:
analyzing a biological sample from a subject to determine the level(s) of one or more
biomarkers for pre-diabetes, where the one or more Biomarkers are selected from one or
more biomarkers listed in Table 27; comparing the level(s) of one or more biomarkers in
the sample to treatment-positive and/or treatment-negative reference levels of the one or
more biomarkers to predict whether the subject is likely to respond to a course of
treatment.

[0026] The disclosure also provides a method for monitoring a subject’s response to a
treatment for pre-diabetes or diabetes, the method comprising: analyzing a first biological
sample from a subject to determine the level(s) of one or more biomarkers for pre-

diabetes, the first sample obtained from the subject at a first time point where the one or
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more biomarkers are selected from one or more biomarkers listed in Table 28;
administering the composition to the subject; analyzing a second biological sample from
the subject to determine the level(s) of the one or more biomarkers, the second sample
obtained from the subject at a second time point after administration of the composition;
comparing the level(s) of one or more biomarkers in the first sample to the level(s) of the
one or more biomarkers in the second sample to assess the efficacy of the composition

for treating pre-diabetes or diabetes.

Brief Description of the Drawings
[0027] Figure 1 provides a graph showing the mean R? values of Rd correlation as a

function of the number of metabolites. As the number of compounds increases (from
right to left), the r-square value for Rd correlation (Y) increases until it reaches an
optimal number (n<30), indicating that variable selection is more or less stable for the
approximately first 30 variables.

[0028] Figure 2 provides a graph showing the mean R? values of Rd correlation as a
function of the number of metabolites. As the number of compounds increases (from
right to left), test error for Rd correlation (Y) decreases until it reach an optimal number
(n<30), indicating that variable selection is more or less stable for the approximately first
30 variables.

[0029] Figure 3 provides a graph showing the mean R-square values (Y-axis) of Rd
correlation as a function of the number of metabolites (X-axis).

[0030] Figure 4 provides a graph showing the mean test error values (Y-axis) of Rd
correlation as a function of the number of metabolites (X-axis).

[0031] Figure 5 provides a schematic example of a report describing prophetic results
of an algorithm using insulin resistance biomarkers to determine a subject’s level of
insulin resistance that is reported as an “IR Score” and containing additional clinical
information (e.g. BMI, demographic information).

[0032] Figure 6 provides a schematic illustration comparing the use of biomarkers for
patient stratification according to the level of insulin resistance and the use of biomarkers
for patient risk stratification for the progression of insulin resistance.

[0033] Figure 7 provides a Random Forest Analysis Importance plot of one

embodiment of metabolites that are useful biomarkers for predicting glucose disposal.



WO 2009/014639 PCT/US2008/008756

[0034] Figure 8 provides a Random Forest Analysis Importance Plot of one
embodiment of serum metabolites that are useful biomarkers for predicting metabolic
syndrome. A
[0035] Figure 9 provides a Random Forest Analysis Importance Plot of one
embodiment of plasma metabolites that are useful biomarkers for predicting metabolic
syndrome.
[0036] Figure 10 provides a Random Forest Analysis Importance Plots of
embodiments of metabolites from plasma that are useful biomarkers for predicting
atherosclerosis at early (initiation) (Figure 10A), mid (Figure 10B), later (Figure 10C), or
all (Figure 10D) stages of the disease.
[0037] Figure 11 provides a Random Forest Analysis Importance Plots of
embodiments of metabolites from aorta tissue that are useful biomarkers for predicting
atherosclerosis at early (initiation) (Figure 11A), mid (Figure 11B), later (Figure 11C), or
all (Figure 11D) stages of the disease.
[0038] Figure 12 provides a Random Forest Analysis Importance Plots of
embodiments of metabolites from liver tissue that are useful biomarkers for predicting
atherosclerosis at early (initiation) (Figure 12A), mid (Figure 12B), later (Figure 12C), or
all (Figure 12D) stages of the disease.
[0039] Figure 13 provides an example of plasma levels of cholesterol in
atherosclerosis subjects and control subjects at different ages.
[0040] Figure 14 provides an example of plasma levels of docosahexaenoic acid in
atherosclerosis subjects and control subjects at different ages.
[0041] Figure 15 provides an example of plasma levels of Metabolite-7888 in
atherosclerosis subjects and control subjects at different ages.
[0042] Figure 16 provides an example of plasma levels of Metabolite-X8403 in
atherosclerosis subjects and control subjects at different ages.

~[0043] Figure 17 provides an example of plasma levels of Metabolite-X 1834 in
atherosclerosis subjects and control subjects at.different ages.
[0044] Figure 18 provides an example of plasma levels of p-cresol-sulfate in
atherosclerosis subjects and control subjects at different ages.

[0045] Figure 19 provides an example of plasma levels of Metabolite-4887 in
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atherosclerosis subjects and control subjects at different ages.

[0046] Figure 20 provides an example of recursive partitioning of DCM biomarker
metabolites.

[0047] Figure 21 provides an example of model validation using plasma from
metabolic syndrome and healthy subjects.

[0048] Figure 22 provides an example of a model validation using serum from
metabolic syndrome and healthy subjects.

[0049] Figure 23 provides an example of a regression analysis showing the predictive
power of the ten models combined on the glucose disposal rate (Rd).

[0050] Figure 24 provides and illustration of the inter-relationships of the various risk

factors for metabolic syndrome.

Detailed Description of the Invention
[0051] The present invention relates to biomarkers of pre-diabetes (e.g. impaired

glucose tolerance, impaired fasting glucose tolerance, insulin resistance) and type-2
diabetes; methods for diagnosis of pre-diabetes and type 2 diabetes; methods of
determining predisposition to pre-diabetes and typé 2 diabetes; methods of monitoring
progression/regression of pre-diabetes and type 2 diabetes; methods of assessing efficacy
of compositions for treating pre-diabetes and type 2 diabetes; methods of screening
compositions for activity in modulating biomarkers of pre-diabetes and type 2 diabetes;
methods of treating pre-diabetes and type 2 diabetes; as well as other methods based on
biomarkers of pre-diabetes and type 2 diabetes.

[0052] Current blood tests for insulin resistance perform poorly for early detection of
insulin resistance or involve significant medical procedures.

[0053] Using metabolomic analysis, panels of metabolites that can be used in a
simple blood test to predict insulin resistance as measured by the “gold standard” of
hyperinsulinemic euglycemic clamps in at least two independent cohorts of subjects were
discovered.

[0054] Independent studies were carried out to identify a set of biomarkers that when
used with a polynomic algorithm will enable the early detection of changes in insulin

resistance in a subject. The instant invention provides the subject with a score indicating

10
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the level of insulin resistance (“IR Score”) of the subject. The score can be based upon
clinically significant changed reference level for a biomarker and/or combination of
biomarkers. The reference level can be derived from an algorithm or computed from
indices for impaired glucose tolerance and can be presented in a report as shown in
Figure 5. The IR Score places the subject in the range of insulin resistance from normal
to high. Disease progression or remission can be monitored by periodic determination
and monitoring of the IR Score. Response to therapeutic intervention can be determined
by monitoring the IR Score. The IR Score can also be used to evaluate drug efficacy.
[0055] The present invention also relates to biomarkers of metabolic syndrome and
cardiovascular diseases, such as atherosclerosis and cardiomyopathy; methods for
diagnosis of such diseases and syndromes; methods of determining predisposition to such
diseases and syndromes; methods of monitoring progression/regression of such diseases
and syndromes; methods of assessing efficacy of compositions for treating such diseases
and syndromes; methods of screening compositions for activity in modulating biomarkers
of such diseases and syndromes; methods of treating such diseases and syndromes; as
well as other methods based on biomarkers of such diseases and syndromes.

[0056] Prior to describing this invention in further detail, however, the following

terms will first be defined.

Definitions:

[0057] “Biomarker” means a compound, preferably a metabolite, that is differentially
present (i.e., increased or decreased) in a biological sample from a subject or a group of
subjects having a first phenotype (e.g., having a disease) as compared to a biological
sample from a subject or group of subjects having a second phenotype (e.g., not having
the disease). A biomarker may be differentially present at any level, but is generally
present at a level that is increased by at least 5%, by at least 10%, by at least 15%, by at
least 20%, by at least 25%, by at least 30%, by at least 35%, by at least 40%, by at least
45%, by at least 50%, by at least 55%, by at least 60%, by at least 65%, by at least 70%,
by at least 75%, by at least 80%, by at least 85%, by at least 90%, by at least 95%, by at
least 100%, by at least 110%, by at least 120%, by at least 130%, by at least 140%, by at

least 150%, or more; or is generally present at a level that is decreased by at least 5%, by
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at least 10%, by at least 15%, by at least 20%, by at least 25%, by at least 30%, by at least
35%, by at least 40%, by at least 45%, by at least 50%, by at least 55%, by at least 60%,
by at least 65%, by at least 70%, by at least 75%, by at least 80%, by at least 85%, by at
least 90%, by at least 95%, or by 100% (i.e., absent). A biomarker is preferably
differentially present at a level that is statistically significant (e.g., a p-value less than
0.05 and/or a g-value of less than 0.10 as determined using either Welch’s T-test or
Wilcoxon’s rank-sum Test). Alternatively, the biomarkers demonstrate a correlation with
pre-diabetes, or particular levels of pre-diabetes. The range of possible correlations is
between negative (-) 1 and positive (+) 1. A result of negative (-) 1 means a perfect
negative correlation and a positive (+) 1 means a perfect positive correlation, and 0
means no correlation at all. A “substantial positive correlation” refers to a biomarker
having a correlation from +0.25 to +1.0 with a disorder or with a clinical measurement
(e.g., Rd), while a “substantial negative correlation” refers to a correlation from -0.25 to -
1.0 with a given disorder or clinical measurement. A “significant positive correlation”
refers to a biomarker having a correlation of from +0.5 to +1.0 with a given disorder or
clinical measurement (e.g., Rd), while a “significant negative correlation” refers to a
correlation to a disorder of from -0.5 to -1.0 with a given disorder or clinical
measurement.

[0058] The “level” of one or more biomarkers means the absolute or relative amount
or concentration of the biomarker in the sample.

[0059] “Sample” or “biological sample” or “specimen’ means biological material
isolated from a subject. The biological sample may contain any biological material
suitable for detecting the desired biomarkers, and may comprise cellular and/or non-
cellular material from the subject. The sample can be isolated from any suitable
biological tissue or fluid such as, for example, adipose tissue, aortic tissue, liver tissue,
blood, blood plasma, serum, or urine.

[0060] “Subject” means any animal, but is preferably a mammal, such as, for
example, a human, monkey, non-human primate, rat, mouse, cow, dog, cat, pig, horse, or
rabbit.

[0061] A “reference level” of a biomarker means a level of the biomarker that is

indicative of a particular disease state, phenotype, or lack thereof, as well as
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combinations of disease states, phenotypes, or lack thereof. A “positive” reference level
of a biomarker means a level that is indicative of a particular disease state or phenotype.
A “negative” reference level of a biomarker means a level that is indicative of a lack of a
particular disease state or phenotype. For example, a “pre-diabetes-positive reference
level” of a biomarker means a level of a biomarker that is indicative of a positive
diagnosis of pre-diabetes in a subject, and a “pre-diabetes-negative reference level” of a
biomarker means a level of a biomarker that is indicative of a negative diagnosis of pre-
diabetes in a subject. As another example, a “pre-diabetes-progression-positive réference
level” of a biomarker means a level of a biomarker that is indicative of progression of the
pre-diabetes in a subject, and a “pre-diabetes-regression-positive reference level” of a
biomarker means a level of a biomarker that is indicative of regression of the pre-
diabetes. A “reference level” of a biomarker may be an absolute or relative amount or
concentration of the biomarker, a presence or absence of the biomarker, a range of
amount or concentration of the biomarker, a minimum and/or maximum amount or
concentration of the biomarker, a mean amount or concentration of the biomarker, and/or
a median amount or concentration of the biomarker; and, in addition, “reference levels”
of combinations of biomarkers may also be ratios of absolute or relative amounts or
concentrations of two or more biomarkers with respect to each other. Appropriate
positive and negative reference levels of biomarkers for a particular disease state,
phenotype, or lack thereof may be determined by measuring levels of desired biomarkers
in one or more appropriate subjects, and such reference levels may be tailored to specific
populations of subjects (e.g., a reference level may be age-matched so that comparisons
may be made between biomarker levels in samples from subjects of a certain age and
reference levels for a particular disease state, phenotype, or lack thereof in a certain age
group). Such reference levels may also be tailored to specific techniques that are used to
measure levels of biomarkers in biological samples (e.g., LC-MS, GC-MS, etc.), where
the levels of biomarkers may differ based on the specific technique that is used.

[0062] “Non-biomarker compound” means a compound that is not differentially
present in a biological sample from a subject or a group of subjects having a first
phenotype (e.g., having a first disease) as compared to a biological sample from a subject

or group of subjects having a second phenotype (e.g., not having the first disease). Such
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non-biomarker compounds may, however, be biomarkers in a biological sample from a
subject or a group of subjects having a third phenotype (e.g., having a second disease) as
compared to the first phenotype (e.g., having the first disease) or the second phenotype
(e.g., not having the first disease).

[0063] “Metabolite”, or “small molecule”, means organic and inorganic molecules
which are present in a cell. The term does not include large macromolecules, such as
large proteins (e.g., proteins with molecular weights over 2,000, 3,000, 4,000, 5,000,
6,000, 7,000, 8,000, 9,000, or 10,000), large nucleic acids (e.g., nucleic acids with
molecular weights of over 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000, or
10,000), or large polysaccharides (e.g., polysaccharides with a molecular weights of over
2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000, or 10,000). The small molecules
of the cell are generally found free in solution in the cytoplasm or in other organelles,
such as the mitochondria, where they form a pool of intermediates which can be
metabolized further or used to generate large molecules, called macromolecules. The
term "small molecules" includes signaling molecules and intermediates in the chemical
reactions that transform energy derived from food into usable forms. Examples of small
molecules include sugars, fatty acids, amino acids, nucleotides, intermediates formed
during cellular processes, and other small molecules found within the cell.

[0064] “Metabolic profile”, or “small molecule profile”, means a complete or partial
inventory of small molecules within a targeted cell, tissue, organ, organism, or fraction
thereof (e.g., cellular compartment). The inventory may include the quantity and/or type
of small molecules present. The “small molecule profile” may be determined using a
single technique or multiple different techniques.

[0065] “Metabolome” means all of the small molecules present in a given organism.
[0066] “Metabolic disorder” refers to disorders or diseases that result in perturbation
of the normal physiological state of homeostasis due to an alteration in metabolism
(anabolism and/or catabolism). An alteration in metabolism can result from an inability
to break down (catabolize) a substance that should be broken down (e.g. phenylalanine)
and as a result the substance and/or an intermediate substance builds up to toxic levels, or
from an inability to produce (anabolize) some essential substance (e.g. insulin).

[0067] “Metabolic syndrome” refers to the concept of a clustering of metabolic risk
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factors that come together in a single individual and lead to a high risk of developing
diabetes and/or cardiovascular diseases. The main features of metabolic syndrome
include insulin resistance, hypertension (high blood pressure), cholesterol abnormalities,
dyslipidemia, triglyceride abnormalities, an increased risk for clotting and excess body
weight, especially in the abdomen, or obesity. Metabolic syndrome is also known as
syndrome X, insulin resistance syndrome, obesity syndrome, dysmetabolic syndrome and
Reaven’s syndrome. The inter-relationships of the various risk factors for metabolic
syndrome are illustrated in Figure 24. The presence of three or more of the risk factors in
a single individual is indicative of metabolic syndrome. The American Heart Association
suggests that metabolic syndrome be diagnosed by the presence of three or more of the
following components: (1) an elevated waste circumference (men, equal to or greater
than 40 inches (102cm); women, equal to or greater than 35 inches (88cm)); (2) elevated
triglycerides (equal to or greater than 150 mg/dL); (3) reduced High Density Lipids or
HDL (men, less than 40 mg/dL; women, less than 50 mg/dL); (4) elevated blood pressure
(equal to or greater than 130/85 mm Hg); and (5) elevated fasting glucose (equal to or
greater than 100 mg/dL).

[0068] “Metabolic syndrome-related metabolic disorder” as used herein refers to
metabolic syndrome as well as obesity, insulin resistance, type-2 diabetes,
atherosclerosis, and cardiomyopathy.

[0069] “Diabetes” refers to a group of metabolic diseases characterized by high blood
sugar (glucose) levels which result from defects in insulin secretion or action, or both.
[0070] “Type 2 diabetes” refers to one of the two major types of diabetes, the type in
which the beta cells of the pancreas produce insulin, at least in the early stages of the
disease, but the body is unable to use it effectively because the cells of the body are
resistant to the action of insulin. In later stages of the disease the beta cells may stop
producing insulin. Type 2 diabetes is also known as insulin-resistant diabetes, non-
insulin dependent diabetes and adult-onset diabetes.

[0071] “Pre-diabetes” refers to one or more early diabetic conditions including
impaired glucose utilization, abnormal or impaired fasting glucose levels, impaired
glucose tolerance, impaired insulin sensitivity and insulin resistance.

[0072] “Insulin resistance” refers to the condition when cells become resistant to the
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effects of insulin — a hormone that regulates the uptake of glucose into cells — or when
the amount of insulin produced is insufficient to maintain a normal glucose level. Cells
are diminished in the ability to respond to the action of insulin in promoting the transport
of the sugar glucose from blood into muscles and other tissues(i.e. sensitivity to insulin
decreases). Eventually, the pancreas produces far more insulin than normal and the cells
continue to be resistant. As long as enough insulin is produced to overcome this
resistance, blood glucose levels remain normal. Once the pancreas is no longer able to
keep up, blood glucose starts to rise, resulting in diabetes. Insulin resistance ranges from
normal (insulin sensitive) to insulin resistant (IR).

[0073] “Insulin sensitivity” refers to the ability of cells to respond to the effects of
insulin to regulate the uptake and utilization of glucose. Insulin sensitivity ranges from
normal to Insulin Resistant (IR).

[0074] The “IR Score” is a measure of insulin resistance based upon the insulin
resistance biomarkers and algorithms of the instant invention that will allow the physician
to place the patient on the spectrum of glucose tolerance, from normal to high.

[0075] “Glucose utilization” refers to the absorption of glucose from the blood by
muscle and fat cells and utilization of the sugar for cellular metabolism. The uptake of
glucose into cells is stimulated by insulin. _

[0076] “Rd” refers to glucose disposal rate, a metric for glucose utilization. The rate
at which glucose disappears from the blood (disposal rate) is an indication of the ability
of the body to respond to insulin (i.e. insulin sensitivity). There are several methods to
determine Rd and the hyperinsulinemic euglycemic clamp is regarded as the “gold
standard” method. In this technique, while a fixed amount of insulin is infused, the blood
glucose is “clamped” at a predetermined level by the titration of a variable rate of glucose
infusion. The underlying principle is that upon reaching steady state, by definition,
glucose disposal is equivalent to glucose appearance. During hyperinsulinemia, glucose
disposal (Rd) is primarily accounted for by glucose uptake into skeletal muscle, and
glucose appearance is equal to the sum of the exogenous glucose infusion rate plus the
rate of hepatic glucose output (HGO). The rate of glucose infusion during the last 30
minutes of the test determines insulin sensitivity. If high levels (Rd = 7.5 mg/min or

higher) are required, the patient is insulin-sensitive. Very low levels (Rd = 4.0 mg/min or
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lower) indicate that the body is resistant to insulin action. Levels between 4.0 and 7.5
mg/min (Rd values between 4.0 mg/min and 7.5 mg/min) are not definitive and suggest
"impaired glucose tolerance," an early sign of insulin resistance.

[0077] “Impaired fasting glucose (IFG)” and “impaired glucose tolerance (IGT)” are
the two clinical definitions of “pre-diabetes”. 1FG is defined as a fasting blood glucose
concentration of 100-125 mg/dL. IGT is defined as a postprandial (after eating) blood
glucose concentration of 140-199 mg/dL. It is known that IFG and IGT do not always
detect the same pre-diabetic populations. Between the two populations there is
approximately a 60% overlap observed. Fasting plasma glucose levels are a more
efficient means of inferring a patient’s pancreatic function, or insulin secretion, whereas
postprandial glucose levels are more frequently associated with inferring levels of insulin
sensitivity or resistance. IGT is known to identify a greater percentage of the pre-diabetic
population compared to IFG. The IFG condition is associated with lower insulin
secretion, whereas the IGT condition is known to be strongly associated with insulin
resistance. Numerous studies have been carried out that demonstrate that IGT individuals
with normal FPG values are at increased risk for cardiovascular disease. Patients with
normal FPG values may have abnormal postprandial glucose values and are often
unaware of their risk for pre-diabetes, diabetes, and cardiovascular disease.

[0078] “Fasting plasma glucose (FPG) test” is a simple test measuring blood glucose
levels after an 8 hour fast. According to the ADA, blood glucose concentration of 100-
125 mg/dL is considered IFG and defines pre-diabetes whereas >126 mg/dL defines
diabetes. As stated by the ADA, FPG is the preferred test to diagnose diabetes and pre-
diabetes due to its ease of use, patient acceptability, lower cost, and relative
reproducibility. The weakness in the FPG test is that patients are quite advanced toward
Type 2 Diabetes before fasting glucose levels change.

[0079] “Oral glucose tolerance test (OGTT)”, a dynamic measurement of glucose, is
a postprandial measurement of a patient’s blood glucose levels after oral ingestion of a 75
g glucose drink. Traditional measurements include a fasting blood sample at the
beginning of the test, a one hour time point blood sample, and a 2 hour time point blood
sample. A patient’s blood glucose concentration at the 2 hour time point defines the level

of glucose tolerance: Normal glucose tolerance (NGT) <140 mg/dL blood glucose;
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Impaired glucose tolerance (IGT) = 140-199 mg/dL blood glucose; Diabetes >200 mg/dL
blood glucose. As stated by the ADA, even though the OGTT is known to be more
sensitive and specific at diagnosing pre-diabetes and diabetes, it is not recommended for
routine clinical use because of its poor reproducibility and difficulty to perform in
practice.

[0080] “Fasting insulin test” measures the circulating mature form of insulin in
plasma. The current definition of hyperinsulinemia is difficult due to lack of
standardization of insulin immunoassays, cross-reactivity to proinsulin forms, and no
consensus on analytical requirements for the assays. Within-assay CVs range from 3.7%-
39% and among-assay CVs range from 12%-66%. Therefore, fasting insulin is not
commonly measured in the clinical setting and is limited to the research setting.

[0081] The “hyperinsulinemic euglycemic clamp (HI clamp)” is considered
worldwide as the “gold standard” for measuring insulin resistance in patients. It is
performed in a research setting, requires insertion of two catheters into the patient and the
patient must remain immobilized for up to six hours. The HI clamp involves creating
steady-state hyperinsulinemia by insulin infusion, along with parallel glucose infusion in
order to quantify the required amount of glucose to maintain euglycemia (normal
concentration of glucose in the blood; also called normoglycemia). The result is a
measure of the insulin-dependent glucose disposal rate (Rd), measuring the peripheral
uptake of glucose by the muscle (primarily) and adipose tissues. This rate of glucose
uptake is notated by M, whole body glucose metabolism by insulin action under steady
state conditions. Therefore, a high M indicates high insulin sensitivity and a lower M
value indicates reduced insulin sensitivity, i.e. insulin resistance. The HI clamp requires
three trained professionals to carry out the procedure, including simultaneous infusions of
insulin and glucose over 2-4 hours and frequent blood sampling every 5 minutes for
analysis of insulin and glucose levels. Due to the high cost, complexity, and time
required for the HI clamp, this procedure is strictly limited to the clinical research setting.
[0082] “Obesity” refers to a chronic condition defined by an excess amount body fat.
The normal amount of body fat (expressed as percentage of body weight) is between 25-
30% in women and 18-23% in men. Women with over 30% body fat and men with over

25% body fat are considered obese.
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[0083] “Body Mass Index, (or BMI)” refers to a calculation that uses the height and
weight of an individual to estimate the amount of the individual’s body fat. Too much
body fat (e.g. obesity) can lead to illnesses and other health problems. BMI is the
measurement of choice for many physicians and researchers studying obesity. BMI is
calculated using a mathematical formula that takes into account both height and weight of
the individual. BMI equals a person's weight in kilograms divided by height in meters
squared. (BMI=kg/m®). Subjects having a BMI less than 19 are considered to be
underweight, while those with a BMI of between 19 and 25 are considered to be of
normal weight, while a BMI of between 25 to 29 are generally considered overweight,
while individuals with a BMI of 30 or more are typically considered obese. Morbid
obesity refers to a subject having a BMI of 40 or greater.

[0084]) “Cardiovascular disease” refers to any disease of the heart or blood vessels.
Cardiovascular or heart disease includes but is not limited to, for example, angina,
arrhythmia, coronary artery disease (CAD), coronary heart disease, cardiomyopathy
(including dilated cardiomyopathy, restrictive cardiomyopathy, arrhythmogenic right
ventricular cardiomyopathy, and diabetic cardiomyopathy) heart attack (myocardial
infarction), heart failure, hypertrophic cardiomyopathy, mitral regurgitation, mitral valve
prolapse, pulmonary stenosis, etc. Blood vessel disease includes but is not limited to, for
example, peripheral vascular disease, artery disease, carotid artery disease, deep vein

thrombosis, venous diseases, atherosclerosis, etc.

I. Biomarkers

[0085] The biomarkers described herein were discovered using metabolomic
profiling techniques. Such metabolomic profiling techniques are described in more detail
in the Examples set forth below as well as in U.S. Patents No. 7,005,255 and 7,329,489
and U.S. Patent Application Nos. 11/357,732 (Publication No. 2007/0026389),
11/301,077 (Publication No. 2006/0134676), 11/301,078 (Publication No.
2006/0134677), 11/301,079 (Publication No. 2006/0134678), and 11/405,033
(Publication No. US 2007/0072203), the entire contents of which are hereby incorporated
herein by reference.

[0086] Generally, metabolic profiles may be determined for biological samples from

human subjects diagnosed with a condition such as pre-diabetes as well as from one or
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more other groups of human subjects (e.g., healthy control subjects with normal glucose
tolerance, subjects with impaired glucose tolerance, subjects with insulin resistance). The
metabolic profile for a pre-diabetes disorder may then be compared to the metabolic
profile for biological samples from the one or more other groups of subjects. The
comparisons may be conducted using models or algorithms, such as those described
herein. Those molecules differentially present, including those molecules differentially
present at a level that is statistically significant, in the metabolic profile of samples from
subjects with a pre-diabetes disorder as compared to another group (e.g., healthy control
subjects not pre-diabetic) may be identified as biomarkers to distinguish those groups.
[0087] Biomarkers for use in the methods disclosed herein may be obtained from any
source of biomarkers related to pre-diabetes and/or type-2 diabetes. Biomarkers for use
in methods disclosed herein relating to pre-diabetes include those listed in Tables 4, 5, 6,
7, 8,9A, 9B, 27, 28, 29, and combinations and subsets thereof. In one embodiment, the
biomarkers include those listed in Tables 4, 5, 6, 7, 8, 9A, 9B, 27, 28, and combinations
thereof. Additional biomarkers include those disclosed in U.S. Application No.
60/950,286, the entirety of which is hereby incorporated by reference in its entirety. In
one aspect, the biomarkers correlate to insulin resistance.

[0088] Biomarkers for use in methods disclosed herein relating to metabolic
syndrome-related metabolic disorders include those listed in Tables 4, 5, 6, 7, 8, 9A, 9B,
12, 13,14, 15,16, 17, 21, 22, 23, 25, 26, 27, 28, 29, and combinations thereof. For
example, biomarkers for use in distinguishing, or aiding in distinguishing, between
subjects having metabolic syndrome and subjects not having metabolic syndrome include
those biomarkers identified in Tables 4, 5, 6, 7, 8, 9A, 9B, 12, 13, 14, 15, 16, 17, 21, 22,
23,25, 26,27, 28, 29, and combinations thereof. In one aspect, biomarkers for use in
methods relating to metabolic syndrome include one or more of those listed in Tables 12
and 13. In another aspect biomarkers for use in methods relating to metabolic syndrome
using plasma samples obtained from a subject include one or more of those listed in
Table 12. In a preferred aspect, the biomarkers for use in methods disclosed herein -
related to metabolic syndrome using plasma samples obtained from a subject include one
or more of the biomarkers N-acetylglycine, metabolite-6346, metabolite-8792, gamma-

glu-leu, metabolite-4806, metabolite-3165, metabolite-7762, metabolite-3030,
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metabolite-5978, metabolite-3218, metabolite-2000, metabolite-5848, metabolite-3370,
malic acid, metabolite-3843, metabolite-4275, metabolite-3094, metabolite-4167,
metabolite-3073, aldosterone, metabolite-1320, metabolite-2185, phenylalanine,
metabolite-2139, glutamic acid, alpha-tocopherol, metabolite-5767, metabolite-5346,
metabolite-9855, and 1-octadecanol, and combinations thereof. In yet another aspect,
biomarkers for use in methods relating to metabolic syndrome using serum samples
obtained from a subject include one or more of those listed in Table 13. In a preferred
aspect, the biomarkers for use in metabolic syndrome methods disclosed herein using
serum samples obtained from a subject include one or more of the biomarkers metabolite-
8792, metabolite-5767, metabolite-2139, metabolite-8402, metabolite-3073,
phenylalanine, metabolite-4929, metabolite-3370, nonanate, N-acetylglycine, metabolite-
5848, metabolite-3077, monopalmitin, dioctyl-phthalate, octadecanoic acid, cholesterol,
metabolite-2608, metabolite-6272, metabolite-3012, D-glucose, metabolite-2986,
metabolite-4275, metabolite-6268, tyrosine, metabolite-10683, metabolite-2000, alpha-
tocopherol, metabolite-2469, xanthine, and metabolite-2039, and combinations thereof.
{0089] In another aspect, biomarkers for use in methods disclosed herein relating to
metabolic syndrome may include the.use of one or more biomarkers listed in Tables 12
and/or 13 in combination with one or more biomarkers in one or more of Tables 4,5,6,
7,8,9A,9B, 14, 15, 16, 17, 21, 22, 23, 25, 26, 27, 28, or combinations thereof. For
example, biomarkers for use in methods relating to metabolic syndrome may include one
or more biomarkers listed in Tables 12 and/or 13 in combination with one or more
biomarkers associated with insulin resistance, such as those listed in Tables 4, 5, 6, 7, 8,
9A, 9B, 27, 28, or combinations thereof.

[0090] Biomarkers for use in methods disclosed herein relating to pre-diabetic or
diabetic conditions, such as impaired insulin sensitivity, insulin resistance, or type-2
diabetes include one or more of those listed in Tables 4, 5, 6, 7, 8, 9A, 9B, 27, 28, and
combinations thereof. Such biomarkers allow subjects to be classified as insulin
resistant, insulin impaired, or insulin sensitive. In one aspect, biomarkers for use in
distinguishing or aiding in distinguishing, between subjects having impaired insulin
sensitivity from subjects not having impaired insulin sensitivity include one or more of

those listed in Table 4, 5, 6, 7, 8, 9A, and/or 9B. In another aspect, biomarkers for use in
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diagnosing insulin resistance include one or more of those listed in Tables 4, 5, 6, 7, 8,
9A, and/or 9B. In another example, biomarkers for use in distinguishing subjects having
insulin resistance from subject not having insulin resistance include one or more of those
listed in Tables 4, 5, 6, 7, 8, 9A, and/or 9B. In another example, biomarkers for use in
categorizing, or aiding in categorizing, a subject as having impaired fasting glucose levels
or impaired glucose tolerance include one or more of those listed in Tables 4, 5, 6, 7, 8,
9A, and/or 9B.

[0091] Biomarkers for use in methods disclosed herein relating to atherosclerosis
include one or more of those listed in Tables 14, 15, 16, and/or 17 and combinations
thereof. For example, biomarkers for use in distinguishing, or aiding in distinguishing,
atherosclerotic subjects from non-atherosclerotic subjects include one or more of those
biomarkers listed in Tables 14, 15, 16, 17, 3-methylhistidine, p-cresol sulfate, mannose,
glucose, and/or gluconate, and combinations thereof. In one aspect biomarkers for use in
methods relating to atherosclerosis using plasma samples from a subject include one or
more of 3-methylhistidine, p-cresol sulfate, mannose, glucose, gluconate, and those listed
in Tables 14 and 17. In another aspect biomarkers for use in methods relating to
atherosclerosis using aortic samples from a subject include one or more of those listed in
Table 15. In yet another aspect, biomarkers for use in methods relating to atherosclerosis
using liver samples from a subject include one or more of those listed in Table 16. In one
aspect, preferred biomarkers for use in methods involving subjects in an early stage of
atherosclerosis include the biomarkers identified in Figures 10A, 11A, and 12A.
Preferred biomarkers for use in methods involving subjects in a mid-stage of
atherosclerosis include the biomarkers identified in Figures 10B, 11B, and 12B.
Preferred biomarkers for use in methods involving subjects in a later stage of
atherosclerosis include the biomarkers identified in Figures 10C, 11C, and 12C.
Preferred biomarkers for use in methods involving subjects in any stage of atherosclerosis
include the biomarkers identified in Figures 10D, 11D, and 12D.

[0092] Biomarkers for use in methods disclosed herein relating to cardiomyopathy
include one or more of those biomarkers listed in Tables 21, 22, 23, and/or 25. Such
markers may be used, for example, to distinguish, or aiding in distinguishing, between

subjects having cardiomyopathy from subjects not having cardiomyopathy. In one
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aspect, biomarkers for use in methods relating to cardiomyopathy using cardiac tissue
samples from a subject include one or more of those listed in Table 21. In another aspect,
biomarkers for use in methods relating to cardiomyopathy using plasma samples from a
subject include one or more of those listed in Table 22 and/or 23.

[0093] Biomarkers for use in methods disclosed herein relating to obesity include one
or more of those biomarkers listed in Table 26. Such markers may be used, for example,
to distinguish obese subjects from lean subjects. Such markers may also be used in
combination with biomarkers for pre-diabetes, metabolic syndrome, atherosclerosis, or
cardiomyopathy. In another aspect, the markers may be used, for example, to determine
susceptibility to obesity or weight gain. In another aspect, the markers may be used, for
example, to determine if a therapeutic agent is likely to induce weight gain in a subject.
[0094] Any number of biomarkers may be used in the methods disclosed herein.
That is, the disclosed methods may include the determination of the level(s) of one
biomarker, two or more biomarkers, three or more biomarkers, four or more biomarkers,
five or more biomarkers, six or more biomarkers, seven or more biomarkers, eight or
more biomarkers, nine or more biomarkers, ten or more biomarkers, fifteen or more
biomarkers, etc., including a combination of all of the biomarkers in each or all of Tables
4,5,6,7,8,9A,9B, 14, 15, 16, 17, 21, 22, 23, 25, 26, 27, 28, 29, or any fraction thereof.
In another aspect, the number of biomarkers for use in the disclosed methods include the
levels of about thirty or less biomarkers, twenty-five or less, twenty or less, fifteen or
less, ten or less, nine or less, eight or less, seven or less, six or less, five or less
biomarkers. In another aspect, the number of biomarkers for use in the disclosed
methods include the levels of one, two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen, fourteen, fifteen, twenty, twenty-five, or thirty biomarkers.
[0095] Although the identities of some of the biomarkers compounds are not known
at this time, such identities are not necessary for the identification of the biomarkers in
biological samples from subjects, as the “unnamed” compounds have been sufficiently
characterized by analytical techniques to allow such identification. The analytical
characterization of all such “unnamed” compounds is listed in the Examples. Such
“unnamed” biomarkers are designated herein using the nomenclature “Metabolite”

followed by a specific metabolite number.
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[0096] In addition, the methods disclosed herein using the biomarkers listed in the
tables may be used in combination with clinical diagnostic measures of the respective
conditions. Combinations with clinical diagnostics may facilitate the disclosed methods,
or confirm results of the disclosed methods (for example, facilitating or confirming
diagnosis, monitoring progression or regression, and/or determining predisposition to
pre-diabetes).

[0097] Finally, where the potential identity of a compound is proposed for an
“unnamed” metabolite and such identity has not been confirmed, the nomenclature of
“possible” (along with the potential compound identity) follows the “Metabolite”
number. Such proposed identity should not be considered as limiting the analytical

characterization of the otherwise “unnamed” compounds.

I1. Diagnostic Methods

[0098] The biomarkers described herein may be used to diagnose, or to aid in
diagnosing, whether a subject has a disease or condition, such as insulin resistance, pre-
diabetes, type-2 diabetes, metabolic syndrome, atherosclerosis, or cardiomyopathy. For
example, biomarkers for use in diagnosing, or aiding in diagnosing, whether a subject has
a insulin resistance include one or more of those identified in Tables 4, S, 6, 7, 8, 9A, 9B,
27, 28, 29, and combinations thereof. In one embodiment, the biomarkers include one or
more of those identified in Tables 4, 5, 6, 7, 8, 9A, 9B, 27, 28, and combinations thereof.
In another embodiment, combinations of biomarkers include those, such as 2-
hydroxybutyrate in combination with one or more biomarkers indentified in Tables 4, 5,
6,7, 8,9A, 9B, 27, 28, and/or 29.

[0099] Methods for diagnosing, or aiding in diagnosing, whether a subject has a
disease or condition, such as pre-diabetes, metabolic syndrome, atherosclerosis, or
cardiomyopathy, may performed using one or more of the biomarkers identified in the
respective tables provided herein. A method of diagnosing (or aiding in diagnosing)
whether a subject has a disease or condition, such as pre-diabetes, metabolic syndrome,
atherosclerosis, or cardiomyopathy, comprises (1) analyzing a biological sample from a
subject to determine the level(s) of one or more biomarkers of the disease or condition in
the sample and (2) comparing the level(s) of one or more biomarkers in the sample to

disease- or condition-positive and/or disease- or condition-negative reference levels of
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the one or more biomarkers to diagnose (or aid in the diagnosis of) whether the subject
has the disease or condition. For example, a method of diagnosing (or aiding in
diagnosing) whether a subject is pre-diabetic comprises (1) analyzing a biological sample
from a subject to determine the level(s) of one or more biomarkers of pre-diabetes in the
sample and (2) comparing the level(s) of the one or more biomarkers in the sample to
pre-diabetes-positive and/or pre-diabetes-negative reference levels of the one or more
biomarkers in order to diagnose (or aid in the diagnosis of) whether the subject has pre-
diabetes. The one or more biomarkers that are used are selected from Tables 4, 5, 6, 7, 8,
9A, 9B, and combinations thereof. When such a method is used in aiding in the
diagnosis of a disease or condition, such as insulin resistance, pre-diabetes, metabolic
syndrome, atherosclerosis, or cardiomyopathy, the results of the method may be used
along with other methods (or the results thereof) useful in the clinical determination of
whether a subject has a given disease or condition. Methods useful in the clinical
determination of whether a subject has a disease or condition such as pre-diabetes,
metabolic syndrome, atherosclerosis, or cardiomyopathy are known in the art. For
example, methods useful in the clinical determination of whether a subject has pre-
diabetes include, for example, glucose disposal rates (Rd), body weight measurements,
waist circumference measurements, BMI determinations, Peptide YY measurements,
Hemoglobin A1C measurements, adiponectin measurements, fasting plasma glucose
measurements, free fatty acid measurements, fasting plasma insulin measurements, and
the like. Methods useful for the clinical determination of atherosclerosis and/or
cardiomyopathy in a subject include angiography, stress-testing, blood tests (e.g. to
measure homocysteine, fibrinogen, lipoprotein (a), small LDL particles, and c-reactive
protein levels), electrocardiography, echocardiography, computed tomography (CT)
scans, ankle/brachial index, and intravascular ultrasounds.

[00100] In another example, the identification of biomarkers for diseases or conditions
such as insulin resistance, pre-diabetes, metabolic syndrome, atherosclerosis, and
cardiomyopathy, allows for the diagnosis of (or for aiding in the diagnosis of) such
diseases or conditions in subjects presenting one or more symptoms of the disease or
condition. For example, a method of diagnosing (or aiding in diagnosing) whether a

subject has insulin resistance comprises (1) analyzing a biological sample from a subject
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to determine the level(s) of one or more biomarkers of insulin resistance in the sample
and (2) comparing the level(s) of the one or more biomarkers in the sample to insulin
resistance-positive and/or insulin resistance-negative reference levels of the one or more
biomarkers in order to diagnose (or aid in the diagnosis of) whether the subject has
insulin resistance. The one or more biomarkers that are used are selected from Tables 4,
5,6,7,8,9A, and/or 9B. The biomarkers for insulin resistance may also be used to
classify subjects as being either insulin resistant, insulin sensitive, or having impaired
insulin sensitivity. As described in Example 2, below, biomarkers are identified that may
be used to classify subjects as being insulin resistant, insulin sensitive, or having
impaired insulin sensitivity. The biomarkers in Tables 4, 5, 6, 7, 8, 9A, and/or 9B, may
also be used to classify subjects as having impaired fasting glucose levels or impaired
glucose tolerance or normal glucose tolerance. Thus, the biomarkers may indicate
compounds that increase and decrease as the glucose disposal rate increases. By
determining appropriate reference levels of the biomarkers for each group (insulin
resistant, insulin impaired, insulin sensitive), subjects can be diagnosed appropriately.
The results of this method may be combined with the results of clinical measurements to
aid in the diagnosis of insulin resistance or for categorizing the subject as having NGT,
IFG, or IGT.

[00101] Increased insulin resistance correlates with the glucose disposal rate (Rd) as
measured by the HI clamp. As exemplified below, metabolomic analysis was carried out
to identify biomarkers that correlate with the glucose disposal rate (Rd). These
biomarkers can be used in a mathematical model to determine the glucose disposal rate of
the subject. The insulin sensitivity of the individual can be determined using this model.
Using metabolomic analysis, panels of metabolites that can be used in a simple blood test
to predict insulin resistance as measured by the “gold standard” of hyperinsulinemic
euglycemic clamps in at least two independent cohorts of subjects were discovered. In
another example, biomarkers are identified that correlate with the results of oral glucose
tolerance tests (OGTT) for use in categorizing subjects as having normal glucose
tolerance (NGT), impaired fasting glucose levels (IFG), or impaired glucose tolerance
(GT).

[00102] Independent studies were carried out to identify a set of biomarkers that when
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used with a polynomic algorithm will enable the early detection of changes in insulin
resistance in a subject. In one aspect, the instant invention provides the subject with a
score indicating the level of insulin resistance (“IR Score”) of the subject. The score is
based upon clinically significant changed reference level for a biomarker and/or
combination of biomarkers. The reference level can be derived from an algorithm or
computed from indices for impaired glucose tolerance and can be presented in a report as
shown in Figure 5. The IR Score places the subject in the range of insulin resistance
from normal (i.e. insulin sensitive) to high. Disease progression or remission can be
monitored by periodic determination and monitoring of the IR Score. Response to
therapeutic intervention can be determined by monitoring the IR Score. The IR Score
can also be used to evaluate drug efficacy.

[00103] Methods for determining a subject’s insulin resistance score (IR score) may be
performed using one or more of the biomarkers identified in the respective Tables
provided herein. For example, a method for determining the IR score of a subject
comprises the steps of: (1) analyzing a biological sample from a subject to determine the
level(s) of one or more insulin resistance biomarkers in the sample, and (2) comparing
the level(s) of the one or more insulin resistance biomarkers in the sample to insulin
resistance reference levels of the one or more biomarkers in order to determine the
subject’s insulin resistance score. The one or more biomarkers that are used may be
selected from Tables 4, 5, 6, 7, 8, 9A, 9B, and combinations thereof. The method may
employ any number of markers selected from Tables 4, S, 6, 7, 8, 9A, and/or 9B,
including 1,2, 3,4,5,6,7, 8,9, 10, or more markers. Multiple biomarkers may be
correlated with a given condition, such as insulin resistance, by any method, including
statistical methods such as regression analysis.

[00104] Also as exemplified below, metabolomic analysis was carried out to identify
biomarkers that correlate with metabolic syndrome, atherosclerosis, cardiomyopathy, and
other diseases or conditions. Such biomarkers may be used in the methods of the present
invention to analyze biological samples to identify or measure the level of the biomarkers
in the sample.

[00105] Any suitable method may be used to analyze the biological sample in order to

determine the level(s) of the one or more biomarkers in the sample. Suitable methods
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include chromatography (e.g., HPLC, gas chromatography, liquid chromatography),
mass spectrometry (e.g., MS, MS-MS), enzyme-linked immunosorbent assay (ELISA),
antibody linkage, other immunochemical techniques, and combinations thereof. Further,
the level(s) of the one or more biomarkers may be measured indirectly, for example, by
using an assay that measures the level of a compound (or compounds) that correlates
with the level of the biomarker(s) that are desired to be measured.

[00106]  After the level(s) of the one or more biomarker(s) is determined, the level(s)
may be compared to disease or condition reference level(s) of the one or more
biomarker(s) to determine a rating for each of the one or more biomarker(s) in the
sample. The rating(s) may be aggregated using any algorithm to create a score, for
example, an insulin resistance (IR) score, for the subject. The algorithm may take into
account any factors relating to the disease or condition, such as insulin resistance,
including the number of biomarkers, the correlation of the biomarkers to the disease or
condition, etc.

[00107] In one example, the subject’s insulin resistance score may be correlated to any
index indicative of a level insulin resistance, from normal glucose tolerance to insulin
resistant. For example, a subject having an insulin resistance score of less than 25 may
indicate that the subject has normal glucose tolerance; a score of between 26 and 50 may
indicate that the subject has low impaired glucose tolerance; a score of between 51 and
75 may indicate that the subject has medium impaired glucose tolerance; a score of
between 76 and 100 may indicate that the subject has high impaired glucose tolerance;

and a score above 100 may indicate that the subject has type-2 diabetes.

III. Monitoring Disease or Condition Progression / Regression

[00108] The identification of biomarkers herein allows for monitoring
progression/regression of the respective diseases or conditions (e.g. pre-diabetes,
metabolic syndrome, atherosclerosis, cardiomyopathy, insulin resistance, etc.) in a
subject. A method of monitoring the progression/regression of disease or condition, such
as pre-diabetes, type-2 diabetes, metabolic syndrome, atherosclerosis, and
cardiomyopathy, in a subject comprises (1) analyzing a first biological sample from a
subject to determine the level(s) of one or more biomarkers for the respective disease or

condition selected from Tables 4, 5, 6, 7, 8, 9A, 9B, 14, 15, 16, 17; 21, 22, 23, 25, 26, 27,
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28, and combinations thereof in the first sample obtained from the subject at a first time
point, (2) analyzing a second biological sample from a subject to determine the level(s) of
the one or more biomarkers, the second sample obtained from the subject at a second
time point, and (3) comparing the level(s) of one or more biomarkers in the first sample
to the level(s) of the one or more biomarkers in the second sample in order to monitor the
progression/regression of the disease or condition in the subject. The results of the
method are indicative of the course of the disease or condition (i.e., progression or
regression, if any change) in the subject.

[00109] In one embodiment, the results of the method may be based on Insulin
Resistance (IR) Score which is indicative of the insulin resistance in the subject and
which can be monitored over time. By comparing the IR Score from a first time point
sample to the IR Score from at least a second time point sample the progression or
regression of IR can be determined. Such a method of monitoring the
progression/regression of pre-diabetes and/or type-2 diabetes in a subject comprises (1)
analyzing a first biological sample from a subject to determine an IR score for the first
sample obtained from the subject at a first time point, (2) analyzing a second biological
sample from a subject to determine a second IR score, the second sample obtained from
the subject at a second time point, and (3) comparing the IR score in the first sample to
the IR score in the second sample in order to monitor the progression/regression of pre-
diabetes and/or type-2 diabetes in the subject.

[00110] Using the biomarkers and algorithm of the instant invention for progression
monitoring may guide, or assist a physician’s decision to implement preventative

measures such as dietary restrictions, exercise, or early-stage drug treatment.

IV. Determining Predisposition to a Disease or Condition

[00111] The biomarkers identified herein may also be used in the determination of
whether a subject not exhibiting any symptoms of a disease or condition, such as pre-
diabetes, type-2 diabetes, metabolic syndrome, atherosclerosis, or cardiomyopathy. The
biomarkers may be used, for example, to determine whether a subject is predisposed to
developing, for example, insulin resistance. Such methods of determining whether a
subject having no symptoms of a particular disease or condition such as pre-diabetes,

type-2 diabetes, metabolic syndrome, atherosclerosis, or cardiomyopathy, is predisposed
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to developing a particular disease or condition comprise (1) analyzing a biological sample
from a subject to determine the level(s) of one or more biomarkers listed in the respective
tables (e.g. Tables 4, 5, 6, 7, 8, 9A, 9B, 14, 15, 16, 17, 21, 22, 23, 25, 26, and
combinations thereof) in the sample and (2) comparing the level(s) of the one or more
biomarkers in the sample to disease- or condition-positive and/or disease- or condition-
negative reference levels of the one or more biomarkers in order to determine whether the
subject is predisposed to developing the respective disease or condition. For example,
the identification of biomarkers for insulin resistance allows for the determination of
whether a subject having no symptoms of insulin resistance is predisposed to developing
insulin resistance. A method of determining whether a subject having no symptoms of
insulin resistance is predisposed to developing insulin resistance comprises (1) analyzing
a biological sample from a subject to determine the level(s) of one or more biomarkers
listed in Tables 4, 5, 6, 7, 8, 9A, and 9B, and combinations thereof in the sample and (2)
comparing the level(s) of the one or more biomarkers in the sample to insulin resistance-
positive and/or insulin resistance-negative reference levels of the one or more biomarkers
in order to determine whether the subject is predisposed to developing insulin resistance.
The results of the method may be used along with other methods (or the results thereof)
useful in the clinical determination of whether a subject is predisposed to developing the
disease or condition.

[00112]  After the level(s) of the one or more biomarkers in the sample are determined,
the level(s) are compared to disease- or condition-positive and/or disease- or condition-
negative reference levels in order to predict whether the subject is predisposed to
developing a disease or condition such as pre-diabetes, type-2 diabetes, metabolic
syndrome, atherosclerosis, or cardiomyopathy. Levels of the one or more biomarkers in a
sample corresponding to the disease- or condition-positive reference levels (e.g., levels
that are the same as the reference levels, substantially the same as the reference levels,
above and/or below the minimum and/or maximum of the reference levels, and/or within
the range of the reference levels) are indicative of the subject being predisposed to
developing the disease or condition. Levels of the one or more biomarkers in a sample
corresponding to disease- or condition-negative reference levels (e.g., levels that are the

same as the reference levels, substantially the same as the reference levels, above and/or
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below the minimum and/or maximum of the reference levels, and/or within the range of
the reference levels) are indicative of the subject not being predisposed to developing the
disease or condition. In addition, levels of the one or more biomarkers that are
differentially present (especially at a level that is statistically significant) in the sample as
compared to disease- or condition-negative reference levels may be indicative of the
subject being predisposed to developing the disease or condition. Levels of the one or
more biomarkers that are differentially present (especially at a level that is statistically
significant) in the sample as compared to disease- condition-positive reference levels are
indicative of the subject not being predisposed to developing the disease or condition.
[00113] By way of example, after the level(s) of the one or more biomarkers in the
sample are determined, the level(s) are compared to insulin resistance-positive and/or
insulin resistance-negative reference levels in order to predict whether the subject is
predisposed to developing insulin resistance. Levels of the one or more biomarkers in a
sample corresponding to the insulin resistance-positive reference levels (e.g., levels that
are the same as the reference levels, substantially the same as the reference levels, above
and/or below the minimum and/or maximum of the reference levels, and/or within the
range of the reference levels) are indicative of the subject being predisposed to
developing insulin resistance. Levels of the one or more biomarkers in a sample
corresponding to the insulin resistance-negative reference levels (e.g., levels that are the
same as the reference levels, substantially the same as the reference levels, above and/or
below the minimum and/or maximum of the reference levels, and/or within the range of
the reference levels) are indicative of the subject not being predisposed to developing
insulin resistance. In addition, levels of the one or more biomarkers that are differentially
present (especially at a level that is statistically significant) in the sample as compared to
insulin resistance-negative reference levels are indicative of the subject being predisposed
to developing insulin resistance. Levels of the one or more biomarkers that are
differentially present (especially at a level that is statistically significant) in the sample as
compared to insulin resistance-positive reference levels are indicative of the subject not
being predisposed to developing insulin resistance. Although insulin resistance is
discussed in this example, predisposition to the other diseases or conditions may also be

determined in accordance with this method by using one or more of the respective
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biomarkers as set forth above.

[00114]  Furthermore, it may also be possible to determine reference levels specific to
assessing whether or not a subject that does not have a disease or condition such as
insulin resistance, pre-diabetes, type-2 diabetes, metabolic syndrome, atherosclerosis, or
cardiomyopathy, is predisposed to developing a disease or condition. For example, it
may be possible to determine reference levels of the biomarkers for assessing different
degrees of risk (e.g., low, medium, high) in a subject for developing a disease or
condition. Such reference levels could be used for comparison to the levels of the one or

more biomarkers in a biological sample from a subject.

V. Monitoring Therapeutic Efficacy:

[00115]) The biomarkers provided also allow for the assessment of the efficacy of a
composition for treating a disease or condition such as insulin resistance, pre-diabetes,
type-2 diabetes, metabolic syndrome, atherosclerosis, or cardiomyopathy. For example,
the identification of biomarkers for insulin resistance also allows for assessment of the
efficacy of a composition for treating insulin resistance as well as the assessment of the
relative efficacy of two or more compositions for treating insulin resistance. Such
assessments may be used, for example, in efficacy studies as well as in lead selection of
compositions for treating the disease or condition.

[00116] Thus, also provided are methods of assessing the efficacy of a composition for
treating a disease or condition such as insulin resistance, pre-diabetes, type-2 diabetes,
metabolic syndrome, atherosclerosis, or cardiomyopathy comprising (1) analyzing, from
a subject (or group of subjects) having a disease or condition such as pre-diabetes, type-2
diabetes, metabolic syndrome, atherosclerosis, or cardiomyopathy and currently or
previously being treated with a composition, a biological sample (or group of samples) to
determine the level(s) of one or more biomarkers for the disorder selected from Tables 4,
5,6,7,8,9A,9B, 14, 15, 16, 17, 21, 22, 23, 25, 26, 27, 28, and combinations thereof, and
(2) comparing the level(s) of the one or more biomarkers in the sample to (a) level(s) of
the one or more biomarkers in a previously-taken biological sample from the subject,
wherein the previously-taken biological sample was obtained from the subject before
being treated with the composition, (b) disease- or condition-positive reference levels of

the one or more biomarkers, (c) disease- or condition-negative reference levels of the one
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or more biomarkers, (d) disease- or condition-progression-positive reference levels of the
one or more biomarkers, and/or (e) disease- or condition-regression-positive reference
levels of the one or more biomarkers. The results of the comparison are indicative of the
efficacy of the composition for treating the respective disease or condition.

[00117] The change (if any) in the level(s) of the one or more biomarkers over time
may be indicative of progression or regression of the disease or condition in the subject.
To characterize the course of a given disease or condition in the subject, the level(s) of
the one or more biomarkers in the first sample, the level(s) of the one or more biomarkers
in the second sample, and/or the results of the comparison of the levels of the biomarkers
in the first and second samples may be compared to the respective disease- or condition-
positive and/or disease- or condition-negative reference levels of the one or more
biomarkers. If the comparisons indicate that the level(s) of the one or more biomarkers
are increasing or decreasing over time (e.g., in the second sample as compared to the first
sample) to become more similar to the disease- or condition-positive reference levels (or
less similar to the disease- or condition-negative reference levels), then the results are
indicative of the disease’s or condition’s progression. If the comparisons indicate that the
level(s) of the one or more biomarkers are increasing or decreasing over time to become
more similar to the disease- or condition-negative reference levels (or less similar to the
disease- or condition-positive reference levels), then the results are indicative of the
disease’s or condition’s regression.

[00118] For example, in order to characterize the course of insulin resistance in the
subject, the level(s) of the one or more biomarkers in the first sample, the level(s) of the
one or more biomarkers in the second sample, and/or the results of the comparison of the
levels of the biomarkers in the first and second samples may be compared to insulin
resistance-positive and/or insulin resistance-negative reference levels of the one or more
biomarkers. If the comparisons indicate that the level(s) of the one or more biomarkers
are increasing or decreasing over time (e.g., in the second sample as compared to the first
sample) to become more similar to the insulin resistance-positive reference levels (or less
similar to the insulin resistance-negative reference levels), then the results are indicative
of insulin resistance progression. If the comparisons indicate that the level(s) of the one

or more biomarkers are increasing or decreasing over time to become more similar to the
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insulin resistance-negative reference levels (or less similar to the insulin resistance-
positive reference levels), then the results are indicative of insulin resistance regression.
[00119] The second sample may be obtained from the subject any period of time after
the first sample is obtained. In one aspect, the second sample is obtained 1, 2, 3,4, 5, 6,
or more days after the first sample or after the initiation of the administration of a
composition. In another aspect, the second sample is obtained 1, 2, 3,4, 5,6, 7, 8, 9, 10,
or more weeks after the first sample or after the initiation of the administration of a
composition. In another aspect, the second sample may be obtained 1, 2, 3,4, 5, 6, 7, 8,
9,10, 11, 12, or more months after the first sample or after the initiation of the
administration of a composition.

[00120] The course of a disease or condition such as insulin resistance, pre-diabetes,
type-2 diabetes, metabolic syndrome, atherosclerosis, or cardiomyopathy in a subject
may also be characterized by comparing the level(s) of the one or more biomarkers in the
first sample, the level(s) of the one or more biomarkers in the second sample, and/or the
results of the comparison of the levels of the biomarkers in the first and second samples
to disease- or condition-progression-positive and/or disease- or condition-regression-
positive reference levels. If the comparisons indicate that the level(s) of the one or more
biomarkers are increasing or decreasing over time (e.g., in the second sample as
compared to the first sample) to become more similar to the disease- or condition-
progression-positive reference levels (or less similar to the disease- or condition-
regression-positive reference levels), then the results are indicative of the disease or
condition progression. If the comparisons indicate that the level(s) of the one or more
biomarkers are increasing or decreasing over time to become more similar to the disease-
or condition-regression-positive reference levels (or less similar to the disease- or
condition-progression-positive reference levels), then the results are indicative of disease
or condition regression.

[00121]  As with the other methods described herein, the comparisons made in the
methods of monitoring progression/regression of a disease or condition such as insulin
resistance, pre-diabetes, type-2 diabetes, metabolic syndrome, atherosclerosis, or
cardiomyopathy in a subject may be carried out using various techniques, including

simple comparisons, one or more statistical analyses, and combinations thereof.
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[00122])  The results of the method may be used along with other methods (or the
results thereof) useful in the clinical monitoring of progression/regression of the disease
or condition in a subject.

[00123]  As described above in connection with methods of diagnosing (or aiding in
the diagnosis of) a disease or condition such as insulin resistance, pre-diabetes, type-2
diabetes, metabolic syndrome, atherosclerosis, or cardiomyopathy, any suitable method
may be used to analyze the biological samples in order to determine the level(s) of the
one or more biomarkers in the samples. In addition, the level(s) one or more biomarkers,
including a combination of all of the biomarkers in Tables 4, 5, 6, 7, 8, 9A, 9B, 14, 15,
16, 17,21, 22, 23, 25, 26, 27, and/or 28, or any fraction thereof, may be determined and
used in methods of monitoring progression/regression of the respective disease or
condition in a subject.

[00124]  Such methods could be conducted to monitor the course of disease or
condition development in subjects, for example the course of pre-diabetes to type-2
diabetes in a subject having pre-diabetes, or could be used in subjects not having a
disease or condition (e.g., subjects suspected of being predisposed to developing the
disease or condition) in order to monitor levels of predisposition to the disease or
condition.

[00125] Clinical studies from around the world have been carried out to test whether
anti-diabetic therapies, such as metformin or acarbose, can prevent diabetes progression
in pre-diabetic patients. These studies have shown that such therapies can prevent
diabetes onset. From the U.S. Diabetes Prevention Program (DPP), metformin reduced
the rate of progression to diabetes by 38% and lifestyle and exercise intervention reduced
the rate of progression to diabetes by 56%. Because of such successes, the ADA has
revised its 2008 Standards of Medical Care in Diabetes to include the following
statements in the section on Prevention/Delay of Type 2 Diabetes: “In addition to
lifestyle counseling, metformin may be considered in those who are at very high risk
(combined IFG and IGT plus other risk factors) and who are obese and under 60 years of
age.”

[00126] Pharmaceutical companies have carried out studies to assess whether certain

classes of drugs, such as the PPARYy class of insulin sensitizers, can prevent diabetes
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progression. Similar to the DPP trial, some of these studies have shown great promise
and success for preventing diabetes, whereas others have exposed a certain amount of
risk associated with certain anti-diabetic pharmacologic treatments when given to the
general pre-diabetic population as defined by current IR diagnostics. Pharmaceutical
companies are in need of diagnostics that can identify and stratify high risk pre-diabetics
so they can assess the efficacy of their pre-diabetic therapeutic candidates more
effectively and safely.

[00127] Considering the infrequency of the oral glucose tolerance test (OGTT)
procedures in the clinical setting, a new diagnostic test that directly measures insulin
resistance in a fasted sample would enable a physician to identify and stratify patients
who are moving toward the etiology of pre-diabetes and cardiovascular disease much

earlier.

VI. Identification of Responders and Non-responders to Therapeutic:

[00128] The biomarkers provided also allow for the identification of subjects in whom
the composition for treating a disease or condition such as pre-diabetes, type-2 diabetes,
metabolic syndrome, atherosclerosis, or cardiomyopathy is efficacious (i.e. patient
responds to therapeutic). For example, the identification of biomarkers for insulin
resistance also allows for assessment of the subject response to a composition for treating
insulin resistance as well as the assessment of the relative patient response to two or more
compositions for treating insulin resistance. Such assessments may be used, for example,
in selection of compositions for treating the disease or condition for certain subjects.
[00129] Thus, also provided are methods of predicting the response of a patient to a
composition for treating a disease or condition such as pre-diabetes, type-2 diabetes,
metabolic syndrome, atherosclerosis, or cardiomyopathy comprising (1) analyzing, from
a subject (or group of subjects) having a disease or condition such as pre-diabetes, type-2
diabetes, metabolic syndrome, atherosclerosis, or cardiomyopathy and currently or
previously being treated with a composition, a biological sample (or group of samples) to
determine the level(s) of one or more biomarkers for the disorder selected from Tables 4,
5,6,7,8,9A,9B, 14, 15, 16, 17, 21, 22, 23, 25, 26, 27, and 28, and combinations thereof,
and (2) comparing the level(s) of the one or more biomarkers in the sample to (a) level(s)

of the one or more biomarkers in a previously-taken biological sample from the subject,
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wherein the previously-taken biological sample was obtained from the subject before
being treated with the composition, (b) disease- or condition-positive reference levels of
the one or more biomarkers, (c) disease- or condition-negative reference levels of the one
or more biomarkers, (d) disease- or condition-progression-positive reference levels of the
one or more biomarkers, and/or (e¢) disease- or condition-regression-positive reference
levels of the one or more biomarkers. The results of the comparison are indicative of the
response of the patient to the composition for treating the respective disease or condition.
[00130] The change (if any) in the level(s) of the one or more biomarkers over time
may be indicative of response of the subject to the therapeutic. To characterize the
course of a given therapeutic in the subject, the level(s) of the one or more biomarkers in
the first sample, the level(s) of the one or more biomarkers in the second sample, and/or
the results of the comparison of the levels of the biomarkers in the first and second
samples may be compared to the respective disease- or condition-positive and/or disease-
or condition-negative reference levels of the one or more biomarkers. If the comparisons
indicate that the level(s) of the one or more biomarkers are increasing or decreasing over
time (e.g., in the second sample as compared to the first sample) to become more similar
to the disease- or condition-positive reference levels (or less similar to the disease- or
condition-negative reference levels), then the results are indicative of the patient not
responding to the therapeutic. If the comparisons indicate that the level(s) of the one or
more biomarkers are increasing or decreasing over time to become more similar to the
disease- or condition-negative reference levels (or less similar to the disease- or
condition-positive reference levels), then the results are indicative of the patient
responding to the therapeutic.

[00131] For example, in order to characterize the patient response to a therapeutic for
insulin resistance, the level(s) of the one or more biomarkers in the first sample, the
level(s) of the one or more biomarkers in the second sample, and/or the results of the
comparison of the levels of the biomarkers in the first and second samples may be
compared to insulin resistance-positive and/or insulin resistance-negative reference levels
of the one or more biomarkers. If the comparisons indicate that the level(s) of the one or
more biomarkers are increasing or decreasing over time (e.g., in the second sample as

compared to the first sample) to become more similar to the insulin resistance-positive
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reference levels (or less similar to the insulin resistance-negative reference levels), then
the results are indicative of non-response to the therapeutic. If the comparisons indicate
that the level(s) of the one or more biomarkers are increasing or decreasing over time to
become more similar to the insulin resistance-negative reference levels (or less similar to
the insulin resistance-positive reference levels), then the results are indicative of response
to the therapeutic. A

[00132] The second sample may be obtained from the subject any period of time after
the first sample is obtained. In one aspect, the second sample is obtained 1, 2, 3, 4, 5, 6,
or more days after the first sample. In another aspect, the second sample is obtained 1, 2,
3,4,5,6,7, 8,9, 10, or more weeks after the first sample or after the initiation of
treatment with the composition. In another aspect, the second sample may be obtained 1,
2,3,4,5,6,7,8,9, 10, 11, 12, or more months after the first sample or after the initiation
of treatment with the composition.

[00133]  As with the other methods described herein, the comparisons made in the
methods of determining a patient response to a therapeutic for a disease or condition such
as insulin resistance, pre-diabetes, type-2 diabetes, metabolic syndrome, atherosclerosis,
or cardiomyopathy in a $ubject may be carried out using various techniques, including
simple comparisons, one or more statistical analyses, and combinations thereof.

[00134]  The results of the method may be used along with other methods (or the
results thereof) useful in determining a patient response to a therapeutic for the disease or
condition in a subject.

[00135] As described above in connection with methods of diagnosing (or aiding in
the diagnosis of) a disease or condition such as pre-diabetes, type-2 diabetes, metabolic
syndrome, atherosclerosis, or cardiomyopathy, any suitable method may be used to
analyze the biological samples in order to determine the level(s) of the one or more
biomarkers in the samples. In addition, the level(s) one or more biomarkers, including a
combination of all of the biomarkers in Tables 4, 5, 6, 7, 8, 9A,9B, 14, 15, 16, 17, 21, 22,
23,25, 26, 27, and/or 28, or any fraction thereof, may be determined and used in methods
of monitoring progression/regression of the respective disease or condition in a subject.
[00136] Such methods could be conducted to monitor the patient response to a

therapeutic for a disease or condition development in subjects, for example the course of
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pre-diabetes to type-2 diabetes in a subject having pre-diabetes, or could be used in
subjects not having a disease or condition (e.g., subjects suspected of being predisposed
to developing the disease or condition) in order to monitor levels of predisposition to the
disease or condition.

[00137] Pharmaceutical companies have carried out studies to assess whether certain
classes of drugs, such as the PPARYy class of insulin sensitizers, can prevent diabetes
progression. Some of these studies have shown great promise and success for preventing
diabetes, whereas others have exposed a certain amount of risk associated with certain
anti-diabetic pharmacologic treatments when given to the general pre-diabetic population
as defined by current IR diagnostics. Pharmaceutical companies are in need of
diagnostics that can identify responders and non-responders in order to stratify high risk
pre-diabetics to assess the efficacy of their pre-diabetic therapeutic candidates more
effectively and safely. A new diagnostic test that discriminates non-responding from
responding patients to a therapeutic would enable pharmaceutical companies to identify
and stratify patients that are likely to respond to the therapeutic agent and target specific

therapeutics for certain cohorts that are likely to respond to the therapeutic.

VII. Methods of Screening a Composition for Activity in Modulating Biomarkers

[00138] The biomarkers provided herein also allow for the screening of compositions
for activity in modulating biomarkers associated with a disease or condition, such as pre-
diabetes, type-2 diabetes, metabolic syndrome, atherosclerosis, and cardiomyopathy,
which may be useful in treating the disease or condition. Such methods comprise
assaying test compounds for activity in modulating the levels of one or more biomarkers
selected from the respective biomarkers listed in the respective tables. Such screening
assays may be conducted in vitro and/or in vivo, and may be in any form known in the art
useful for assaying modulation of such biomarkers in the presence of a test composition
such as, for example, cell culture assays, organ culture assays, and in vivo assays (e.g.,
assays involving animal models). For example, the identification of biomarkers for
insulin resistance also allows for the screeniﬁg of compositions for activity in modulating

biomarkers associated with insulin resistance, which may be useful in treating insulin
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resistance. Methods of screening compositions useful for treatment of insulin resistance
comprise assaying test compositions for activity in modulating the levels of one or more
biomarkers in Tables 4, 5, 6, 7, 8, 9A, 9B, 27, and/or 28. Although insulin resistance is
discussed in this example, the other diseases and conditions such as pre-diabetes, type-2
diabetes, metabolic syndrome, atherosclerosis, and cardiomyopathy may also be
diagnosed or aided to be diagnosed in accordance with this method by using one or more
of the respective biomarkers as set forth above.

[00139] The methods for screening a composition for activity in modulating one or
more biomarkers of a disease or condition such as insulin resistance, pre-diabetes, type-2
diabetes, metabolic syndrome, atherosclerosis, and cardiomyopathy comprise (1)
contacting one or more cells with a composition, (2) analyzing at least a portion of the
one or more cells or a biological sample associated with the cells to determine the level(s)
of one or more biomarkers of a disease or condition selected from the biomarkers
provided in Tables 4, 5, 6, 7, 8, 9A, 9B, 14, 15, 16, 17, 21, 22, 23, 25, and/or 26; and (3)
comparing the level(s) of the one or more biomarkers with predetermined standard levels
for the one or more biomarkers to determine whether the composition modulated the
level(s) of the one or more biomarkers. In one embodiment, a method for screening a
composition for activity in modulating one or more biomarkers of insulin resistance
comprises (1) contacting one or more cells with a composition, (2) analyzing at least a
portion of the one or more cells or a biological sample associated with the cells to
determine the level(s) of one or more biomarkers of insulin resistance selected from
Tables 4, 5, 6, 7, 8, 9A, and/or 9B; and (3) comparing the level(s) of the one or more
biomarkers with predetermined standard levels for the one or more biomarkers to
determine whether the composition modulated the level(s) of the one or more biomarkers.
As discussed above, the cells may be contacted with the composition in vitro and/or in
vivo. The predetermined standard levels for the one or more biomarkers may be the
levels of the one or more biomarkers in the one or more cells in the absence of the
composition. The predetermined standard levels for the one or more biomarkers may
also be the level(s) of the one or more biomarkers in control cells not contacted with the
composition.

[00140] In addition, the methods may further comprise analyzing at least a portion of
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the one or more cells or a biological sample associated with the cells to determine the
level(s) of one or more non-biomarker compounds of a disease or condition, such as pre-
diabetes, type-2 diabetes, metabolic syndrome, atherosclerosis, and cardiomyopathy. The
levels of the non-biomarker compounds may then be compared to predetermined standard
levels of the one or more non-biomarker compounds.

[00141]  Any suitable method may be used to analyze at least a portion of the one or
more cells or a biological sample associated with the cells in order to determine the
level(s) of the one or more biomarkers (or levels of non-biomarker compounds). Suitable
methods include chromatography (e.g., HPLC, gas chromatography, liquid
chromatography), mass spectrometry (e.g., MS, MS-MS), ELISA, antibody linkage, other
immunochemical techniques, biochemical or enzymatic reactions or assays, and
combinations thereof. Further, the level(s) of the one or more biomarkers (or levels of
non-biomarker compounds) may be measured indirectly, for example, by using an assay
that measures the level of a compound (or compounds) that correlates with the level of

the biomarker(s) (or non-biomarker compounds) that are desired to be measured.

VIII. Method of Identifying Potential Drug Targets

[00142] The disclosure also provides methods of identifying potential drug targets for
diseases or conditions such as insulin resistance, pre-diabetes, type-2 diabetes, metabolic
syndrome, atherosclerosis, and cardiomyopathy, using the biomarkers listed in Tables 4,
5,6,7,8,9A,9B, 14, 15, 16, 17, 21, 22, 23, 25, 26, 27, and/or 28. A method for
identifying a potential drug target for a disease or condition such as pre-diabetes, type-2
diabetes, metabolic syndrome, atherosclerosis and cardiomyopathy comprises (1)
identifying one or more biochemical pathways associated with one or more biomarkers
for a metabolic syndrome-related metabolic disorder selected from the respective tables
(Tables 4, 5,6, 7, 8,9A,9B, 14, 15, 16, 17, 21, 22, 23, 25, 26, 27, and/or 28); and (2)
identifying a protein (e.g., an enzyme) affecting at least one of the one or more identified
biochemical pathways, the protein being a potential drug target for the disease or
condition. For example, the identification of biomarkers for insulin resistance also allows

for the identification of potential drug targets for insulin resistance. A method for
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identifying a potential drug target for insulin resistance comprises (1) identifying one or
more biochemical pathways associated with one or more biomarkers for insulin
resistance selected from Tables 4, 5, 6, 7, 8, 9A, 9B, 27, and/or 28, and (2) identifying a
protein (e.g., an enzyme) affecting at least one of the one or more identified biochemical
pathways, the protein being a potential drug target for insulin resistance. Although
insulin resistance is discussed in this example, the other diseases or conditions such as
type-2 diabetes, metabolic syndrome, atherosclerosis and cardiomyopathy, may also be
diagnosed or aided to be diagnosed in accordance with this method by using one or more
of the respective biomarkers as set forth above.

[00143]  Another method for identifying a potential drug target for a disease or
condition such as pre-diabetes, type-2 diabetes, metabolic syndrome, atherosclerosis, and
cardiomyopathy comprises (1) identifying one or more biochemical pathways associated
with one or more biomarkers for a metabolic syndrome-related metabolic disorder
selected from the respective table(s) (Tables 4, 5, 6, 7, 8, 9A, 9B, 14, 15, 16, 17, 21, 22,
23, 25, 26, 27, and/or 28) and one or more non-biomarker compounds of the disease or
condition and (2) identifying a protein affecting at least one of the one or more identified
biochemical pathways, the protein being a potential drug target for the disease or
condition. For example, a method for identifying a potential drug target for insulin
resistance comprises (1) identifying one or more biochemical pathways associated with
one or more biomarkers for insulin resistance selected from Tables 4, 5, 6, 7, 8, 9A, 9B,
27, and/or 28, and one or more non-biomarker compounds of insulin resistance and (2)
identifying a protein affecting at least one of the one or more identified biochemical
pathways, the protein being a potential drug target for insulin resistance.

[00144]  One or more biochemical pathways (e.g., biosynthetic and/or metabolic
(catabolic) pathway) are identified that are associated with one or more biomarkers (or
non-biomarker compounds). After the biochemical pathways are identified, one or more
proteins affecting at least one of the pathways are identified. Preferably, those proteins
affecting more than one of the pathways are identified.

[00145] A build-up of one metabolite (e.g., a pathway intermediate) may indicate the
presence of a ‘block’ downstream of the metabolite and the block may result in a

low/absent level of a downstream metabolite (e.g. product of a biosynthetic pathway). In
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a similar manner, the absence of a metabolite could indicate the presence of a ‘block’ in
the pathway upstream of the metabolite resulting from inactive or non-functional
enzyme(s) or from unavailability of biochemical intermediates that are required
substrates to produce the product. Alternatively, an increase in the level of a metabolite
could indicate a genetic mutation that produces an aberrant protein which results in the
over-production and/or accumulation of a metabolite which then leads to an alteration of
other related biochemical pathways and result in dysregulation of the normal flux through
the pathway; further, the build-up of the biochemical intermediate metabolite may be
toxic or may compromise the production of a necessary intermediate for a related
pathway. It is possible that the relationship between pathways is currently unknown and
this data could reveal such a relationship.

[00146]) The proteins identified as potential drug targets may then be used to identify
compositions that may be potential candidates for treating a particular disease or

condition, such as insulin resistance, including compositions for gene therapy.

IX. Methods of Treatment
[00147] In another aspect, methods for treating a disease or condition such as pre-
diabetes, type-2 diabetes, metabolic syndrome, atherosclerosis, and cardiomyopathy are

- provided. The methods generally involve treating a subject having a disease or condition
such as pre-diabetes, type-2 diabetes, metabolic syndrome, atherosclerosis, and
cardiomyopathy with an effective amount of one or more biomarker(s) that are lowered
in a subject having the disease or condition as compared to a healthy subject not having
the disease or condition. The biomarkers that may be administered may comprise one or
more of the biomarkers in Tables 4, 5, 6, 7, 8, 9A, 9B, 14, 15, 16, 17, 21, 22, 23, 25, 26,
27, 28, and/or 29 that are decreased in a disease or condition state as compared to
subjects not having that disease or condition. Such biomarkers could be isolated based
on the identity of the biomarker compound (i.e. compound name). The biomarkers that
are currently unnamed metabolites could be isolated based on the analytical
characterizations for the biomarkers listed in the Examples below (e.g. Table 29). In
some embodiments, the biomarkers that are administered are one or more biomarkers

listed in Tables 4, 5, 6, 7, 8, 9A, 9B, 14, 15, 16, 17, 21, 22, 23, 25, 26, 27, 28, and/or 29
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that are decreased in a metabolic syndrome-related metabolic disorder and that have a p-
value less than 0.05 or a g-value less than 0.10, or both a p-value less than 0.05 and a g-
value less than 0.10, as determined by using a Welch’s T-test or a Wilcoxon’s rank sum
Test. In other embodiments, the biomarkers that are administered <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>