
DIABETES-RELATED BIOMARKERS AND METHODS OF USE THEREOF
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application is a continuation-in-part of U.S. patent
application no. 11/788,260, filed April 18, 2007,
which is a continuation-in-part of U.S. application
no. 11/546,874, filed October 11, 2006, which claims
priority from U.S. Provisional Patent Application No.
60/725,462. This application also claims priority from
U.S. Provisional Patent Application No. 61/002,609,
filed November 8, 2007. These related applications are
incorporated by reference herein in their entirety.
STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT [0002] Not applicable. FIELD OF THE
INVENTION [0003] The invention relates to biomarkers
associated with Diabetes, methods of using the
biomarkers to determine the risk that an individual
will develop Diabetes, and methods of screening a
population to identify persons at risk for developing
Diabetes and other pre-diabetic conditions..
BACKGROUND OF THE INVENTION [0004] Diabetes mellitus
is a serious illness characterized by a loss of the
ability to regulate blood glucose levels. The World
Health Organization (WHO) estimates that more than 180
million people worldwide have Diabetes. This number is
likely to more than double by 2030. In 2005, an
estimated 1.1 million people died from Diabetes; this
estimate likely undercounts deaths caused by Diabetes,
as Diabetes contributes to other diseases, such as
heart disease and kidney disease, that may be listed
as the cause of death. Almost 80% of Diabetes deaths
occur in low and middleincome countries. See URL
World-Wide-Web.who.int/mediacentre/factsheets/fs312/en
/index.html.[0005] Diabetes Mellitus is subdivided
into Type 1 Diabetes and Type 2 Diabetes. Type 1
Diabetes (insulin-dependent Diabetes or
childhood-onset Diabetes) results from a lack of
insulin production due to an autoimmune mediated
destruction of the beta cells of the pancreas. .
Patients require daily administration of insulin for
survival and are at risk for ketoacidosis. Patients
with Type 1 Diabetes exhibit little or no insulin
secretion as manifested by low or undetectable levels
of insulin or plasma C-peptide (also known in the art
as "soluble C-peptide"). [0006] Type 2 Diabetes
(non-insulin-dependent Diabetes or adult-onset
Diabetes) results from insensitivity to insulin, and
accounts for 90% of Diabetes worldwide. Gestational
Diabetes is a loss of blood sugar control
(hyperglycemia) that occurs during pregnancy. Type 2
Diabetes is characterized by disorders of insulin
action and insulin secretion, either of which may be
the predominant feature. Type 2 Diabetes patients are
characterized with a relative, rather than absolute,
insulin deficiency and are insulin resistant. At least
initially, and often throughout their lifetime, these
individuals do not need supplemental insulin treatment
to survive. Type 2 Diabetes accounts for 90-95% of all
cases of Diabetes and can go undiagnosed for many
years because the hyperglycemia is often not severe
enough to provoke noticeable symptoms of Diabetes or
symptoms are simply not recognized. The majority of
patients with Type 2 Diabetes are obese, and obesity
itself may cause or aggravate insulin resistance. Many
of those who are not obese by traditional weight
criteria may have an increased percentage of body fat
distributed predominantly in the abdominal region
(visceral fat). Whereas patients with this form of
Diabetes may have insulin levels that appear normal or
elevated, the high blood glucose levels in these
diabetic patients would be expected to result in even
higher insulin values had their beta cell function
been normal. Thus, insulin secretion is often
defective and insufficient to compensate for the
insulin resistance. On the other hand, some
hyperglycemic individuals have essentially normal
insulin action, but markedly impaired insulin
secretion. [0007] Pre-diabetics often have fasting
glucose levels between normal and frank diabetic
levels. Abnormal glucose tolerance, or "impaired
glucose tolerance" can be an indication that an
individual is on the path toward Diabetes; it requires
the use of a 2-hour oral glucose tolerance test for
its detection. However, it has been shown that
impaired glucose tolerance is by itself entirely
asymptomatic and unassociated with any functional
disability. Indeed, insulin secretion is
typicallygreater in response to a mixed meal than in
response to a pure glucose load; as a result, most
persons with impaired glucose tolerance are rarely, if
ever, hyperglycemic in their daily lives, except when
they undergo diagnostic glucose tolerance tests. Thus,
the importance of impaired glucose tolerance resides
exclusively in its ability to identify persons at
increased risk of future disease (Stern et al, 2002)
[0008] Diabetes is generally diagnosed by determining
blood glucose levels after fasting overnight (fasting
plasma glucose level) or by determining blood glucose
levels after fasting, followed by ingestion of glucose
and a blood glucose measurement two hours after
glucose administration (a glucose tolerance test). In
studies conducted by Stern and colleagues (Stern et
al., Diabetes Care 25:1851-1856, (2002)), the
sensitivity and false-positive rates of impaired
glucose tolerance as a predictor of future conversion
to Type 2 Diabetes was 50.9% and 10.2%, respectively,
representing an area under the Receiver-Operating
Characteristic Curve of 77.5% (with a 95% confidence
interval of 74.3-80.7%) and a P-value (calculated
using Hosmer-Lemeshow goodnessof- fit) of 0.20.
Because of the inconvenience associated with the
two-hour glucose tolerance test, as well as the cost
of the test, the test is seldom used in routine
clinical practice. Moreover, patients whose Diabetes
is diagnosed solely on the basis of an oral glucose
tolerance test have a high rate of reversion to normal
on follow-up and may in fact represent false-positive
diagnoses (Burke et al., Diabetes Care 21: 1266-1270
(1998)). Stern and others reported that such cases
were almost 5 times more likely to revert to
non-diabetic status after 7 to 8 years of follow-up
compared with persons meeting conventional fasting or
clinical diagnostic criteria. [0009] Beyond glucose
and HBAIc, several single time point biomarker
measurements have been attempted for the use of risk
assessment for future Diabetes. U.S. Patent
Application No. 2003/0100486 proposes C-Reactive
Protein (CRP) and Interleukin-6 (IL-6), both markers
of systemic inflammation, used alone and as an adjunct
to the measurement of HBAIc. However, for practical
reasons relating to clinical performance, specifically
poor specificity and high false positive rates, these
tests have not been adopted. [0010] Often a person
with impaired glucose tolerance will be found to have
at least one or more of the common arteriovascular
disease risk factors (e.g., dyslipidemia and
hypertension). This clustering has been termed
"Syndrome X," or "Metabolic Syndrome" by some
researchers and canbe indicative of a diabetic or
pre-diabetic condition. Alone, each component of the
cluster conveys increased arteriovascular and diabetic
disease risk, but together as a combination they
become much more significant. This means that the
management of persons with hyperglycemia and other
features of Metabolic Syndrome should focus not only
on blood glucose control but also include strategies
for reduction of other arteriovascular disease risk
factors. Furthermore, such risk factors are
non-specific for Diabetes or pre-Diabetes and are not
in themselves a basis for a diagnosis of Diabetes, or
of diabetic status. [0011] Risk prediction for
Diabetes, pre-Diabetes, or a pre-diabetic condition
can also encompass multi-variate risk prediction
algorithms and computed indices that assess and
estimate a subject's absolute risk for developing
Diabetes, pre-Diabetes, or a pre-diabetic condition
with reference to a historical cohort. Risk assessment
using such predictive mathematical algorithms and
computed indices has increasingly been incorporated
into guidelines for diagnostic testing and 



treatment, and encompass indices obtained from and
validated with, inter alia, multi-stage, stratified
samples from a representative population. A plurality
of conventional Diabetes risk factors is incorporated
into predictive models. A notable example of such
algorithms include the Framingham study (Kannel, W.B.
et al, (1976) Am. J . Cardiol. 38: 46-51) and
modifications of the Framingham Study, such as the
National Cholesterol Education Program Expert Panel on
Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III).
[0012] Other Diabetes risk prediction algorithms
include, without limitation, the San Antonio Heart
Study (Stern, M.P. et al, (1984) Am. J. Epidemiol.
120: 834-851; Stern, M.P. et al, (1993) Diabetes 42:
706-714; Burke, J.P. et al, (1999) Arch. Intern. Med.
159: 1450-1456), Archimedes (Eddy, D.M. and
Schlessinger, L. (2003) Diabetes Care 26(1 1):
3093-3101; Eddy, D.M. and Schlessinger, L. (2003)
Diabetes Care 26(1 1): 3102-31 10), the Finnish-based
Diabetes Risk Score (Lindstr m, J. and Tuomilehto, J .
(2003) Diabetes Care 26(3): 725-731), and the Ely
Study (Griffin, S.J. et al, (2000) Diabetes Metab.
Res. Rev. 16: 164-171), the contents of which are
expressly incorporated herein by reference. [0013]
Despite the numerous studies and algorithms that have
been used to assess the risk of Diabetes,
pre-Diabetes, or a pre-diabetic condition, a need
exists for accurate methods of assessing such risks or
conditions. Furthermore, due to issues of practicality
and the difficulty of the riskcomputations involved,
there has been little adoption of such an approach by
the primary care physician that is most likely to
initially encounter the pre-diabetic or undiagnosed
early diabetic. Clearly, there remains a need for more
practical methods of assessing the risk of future
Diabetes. [0014] It is well documented that
pre-Diabetes can be present for ten or more years
before the detection of glycemic disorders like
Diabetes. Treatment of pre-diabetics with drugs such
as acarbose, metformin, troglitazone and rosiglitazone
can postpone or prevent Diabetes; yet few prediabetics
are treated. A major reason, as indicated above, is
that no simple and unambiguous laboratory test exists
to determine the actual risk of an individual to
develop Diabetes. Furthermore, even in individuals
known to be at risk of Diabetes, glycemic control
remains the primary therapeutic monitoring endpoint,
and is subject to the same limitations as its use in
the prediction and diagnosis of frank Diabetes. Thus,
there remains a need in the art for methods of
identifying, diagnosing, and treatment of these
individuals who are not yet diabetics, but who are at
significant risk of developing Diabetes. [0015]
Accordingly, there remains a need for a relatively
inexpensive and convenient method for screening
persons at risk for developing Diabetes. Such a test
could be used for screening a large population to
identify persons at risk for Diabetes, or for testing
a single person to determine that individual's risk of
developing Diabetes. SUMMARY OF THE INVENTION [0016]
The instant invention relates to use of biomarkers for
evaluating the risk that an individual will become
diabetic, or for identifying members of a population
at risk of developing Diabetes, and methods of
calculating such risks, advising individuals of such
risks, providing diagnostic test systems for
calculating such risks, and various other embodiments
as described herein. [0017] In one embodiment, the
invention provides novel panels of biomarkers which
can be measured and used to evaluate the risk that an
individual will develop Diabetes in the future, for
example, the risk that an individual will develop
Diabetes in the next 1, 2, 2.5, 5, 7.5, or 10 years.
Exemplary preferred panels are shown in the Figures.
Each panel depicted in a Figure is contemplated as an
individual embodiment of the invention. Each panel
defines a set of markersthat can be employed for
methods, improvements, kits, computer readable media,
systems, and other aspects of the invention which
employ such sets of markers. [0018] In another
embodiment, the invention embraces a method of
calculating a Diabetes risk score, comprising (a)
obtaining inputs about an individual comprising the
level of biomarkers in at least one biological sample
from said individual; and (b) calculating a Diabetes
risk score from said inputs; wherein said biomarkers
comprise (i) at least three biomarkers selected from
RDMARKERS, or (ii) at least three biomarkers, where
two biomarkers are selected from ADIPOQ; CRP; GLUCOSE;
GPT; HBAlC; HSPAlB; IGFBPl; IGFBP2; INS; LEP; and
TRIG; and one biomarker is selected from the
ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and
Table 3; or (iii) at least three biomarkers, where at
least one biomarker is selected from GLUCOSE and
HBAlC; at least one biomarker is selected from ADIPOQ,
CRP, GPT, HSPAlB, IGFBPl, IGFBP2, INS, LEP, and TRIG;
and at least one biomarker is selected from the
ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and
Table 3. [0019] In a related embodiment the invention
is a method, of evaluating risk for developing a
diabetic condition, the method comprising: (a)
obtaining biomarker measurement data, wherein the
biomarker measurement data is representative of
measurements of biomarkers in at least one biological
sample from an individual; and (b) evaluating risk for
developing a diabetic condition based on an output
from a model, wherein the model is executed based on
an input of the biomarker measurement data; wherein
the biomarkers comprise: (i) at least three
biomarkers, where three of the biomarkers are selected
from the RDMARKER sets listed in Figure 6A; or (ii) at
least four biomarkers selected from RDMARKERS; or
(iii) at least three biomarkers, where two biomarkers
are selected from ADIPOQ; CRP; GLUCOSE; GPT; HBAlC;
HSPAlB; IGFBPl; IGFBP2; INS. LEP; and TRIG; and one
biomarker is selected from the ALLDBRISKS, CPs, and
TLRFs of Table 1, Table 2, and Table 3; or (iv) at
least three biomarkers, where at least one biomarker
is selected from GLUCOSE and HBAlC; at least one
biomarker is selected from ADIPOQ, CRP, GPT, HSPAlB,
IGFBPl, IGFBP2, INS, LEP, and TRIG; and at least one
biomarker is selected from the ALLDBRISKS, CPs, and
TLRFs of Table 1, Table 2, and Table 3; or (v) at
least three biomarkers, where at least two biomarkers
are selected from the biomarkers within the group
consisting of CoreBiomarkers I and Core Biomarkers II
and at least a third biomarker is selected from any of
the biomarkers listed in Table 4. [0020] In yet
another related embodiment, the invention is method of
evaluating risk for developing a diabetic condition
comprising: obtaining biomarker measurements from at
least one biological sample from an individual who is
a subject that has not been previously diagnosed as
having Diabetes, pre-Diabetes, or a pre-diabetic
condition; comparing the biomarker measurement to
normal control levels; and evaluating the risk for the
individual developing a diabetic condition from the
comparison; wherein the biomarkers are defined as set
forth in the preceding paragraph. [0021] Similarly,
the invention includes method of evaluating risk for
developing a diabetic condition, the method
comprising: obtaining biomarker measurement data,
wherein the biomarker measurement data is
representative of measurements of biomarkers in at
least one biological sample from an individual; and
evaluating risk for developing a diabetic condition
based on an output from a model, wherein the model is
executed based on an input of the biomarker
measurement data; wherein said biomarkers are defined
as above. [0022] In another embodiment, the at least
three RDMARKERS are selected from the combinations of
Figure 6A. [0023] In another embodiment, the
biomarkers comprise at least four biomarkers selected
from RDMARKERS. [0024] In another embodiment, the at
least four biomarkers selected from RDMARKERS are 



selected from the combinations in Figure 6B. [0025] In
other embodiments, the biomarkers comprise at least
five, at least six, at least seven, at least eight, at
least nine, at least ten, or eleven biomarkers
selected from RDMARKERS. [0026] In some variations,
the step of evaluating risk comprises computing an
index value using the model based on the biomarker
measurement data, wherein the index value is
correlated with risk of developing a diabetic
condition in the subject. Optionally, evaluating risk
comprises normalizing the biomarker measurement data
to reference values. [0027] In another embodiment, the
combination of biomarkers used excludes any
combination of biomarkers specifically identified in
US Patent Publication No. 2007/0218519. In
anotherembodiment, the combination of biomarkers used
excludes any combination of biomarkers generically
identified in US Patent Application Publication No.
2007/0218519. [0028] In other embodiments, the
biomarkers comprise at least five, at least six, at
least seven, at least eight, at least nine, at least
ten, or eleven biomarkers selected from RDMARKERS.
[0029] In another embodiment, the combination of
biomarkers used excludes any combination of biomarkers
specifically identified in International Publication
No. WO 2007/044860. In another embodiment, the
combination of biomarkers used excludes any
combination of biomarkers generically identified in
International Publication No. WO 2007/044860. [0030]
In another embodiment, the invention embraces a method
of calculating a Diabetes risk score, comprising (a)
obtaining inputs about an individual comprising the
level of biomarkers in at least one biological sample
from said individual; and (b) calculating a Diabetes
risk score from said inputs; wherein said biomarkers
comprise (i) at least three biomarkers, where three of
the biomarkers are selected from the RDMARKER sets
listed in Figure 6A; or (ii) at least four biomarkers
selected from RDMARKERS; or (iii) at least three
biomarkers, where two biomarkers are selected from
ADIPOQ; CRP; GLUCOSE; GPT; HBAlC; HSPAlB; IGFBPl;
IGFBP2; IN; LEP; and TRIG; and one biomarker is
selected from the ALLDBRISKS, CPs, and TLRFs of Table
1, Table 2, and Table 3; or (iv) at least three
biomarkers, where at least one biomarker is selected
from GLUCOSE and HBAlC; at least one biomarker is
selected from ADIPOQ, CRP, GPT, HSPAlB, IGFBPl,
IGFBP2, INS, LEP, and TRIG; and at least one biomarker
is selected from the ALLDBRISKS, CPs, and TLRFs of
Table 1, Table 2, and Table 3. In other embodiments,
the biomarkers comprise at least four, at least five,
at least six, at least seven, at least eight, at least
nine, at least ten, or at least eleven biomarkers
selected from RDMARKERS. [0031] The invention can
alternatively be defined as an improvement over
existing methodologies. For example, in a method of
evaluating the risk of developing a diabetic condition
in a subject by measuring one or more of Clinical
Parameters and Traditional Laboratory Risk Factors, an
embodiment of the invention is an improvement
comprising: obtaining biomarker measurement data that
is representative of measurements of at least two
biomarkers in a sample from the subject, wherein the
at least two biomarkers are selected from the group
consisting of Core Biomarkers I and Core Biomarkers
II; and evaluating the risk of developing a diabetic
condition inthe subject based on an output from a
model, wherein the model is executed based on an input
of the biomarker measurement data. [0032]
Alternatively, in a method of evaluating the risk of
developing a diabetic condition in a subject by
measuring one or more of Clinical Parameters and
Traditional Laboratory Risk Factors, an embodiment of
the invention is an improvement comprising: obtaining
biomarker measurement data that is representative of
measurements of at least two biomarkers in a sample
from the subject, wherein the at least two biomarkers
are selected from the group consisting of ADIPOQ; CRP;
FGA;INS; LEP; AGER; AHSG; ANG; APOE; CD14; FTHl;
IGFBPl; IL2RA; VCAMl; VEGF; and VWF; and evaluating
the risk of developing a diabetic condition in the
subject based on an output from a model, wherein the
model is executed based on an input of the biomarker
measurement data. [0033] In some variations of the
invention, the obtaining biomarker measurement data
step comprises measuring the level of at least one of
the biomarkers in at least one biological sample from
said individual. Optionally, the method includes a
step (prior to the step of obtaining biomarker
measurement data) of obtaining at least one biological
sample from the individual. [0034] In some variations,
obtaining biomarker measurement data comprises
obtaining data representative of a measurement of the
level of at least one biomarker from a preexisting
record (that contains such information about the
individual). [0035] In another embodiment, the
invention embraces a method comprising advising an
individual of said individual's risk of developing
Diabetes, wherein said risk is based on factors
comprising a Diabetes risk score, and wherein said
Diabetes risk score is calculated as described above.
The advising can be performed by a health care
practitioner, including, but not limited to, a
physician, nurse, nurse practitioner, pharmacist,
pharmacist's assistant, physician's assistant,
laboratory technician, dietician, or nutritionist, or
by a person working under the direction of a health
care practitioner. The advising can be performed by a
health maintenance organization, a hospital, a clinic,
an insurance company, a health care company, or a
national, federal, state, provincial, municipal, or
local health care agency or health care system. The
health care practitioner or person working under the
direction of a health care practitioner obtains the
medical history of the individual from the individual
or from the medical records of the individual.
Theadvising can be done automatically, for example, by
a computer, microprocessor, or dedicated device for
delivering such advice. The advising can be done by a
health care practitioner or a person working under the
direction of a health care practitioner via a
computer, such as by electronic mail or text message.
[0036] In some embodiments of the invention, the
Diabetes risk score is calculated automatically. The
Diabetes risk score can be calculated by a computer, a
calculator, a programmable calculator, or any other
device capable of computing, and can be communicated
to the individual by a health care practitioner,
including, but not limited to, a physician, nurse,
nurse practitioner, pharmacist, pharmacist's
assistant, physician's assistant, laboratory
technician, dietician, or nutritionist, or by a person
working under the direction of a health care
practitioner, or by an organization such as a health
maintenance organization, a hospital, a clinic, an
insurance company, a health care company, or a
national, federal, state, provincial, municipal, or
local health care agency or health care system, or
automatically, for example, by a computer,
microprocessor, or dedicated device for delivering
such advice. [0037] In some embodiments, the
individual has not been diagnosed to have Diabetes. In
some embodiments, the individual has not been
diagnosed to have a Diabetes-related condition, such
as metabolic syndrome, Syndrome X, or other
Diabetes-related condition. [0038] In another
embodiment, the invention embraces a method of
providing a Diabetes risk score, comprising
calculating a Diabetes risk score as described above,
and providing the Diabetes risk score to a person,
organization, or database. In other embodiments, at
least one biomarker input is obtained from from a
preexisting record, such as a record stored in a
database, data structure, other electronic medical
record, or paper, microfiche, or other non-electronic
record. [0039] In another embodiment, at least one
biomarker input is obtained from one or more
biological samples collected from the individual, such
as from a blood sample, saliva sample, urine sample,
cerebrospinal fluid sample, sample of another bodily
fluid, or other biological sample 



including, but not limited to, those described herein.
[0040] In another embodiment, the invention comprises
providing two or more Diabetes risk scores to a
person, organization, or database, where the two or
more Diabetes risk scores are derived from biomarker
information representing the biomarker status of the
individual at two or morepoints in time. In any of the
foregoing embodiments, the entity performing the
method can receive consideration for performing any
one or more steps of the methods described. [0041] In
another embodiment, the invention embraces a method of
ranking or grouping a population of individuals,
comprising obtaining a Diabetes risk score for
individuals comprised within said population, wherein
said Diabetes risk score is calculated as described
above; and ranking individuals within the population
relative to the remaining individuals in the
population or dividing the population into at least
two groups, based on factors comprising said obtained
Diabetes risk scores. The ranking or grouping of the
population of individuals can be utilized for one or
more of the following purposes: to determine an
individual's eligibility for health insurance; an
individual's premium for health insurance; to
determine an individual's premium for membership in a
health care plan, health maintenance organization, or
preferred provider organization; to assign health care
practitioners to an individual in a health care plan,
health maintenance organization, or preferred provider
organization; to recommend therapeutic intervention or
lifestyle intervention to an individual or group of
individuals; to manage the health care of an
individual or group of individuals; to monitor the
health of an individual or group of individuals; or to
monitor the health care treatment, therapeutic
intervention, or lifestyle intervention for an
individual or group of individuals. [0042] In another
embodiment, the invention embraces one or more data
structures or databases comprising values for (a) at
least three biomarkers, where three of the biomarkers
are selected from the RDMARKER sets listed in Figure
6A; or (b) at least four biomarkers selected from
RDMARKERS; or (c) at least three biomarkers, where two
biomarkers are selected from ADIPOQ; CRP; GLUCOSE;
GPT; HBAlC; HSPAlB; IGFBPl; IGFBP2; INS; LEP; and
TRIG; and one biomarker is selected from the
ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and
Table 3; or (d) at least three biomarkers, where at
least one biomarker is selected from GLUCOSE and
HBAlC; at least one biomarker is selected from ADIPOQ,
CRP, GPT, HSPAlB, IGFBPl, IGFBP2, INS, LEP, and TRIG;
and at least one biomarker is selected from the
ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and
Table 3. [0043] In another embodiment, the invention
embraces a combination of biomarkers comprising at
least three biomarkers selected from RDMARKERS, where
the combination of biomarkers isselected from the
combinations in Figure 6A; a combination of biomarkers
comprising at least four biomarkers selected from
RDMARKERS; or a combination of biomarkers comprising
at least four biomarkers selected from the
combinations in Figure 6B. [0044] In another
embodiment, the invention embraces a diagnostic test
system comprising (1) means for obtaining test results
comprising levels of multiple biomarkers in at least
one biological sample; (2) means for collecting and
tracking test results for one or more individual
biological sample; (3) means for calculating an index
value from inputs using a DRS Formula, wherein said
inputs comprise measured levels of biomarkers, and
further wherein said measured levels of biomarkers
comprise the levels of (a) at least three biomarkers
selected from RDMARKERS, or (b) at least three
biomarkers, where two biomarkers are selected from
ADIPOQ; CRP; GLUCOSE; GPT; HBAlC; HSPAlB; IGFBPl;
IGFBP2; INS; LEP; and TRIG; and one biomarker is
selected from the ALLDBRISKS, CPs, and TLRFs of Table
1, Table 2, and Table 3; or (c) at least three
biomarkers, where at least one biomarker is selected
from GLUCOSE and HBAlC; at least one biomarker is
selected from ADIPOQ, CRP, GPT, HSPAlB, IGFBPl,
IGFBP2, INS, LEP, and TRIG; and at least one biomarker
is selected from the ALLDBRISKS, CPs, and TLRFs of
Table 1, Table 2, and Table 3; and (4) means for
reporting said index value. In one embodiment, said
index value is a Diabetes risk score; the Diabetes
risk score can be calculated according to any of the
methods described herein. The means for collecting and
tracking test results for one or more individuals can
comprise a data structure or database. The means for
calculating a Diabetes risk score can comprise a
computer, microprocessor, programmable calculator,
dedicated device, or any other device capable of
calculating the Diabetes risk score. The means for
reporting the Diabetes risk score can comprise a
visible display, an audio output, a link to a data
structure or database, or a printer. [0045] A
"diagnostic system is any system capable of carrying
out the methods of the invention, including computing
systems, environments, and/or configurations that may
be suitable for use with the methods or system of the
claims include, but are not limited to, personal
computers, server computers, hand-held or laptop
devices, multiprocessor systems, microprocessor-based
systems, set top boxes, programmable consumer
electronics, network PCs, minicomputers,
mainframecomputers, distributed computing environments
that include any of the above systems or devices, and
the like. [0046] Still another embodiment of the
invention is a kit comprising reagents for measuring a
group of biomarkers, wherein the group of biomarkers
are defined as described in any of the preceding
paragraphs, or panels containing figures, or other
descriptions of preferred sets or panels of markers
found herein. In some variations, such reagents are
packaged together. In some variations, the kit further
includes an analysis tool for evaluating risk of an
individual developing a diabetic condition from
measurements of the group of biomarkers from at least
one biological sample from the individual. [0047]
Still another embodiment of the invention is a
computer readable medium having computer executable
instructions for evaluating risk for developing a
diabetic condition, the computer readable medium
comprising: a routine, stored on the computer readable
medium and adapted to be executed by a processor, to
store biomarker measurement data representing a set or
panel of biomarkers; and a routine stored on the
computer readable medium and adapted to be executed by
a processor to analyze the biomarker measurement data
to evaluate a risk for developing a diabetic
condition. The preferred sets or panels of biomarkers
are defined as described in any of the preceding
paragraphs, or panels containing figures, or other
descriptions of preferred sets or panels of markers
found herein. [0048] Another embodiment of the
invention is a diagnostic test system. For example,
the invention includes a diagnostic test system
comprising: means for obtaining test results data
representing levels of multiple biomarkers in at least
one biological sample; means for collecting and
tracking test results data for one or more individual
biological samples; means for computing an index value
from biomarker measurement data according to a DRS
Formula, wherein said biomarker measurement data is
representative of measured levels of biomarkers, and
further wherein said measured levels of biomarkers
comprise the levels of a set or panel of biomarkers as
defined elsewhere herein; and means for reporting said
index value. In some variations of the diagnostic test
system, the index value is a Diabetes risk score. In
some preferred variations, the Diabetes risk score is
computed according to the methods described herein for
computing such scores. In some variations, the means
for collecting and tracking test results data
representing forone or more individuals comprises a
data structure or database. In some variations, the
means for computing a Diabetes risk score comprises a
computer or microprocessor. In some variations, the
means for reporting the Diabetes risk score comprises
a visible display, an audio output, a link to a 



data structure or database, or a printer. [0049] A
related embodiment of the invention is a medical
diagnostic test system for evaluating risk for
developing a diabetic condition, the system
comprising: a data collection tool adapted to collect
biomarker measurement data representative of
measurements of biomarkers in at least one biological
sample from an individual; and an analysis tool
comprising a statistical analysis engine adapted to
generate a representation of a correlation between a
risk for developing a diabetic condition and
measurements of the biomarkers, wherein the
representation of the correlation is adapted to be
executed to generate a result; and an index
computation tool adapted to analyze the result to
determine the individual's risk for developing a
diabetic condition and represent the result as an
index value; wherein said biomarkers are defined as a
set or panel as described elsewhere herein. In some
variations, the analysis tool comprises a first
analysis tool comprising a first statistical analysis
engine, the system further comprising a second
analysis tool comprising a second statistical analysis
engine adapted to select the representation of the
correlation between the risk for developing a diabetic
condition and measurements of the biomarkers from
among a plurality of representations capable of
representing the correlation. In some variations, the
system further comprising a reporting tool adapted to
generate a report comprising the index value. [0050]
Still another embodiment of the invention is a method
developing a model for evaluation of risk for
developing a diabetic condition, the method
comprising: obtaining biomarker measurement data,
wherein the biomarker measurement data is
representative of measurements of biomarkers from a
population and includes endpoints of the population;
inputting the biomarker measurement data of at least a
subset of the population into a model; training the
model for endpoints using the inputted biomarker
measurement data to derive a representation of a
correlation between a risk of developing a diabetic
condition and measurements of biomarkers in at least
one biological sample from an individual; wherein said
biomarkers for which measurement data is obtained
comprise a set or panel of markers of the invention as
defined elsewhere herein.[0051] Other embodiments of
the invention are directed to therapeutic or
prophylactic treatment of a subject indentified as
having a condition, or at risk for a condition,
according to procedures described herein. For example,
the invention includes a method of prophylaxis for
Diabetes comprising: obtaining risk score data
representing a Diabetes risk score for an individual,
wherein the Diabetes risk score is computed according
to a method or improvement of the invention; and
generating prescription treatment data representing a
prescription for a treatment regimen to delay or
prevent the onset of Diabetes to an individual
identified by the Diabetes risk score as being at
elevated risk for Diabetes. [0052] A related
embodiment of the invention is a method of prophylaxis
for Diabetes comprising: evaluating risk, for at least
one subject, of developing a diabetic condition
according to the method or improvement of the
invention; and treating a subject identified as being
at elevated risk for a diabetic condition with a
treatment regimen to delay or prevent the onset of
Diabetes. A variety of suitable treatment regimens are
described below in greater detail. [0053] A further
embodiment of the invention is a method of evaluating
the current status of a diabetic condition in an
individual comprising obtaining biomarker measurement
data and evaluating the current status of a diabetic
condition in the individual based on an output from a
model, wherein the biomarkers are any biomarker of the
invention. [0054] Another embodiment of the invention
is a method of evaluating risk for developing a
diabetic condition in an individual with a known
glucose class, the method comprising obtaining
biomarker measurement data and evaluating risk for
developing a diabetic condition based on an output
from a model, wherein the biomarkers are any biomarker
of the invention. [0055] Still another aspect of the
invention is a method of ranking or grouping a
population of individuals, comprising: obtaining
Diabetes risk score data representing a Diabetes risk
score for individuals comprised within said
population, wherein said Diabetes risk score is
calculated according to a method or improvement
described herein; and ranking individuals within the
population relative to the remaining individuals in
the population or dividing the population into at
least two groups, based on factors comprising said
obtained Diabetes risk score data. In some variations,
such a method further comprises using ranking data
representing the ranking or grouping of the population
of individuals for one or more of the following
purposes: to determine anindividual's eligibility for
health insurance; to determine an individual's premium
for health insurance; to determine an individual's
premium for membership in a health care plan, health
maintenance organization, or preferred provider
organization; to assign health care practitioners to
an individual in a health care plan, health
maintenance organization, or preferred provider
organization. Optionally, the method further comprises
using ranking data representing the ranking or
grouping of the population of individuals for one or
more purposes selected from the group consisting of:
to recommend therapeutic intervention or lifestyle
intervention to an individual or group of individuals;
to manage the health care of an individual or group of
individuals; to monitor the health of an individual or
group of individuals; or to monitor the health care
treatment, therapeutic intervention, or lifestyle
intervention for an individual or group of
individuals. [0056] The foregoing summary is not
intended to define every aspect of the invention, and
additional aspects are described in other sections,
such as the Detailed Description. The entire document
is intended to be related as a unified disclosure, and
it should be understood that all combinations of
features described herein are contemplated, even if
the combination of features are not found together in
the same sentence, or paragraph, or section of this
document. [0057] In addition to the foregoing, the
invention includes, as an additional aspect, all
embodiments of the invention narrower in scope in any
way than the variations specifically mentioned above.
With respect to aspects of the invention described as
a genus, all individual species are individually
considered separate aspects of the invention. With
respect to aspects described as a range, all
sub-ranges and individual values are specifically
contemplated. [0058] Although the applicant(s)
invented the full scope of the claims appended hereto,
the claims appended hereto are not intended to
encompass within their scope the prior art work of
others. Therefore, in the event that statutory prior
art within the scope of a claim is brought to the
attention of the applicants by a Patent Office or
other entity or individual, the applicant(s) reserve
the right to exercise amendment rights under
applicable patent laws to redefine the subject matter
of such a claim to specifically exclude such statutory
prior art or obvious variations of statutory prior art
from the scope of such a claim. Variations of the
invention defined by such amended claims also are
intended as aspects of the invention. Additional
features and variations of the invention will
beapparent to those skilled in the art from the
entirety of this application, and all such features
are intended as aspects of the invention. BRIEF
DESCRIPTION OF THE DRAWINGS [0059] The following
Detailed Description, given by way of example, but not
intended to limit the invention to specific
embodiments described, may be understood in
conjunction with the accompanying Figures,
incorporated herein by reference, in which: [0060]
Figure 1 depicts the combinations of panels falling
within the fitted AUC (AUCf) level indicated in the
column indicated by "Cutoff," as measured and
calculated from the base population of Example 2.
Eighty-four markers are analyzed (there are 84
possible panels of 1 marker, 3,486 possible panels of
two markers, and 95,284 possible panels of 3 markers).
The columns labeled "C" 



indicate the number of marker panels that met the AUC
cutoff; the columns labeled "P" indicate the
percentage of all marker panels of that given size.
The 84 markers include the 75 parameters listed in
Figure 2, plus markers for Activity, Glucose
Tolerance, Diet, Sex, two markers for Family History
(differing in degree), Alcohol, Smoking Intervention,
and Diet Intervention as measured in base population
of Example 2. [0061] Figure 2 depicts particularly
useful 3-panel combinations from an evaluation of the
75 parameters listed as measured and calculated from
the base population of Example 2. [0062] Figure 3
depicts a full forward selection graph against the 75
parameters evaluated, depicting the ROC curve
calculated AUCf statistics for multiple expanding
"best forward selected" LDA models as measured and
calculated from the base population of Example 2,
starting from a single ALLDBRISK marker and then at
each step adding one more incremental forward selected
ALLDBRISK. This continues through 75 selected
quantitative ALLDBRISK selected from a total set of
markers. The AIC is superimposed on the graph as a
black line. [0063] Figure 4 is a chart depicting the
ROC curve calculated AUCf statistics for multiple
expanding "best forward selected" LDA models as
measured and calculated from the base population of
Example 2, starting from a single ALLDBRISK and then
at each step adding one more incremental forward
selected ALLDBRISK. This continues through 65 selected
quantitativeblood-borne ALLDBRISK selected from the
set of markers in Figure 3. The AIC is superimposed on
the graph as a black line. [0064] Figure 5 is a table
summarizing the univariate logistic regression results
for the biomarkers listed in Figure 8, as measured and
calculated from the base population of Example 2. This
includes the measured values and variances of certain
selected studied within the examples given, including
their concentration or other measurement units,
mathematical normalization transformations (used in
model formula and multi-biomarker index construction),
transformed mean and standard deviation values, and
back-transformed mean biomarker concentration or other
value as measured for both the Total Cases (Converter
to type 2 Diabetes, n=83) and Total Controls (Non-
Converter to Type 2 Diabetes, n = 236) described, as
well as a comparison of the individual predictability
with a statistical p-value given, using a two-tailed
t-test for the null hypothesis (the probability that
the odds ratio is 1). [0065] Figure 6 (A-I) contains
tables summarizing enumeration of fitted logistic
regression models for various three-panel through
eleven-panel ALLDBRISK combinations possible from a
starting set of the 11 selected ALLDBRISK (Tier 1-2),
as measured and calculated from the base population of
Example 2. [0066] Figure 6A depicts 7 particularly
useful combinations of panels of three biomarkers;
each panel can be used alone, or with additional
biomarkers in combination to the three markers listed.
[0067] Figure 6B depicts 25 particularly useful
combinations of panels of four biomarkers; each panel
can be used alone, or with additional biomarkers in
combination to the four markers listed. [0068] Figure
6C depicts 65 particularly useful combinations of
panels of five biomarkers; each panel can be used
alone, or with additional biomarkers in combination to
the five markers listed. [0069] Figure 6D depicts 134
particularly useful combinations of panels of six
biomarkers; each panel can be used alone, or with
additional biomarkers in combination to the six
markers listed. [0070] Figure 6E depicts 147
particularly useful combinations of panels of seven
biomarkers; each panel can be used alone, or with
additional biomarkers in combination to the seven
markers listed.[0071] Figure 6F depicts 100
particularly useful combinations of panels of eight
biomarkers; each panel can be used alone, or with
additional biomarkers in combination to the eight
markers listed. [0072] Figure 6G depicts 44
particularly useful combinations of panels of nine
biomarkers; each panel can be used alone, or with
additional biomarkers in combination to the nine
markers listed. [0073] Figure 6H depicts 11
particularly useful combinations of panels of ten
biomarkers; each panel can be used alone, or with
additional biomarkers in combination to the ten
markers listed. [0074] Figure 6 1 depicts a
particularly useful combination of a panel of eleven
biomarkers; the panel can be used alone, or with
additional biomarkers in combination to the eleven
markers listed. [0075] Figure 7 depicts is a table
summarizing the complete enumeration of fitted
logistic regression models for all three-panel,
four-panel, five-panel, six-panel, and seven-panel
ALLDBRISK combinations possible from a starting set of
26 selected ALLDBRISK (Tier 1-3) , as measured and
calculated from the base population of Example 2.
[0076] Figure 8 is a table containing key ALLDBRISK
markers, including clinical parameters, traditional
laboratory risk factors, and together with Tier 1,
Tier 2 and Tier 3 ALLDBRISK biomarkers, that are used
in the predictive models according to the present
invention, as measured and calculated from the base
population of Example 2. These are identified based on
the commonly used gene symbol as described herein.
[0077] Figure 9 is a table depicting categories of
physiological functions, giving groups of exemplar
ALLDBRISK markers for each function. [0078] Figure 10
depicts useful univariate biomarkers. is a table
summarizing the nine significant ALLDBRISK marker
measured values and variances of certain biomarkers
studied, including their concentration or other
measurement units, mathematical normalization
transformations (used in model formula and
multi-biomarker index construction), transformed mean
and standard deviation values, and back-transformed
mean biomarker concentration or other value as
measured for both the Total Cases (Converter to type 2
Diabetes Events, n=83) and Total Controls
(Non-Converter to type 2 Diabetes, n = 236) of the
study, as well as a comparison of the individual
predictability with a statistical p-value given, using
a two-tailed t-test for the nullhypothesis (the
probability that the odds ratio is 1), as measured and
calculated from the base population of Example 2..
[0079] Figure 1IA is a list of 18 significant
interaction variables produced from pairs of ALLDBRISK
makers among all possible two marker combinations that
showed significant predictability using a two-tailed
test for the null hypothesis (the probability that the
odds ratio is 1) after a Dunn-Sidak multiple testing
correction, as measured and calculated from the base
population of Example 2. Figure 1IB lists the 16
unique markers that were a component of the
significant interaction variables, as measured and
calculated from the base population of Example 2.
[0080] Figure 12 is a list of 18 ALLDBRISK identified
through various heuristic models, as measured and
calculated from the base population of Example 2.
[0081] Figure 13 depicts an analysis of DRS scores
from the base population of Example 1. Three
populations have been segregated by their DRS
(p<0.0001; Kruskal-Wallis Test): Non- Converters (NC),
Late Converters (LC, > 5 years to conversion) and
Early Converters (EC, < 5 years to conversion). The
highest risk group, EC, which converts to Diabetes in
less than 5 years, has a median DRS of 0.63, compared
to the NC group with a score of 0.37 (p <0.0001). It
is also possible to separate the LC group, who convert
to Diabetes in >5 years, from the EC group (p =
0.008). [0082] Figure 14 shows the correlation
performance to OGTT for three DRS scores, trained to
predict Diabetes as calculated in the base population
of Example 2. [0083] Figure 15 is a table containing
key biomarkers, including clinical parameters, 



traditional laboratory risk factors, and together with
core and additional biomarkers, that are used in the
predictive models according to the present invention.
[0084] Figure 16 is a graph depicting the Receiver
Operator Characteristic (ROC) curve of a Linear
Discriminant Analysis (LDA) classification model
derived solely from the Clinical Parameters (and
excluding the use of any blood-borne biomarkers of the
present invention), as measured and calculated for the
Base Population of Example 1, and including Area Under
the Curve (AUC) and cross-validation statistics using
Leave One Out (LOO) and 10-Fold methods.[0085] Figure
17 is a graph showing a representative clinical global
risk assessment index according to the Stern model of
Diabetes risk, as measured and calculated for the Base
Population of Example 1. [0086] Figure 18 is a table
showing the results of univariate analysis of
parameter variances, biomarker transformations, and
biomarker mean back-transformed concentration values
as measured for both the Case (Converter to Diabetes)
and Control (Non-Converter to Diabetes) arm of the
Base Population of Example 1. [0087] Figure 19 is a
table summarizing the results of cross-correlation
analysis of clinical parameters and biomarkers of the
present invention, as measured in the Base Population
of Example 1. [0088] Figure 2OA is a graphical tree
representation of the results of hierarchical
clustering and Principal Component Analysis (PCA) of
clinical parameters and biomarkers of the present
invention, as measured in the Base Population of
Example 1. [0089] Figure 2OB is a bar graph
representing the results of hierarchical clustering
and PCA of clinical parameters and biomarkers of the
present invention, as measured in the Base Population
of Example 1. [0090] Figure 2OC is a scatter plot of
the results of hierarchical clustering and PCA of
clinical parameters and biomarkers of the present
invention, as measured in the Base Population of
Example 1. [0091] Figure 2 1 is a table summarizing
the characteristics considered in various predictive
models and model types of the present invention, using
various model parameters, as measured in the Base
Population of Example 1. [0092] Figure 22 is a
graphical representative of the ROC curves for the
leading univariate, bivariate, and trivariate LDA
models by AUC, as measured and calculated in the Base
Population of Example 1. The legend AUC represents the
mean AUC of 10-Fold cross-validations for each model,
with error bars indicating the standard deviation of
the AUCs. [0093] Figure 23 is a graphical
representation of the ROC curves for the LDA stepwise
selection model, as measured and calculated in the
Base Population of Example 1, using the same format as
in Figure 8.[0094] Figure 24 is a graph showing the
entire LDA forward-selected set of all tested
biomarkers with model AUC and Akaike Information
Criterion (AIC) statistics at each biomarker addition
step, as measured and calculated in the Base
Population of Example 1. [0095] Figure 25 are tables
showing univariate ANOVA analysis of parameter
variances including biomarker transformation and
biomarker mean back-transformed concentration values
across non-converters, converters, and diabetics arms,
as measured and calculated at baseline in the Total
Population of Example 2. [0096] Figure 26 is a table
summarizing the cross-correlation of clinical
parameters and biomarkers of the present invention, as
measured in the Total Population of Example 2. [0097]
Figure 27 is a graph showing the entire LDA
forward-selected set of tested parameters with model
AUC and AIC statistics at each biomarker addition step
as measured and calculated in the Total Population of
Example 2. [0098] Figure 28 is a graph showing LDA
forward-selected set of blood parameters (excluding
clinical parameters) alone with model characteristics
at each biomarker addition step as measured and
calculated in the Total Population of Example 2.
[0099] Figure 29 is a table showing the representation
of all parameters tested in Example 1 and Example 2
and according to the ALLDBRISK biomarker categories
used in the invention. [00100] Figure 30A and 30B are
tables showing biomarker selection under various
scenarios of classification model types and Base and
Total Populations of Example 1 and Example 2,
respectively. [00101] Figure 31 are tables showing the
complete enumeration of fitted LDA models for all
potential univariate, bivariate, and trivariate
combinations as measured and calculated in for both
Total and Base Populations in Example 1 and Example 2,
and encompassing all 53 and 49 biomarkers recorded,
respectively, for each study as potential model
parameters. [00102] Figure 32 is a graph showing the
number and percentage of the total univariate,
bivariate, and trivariate models of Figure 31 which
meet various AUC hurdles using the Total Population of
Example 1. [00103] Figure 33 illustrates an example of
a suitable computing system environment 100 on which a
system for the steps of the claimed method and
apparatus may be implemented.[00104] Figure 34 is a
flow diagram of an example method for developing a
model which may be used to evaluate a risk of a
person, or group of people, for developing a diabetic
condition. [00105] Figure 35 is a flow diagram of an
example method for using a model to evaluate a risk of
a subject (e.g., a person, or group of people)
developing a diabetic condition. [00106] Figure 36
depicts the combinations of panels falling within the
fitted AUCf level indicated in the column indicated by
"Bins," as measured and calculated from the base
population of Example 8. Sixty-five markers are
analyzed (there are 65 possible panels of 1 marker,
2,080 possible panels of two markers, and 43,680
possible panels of 3 markers). The columns labeled "C"
indicate the number of marker panels that met the AUC
cutoff; the columns labeled "P" indicate the
percentage of all marker panels of that given size.
The 65 markers include all blood-borne biomarkers
measured on stored samples or captured in the clinical
annotations (i.e. measured at baseline). [00107]
Figure 37 depicts selected particularly useful
combinations of panels of three biomarkers; each panel
can be used alone, or with additional biomarkers in
combination to the three markers listed. These panels
represent enumeration of fitted logistic regression
models from a starting set of 65 selected ALLDBRISK,
as measured and calculated from a larger base
population of Example 8 and meet a predetermined cut
off level (0.75 AUC or better). [00108] Figure 38
depicts selected particularly useful combinations of
panels of four biomarkers; each panel can be used
alone, or with additional biomarkers in combination to
the four markers listed. These panels represent
enumeration of fitted logistic regression models from
a starting set of 26 selected ALLDBRISK, as measured
and calculated from a larger base population of
Example 8 and meet a predetermined cut off level (0.75
AUC or better). [00109] Figure 39 depicts selected
particularly useful combinations of panels of five
biomarkers; each panel can be used alone, or with
additional biomarkers in combination to the five
markers listed. These panels represent enumeration of
fitted logistic regression models from a starting set
of 26 selected ALLDBRISK, as measured and calculated
from a larger base population of Example 8 and meet a
predetermined cut off level (0.75 AUC or better). 



[00110] Figure 40 depicts selected particularly useful
combinations of panels of six biomarkers; each panel
can be used alone, or with additional biomarkers in
combination to the six markerslisted. These panels
represent enumeration of fitted logistic regression
models from a starting set of 26 selected ALLDBRISK,
as measured and calculated from a larger base
population of Example 8 and meet a predetermined cut
off level (0.75 AUC or better). [00111] Figure 4 1
depicts selected particularly useful combinations of
panels of seven biomarkers; each panel can be used
alone, or with additional biomarkers in combination to
the seven markers listed. These panels represent
enumeration of fitted logistic regression models from
a starting set of 26 selected ALLDBRISK, as measured
and calculated from a larger base population of
Example 8 and meet a predetermined cut off level (0.75
AUC or better). [00112] Figure 42 depicts selected
particularly useful combinations of panels of eight
biomarkers; each panel can be used alone, or with
additional biomarkers in combination to the eight
markers listed. These panels represent enumeration of
fitted logistic regression models from a starting set
of 18 selected ALLDBRISK, as measured and calculated
from a larger base population of Example 8 and meet a
predetermined cut off level (0.75 AUC or better).
[00113] Figure 43 depicts selected particularly useful
combinations of panels of nine biomarkers; each panel
can be used alone, or with additional biomarkers in
combination to the nine markers listed. These panels
represent enumeration of fitted logistic regression
models from a starting set of 18 selected ALLDBRISK,
as measured and calculated from a larger base
population of Example 8 and meet a predetermined cut
off level (0.75 AUC or better). [00114] Figure 44
depicts selected particularly useful combinations of
panels of ten biomarkers; each panel can be used
alone, or with additional biomarkers in combination to
the ten markers listed. These panels represent
enumeration of fitted logistic regression models from
a starting set of 185 selected ALLDBRISK, as measured
and calculated from a larger base population of
Example 8 and meet a predetermined cut off level (0.75
AUC or better). [00115] Figure 45 depicts selected
particularly useful combinations of panels of eleven
biomarkers; each panel can be used alone, or with
additional biomarkers in combination to the eleven
markers listed. These panels represent enumeration of
fitted logistic regression models from a starting set
of 18 selected ALLDBRISK, as measured and calculated
from a larger base population of Example 8 and meet a
predetermined cut off level (0.75 AUC or
better).[00116] Figure 46 depicts selected
particularly useful combinations of panels of twelve
biomarkers; each panel can be used alone, or with
additional biomarkers in combination to the twelve
markers listed. These panels represent enumeration of
fitted logistic regression models from a starting set
of 18 selected ALLDBRISK, as measured and calculated
from a larger base population of Example 8 and meet a
predetermined cut off level (0.75 AUC or better).
[00117] Figure 47 depicts selected particularly useful
combinations of panels of thirteen biomarkers; each
panel can be used alone, or with additional biomarkers
in combination to the thirteen markers listed. These
panels represent enumeration of fitted logistic
regression models from a starting set of 18 selected
ALLDBRISK, as measured and calculated from a larger
base population of Example 8 and meet a predetermined
cut off level (0.75 AUC or better). [00118] Figure 48
depicts selected particularly useful combinations of
panels of fourteen biomarkers; each panel can be used
alone, or with additional biomarkers in combination to
the fourteen markers listed. These panels represent
enumeration of fitted logistic regression models from
a starting set of 18 selected ALLDBRISK, as measured
and calculated from a larger base population of
Example 8 and meet a predetermined cut off level (0.75
AUC or better). [00119] Figure 49 depicts selected
particularly useful combinations of panels of fifteen
biomarkers; each panel can be used alone, or with
additional biomarkers in combination to the fifteen
markers listed. These panels represent enumeration of
fitted logistic regression models from a starting set
of 18 selected ALLDBRISK, as measured and calculated
from a larger base population of Example 8 and meet a
predetermined cut off level (0.75 AUC or better).
[00120] Figure 50 depicts selected particularly useful
combinations of panels of sixteen biomarkers; each
panel can be used alone, or with additional biomarkers
in combination to the sixteen markers listed. These
panels represent enumeration of fitted logistic
regression models from a starting set of 18 selected
ALLDBRISK, as measured and calculated from a larger
base population of Example 8 and meet a predetermined
cut off level (0.75 AUC or better). [00121] Figure 5 1
depicts selected particularly useful combinations of
panels of seventeen biomarkers; each panel can be used
alone, or with additional biomarkers in combination to
the six markers listed. These panels represent
enumeration of fitted logistic regression models from
astarting set of 18 selected ALLDBRISK, as measured
and calculated from a larger base population of
Example 8 and meet a predetermined cut off level (0.75
AUC or better). DETAILED DESCRIPTION OF THE INVENTION
[00122] The present invention relates to the
identification of biomarkers associated with subjects
having Diabetes, pre-Diabetes, or a pre-diabetic
condition, or who are pre-disposed to developing
Diabetes, pre-Diabetes, or a pre-diabetic condition.
Accordingly, the present invention features methods
for identifying subjects who are at risk of developing
Diabetes, pre-Diabetes, or a pre-diabetic condition,
including those subjects who are asymptomatic for
Diabetes, pre-Diabetes, or a pre-diabetic condition by
detection of the biomarkers disclosed herein. These
biomarkers are also useful for monitoring subjects
undergoing treatments and therapies for Diabetes,
pre-Diabetes, or pre-diabetic conditions, and for
selecting or modifying therapies and treatments that
would be efficacious in subjects having Diabetes,
pre-Diabetes, or a pre-diabetic condition, wherein
selection and use of such treatments and therapies
slow the progression of Diabetes, pre-Diabetes, or
prediabetic conditions, or prevent their onset.
Definitions [00123] "Accuracy" refers to the degree of
conformity of a measured or calculated quantity (a
test reported value) to its actual (or true) value.
Clinical accuracy relates to the proportion of true
outcomes (true positives (TP) or true negatives (TN)
versus misclassified outcomes (false positives (FP) or
false negatives (FN)), and may be stated as a
sensitivity, specificity, positive predictive values
(PPV) or negative predictive values (NPV), or as a
likelihood, odds ratio, among other measures. [00124]
"Biomarker" in the context of the present invention
encompasses, without limitation, proteins, nucleic
acids, and metabolites, together with their
polymorphisms, mutations, variants, modifications,
subunits, fragments, protein-ligand complexes, and
degradation products, proteinligand complexes,
elements, related metabolites, and other analytes or
sample-derived measures. Biomarkers can also include
mutated proteins or mutated nucleic acids. Biomarkers
also encompass non-blood borne factors, non-analyte
physiological markers of health status, or other
factors or markers not measured from samples (e.g.,
biological samples such as bodily fluids), such
as"clinical parameters" defined herein, as well as
"traditional laboratory risk factors", also defined
herein. Biomarkers also include any calculated indices
created mathematically or combinations of any one or
more of the foregoing measurements, including temporal
trends and differences. The term "analyte" as used
herein can mean any substance to be measured and can
encompass electrolytes and elements, such as calcium.
[00125] "RDMARKER" or "RDMARKERS" refers to a
biomarker or biomarkers selected from the group
consisting ofADIPOQ; CRP; GLUCOSE; GPT (or ALT);
HBAlC; HSPAlB; IGFBPl; 



IGFBP2; INS; LEP; and TRIG. [00126] Clinical
parameters" or "CPs" encompasses all non-sample or
non-analyte biomarkers of subject health status or
other characteristics, such as, without limitation,
age (AGE), race or ethnicity (RACE), gender (SEX),
diastolic blood pressure (DBP) and systolic blood
pressure (SBP), family history (FHX, including FHxI
for 1 parent and FHx2 for 2 parents), height (HT),
weight (WT), waist (Waist) and hip (Hip)
circumference, Waist-Hip ratio (WHr), body-mass index
(BMI), past Gestational Diabetes Mellitus (GDM), and
resting heart rate. [00127] "Consideration"
encompasses anything of value, including, but not
limited to, monetary consideration, as well as
non-monetary consideration including, but not limited
to, related services or products, discounts on
services or products, favored supplier relationships,
more rapid reimbursements, etc. [00128] "Diabetic
condition" in the context of the present invention
comprises type I and type II Diabetes mellitus, and
pre-Diabetes (defined herein). It is also known in the
art that Diabeticrelated conditions include Diabetes
and the pre-diabetic condition (defined herein).
[00129] "Diabetes mellitus" in the context of the
present invention encompasses Type 1 Diabetes, both
autoimmune and idiopathic and Type 2 Diabetes
(referred to herein as "Diabetes" or 'T2DM"). The
World Health Organization defines the diagnostic value
of fasting plasma glucose concentration to 7.0 mmol/1
(126 mg/dl) and above for Diabetes mellitus (whole
blood 6.1 mmol/1 or 110 mg/dl), or 2-hour glucose
level greater than or equal to 11.1 mmol/L (greater
than or equal to 200 mg/dL). Other values suggestive
of or indicating high risk for Diabetes mellitus
include elevated arterial pressure greater than or
equal to 140/90 mm Hg; elevated plasma triglycerides
(greater than or equal to 1.7 mmol/L; 150 mg/dL)
and/or low HDL-cholesterol (<0.9 mmol/L, 35mg/dl for
men; <1.0 mmol/L, 39 mg/dL women); central obesity
(males: waist to hip ratio >0.90; females: waist to
hip ratio > 0.85) and/or body mass index exceeding 30
kg/m2; microalbuminuria, where the urinary albumin
excretion rate greater than or equal to 20 mg/min or
albuminxreatinine ratio greater than or equal to 30
mg/g). [00130] "Gestational Diabetes" refers to
glucose intolerance during pregnancy. This condition
results in high blood sugar that starts or is first
diagnosed during pregnancy. [00131] "FN" is false
negative, which for a disease state test means
classifying a disease subject incorrectly as
non-disease or normal. [00132] "FP" is false positive,
which for a disease state test means classifying a
normal subject incorrectly as having disease. [00133]
The terms "formula," "algorithm," and "model" are used
interchangeably for any mathematical equation,
algorithmic, analytical or programmed process, or
statistical technique that takes one or more
continuous or categorical inputs (herein called
"parameters") and calculates an output value,
sometimes referred to as an "index" or "index value."
Non-limiting examples of "formulas" include sums,
ratios, and regression operators, such as coefficients
or exponents, biomarker value transformations and
normalizations (including, without limitation, those
normalization schemes based on clinical parameters,
such as gender, age, or ethnicity), rules and
guidelines, statistical classification models, and
neural networks trained on historical populations. Of
particular use for the biomarkers are linear and
non-linear equations and statistical classification
analyses to determine the relationship between levels
of biomarkers detected in a subject sample and the
subject's risk of Diabetes. In panel and combination
construction, of particular interest are structural
and synactic statistical classification algorithms,
and methods of risk index construction, utilizing
pattern recognition features, including established
techniques such as cross-correlation, Principal
Components Analysis (PCA), factor rotation, Logistic
Regression (LogReg), Linear Discriminant Analysis
(LDA), Eigengene Linear Discriminant Analysis (ELDA),
Support Vector Machines (SVM), Random Forest (RF),
Recursive Partitioning Tree (RPART), as well as other
related decision tree classification techniques,
Shruken Centroids (SC), StepAIC, Kth-Nearest Neighbor,
Boosting, Decision Trees, Neural Networks, Bayesian
Networks, Support Vector Machines, and Hidden Markov
Models, Linear Regression or classification
algorithms, NonlinearRegression or classification
algorithms, analysis of variants (ANOVA), hierarchical
analysis or clustering algorithms; hierarchical
algorithms using decision trees; kernel based machine
algorithms such as kernel partial least squares
algorithms, kernel matching pursuit algorithms, kernel
Fisher's discriminate analysis algorithms, or kernel
principal components analysis algorithms, among
others. Many of these techniques are useful either
combined with a ALLDBRISK selection technique, such as
forward selection, backwards selection, or stepwise
selection, complete enumeration of all potential
panels of a given size, genetic algorithms, or they
may themselves include biomarker selection
methodologies in their own technique. These may be
coupled with information criteria, such as Akaike's
Information Criterion (AIC) or Bayes Information
Criterion (BIC), in order to quantify the tradeoff
between additional biomarkers and model improvement,
and to aid in minimizing overfit. The resulting
predictive models may be validated in other studies,
or crossvalidated in the study they were originally
trained in, using such techniques as Leave-One-Out
(LOO) and 10-Fold cross-validation (10-Fold CV). A
"DRS Formula" is a formula developed as described
herein and used to calculate a Diabetes risk score
from inputs comprising the results from biomarker
testing as described herein. A DRS Formula is the
preferred means for calculating a Diabetes risk score.
[00134] A "Health economic utility function" is a
formula that is derived from a combination of the
expected probability of a range of clinical outcomes
in an idealized applicable patient population, both
before and after the introduction of a diagnostic or
therapeutic intervention into the standard of care. It
encompasses estimates of the accuracy, effectiveness
and performance characteristics of such intervention,
and a cost and/or value measurement (a utility)
associated with each outcome, which may be derived
from actual health system costs of care (services,
supplies, devices and drugs, etc.) and/or as an
estimated acceptable value per quality adjusted life
year (QALY) resulting in each outcome. The sum, across
all predicted outcomes, of the product of the
predicted population size for an outcome multiplied by
the respective outcome's expected utility is the total
health economic utility of a given standard of care.
The difference between (i) the total health economic
utility calculated for the standard of care with the
intervention versus (ii) the total health economic
utility for the standard of care without the
intervention results in an overall measure of the
health economic cost or value of the intervention.
This may itself be dividedamongst the entire patient
group being analyzed (or solely amongst the
intervention group) to arrive at a cost per unit
intervention, and to guide such decisions as market
positioning, pricing, and assumptions of health system
acceptance. Such health economic utility functions are
commonly used to compare the cost-effectiveness of the
intervention, but may also be transformed to estimate
the acceptable value per QALY the health care system
is willing to pay, or the acceptable costeffective
clinical performance characteristics required of a new
intervention. For diagnostic (or prognostic)
interventions of the invention, as each outcome (which
in a disease classifying diagnostic test may be a TP,
FP, TN, or FN) bears a different cost, a health
economic utility function may preferentially favor
sensitivity over specificity, or PPV over NPV based on
the clinical situation and individual outcome costs
and value, and thus provides another measure of health
economic performance and value which may be different
from more direct clinical or analytical performance
measures. These different measurements and relative
trade-offs 



generally will converge only in the case of a perfect
test, with zero error rate (aka zero predicted subject
outcome misclassifications or FP and FN), which all
performance measures will favor over imperfection, but
to differing degrees. [00135] "Impaired glucose
tolerance" (IGT) is a pre-diabetic condition defined
as having a blood glucose level that is higher than
normal, but not high enough to be classified as
Diabetes Mellitus. A subject with IGT will have
two-hour glucose levels of 140 to 199 mg/dL (7.8 to
11.0 mmol) on the 75-g oral glucose tolerance test.
These glucose levels are above normal but below the
level that is diagnostic for Diabetes. Subjects with
impaired glucose tolerance or impaired fasting glucose
have a significant risk of developing Diabetes and
thus are an important target group for primary
prevention. [00136] "Insulin resistance" refers to a
diabetic or pre-diabetic condition in which the cells
of the body become resistant to the effects of
insulin, that is, the normal response to a given
amount of insulin is reduced. As a result, higher
levels of insulin are needed in order for insulin to
exert its effects. [00137] The oral glucose tolerance
test (OGTT) is principally used for diagnosis of
Diabetes Mellitus or pre-diabetic conditions when
blood glucose levels are equivocal, during pregnancy,
or in epidemiological studies (Definition, Diagnosis
and Classification of Diabetes Mellitus and
itsComplications, Part 1, World Health Organization,
1999). The OGTT should be administered in the morning
after at least 3 days of unrestricted diet (greater
than 150 g of carbohydrate daily) and usual physical
activity. A reasonable (30-50 g)
carbohydrate-containing meal should be consumed on the
evening before the test. The test should be preceded
by an overnight fast of 8-14 hours, during which water
may be consumed. After collection of the fasting blood
sample, the subject should drink 75 g of anhydrous
glucose or 82.5 g of glucose monohydrate in 250-300 ml
of water over the course of 5 minutes. For children,
the test load should be 1.75 g of glucose per kg body
weight up to a total of 75 g of glucose. Timing of the
test is from the beginning of the drink. Blood samples
must be collected 2 hours after the test load. As
previously noted, a diagnosis of impaired glucose
tolerance (IGT) has been noted as being only 50%
sensitive, with a >10% false positive rate, for a 7.5
year conversion to Diabetes when used at the WHO
cut-off points. This is a significant problem for the
clinical utility of the test, as even relatively high
risk ethnic groups have only a 10% rate of conversion
to Diabetes over such a period unless otherwise
enriched by other risk factors; in an unselected
general population, the rate of conversion over such
periods is typically estimated at 5- 6%, or less than
1% per annum. [00138] "Measuring" or "measurement"
means assessing the presence, absence, quantity or
amount (which can be an effective amount) of either a
given substance within a clinical or subjectderived
sample, including the derivation of qualitative or
quantitative concentration levels of such substances,
or otherwise evaluating the values or categorization
of a subject's clinical parameters. [00139] "Negative
predictive value" or "NPV" is calculated by TN/(TN +
FN) or the true negative fraction of all negative test
results. It also is inherently impacted by the
prevalence of the disease and pre-test probability of
the population intended to be tested. See, e.g.,
O'Marcaigh AS, Jacobson RM, "Estimating The Predictive
Value Of A Diagnostic Test, How To Prevent Misleading
Or Confusing Results," Clin. Ped. 1993, 32(8):
485-491, which discusses specificity, sensitivity, and
positive and negative predictive values of a test,
e.g., a clinical diagnostic test. Often, for binary
disease state classification approaches using a
continuous diagnostic test measurement, the
sensitivity and specificity is summarized by Receiver
Operating Characteristics (ROC) curves according to
Pepe et al, "Limitations of the Odds Ratio in Gauging
the Performance of a Diagnostic, Prognostic, or
Screening Marker," Am. J . Epidemiol 2004, 159 (9):
882-890, and summarized bythe Area Under the Curve
(AUC) or c-statistic, an indicator that allows
representation of the sensitivity and specificity of a
test, assay, or method over the entire range of test
(or assay) cut points with just a single value. See
also, e.g., Shultz, "Clinical Interpretation Of
Laboratory Procedures," chapter 14 in Teitz,
Fundamentals of Clinical Chemistry, Burtis and Ashwood
(eds.), 4th edition 1996, W.B. Saunders Company, pages
192-199; and Zweig et al., "ROC Curve Analysis: An
Example Showing The Relationships Among Serum Lipid
And Apolipoprotein Concentrations In Identifying
Subjects With Coronory Artery Disease," Clin. Chem.,
1992, 38(8): 1425-1428. An alternative approach using
likelihood functions, odds ratios, information theory,
predictive values, calibration (including
goodness-of-fit), and reclassification measurements is
summarized according to Cook, "Use and Misuse of the
Receiver Operating Characteristic Curve in Risk
Prediction," Circulation 2007, 115: 928-935. Hazard
ratios and absolute and relative risk ratios within
subject cohorts defined by a test are a further
measurement of clinical accuracy and utility. In this
last, multiple methods are frequently used to defining
abnormal or disease values, including reference
limits, discrimination limits, and risk thresholds as
per Vasan, "Biomarkers of Cardiovascular Disease:
Molecular Basis and Practical Considerations,"
Circulation 2006, 113: 2335-2362. [00140] Analytical
accuracy refers to the repeatability and
predictability of the measurement process itself, and
may be summarized in such measurements as coefficients
of variation, and tests of concordance and calibration
of the same samples or controls with different times,
users, equipment and/or reagents. These and other
considerations in evaluating new biomarkers are also
summarized in Vasan, Circulation 2006, 113: 2335-2362.
[00141] "Normal glucose levels" is used
interchangeably with the term "normoglycemic" and
"normal" and refers to a fasting venous plasma glucose
concentration of less than 6.1 mmol/L ( 110 mg/dL).
Although this amount is arbitrary, such values have
been observed in subjects with proven normal glucose
tolerance, although some may have IGT as measured by
oral glucose tolerance test (OGTT). Glucose levels
above normoglycemic are considered a pre-diabetic
condition. [00142] "Performance" is a term that
relates to the overall usefulness and quality of a
diagnostic or prognostic test, including, among
others, clinical and analytical accuracy, other
analytical and process characteristics, such as use
characteristics (e.g., stability, ease of use), health
economicvalue, and relative costs of components of the
test. Any of these factors may be the source of
superior performance and thus usefulness of the test.
[00143] "Positive predictive value" or "PPV" is
calculated by TP/(TP+FP) or the true positive fraction
of all positive test results. It is inherently
impacted by the prevalence of the disease and pre-test
probability of the population intended to be tested.
[00144] "Pre-Diabetes" or "pre-Diabetic," in the
context of the present invention indicates the
physiological state, in an individual or in a
population, and absent any therapeutic intervention
(diet, exercise, pharmaceutical, or otherwise) of
having a higher than normal expected rate of disease
conversion to frank Type 2 Diabetes Mellitus.
Pre-Diabetes can also refer to those subjects or
individuals, or a population of subjects or
individuals who will, or are predicted to convert to
frank Type 2 Diabetes Mellitus within a given time
period or time horizon at a higher rate than that of
the general, unselected population. Such absolute
predicted rate of conversion to frank Type 2 Diabetes
Mellitus in pre-Diabetes populations may be as low as
1 percent or more per annum, but preferably 2 percent
per annum or more. It may also be stated in terms of a
relative risk from normal between quartiles of risk or
as a likelihood ratio between differing biomarker and
index scores, including those coming from the
invention. Unless otherwise noted, and without
limitation, when a categorical positive diagnosis of
pre-Diabetes is stated here, it is defined
experimentally with 



reference to the group of subjects with a predicted
conversion rate to Type 2 Diabetes mellitus of two
percent (2%) or greater per annum over the coming 5.0
years, or ten percent (10%) or greater in the entire
period, of those testing at a given threshold value
(the selected pre-Diabetes clinical cutoff). When a
continuous measure of Diabetes conversion risk is
produced, pre-Diabetes encompasses any expected annual
rate of conversion above that seen in a normal
reference or general unselected normal prevalence
population. When a complete study is retrospectively
discussed in the Examples, pre-Diabetes encompasses
the baseline condition of all of the "Converters" or
"Cases" arms, each of whom converted to Type 2
Diabetes Mellitus during the study. [00145] In an
unselected individual population, pre-Diabetes
overlaps with, but is not necessarily a complete
superset of, or contained subset within, all those
with "pre-diabetic conditions;" as many who will
convert to Diabetes in a given time horizon are now
apparently healthy, and with noobvious pre-diabetic
condition, and many have pre-diabetic conditions but
will not convert in a given time horizon; such is the
diagnostic gap and need to be fulfilled by the
invention. Taken as a population, individuals with
pre-Diabetes have a predictable risk of conversion to
Diabetes (absent therapeutic intervention) compared to
individuals without pre-Diabetes and otherwise risk
matched. [00146] "Pre-diabetic condition" refers to a
metabolic state that is intermediate between normal
glucose homeostasis and metabolism and states seen in
frank Diabetes Mellitus. Pre-diabetic conditions
include, without limitation, Metabolic Syndrome
("Syndrome X"), Impaired Glucose Tolerance (IGT), and
Impaired Fasting Glycemia (IFG). IGT refers to
post-prandial abnormalities of glucose regulation,
while IFG refers to abnormalities that are measured in
a fasting state. The World Health Organization defines
values for IFG as a fasting plasma glucose
concentration of 6.1 mmol/L (100 mg/dL) or greater
(whole blood 5.6 mmol/L; 100 mg/dL), but less than 7.0
mmol/L (126 mg/dL) (whole blood 6.1 mmol/L; 110
mg/dL). Metabolic syndrome according to the National
Cholesterol Education Program (NCEP) criteria are
defined as having at least three of the following:
blood pressure greater than or equal to 130/85 mm Hg;
fasting plasma glucose greater than or equal to 6.1
mmol/L; waist circumference >102 cm (men) or >88 cm
(women); triglycerides greater than or equal to 1.7
mmol/L; and HDL cholesterol <1.0 mmol/L (men) or 1.3
mmol/L (women). Many individuals with pre-diabetic
conditions will not convert to T2DM. [00147] "Risk" in
the context of the present invention, relates to the
probability that an event will occur over a specific
time period, as in the conversion to frank Diabetes,
and can can mean a subject's "absolute" risk or
"relative" risk. Absolute risk can be measured with
reference to either actual observation
post-measurement for the relevant time cohort, or with
reference to index values developed from statistically
valid historical cohorts that have been followed for
the relevant time period. Relative risk refers to the
ratio of absolute risks of a subject compared either
to the absolute risks of low risk cohorts or an
average population risk, which can vary by how
clinical risk factors are assessed. Odds ratios, the
proportion of positive events to negative events for a
given test result, are also commonly used (odds are
according to the formula p/(l-p) where p is the
probability of event and (1- p) is the probability of
no event) to no-conversion. Alternative continuous
measures which may be assessed in the context of the
present invention include time to Diabetes conversion
and therapeutic Diabetes conversion risk reduction
ratios.[00148] "Risk evaluation," or "evaluation of
risk" in the context of the present invention
encompasses making a prediction of the probability,
odds, or likelihood that an event or disease state may
occur, the rate of occurrence of the event or
conversion from one disease state to another, i.e.,
from a normoglycemic condition to a pre-diabetic
condition or pre-Diabetes, or from a prediabetic
condition to pre-Diabetes or Diabetes. Risk evaluation
can also comprise prediction of future glucose, HBAIc
scores or other indices of Diabetes, either in
absolute or relative terms in reference to a
previously measured population. The methods of the
present invention may be used to make continuous or
categorical measurements of the risk of conversion to
Type 2 Diabetes, thus diagnosing and defining the risk
spectrum of a category of subjects defined as
pre-diabetic. In the categorical scenario, the
invention can be used to discriminate between normal
and pre-Diabetes subject cohorts. In other
embodiments, the present invention may be used so as
to discriminate pre- Diabetes from Diabetes, or
Diabetes from normal. Such differing use may require
different biomarker combinations in individual panels,
mathematical algorithm, and/or cut-off points, but be
subject to the same aforementioned measurements of
accuracy for the intended use. [00149] A "sample" in
the context of the present invention is a biological
sample isolated from a subject and can include, by way
of example and not limitation, whole blood, serum,
plasma, blood cells, endothelial cells, tissue
biopsies, lymphatic fluid, ascites fluid,
interstitital fluid (also known as "extracellular
fluid" and encompasses the fluid found in spaces
between cells, including, inter alia, gingival
crevicular fluid), bone marrow, cerebrospinal fluid
(CSF), saliva, mucous, sputum, sweat, urine, or any
other secretion, excretion, or other bodily fluids.
"Blood sample" refers to whole blood or any fraction
thereof, including blood cells, serum and plasma;
serum is a preferred blood sample. [00150]
"Sensitivity" is calculated by TP/(TP+FN) or the true
positive fraction of disease subjects. [00151]
"Specificity" is calculated by TN/(TN+FP) or the true
negative fraction of non-disease or normal subjects.
[00152] By "statistically significant", it is meant
that the alteration is greater than what might be
expected to happen by chance alone (which could be a
"false positive"). Statistical significance can be
determined by any method known in the art. Commonly
used measures of significance includethe p-value,
which presents the probability of obtaining a result
at least as extreme as a given data point, assuming
the data point was the result of chance alone. A
result is often considered highly significant at a
p-value of 0.05 or less. [00153] A "subject" in the
context of the present invention is preferably a
mammal. The mammal can be a human, non-human primate,
mouse, rat, dog, cat, horse, or cow, but are not
limited to these examples. Mammals other than humans
can be advantageously used as subjects that represent
animal models of Diabetes Mellitus, pre-Diabetes, or
pre-diabetic conditions. A subject can be male or
female. A subject can be one who has been previously
diagnosed or identified as having Diabetes,
pre-Diabetes, or a pre-diabetic condition, and
optionally has already undergone, or is undergoing, a
therapeutic intervention for the Diabetes,
pre-Diabetes, or prediabetic condition. Alternatively,
a subject can also be one who has not been previously
diagnosed as having Diabetes, pre-Diabetes, or a
pre-diabetic condition. For example, a subject can be
one who exhibits one or more risk factors for
Diabetes, pre-Diabetes, or a pre-diabetic condition,
or a subject who does not exhibit Diabetes risk
factors, or a subject who is asymptomatic for
Diabetes, pre-Diabetes, or pre-diabetic conditions. A
subject can also be one who is suffering from or at
risk of developing Diabetes, pre-Diabetes, or a
pre-diabetic condition. [00154] "TN" is true negative,
which for a disease state test means classifying a
non-disease or normal subject correctly. [00155] "TP"
is true positive, which for a disease state test means
correctly classifying a disease subject. [00156]
"Traditional laboratory risk factors" or "TLRFs"
correspond to biomarkers isolated or derived from
subject samples and which are currently evaluated in
the clinical laboratory and used 



in traditional global risk assessment algorithms, such
as Stern, Framingham, Finland Diabetes Risk Score,
ARIC Diabetes, and Archimedes. Traditional laboratory
risk factors commonly tested from subject blood
samples include, but are not limited to, total
cholesterol (CHOL), LDL (LDL/LDLC), HDL (HDL/HDLC),
VLDL (VLDLC), triglycerides (TRIG), glucose
(including, without limitation, the fasting plasma
glucose (Glucose) and the oral glucose tolerance test
(OGTT)) and HBAIc (HBAlC) levels.[00157] The RDMARKER
set of biomarkers of the invention are selected from
adiponectin (ADIPOQ), C-reactive protein (CRP);
glucose (GLUCOSE); glutamic-pyruvate transaminase (GPT
or ALT); glycosylated hemoglobin (HBAlC); heat shock
7OkDa protein IB (HSPAlB); insulin-like growth factor
binding protein 1 (IGFBPl); insulin-like growth factor
binding protein 2 (IGFB P2); insulin (DSfS, INSULIN-M,
pro-insulin and SCp), leptin (LEP) and triglycerides
(TRIG). The biomarker GPT may be analyzed by measuring
the GPT protein level or measuring the enzymatic
activity as an alanine aminotransferase (ALT). The GPT
enzymatic activity (ALT activity) may be measured
using conventional methods known in the art. These
markers are individually known; see US 2007/0218519
and US 2007/0259377, which are incorporated by
reference herein in their entirety, for descriptions
of the individual markers. Diagnostic and Prognostic
Indications of the Invention [00158] The invention
provides improved diagnosis and prognosis of Diabetes,
pre-Diabetes, or a pre-diabetic condition. The risk of
developing Diabetes, pre-Diabetes, or a pre-diabetic
condition can be detected with a pre-determined level
of predictability by measuring various biomarkers such
as RDMARKERs, ALLDBRISKs, CPs, and TLRFs (including,
but not limited to, proteins, nucleic acids,
polymorphisms, metabolites, and other analytes in a
test sample from a subject), and comparing the
measured values to reference or index values, often
utilizing mathematical algorithms or formula in order
to combine information from results of multiple
individual biomarkers and from non-analyte clinical
parameters into a single measurement or index.
Subjects identified as having an increased risk of
Diabetes, pre-Diabetes, or a pre-diabetic condition
can optionally be selected to receive treatment
regimens, such as administration of prophylactic or
therapeutic compounds such as "Diabetes-modulating
agents" as defined herein, or implementation of
exercise regimens or dietary supplements to prevent or
delay the onset of Diabetes, pre-Diabetes, or a
pre-diabetic condition. [00159] The amount of the
biomarker can be measured in a test sample and
compared to the "normal control level", utilizing
techniques such as reference limits, discrimination
limits, or risk defining thresholds to define cutoff
points and abnormal values for Diabetes, pre-Diabetes,
and prediabetic conditions, all as described in Vasan,
2006. The normal control level means the level ofone
or more biomarkers or combined biomarker indices
typically found in a subject not suffering from
Diabetes, pre-Diabetes, or a pre-diabetic condition.
Such normal control level and cutoff points may vary
based on whether a biomarker is used alone or in a
formula combining with other biomarkers into an index.
Alternatively, the normal control level can be a
database of biomarker patterns from previously tested
subjects who did not convert to Diabetes over a
clinically relevant time horizon. [00160] The present
invention may be used to make continuous or
categorical measurements of the risk of conversion to
Type 2 Diabetes, thus diagnosing and defining the risk
spectrum of a category of subjects defined as
pre-diabetic. In the categorical scenario, the methods
of the present invention can be used to discriminate
between normal and pre-Diabetes subject cohorts. In
other embodiments, the present invention may be used
so as to discriminate pre-Diabetes from Diabetes, or
Diabetes from normal. Such differing use may require
different biomarker combinations in individual panels,
mathematical algorithms, and/or cut-off points, but
subject to the same aforementioned measurements of
accuracy for the intended use. [00161] Identifying the
pre-diabetic subject enables the selection and
initiation of various therapeutic interventions or
treatment regimens in order to delay, reduce or
prevent that subject's conversion to a frank Diabetes
disease state. Levels of an effective amount of
biomarkers also allows for the course of treatment of
Diabetes, pre-Diabetes or a pre-diabetic condition to
be monitored. In this method, a biological sample can
be provided from a subject undergoing treatment
regimens or therapeutic interventions, e.g., drug
treatments, for Diabetes. Such treatment regimens or
therapeutic interventions can include, but are not
limited to, exercise regimens, dietary modification,
dietary supplementation, bariatric surgical
intervention, administration of pharmaceuticals, and
treatment with therapeutics or prophylactics used in
subjects diagnosed or identified with Diabetes,
pre-Diabetes, or a pre-diabetic condition. If desired,
biological samples are obtained from the subject at
various time points before, during, or after
treatment. [00162] The present invention can also be
used to screen patient or subject populations in any
number of settings. For example, a health maintenance
organization, public health entity or school health
program can screen a group of subjects to identify
those requiring interventions, as described above, or
for the collection of epidemiological data. Insurance
companies (e.g., health, life, ordisability) may
screen applicants in the process of determining
coverage or pricing, or existing clients for possible
intervention. Data collected in such population
screens, particularly when tied to any clinical
progession to conditions like Diabetes, pre-Diabetes,
or a pre-diabetic condition, will be of value in the
operations of, for example, health maintenance
organizations, public health programs and insurance
companies. Such data arrays or collections can be
stored in machinereadable media and used in any number
of health-related data management systems to provide
improved healthcare services, cost effective
healthcare, improved insurance operation, etc. See,
for example, U.S. Patent Application No.; U.S. Patent
Application No. 2002/0038227; U.S. Patent Application
No. US 2004/0122296; U.S. Patent Application No. US
2004/ 0122297; and U.S. Patent No. 5,018,067. Such
systems can access the data directly from internal
data storage or remotely from one or more data storage
sites as further detailed herein. Thus, in a
health-related data management system, wherein risk of
developing a diabetic condition for a subject or a
population comprises analyzing Diabetes risk factors,
the present invention provides an improvement
comprising use of a data array encompassing the
biomarker measurements as defined herein and/or the
resulting evaluation of risk from those biomarker
measurements. [00163] A machine-readable storage
medium can comprise a data storage material encoded
with machine readable data or data arrays which, when
using a machine programmed with instructions for using
said data, is capable of use for a variety of
purposes, such as, without limitation, subject
information relating to Diabetes risk factors over
time or in response to Diabetes-modulating drug
therapies, drug discovery, and the like. Measurements
of effective amounts of the biomarkers of the
invention and/or the resulting evaluation of risk from
those biomarkers can implemented in computer programs
executing on programmable computers, comprising, inter
alia, a processor, a data storage system (including
volatile and non-volatile memory and/or storage
elements), at least one input device, and at least one
output device. Program code can be applied to input
data to perform the functions described above and
generate output information. The output information
can be applied to one or more output devices,
according to methods known in the art. The computer
may be, for example, a personal computer,
microcomputer, or workstation of conventional design.
[00164] Each program can be implemented in a high
level procedural or object oriented programming
language to communicate with a computer system.
However, the programs can beimplemented in assembly or
machine language, if desired. The language can be a
compiled or 



interpreted language. Each such computer program can
be stored on a storage media or device (e.g., ROM or
magnetic diskette or others as defined elsewhere in
this disclosure) readable by a general or special
purpose programmable computer, for configuring and
operating the computer when the storage media or
device is read by the computer to perform the
procedures described herein. The health-related data
management system of the invention may also be
considered to be implemented as a computer-readable
storage medium, configured with a computer program,
where the storage medium so configured causes a
computer to operate in a specific and predefined
manner to perform various functions described herein.
Levels of an effective amount of biomarkers can then
be determined and compared to a reference value, e.g.
a control subject or population whose diabetic state
is known or an index value or baseline value. The
reference sample or index value or baseline value may
be taken or derived from one or more subjects who have
been exposed to the treatment, or may be taken or
derived from one or more subjects who are at low risk
of developing Diabetes, pre-Diabetes, or a
pre-diabetic condition, or may be taken or derived
from subjects who have shown improvements in Diabetes
risk factors (such as clinical parameters or
traditional laboratory risk factors as defined herein)
as a result of exposure to treatment. Alternatively,
the reference sample or index value or baseline value
may be taken or derived from one or more subjects who
have not been exposed to the treatment. For example,
samples may be collected from subjects who have
received initial treatment for Diabetes, pre-Diabetes,
or a pre-diabetic condition and subsequent treatment
for Diabetes, pre-Diabetes, or a pre-diabetic
condition to monitor the progress of the treatment. A
reference value can also comprise a value derived from
risk prediction algorithms or computed indices from
population studies such as those disclosed herein.
[00165] Fig. 33 illustrates an example of a suitable
computing system environment 100 on which a system for
the steps of the claimed method and apparatus may be
implemented. The computing system environment 100 is
only one example of a suitable computing environment
and is not intended to suggest any limitation as to
the scope of use or functionality of the method of
apparatus of the claims. Neither should the computing
environment 100 be interpreted as having any
dependency or requirement relating to any one or
combination of components illustrated in the exemplary
operating environment 100.[00166] The steps of the
claimed method and system are operational with
numerous other general purpose or special purpose
computing system environments or configurations.
Examples of well known computing systems,
environments, and/or configurations that may be
suitable for use with the methods or system of the
claims include, but are not limited to, personal
computers, server computers, hand-held or laptop
devices, multiprocessor systems, microprocessor-based
systems, set top boxes, programmable consumer
electronics, network PCs, minicomputers, mainframe
computers, distributed computing environments that
include any of the above systems or devices, and the
like, including those systems, environments,
configurations and means described elsewhere within
this disclosure. [00167] The steps of the claimed
method and system may be described in the general
context of computer-executable instructions, such as
program modules, being executed by a computer.
Generally, program modules include routines, programs,
objects, components, data structures, etc. that
perform particular tasks or implement particular
abstract data types. The methods and apparatus may
also be practiced in distributed computing
environments where tasks are performed by remote
processing devices that are linked through a
communications network. In both integrated and
distributed computing environments, program modules
may be located in both local and remote computer
storage media including memory storage devices.
[00168] With reference to Fig. 33, an exemplary system
for implementing the steps of the claimed method and
system includes a general purpose computing device in
the form of a computer 110. Components of computer 110
may include, but are not limited to, a processing unit
120, a system memory 130, and a system bus 121 that
couples various system components including the system
memory to the processing unit 120. The system bus 121
may be any of several types of bus structures
including a memory bus or memory controller, a
peripheral bus, and a local bus using any of a variety
of bus architectures. By way of example, and not
limitation, such architectures include Industry
Standard Architecture (ISA) bus, Micro Channel
Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video
Electronics Standards Association (VESA) local bus,
and Peripheral Component Interconnect (PCI) bus also
known as Mezzanine bus. [00169] Computer 110 typically
includes a variety of computer readable media.
Computer readable media can be any available media
that can be accessed by computer 110 and includes
bothvolatile and nonvolatile media, removable and
non-removable media. By way of example, and not
limitation, computer readable media may comprise
computer storage media and communication media.
Computer storage media includes both volatile and
nonvolatile, removable and non removable media
implemented in any method or technology for storage of
information such as computer readable instructions,
data structures, program modules or other data.
Computer storage media includes, but is not limited
to, RAM, ROM, EEPROM, flash memory or other memory
technology, CD-ROM, digital versatile disks (DVD) or
other optical disk storage, magnetic cassettes,
magnetic tape, magnetic disk storage or other magnetic
storage devices, or any other medium which can be used
to store the desired information and which can
accessed by computer 110. Communication media
typically embodies computer readable instructions,
data structures, program modules or other data in a
modulated data signal such as a carrier wave or other
transport mechanism and includes any information
delivery media. The term "modulated data signal" means
a signal that has one or more of its characteristics
set or changed in such a manner as to encode
information in the signal. By way of example, and not
limitation, communication media includes wired media
such as a wired network or direct-wired connection,
and wireless media such as acoustic, RF, infrared and
other wireless media. Combinations of the any of the
above should also be included within the scope of
computer readable media. [00170] The system memory 130
includes computer storage media in the form of
volatile and/or nonvolatile memory such as read only
memory (ROM) 131 and random access memory (RAM) 132. A
basic input/output system 133 (BIOS), containing the
basic routines that help to transfer information
between elements within computer 110, such as during
start-up, is typically stored in ROM 131. RAM 132
typically contains data and/or program modules that
are immediately accessible to and/or presently being
operated on by processing unit 120. By way of example,
and not limitation, Fig. 33 illustrates operating
system 134, application programs 135, other program
modules 136, and program data 137. [00171] The
computer 110 may also include other
removable/non-removable, volatile/nonvolatile computer
storage media. By way of example only, Fig. 33
illustrates a hard disk drive 140 that reads from or
writes to non-removable, nonvolatile magnetic media, a
magnetic disk drive 151 that reads from or writes to a
removable, nonvolatile magnetic disk 152, and an
optical disk drive 155that reads from or writes to a
removable, nonvolatile optical disk 156 such as a CD
ROM or other optical media. Other
removable/non-removable, volatile/nonvolatile computer
storage media that can be used in the exemplary
operating environment include, but are not limited to,
magnetic tape cassettes, flash memory cards, digital
versatile disks, digital video tape, solid state RAM,
solid state ROM, and the like. The hard disk drive 141
is typically connected to the system bus 121 through a
non-removable memory interface such as interface 140,
and magnetic disk drive 151 and optical 



disk drive 155 are typically connected to the system
bus 121 by a removable memory interface, such as
interface 150. [00172] The drives and their associated
computer storage media discussed above and illustrated
in Fig. 33, provide storage of computer readable
instructions, data structures, program modules and
other data for the computer 110. In Fig. 33, for
example, hard disk drive 141 is illustrated as storing
operating system 144, application programs 145, other
program modules 146, and program data 147. Note that
these components can either be the same as or
different from operating system 134, application
programs 135, other program modules 136, and program
data 137. Operating system 144, application programs
145, other program modules 146, and program data 147
are given different numbers here to illustrate that,
at a minimum, they are different copies. A user may
enter commands and information into the computer 20
through input devices such as a keyboard 162 and
pointing device 161, commonly referred to as a mouse,
trackball or touch pad. Other input devices (not
shown) may include a microphone, joystick, game pad,
satellite dish, scanner, or the like. These and other
input devices are often connected to the processing
unit 120 through a user input interface 160 that is
coupled to the system bus, but may be connected by
other interface and bus structures, such as a parallel
port, game port or a universal serial bus (USB). A
monitor 191 or other type of display device is also
connected to the system bus 121 via an interface, such
as a video interface 190. In addition to the monitor,
computers may also include other peripheral output
devices such as speakers 197 and printer 196, which
may be connected through an output peripheral
interface 190. [00173] The biomarkers of the present
invention can thus be used to generate a "reference
biomarker profile" of those subjects who do not have
Diabetes, pre-Diabetes, or a pre-diabetic condition
such as impaired glucose tolerance, and would not be
expected to develop Diabetes, preDiabetes, or a
pre-diabetic condition. The biomarkers disclosed
herein can also be used to generate a "subject
biomarker profile" taken from subjects who have
Diabetes, pre-Diabetes, or a prediabetic condition
like impaired glucose tolerance. The subject biomarker
profiles can be compared to a reference biomarker
profile to diagnose or identify subjects at risk for
developing Diabetes, pre- Diabetes or a pre-diabetic
condition, to monitor the progression of disease, as
well as the rate of progression of disease, and to
monitor the effectiveness of Diabetes, pre-Diabetes or
pre-diabetic condition treatment modalities. The
reference and subject biomarker profiles of the
present invention can be contained in a
machine-readable medium, such as but not limited to,
analog tapes like those readable by a VCR, CD-ROM,
DVD-ROM, USB flash media, among others. Such
machine-readable media can also contain additional
test results, such as, without limitation,
measurements of clinical parameters and traditional
laboratory risk factors. Alternatively or
additionally, the machine-readable media can also
comprise subject information such as medical history
and any relevant family history. The machine-readable
media can also contain information relating to other
Diabetes-risk algorithms and computed indices such as
those described herein. [00174] Differences in the
genetic makeup of subjects can result in differences
in their relative abilities to metabolize various
drugs, which may modulate the symptoms or risk factors
of Diabetes, pre-Diabetes or a pre-diabetic condition.
Subjects that have Diabetes, pre-Diabetes, or a
pre-diabetic condition, or at risk for developing
Diabetes, pre-Diabetes, or a pre-diabetic condition
can vary in age, ethnicity, body mass index (BMI),
total cholesterol levels, blood glucose levels, blood
pressure, LDL and HDL levels, and other parameters.
Accordingly, use of the biomarkers disclosed herein,
both alone and together in combination with known
genetic factors for drug metabolism, allow for a
pre-determined level of predictability that a putative
therapeutic or prophylactic to be tested in a selected
subject will be suitable for treating or preventing
Diabetes, pre-Diabetes, or a pre-diabetic condition in
the subject. [00175] To identify therapeutics or drugs
that are appropriate for a specific subject, a test
sample from the subject can also be exposed to a
therapeutic agent or a drug, and the level of one or
more biomarkers can be determined. The level of one or
more biomarkers can be compared to sample derived from
the subject before and after treatment or exposure to
a therapeutic agent or a drug, or can be compared to
samples derived from one or more subjects who have
shownimprovements in Diabetes or pre-Diabetes risk
factors (e.g., clinical parameters or traditional
laboratory risk factors) as a result of such treatment
or exposure. [00176] Agents for reducing the risk of
Diabetes, pre-Diabetes, pre-diabetic conditions, or
diabetic complications include, without limitation of
the following, insulin, hypoglycemic agents,
anti-inflammatory agents, lipid reducing agents,
anti-hypertensives such as calcium channel blockers,
beta-adrenergic receptor blockers, cyclooxygenase-2
inhibitors, angiotensin system inhibitors, ACE
inhibitors, rennin inhibitors, together with other
common risk factor modifying agents (herein
"Diabetes-modulating drugs"). [00177] The term
"insulin (LNS)" includes mature insulin (insulin-M),
pro-insulin and soluble cpeptide (SCp). "Insulin"
includes rapid acting forms, such as Insulin lispro
rDNA origin: HUMALOG (1.5 mL, 10 mL, Eli Lilly and
Company, Indianapolis, Ind.), Insulin Injection
(Regular Insulin) form beef and pork (regular ILETIN
I, Eli Lilly], human: rDNA: HUMULIN R (Eli Lilly),
NOVOLIN R (Novo Nordisk, New York, N.Y.),
Semisynthetic: VELOSULIN Human (Novo Nordisk), rDNA
Human, Buffered: VELOSULIN BR, pork: regular Insulin
(Novo Nordisk), purified pork: Pork Regular ILETIN II
(Eli Lilly), Regular Purified Pork Insulin (Novo
Nordisk), and Regular (Concentrated) ILETIN II U-500
(500 units/mL, Eli Lilly); intermediate-acting forms
such as Insulin Zinc Suspension, beef and pork: LENTE
ILETIN G I (Eli Lilly), Human, rDNA: HUMULIN L (Eli
Lilly), NOVOLIN L (Novo Nordisk), purified pork: LENTE
ILETIN II (Eli Lilly), Isophane Insulin Suspension
(NPH): beef and pork: NPH ILETIN I (Eli Lilly), Human,
rDNA: HUMULIN N (Eli Lilly), Novolin N (Novo Nordisk),
purified pork: Pork NPH Eetin II (Eli Lilly), NPH-N
(Novo Nordisk); and long-acting forms such as Insulin
zinc suspension, extended (ULTRALENTE, Eli Lilly),
human, rDNA: HUMULIN U (Eli Lilly). [00178]
"Hypoglycemic" agents are preferably oral hypoglycemic
agents and include, without limitation,
first-generation sulfonylureas: Acetohexamide
(Dymelor), Chlorpropamide (Diabinese), Tolbutamide
(Orinase); second-generation sulfonylureas: Glipizide
(Glucotrol, Glucotrol XL), Glyburide (Diabeta;
Micronase; Glynase), Glimepiride (Amaryl); Biguanides:
Metformin (Glucophage); Alpha-glucosidase inhibitors:
Acarbose (Precose), Miglitol (Glyset),
Thiazolidinediones: Rosiglitazone (Avandia),
Pioglitazone (Actos), Troglitazone (Rezulin);
Meglitinides: Repaglinide (Prandin); and other
hypoglycemics such as Acarbose; Buformin;Butoxamine
Hydrochloride; Camiglibose; Ciglitazone; Englitazone
Sodium; Darglitazone Sodium; Etoformin Hydrochloride;
Gliamilide; Glibomuride; Glicetanile Gliclazide
Sodium; Gliflumide; Glucagon; Glyhexamide; Glymidine
Sodium; Glyoctamide; Glyparamide; Linogliride;
Linogliride Fumarate; Methyl Palmoxirate; Palmoxirate
Sodium; Pirogliride Tartrate; Proinsulin Human;;
Seglitide Acetate; Tolazamide; Tolpyrramide;
Zopolrestat. [00179] "Anti-inflammatory" agents
include Alclofenac; Alclometasone Dipropionate;
Algestone Acetonide; Alpha Amylase; Amcinafal;
Amcinafide; Amfenac Sodium; Amiprilose Hydrochloride;
Anakinra; Anirolac; Anitrazafen; Apazone; Balsalazide
Disodium; Bendazac; Benoxaprofen; Benzydamine
Hydrochloride; Bromelains; Broperamole; Budesonide;
Carprofen; Cicloprofen; Cintazone; Cliprofen;
Clobetasol Propionate; Clobetasone Butyrate; Clopirac;
Cloticasone Propionate; Cormethasone Acetate;
Cortodoxone; Deflazacort; Desonide; Desoximetasone; 



Dexamethasone Dipropionate; Diclofenac Potassium;
Diclofenac Sodium; Diflorasone Diacetate; Diflumidone
Sodium; Diflunisal; Difluprednate; Diftalone; Dimethyl
Sulfoxide; Drocinonide; Endrysone; Enlimomab; Enolicam
Sodium; Epirizole; Etodolac; Etofenamate; Felbinac;
Fenamole; Fenbufen; Fenclofenac; Fenclorac; Fendosal;
Fenpipalone; Fentiazac; Flazalone; Fluazacort;
Flufenamic Acid; Flumizole; Flunisolide Acetate;
Flunixin; Flunixin Meglumine; Fluocortin Butyl;
Fluorometholone Acetate; Fluquazone; Flurbiprofen;
Fluretofen; Fluticasone Propionate; Furaprofen;
Furobufen; Halcinonide; Halobetasol Propionate;
Halopredone Acetate; Ibufenac; Ibuprofen; Ibuprofen
Aluminum; Ibuprofen Piconol; Ilonidap; Indomethacin;
Indomethacin Sodium; Indoprofen; Indoxole; Intrazole;
Isoflupredone Acetate; Isoxepac; Isoxicam; Ketoprofen;
Lofemizole Hydrochloride; Lornoxicam; Loteprednol
Etabonate; Meclofenamate Sodium; Meclofenamic Acid;
Meclorisone Dibutyrate; Mefenamic Acid; Mesalamine;
Meseclazone; Methylprednisolone Suleptanate;
Morniflumate; Nabumetone; Naproxen; Naproxen Sodium;
Naproxol; Nimazone; Olsalazine Sodium; Orgotein;
Orpanoxin; Oxaprozin; Oxyphenbutazone; Paranyline
Hydrochloride; Pentosan Polysulfate Sodium;
Phenbutazone Sodium Glycerate; Pirfenidone; Piroxicam;
Piroxicam Cinnamate; Piroxicam Olamine; Pirprofen;
Prednazate; Prifelone; Prodolic Acid; Proquazone;
Proxazole; Proxazole Citrate; Rimexolone; Romazarit;
Salcolex; Salnacedin; Salsalate; Salycilates;
Sanguinarium Chloride; Seclazone; Sermetacin;
Sudoxicam; Sulindac; Suprofen; Talmetacin;
Talniflumate; Talosalate; Tebufelone; Tenidap;Tenidap
Sodium; Tenoxicam; Tesicam; Tesimide; Tetrydamine;
Tiopinac; Tixocortol Pivalate; Tolmetin; Tolmetin
Sodium; Triclonide; Triflumidate; Zidometacin;
Glucocorticoids; Zomepirac Sodium. An important
anti-inflammatory agent is aspirin. [00180] Preferred
anti-inflammatory agents are cytokine inhibitors.
Important cytokine inhibitors include cytokine
antagonists (e.g., IL-6 receptor antagonists),
aza-alkyl lysophospholipids (AALP), and Tumor Necrosis
Factor-alpha (TNF-alpha) inhibitors, such as
anti-TNF-alpha antibodies, soluble TNF receptor,
TNF-alpha, anti-sense nucleic acid molecules,
multivalent guanylhydrazone (CNI- 1493),
N-acetylcysteine, pentoxiphylline, oxpentifylline,
carbocyclic nucleoside analogues, small molecule S9a,
RP 55778 (a TNF-alpha synthesis inhibitor),
Dexanabinol (HU-211, is a synthetic cannabinoid devoid
of cannabimimetic effects, inhibits TNF-alpha
production at a posttranscriptional stage), MDL
201,449A (9-[(1R, 3R)-trans-cyclopentan-3-ol] adenine,
and trichodimerol (BMS- 182 123). Preferred TNF-alpha
inhibitors are Etanercept (ENBREL, Immunex, Seattle)
and Infliximab (REMICADE, Centocor, Malvern, Pa.).
[00181] "Lipid reducing agents" include gemfibrozil,
cholystyramine, colestipol, nicotinic acid, and
HMG-CoA reductase inhibitors. HMG-CoA reductase
inhibitors useful for administration, or
co-administration with other agents according to the
invention include, but are not limited to, simvastatin
(U.S. Pat. No. 4, 444,784), lovastatin (U.S. Pat. No.
4,231,938), pravastatin sodium (U.S. Pat. No.
4,346,227), fluvastatin (U.S. Pat. No. 4,739,073),
atorvastatin (U.S. Pat. No. 5,273,995), cerivastatin,
and numerous others described in U.S. Pat. No.
5,622,985, U.S. Pat. No. 5,135,935, U.S. Pat. No.
5,356,896, U.S. Pat. No. 4,920,109, U.S. Pat. No.
5,286,895, U.S. Pat. No. 5,262,435, U.S. Pat. No.
5,260,332, U.S. Pat. No. 5,317,031, U.S. Pat. No.
5,283,256, U.S. Pat. No. 5,256,689, U.S. Pat. No.
5,182,298, U.S. Pat. No. 5,369,125, U.S. Pat. No.
5,302,604, U.S. Pat. No. 5,166,171, U.S. Pat. No.
5,202,327, U.S. Pat. No. 5,276,021, U.S. Pat. No.
5,196,440, U.S. Pat. No. 5,091,386, U.S. Pat. No.
5,091,378, U.S. Pat. No. 4,904,646, U.S. Pat. No.
5,385,932, U.S. Pat. No. 5,250,435, U.S. Pat. No.
5,132,312, U.S. Pat. No. 5,130,306, U.S. Pat. No. 5,1
16,870, U.S. Pat. No. 5,1 12,857, U.S. Pat. No.
5,102,911, U.S. Pat. No. 5,098,931, U.S. Pat. No.
5,081,136, U.S. Pat. No. 5,025,000, U.S. Pat. No.
5,021,453, U.S. Pat. No. 5,017,716, U.S. Pat. No.
5,001,144, U.S. Pat. No. 5,001,128, U.S. Pat. No.
4,997,837, U.S. Pat. No. 4,996,234, U.S. Pat. No.
4,994,494, U.S. Pat. No. 4,992,429, U.S. Pat. No.
4,970,231, U.S. Pat. No. 4,968,693, U.S. Pat. No.
4,963,538, U.S. Pat. No.4,957,940, U.S. Pat. No.
4,950,675, U.S. Pat. No. 4,946,864, U.S. Pat. No.
4,946,860, U.S. Pat. No. 4,940,800, U.S. Pat. No.
4,940,727, U.S. Pat. No. 4,939,143, U.S. Pat. No.
4,929,620, U.S. Pat. No. 4,923,861, U.S. Pat. No.
4,906,657, U.S. Pat. No. 4,906,624 and U.S. Pat. No.
4,897,402, the disclosures of which patents are
incorporated herein by reference. [00182] "Calcium
channel blockers" are a chemically diverse class of
compounds having important therapeutic value in the
control of a variety of diseases including several
cardiovascular disorders, such as hypertension,
angina, and cardiac arrhythmias (Fleckenstein, Cir.
Res. v. 52, (suppl. 1), p. 13-16 (1983); Fleckenstein,
Experimental Facts and Therapeutic Prospects, John
Wiley, New York (1983); McCaIl, D., Curr Pract
Cardiol, v. 10, p. 1-1 1 (1985)). Calcium channel
blockers are a heterogeneous group of drugs that
belong to one of three major chemical groups of drugs,
the dihydropyridines, such as nifedipine, the phenyl
alkyl amines, such as verapamil, and the
benzothiazepines, such as diltiazem. Other calcium
channel blockers useful according to the invention,
include, but are not limited to, amrinone, amlodipine,
bencyclane, felodipine, fendiline, flunarizine,
isradipine, nicardipine, nimodipine, perhexilene,
gallopamil, tiapamil and tiapamil analogues (such as
1993RO-1 1 -2933), phenytoin, barbiturates, and the
peptides dynorphin, omegaconotoxin, and
omega-agatoxin, and the like and/or pharmaceutically
acceptable salts thereof. [00183] "Beta-adrenergic
receptor blocking agents" are a class of drugs that
antagonize the cardiovascular effects of
catecholamines in angina pectoris, hypertension, and
cardiac arrhythmias. Beta-adrenergic receptor blockers
include, but are not limited to, atenolol, acebutolol,
alprenolol, befunolol, betaxolol, bunitrolol,
carteolol, celiprolol, hedroxalol, indenolol,
labetalol, levobunolol, mepindolol, methypranol,
metindol, metoprolol, metrizoranolol, oxprenolol,
pindolol, propranolol, practolol, practolol,
sotalolnadolol, tiprenolol, tomalolol, timolol,
bupranolol, penbutolol, trimepranol,
2-(3-(l,l-dimethylethyl)-amino-2-hyd-
roxypropoxy)-3-pyridenecarbonitrilHCl, 1-
butylamino-3-(2,5-dichlorophenoxy- )-2-propanol,
l-isopropylamino-3-(4-(2-
cyclopropylmethoxyethyl)phenoxy)-2- propanol,
3-isopropylamino- 1-(7-methylindan-4-yloxy)-2-
butanol,
2-(3-t-butylamino-2-hydroxy-propylthio)-4-(5-carbamoyl
-2-thienyl)thiazol, 7-(2-hydroxy-
3-t-butylaminpropoxy)phthalide. The above-identified
compounds can be used as isomeric mixtures, or in
their respective levorotating or dextrorotating
form.[00184] A number of selective "COX-2 inhibitors"
are known in the art and include, but are not limited
to, COX-2 inhibitors described in U.S. Pat. No.
5,474,995 "Phenyl heterocycles as cox-2 inhibitors";
U.S. Pat. No. 5,521,213 "Diaryl bicyclic heterocycles
as inhibitors of cyclooxygenase- 2"; U.S. Pat. No.
5,536,752 "Phenyl heterocycles as COX-2 inhibitors";
U.S. Pat. No. 5,550,142 "Phenyl heterocycles as COX-2
inhibitors"; U.S. Pat. No. 5,552,422 "Aryl substituted
5,5 fused aromatic nitrogen compounds as
anti-inflammatory agents"; U.S. Pat. No. 5,604,253
"Nbenzylindol- 3-yl propanoic acid derivatives as
cyclooxygenase inhibitors"; U.S. Pat. No. 5,604,260
"5-methanesulfonamido-l-indanones as an inhibitor of
cyclooxygenase-2"; U.S. Pat. No. 5,639,780 "N-benzyl
indol-3-yl butanoic acid derivatives as cyclooxygenase
inhibitors"; U.S. Pat. No. 5,677,318
"Diphenyl-l,2-3-thiadiazoles as anti-inflammatory
agents"; U.S. Pat. No. 5,691,374
"Diaryl-5-oxygenated-2-(5H)-furanones as COX-2
inhibitors"; U.S. Pat. No. 5,698,584 "3,4-diaryl-
2-hydroxy-2,5-dihy- drofurans as prodrugs to COX-2
inhibitors"; U.S. Pat. No. 5,710,140 "Phenyl
heterocycles as COX-2 inhibitors"; U.S. Pat. No.
5,733,909 "Diphenyl stilbenes as prodrugs to COX-2
inhibitors"; U.S. Pat. No. 5,789,413 "Alkylated
styrenes as prodrugs to COX-2 inhibitors"; U.S. Pat.
No. 5,817,700 "Bisaryl cyclobutenes derivatives as
cyclooxygenase inhibitors"; U.S. Pat. No. 5,849,943
"Stilbene derivatives useful as cyclooxygenase-2
inhibitors"; U.S. Pat. No. 5,861,419 "Substituted
pyridines as selective cyclooxygenase-2 inhibitors";
U.S. Pat. No. 5,922,742 



"Pyridinyl-2-cyclopenten-l-ones as selective
cyclooxygenase-2 inhibitors"; U.S. Pat. No. 5,925,631
"Alkylated styrenes as prodrugs to COX-2 inhibitors";
all of which are commonly assigned to Merck Frosst
Canada, Inc. (Kirkland, Calif.). Additional COX-2
inhibitors are also described in U.S. Pat. No.
5,643,933, assigned to G. D. Searle & Co. (Skokie,
111.), entitled: "Substituted
sulfonylphenyl-heterocycles as cyclooxygenase-2 and
5-lipoxygenase inhibitors." [00185] A number of the
above-identified COX-2 inhibitors are prodrugs of
selective COX-2 inhibitors, and exert their action by
conversion in vivo to the active and selective COX-2
inhibitors. The active and selective COX-2 inhibitors
formed from the above-identified COX-2 inhibitor
prodrugs are described in detail in WO 95/00501,
published Jan. 5, 1995, WO 95/18799, published JuI.
13, 1995 and U.S. Pat. No. 5,474,995, issued Dec. 12,
1995. Given the teachings of U.S. Pat. No. 5,543,297,
entitled: "Human cyclooxygenase-2 cDNA and assays for
evaluating cyclooxygenase-2 activity," a person of
ordinary skill in the art would be able to determine
whetheran agent is a selective COX-2 inhibitor or a
precursor of a COX-2 inhibitor, and therefore part of
the present invention. [00186] "Angiotensin II
antagonists" are compounds which interfere with the
activity of angiotensin II by binding to angiotensin
II receptors and interfering with its activity.
Angiotensin II antagonists are well known and include
peptide compounds and non-peptide compounds. Most
angiotensin II antagonists are slightly modified
congeners in which agonist activity is attenuated by
replacement of phenylalanine in position 8 with some
other amino acid; stability can be enhanced by other
replacements that slow degeneration in vivo. Examples
of angiotensin II antagonists include: peptidic
compounds (e.g., saralasin, [(San1)(Val5)(Ala8)]
angiotensin^ 1-8) octapeptide and related analogs);
N-substituted imidazole-2-one (U.S. Pat. No.
5,087,634); imidazole acetate derivatives including
2-N-butyl-4-chloro-l-(2-chlorobenzile)
imidazole-5-acetic acid (see Long et al., J .
Pharmacol. Exp. Ther. 247(1), 1-7 (1988));
4,5,6,7-tetrahydro-lH-imidazo [4,5-c] pyridine-6-
carboxylic acid and analog derivatives (U.S. Pat. No.
4,816,463); N2-tetrazole beta-glucuronide analogs
(U.S. Pat. No. 5,085,992); substituted pyrroles,
pyrazoles, and tryazoles (U.S. Pat. No. 5,081,127);
phenol and heterocyclic derivatives such as
1,3-imidazoles (U.S. Pat. No. 5,073,566);
imidazo-fused 7-member ring heterocycles (U.S. Pat.
No. 5,064,825); peptides (e.g., U.S. Pat. No.
4,772,684); antibodies to angiotensin II (e.g., U.S.
Pat. No. 4,302,386); and aralkyl imidazole compounds
such as biphenyl-methyl substituted imidazoles (e.g.,
EP Number 253,310, Jan. 20, 1988); ES8891
(N-morpholinoacetyl-(-l-naphthyl)-L-alany- 1-(4,
thiazolyl)-L-alanyl (35,45)-4-
amino-3-hydroxy-5-cyclo-hexapentanoyl- N-hexylamide,
Sankyo Company, Ltd., Tokyo, Japan); SKF108566
(E-alpha-2-[2-butyl-l-(carboxy phenyl) methyl]
lH-imidazole-5-yl[methylan- e]-2- thiophenepropanoic
acid, Smith Kline Beecham Pharmaceuticals, Pa.);
Losartan (DUP753/MK954, DuPont Merck Pharmaceutical
Company); Remikirin (RO42-5892, F. Hoffman LaRoche
AG); A.sub.2 agonists (Marion Merrill Dow) and certain
non-peptide heterocycles (G. D. Searle and Company).
[00187] "Angiotensin converting enzyme (ACE)
inhibitors" include amino acids and derivatives
thereof, peptides, including di- and tri-peptides and
antibodies to ACE which intervene in the
reninangiotensin system by inhibiting the activity of
ACE thereby reducing or eliminating the formation of
pressor substance angiotensin p. ACE inhibitors have
been used medically to treat hypertension,congestive
heart failure, myocardial infarction and renal
disease. Classes of compounds known to be useful as
ACE inhibitors include acylmercapto and
mercaptoalkanoyl prolines such as captopril (U.S. Pat.
No. 4,105,776) and zofenopril (U.S. Pat. No.
4,316,906), carboxyalkyl dipeptides such as enalapril
(U.S. Pat. No. 4,374,829), lisinopril (U.S. Pat. No.
4,374,829), quinapril (US Patent Number 4,344,949),
ramipril (U.S. Pat. No. 4,587,258), and perindopril
(U.S. Pat. No. 4,508,729), carboxyalkyl dipeptide
mimics such as cilazapril (U.S. Pat. No. 4,512,924)
and benazapril (U.S. Pat. No. 4,410,520),
phosphinylalkanoyl prolines such as fosinopril (U.S.
Pat. No. 4,337,201) and trandolopril. [00188] "Renin
inhibitors" are compounds which interfere with the
activity of renin. Renin inhibitors include amino
acids and derivatives thereof, peptides and
derivatives thereof, and antibodies to renin. Examples
of renin inhibitors that are the subject of United
States patents are as follows: urea derivatives of
peptides (U.S. Pat. No. 5,116,835); amino acids
connected by nonpeptide bonds (U.S. Pat. No. 5,1
14,937); di- and tri-peptide derivatives (U.S. Pat.
No. 5,106,835); amino acids and derivatives thereof
(U.S. Pat. Nos. 5,104,869 and 5,095,119); diol
sulfonamides and sulfinyls (U.S. Pat. No. 5,098,924);
modified peptides (U.S. Pat. No. 5,095,006); peptidyl
beta-aminoacyl aminodiol carbamates (U.S. Pat. No.
5,089,471); pyrolimidazolones (U.S. Pat. No.
5,075,451); fluorine and chlorine statine or statone
containing peptides (U.S. Pat. No. 5,066,643);
peptidyl amino diols (U.S. Pat. Nos. 5,063,208 and
4,845,079); N-morpholino derivatives (U.S. Pat. No.
5,055,466); pepstatin derivatives (U.S. Pat. No.
4,980,283); Nheterocyclic alcohols (U.S. Pat. No.
4,885,292); monoclonal antibodies to renin (U.S. Pat.
No. 4,780,401); and a variety of other peptides and
analogs thereof (U.S. Pat. Nos. 5,071,837, 5,064,965,
5,063,207, 5,036,054, 5,036,053, 5,034,512, and
4,894,437). [00189] Other Diabetes-modulating drugs
include, but are not limited to, lipase inhibitors
such as cetilistat (ATL-962); synthetic amylin analogs
such as Symlin pramlintide with or without recombinant
leptin; sodium-glucose cotransporter 2 (SGLT2)
inhibitors like sergliflozin (869682; KGT-1251),
YM543, dapagliflozin, GlaxoSmithKline molecule 189075,
and Sanofi-Aventis molecule AVE2268; dual adipose
triglyceride lipase and PI3 kinase activators like
Adyvia (ID 1101); antagonists of neuropeptide Y2, Y4,
and Y5 receptors like Nastech molecule PYY3-36,
synthetic analog of human hormones PYY3-36 and
pancreatic polypeptide (7TM moleculeTM30338); Shionogi
molecule S-2367; cannabinoid CBl receptor antagonists
such as rimonabant (Acomplia), taranabant, CP-945,598,
Solvay molecule SLV319, Vernalis molecule V24343;
hormones like oleoyl-estrone; inhibitors of serotonin,
dopamine, and norepinephrine (also known in the art as
"triple monoamine reuptake inhibitors") like
tesofensine (Neurosearch molecule NS2330); inhibitors
of norepinephrine and dopamine reuptake, like Contrave
(bupropion plus opioid antagonist naltrexone) and
Excalia (bupropion plus anticonvulsant zonisaminde);
inhibitors of l lb- hydroxysteroid dehydrogenase type
1 ( 1Ib-HSDl) like Incyte molecule INCB13739;
inhibitors of Cortisol synthesis such as ketoconazole
(DiObex molecule DIO-902); inhibitors of
gluconeogenesis such as Metabasis/Daiichi molecule
CS-917; glucokinase activators like Roche molecule
R1440; antisense inhibitors of protein tyrosine
phosphatase- IB such as ISIS 113715; as well as other
agents like NicOx molecule NCX 4016; injections of
gastrin and epidermal growth factor (EGF) analogs such
as Islet Neogenesis Therapy (El-I.N.T.); and
betahistine (Obecure molecule OBElOl). [00190] A
subject cell (i.e., a cell isolated from a subject)
can be incubated in the presence of a candidate agent
and the pattern of biomarker expression in the test
sample is measured and compared to a reference
profile, e.g., a Diabetes reference expression profile
or a non-Diabetes reference expression profile or an
index value or baseline value. The test agent can be
any compound or composition or combination thereof.
For example, the test agents are agents frequently
used in Diabetes treatment regimens and are described
herein. [00191] Additionally, any of the
aforementioned methods can be used separately or in
combination to assess if a subject has shown an
"improvement in Diabetes risk factors" or moved within
the risk spectrum of pre-Diabetes. Such improvements
include, without limitation, a reduction in body mass
index (BMI), a reduction in blood glucose levels, an
increase in HDL levels, 



a reduction in systolic and/or diastolic blood
pressure, an increase in insulin levels, or
combinations thereof. [00192] A subject suffering from
or at risk of developing Diabetes or a pre-diabetic
condition may also be suffering from or at risk of
developing arteriovascular disease, hypertension, or
obesity. Type 2 Diabetes in particular and
arteriovascular disease have many risk factors in
common, and many of these risk factors are highly
correlated with one another. The relationship among
these risk factors may be attributable to a small
number of physiological phenomena, perhaps even a
singlephenomenon. Subjects suffering from or at risk
of developing Diabetes, arteriovascular disease,
hypertension or obesity are identified by methods
known in the art. [00193] Because of the
interrelationship between Diabetes and arteriovascular
disease, some or all of the individual biomarkers and
biomarker panels of the present invention may overlap
or be encompassed by biomarkers of arteriovascular
disease, and indeed may be useful in the diagnosis of
the risk of arteriovascular disease. Performance and
Accuracy Measures of the Invention [00194] The
performance and thus absolute and relative clinical
usefulness of the invention may be assessed in
multiple ways as noted above. Amongst the various
assessments of performance, the invention is intended
to provide accuracy in clinical diagnosis and
prognosis. The accuracy of a diagnostic or prognostic
test, assay, or method concerns the ability of the
test, assay, or method to distinguish between subjects
having Diabetes, pre-Diabetes, or a pre-diabetic
condition, or at risk for Diabetes, pre-Diabetes, or a
pre-diabetic condition, is based on whether the
subjects have an "effective amount" or a "significant
alteration" in the levels of a biomarker. By
"effective amount" or "significant alteration," it is
meant that the measurement of the biomarker is
different than the predetermined cut-off point (or
threshold value) for that biomarker and therefore
indicates that the subject has Diabetes, pre-Diabetes,
or a pre-diabetic condition for which the biomarker is
a determinant. The difference in the level of
biomarker between normal and abnormal is preferably
statistically significant and may be an increase in
biomarker level or a decrease in biomarker level. As
noted below, and without any limitation of the
invention, achieving statistical significance, and
thus the preferred analytical and clinical accuracy,
generally but not always requires that combinations of
several biomarkers be used together in panels and
combined with mathematical algorithms in order to
achieve a statistically significant biomarker index.
[00195] In the categorical diagnosis of a disease
state, changing the cut point or threshold value of a
test (or assay) usually changes the sensitivity and
specificity, but in a qualitatively inverse
relationship. Therefore, in assessing the accuracy and
usefulness of a proposed medical test, assay, or
method for assessing a subject's condition, one should
always take both sensitivity and specificity into
account and be mindful of what the cut point is at
which the sensitivity andspecificity are being
reported because sensitivity and specificity may vary
significantly over the range of cut points. Use of
statistics such as AUC, encompassing all potential cut
point values, is preferred for most categorical risk
measures using the invention, while for continuous
risk measures, statistics of goodness-of-fit and
calibration to observed results or other gold
standards, are preferred. [00196] Using such
statistics, an "acceptable degree of diagnostic
accuracy", is herein defined as a test or assay (such
as the test of the invention for determining the
clinically significant presence of biomarkers, which
thereby indicates the presence of Diabetes,
pre-Diabetes, or a prediabetic condition) in which the
AUC (area under the ROC curve for the test or assay)
is at least 0.60, desirably at least 0.65, more
desirably at least 0.70, preferably at least 0.75,
more preferably at least 0.80, and most preferably at
least 0.85. [00197] By a "very high degree of
diagnostic accuracy", it is meant a test or assay in
which the AUC (area under the ROC curve for the test
or assay) is at least 0.80, desirably at least 0.85,
more desirably at least 0.875, preferably at least
0.90, more preferably at least 0.925, and most
preferably at least 0.95. [00198] The predictive value
of any test depends both on the sensitivity and
specificity of the test, and on the prevalence of the
condition in the population being tested. This notion,
based on Bayes' theorem, provides that the greater the
likelihood that the condition being screened for is
present in a subject or in the population (pre-test
probability), the greater the validity of a positive
test and the greater the likelihood that the result is
a true positive. Thus, the problem with using any test
in any population where there is a low likelihood of
the condition being present is that a positive result
has more limited value (i.e., a positive test is more
likely to be a false positive). Similarly, in
populations at very high risk, a negative test result
is more likely to be a false negative. [00199] As a
result, ROC and AUC can be misleading as to the
clinical utility of a test in low disease prevalence
tested populations (defined as those with less than 1%
rate of occurrences (incidence) per annum, or less
than 10% cumulative prevalence over a specified time
horizon). Alternatively, absolute risk and relative
risk ratios as defined elsewhere in this disclosure
can be employed to determine the degree of clinical
utility. Populations of subjects to be tested can also
be categorized into quartiles by the test's
measurement values, where the top quartile (25% of
thepopulation) comprises the group of subjects with
the highest relative risk for developing Diabetes,
pre-Diabetes, or a pre-diabetic condition and the
bottom quartile comprising the group of subjects
having the lowest relative risk for developing
Diabetes, pre-Diabetes, or a pre-diabetic condition.
Generally, values derived from tests or assays having
over 2.5 times the relative risk from top to bottom
quartile in a low prevalence population are considered
to have a "high degree of diagnostic accuracy," and
those with five to seven times the relative risk for
each quartile are considered to have a "very high
degree of diagnostic accuracy." Nonetheless, values
derived from tests or assays having only 1.2 to 2.5
times the relative risk for each quartile remain
clinically useful are widely used as risk factors for
a disease; such is the case with total cholesterol and
for many inflammatory biomarkers with respect to their
prediction of future cardiovascular events. Often such
lower diagnostic accuracy tests must be combined with
additional parameters in order to derive meaningful
clinical thresholds for therapeutic intervention, as
is done with the aforementioned global risk assessment
indices. [00200] A health economic utility function is
an yet another means of measuring the performance and
clinical value of a given test, consisting of
weighting the potential categorical test outcomes
based on actual measures of clinical and economic
value for each. Health economic performance is closely
related to accuracy, as a health economic utility
function specifically assigns an economic value for
the benefits of correct classification and the costs
of misclassification of tested subjects. As a
performance measure, it is not unusual to require a
test to achieve a level of performance which results
in an increase in health economic value per test
(prior to testing costs) in excess of the target price
of the test. [00201] In general, alternative methods
of determining diagnostic accuracy are commonly used
for continuous measures, when a disease category or
risk category (such as pre-Diabetes) has not yet been
clearly defined by the relevant medical societies and
practice of medicine, where thresholds for therapeutic
use are not yet established, or where there is no
existing gold standard for diagnosis of the
pre-disease. For continuous measures of risk, measures
of diagnostic accuracy for a calculated index are
typically based on curve fit and calibration between
the predicted continuous value and the actual observed
values (or a historical index calculated value) and
utilize measures 



such as R squared, Hosmer- Lemeshow P-value statistics
and confidence intervals. It is not unusualfor
predicted values using such algorithms to be reported
including a confidence interval (usually 90% or 95%
CI) based on a historical observed cohort's
predictions, as in the test for risk of future breast
cancer recurrence commercialized by Genomic Health,
Inc. (Redwood City, California). [00202] In general,
by defining the degree of diagnostic accuracy, i.e.,
cut points on a ROC curve, defining an acceptable AUC
value, and determining the acceptable ranges in
relative concentration of what constitutes an
effective amount of the biomarkers of the invention
allows one of skill in the art to use the biomarkers
to diagnose or identify subjects with a pre-determined
level of predictability and performance. Calculation
of the Diabetes Risk Score ("DRS") [00203] After
selection of a set of biomarkers as disclosed in the
instant invention, well-known techniques such as
cross-correlation, Principal Components Analysis
(PCA), factor rotation, Logistic Regression (LogReg),
Linear Discriminant Analysis (LDA), Eigengene Linear
Discriminant Analysis (ELDA), Support Vector Machines
(SVM), Random Forest (RF), Recursive Partitioning Tree
(RPART), related decision tree classification
techniques, Shrunken Centroids (SC), StepAIC,
Kth-Nearest Neighbor, Boosting, Decision Trees, Neural
Networks, Bayesian Networks, Support Vector Machines,
and Hidden Markov Models, Linear Regression or
classification algorithms, Nonlinear Regression or
classification algorithms, analysis of variants
(ANOVA), hierarchical analysis or clustering
algorithms; hierarchical algorithms using decision
trees; kernel based machine algorithms such as kernel
partial least squares algorithms, kernel matching
pursuit algorithms, kernel Fisher's discriminate
analysis algorithms, or kernel principal components
analysis algorithms, or other mathematical and
statistical methods can be used to develop a DRS
Formula for calculation of Diabetes risk score. A
selected population of individuals is used, where
historical information is available regarding the
values of biomarkers in the population and their
clinical outcomes. To calculate a Diabetes risk score
for a given individual, biomarker values are obtained
from one or more samples collected from the individual
and used as input data (inputs into a DRS Formula
fitted to the actual historical data obtained from the
selected population of individuals.Implementation of
Biomarker Tests [00204] Tests to measure biomarkers
and biomarker panels can be implemented on a wide
variety of diagnostic test systems. Diagnostic test
systems are apparatuses that typically include means
for obtaining test results from biological samples.
Examples of such means include modules that automate
the testing (e.g., biochemical, immunological, nucleic
acid detection assays). Some diagnostic test systems
are designed to handle multiple biological samples and
can be programmed to run the same or different tests
on each sample. Diagnostic test systems typically
include means for collecting, storing and/or tracking
test results for each sample, usually in a data
structure or database. Examples include well-known
physical and electronic data storage devices (e.g.,
hard drives, flash memory, magnetic tape, paper
print-outs). It is also typical for diagnostic test
systems to include means for reporting test results.
Examples of reporting means include visible display, a
link to a data structure or database, or a printer.
The reporting means can be nothing more than a data
link to send test results to an external device, such
as a data structure, data base, visual display, or
printer. [00205] One embodiment of the present
invention comprises a diagnostic test system that has
been adapted to aide in the identification of
individuals at risk of developing Diabetes. The test
system employs means to apply a DRS Formula to inputs
that include the levels of biomarkers measured from a
biomarker panel in accordance with the description
herein. Typically, test results from a biomarker panel
of the present invention serve as inputs to a computer
or microprocessor programmed with the DRS Formula.
When the inputs include all the inputs for a Diabetes
risk score, then the diagnostic test system can
include the score in the reported test results. If
some factors apart from the biomarkers tested in the
system are used to calculate the final risk score,
then these factors can be supplied to the diagnostic
test system so that it can complete the risk score
calculation, or the DRS Formula can produce an index
score that will reported and externally combined with
the other inputs to calculate a final risk score.
[00206] A number of diagnostic test systems are
available for use in implementing the present
invention and exemplify further means for carrying out
the invention. One such device is the Abbott
Architect(r) System, a high throughput, fully
automated, clinical chemistry analyzer (ARCHITECT is a
registered trademark of Abbott Laboratories, Abbott
Park, Illinois 60064 UnitedStates of America, for data
management and laboratory automation systems comprised
of computer hardware and software for use in the field
of medical diagnostics). The Architect(r) system is
described at URL World-Wide-
Web.abbottdiagnostics.com/pubs/2006/2006_AACC_Wilson_c
16000.pdf (Wilson, C. et al., "Clinical Chemistry
Analyzer Sub-System Level Performance," American
Association for Clinical Chemistry Annual Meeting,
Chicago, Illinois, July 23 - 27, 2006, and in Kisner
HJ, "Product development: the making of the Abbott
ARCHITECT," Clin Lab Manage Rev. 1997 Nov- Dec;l
1(6):419-21; Ognibene A et al., "A new modular
chemiluminescence immunoassay analyser evaluated,"
Clin Chem Lab Med. 2000 Mar;38(3):251-60; Park JW et
al., "Three-year experience in using total laboratory
automation system," Southeast Asian J Trop Med Public
Health. 2002;33 Suppl 2:68-73; Pauli D et al., "The
Abbott Architect c8000: analytical performance and
productivity characteristics of a new analyzer applied
to general chemistry testing," Clin Lab. 2005;
51(l-2):31- 41. Another useful system is the Abbott
AxSYM(r) and AxSYM(r) Plus systems, which is
described, along with other Abbott systems, at URL
World-Wide-
Web.abbottdiagnostics.com/Products/InstrumentsJjy
Platform/ . [00207] Other devices useful for
implementation of the tests to measure biomarkers are
the Johnson & Johnson Vitros(r) system (VITROS is a
registered trademark of Johnson & Johnson Corp., New
Brunswick, New Jersey, United States of America, for
medical equipment, namely, chemistry analyzer
apparatus used to generate diagnostic test results
from blood and other body fluids by professionals in
hospitals, laboratories, clinics and doctor's
offices), see URL World-
Wide-Web.jnjgateway.com/home.jhtml?loc=USENG&page=
menu&nodekey=/Prod_Info/Specialty/Diagnostics/Laborato
ry_and_Transfusion_Medicine/Chemist
ry_Immunodiagnostics; and the Dade-Behring
Dimension(r) system (DIMENSION is a registered
trademark of Dade Behring Inc., Deerfield Illinois,
United States of America for medical diagnostic
analyzers for the analysis of bodily fluids, and
computer hardware and computer software for use in
operating the analyzers and for use in analyzing the
data generated by the analyzers), see URL diagnostics.
siemens.com/webapp/wcs/stores/servlet/PSGenericDisplay
~q_catalogId~e_- 11l~a_langld~e_-l
1l~a_pageld~e_94489~a_storeld~e_10001.htm.[00208] The
tests for the biomarker panels of the invention can be
carried out by laboratories such as those which are
certified under the Clinical Laboratory Improvement
Amendments of the United States (42 U.S.C.  263(a)),
or other federal, national, state, provincial, or
other law of any country, state, or province governing
the operation of laboratories which analyze samples
for clinical purposes. Such laboratories include, for
example, Laboratory Corporation of America, with
headquarters at 358 South Main Street, Burlington, NC
27215, United States of America; Quest Diagnostics,
with corporate headquarters at 3 Giralda Farms,
Madison, NJ 07940, United States of America; and
hospital-based reference laboratories and clinical
chemistry laboratories. 



Relative Performance of the Invention [00209] Only a
minority of individual ALLDBRISK achieve an acceptable
degree of diagnostic accuracy as defined above. Using
a representative list of ALLDBRISK in each study, an
exhaustive analysis of all potential univariate,
bivariate, and trivariate combinations was used to
derive a best fit LDA model to predict risk of
conversion to Diabetes in each of the Example
populations (see Figure 31). For every possible
ALLDBRISK combination of a given panel size an LDA
model was developed and then analyzed for its AUC
statistics. [00210] It is immediately apparent from
the figure that there is a very low likelihood of high
accuracy individual biomarkers, and even high accuracy
combinations utilizing multiple biomarkers are
infrequent. As demonstrated in Figure 31, none of the
individual ALLDBRISK, out of the 53 and 49 ALLDBRISK
tested in Example 1 and Example 2, respectively,
presented herein, achieved an AUC of 0.75 for the
prediction of Diabetes in a best fit univariate model.
The individual ALLDBRISK parameters tested included
many of the traditional laboratory risk factors and
clinical parameters commonly used in global risk
assessment and indices for Diabetes and
arteriovascular disease. [00211] Only two single
ALLDBRISK, fasting glucose and insulin, even achieved
an AUC of 0.70 in a univariate model; neither of these
two biomarkers consistently did so in all of the
population cohorts in the presented studies. Despite
this lack of a very high level of diagnostic accuracy,
fasting glucose remains the most common method of
predicting the risk of Diabetes, and furthermore
remains the primary method and definition used for the
diagnosis of frank Diabetes.[00212] In the Examples,
achieving an accuracy defined by an AUC of 0.75 or
above required a minimum combination of two or more
biomarkers as taught in the invention herein. Across
all of the examples, only three such two ALLDBRISK
combinations yielded bivariate models which met this
hurdle, and only when used within the Base population
cohorts of each Example, which had more selected
(narrower) population selection (including only those
with both a BMI greater than or equal to 25 and age
greater than or equal to 39) than the total population
of each Example. Such two biomarker combinations
occurred at an approximate rate of only one in a
thousand potential combinations. [00213] However, as
demonstrated above, several of the other biomarkers
are useful in trivariate combinations of three
ALLDBRISK, many of which achieved both acceptable
performance either with or without including either
glucose or insulin. Notably, in two separate studies,
a representative set of 53 and 49 biomarkers selected
out of the 266 ALLDBRISK, clinical parameters and
traditional laboratory risk factors, were tested, and
of these, certain combinations of three or more
ALLDBRISK were found to exhibit superior performance.
These are key aspects of the invention. [00214]
Notably, this analysis of Figure 3 1 demonstrated that
no single biomarker was required to practice the
invention at an acceptable level of diagnostic
accuracy, although several individually identified
biomarkers are parts of the most preferred embodiments
as disclosed below. It is a feature of the invention
that the information lost due to removing one
ALLDBRISK can often be replaced through substitution
with one or more other ALLDBRISK, and generically by
increasing the panel size, subject to the need to
increase the study size in order for studies examining
very large models encompassing many ALLDBRISK to
remain statistically significant. It is also a feature
of the invention that overall performance and accuracy
can often be improved by adding additional biomarkers
(e.g., ALLDBRISK, traditional laboratory risk factors,
and clinical parameters) as additional inputs to a
formula or model, as demonstrated above in the
relative performance of univariate, bivariate, and
trivariate models, and below in the performance of
larger models. [00215] The ultimate determinant and
gold standard of true risk of conversion to Diabetes
is actual conversions within a sufficiently large
study population and observed over the length of time
claimed, as was done in the Examples contained herein.
However, this is problematic, as it isnecessarily a
retrospective point of view. As a result, subjects
suffering from or at risk of developing Diabetes,
pre-Diabetes, or a pre-diabetic condition are commonly
diagnosed or identified by methods known in the art,
generally using either traditional laboratory risk
factors or other non-analyte clinical parameters, and
future risk is estimated based on historical
experience and registry studies. Such methods include,
but are not limited to, measurement of systolic and
diastolic blood pressure, measurements of body mass
index, in vitro determination of total cholesterol,
LDL, HDL, insulin, and glucose levels from blood
samples, oral glucose tolerance tests, stress tests,
measurement of high sensitivity C-reactive protein
(CRP), electrocardiogram (ECG), c-peptide levels,
anti-insulin antibodies, anti-beta cell-antibodies,
and glycosylated hemoglobin (HBAIc). [00216] For
example, Diabetes is frequently diagnosed by measuring
fasting blood glucose, insulin, or HBAIc levels.
Normal adult glucose levels are 60-126 mg/dl. Normal
insulin levels are 7 mU/mL  3mU. Normal HBAIc levels
are generally less than 6%. Hypertension is diagnosed
by a blood pressure consistently at or above 140/90.
Risk of arteriovascular disease can also be diagnosed
by measuring cholesterol levels. For example, LDL
cholesterol above 137 or total cholesterol above 200
is indicative of a heightened risk of arteriovascular
disease. Obesity is diagnosed for example, by body
mass index. Body mass index (BMI) is measured (kg/m2
(or Ib/in2 x 704.5)). Alternatively, waist
circumference (estimates fat distribution),
waist-to-hip ratio (estimates fat distribution),
skinfold thickness (if measured at several sites,
estimates fat distribution), or bioimpedance (based on
principle that lean mass conducts current better than
fat mass (i.e. fat mass impedes current), estimates %
fat) is measured. The parameters for normal,
overweight, or obese individuals is as follows:
Underweight: BMI <18.5; Normal: BMI 18.5 to 24.9;
Overweight: BMI = 25 to 29.9. Overweight individuals
are characterized as having a waist circumference of
>94 cm for men or >80 cm for women and waist to hip
ratios of > 0.95 in men and > 0.80 in women. Obese
individuals are characterized as having a BMI of 30 to
34.9, being greater than 20% above "normal" weight for
height, having a body fat percentage > 30% for women
and 25% for men, and having a waist circumference >102
cm (40 inches) for men or 88 cm (35 inches) for women.
Individuals with severe or morbid obesity are
characterized as having a BMI of > 35.[00217] As noted
above, risk prediction for Diabetes, pre-Diabetes, or
a pre-diabetic condition can also encompass risk
prediction algorithms and computed indices that assess
and estimate a subject's absolute risk for developing
Diabetes, pre-Diabetes, or a pre-diabetic condition
with reference to a historical cohort. Risk assessment
using such predictive mathematical algorithms and
computed indices has increasingly been incorporated
into guidelines for diagnostic testing and treatment,
and encompass indices obtained from and validated
with, inter alia, multi stage, stratified samples from
a representative population. [00218] Despite the
numerous studies and algorithms that have been used to
assess the risk of Diabetes, pre-Diabetes, or a
pre-diabetic condition, the evidence-based, multiple
risk factor assessment approach is only moderately
accurate for the prediction of short- and long-term
risk of manifesting Diabetes, pre-Diabetes, or a
pre-diabetic condition in individual asymptomatic or
otherwise healthy subjects. Such risk prediction
algorithms can be advantageously used in combination
with the ALLDBRISK of the present invention to
distinguish between subjects in a population of
interest to determine the risk stratification of
developing Diabetes, pre-Diabetes, or a pre-diabetic
condition. The ALLDBRISK and methods of use disclosed
herein provide tools that 



can be used in combination with such risk prediction
algorithms to assess, identify, or diagnose subjects
who are asymptomatic and do not exhibit the
conventional risk factors. [00219] The data derived
from risk factors, risk prediction algorithms and from
the methods of the present invention can be combined
and compared by known statistical techniques in order
to compare the relative performance of the invention
to the other techniques. [00220] Furthermore, the
application of such techniques to panels of multiple
ALLDBRISK is encompassed by or within the ambit of the
present invention, as is the use of such combinations
and formulae to create single numerical "risk indices"
or "risk scores" encompassing information from
multiple ALLDBRISK inputs. Selection ofbiomarkers
[00221] The biomarkers and methods of the present
invention allow one of skill in the art to identify,
diagnose, or otherwise assess those subjects who do
not exhibit any symptoms of Diabetes,pre-Diabetes, or
a pre-diabetic condition, but who nonetheless may be
at risk for developing Diabetes, pre-Diabetes, or
experiencing symptoms characteristic of a pre-diabetic
condition. [00222] Two hundred and sixty-six (266)
analyte-based biomarkers have been identified as being
found to have altered or modified presence or
concentration levels in subjects who have Diabetes, or
who exhibit symptoms characteristic of a pre-diabetic
condition, or have pre-Diabetes (as defined herein),
including such subjects as are insulin resistant, have
altered beta cell function or are at risk of
developing Diabetes based upon known clinical
parameters or traditional laboratory risk factors,
such as family history of Diabetes, low activity
level, poor diet, excess body weight (especially
around the waist), age greater than 45 years, high
blood pressure, high levels of triglycerides, HDL
cholesterol of less than 35, previously identified
impaired glucose tolerance, previous Diabetes during
pregnancy (Gestational Diabetes Mellitus or GDM) or
giving birth to a baby weighing more than nine pounds,
and ethnicity [00223] Biomarkers can be selected from
various groups as outlined in the instant
specification to form a panel of n markers. For
example, one embodiment of the invention embraces a
method of evaluating the risk of developing Diabetes
or another Diabetes-related condition, comprising
measuring the levels of at least three biomarkers,
where two biomarkers are selected from ADIPOQ; CRP;
GLUCOSE; GPT; HBAlC; HSPAlB; IGFBPl; IGFBP2; INS; LEP;
and TRIG; and one biomarker is selected from the
ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and
Table3; and using the measured levels of the
biomarkers to evaluate the risk of developing Diabetes
or a Diabetes-related condition. In this instance, n
is 3. When selecting from different groups, unique
biomarkers should be used; e.g., in the immediately
preceding example, if ADIPOQ is selected from the
group of ADIPOQ; CRP; GLUCOSE; GPT; HBAlC; HSPAlB;
IGFBPl; IGFBP2; INS; LEP; and TRIG, then ADIPOQ should
not also be selected from the markers of Table 1,
Table 2, and Table3. Diabetes-related conditions
include Diabetes and the pre-diabetic conditions
defined above. [00224] Table 1 comprises several
biomarkers, collectively referred to as ALLDBRISK,
which are analyte-based or individual history-based
biomarkers for use in the present invention. One
skilled in the art will recognize that the ALLDBRISKS
presented herein encompasses all forms and variants,
including but not limited to, polymorphisms, isoforms,
mutants, derivatives, precursors including nucleic
acids and pro-proteins, cleavage products, receptors
(including soluble andtransmembrane receptors),
ligands, protein-ligand complexes, and
post-translationally modified variants (such as
cross-linking or glycosylation), fragments, and
degradation products, as well as any multi-unit
nucleic acid, protein, and glycoprotein structures
comprised of any of the ALLDBRISKS as constituent
subunits of the fully assembled structure. Table
1ACIDIFIED LlQUiD HUMAN MILK SUPPLEMENT Background {1}
Field of the Invention [0001] The present invention
relates to liquid human milk supplements for infants.
(2) Description of the Related Art [0002] Preterm or
premature infants are categorized as those infants
born prior to the 37th week of gestation and/or
weighing less than 2,500 grams at birth. Growth rates
for preterm infants should ideally meet or exceed
age-specific intrauterine growth rates in order to
facilitate catch-up growth with term infants. Due to
their undeveloped digestive systems and overall
developmental immaturity, however, many preterm
infants present special nutritional needs. [0003] In
general, human milk, because of its nutrient
composition and immunological properties, is
considered an ideal food for infants. While there are
tremendous benefits provided by feeding preterm
infants breast milk, their immature digestive systems
and limited sucking and swallowing reflexes often
prevent preterm infants from consuming adequate
amounts of breast milk to satisfy their nutritional
needs. [0004] In addition, human milk is typically too
low in protein and certain minerals to meet the
demands for rapid growth required by many preterm
infants. Thus, protein, which is cruciai for growth
and maintenance of lean body mass, as well as other
mediators of biochemical function (e.g. enzymes,
immune factors, and some hormones), should be
supplemented into the diet of preterm human milk-fed
infants. Minerals such as calcium and phosphorus,
which are necessary for appropriate bone development
and bone density, and vitamins such as, for example,
vitamin D should also be supplemented into the diet of
a preterm human milk-fed infant. [0005] Furthermore,
the energy density of human milk typically requires
that preterm infants be fed a volume of miik that is
too high to be well-tolerated by the infants.
Typically, preterm infants can tolerate total daily
feedings of between 100 and 150 ml per kg of the
infant's weight.Since the caloric content of human
milk is approximately 67 kcal per 100 m! of milk (20
kcal per fluid ounce of milk), and preterm infants
require approximately 120 kcal per kg of weight per
day, the volume of human milk that can be tolerated by
these infants supplies less than 80% of the infant's
energy needs. Thus, in order to provide a caloric
intake that meets the specialized nutritional needs of
preterm infants in a volume of milk that the infants
can tolerate, the caloric content of the human milk
should be additionally supplemented with a source of
energy such as fats or carbohydrates. [0006] In
addition to these considerations, it is important to
provide a human milk supplement or fortifier in which
the presence of microorganisms of public health
significance and those of non-health significance, yet
capable of reproducing in the product under storage
and distribution conditions, are reduced or rendered
harmless. Thus, it is clear that a need exists for a
human milk supplement which can provide the 



additional calories, protein, vitamins and minerals
needed for appropriate preterm nutrition and maintain
microbiological quality throughout the shelflife of
the product. Summary of the Invention [0007] Briefly,
therefore, the present invention is directed to a
novel liquid human milk supplement comprising a
protein component, a fat component, a carbohydrate
component, vitamins, and minerals. The pH of the human
milk supplement may be between about 4.0 and 4.6.
[0008] The invention is also directed to a composition
for administering to infants comprising a combination
of the human milk supplement described above and human
milk. The composition may have a ratio of supplement
to milk of between about 1:2 and 1:10 , 1:4 and 1:6 or
about 1:5. [0009] Additionally, the invention is
directed to a liquid human milk supplement comprising
a fat component and a carbohydrate component, wherein
the pH of the human milk supplement is between about
4.0 and 4.6. In this embodiment of the invention, the
fat component comprisesgreater than about 30% of the
caloric content of the supplement and the carbohydrate
component comprises less than about 10% of the caloric
content of the supplement. Detailed Description of the
Preferred Embodiments [00010] Reference now will be
made in detail to the embodiments of the invention,
one or more examples of which are set forth below.
Each example is provided by way of explanation of the
invention, not limitation of the invention. In fact,
it will be apparent to those skilled in the art that
various modifications and variations can be made in
the present invention without departing from the scope
or spirit of the invention. For instance, features
illustrated or described as part of one embodiment can
be used on another embodiment to yield a still further
embodiment. [00011] Thus, it is intended that the
present invention cover such modifications and
variations as come within the scope of the appended
claims and their equivalents. Other objects, features
and aspects of the present invention are disclosed in
or are obvious from the following detailed descri
ption it is to be understood by one of ordinary skill
in the art that the present discussion is a
description of exemplary embodiments only, and is not
intended as limiting the broader aspects of the
present invention. [00012] As used herein, the terms
"human milk supplement" or "human milk fortifier"
refer to an additive for human milk. In some
embodiments, the human milk supplement or fortifier
may improve the nutritional content of certain
components of human milk. [00013] The term "liquid",
as used herein, can encompass any waterbased
composition such as, for example, a fluid or a gel.
[00014] The term "probiotic" means a microorganism
that can exert beneficial effects on the health of its
host. [00015] The term "prebiotic" means any
ingredient that stimulates the growth and activity of
the beneficial microbiota of the gastrointestinal
tract. [00016] The present invention is directed to an
acidified liquid human milk supplement. More
specifically, the human milk supplement
containsprotein, fat, carbohydrate, vitamins and
minerals, and has a pH which is between about 4.0 and
4.6 in an embodiment. In other embodiments, the pH of
the human miik supplement is less than about 4.6. In
some embodiments, the pH of the supplement may be
between about 4.2 and 4.4. In a particular embodiment,
the pH of the formula may be about 4.3. [00017] Most
microorganisms exhibit optimal growth in a pH
environment above 4.6. By providing an acidified human
milk supplement having a pH of less than about 4.6,
the growth of many human health pathogens, such as C.
botulinum and E. sakazakii, as well as many food
spoilage microorganisms may be reduced or prevented. A
reduced pH may also prevent the growth of mesophiiic
and thermophilic spores. Thus, the present invention
reduces the likelihood that microbial growth will
occur in the product during the time the product is in
shipment, in storage, or placed on a product display
shelf. [00018] Microbial populations that would grow
at or below a pH of 4.6 are typically destroyed during
the heat treatment of the product. By providing an
acidified liquid human milk supplement, however,
microbial thermal resistance is decreased and a less
severe heat treatment is required to render the
product microbiologically safe and sheif-stable. Heat
sterilization of infant formulas and human milk
supplements often causes browning of the product and
degradation of the vitamins and heatsensitive
ingredients. This affects the color, taste, smell, and
nutritional quality of the product. Thus, by providing
an acidified human milk supplement which requires a
less severe heat sterilization, browning and
degradation of product quality can be reduced or
avoided. [00019] Although the pH of the supplemented
human miik fed to an infant will be lowered when the
human miik supplement of the invention is added to
human milk, delivery of a nutrient rich diet is not
impaired by the addition of the acidified human milk
supplement in addition, the human milk to which the
supplement has been added maintains a low viscosity,
contains few or no observable lumps or clumps,
delivers the augmented nutrients, and the infant can
be fed utilizing standard pre-term feedingequipment
and methods. [00020] In an embodiment, the supplement
is added to human milk at a ratio of supplement milk
of between about 1:2 and 1:10. In another embodiment,
the ratio of suppiementmilk is between about 1:4 and
1:6. In a particular embodiment the ratio of
supp!ement:milk is about 1:5. [00021] Thus, in an
embodiment, about 5 ml of supplement may be added to
between about 10 and 50 ml human mk . In another
embodiment, about 5 ml of supplement may be added to
between about 20 and 30 ml human milk. In a particular
embodiment, about 5 ml of supplement may be added to
about 25 ml human mk . [00022] In a separate
embodiment, the supplement of the invention may 



be administered separately from, but in combination
with, a human milk diet. Thus, in this embodiment,
about 5 ml of supplement may be fed to the infant
separately from a human milk feeding. The ratio of
supplement to milk in this embodiment may be between
about 1:2 and 1:10, 1:4 and 1:6, or may be about 1:5.
[00023] In an embodiment of the human milk supplement,
the fat component comprises greater than about 30% of
the caloric content of the supplement and the
carbohydrate component comprises less than about 10%
of the caloric content of the supplement. It is
believed that these levels of fat and carbohydrate
will provide the increased caloric content required
for preterm infants but minimize unnecessary increases
in the osmolality of the human milk. [00024]
Osmolality refers to the concentration of
osmotically-active particles in an aqueous solution
per unit weight of solvent, and is expressed in mq
sm/kg solvent. When two solutions employing the same
solvent but having different osmolality are contacted
through a membrane permeable only to the solvent, the
solvent will flow from the low osmolality solution to
the high osmolality solution. This phenomenon is
particularly pronounced when the dissolved compounds
are certain species, such as simple carbohydrates and
electrolytes, which are known to have high osmotic
activity. Other species such as emulsified fats, the
form of fatadded to nutrient supplements, on the other
hand, have low or no osmotic activity. When a
hyperosmolar solution, i.e., an aqueous solution
having osmolality higher than that of normal body
fluids (approximately 300 mq sm/kg water), is
ingested, certain undesirable gastrointestinal side
effects may take place. The hyperosmolar solution may
cause an osmotic effect in the stomach and small
intestine in which water is drawn across the
epithelium of the gastrointestinal tract into the
lumen. This influx of water into the gastrointestinal
tract dilutes the concentration of osmoticailyactive
particles and may cause diarrhea, nausea, cramping,
abdominal distension, regurgitation and vomiting.
[00025] Carbohydrates are an energy source readi y
available for incorporation into human milk
supplements. However, they may have high osmotic
activity, particularly simple carbohydrates or those
carbohydrates that are rapidly hydrolyzed. Even
complex carbohydrates, such as starch or maitodextrin,
can significantly increase the osmolality of the
supplemented human milk since they may be rapidly
hydrolyzed by amylase, an enzyme normally present in
human milk. [00026] In an embodiment of the present
invention, it has been discovered that a human milk
supplement which comprises at least about 30% of the
caloric content of the supplement from fat and less
than about 10% of the caloric content of the
supplement from carbohydrate results in a supplemented
human milk that has an osmolality closer to that of
unsupplemented human milk and which is well-tolerated
by most premature infants. In an embodiment,
osmolality increases resulting from the addition of
the human mifk supplement of the invention to human
milk may be less than about 80 mq sm/kg water. In
another embodiment, osmolality increases resulting
from the addition of the human milk supplement of the
invention to human milk may be less than about 50 mq
sm/kg water. In still another embodiment, osmolality
increases resulting from the addition of the human
miik supplement of the invention to human milk may be
between about 30 and 80 mq sm/kg water. [00027] The
fat component of the invention may comprise, in
anembodiment, at least about 30% of the caloric
content. In another embodiment, the fat component may
comprise at ieast about 50% of the caloric content. In
yet another embodiment, the fat component may comprise
between about 50% and about 75% of the caloric
content. In a particular embodiment, the fat component
may comprise about 65% of the caloric content. [00028]
In other embodiments, the fat component, on a dry
weight basis, could comprise up to about 55% of the
human milk supplement, by weight, including from about
10% to about 55%, from about 15% to about 50%, and
from about 35% to about 45%. [00029] The carbohydrate
component of the invention may comprise less than
about 10% of the caloric content. In another
embodiment, the carbohydrate component may comprise
less than about 7% of the caloric content. In yet
another embodiment, the carbohydrate component may
comprise between about 2% and about 7% of the caloric
content in a further embodiment, the carbohydrate
component may comprise between about 4% and about 7%
of the caloric content. In a particular embodiment,
the carbohydrate component may comprise between about
4.5% and about 6.5% of the caloric content. In yet
another embodiment, the carbohydrate component may
comprise between about 5.0 and 5.5% of the caloric
content. [00030] In other embodiments, the
carbohydrate component, on a dry weight basis, could
comprise up to about 65% of the human milk supplement,
by weight, including from about 5% to about 30% and
from about 5% to about 15%. [00031] In addition to the
above, it is particularly important for a preterm
infant to receive adequate amounts of calcium. The
human fetus accrues about 80% of the calcium present
at term during the last trimester of pregnancy, and,
therefore, in order to achieve similar rates of
accretion to promote norma! growth and bone
mineralization, preterm infants require higher intakes
per kilogram body weight of calcium than term infants.
Inadequate supplies of caicium in the diet of the
preterm infant may lead toosteopenia and increased
risk of bone fracture. See American Academy of
Pediatrics Committee on Nutrition. "Nutritional Needs
of Preterm Infants" In, Kieinman RE, ed. Pediatric
Nutrition Handbook. 4th ed. Elk Grove Village, IL;
1998:55-87. [00032] In an embodiment, the amount of
calcium present in the human mk supplement may be
between about 20 and 40 mg per 5 ml supplement In
another embodiment, the amount of calcium present in
the 



supplement may be between about 25 and 35 mg per 5 ml
supplement. In a particular embodiment of the
invention, the amount of calcium present in the
supplement may be about 29 mg per 5 ml supplement. The
calcium may be present in the supplement as soluble
calcium, insoluble calcium, or a combination thereof.
[00033] Newborn term infants have approximately 75
mg/kg of body iron, 75% of which is in the form of
hemoglobin. On average, infants almost triple their
blood volume during the first year of life and will
require the absorption of 0.4 to 0.6 mg daily of iron
during that time to maintain adequate stores. Preterm
infants, however, have lower iron levels at birth. The
loss of blood drawn for laboratory tests and the rapid
rate of postnatal growth lead to a higher requirement
for dietary iron than in term infants - 2.0 to 2.5
mg/kg daily to prevent late anemia. See Nutrition
Committee, Canadian Paediatric Society (CPS), Canadian
Medical Association Journal 744:1451-1454 (1991). Some
of the consequences of iron deficiency include poor
weight gain, impaired immune responses,
gastrointestinal disturbances, irritability, decreased
attention span, and impaired cognitive ability.
[00034] The supplement of the present invention may
contain adequate amounts of iron to prevent the onset
of anemia in preterm infants and avoid developmental
abnormalities associated with iron deficiency. In
certain embodiments, iron is present in an amount of
about 0.1 mg to about 1.0 mg per 7.5 kcal of
supplement. In other embodiments, iron is present in
an amount of about 0.2 mg to about 0.75 mg per 7.5
kcal of supplement. In a particular embodiment, iron
is present in an amount ofabout 0.44 mg per 7.5 kcai
of supplement. [00035] The present human milk
supplement is designed such that, when added to human
milk, the supplemented human miik is capable of
delivering to the infant approximately 24 kcal per
fluid ounce (approximately 8 1 kcal per 100 ml). In
some embodiments, the human milk supplement of the
invention comprises protein and minerals in amounts
that are higher than those normally present in human
milk. The higher concentration of nutrients in this
embodiment of the invention also avoids over-dilution
of the human milk to which the supplement is added.
[00036] In some embodiments, the liquid nutritional
supplement of the present invention may contain at
ieast 7 5 kcal per 5 mi supplement In certain
embodiments, the supplement contains between about 6
kcal and about 9 kcal per 5 ml supplement. In one
embodiment, the supplement contains about 7.5 kcal per
5 ml supplement. In other embodiments, the supplement
contains between about 6.25 and about 30 kcal per 5 ml
supplement, depending upon its dilution ratio. [00037]
Any fat known in the art can be used in the present
invention, provided it is suitable for combination
with the other components of the supplement. Exemplary
fats include soy oil, medium chain triglycerides (MCT
oil), corn oil, oiive oil, structured triglycerides,
palm olein, sunflower oil, safflower oil, coconut oil,
palm oil, cottonseed oil, high oleic safflower, high
oleic sunflower, cottonseed oils, and canola oil. The
fat source can comprise one or more of these oils.
Emulsifiers, such as lecithin, may replace a small
portion of the fat composition, but usually not more
than 3% [00038] Any carbohydrate suitable for infant
consumption may be used in the present invention,
provided it is suitable for combination with the other
components of the supplement. Commercial sources for
these carbohydrates are known to the ordinary
practitioner of the art. One particular carbohydrate
that could be utilized is corn syrup solids. Other
carbohydrates that are useful in the invention include
starches, such as corn, tapioca, rice, or potato,
cornstarch, maltodextrin, glucose polymers,sucrose,
corn syrup, glucose, rice syrup, fructose, high
fructose corn syrup, or indigestible oligosaccharides.
The carbohydrate may be hydrolyzed (partially or
extensively) or intact and may be non-modified or
chemicaily modified. [00039] Protein sources suitable
for use in the present invention include most any
protein or nitrogen source suitable for infant
consumption, provided it is suitable for combination
with the other components of the supplement Examples
of protein sources useful in the invention may include
free amino acids, milk protein, casein, whey, animal
protein, cereal protein, vegetable protein, or
combinations thereof. Intact or hydrolyzed proteins,
such as hydroiyzed whey protein isolate, can be used
in the invention. If the protein is hydrolyzed, it may
be partially hydrolyzed or extensively hydrolyzed.
Particular proteins that may be used are hydrolyzed
whey protein isolates such as BioZate 3 , from Davisco
Foods; WPH 8350, from Hilmar ingredients; or WPH NZMP
917 or WPH Alacen 893, from Fonterra Ingredients. The
protein source, in some embodiments, may be a
combination of intact protein and hydrotyzed protein.
[00040] In some embodiments, the protein component may
comprise about 30% of the caloric content of the
supplement In other embodiments, the protein component
may comprise between 20% and 40% of the caloric
content of the supplement. In other embodiments, the
protein component could comprise between about 15% and
45% of the human milk supplement, by weight, including
from about 20% to about 35% and from about 28% to
about 33%, on a dry weight basis. [00041] Vitamins
that may be employed in the present invention include,
for example, vitamin A, vitamin D, vitamin E, vitamin
K-i, thiamin, riboflavin, vitamin B6, vitamin B12,
niacin, folic acid, pantothenic acid, biotin, and
vitamin C. Mineral nutrients that may be added
include, for example, calcium, phosphorus, magnesium,
zinc, manganese, copper, sodium, potassium, chloride,
iron, selenium, chromium, and molybdenum. Additional
vitamins and minerals that can be added are within
theknowledge of a person with ordinary skill in the
art who can determine the appropriate amount of
vitamins and mineral nutrients following the
recommendations of the Committee on Nutrition of the
American Academy 



of Pediatrics or other groups of experts. [00042] In a
particular embodiment, the fat source in the
supplement may comprise one or more long chain
polyunsaturated fatty acids (LCPUFA) such as
docosahexaenoic acid (DHA), arachidonic acid (ARA),
and eicosapentanoic acid (EPA). The fat source may
alternatively or additionally comprise LCPUFA
precursors such as ltnoleic acid, a- Nnolenic acid,
and y- nolenic acid [00043] in one embodiment of the
present invention, the fat source comprises DHA. In
another embodiment of the present invention the fat
source comprises ARA In yet another embodiment the fat
source may comprise both DHA and ARA In this
embodiment, the weight ratio of ARA: DHA may be from
about 1 3 to about 9 1 In one embodiment of the
present invention, this ratio is from about 1 2 to
about 4:1 . In yet another embodiment, the ratio is
from about 2.3 to about 2 1 In one particular
embodiment the ratio is about 2:1 In another
particular embodiment of the invention, the ratio is
about 1 1 5. In other embodiments, the ratio is about
1 1 3 In still other embodiments, the ratio is about
1.1 .9. In a particular embodiment, the ratio is about
1 5:1 . In a further embodiment, the ratio is about 1
67 1 In yet another embodiment, the ratio is about
1.47:1 . [00044] in certain embodiments of the
invention, the level of DHA may be between about 0 0%
and 1.00% of total fat, by weight In other
embodiments, the level of DHA may be about 0.32% of
total fat, by weight In some embodiments, the level of
DHA may be about 0.33% of total fat, by weight In
another embodiment, the level of DHA may be about 0
64% of total fat, by weight In another embodiment, the
level of DHA may be about 0.67% of total fat, by
weight. In yet another embodiment, the level of DHA
may be about 0.96% of total fat, by weight In a
further embodiment, the level of DHA may be about 1
00% of total fat, by weight[00045] In stil! other
embodiments, the level of DHA may be between about
0.25% and 0.75% by weight of total fat. In a
particular embodiment, the level of DHA may be about
0.5% by weight of total fat. In yet another
embodiment, the level of DHA may be about 0.53% by
weight of total fat. [00046] In embodiments of the
invention, the level of ARA is between 0.0% and 1.00%
of total fat, by weight. In another embodiment, the
level of ARA may be about 0.67% of total fat, by
weight. In another embodiment, the level of ARA may be
about 0.5% of total fat, by weight. In yet another
embodiment, the level of DHA may be between about
0.47% and 0.48% of totai fat, by weight. [00047] In
still other embodiments, the level of ARA may be
between about 0.5% and 0.90% by weight of total fat.
In another embodiment, the level of ARA may be between
about 0.75% and 0.90% by weight of total fat. In yet
another embodiment, the level of ARA may be about
0.88% by weight of total fat. [00048] DHA, when used
in the present invention, may be present in an amount
sufficient, when combined with human milk, to deliver
to an infant from about 3 mg per kg of body weight per
day to about 150 mg per kg of body weight per day. In
one embodiment of the invention, the amount to be
delivered, when combined with human milk, is from
about 6 mg per kg of body weight per day to about 100
mg per kg of body weight per day. In another
embodiment, the amount to be delivered, when combined
with human milk, is from about 10 mg per kg of body
weight per day to about 60 mg per kg of body weight
per day. In yet another embodiment, the amount to be
delivered, when combined with human milk, is from
about 15 mg per kg of body weight per day to about 30
mg per kg of body weight per day. [00049] ARA, when
used in the present invention, may be from about 5 mg
per kg of body weight per day to about 150 mg per kg
of body weight per day. In one embodiment of this
invention, the amount to be delivered, when combined
with human milk, varies from about 10 mg per kg of
body weight per day to about 120 mg per kg of body
weight per day. In anotherembodiment, the amount to be
delivered, when combined with human milk, varies from
about 15 mg per kg of body weight per day to about 90
mg per kg of body weight per day. In yet another
embodiment, the amount to be delivered, when combined
with human milk, varies from about 20 mg per kg of
body weight per day to about 60 mg per kg of body
weight per day. [00050] The amount of DHA, when
included in the human milk supplement of the present
invention, typically varies from about 5 mg/100 kcal
to about 80 mg/1 00 kcal. In one embodiment of the
present invention it varies from about 10 mg/100 kcal
to about 50 mg/100 kcai; and in another embodiment
from about 25 mg/100 kcal to about 60 mg/100 kcal. in
a particular embodiment of the present invention, the
amount of DHA is about 40 mg/100 kcal. [00051] The
amount of ARA, when included in the human miik
supplement of the present invention, typically varies
from about 10 mg/1 00 kcal to about 100 mg/100 kcal.
In one embodiment of the present invention, the amount
of ARA varies from about 15 mg/100 kcal to about 80
mg/100 kcal. In another embodiment the amount of ARA
varies from about 40 mg/100 kcal to about 70 mg/100
kcal. in a particular embodiment of the present
invention, the amount of ARA is about 67 mg/100 kcal.
[00052] The human milk supplement supplemented with
oils containing DHA and ARA for use in the present
invention can be made using standard techniques known
in the art. For exampie, they can be added to the
human milk supplement by replacing an equivalent
amount of an oil, such as MCT oil, normally present in
the supplement. As another example, the oils
containing DHA and ARA can be added to the human milk
supplement by replacing an equivalent amount of the
rest of the overall fat blend normally present in the
supplement without DHA and ARA. 



[00053] The source of the ARA and DHA can be any
source known in the art such as marine oil, fish oil,
single cell oil, egg yolk lipid, brain ilpld,and the
like. The DHA and ARA can be in any form, provided
that the remainder of the LCPUFA source does not
result in any substantial deleterious effect on the
infant. Alternatively, the DHA and ARA can be used in
refined form. [00054] Sources of DHA and ARA may be
single cell oils as taught in U.S. Pat. Nos.
5,374,657, 5,550,156, and 5,397,591 , the disclosures
of which are incorporated herein by reference in their
entirety. [00055] The LCPUFA source may or may not
contain eicosapentaenoic acid (EPA). In some
embodiments, the LCPUFA used in the invention contains
little or no EPA. For example, in certain embodiments,
the human milk supplements used herein contain less
than about 20 mg/100 kcal EPA; in some embodiments,
less than about 10 mg/100 kca! EPA; in other
embodiments, less than about 5 mg/100 kcal EPA; and in
still other embodiments, substantially no EPA. [00056]
In a particular embodiment, the human milk supplement
may contain probiotics. Any probiotic known in the art
may be added, provided it is suitable for combination
with the other components of the supplement. For
example, the probiotic species may be chosen from the
genera Lactobacillus and Bifidobacterium.
Alternatively, the specific probiotic can be
Lactobacillus rhamnosus GG. [00057] in certain
embodiments, the nutritional supplement of the present
invention additionally comprises at least one
prebiotic. In this embodiment, any prebiotic known in
the art may be added, provided it is suitable for
combination with the other components of the
supplement. In a particular embodiment, the prebiotic
can be selected from the group consisting of
fructo-oligosaccharide, gluco-oligosaccharide,
galactooligosaccharide, inulin, polydextrose,
isomalto-oligosaccharide, xylooligosaccharide and
lactulose. [00058] In some embodiments, the acidified
liquid human milk supplement of the invention contains
pectin. While not wishing to be bound to this or any
theory, it is believed that the addition of pectin to
the present invention may help to stabilize the
protein source at the low pH.The addition of pectin
provides an acidified liquid human milk supplement
which is less viscous than the supplement would be
otherwise. The addition of pectin to the acidified
liquid human milk supplement may also assist in the
packaging of the product by reducing foam formation,
creaming or fat separation, and/or sedimentation of
minerals and/or protein. In addition, the size of
insoluble particles, such as protein, is smaller in
the product containing pectin. This results in a
product with a better appearance. The product appears
less curdled and is also more apt to deliver the
nutrients contained therein to the infant because the
nutrients are better suspended in the product. The
nutrients are less likely to settle and/or stick to
tubing or bottles. [00059] The acidified liquid human
milk supplement of the invention is useful in the
feeding of preterm infants or low birth weight
infants. The supplement may also be useful in the
feeding of "failure to thrive" infants. In some
embodiments, the invention is directed to method of
supporting and enhancing the growth of an infant via
the administration of the human milk supplement of the
present invention. [00060] "Failure to thrive" (FTT),
a descriptive term and not a definitive clinical
diagnosis, is used to describe infants and children
whose weight 1) is consistently below the 3rd
percentile for their age, 2) progressively decreases
to beiow the 3rd percentile, 3) is 80% of the ideal
weight for their height and age, or 4) decreases at an
unexpected rate based on the individual's previously
defined growth curve, irrespective of whether below
the 3rd percentile. FTT may result from a variety of
underlying causes, including, but not limited to,
decreased nutrient intake caused by cleft lip and/or
palate, gastroesophageal reflux, or rumination;
malabsorption due to disorders such as celiac disease,
cystic fibrosis, or disaccharidase deficiency;
impaired metabolism symptomatic of fructose
intolerance or classic galactosemia; increased
excretion resulting from conditions such as diabetes
mellitus and proteinuria; and increased energy
requirements of diseases such as bronchopulmonary
dysplasia, cystic fibrosis, or hyperthyroidism.
Approximately 3-5% of alt children admitted to
tertiarycare centers, and 1% of all children admitted
to any hospital, exhibit FTT. Like premature infants,
FTT infants have additional nutritional requirements
not met by mother's breast milk. Thus, the human miik
supplement of the present invention may also be
utilized in feeding or treating FTT infants. [00061]
The human milk supplement of this invention can be
manufactured using techniques well-known to those
skilled in the art. One embodiment of the preparation
of the human milk supplement is set forth in Example
3. Manufacturing variations, however, are well-known
to those skilled in the nutritional formula art and
the invention is not iimited to the preparation set
forth in Example 3 . [00062] In an embodiment, the
supplement is aseptically sterilized and packaged
during the manufacturing process. The human milk
supplement of the present invention can be sterilized
prior to packaging using an ultrahigh temperature
(UHT) process that rapidly heats and then cools the
product. The processing equipment allows the time
(generally 3 to 15 seconds) and temperature (195 to
285F) to be tailored to place the least amount of
thermal stress on the product while ensuring safety.
Example 3 sets forth an embodiment of the invention
using the UHT process. The product may then be filled
into a sterile package and sealed in an environment
which prevents recontamination of the product with
microorganisms. Thus, in some embodiments, the liquid
human milk fortifier is shelf stable. [00063] Compared
with traditional retort sterilization, where products
are heated in a package for 5 to 50 minutes, UHT
heating and cooling process provides a significant
reduction in the energy use and nutrient loss 



associated with conventional sterilization. As a
result, an asepticaliy packaged liquid nutritionai
supplement retains more nutritional value and exhibits
more natural texture, color and taste, all while using
less energy. [00064] Numerous types of packaging
containers are readily available and known to one of
skill in the art. Examples of container types
typically include packets or sachets which may be
manufactured of paper, foil andplastic film, or foil
and plastic film coated paper; and ampoules which may
be manufactured of plastic, reinforced paper or glass.
[00065] In a particular embodiment, the human milk
supplement is filled into a form or blow-fili-seal
package and sealed in an environment which prevents
recontamination of the product with microorganisms In
this embodiment, a container is formed, filled with
the human milk supplement, and sealed in a continuous
process without human intervention in an enclosed area
designed and operated to minimize the probability of
contamination with microorganisms. Such a package may
be a unit dose of human milk supplement Thus, the
package may contain about 5 ml of supplement, which is
designed to be directly added to human mk . [00066]
The following examples describe various embodiments of
the present invention. Other embodiments within the
scope of the claims herein wiil be apparent to one
skilled in the art from consideration of the
specification or practice of the invention as
disclosed herein. It is intended that the
specification, together with the examples, be
considered to be exemplary only, with the scope and
spirit of the invention being indicated by the claims
which follow the examples. In the examples, all
percentages are given on a weight per volume basis
unless otherwise indicated. Example 1 [00067] This
example illustrates one embodiment of the acidified
liquid human milk supplement of the present invention.
Table 1 illustrates the amount of macronutrients
(proteins, fats and carbohydrates), as well as
vitamins and mineral nutrients present in 5 ml of the
human milk supplement. The caloric content in 5 ml is
approximately 7.5 kcal. To use, 5 ml of the human milk
fortifier is added to about 25 ml of mother's milk and
is then fed to an infant.Table 1: Nutrient Information
for Human Milk Supplement [00068] Table 2 illustrates
a list of the ingredients in the acidified liquid
human milk supplement of Example 1 per 10,000
liters.Table 2 Components of 10,000 Liters of Example
1 Nutrient Supplement Hydrolyzed Whey Protein Isolate
1241.331 kg (90.24% protein, 4.4% water, 0.45% fat,
0.35% carbohydrate) MCT Oi! (Medium Chain
Triglycerides) 883.000 kg Soybean Oil 225.026 kg
Calcium Citrate 154 518 kg Calcium Phosphate,
monobasic 135 765 kg Citric Acid 105.012 kg Potassium
Citrate 32.254 kg Calcium Chloride, dihydrate 28.278
kg Single Celt Arachidonic Acid Oil 26.928 kg Ascorbic
Acid 24.809 kg Niacinamide 2723.1 11 g Corn Syrup
Solids 1232.40O g Calcium Pantothenate 746.588 g
Biotin Trituration 1% 248.205 g Riboflavin 199.402 g
Vitamin B12 , 0.1% in starch 175.987 g Thiamin
Hydrochloride 139.508 g Pyridoxine Hydrochloride
124.719 g Folic Acid 25.141 g Single Cell
Docosahexaenoic Acid Oil 16.157 kg Tocopheryl Acetate,
dl-alpha 4190.438 g Soybean Oil 3223.600 g Vitamin A
Palmitate 499 900 g Cholecalciferol concentrate
140.710 g Vitamin K1 liquid phytonadione 4.352 g
Magnesium Phosphate, dibasic 5.551 kg Ferrous Sulfate,
heptahydrate 4,802 kg Sodium Citrate, dehydrate 1.650
kg Zinc Sulfate, monohydrate 1.590 kg Cupric Sulfate,
pentahydrate 0.143 kg Water, deflouridated q.s. to
10,508.700 kg[00069] The quantity of citric acid may
be adjusted to control the pH of the composition. An
antifoam emuision may be used as a processing aid in
the composition. As an example, a food grade antifoam
emulsion, such as 1520-US, from Dow Coming, may be
added at a rate of 0.466 kg per 10,000 liters to
reduce foam during production. [00070] As an
alternative to Table 2, the human milk supplement may
contain a dry vitamin premix which contains, per 100
kg, 77.219 kg ascorbic acid, 11.048 kg niacinamide,
5.000 kg corn syrup solids (restricted sodium), 3.029
kg calcium pantothenate, 1.007 kg biotin trituration
1%, 0.809 kg riboflavin, 0.714 kg vitamin B12 , 0.1%
in starch, 0.566 kg thiamin hydrochloride, 0.506 kg
pyridoxine hydrochloride, and 0.102 kg folic acid.
[00071] The amount of Thiamin per 1 gram premix may
vary between about 4.97 and 6.28 mg. The amount of
Riboflavin per 1 gram premix may vary between about
7.34 and 9.28 mg. The amount of Pyridoxine per 1 gram
premix may vary between about 3.78 and 4.77 mg. The
amount of Vitamin B12 per 1 gram premix may vary
between about 4 97 and 6.28 meg. The amount of Niacin
per 1 gram premix may vary between about 100 and 127
mg. The amount of Folic Acid per 1 gram premix may
vary between about 845 and 1070 meg. The amount of
Pantothenic Acid per 1 gram premix may vary between
about 24.8 and 3 1.4 mg. The amount of Biotin per 1
gram premix may vary between about 9 1.9 and 116 meg.
The amount of Vitamin C per 1 gram premix may vary
between about 702 and 



887 mg. [00072] Similarly, as an alternative to Table
2, the human milk supplement may contain a liquid
vitamin premix which may contain, per 100 kg, 5 1.997
kg tocopheryl acetate, dl-alpha, 40.000 kg soybean
oil, 6.203 kg vitamin A palmitate, 1.746 kg
cholecalciferol concentrate, and 0.054 kg vitamin K-i,
liquid phytonadione. The amount of vitamin A per 1
gram premix may vary between about 98,000 and 124,000
IU. The amount of vitamin D3 per 1 gram premix may
vary between about 15,900 and 20,100 IU. The amount of
vitamin E per 1 gram premix may varybetween about 473
and 598 IU. The amount of vitamin Ki per 1 gram premix
may vary between about 494 and 624 meg. [00073] Table
3 illustrates the proximate analysis information for
the human miik supplement of Example 1. Table 3.
Proximate Analysis [00074] The density of the human mk
supplement of Example 1 is about 1.05 g/m!. The pH
ranges between about 4.25 and 4.40, pre- and
post-sterilization (at 86F). The viscosity of the
composition is about 200 cp pre-sterilization and 400
cp post-sterilization, as measured on a Brookfield #2
spindle at 30 rpm and 86F. The osmolality of the
product diluted in water (25 ml water and 5 ml
product) is 68 mq sm/kg water. Example 2 [00075] This
example illustrates another embodiment of the
acidified liquid human mk supplement of the present
invention. Table 4 iiiustrates the amount of
macronutrients (proteins, fats and carbohydrates), as
weil as vitamins and mineral nutrients present in 5 ml
of the human milk supplement. The caloric content in 5
ml is approximately 7.5 kcal. To use, 5 ml of the
human milk fortifier is added to about 25 ml of
mother's milk and is then fed to an infant.Table 4:
Nutrient Information for Human Milk Supplement [00076]
Table 5 illustrates a list of the ingredients in the
acidified liquid human milk supplement of Example 2
per 10,000 liters.Table 5 Components of 10,000 Liters
of Example 2 Nutrient Supplement Hydrolyzed Whey
Protein isolate 1241 .331 kg (90.24% protein, 4.4%
water, 0.45% fat, 0.35% carbohydrate) MCT Oil (Medium
Chain Triglycerides) 883.000 kg Soybean Oil 225.026 kg
Caicium Citrate 154.51 8 kg Calcium Phosphate,
monobasic 135.765 kg Citric Acid 105.012 kg Pectin
52.656 kg Potassium Citrate 32.254 kg Calcium
Chloride, dihydrate 28.278 kg Single Ceil Arachidonic
Acid Oil 26.928 kg Ascorbic Acid 24.809 kg Niacinamide
2723.1 11 g Corn Syrup Solids 1232.400 g Calcium
Pantothenate 746.588 g Biotin Trituration 1% 248.205 g
Riboflavin 199.402 g Vitamin B12 , 0.1% in starch
175.987 g Thiamin Hydrochloride 139.508 g Pyridoxine
Hydrochloride 124.719 g Folic Acid 25.141 g Single
Celt Docosahexaenoic Acid Oil 16.157 kg Tocophery!
Acetate, d!-a!pha 4190.438 g Soybean Oil 3223.600 g
Vitamin A Patmitate 499.900 g Choiecalciferol
concentrate 140.71 0 g Vitamin K liquid phytonadione
4.352 g Magnesium Phosphate, dibasic 5.551 kg Ferrous
Sulfate, heptahydrate 4.802 kg Sodium Citrate,
dehydrate 1.650 kg Zinc Sulfate, monohydrate 1.590 kg
Cupric Sulfate, pentahydrate 0.143 kg Water,
deflouridated q.s. to 10,527.000 kg[00077] Table 6
illustrates the proximate analysis information for the
human mk supplement of Example 2. Table 6. Proximate
Analysis [00078] The density of the human milk
supplement of Example 2 is about 1.05 g/ml. The pH
ranges between about 4.25 and 4.40, pre- and
post-sterilization (at 86F). The viscosity of the
composition is about 800 cp pre-sterilization and 100
cp post-sterilization, as measured on a Brookfield #2
spindle at 30 rpm and 86F. The osmolality of the
product diluted in water {25 ml water and 5 ml
product) is 68 mq sm/kg water. Example 3 [00079] This
example illustrates one exemplary process for
preparing an embodiment of an acidified liquid human
milk supplement of the present invention. The protein
preparation was prepared by weighing 1241.331 kg
hydrolyzed whey protein isolate and dissolving it in
150 F water that was subjected to reverse osmosis.
After thirty minutes, the protein preparation was
transferred to a mix tank. A
polydimethylsiloxane-based antifoam component was
added to the mixture in an amount of about 0.466 kg
per 10,000 L. [00080] A pectin preparation was
prepared by weighing 52.656 kg pectin and dissolving
it in 16O0F water (subjected to reverse osmosis) in a
mineral preparation tank. After five minutes, the
pectin preparation was transferred to the mix tank
with the protein preparation. [00081] A mineral
preparation was prepared by measuring various mineral
salts, such as those set forth in Examples 1 or 2, and
dissolving them in 1200F water (subjected to reverse
osmosis) in a separate mineralpreparation tank. The
mineral preparation was then transferred to the mix
tank. An aciduiant, 105.012 kg citric acid, was
additionally added to the mix tank. 



[00082] An os preparation was prepared by weighing
vegetable oils, fungal/alga! oils, and/or fat-soluble
vitamins and blending them together in an oil
preparation tank. More specifically, 883.000 kg MCT
oil, 225.026 g soybean oil, 16.157 kg single cell
docosahexaenoic acid oil, and 26.928 kg single cell
arachidonic acid oil were intermixed. Various
fat-soluble vitamins, such as those set forth in
Examples 1 or 2 , were then intermixed with the oils.
The oils preparation was heated to 15O0F and added to
the mix tank. [00083] The mixture in the mix tank was
brought to a temperature of 1500F and had a total
solids percentage of approximately 30%. The flow rate
of the mixture through the homogenizer was
approximately 1.5 gallons per minute. The mixture was
then subjected to a 2-stage singiepass homogenization
process. The first stage of the homogenization was
conducted at 3500 pounds per square inch (psi) and the
second stage at 500 psi. The mixture was cooled and
transferred to a non-sterile surge tank. [00084]
Water-soluble vitamins were weighed, dissolved in
water, and added to the surge tank. The total solids
percentage was approximately 27.4%. The mixture was
pre-heated to 18O0F followed by a final heating to 270
F and held for approximately 3.3 seconds. The mixture
was cooled to 100 F and then underwent a final cooling
to 800F. The heat-processed product was filled into a
pre-steriiized aseptic tank and, from there, was
asepticaliy packaged in blow-fill-seal vials. [00085]
Ail references cited in this specification, including
without limitation, all papers, publications, patents,
patent applications, presentations, texts, reports,
manuscripts, brochures, books, internet postings,
journal articles, periodicals, and the like, are
hereby incorporated by reference into this
specification in their entireties. The discussion of
the references herein is intended merely to summarize
the assertions made bytheir authors and no admission
is made that any reference constitutes prior art.
Applicants reserve the right to challenge the accuracy
and pertinence of the cited references [00086]
Although preferred embodiments of the invention have
been described using specific terms, devices, and
methods, such description is for illustrative purposes
only. The words used are words of description rather
than of limitation. It is to be understood that
changes and variations may be made by those of
ordinary skill in the art without departing from the
spirit or the scope of the present invention, which is
set forth in the following claims. In addition, it
should be understood that aspects of the various
embodiments may be interchanged both in whole or in
part. For example, while particular embodiments have
been exemplified, other uses are contemplated.
Therefore, the spirit and scope of the appended claims
should not be limited to the description of the
preferred versions contained therein.What is claimed
is: 1. A quid human mk supplement comprising: a
protein component; a fat component; a carbohydrate
component; vitamins; and minerals, wherein the pH of
the human milk supplement is between about 4.0 and
4.6. 2 . The liquid human milk supplement of claim 1
wherein the phi of the supplement is between about 4.2
and 4.4. 3 . The liquid human milk supplement of claim
1 wherein the pH of the supplement is less than about
4.6. 4 . The liquid human milk supplement of claim 1
wherein the fat component comprises greater than about
30% of the caloric content of the supplement. 5. The
liquid human milk supplement of claim 1 wherein the
fat component comprises greater than about 50% of the
caloric content of the supplement. 6. The liquid human
milk supplement of claim 1 wherein the fat component
comprises a fat source selected from the group
consisting of DHA ARA, and combinations thereof. 7.
The liquid human milk supplement of claim 1 wherein
the fat component comprises medium chain
triglycerides. 8. The liquid human milk supplement of
claim 1 wherein the carbohydrate component comprises
ess than about 10% of the caloric content of the
supplement. 9. The liquid human milk supplement of
claim 1 wherein the carbohydrate component comprises
less than about 7% of the caloric content of the
supplement. 10. The liquid human milk supplement of
claim 1 wherein the protein component comprises about
30% of the caloric content of the supplement.11. The
liquid human milk supplement of claim 1 wherein the
protein component is selected from the group
consisting of whey protein, casein protein, and
combinations thereof. 12. The liquid human milk
supplement of claim 1 additionally comprising pectin.
13. The liquid human milk supplement of claim 12
wherein the supplement contains between about 40 and
60 kg pectin per 10,000 L supplement. 14. The liquid
human milk supplement of claim 12 wherein the
supplement contains between about 50 and 56 kg pectin
per 10,000 L supplement. 


