
DIABETES-ASSOCIATED MARKERS AND METHODS OF USE THEREOF
INCORPORATION BYREFERENCE This application claims
priority from U.S. Provisional Application Serial No.
60/725,462, filed on October 11, 2005. Each of the
applications and patents cited in this text, as well
as each document or reference cited in each of the
applications and patents (including during the
prosecution of each issued patent; "application cited
documents"), and each of the U.S. and foreign
applications or patents corresponding to and/or
claiming priority from any of these applications and
patents, and each of the documents cited or referenced
in each of the application cited documents, are hereby
expressly incorporated herein by reference. More
generally, documents or references are cited in this
text, either in a Reference List before the claims, or
in the text itself; and, each of these documents or
references ("herein-cited references"), as well as
each document or reference cited in each of the
herein-cited references (including any manufacturer's
specifications, instructions, etc.), is hereby
expressly incorporated herein by reference. Documents
incorporated by reference into this text may be
employed in the practice of the invention. FIELD OF
THE INVENTION The present invention relates generally
to the identification of biological markers associated
with an increased risk of developing Diabetes, as well
as methods of using such biological markers in
diagnosis and prognosis of Diabetes. BACKGROUND OF THE
INVENTION Diabetes Mellitus describes a metabolic
disorder characterized by chronic hyperglycemia with
disturbances of carbohydrate, fat and protein
metabolism that result from defects in insulin
secretion, insulin action, or both. The effects of
Diabetes Mellitus include long-term damage,
dysfunction and failure of various organs. Diabetes
may be present with characteristic symptoms such as
thirst, polyuria, blurring of vision, chronic
infections, slow wound healing, and weight loss. In
its most severe forms, ketoacidosis or a non-ketotic
hyperosmolar state may develop and lead to stupor,
coma and, in the absence of effectivetreatment, death.
Often symptoms are not severe, not recognized, or may
be absent. Consequently, hyperglycemia sufficient to
cause pathological and functional changes may be
present for a long time, occasionally up to ten years,
before a diagnosis is made, usually by the detection
of high levels of glucose in urine after overnight
fasting during a routine medical work-up. The
long-term effects of Diabetes Mellitus include
progressive development of complications such as
retinopathy with potential blindness, nephropathy that
may lead to renal failure, neuropathy, microvascular
changes, and autonomic dysfunction. People with
Diabetes are also at increased risk of cardiovascular,
peripheral vascular, and cerebrovascular disease
(together, "arteriovascular" disease). There is also
an increased risk of cancer. Several pathogenetic
processes are involved in the development of Diabetes.
These include processes which destroy the
insulin-secreting beta cells of the pancreas with
consequent insulin deficiency, and changes in liver
and smooth muscle cells that result in the resistance
to insulin uptake. The abnormalities of carbohydrate,
fat and protein metabolism are due to deficient action
of insulin on target tissues resulting from
insensitivity to insulin or lack of insulin.
Regardless of the underlying cause, Diabetes Mellitus
is subdivided into Type 1 Diabetes and Type 2
Diabetes. Type 1 Diabetes results from autoimmune
mediated destruction of the beta cells of the
pancreas. The rate of destruction is variable, and the
rapidly progressive form is commonly observed in
children, but may also occur in adults. The slowly
progressive form of Type 1 Diabetes generally occurs
in adults and is sometimes referred to as latent
autoimmune Diabetes in adults (LADA). Some patients,
particularly children and adolescents, may exhibit
ketoacidosis as the first manifestation of the
disease. Others have modest fasting hyperglycemia that
can rapidly change to severe hyperglycemia and/or
ketoacidosis in the presence of infection or other
stress. Still others, particularly adults, may retain
residual beta cell function sufficient to prevent
ketoacidosis for many years. Individuals with this
form of Type 1 Diabetes often become dependent on
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 plasma C-peptide. However, there are some
forms of Type 1 Diabetes which have no known etiology,
and some of these patients have permanent
insulinopenia and are prone to ketoacidosis, but have
no evidence of autoimmunity. These patients are
referred to as "Type 1 idiopathic." Type 2 Diabetes is
the most common form of Diabetes and is characterized
by disorders of insulin action and insulin secretion,
either of which may be the predominantfeature. Both
are usually present at the time that this form of
Diabetes is clinically manifested. Type 2 Diabetes
patients are characterized with a relative, rather
than absolute, 



insulin deficiency and are resistant to the action of
insulin. At least initially, and often throughout
their lifetime, these individuals do not need insulin
treatment to survive. Type 2 Diabetes accounts for
90-95% of all cases of Diabetes. This form of Diabetes
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).
Ketoacidosis is infrequent in this type of Diabetes
and usually arises in association with the stress of
another illness. 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. Diabetic hyperglycemia may be decreased by
weight reduction, increased physical activity, and/or
pharmacological treatment. There are several
biological mechanisms that are associated with
hyperglycemia such as insulin resistance, insulin
secretion, and gluconeogenesis, and there are orally
active drugs available that act on one or more of
these mechanisms. With lifestyle and/or drug
intervention, glucose levels can return to nearnormal
levels, but this is usually temporary. With time,
additional second-tier drugs are often required
additions to the treatment approach. Often with time,
even these multi-drug approaches fail, at which point
insulin injections are instituted. Over 18 million
people in the United States have Type 2 Diabetes, and
of these, about 5 million do not know they have the
disease. These persons who do not know they have the
disease and who do not exhibit the classic symptoms of
Diabetes present a major diagnostic and therapeutic
challenge. There is a large group in the United
States, nearly 4 1 million persons, who are at
significant risk of developing Type 2 Diabetes. They
are broadly referred to in the literature as
"pre-diabetics." A "pre-diabetic" or a subject with
pre-Diabetes represents any person or population with
a greater risk than the broad population for
conversion to Type 2 Diabetes ina given period of
time. The risk of developing Type 2 Diabetes increases
with age, obesity, and lack of physical activity. It
occurs more frequently in women with prior gestational
Diabetes, and in individuals with hypertension and/or
dyslipidemia. Its frequency varies in different ethnic
subgroups. Type 2 Diabetes is often associated with
strong familial, likely genetic, predisposition,
however the genetics of this form of Diabetes are
complex and not clearly defined. Pre-diabetics often
have fasting glucose levels between normal and frank
diabetic levels. Occasionally in research, these
persons are tested for their tolerance to glucose.
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 typically greater 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). In studies
conducted by Stern and others, 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% and apvalue of 0.20. Because of its cost,
reliability, and inconvenience, the oral glucose
tolerance 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. 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. Clearly, there is a need
for improved methods of assessing the risk of future
Diabetes. Often a person with impaired glucose
tolerance will be found to have at least one or more
of the common arteriovascular disease risk factors.
This clustering has been termed "Syndrome X," or
"Metabolic Syndrome" by some researchers and can be
indicative of a prediabetic state. Alone, each
component of the cluster conveys increased
arteriovascular and 



diabetic disease risk, but together as a combination
they become much more significant. Thismeans 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. It should furthermore be noted that
an increased risk of conversion to Diabetes implies an
increased risk of converting to arteriovascular
disease and events. Diabetes itself is one of the most
significant single risk factors for arteriovascular
disease, and is in fact often termed a "coronary heart
disease equivalent" by itself, indicating a greater
than 20 percent ten-year risk of an arteriovascular
event, in a similar range with stable angina and just
below the most significant independent risk factors,
such as survivorship of a previous arteriovascular
event. The same is true of other arteriovascular
disease, such as peripheral artery disease or
cerebrovascular disease. 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
pre-diabetics are treated. A major reason, as
indicated above, is that no simple laboratory test
exists to determine the actual risk of an individual
to develop Diabetes. Thus, there remains a need in the
art for methods of identifying and diagnosing these
individuals who are not yet diabetics, but who are at
significant risk of developing Diabetes. SUMMARY OF
THE INVENTION The present invention relates in part to
the discovery that certain biological markers, such as
proteins, nucleic acids, polymorphisms, metabolites,
and other analytes, as well as certain physiological
conditions and states, are present in subjects with an
increased risk of developing Diabetes Mellitus or a
pre-diabetic condition such as, but not limited to,
Metabolic Syndrome (Syndrome X), conditions
characterized by impaired glucose regulation and/or
insulin resistance, such as Impaired Glucose Tolerance
(IGT) and Impaired Fasting Glycemia (IFG), but where
such subjects do not exhibit some or all of the
conventional risk factors of these conditions, or
subjects who are asymptomatic for these conditions.
Accordingly, the invention provides biological markers
of Diabetes or pre-diabetic conditions that can be
used to monitor or assess the risk of subjects
experiencing such diabetic or pre-diabetic conditions,
to diagnose or identify subjects with a diabetic or
prediabetic condition, to monitor the risk for
development of a diabetic or pre-diabetic condition,
to monitor subjects that are undergoing therapies for
Diabetes or a pre-diabetic condition, to
differentially diagnose disease states associated with
Diabetes or a pre-diabetic condition from other
diseases, or within sub-classifications of Diabetes or
pre-diabetic conditions, to evaluate changes in the
risk of Diabetes or pre-diabetic conditions, and to
select therapies for use in treating subjects with
Diabetes or a pre-diabetic condition, or for use in
treating subjects who are at risk for developing
Diabetes or a pre-diabetic condition. Preferably, the
present invention provides use of biological markers,
some of which are unrelated to Diabetes or have not
heretofore been identified as related to Diabetes, but
are related to early biological changes that can lead
to the development of Diabetes or a pre-diabetic
condition, to detect and identify subjects who exhibit
none of the symptoms for Diabetes, i.e., who are
asymptomatic for Diabetes or pre-diabetic conditions
or have only non-specific indivators of potential
pre-diabetic conditions, such as arteriovascular risk
factors, or who exhibit none or few of the
conventional risk factor of Diabetes. Significantly,
many of the biomarkers disclosed herein have shown
little individual significance in the diagnosis of
Diabetes, but when used in combination (in "panels")
with other disclosed markers and combined with the
herein disclosed mathematical classification
algorithms, becomes significant discriminates of the
pre-Diabetes patient or population from one who is not
pre-diabetic. Accordingly, in one aspect, the present
invention provides a method with a predetermined level
of predictability for assessing a risk of development
of Diabetes Mellitus or a pre-diabetic condition in a
subject comprising: measuring the level of an
effective amount of one or more, preferably two or
more DBRISKMARKERS selected from the group consisting
of DBRISKMARKERS 1-260 in a sample from the subject,
and measuring a clinically significant alteration in
the level of the one or more, preferably two or more
DBRISKMARKERS in the sample, wherein the alteration
indicates an increased risk of developing Diabetes
Mellitus or a pre-diabetic condition in the subject.
In one embodiment, the Diabetes Mellitus comprises
Type 1 Diabetes, Type 2 Diabetes, or gestational
Diabetes. In other embodiments, the pre-diabetic
condition comprises IFG, IGT, Metabolic Syndrome, or
Syndrome X. The level of DBRISKMARKERS can be measured
electrophoretically or immunochemically. Where the
detection is immunochemical, the detection can be by 



radioimmunoassay, immunofluorescence assay or by an
enzyme-linked immunosorbent assay. The detection can
also be achieved by specific oligonucleotide
hybridization.In some embodiments, the subject has not
been previously diagnosed or identified as having the
Diabetes Mellitus or the pre-diabetic condition. In
other embodiments, the subject is asymptomatic for the
Diabetes Mellitus or the pre-diabetic condition. The
sample as defined by the present invention can be
serum, blood plasma, blood cells, endothelial cells,
tissue biopsies, ascites fluid, bone marrow,
interstitial fluid, sputum, or urine. In one
embodiment of the present invention, the level of
expression of five or more DBRISKMARKERS is measured,
but can also encompass measurement often or more,
twenty-five or more, or fifty or more DBRISKMARKERS.
In another aspect, a method with a predetermined level
of predictability for diagnosing or identifying a
subject having Diabetes Mellitus or a pre-diabetic
condition is provided, comprising measuring the level
of an effective amount of one or more, preferably two
or more DBRISKMARKERS selected from the group
consisting of DBRISKMARKERS 1-260 in a sample from the
subject, and comparing the level of the effective
amount of the one or more (or two or more)
DBRISKMARKERS to a reference value. In one embodiment,
the reference value is an index value. The reference
value can also be derived from one or more risk
prediction algorithms or computed indices for the
Diabetes or pre-diabetic condition. Another aspect of
the present invention provides a method with a
predetermined level of predictability for assessing a
risk of impaired glucose tolerance in a subject
comprising measuring the level of an effective amount
of one or more, preferably two or more DBRISKMARKERS
selected from the group consisting of DBRISKMARKERS
1-260 in a sample from the subject, and measuring a
clinically significant alteration in the level of the
one or more (or two or more) DBRISKMARKERS in the
sample, wherein the alteration indicates an increased
risk of impaired glucose tolerance in the subject. In
one embodiment, the subject has not been previously
diagnosed as having impaired glucose tolerance. In
another embodiment, the subject is asymptomatic for
the impaired glucose tolerance. In another aspect, a
method with a predetermined level of predictability
for diagnosing or identifying a subject having
impaired glucose tolerance is provided, comprising
measuring the level of an effective amount of one or
more, preferably two or more DBRISKMARKERS selected
from the group consisting of DBRISKMARKERS 1-260 in a
sample from the subject, and comparing the level of
the effective amount of the one or more(preferably two
or more) DBRISKMARKERS to a reference value. The
reference value can be an index value. Alternatively,
the reference value can be derived from one or more
risk prediction algorithms or computed indices for
impaired glucose tolerance. Another aspect of the
invention provides a method with a predetermined level
of predictability for assessing the progression of
Diabetes Mellitus or a pre-diabetic condition in a
subject, comprising detecting the level of an
effective amount of one or more, preferably two or
more DBRISKMARKERS selected from the group consisting
of DBRISKMARKERS 1-260 in a first sample from the
subject at a first period of time; detecting the level
of an effective amount of one or more, preferably two
or more DBRISKMARKERS in a second sample from the
subject at a second period of time; and comparing the
level of the effective amount of the one or more (or
two or more) DBRISKMARKERS detected in step (a) to the
amount detected in step (b), or to a reference value.
In one embodiment, the subject has previously been
diagnosed or identified as suffering from the Diabetes
Mellitus or the pre-diabetic condition. In another
embodiment, the subject has previously been treated
for the Diabetes Mellitus or the pre-diabetic
condition. In yet another embodiment, the subject has
not been previously diagnosed or identified as
suffering from the Diabetes Mellitus or the
pre-diabetic condition. In other embodiments, the
subject is asymptomatic for the Diabetes Mellitus or
the pre-diabetic condition. In the context of the
invention, the first sample can be taken from the
subject prior to being treated for the Diabetes
Mellitus or the pre-diabetic condition. The second
sample can taken from the subject after being treated
for the Diabetes Mellitus or the pre-diabetic
condition. The reference value can be derived from one
or more subjects who have suffered from Diabetes
Mellitus or a pre-diabetic condition. In another
aspect of the present invention, a method with a
predetermined level of predictability for assessing
the progression of impaired glucose tolerance
associated with Diabetes Mellitus or a pre-diabetic
condition in a subject is provided, comprising
detecting the level of an effective amount of one or
more, preferably two or more DBRISKMARKERS selected
from the group consisting of DBRISKMARKERS 1-260 in a
first sample from the 



subject at a first period of time; detecting the level
of an effective amount of one or more, preferably two
or more DBRISKMARKERS in a second sample from the
subject at a second period of time; and comparing the
level of the effective amount of the one or more (or
two ormore) DBRISKMARKERS detected in step (a) to the
amount detected in step (b), or to a reference value.
The subject can be one who has previously been treated
for the Diabetes Mellitus or the pre-diabetic
condition. The subject can also be one who has not
been previously diagnosed or identified as having
impaired glucose tolerance or suffering from the
Diabetes Mellitus or the pre-diabetic condition.
Alternatively, the subject can be asymptomatic for the
impaired glucose tolerance, or is asymptomatic for the
Diabetes Mellitus or the pre-diabetic condition. In
yet another aspect, a method with a predetermined
level of predictability for monitoring the
effectiveness of treatment for Diabetes Mellitus or a
pre-diabetic condition is provided, comprising
detecting the level of an effective amount of one or
more, preferably two or more DBRISKMARKERS selected
from the group consisting of DBRISKMARKERS 1-260 in a
first sample from the subject at a first period of
time; detecting the level of an effective amount of
one or more, preferably two or more DBRISKMARKERS in a
second sample from the subject at a second period of
time; and comparing the level of the effective amount
of the one or more (or two or more) DBRISKMARKERS
detected in step (a) to the amount detected in step
(b), or to a reference value, wherein the
effectiveness of treatment is monitored by a change in
the level of the effective amount of one or more,
preferably two or more DBRISKMARKERS from the subject.
In one embodiment, the treatment for the Diabetes
Mellitus or the pre-diabetic condition comprises
exercise regimens, dietary supplements, therapeutic
agents, surgical intervention, and prophylactic
agents. In another embodiment, the reference value is
derived from one or more subjects who show an
improvement in Diabetes risk factors as a result of
one or more treatments for the Diabetes Mellitus or
the pre-diabetic condition. The effectiveness of
treatment can be additionally monitored by detecting
changes in body mass index (BMI), insulin levels,
blood glucose levels, HDL levels, systolic and/or
diastolic blood pressure, or combinations thereof.
Changes in blood glucose levels can be detected by an
oral glucose tolerance test. Another aspect of the
present invention provides a method with a
predetermined level of predictability for selecting a
treatment regimen for a subject diagnosed with or at
risk for Diabetes Mellitus or a pre-diabetic condition
comprising detecting the level of an effective amount
of one or more, preferably two or more DBRISKMARKERS
selected from the group consisting of DBRISKMARKERS
1-260 in a first sample from the subject at a first
period oftime; optionally detecting the level of an
effective amount of one or more, preferably two or
more DBRISKMARKERS in a second sample from the subject
at a second period of time; and comparing the level of
the effective amount of the one or more (or two or
more) DBRISKMARKERS detected in step (a) to a
reference value, or optionally, to the amount detected
in step (b). The present invention also provides a
Diabetes Mellitus reference expression profile,
comprising a pattern of marker levels of an effective
amount of one or more, preferably two or more markers
selected from the group consisting of DBRISKMARKERS
1-260, taken from one or more subjects who do not have
the Diabetes Mellitus. An impaired glucose tolerance
reference expression profile is also provided by the
invention, comprising a pattern of marker levels of an
effective amount of one or more, preferably two or
more markers selected from the group consisting of
DBRISKMARKERS 1-260, taken from one or more subjects
who do not have impaired glucose tolerance. In another
aspect, a Diabetes Mellitus subject expression profile
is provided, comprising a pattern of marker levels of
an effective amount of one or more, preferably two or
more markers selected from the group consisting of
DBRISKMARKERS 1-260 taken from one or more subjects
who have the Diabetes Mellitus, are at risk for
developing the Diabetes Mellitus, or are being treated
for the Diabetes Mellitus. In another aspect, an
impaired glucose tolerance subject expression profile
is provided, comprising a pattern of marker levels of
an effective amount of one or more, preferably two or
more markers selected from the group consisting of
DBRISKMARKERS 1-260 taken from one or more subjects
who have impaired glucose tolerance, are at risk for
developing impaired glucose tolerance, or are being
treated for impaired glucose tolerance. The present
invention also provides a kit comprising a plurality
of DBRISKMARKER detection reagents that detect the
corresponding DBRISKMARKERS selected from the group
consisting of DBRISKMARKERS 1-260, sufficient to
generate the profiles of the invention. The detection
reagent can comprise one or more antibodies or
fragments thereof. Alternatively, or additionally, the
detection reagent can comprise one or 



more oligonucleotides or one or more aptamers. The
present invention also provides, in another aspect, a
machine readable media containing one or more Diabetes
Mellitus reference expression profiles according to
the invention, or one or more Diabetes Mellitus
subject expression profiles according to the
invention, and optionally, additional test results and
subject information.A machine readable media
containing one or more impaired glucose tolerance
reference expression profiles according to invention
is also contemplated, or one or more impaired glucose
tolerance subject expression profiles according to the
invention, and optionally, additional test results and
subject information. In another aspect, a DBWSKMARKER
panel comprising one or more DBRISKMARKERS that are
indicative of a physiological and/or biochemical
pathway associated with Diabetes Mellitus or a
pre-diabetic condition is provided. In one embodiment,
the physiological and biochemical pathways comprise
autoimmune regulation, inflammation and endothelial
function (including cytokine-cytokine receptor
interactions, cell adhesion molecules (CAMs), focal
adhesions, leukocyte transendothelial migration,
natural killer cell mediated cytotoxicity, regulation
of the actin cytoskeleton, adherens/tight/gap
junctions, and extracellular matrix (ECM)-receptor
interaction), adipocyte development and maintenance
(including adipocytokines, cell cycle, apoptosis, and
neuroactive ligand-receptor interaction) as well as
hematopoietic cell lineage, complement and coagulation
cascades, intra- and extracellular cell signaling
pathways (including the mTOR, TGF-b, MAPK, insulin,
GnRH, Toll-like receptor, Jak-STAT, PPAR, T-cell
receptor, B-cell receptor, FceRI, calcium, Wnt, and
VEGF signaling pathways and other cell communication
mechanisms), in addition to those pathways that are
commonly associated with Type 1 and Type 2 Diabetes
Mellitus. A DBRISKMARKER panel comprising one or more
DBRISKMARKERS that are indicative of a site associated
with Diabetes Mellitus or a pre-diabetic condition is
also provided, wherein the site can comprise beta
cells, endothelial cells, skeletal and smooth muscle,
or peripheral, cardiovascular, or cerebrovascular
arteries. In other aspects, a DBRISKMARKER panel
comprising one or more DBRISKMARKERS that are
indicative of the progression of Diabetes Mellitus or
a prediabetic condition is provided. The present
invention further provides a DBRISKMARKER panel
comprising one or more DBRISKMARKERS that are
indicative of the speed of progression of Diabetes
Mellitus or a pre-diabetic condition. The invention
also concerns a DBRISKMARKER panel comprising one or
more DBRISKMARKERS that are specific to one or more
types of Diabetes Mellitus and a DBRISKMARKER panel
comprising one or more DBRISKMARKERS that are specific
to a pre-diabetic condition.A DBRISKMAEXER panel
comprising one or more DBRJSKMARKERS selected from
mathematical classification algorithms and factor
analysis approach is provided, utilizing a relevant
past cohort of subjects, or calculated indices which
were developed in such past cohorts. In particular, a
DBRISKMARKER panel of one or more, preferably two or
more DBRISKMARKERS selected from a subset of the
disclosed DBRISKMARKERS comprising Leptin (LEP),
Haptoglobin (HP), Insulin-like growth factor binding
protein 3 (ILGFBP3), Resistin (RETN), Matrix
Metallopeptidase 2 (MMP-2), Angiotensin I converting
enzyme (peptidyl dipeptidase A)-I (ACE), complement
component 4A (Rogers blood group)(C4A), CD14 molecule
(CD14), selectin E (endothelial adhesion
molecule)(SELE), colony stimulating factor 1
(macrophage) (CSFl), and vascular endothelial growth
factor (VEGF), c-reactive protein, pentraxin-related
(CRP), Tumor Necrosis Factor Receptor Superfamily
Member IA (TNFRSFlA), RAGE (Advanced Glycosylation End
Productspecific Receptor [AGER]), CD26 (dipeptidyl
peptidase 4; DPP4), and their statistical and/or
functional equivalents within mathematical
classification algorithms using one or more of these
DBRISKMARKERS. A method for treating one or more
subjects at risk for developing Diabetes Mellitus or a
pre-diabetic condition is also contemplated by the
present invention, comprising detecting the presence
of increased levels of at least one, preferably two
different DBRISKMARKERS present in a sample from the
one or more subjects; and treating the one or more
subjects with one or more Diabetes-modulating drugs
until altered levels of the at least one, preferably
two different DBRISKMARKERS return to a baseline value
measured in one or more subjects at low risk for
developing the Diabetes Mellitus or the pre-diabetic
condition, or a baseline value measured in one or more
subjects who show improvements in Diabetes risk
markers as a result of treatment with one or more
Diabetes-modulating drugs. The Diabetes-modulating
drugs can comprise sulfonylureas; biguanides; insulin,
insulin analogs; peroximsome proliferator-activated
receptor-g (PPAR-g) agonists; dualacting PPAR
agonists; insulin secretogogues; analogs of
glucagon-like peptide- 1 (GLP-I); 



inhibitors of dipeptidyl peptidase IV (DPP4);
pancreatic lipase inhibitors; a-glucosidase
inhibitors; and combinations thereof. In one
embodiment, the improvements in Diabetes risk markers
as a result of treatment with one or more
Diabetes-modulating drugs comprise a reduction in body
mass index (BMI), a reduction in blood glucose levels,
an increase in insulin levels, an increase in HDL
levels, a reduction in systolic and/or diastolic blood
pressure, or combinations thereof.In another aspect, a
method of evaluating changes in the risk of impaired
glucose tolerance in a subject diagnosed with or at
risk for developing a pre-diabetic condition is
provided, comprising detecting the level of an
effective amount of one or more, preferably two or
more DBRISKMARKERS selected from the group consisting
of DBRISKMARKERS 1-260 in a first sample from the
subject at a first period of time; optionally
detecting the level of an effective amount of one or
more, preferably two or more DBRISKMARKERS in a second
sample from the subject at a second period of time;
and comparing the level of the effective amount of the
one or more (or two or more) DBRISKMARKERS detected in
step (a) to a reference value, or optionally, the
amount in step (b). The present invention further
provides a method of differentially diagnosing disease
states associated with Diabetes Mellitus or a
pre-diabetic condition in a subject comprising
detecting the level of an effective amount of one or
more, preferably two or more DBRISKMARKERS selected
from the group consisting of DBRISKMARKERS 1-260 in a
sample from the subject; and comparing the level of
the effective amount of the one or more (or two or
more) DBRISKMARKERS detected in step (a) to the
Diabetes Mellitus disease subject expression profile
of the invention, to the impaired glucose tolerance
subject expression profile of the invention, or to a
reference value. Further, in a method of diagnosing or
identifying a subject at risk for developing Diabetes
or a pre-diabetic condition by analyzing Diabetes risk
factors, the present invention provides an improvement
comprising measuring the level of an effective amount
of one or more, preferably two or more DBRISKMARKERS
selected from the group consisting of DBRISKMARKERS
1-260 in a sample from the subject, and measuring a
clinically significant alteration in the level of the
one or more (or two or more) DBRISKMARKERS in the
sample, wherein the alteration indicates an increased
risk of developing Diabetes Mellitus or a pre-diabetic
condition in the subject. In yet another aspect of the
present invention, in a method of diagnosing or
identifying a subject at risk for developing Diabetes
or a pre-diabetic condition by analyzing Diabetes risk
factors, the present invention provides an improvement
comprising: measuring the level of an effective amount
of one or more DBRISKMARKERS selected from the group
consisting of: Leptin (LEP), Haptoglobin (HP),
Insulin-like growth factor binding protein 3
(ILGFBP3), Resistin (RETN), Matrix Metallopeptidase 2
(MMP-2), Angiotensin I converting enzyme (peptidyl
dipeptidase A)-I (ACE), complement component 4A (C4A),
CD14 molecule (CD14), selectin E (SELE), colony
stimulating factor 1 (macrophage; CSFl), andvascular
endothelial growth factor (VEGF), c-reactive protein,
pentraxin-related (CRP), Tumor Necrosis Factor
Receptor Superfamily Member IA (TNFRSFlA), RAGE
(Advanced Glycosylation End Product-specific Receptor
[AGER]), and CD26 (dipeptidyl peptidase 4; DPP4), and
measuring a clinically significant alteration in the
level of the one or more DBRISKMARKERS in the sample,
wherein the alteration indicates an increased risk of
developing Diabetes Mellitus or a pre-diabetic
condition in the subject. In a method of diagnosing or
identifying a subject at risk for developing Diabetes
or a pre-diabetic condition by analyzing Diabetes risk
factors, the present invention provides an improvement
comprising: measuring the level of an effective amount
of two or more DBRISKMARKERS selected from the group
consisting of: Leptin (LEP), Haptoglobin (HP),
Insulin-like growth factor binding protein 3
(ILGFBP3), Resistin (RETN), Matrix Metallopeptidase 2
(MMP-2), Angiotensin I converting enzyme (peptidyl
dipeptidase A)-I (ACE), complement component 4A (C4A),
CD14 molecule (CD14), selectin E (SELE), colony
stimulating factor 1 (macrophage; CSFl), and vascular
endothelial growth factor (VEGF), c-reactive protein,
pentraxin-related (CRP), Tumor Necrosis Factor
Receptor Superfamily Member IA (TNFRSFlA), RAGE
(Advanced Glycosylation End Productspecific Receptor
[AGER]), and CD26 (dipeptidyl peptidase 4; DPP4), and
measuring a clinically significant alteration in the
level of the two or more DBRISKMARKERS in the sample,
wherein the alteration indicates an increased risk of
developing Diabetes Mellitus or a pre-diabetic
condition in the subject. Unless otherwise defined,
all technical and scientific terms used herein have
the same meaning as commonly understood by one of
ordinary skill in the art to which this invention
pertains. Although methods and materials similar or
equivalent to those described herein can be used in
the practice of the present invention, suitable
methods and materials are described below.
AUpublications, patent applications, patents, and
other references mentioned herein 



are expressly incorporated by reference in their
entirety. In cases of conflict, the present
specification, including definitions, will control. In
addition, the materials, methods, and examples
described herein are illustrative only and are not
intended to be limiting. Other features and advantages
of the invention will be apparent from and are
encompassed by the following detailed description and
claims. BRIEF DESCRIPTION OF THE DRAWINGSThe 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: Figure 1
is a flow chart depicting DBRISKMARKER physiological
and biological pathways and categories in the context
of the disease progression from Normal to Pre-
Diabetes to Diabetes. Figure 2 is an illustration
depicting classes and desirable characteristics of
DBRISKMARKERS, and illustrating several differing
illustrative patterns of markers that are useful in
the diagnosis of subjects having Pre-Diabetes, and
Diabetes as compared to normal. Figures 3A - 3RR are
graphic illustrations of the KEGG pathways
highlighting three or more DBRISKMARKERS in each
disclosed pathway. Figure 3A depicts neuroactive
ligand-receptor interactions. Figure 3B depicts
cytokine-cytokine receptor interactions. Figure 3C
depicts the adipocytokine signaling pathway. Figure 3D
shows the mitogen-activated protein kinase (MAPK)
signaling pathway. Figure 3E shows the insulin
signaling pathway. Figure 3F shows the Type II
Diabetes Mellitus pathway. Figure 3G depicts the
apoptosis signaling pathway. Figure 3H depicts the
complement and coagulation cascades. Figure 31 depicts
the Jak-STAT signaling pathway. Figure 3J is a
representation of the hematopoietic cell lineage.
Figure 3K shows the PPAR signaling pathway. Figure 3L
is the Toll-like receptor signaling pathway. Figure 3M
shows the T-cell receptor signaling pathway. Figure 3N
depicts the focal adhesion signaling pathway. Figure
30 shows the Type I Diabetes Mellitus pathway. Figure
3P is the pancreatic cancer signaling pathway. Figure
3Q depicts the mTOR signaling pathway. Figure 3R shows
the TGF-b signaling pathway. Figure 3S is the calcium
signaling pathway. Figure 3T shows the natural killer
cell-mediated cytotoxicity pathway. Figure 3U shows
the B-cell receptor signaling pathway. Figure 3V shows
the FceRI signaling pathway.Figure 3W depicts the
pathway of leukocyte transendothelial migration.
Figure 3X depicts the arachidonic acid metabolic
pathway. Figure 3Y depicts the Wnt signaling pathway.
Figure 3Z shows the VEGF signaling pathway. Figure 3AA
depicts cell adhesion molecule interactions. Figure
3BB is a schematic showing regulation of the actin
cytoskeleton. Figure 3CC depicts interactions relating
to glioma. Figure 3DD depicts nicotinate and
nicotinamide metabolism. Figure 3EE shows the
signaling pathway of adherens junctions. Figure 3FF is
a schematic showing the signaling pathway of tight
junctions. Figure 3GG depicts interactions relating to
antigen processing and presentation. Figure 3HH shows
interactions relating to long-term potentiation.
Figure 311 shows the GnRH signaling pathway. Figure
3JJ shows the interactions relating to colorectal
cancer. Figure 3KK shows the interactions at cell
junctions. Figure 3LL is a schematic showing the
pathways involved in neurodegenerative disorders.
Figure 3MM depicts the cell cycle signaling pathway.
Figure 3NN shows ECM-receptor interactions. Figure 300
shows the interactions involved in circadian rhythms.
Figure 3PP is a schematic showing the interactions
involved in long-term depression. Figure 3QQ depicts
the interactions relating to Huntington's Disease.
Figure 3RR shows the signaling pathways involved in
Helicobacter pylori infection. Figures 4A - 4F are
listings of KEGG pathways with only one or two
DBRISKMARKERS each within them. 



Figures 5A - 5E are examples of Pre-Diabetes
classification performance characteristics of selected
individual DBRISKMARKERS as shown in ANOVA analysis of
said markers between patient samples from Normal,
Pre-Diabetes, and Diabetes cohorts. Figure 6 is a
tabular example depicting the additive ROC performance
characteristics of pairs of DBRISKMARKERS in
classification of pre-Diabetes from normal cohorts
absent a mathematical algorithm indicating the
tradeoff of increased sensitivity at the cost of
reduced specificity.Figure 7 is a graph depicting the
change in classification algorithm performance, as
measured by R2 versus the Reference Diabetes
Conversion Risk with the addition of multiple
DBRISKMARKERS utilizing a forward selection algorithm.
Figure 8 is a graph depicting a three-dimensional
rendering of the performance characteristics of the
entire set of possible three marker combinations of a
group of 50 DBRISKMARKERS, highlighting the highest
performing combinations. Figure 9 is a histogram
depicting the distribution of the performance across
the entire set of possible three marker combinations
shown in Figure 6, Figure 10 is a mathematical
clustering and classification tree showing the
Euclidean standardized distance the DBRISKMARKERS
shown in Figure 6. Figure 11 presents tables of
selected DBRISKMARKERS by eight Position Categories
useful for the construction of panels selecting
DBRISKMARKERS according to the method disclosed
herein. Figure 12 is a listing of 25 high performing
DBRISKMARKER panels using three DBRISKMARKERS selected
from Position Categories according to the method
disclosed herein. Logistic regression algorithms using
said panels had calculated RL2 values ranging from
0.300 to 0.329 when employed on samples in the
described example and non-diabetic patient cohort.
Figure 13 is a listing of 25 high performing
DBRISKMAKER panels using eight DBRISKMARKERS selected
from Position Categories according to the method
disclosed herein. Logistic regression algorithms using
said panels had calculated RL2 values ranging from
0.310 to 0.475 when employed on samples in the
described example and non-diabetic patient cohort.
Figure 14 is a listing of 25 high performing
DBRISKMAKER panels using eighteen DBRISKMARKERS
selected from Position Categories according to the
method disclosed herein. Logistic regression
algorithms using said panels had calculated RL2 values
ranging from 0.523 to 0.6105 when employed on samples
in the described example and non-diabetic patient
cohort. Figure 15 is a graph ROC curve and AUC
statistics for the highest performing three, eight,
and eighteen DBRISKMARKER panels respectively when
employed on samples in the described example and
non-diabetic patient cohort.Figure 16 is an ROC curve
and AUC statistics indicating the three relative
highest performing individual DBRISKMARKERS markers
when employed on samples in the described example and
non-diabetic patient cohort. Figure 17 is a standard
curve demonstrating a typical result from the methods
of the present invention. Once a working standard
curve is demonstrated, the assay is typically applied
to 24 serum samples to determine the normal
distribution of the target analyte across clinical
samples. Figure 18 depicts a graph exemplifying single
molecule detection data across 92 samples for 25
biomarkers. DETAILED DESCRIPTION OF THE INVENTION The
present invention relates to the identification of
biomarkers associated with subjects having Diabetes or
a pre-diabetic condition, or who are pre-disposed to
developing Diabetes or a pre-diabetic condition.
Accordingly, the present invention features methods
for identifying subjects who are pre-disposed to
developing Diabetes or a pre-diabetic condition,
including those subjects who are asymptomatic for
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 or pre-diabetic
conditions, and for selecting therapies and treatments
that would be efficacious in subjects having Diabetes
or a pre-diabetic condition, wherein selection and use
of such treatments and therapies slow the progression
of Diabetes or pre-diabetic conditions, or
substantially delay or prevent its onset. "Diabetes
Mellitus" in the context of the present invention
encompasses Type 1 Diabetes, both autoimmune and
idiopathic and Type 2 Diabetes (together, "Diabetes").
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 l 1.1 mmol/L (>200 mg/dL). Other values 



suggestive of or indicating high risk for Diabetes
Mellitus include elevated arterial pressure > 140/90
mm Hg; elevated plasma triglycerides (>1.7 mmol/L; 150
mg/dL) and/or low HDLcholesterol (<0.9 mmol/L, 35
mg/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 >20 mg/min or
albumin:creatinine ratio > 30 mg/g)."Pre-diabetic
condition" refers to a metabolic state that is
intermediate between normal glucose homeostasis and
metabolism and states seen in frank Diabetes Mellitus.
Prediabetic 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 > 130/85 mm Hg; fasting
plasma glucose >6.1 mmol/L; waist circumference >102
cm (men) or >88 cm (women); triglycerides >1.7 mmol/L;
and HDL cholesterol <1.0 mmol/L (men) or 1.3 mmol/L
(women). "Pre-Diabetes" in the context of the present
invention indicates the physiological state, in an
individual or in a population, of having a higher than
normal expected rate of disease conversion to frank
Type 2 diabetes mellitus. Such absolute expected rate
of conversion to frank Type 2 diabetes in Pre-Diabetes
populations may be up to 1 percent or more per annum,
and 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 by the group
of patients with an expected conversion rate to Type 2
Diabetes of two percent (2%) per annum over the coming
7.5 years, or fifteen percent (15%) of those testing
at a given threshold value (the selected Pre-Diabetes
clinical cutoff). When a continuous measure of
Pre-Diabetes conversion risk is produced, having a
"pre-diabetic condition" encompasses any expected
annual rate of conversion above that seen in a normal
reference or general unselected normal prevalence
population. "Impaired glucose tolerance" (IGT) is
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
glucosehave a significant risk of developing Diabetes
and thus are an important target group for primary
prevention. "Insulin resistance" refers to a 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. "Normal glucose levels"
is used interchangeably with the term "normoglycemic"
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). Two hundred and
sixty 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) such as those
subjects who are insulin resistant, have altered beta
cell function or at risk of developing Diabetes based
upon known clinical parameters or 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 giving
birth to a baby weighing more than nine pounds, and
ethnicity. 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 or a pre-diabetic
condition, but who nonetheless may be at risk for
developing Diabetes or experiencing symptoms
characteristic of a pre-diabetic condition. The term
"biomarker" in the context of the present invention
encompasses, without limitation, proteins, nucleic
acids, polymorphisms of proteins and nucleic acids,
elements, 



metabolites, and other analytes. Biomarkers can also
include mutated proteins or mutated nucleic acids. The
term "analyte" as used herein can mean any substance
to be measured and can encompass electrolytes and
elements, such as calcium. Finally, biomarkers can
also refer to non-analyte physiological markers of
health status encompassing other clinical
characteristics such as, without limitation, age,
ethnicity, diastolic and systolic blood pressure,
body-mass index, and resting heart rate.Proteins,
nucleic acids, polymorphisms, and metabolites whose
levels are changed in subjects who have Diabetes or a
pre-diabetic condition, or are predisposed to
developing Diabetes or a pre-diabetic condition are
summarized in Table 1 and are collectively referred to
herein as, inter alia, "Diabetes risk-associated
proteins", "DBRISKMARKER polypeptides", or
"DBRISKMARKER proteins". The corresponding nucleic
acids encoding the polypeptides are referred to as
"Diabetes risk-associated nucleic acids", "Diabetes
riskassociated genes", "DBRISKMARKER nucleic acids",
or "DBRISKMARKER genes". Unless indicated otherwise,
"DBRISKMARKER", "Diabetes risk-associated proteins",
"Diabetes risk-associated nucleic acids" are meant to
refer to any of the sequences disclosed herein. The
corresponding metabolites of the DBRISKMARKER proteins
or nucleic acids can also be measured, as well as any
of the aforementioned conventional risk marker
metabolites previously disclosed, including, without
limitation, such metabolites as dehydroepiandrosterone
sulfate (DHEAS); c-peptide; Cortisol; vitamin D3; 5-
hydroxytryptamine (5-HT; serotonin); oxyntomodulin;
estrogen; estradiol; and digitalis-like factor, herein
referred to as "DBRISKMARKER metabolites". Non-analyte
physiological markers of health status (e.g., such as
age, ethnicity, diastolic or systolic blood pressure,
body-mass index, and other non-analyte measurements
commonly used as conventional risk factors) are
referred to as "DBRISKMARKER physiology". Calculated
indices created from mathematically combining
measurements of one or more, preferably two or more of
the aforementioned classes of DBRISKMARKERS are
referred to as "DBRISKMARKER indices". Proteins,
nucleic acids, polymorphisms, mutated proteins and
mutated nucleic acids, metabolites, and other analytes
are, as well as common physiological measurements and
indices constructed from any of the preceding
entities, are included in the broad category of
"DBRISKMARKERS". 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 or pre-Diabetes
conditions. A subject can be male or female. A subject
can be one who has been previously diagnosed or
identified as having Diabetes or a pre-diabetic
condition, and optionally has already undergone
treatment for the Diabetes or pre-diabetic condition.
Alternatively, a subject can also be one who has not
been previously diagnosed as having Diabetes or a
pre-diabetic condition. For example, a subject can be
one who exhibits one or more risk factors forDiabetes
or a pre-diabetic condition, or a subject who does not
exhibit Diabetes risk factors, or a subject who is
asymptomatic for Diabetes or pre-Diabetes. A subject
can also be one who is suffering from or at risk of
developing Diabetes or a pre-diabetic condition. A
"sample" in the context of the present invention is a
biological sample isolated from a subject and can
include, for example, serum, blood 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, sputum, or
urine. One or more, preferably two or more
DBRISKMARKERS can be detected in the practice of the
present invention. For example, two (2), five (5), ten
(10), fifteen (15), twenty (20), forty (40), fifty
(50), seventy-five (75), one hundred (100), one
hundred and twenty five (125), one hundred and fifty
(150), one hundred and seventy-five (175), two hundred
(200), two hundred and ten (210), two hundred and
twenty (220), two hundred and thirty (230), two
hundred and forty (240), two hundred and fifty (250)
or more DBRISKMARKERS can be detected. In some
aspects, all 260 DBRISKMARKERS disclosed herein can be
detected. Preferred ranges from which the number of
DBRISKMARKERS can be detected include ranges bounded
by any minimum selected from between one and 260,
particularly two, five, ten, twenty, fifty,
seventy-five, one hundred, one hundred and twenty
five, one hundred and fifty, one hundred and
seventy-five, two hundred, two hundred and ten, two
hundred and twenty, two hundred and thirty, two
hundred and forty, two hundred and fifty, paired with
any maximum up to the total known DBRISKMARKERS,
particularly five, ten, twenty, fifty, and
seventy-five. Particularly preferred ranges include
two to five (2-5), two to ten (2-10), two to fifty
(2-50), two to seventy-five (2-75), two to one hundred
(2-100), five to ten (5-10), five to twenty (5-20),
five to fifty (5-50), five to seventy-five (5-75),
five to one hundred (5- 100), ten to twenty (10-20),
ten to fifty (10-50), ten to seventy-five (10-75), ten
to one 



hundred (10-100), twenty to fifty (20-50), twenty to
seventy-five (20-75), twenty to one hundred (20-100),
fifty to seventy-five (50-75), fifty to one hundred
(50-100), one hundred to one hundred and twenty-five
(100-125), one hundred and twenty-five to one hundred
and fifty (125-150), one hundred and fifty to one
hundred and seventy five (150-175), one hundred and
seventy-five to two hundred (175-200), two hundred to
two hundred and ten (200-210), two hundred and ten to
two hundred and twenty (210-220), two hundred and
twenty to two hundred and thirty (220-230), two
hundred and thirty to two hundred and forty(230- 240),
two hundred and forty to two hundred and fifty
(240-250), and two hundred and fifty to more than two
hundred and fifty (250+). Diagnostic and Prognostic
Methods The risk of developing Diabetes or
Pre-Diabetes can be detected with a "pre determined
level of predictability" by examining an "effective
amount" of DBRISKMARKER proteins, nucleic acids,
polymorphisms, metabolites, and other analytes in a
test sample (e.g., a subject derived sample) and
comparing the effective amounts to reference or index
values, often utilizing mathematical algorithms in
order to combine information from results of multiple
individual DBRISKMARKERS into a single measurement or
index. Subjects identified as having an increased risk
of Diabetes or a prediabetic condition can optionally
be selected to receive treatment regimens, such as
administration of prophylactic or therapeutic
compounds such as "diabetes-modulating drugs" as
defined herein, or implementation of exercise regimens
or dietary supplements to prevent or delay the onset
of Diabetes or Pre-Diabetes. A sample isolated from
the subject can comprise, for example, blood, plasma,
blood cells, endothelial cells, tissue biopsies,
lymphatic fluid, serum, bone marrow, ascites fluid,
interstitial fluid (including, for example, gingival
crevicular fluid), urine, sputum, or other bodily
fluids. The amount of the DBRISKMARKER protein,
nucleic acid, polymorphism, metabolite, or other
analyte can be measured in a test sample and compared
to the normal control level. The term "normal control
level", means the level of a DBRISKMARKER protein,
nucleic acid, polymorphism, metabolite, or other
analyte, or DBRISKMARKER physiology or indices,
typically found in a subject not suffering from
Diabetes or a prediabetic condition and not likely to
have Diabetes or a pre-diabetic condition, e.g.,
relative to samples collected from young subjects who
were monitored until advanced age and were found not
to develop Diabetes or a pre-diabetic condition.
Alternatively, the normal control level can mean the
level of a DBRISKMARKER protein, nucleic acid,
polymorphism, metabolite, or other analyte typically
found in a subject suffering from Diabetes or a
prediabetic condition. The normal control level can be
a range or an index. Alternatively, the normal control
level can be a database of patterns from previously
tested subjects. A change in the level in the
subject-derived sample of a DBRISKMARKER protein,
nucleic acid, polymorphism, metabolite, or other
analyte compared to the normal control level can
indicate that the subject is suffering from or is at
risk of developing Diabetes or a
pre-diabeticcondition. In contrast, when the methods
are applied prophylactically, a similar level compared
to the normal control level in the subject-derived
sample of a DBRISKMARKER protein, nucleic acid,
polymorphism, metabolite, or other analyte can
indicate that the subject is not suffering from, is
not at risk or is at low risk of developing Diabetes
or a pre-diabetic condition. The difference in the
level of DBRISKMARKERS is preferably statistically
significant. By "statistically significant", it is
meant that the alteration is greater than what might
be expected to happen by chance alone. Statistical
significance can be determined by any method known in
the art. For example, statistical significance can be
determined by pvalue. The -value is a measure of
probability that a difference between groups during an
experiment happened by chance. (P(z>zobserved)). For
example, a value of 0.01 means that there is a 1 in
100 chance the result occurred by chance. The lower
the p-vahie, the more likely it is that the difference
between groups was caused by treatment. An alteration
is statistically significant if the />-value is at
least 0.05. Preferably, the p-value is 0.04, 0.03,
0.02, 0.01, 0.005, 0.001 or less. As noted below, and
without any limitation of the invention, achieving
statistical significance generally but not always
requires that combinations of several DBRISKMARKERS be
used together in panels and combined with mathematical
algorithms in order to achieve a statistically
significant DBRISKMARKER index. The "diagnostic
accuracy" of a test, assay, or method concerns the
ability of the test, assay, or method to distinguish
between subjects having Diabetes or a pre-diabetic
condition, or at risk for Diabetes or a pre-diabetic
condition is based on whether the subjects have a
"clinically significant presence" or a "clinically
significant alteration" in the levels of a
DBRISKMARKER. By "clinically significant presence" or
"clinically significant alteration", it is meant that
the presence of the DBRISKMARKER (e.g., mass, such as
milligrams, nanograms, or mass per volume, such as
milligrams per deciliter or copy number of a 



transcript per unit volume) or an alteration in the
presence of the DBRISKMARKER in the subject (typically
in a sample from the subject) is higher than the
predetermined cut-off point (or threshold value) for
that DBRISKMARKER and therefore indicates that the
subject has Diabetes or a pre-diabetic condition for
which the sufficiently high presence of that protein,
nucleic acid, polymorphism, metabolite or analyte is a
marker. The present invention may be used to make
categorical or continuous measurements of the risk of
conversion to Type 2 Diabetes, thus diagnosing 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 this categorical
use of the invention, the terms "high degree of
diagnostic accuracy" and "very high degree of
diagnostic accuracy" refer to the test or assay for
that DBRISKMARKER (or DBRISKMARKER index; wherein
DBRISKMARKER value encompasses any individual
measurement whether from a single DBRISKMARKER or
derived from an index of DBRISKMARKERS) with the
predetermined cut-off point correctly (accurately)
indicating the presence or absence of Pre- Diabetes. A
perfect test would have perfect accuracy. Thus, for
subjects who have Pre- Diabetes, the test would
indicate only positive test results and would not
report any of those subjects as being "negative"
(there would be no "false negatives"). In other words,
the "sensitivity" of the test (the true positive rate)
would be 100%. On the other hand, for subjects who did
not have Pre-Diabetes, the test would indicate only
negative test results and would not report any of
those subjects as being "positive" (there would be no
"false positives"). In other words, the "specificity"
(the true negative rate) would be 100%. 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. In other
embodiments, the present invention may be used so as
to discriminate Pre-Diabetes from Diabetes, or
Diabetes from Normal. Such use may require a different
DBRISKMARKER panel, mathematical algorithm, and/or
cut-off point, but be subject to the same
aforementioned measurements of diagnostic accuracy for
the intended use. In the categorical diagnosis of a
disease, changing the cut point or threshold value of
a test (or assay) usually changes the sensitivity and
specificity, but in a qualitatively inverse
relationship. For example, if the cut point is
lowered, more subjects in the population tested will
typically have test results over the cut point or
threshold value. Because subjects who have test
results above the cut point are reported as having the
disease, condition, or syndrome for which the test is
conducted, lowering the cut point will cause more
subjects to be reported as having positive results
(e.g., that they have Diabetes, Pre-Diabetes, or a
prediabetic condition). Thus, a higher proportion of
those who have Diabetes or Pre-Diabetes will be
indicated by the test to have it. Accordingly, the
sensitivity (true positive rate) of the test will be
increased. However, at the same time, there will be
more false positives because more people who do not
have the disease, condition, or syndrome (e.g., people
who are truly"negative") will be indicated by the test
to have DBRISKMARKER values above the cut point and
therefore to be reported as positive (e.g., to have
the disease, condition, or syndrome) rather than being
correctly indicated by the test to be negative.
Accordingly, the specificity (true negative rate) of
the test will be decreased. Similarly, raising the cut
point will tend to decrease the sensitivity and
increase the specificity. 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 and specificity
are being reported because sensitivity and specificity
may vary significantly over the range of cut points.
There is, however, 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. That
indicator is derived from a Receiver Operating
Characteristics ("ROC") curve for the test, assay, or
method in question. See, 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 ROC curve is
an x-y plot of sensitivity on the y-axis, on a scale
of zero to one (e.g., 100%), against a value equal to
one minus specificity on the x-axis, on a scale of
zero to one (e.g., 100%). In other words, it is a plot
of the true positive rate against the false positive
rate for that test, assay, or method. To construct the
ROC curve for the test, assay, or method in question,
subjects can be assessed using a perfectly accurate or
"gold standard" method 



that is independent of the test, assay, or method in
question to determine whether the subjects are truly
positive or negative for the disease, condition, or
syndrome (for example, coronary angiography is a gold
standard test for the presence of coronary
atherosclerosis). The subjects can also be tested
using the test, assay, or method in question, and for
varying cut points, the subjects are reported as being
positive or negative according to the test, assay, or
method. The sensitivity (true positive rate) and the
value equal to one minus the specificity (which value
equals the false positive rate) are determined for
each cut point, and each pair of x-y values is plotted
as a single point on the x-y diagram. The "curve"
connecting those points is the ROC curve.The ROC curve
is often used in order to determine the optimal single
clinical cut-off or treatment threshold value where
sensitivity and specificity are maximized; such a
situation represents the point on the ROC curve which
describes the upper left corner of the single largest
rectangle which can be drawn under the curve. The
total area under the curve ("AUC") is the indicator
that allows representation of the sensitivity and
specificity of a test, assay, or method over the
entire range of cut points with just a single value.
The maximum AUC is one (a perfect test) and the
minimum area is one half (e.g. the area where there is
no discrimination of normal versus disease). The
closer the AUC is to one, the better is the accuracy
of the test. It should be noted that implicit in all
ROC and AUC is the definition of the disease and the
post-test time horizon of interest. By a "high degree
of diagnostic accuracy", it is meant a test or assay
(such as the test of the invention for determining the
clinically significant presence of DBRISKMARKERS,
which thereby indicates the presence of Diabetes or a
pre-diabetic condition) in which the AUC (area under
the ROC curve for the test or assay) is at least 0.70,
desirably at least 0.75, more desirably at least 0.80,
preferably at least 0.85, more preferably at least
0.90, and most preferably at least 0.95. 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.
Alternatively, in low disease prevalence tested
populations (defined as those with less than 1% rate
of occurrences per annum), ROC and AUC can be
misleading as to the clinical utility of a test, and
absolute and relative risk ratios as defined elsewhere
in this disclosure can be employed to determine the
degree of diagnostic accuracy. Populations of subjects
to be tested can also be categorized into quartiles,
where the top quartile (25% of the population)
comprises the group of subjects with the highest
relative risk for developing or suffering from
Diabetes or a pre-diabetic condition and the bottom
quartile comprising the group of subjects having the
lowest relative risk for developing 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 eachquartile remain clinically useful are widely
used as risk factors for a disease; such is the case
with total cholesterol and for many inflammatory
markers with respect to their prediction of future
cardiovascular events. The predictive value of any
test depends 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 a test in any
population where there is a low likelihood of the
condition being present is that a positive result has
limited value (i.e., 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. 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 DBRISKMARKERS of the
invention allows for one of skill in the art to use
the DBRISKMARKERS to diagnose or identify subjects
with a pre-determined level of predictability.
Alternative methods of determining diagnostic accuracy
must be used with continuous measurements of risk,
which are commonly used 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. "Risk" in the context of the
present invention can mean "absolute" risk, which
refers to that percentage probability that an event
will occur over a specific time period. 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's risk compared either to low risk cohorts or
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 r/(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
presentt invention include time to Diabetes conversion
and therapeutic Diabetes conversion risk reduction
ratios.For such continuous measures, measures of
diagnostic accuracy for a calculated index are
typically based on linear regression curve fits
between the predicted continuous value and the actual
observed values (or historical index calculated value)
and utilize measures such as R squared, p values and
confidence intervals. It is not unusual for 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 (Redwood City,
California). The ultimate determinant and gold
standard of true risk conversion to Diabetes is a
actual conversions within a sufficiently large
population and observed over the length of time
claimed. However, this is problematic, as it is
necessarily a retrospective point of view, coming
after any opportunity for preventive interventions. As
a result, subjects suffering from or at risk of
developing Diabetes or a pre-diabetic condition are
commonly diagnosed or identified by methods known in
the art, 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 human serum C-reactive
protein (hsCRP), electrocardiogram (ECG), c-peptide
levels, anti-insulin antibodies, anti-beta
cell-antibodies, and glycosylated hemoglobin (HbAic) .
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." 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. 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 its
Complications, Part 1, World Health Organization,
1999). The OGTT should be administered in the morning
after at least 3 days of unrestricted diet (greater
than 15O 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
anhydrousglucose 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. Other methods of measuring glucose in
blood include reductiometric methods known in the art
such as, but not limited to, the Somogyi-Nelson
method, methods using hexokinase and glucose
dehydrogenase, immobilized glucose oxidase electrodes,
the o-toluidine method, the ferricyanide method and
the neocuprine autoanalyzer method. Whole blood
glucose values are usually about 15% lower than
corresponding plasma values in patients with a normal
hematocrit reading, and arterial values are generally
about 7% higher than corresponding venous values.
Subjects taking insulin are frequently requested to
build up a "glycemic profile" by self-measurement of
blood glucose at specific times of the day. A "7-
point profile" is useful, with samples taken before
and 90 minutes after each meal, and just before going
to bed. 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 relationships among these risk factors may be
attributable to a small number of physiological
phenomena, perhaps even a single phenomenon. Subjects
suffering from or at risk of developing Diabetes,
arteriovascular disease, hypertension or obesity are
identified by methods known in the art. For example,
Diabetes is frequently diagnosed by measuring fasting
blood glucose levels or insulin. Normal adult glucose
levels are 60-126 mg/dl. Normal insulin levels are 7
mU/mL  3mU. 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 diagnosedfor example, by body mass
index. Body mass index (BMI) is measured (kg/m2 (or
lb/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. Because of the
interrelationship between Diabetes and arteriovascular
disease, some or all of the individual DBRISKMARKERS
and DBRISKMARKER 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.
Risk prediction for Diabetes Mellitus 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 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 are incorporated into predictive
models. A notable example of such algorithms include
the Framingham Heart 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), also know as
NCEP/ATP III, which incorporates a patient's age,
total cholesterol concentration, HDL cholesterol
concentration, smoking status, and systolic blood
pressure to estimate a person's 10-year risk of
developing arteriovascular disease, which is commonly
found in subjects suffering from or at risk for
developing DiabetesMellitus, or a pre-diabetic
condition. The same Framingham algorithm has been
found to be modestly predictive of the risk for
developing Diabetes Mellitus, or a pre-diabetic
condition. 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(11):
3093-3101; Eddy, D.M. and Schlessinger, L. (2003)
Diabetes Care 26(1 1): 3102-31 10), the Finnish-based
Diabetes Risk Score (Lindstrom, J . and Tuomilehto, J.
(2003) Diabetes Care 26(3): 725-731), and the Ely
Study (Griffin, SJ. et al, (2000) Diabetes Metab. Res.
Rev. 16: 164-171), the contents of which are expressly
incorporated herein by reference. Archimedes is a
mathematical model of Diabetes that simulates the
disease state person-by-person, object-by-object and
comprises biological details that are continuous in
reality, such as the pertinent organ systems, more
than 50 continuously interacting biological variables,
and the major symptoms, tests, treatments, and
outcomes commonly associated with Diabetes. Archimedes
includes many diseases simultaneously and
interactively in a single integrated physiology,
enabling it to address features such as
co-morbidities, syndromes, treatments and other
multiple effects. The Archimedes model includes
Diabetes and its complications, such as coronary
artery disease, congestive heart failure, and asthma.
The model is written in differential equations, using
object-oriented programming and a construct 



called "features". The model comprises the anatomy of
a subject (all simulated subjects have organs, such as
hearts, livers, pancreases, gastrointestinal tracts,
fat, muscles, kidneys, eyes, limbs, circulatory
systems, brains, skin, and peripheral nervous
systems), the "features" that determine the course of
the disease and representing real physical phenomena
(e.g., the number of milligrams of glucose in a
deciliter of plasma, behavioral phenomena, or
conceptual phenomena (e.g., the "progression" of
disease), risk factors, incidence, and progression of
the disease, glucose metabolism, signs and tests,
diagnosis, symptoms, health outcomes of glucose
metabolism, treatments, complications, deaths from
Diabetes and its complications, deaths from other
causes, care processes, and medical system resources.
For a typical application of the model, there are
thousands of simulated subjects, each with a simulated
anatomy and physiology, who will get simulated
diseases, can seek care at simulated health care
facilities, will be seen by simulated health care
personnel in simulated facilities, will be given
simulated tests and treatments, and will have
simulated outcomes. Asin reality, each of the
simulated patients is different, with different
characteristics, physiologies, behaviors, and
responses to treatments, all designed to match the
individual variations seen in reality. The model is
built by development of a non-quantitative or
conceptual description of the pertinent biology and
pathology - the variables and relationships - as best
they are understood with current information. Studies
are then identified that pertain to the variables and
relationships, and typically comprise basic research,
epidemiological, and clinical studies that experts in
the field identify as the foundations of their own
understanding of the disease. That information is used
to develop differential equations that relate the
variables. The development of any particular equation
in the Archimedes model involves finding the form and
coefficients that best fit the available information
about the variables, after which the equations are
programmed into an object-oriented language. This is
followed by a series of exercises in which the parts
of the model are tested and debugged, first one at a
time, and then in appropriate combinations, using
inputs that have known outputs. The entire model can
then be used to simulate a complex trial, which
demonstrates not only the individual parts of the
model, but also the connections between all the parts.
The Archimedes calculations are performed using
distributed computing techniques. Archimedes has been
validated as a realistic representation of the
anatomy, pathophysiology, treatments and outcomes
pertinent to Diabetes and its complications (Eddy,
D.M. and Schlessinger, L. (2003) Diabetes Care 26(11)
3102-3110). The Finland-based Diabetes Risk Score is
designed as a screening tool for identifying high-risk
subjects in the population and for increasing
awareness of the modifiable risk factors and healthy
lifestyle. The Diabetes Risk Score was determined from
a random population sample of 35- to 64-year old
Finnish men and women with no anti-diabetic drug
treatment at baseline, and followed for 10 years.
Multivariate logistic regression model coefficients
were used to assign each variable category a score.
The Diabetes Risk Score comprises the sum of these
individual scores and validated in an independent
population survey performed in 1992 with a prospective
follow-up for 5 years. Age, BMI, waist circumference,
history of anti-hypertensive drag treatment and high
blood glucose, physical activity, and daily
consumption of fruits, berries, or vegetables were
selected as categorical variables. The Finland-based
Diabetes Risk Score values are derived from the
coefficients of the logistic model by classifying them
into five categories. The estimated probability (p)
ofdrug-treated Diabetes over a 10-year span of time
for any combination of risk factors can be calculated
from the following coefficients: (b + b + b + ...) o
lxi 2x2 p(Diabetes) = 1l +, J(BbO0 ++ bL, . + P. . +
...) IxI 2c2 where bois the intercept and bi, b2, and
so on represent the regression coefficients of the
various categories of the risk factors X1, X2, and so
on. The sensitivity relates to the probability that
the test is positive for subjects who will get
drug-treated Diabetes in the future and the
specificity reflects the probability that the test is
negative for subjects without drug-treated Diabetes.
The sensitivity and the specificity with 95%
confidence interval (CI) were calculated for each
Diabetes Risk Score level in differentiating the
subjects who developed drug-treated Diabetes from
those who did not. ROC curves were plotted for the
Diabetes Risk score, the sensitivity was plotted on
the y-axis and the false-positive rate (
1-specificity) was plotted on the x-axis. The more
accurately discriminatory the test, the steeper the
upward portion of the ROC curve, and the higher the 



AUC, the optimal cut point being the peak of the
curve. Statistically significant independent
predictors of future drug-treated Diabetes in the
Diabetes Risk Score are age, BMI, waist circumference,
antihypertensive drug therapy, and history of high
blood glucose levels. The Diabetes Risk Score model
comprises a concise model that includes only these
statistically significant variables and a full model,
which includes physical activity and fruit and
vegetable consumption. The San Antonio Heart Study is
a long-term, community-based prospective observational
study of Diabetes and arteriovascular disease in
Mexican Americans and non- Hispanic Caucasians. The
study initially enrolled 3,301 Mexican- American and
1,857 non- Hispanic Caucasian men and non-pregnant
women in two phases between 1979 and 1988.
Participants were 25-64 years of age at enrollment and
were randomly selected from low, middle, and
high-income neighborhoods in San Antonio, Texas. A 7-8
year follow-up exam followed approximately 73% of the
surviving individuals initially enrolled in the study.
Baseline characteristics such as medical history of
Diabetes, age, sex, ethnicity, BMI, systolic and
diastolic blood pressure, fasting and 2-hour plasma
glucose levels, fasting serum total cholesterol, LDL,
and HDL cholesterol levels, as well as triglyceride
levels, were compiled and assessed. A multiple
logistic regression model with incident Diabetes as
the dependent variable and the aforementioned baseline
characteristics were applied as independentvariables.
Using this model, univariate odds ratios can be
computed for each potential risk factor for men and
women separately and for both sexes combined. For
continuous risk factors, the odds ratios can be
presented for a 1-SD increment. A multivariate
predicting model with both sexes combined can be
developed using a stepwise logistic regression
procedure in which the variables that had shown
statistically significant odds ratios when examined
individually were allowed to enter the model. This
multivariable model is then analyzed by ROC curves and
95% CIs of the areas under the ROC curves estimated by
nonparametric algorithms such as those described by
DeLong (DeLong E.R. et al, (1988) Biometrics 44:
837-45). The results of the San Antonio Heart Study
indicate that pre-diabetic subjects have an
atherogenic pattern of risk factors (possibly caused
by obesity, hyperglycemia, and especially
hyperinsulinemia), which may be present for many years
and may contribute to the risk of macrovascular
disease as much as the duration of clinical Diabetes
itself. Despite the numerous studies and algorithms
that have been used to assess the risk of 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 or a pre-diabetic
condition in individual asymptomatic or otherwise
healthy subjects. Such risk prediction algorithms can
be advantageously used in combination with the
DBRISKMARKERS of the present invention to distinguish
between subjects in a population of interest to
determine the risk stratification of developing
Diabetes or a prediabetic condition. The DBRISKMARKERS
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. The data derived from risk
prediction algorithms and from the methods of the
present invention can be compared by linear
regression. Linear regression analysis models the
relationship between two variables by fitting a linear
equation to observed data. One variable is considered
to be an explanatory variable, and the other is
considered to be a dependent variable. For example,
values obtained from the Archimedes or San Antonio
Heart analysis can be used as a dependent variable and
analyzed against levels of one or more DBRISKMARKERS
as the explanatory variables in an effort tomore fully
define the underlying biology implicit in the
calculated algorithm score (see Examples).
Alternatively, such risk prediction algorithms, or
their individual inputs, which are generally
DBRISKMARKERS themselves, can be directly incorporated
into the practice of the presentinvention, with the
combined algorithm compared against actual observed
results in a historical cohort. A linear regression
line has an equation of the form Y = a + bX, where X
is the explanatory variable and Y is the dependent
variable. The slope of the line is b, and a is the
intercept (the value of y when x = 0). A numerical
measure of association between two variables is the
"correlation coefficient/Or R, which is a value
between - 1 and 1 indicating the strength of the
association of the observed data for the two
variables. This is also often reported as the square
of the correlation coefficient, as the "coefficient of
determination" or R2; in this form it is the
proportion of the total variation in Y explained by
fitting the line. The most common method for fitting a
regression line is the method of least-squares. This
method calculates the best-fitting line for the
observed data by minimizing the sum of the squares of
the vertical deviations from each data point to the
line (if a point lies on the fitted line exactly, then
its vertical deviation is 0). Because the deviations
are first squared, then 



summed, there are no cancellations between positive
and negative values. After a regression line has been
computed for a group of data, a point which lies far
from the line (and thus has a large residual value) is
known as an outlier. Such points may represent
erroneous data, or may indicate a poorly fitting
regression line. If a point lies far from the other
data in the horizontal direction, it is known as an
influential observation. The reason for this
distinction is that these points have may have a
significant impact on the slope of the regression
line. Once a regression model has been fit to a group
of data, examination of the residuals (the deviations
from the fitted line to the observed values) allows
one of skill in the art to investigate the validity of
the assumption that a linear relationship exists.
Plotting the residuals on the y-axis against the
explanatory variable on the x-axis reveals any
possible non-linear relationship among the variables,
or might alert the skilled artisan to investigate
"lurking variables." A "lurking variable" exists when
the relationship between two variables is
significantly affected by the presence of a third
variable which has not been included in the modeling
effort. Linear regression analyses can be used, inter
alia, to predict the risk of developing Diabetes or a
pre-diabetic condition based upon correlating the
levels of DBRISKMARKERS in a sample from a subject to
that subjects' actual observed clinical outcomes, or
in combination with, for example, calculated
Archimedes risk scores, San Antonio Heart risk scores,
or other known methods of diagnosing or predicting the
prevalence of Diabetes or a pre-diabetic condition. Of
particular use, however, are non-linear equations and
analyses todetermine the relationship between known
predictive models of Diabetes and levels of
DBRISKMARKERS detected in a subject sample. Of
particular interest are structural and synactic
classification algorithms, and methods of risk index
construction, utilizing pattern recognition features,
including established techniques such as the
Kth-Nearest Neighbor, Boosting, Decision Trees, Neural
Networks, Bayesian Networks, Support Vector Machines,
and Hidden Markov Models. Most commonly used are
classification algorithms using logistic regression,
which are the basis for the Framingham, Finnish, and
San Antonio Heart risk scores. Furthermore, the
application of such techniques to panels of multiple
DBRISKMARKERS is encompassed by or within the ambit of
the present invention, as is the use of such
combination to create single numerical "risk indices"
or "risk scores" encompassing information from
multiple DBRISKMARKER inputs. An example using
logistic regression is described herein in the
Examples. Factor analysis is a mathematical technique
by which a large number of correlated variables (such
as Diabetes risk factors) can be reduced to fewer
"factors" that represent distinct attributes that
account for a large proportion of the variance in the
original variables (Hanson, RX. et al, (2002) Diabetes
51: 3120-3127). Thus, factor analysis is well suited
for identifying components of Diabetes Mellitus and
pre-diabetic conditions such as IGT, IFG, and
Metabolic Syndrome. Epidemiological studies of factor
"scores" from these anlyses can further determine
relations between components of the metabolic syndrome
and incidence of Diabetes. The premise underlying
factor analysis is that correlations observed among a
set of variables can be explained by a small number of
unique unmeasured variables, or "factors". Factor
analysis involves two procedures: 1) factor extraction
to estimate the number of factors, and 2) factor
rotation to determine constituents of each factor in
terms of the original variables. Factor extraction can
be conducted by the method of principal components.
These components are linear combinations of the
original variables that are constructed so that each
component has a correlation of zero with each of the
other components. Each principal component is
associated with an "eigen-value," which represents the
variance in the original variables explained by that
component (with each original variable standardized to
have a variance of 1). The number of principal
components that can be constructed is equal to the
number of original variables. In factor analysis, the
number of factors is customarily determined by
retention of only those components that account for
more of the total variance than any single original
variable (i.e., those components with eigen-values of
>1).Once the number of factors has been established,
then factor rotation is conducted to determine the
composition of factors that has the most parsimonious
interpretation in terms of the original variables. In
factor rotation, "factor loadings," which represent
correlations of each factor with the original
variables, are changed so that these factor loadings
are made as close to 0 or 1 as possible (with the
constraint that the total amount of variance explained
by the factors remains unchanged). A number of methods
for factor rotation have been developed and can be
distinguished by whether they require the final set of
factors to remain uncorrelated with one another (also
known as "orthogonal methods") or by whether they
allow factors to be correlated ("oblique methods"). In
interpretation of factor analysis, the pattern of
factor loadings is examined to determine which
original variables represent primary constituents of
each factor. Conventionally, variables that have a
factor loading of 



>0.4 (or less than -0.4) with a particular factor are
considered to be its major constituents. Factor
analysis can be very useful in constructing
DBRISKMARKER panels from their constituent components,
and in grouping substitutable groups of markers.
Levels of an effective amount of DBRISKMARKER
proteins, nucleic acids, polymorphisms, metabolites,
or other analytes also allows for the course of
treatment of Diabetes or a pre-diabetic condition to
be monitored. In this method, a biological sample can
be provided from a subject undergoing treatment
regimens, e.g., drug treatments, for Diabetes. Such
treatment regimens can include, but are not limited
to, exercise regimens, dietary supplementation,
surgical intervention, and treatment with therapeutics
or prophylactics used in subjects diagnosed or
identified with Diabetes or a pre-diabetic condition.
If desired, biological samples are obtained from the
subject at various time points before, during, or
after treatment. Levels of an effective amount of
DBRISKMARKER proteins, nucleic acids, polymorphisms,
metabolites, or other analytes 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 or a pre-diabetic condition, or
may be taken or derived from subjects who have shown
improvements in Diabetes risk factors 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 or apre-diabetic condition and
subsequent treatment for 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. The
DBRISKMARXERS of the present invention can thus be
used to generate a "reference expression profile" of
those subjects who do not have Diabetes or a
pre-diabetic condition such as impaired glucose
tolerance, and would not be expected to develop
Diabetes or a pre-diabetic condition. The
DBRISKMARKERS disclosed herein can also be used to
generate a "subject expression profile" taken from
subjects who have Diabetes or a prediabetic condition
like impaired glucose tolerance. The subject
expression profiles can be compared to a reference
expression profile to diagnose or identify subjects at
risk for developing 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 or pre- Diabetes
treatment modalities. The reference and subject
expression 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 conventional Diabetes risk factors
like systolic and diastolic blood pressure, blood
glucose levels, insulin levels, BMI indices, and
cholesterol (LDL and HDL) levels. Alternatively or
additionally, the machine-readable media can also
comprise subject information such as medical history
and any relevant family history. The machinereadable
media can also contain information relating to other
Diabetes-risk algorithms and computed indices such as
those described herein. 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
or a pre-diabetic condition. Subjects that have
Diabetes or a pre-diabetic condition, or at risk for
developing 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 DBRISKMARKERS disclosed herein
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 or a pre-diabetic
condition in the subject.To identify therapeutics or
drugs that are appropriate for a specific subject, a
test sample from the subject can be exposed to a
therapeutic agent or a drug, and the level of one or
more of DBRISKMARKER proteins, nucleic acids,
polymorphisms, metabolites or other analytes can be
determined. The level of one or more DBRISKMARKERS 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 shown improvements in
Diabetes or pre-Diabetes risk factors as a result of
such treatment or exposure. Examples of such
therapeutics or drugs frequently used in Diabetes
treatments, and may modulate the symptoms or risk
factors of Diabetes include, but are not limited to,
sulfonylureas like glimepiride, glyburide (also known
in the art as glibenclamide), glipizide, 



gliclazide; biguanides such as metformin; insulin
(including inhaled formulations such as Exubera), and
insulin analogs such as insulin lispro (Humalog),
insulin glargine (Lantus), insulin detemir, and
insulin glulisine; peroxisome proliferator-activated
receptor-g (PPAR-g) agonists such as the
thiazolidinediones including troglitazone (Rezulin),
pioglitazone (Actos), rosiglitazone (Avandia), and
isaglitzone (also known as netoglitazone); dual-acting
PPAR agonists such as BMS-298585 and tesaglitazar;
insulin secretagogues including metglitinides such as
repaglinide and nateglinide; analogs of glucagon-like
peptide- 1 (GLP-I) such as exenatide (AC-2993) and
liraglutide (insulinotropin); inhibitors of dipeptidyl
peptidase IV like LAF-237; pancreatic lipase
inhibitors such as orlistat; a-glucosidase inhibitors
such as acarbose, migitol, and voglibose; and
combinations thereof, particularly metformin and
glyburide (Glucovance), metformin and rosiglitazone
(Avandamet), and metformin and glipizide (Metaglip).
Such therapeutics or drugs have been prescribed for
subjects diagnosed with Diabetes or a pre-diabetic
condition, and may modulate the symptoms or risk
factors of Diabetes or a pre-diabetic condition. A
subject sample can be incubated in the presence of a
candidate agent and the pattern of DBRISKMARKER
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. Table 1
comprises the two-hundred and sixty (260)
DBRISKMARKERS of the present invention. One skilled in
the art will recognize that the DBRISKMARKERS
presented herein encompasses all forms and variants,
including but not limited to,polymorphisms, isoforms,
mutants, derivatives, precursors including nucleic
acids, receptors (including soluble and transmembrane
receptors), ligands, and post-translationally modified
variants, as well as any multi-unit nucleic acid,
protein, and glycoprotein structures comprised of any
of the DBRISKMARKERS as constituent subunits of the
fully assembled structure. Table 1:
DBRISKMARKERSWIRELESS TERMINAL METHODS AND APPARATUS
FOR ESTABLISHING CONNECTIONS RELATED APPLICATIONS
[0001] The present application claims the benefit of
U.S. Provisional Patent Application S.N.60/725,589,
filed on October 11, 2005, titled "WIRELESS TERMINAL
METHODS AND APPARATUS FOR ESTABLISHING CONNECTIONS AND
BASE STATION METHODS AND APPARATUS FOR ESTABLISHING
CONNECTIONS", which is hereby expressly incorporated
by reference. FIELD OF THE INVENTION [0002] This
invention relates to communications system and, more
particularly, to methods and apparatus for
establishing connections in wireless, e.g., cellular,
communications networks. BACKGROUND OF INVENTION
[0003] Communications system frequently include a
plurality of network nodes which are coupled to access
nodes through which end nodes, e.g., mobile devices,
are coupled to the network. Network nodes may be
arranged in a hierarchy. Access Authentication and
Authorization (AAA) servers are nodes which are
normally placed relatively high in the network
hierarchy. They normally provide information used for
security and access control purposes. Access nodes
frequently have a secure link with an AAA server in
cases where such servers are used. The secure link may
be through one or more nodes in the hierarchy. [0004]
Operators typically manage access sessions in IP
networks using the RADIUS protocol and associated
RADIUS AAA servers. In the future, AAA systems may be
based on new protocols such as DIAMETER. In a system
using a RADIUS AAA server, when a user attempts to
gain access to an operator network, for theduration of
an access session, the local Access Router normally
issues one or more RADIUS Access-Requests to an
Authentication Server to authenticate that user based
on its identity such as a Network Access Identifier
(NAI). The AAA database typically has stored the
identities of those users allowed to access its system
along with the services features they are able to
invoke. When the user is successfully authenticated,
its access port on the access device is configured
with policy state commensurate with the user's service
Authorization. The service authorization is normally
delivered via RADIUS to the Access Router by the
Authorization Server. Whilst authorized, service usage
during an access session is recorded by the Access
Router, and sent as accounting records to an
Accounting Server using Accounting-Request messages in
the RADIUS 



protocol. The Accounting Server may be part of the AAA
server or it may be an independent server using the
same protocol with the authorization server. If the
user is connected to multiple Access Routers during a
single session then the multiple sessions need to be
aggregated in the Accounting Servers. [0005] AAA
systems are typically used with Mobile IP to manage IP
address allocations (HoAs), to dynamically allocate
HAs, to distribute MN profiles to the Access Router
and also to distribute security keys to authenticate
MIP messages and to secure the air-link. The Mobile
Node, an end node which is capable of changing its
point of network attachment, typically sends a MIP
message to gain access to the system, which triggers a
AAA request to authenticate and authorize the Mobile
Node. The AAA MN profile and security state is then
passed from the AAA system to the Access Router to
control services consumed by the MN. [0006] MNs may
change their point of network attachment, e.g., as
they move from one cell to another cell. This involves
changing the MNs point of attachment from a first
access node, e.g., a first router, to a second access
node, e.g., a second router. This process is commonly
known as a handoff. As part of a handoff the MN's
CoA/CCoA needs to be updated and then transferred into
the HA using MIP signaling so that packets are
redirected to the MN via the new Access Router. As
part of handoff process, it is necessary to transfer
at least some of the first access router's state
information corresponding to the MN involved in the
handoff to the new access router so that the MN
service is not interrupted. This process is known as
State Transfer. Statetransfer may include, e.g., the
transfer of AAA profile state information that was
previously delivered via RADIUS to the AR, at which
the MN access session commenced. It also may include,
e.g., the transfer of air-link security vectors,
MN-NAI, MN IP Address, MN-EUI-64, remaining MIP
Registration Lifetime, MN multicast group membership,
admission control state, resource reservation state,
diff-serv state, SIP session state, compressor state,
MN scheduling history and/or many other potential
items of MN specific AR state information. [0007] In
at least one known system, the transfer of state
information during a handoff is accomplished by the
new access node to which a mobile node is connecting
sending a state transfer message through the
communications network to the old access node to which
the mobile node was connected. In response the old
access node forwards state information to the new
access node. Alternatively a core node is used to
store state associated with a given mobile node. When
said mobile node attempts to move to another target
access node, said target access node can retrieve
state associated with said mobile node from said core
node. [0008] Mobile IP, (versions 4 and 6) also known
as MIPv4 [MIPv4] and MIPv6 [MIPv6], enables a mobile
node (MN) to register its temporary location indicated
by a care-of address (CoA) to its Home Agent (HA). The
HA then keeps a mapping (also called a binding)
between the MN's permanent address, otherwise called
Home Address (HoA), and the registered CoA so that
packets for that MN can be redirected to its current
location using IP encapsulation techniques
(tunneling). The CoA used by a MN can be an address
that belongs to a Foreign Agent (FA) in an Access
Router when MIPv4 is used or it can be a temporarily
allocated address to the MN itself, from the Access
Router prefix, in which case it is called a collocated
care-of address (CCoA). The latter model also applies
to MIPv4 while it is the only mode of operation in
MIPv6. Note that for the purpose of this document the
terms CCoA and CoA as well as Registration and Binding
Update (BU) are interchangeable since they are the
corresponding terms for MIPv4 and MIPv6. [0009] The
smallest possible MIPv4 compliant Registration Request
message includes at least the following headers and
fields.- IP header (at least 160 bits long) - UDP
header (at least 64 bits long) The UDP header is
followed by the Mobile IP fields shown below: (at
least 192 bits long) 0 1 2 3 0 1 2 3 4 5 6 7 8 9 0 1 2
3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 I Type
|s|B|D|M|G|r| t |x| Lifetime | I Home Address | 1 1 1
1 1 1 ) 1 ! i ! 1 1 1 1 1 ! 1 1 ! 1 1 1 I Home Agent |
I Care-of Address | + Identification + I I 



I Extensions ... Type 1 (Registration Request) S
Simultaneous bindings. If the 'S' bit is set, the
mobile node is requesting that the home agent retain
its prior mobility bindings. B Broadcast datagrams. If
the 'B' bit is set, the mobile node requests that the
home agent tunnel to it any broadcast datagrams that
it receives on the home network.D Decapsulation by
mobile node. If the 1D' bit is set, the mobile node
will itself decapsulate datagrams which are sent to
the care-of address. That is, the mobile node is using
a co-located care-of address. M Minimal encapsulation.
If the 'M' bit is set, the mobile node requests that
its home agent use minimal encapsulation [34] for
datagrams tunneled to the mobile node. G GRE
encapsulation. If the 'G' bit is set, the mobile node
requests that its home agent use GRE encapsulation
[16] for datagrams tunneled to the mobile node. r Sent
as zero; ignored on reception. T Reverse Tunneling
requested; x Sent as zero; ignored on reception.
Lifetime The number of seconds remaining before the
registration is considered expired. A value of zero
indicates a request for deregistration. A value of
Oxffffindicates infinity. Home Address The IP address
of the mobile node.Home Agent The IP address of the
mobile node's home agent. Care-of Address The IP
address for the end of the tunnel. Identification A
64-bit number, constructed by the mobile node, used
for matching Registration Requests with Registration
Replies, and for protecting against replay attacks of
registration messages. Extensions (at least 176 bits
long) The fixed portion of the Registration Request is
followed by one or more of the Extensions. An
authorization-enabling extension MUST be included in
all Registration Requests. 0 1 2 3 0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 1 Type I
Length | SPI . . . . . . . SPI (cont . ) I
Authenticator . . . +- +- + - + - + - + - + - + - + -
+ - + - + - +- +- + - + - + - + - + - + - + - + - + -
+ - + - + - + - + - +-. + - +- + - + Type 32Length 4
plus the number of bytes in the Authenticator. SPI
Security Parameter Index (4 bytes). An opaque
identifier. Authenticator The default authentication
algorithm uses HMAC-MD5 to compute a 128-bit "message
digest" of the registration message. Authenticator
Extension 0 1 2 3 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7
8 9 0 1 2 3 4 5 6 7 8 9 0 1 1 Type I Length | SPI . .
. . . . . SPI (cont . ) I Authenticator . . . 1 1 ! 1
1 1 ! ! 1 1 1 1-- +- +- +- +- +- +- +- +- +- +- + - +
- +- +- +- +- +- +- +- + 



Type 32 Length 4 plus the number of bytes in the
Authenticator. SPI Security Parameter Index (4 bytes).
An opaque identifier. Authenticator The default
authentication algorithm uses HMAC-MD5 to compute a
128-bit "message digest"of the registration message.
[0010] The smallest possible MIPv4 compliant
Registration Request message shown above is 592 bits
long which can result in inefficient use of resources
when it has to be transmitted over a wireless link for
the purpose of registration and handoff. Note that in
practice typical MIPv4 compliant Registration Request
messages are significantly larger than the calculated
minimum value but said minimum value is used for
illustration purposes. [0011] The smallest possible
MIPv4 compliant Registration response message includes
at least the following headers and fields. - IP header
(at least 160 bits long) - UDP header (at least 64
bits long) The UDP header is followed by the Mobile IP
fields shown below: (at least 160 bits long) 0 1 2 3 0
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7
8 9 0 1 Type I Code | Lifetime | ] Home Address | I
Home Agent | + Identification + I Extensions . . .
Type 3 (Registration Reply)Code A value indicating the
result of the Registration Request. Lifetime If the
Code field indicates that the registration was
accepted, the Lifetime field is set to the number of
seconds remaining before the registration is
considered expired. A value of zero indicates that the
mobile node has been deregistered. A value of Oxffff
indicates infinity. Home Address The IP address of the
mobile node. Home Agent The IP address of the mobile
node's home agent. Identification A 64-bit number used
for matching Registration Requests with Registration
Replies, and for protecting against replay attacks of
registration messages. Extensions (at least 176 bits
long) The fixed portion of the Registration Reply is
followed by one or more of the Extensions. An
authorization-enabling extension MUST be included in
all Registration Replies.Authenticator Extension 0 1 2
3 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5
6 7 8 9 0 1 1 Type I Length | SPI . . . .
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-
H--+-+-+-+-+ . . . SPI (cont . ) I Authenticator . . .
Type 32 Length 4 plus the number of bytes in the
Authenticator. SPI Security Parameter Index (4 bytes).
An opaque 



identifier. Authenticator The default authentication
algorithm uses HMAC-MD5 to compute a 128-bit "message
digest" of the registration message. [0012] The
smallest possible MIPv4 compliant Registration
Response message shown above is 560 bits long which
can result in inefficient use of resources when it has
to be transmitted over a wireless link for the purpose
of registration and handoff. Note that in practice
typical MIPv4 Registration Response messages are
significantly larger than the calculated minimum value
but said minimum value is used for illustration
purposes. [0013] Also note that as it is well know to
persons skilled in the art, the smallest possible
Mobile IPv6 (MIPv6) compliant Binding Updated
(equivalent to a MIPv4 Registration Request) is larger
than the smallest possible MlPv4 compliant
RegistrationRequest message. Finally note that as it
is well know to persons skilled in the art, the
smallest possible Mobile IPv6 (MIPv6) compliant
Binding Ack (equivalent to a MIPv4 Registration
Response) is larger than the smallest possible MIPv4
compliant Registration Response message [0014] In view
of the above discussion, it should be appreciated that
there is a need for new and more efficient methods of
implementing the establishment of network links to
access nodes in the case of a mobile node initial
registration with a network, a handoff to a new access
node or in other cases where a mobile node enters a
new cell. SUMMARY OF THE INVENTION [0015] The present
invention is directed to methods and apparatus for
establishing connections between wireless terminals
and access nodes. [0016] Various methods and apparatus
of the invention can be used to establish
communication links with one or more mobile nodes.
Established links can be used to support
communications sessions with one or more end nodes,
e.g., mobile devices. [0017] Various novel features
are directed to mobile node methods of controlling the
establishment of initial links to a first access node.
Other features are directed to the establishment of a
new link as part of a mobile node handoff from a first
access node to a second access node during a handoff
operation using highly efficient messages and signal.
[0018] Highly efficient messages, often far shorter
than mobile IPv4 or IPv6 messages that might be used
to perform similar tasks are generated, used and
stored in accordance with various embodiments of the
invention. [0019] While some features are directed to
wireless terminal methods and , apparatus, as well as
to novel messages of the invention stored in a
wireless terminal, other features are directed to
novel access node methods and apparatus.[0020] The
invention is also directed to data storage devices,
e.g., memory devices, which store one or more of the
novel messages of the present invention. [0021]
Additional features and benefits of the present
invention are discussed in the detailed description
which follows. BRIEF DESCRIPTION OF THE DRAWINGS
[0022] Fig. 1 illustrates a network diagram of an
exemplary communications system implemented in
accordance with the present invention. [0023] Fig. 2
illustrates an exemplary end node implemented in
accordance with the present invention. [0024] Fig. 3
illustrates an exemplary access node implemented in
accordance with the present invention. [0025] Fig. 4
illustrates an exemplary Server Node implemented in
accordance with the present invention. [0026] Fig. 5
illustrates an exemplary Home Agent node implemented
in accordance with the present invention. [0027] Fig.
6 illustrates an exemplary reduced size IP
registration message implemented according to this
invention. [0028] Fig. 7 illustrates an exemplary
reduced size IP registration response message
implemented according to this invention. [0029] Fig. 8
illustrates exemplary signaling performed in
accordance with the present invention when an end node
transitions from one access node to another access
node.DETAILED DESCRIPTION [0030] The methods and
apparatus of the present invention for establishing
link and network connections to access nodes used to
support communications sessions with one or more end
nodes, e.g., mobile devices, can be used with a wide
range of 



communications systems. For example the invention can
be used with systems which support mobile
communications devices such as notebook computers
equipped with modems, PDAs, and a wide variety of
other devices which support wireless interfaces in the
interests of device mobility. [0031] Fig. 1
illustrates an exemplary communication system 100
implemented in accordance with the present invention,
e.g., a cellular communication network, which
comprises a plurality of nodes interconnected by
communications links. Nodes in the exemplary
communication system 100 exchange information using
signals, e.g., messages, based on communication
protocols, e.g., the Internet Protocol (IP). The
communications links of the system 100 may be
implemented, for example, using wires, fiber optic
cables, and/or wireless communications techniques. The
exemplary communication system 100 includes a
plurality of end nodes 144, 146, 144', 146', 144",
146", which access the communication system via a
plurality of access nodes 140, 140', 140". The end
nodes 144, 146, 144', 146', 144", 146" may be, e.g.,
wireless communication devices or terminals, and the
access nodes 140, 140', 140" may be, e.g., wireless
access routers or base stations. The exemplary
communication system 100 also includes a number of
other nodes 104, 106, 109, 110, and 112, used to
provide interconnectivity or to provide specific
services or functions. Specifically, the exemplary
communication system 100 includes a Server 104, used
to support transfer and storage of state pertaining to
end nodes. The Server node 104 may be an AAA server,
or it may be a Context Transfer Server, or it may be a
server including both AAA server functionality and
Context Transfer server functionality. [0032] The Fig.
1 exemplary system 100 depicts a network 102 that
includes the Server 104, the Home Agent node 109 and
the node 106, all of which are connected to an
intermediate network node 110 by a corresponding
network link 105, 108 and 107, respectively. The
intermediate network node 110 in the network 102 also
providesinterconnectivity to network nodes that are
external from the perspective of the network 102 via
network link 111. Network link 111 is connected to
another intermediate network node 112, which provides
further connectivity to a plurality of access nodes
140, 140', 140" via network links 141, 141', 141",
respectively. [0033] Each access node 140, 140', 140"
is depicted as providing connectivity to a plurality
of N end nodes (144, 146), (144', 146'), (144", 146"),
respectively, via corresponding access links (145,
147), (145', 147'), (145", 147"), respectively. In the
exemplary communication system 100, each access node
140, 140', 140" is depicted as using wireless
technology, e.g., wireless access links, to provide
access. A radio coverage area, e.g., communications
cell, 148, 148', 148" of each access node 140, 140',
140", respectively, is illustrated as a circle
surrounding the corresponding access node. [0034] The
exemplary communication system 100 is subsequently
used as a basis for the description of various
embodiments of the invention. Alternative embodiments
of the invention include various network topologies,
where the number and type of network nodes, the number
and type of access nodes, the number and type of end
nodes, the number and type of Servers and Home or
other Agents, the number and type of links, and the
interconnectivity between nodes may differ from that
of the exemplary communication system 100 depicted in
Fig. 1. [0035] In various embodiments of the present
invention some of the functional entities depicted in
Fig. 1 may be omitted or combined. The location or
placement of these functional entities in the network
may also be varied. [0036] Fig. 2 provides a detailed
illustration of an exemplary end node 200, e.g., a
mobile node, implemented in accordance with the
present invention. The exemplary end node 200,
depicted in Fig. 2, is a detailed representation of an
apparatus that may be used as any one of the end nodes
144, 146, 144', 146', 144", 146", depicted in Fig. 1.
In the Fig. 2 embodiment, the end node 200 includes a
processor 204, a wireless communication interface 230,
a user input/output interface 240 and memory 210
coupled together by bus 206. Accordingly, via bus 206
the various components of theend node 200 can exchange
information, signals and data. The components 204,
206, 210, 230, 240 of the end node 200 are located
inside a housing 202. [0037] The wireless
communication interface 230 provides a mechanism by
which the internal components of the end node 200 can
send and receive signals to/from external devices and
network nodes, e.g., access nodes. The wireless
communication interface 230 includes, e.g., a receiver
circuit 232 with a corresponding receiving antenna 236
and a transmitter circuit 234 with a corresponding
transmitting antenna 238 used for coupling the end
node 200 to other network nodes, e.g., via wireless
communications channels. 



[0038] The exemplary end node 200 also includes a user
input device 242, e.g., keypad, and a user output
device 244, e.g., display, which are coupled to bus
206 via the user input/output interface 240. Thus,
user input/output devices 242, 244 can exchange
information, signals and data with other components of
the end node 200 via user input/output interface 240
and bus 206. The user input/output interface 240 and
associated devices 242, 244 provide a mechanism by
which a user can operate the end node 200 to
accomplish various tasks. In particular, the user
input device 242 and user output device 244 provide
the functionality that allows a user to control the
end node 200 and applications, e.g., modules,
programs, routines and/or functions, that execute in
the memory 210 of the end node 200. [0039] The
processor 204 under control of various modules, e.g.,
routines, included in memory 210 controls operation of
the end node 200 to perform various signaling and
processing as discussed below. The modules included in
memory 210 are executed on startup or as called by
other modules. Modules may exchange data, information,
and signals when executed. Modules may also share data
and information when executed. In the Fig. 2
embodiment, the memory 210 of end node 200 of the
present invention includes a signaling/control module
212 and signaling/control data 214. [0040] The
signaling/control module 212 controls signal
generation and processing relating to receiving and
sending signals, e.g., messages, for management
ofstate information storage, retrieval, and
processing. Messages stored in memory 210 include a
connection request message 610, a connection response
message 660, an IP registration message 800 and an IP
registration response message 900. Messages 800 and
900 may be reduced, e.g., small size, messages of the
invention which are smaller than convention Mobile IP
v4 and/or v6 messages. The messages stored in memory
may be messages which are generated and/or received.
The messages will be discussed in more detail below.
Signaling/control data 214 includes state information,
e.g., parameters, status and/or other information
relating to operation of the end node. In particular,
the signaling/control data 214 may include
configuration information 216, e.g., end node
identification information, and operational
information 218, e.g., information about current
processing state, status of pending responses, etc.
The module 212 may access and/or modify the data 214,
e.g., update the configuration information 216 and/or
the operational information 218. [0041] Fig. 3
provides a detailed illustration of an exemplary
access node 300 implemented in accordance with the
present invention. The exemplary access node 300,
depicted in Fig. 3, is a detailed representation of an
apparatus that may be used as any one of the access
nodes 140, 140', 140" depicted in Fig. 1. In the Fig.
3 embodiment, the access node 300 includes a processor
304, memory 310, a network/internetwork interface 320
and a wireless communication interface 330, coupled
together by bus 306. Accordingly, via bus 306 the
various components of the access node 300 can exchange
information, signals and data. The components 304,
306, 310, 320, 330 of the access node 300 are located
inside a housing 302. [0042] The network/internetwork
interface 320 provides a mechanism by which the
internal components of the access node 300 can send
and receive signals to/from external devices and
network nodes. The network/internetwork interface 320
includes, a receiver circuit 322 and a transmitter
circuit 324 used for coupling the node 300 to other
network nodes, e.g., via copper wires or fiber optic
lines. The wireless communication interface 330 also
provides a mechanism by which the internal components
of the access node 300 can send and receive signals
to/from external devices and network nodes, e.g., end
nodes. The wireless communication interface 330
includes, e.g., a receiver circuit 332 with a
corresponding receiving antenna 336 and a transmitter
circuit 334 with acorresponding transmitting antenna
338. The interface 330 is used for coupling the access
node 300 to other network nodes, e.g., via wireless
communication channels. [0043] The processor 304 under
control of various modules, e.g., routines, included
in memory 310 controls operation of the access node
300 to perform various signaling and processing. The
modules included in memory 310 are executed on startup
or as called by other modules that may be present in
memory 310. Modules may exchange data, information,
and signals when executed. Modules may also share data
and information when executed. In the Fig 3
embodiment, the memory 310 of the access node 300 of
the present invention includes a State Management
module 312 and a Signaling/Control module 314.
Corresponding to each of these modules, memory 310
also includes State Management data 313 and the
Signaling/Control data 315. Messages stored in memory
310 include a connection request message 610, a
connection response message 660, an IP registration
message 800 and an IP registration response message 



900. Messages 800 and 900 may be reduced, e.g., small
size, messages of the invention which are smaller than
convention Mobile IP v4 and/or v6 messages. Memory 310
also includes a Mobile IPv4 and/or Mobile IPv6
registration message 680. The messages stored in
memory may be messages which are generated and/or
received. The messages will be discussed in more
detail below. [0044] The State Management Module 312
controls the processing of received signals from end
nodes or other network nodes regarding state storage
and retrieval. The State Management Data 313 includes,
e.g., end-node related information such as the state
or part of the state, or the location of the current
end node state if stored in some other network node.
The State Management module 312 may access and/or
modify the State Management data 313. [0045] The
Signaling/Control module 314 controls the processing
of signals to/from end nodes over the wireless
communication interface 330, and to/from other network
nodes over the network/internetwork interface 320, as
necessary for other operations such as basic wireless
function, network management, etc. The
Signaling/Control data 315 includes, e.g., end-node
related data regarding wireless channel assignment for
basic operation, and other network-related data such
as theaddress of support/management servers,
configuration information for basic network
communications. The Signaling/Control module 314 may
access and/or modify the Signaling/Control data 315.
[0046] Fig. 4 provides a detailed illustration of an
exemplary Server node 400 implemented in accordance
with the present invention. The exemplary Server node
400, depicted in Fig. 4, is a detailed representation
of an apparatus that may be used as the Server 104
depicted in Fig. 1. In the Fig. 4 embodiment, the
Server node 400 includes a processor 404, memory 410,
a network/internetwork interface 420, coupled together
by bus 406. Accordingly, via bus 406 the various
components of the access node 400 can exchange
information, signals and data. The components 404,
406, 410, 420 of the access node 400 are located
inside a housing 402. [0047] The network/internetwork
interface 420 provides a mechanism by which the
internal components of the Server node 400 can send
and receive signals to/from external devices and
network nodes. The network/internetwork interface 420
includes, a receiver circuit 422 and a transmitter
circuit 424 used for coupling the node 400 to other
network nodes, e.g., via copper wires or fiber optic
lines. [0048] The processor 404 under control of
various modules, e.g., routines, included in memory
410 controls operation of the Server 400 to perform
various signaling and processing. The module included
in memory 410 are executed on startup or as called by
other modules that may be present in memory 410. In
the Fig. 4 embodiment, the memory 410 of the Server
400 of the present invention includes a Core State
Management module 412 and Core State Management data
413, and a AAA module 415. [0049] The Core State
Management Module 412 controls the processing of
received signals from other Servers, access nodes, or
network nodes regarding state storage and retrieval.
The Core State Management Data 413 includes, e.g.,
end-node state information. The Core State Management
module 412 may access and/or modify the Core State
Management data 413.[0050] The AAA module 415 performs
operation pertaining to authentication, authorization,
and accounting. [0051] Fig. 5 illustrates an exemplary
Home Agent node 500 implemented in accordance with the
present invention. Exemplary Home Agent node 500 can
be used in the system of Fig. 1, e.g., as home agent
node 109 which serves as a Home Agent. In the Fig. 5
embodiment, the home agent node 500 includes an
input/output interface 501, a processor 503 and memory
507, coupled together by bus 502. The elements 501,
502, 503 and 507 of home agent node 500 are located
inside a housing 508, e.g., a case of plastic and/or
metal, represented by the rectangle surrounding the
node's internal elements 501, 502, 503 and 507.
Accordingly, via bus 502 the various components of the
access node 500 can exchange information, signals and
data. The input/output interface 501 includes
circuitry used for coupling the node 500 to other
network nodes, e.g., via fiber optic lines, and
potentially to end nodes, e.g., via wireless
communications channels. [0052] The processor 503
under control of various modules, e.g., routines,
included in memory 507 controls operation of the home
agent node 500 to perform various signaling, routing
and other operations as will be discussed below. The
modules included in memory 507 are executed on startup
or as called by other modules. Modules may exchange
data, information, and signals when executed. Modules
may also share 



data and information when executed. In the Fig 5
embodiment, the memory 507 of home agent node 500 of
the present invention includes a mobility agent module
506 which includes, e.g., parameters, communication
session and/or end node status information, security
information, and/or other information relating to end
node interaction and/or communication with an access
node and/or another device. Mobility Agent module 506
also includes end node specific state including
mappings between end node's home addresses and care-of
addresses. [0053] The mobility agent module 506 allows
the node 500 to support end node mobility and
connectivity management services. Thus, the home agent
node 500 is capable of providing node mobility,
session establishment, and session maintenance
services to connected end nodes. The mobility agent
module 506 may be implementedin a plurality of ways.
In the Fig. 5 embodiment it is implemented with a
collection of sub-modules. As illustrated, the
mobility agent module 506 includes Mobile IPv4
submodule 505 and Mobile IPv6 sub-module 504. By
including sub-modules 505 and 504, the mobility agent
module 506 is capable of supporting multiple versions
of Mobile IP signaling including Mobile IPv4 and
Mobile IPv6 signaling. In various embodiments, the
mobility agent module 506 includes a subset of the
sub-modules 505 and 504 shown in Fig. 5. For example,
in embodiments where Mobile IPv6 is not required, the
Mobile IPv6 Home Agent sub-module 504 may be omitted.
[0054] Fig. 6 illustrates an exemplary reduced size IP
registration message 800 implemented according to this
invention. Said message 800, although sufficient for
the purposes of setting up network layer connectivity
and redirecting Mobile IP tunnels, as shown in the
invention, is of smaller size than even the smallest
possible Mobile IPv4 compliant Registration Request
message shown in the background section. Exemplary
reduced size IP registration message 800 includes: a
Message Type field 810, a reserved field 820, a "D"
(Deregistration) field 830, an "I" (Initial) field
840, a Message Identifier 850, and zero or more
optional Extensions 860. [0055] Message Type field 810
includes a value which identifies said message as a
reduced size IP registration message. In some
embodiment of this invention, message type field value
identifies the message as a Mobility Management
Protocol message referred to as L3RegistrationRequest
message. [0056] Reserved field 820 is reserved for
future use. In one embodiment of this invention the
value of reserved field 820 is set to zero by the
sender and is ignored by the receiver. [0057] "D"
(Deregistration) field 830 includes a value which
indicates whether this message is sent to register a
network layer or to deregister from a previously
registered network layer.[0058] "I" (Initial) field
840 includes a value which indicates whether this
message is the initial registration message for this
network layer or a subsequent registration for a
network layer that was established earlier. [0059]
Message Identifier 850 includes a value which
distinguishes the message 800 from at least another
message of the same type (message 800) sent prior to
this one. In some exemplary embodiments of this
invention the Message Identifier field 850 takes the
values of a monotonically increasing sequence number.
In other exemplary embodiments of this invention said
Message Identifier field 850 takes the values of a
timestamp. In still other exemplary embodiments of
this invention said Message Identifier field 850 is
comprised partly by a sequence number and partly by a
timestamp. [0060] Zero or more optional Extensions 860
may be included that may include various additional
parameters. In some exemplary embodiments of this
invention such extensions include the target access
node Identifier extension 870, which identifies the
access node that message 800 is sent to (e.g., target
access node 530 in Fig 8), the last access node
identifier extension 880, which identifies the access
node that the end node sending message 800 (e.g., end
node 510 in Fig 8) was last connected at the network
layer with (e.g., access node 520 in Fig 8) and an
authenticator extension 890 authenticating message
800. In some exemplary embodiments of the invention
each of said extensions 870 and 880 includes at least
a Type field, the value of which identifies the type
of the extension, a length field, the value of which
identifies the length of the extension and an
Identifier field, the value of which identifies one of
target access node and last access node. In some such
embodiments of the invention the authenticator
extension 890 includes at least a Type field, the
value of which identifies the type of the extension, a
length field, the value of which identifies the length
of the extension and an authenticator field, the value
of which authenticates the message cryptographically;
said authentication field value calculated based on a
key shared between the sender and the 



receiver. In some exemplary embodiments of this
invention, the last access node identifier extension
880 is not included when the value of the "I" filed
840 indicates that message 800 is an initial
registration, while the last access node identifier
extension 880 is included when the value of the "I"
filed 840 indicates that message 800 is not aninitial
registration. In some embodiments of this invention
the authenticator extension 890 is an optional
extension so it may be omitted from message 800.
Various combinations of optional extensions are
possible, in accordance with various embodiments of
the invention including zero, one two or three
extensions 890. [0061] In an exemplary embodiment of
this invention, Message Type field 810 is 8 bits long,
reserved field 820 is 14 bits long, "D" field 830 is a
1 bit long flag, "I" field 840 is a lbit long flag,
Message Identifier 850 is comprised of a 16 bit
sequence number and a 32 bit timestamp. In the same
embodiment of this invention, when the optional
extensions, target access node identifier 870 and last
access node identifier 880, are included in the
message 800, each is comprised of a 8 bit type field,
8 bit length field and at most 64 bit Identifier. In
the same embodiment of this invention, when the
optional authenticator extension 890 is included in
the message 800, it comprises a 8 bit type file, 8 bit
length field and at most 64 bit authenticator. In the
same embodiment of this invention the maximum length
of a reduced size IP registration message 800 is 312
bits which is significantly smaller than the smallest
possible MIPv4 compliant Registration Request message
which in the background section is shown to be 592
bits long. [0062] Fig. 7 illustrates an exemplary
reduced size IP registration response message 900
implemented according to this invention. Said message
900, although sufficient for the purposes of setting
up network layer connectivity and redirecting Mobile
IP tunnels, as shown in the invention, is of smaller
size than even the smallest possible Mobile IPv4
Registration response message shown in the background
section. Exemplary reduced size IP registration
response message 900 includes: a Message Type field
910, a Message Identifier field 920, a Response Code
field 930, a Reserved field 940, a Lifetime field 950,
and zero or more optional Extensions 960. [0063]
Message Type field 910 includes a value which
identifies said message as a reduced size IP
registration response message. In some embodiments of
this invention the Message type field value identifies
the IP Registration Response Message 900 as a Mobility
Management Protocol message referred to as
L3RegistrationResponse message.[0064] Message
Identifier 920, includes a value which matches message
900 with a corresponding reduced size IP registration
message 800. In some embodiments of this invention the
Message Identifier field 920 takes the values from at
least part of the value of the Message Identifier
field 850 of the corresponding reduced size IP
registration message 800, said message 900 is in
response to Response Code field 930 includes a value
which indicates the success or failure of the IP
registration operation. [0065] Reserved field 940 is
reserved for future use. In some embodiment of this
invention the value of this reserved field 940 is set
to zero by the sender and is ignored by the receiver.
[0066] Lifetime field 950 includes a value which
indicates the lifetime of the IP registration. In some
embodiments of this invention the value of the
lifetime field 950 corresponds to the lifetime of an
IP address associated with the receiver of message
900. In some such embodiments of this invention the
receiver of message 900 should send another reduced
size IP registration message before the value of the
Lifetime field 950 expires following reception of
message 900. [0067] Zero or more optional Extensions
960 may be included that may include various
additional parameters. In some embodiments of this
invention such extensions include Home address
extension 970, which is an IP address associated with
the receiver of message 900 (e.g., the IP address of
end node 510 in Fig 8), the Home Agent Address
extension 980, which identifies the address of the
Mobile IP Home Agent serving the Home Address included
in extension 97O.and an authenticator extension 990
authenticating message 900. In some exemplary
embodiments of the invention each of said extensions
970 and 980 includes at least a Type field, the value
of which identifies the type of the extension, a
length field, the value of which identifies the length
of the extension and an address field, the value of
which represents an IP address. In some such
embodiments of the invention the authenticator
extension 990 includes at least a Type field, the
value of which identifies the type of the extension, a
length field, the value of which identifies the length
of the extension and an authenticator field, the value
of which authenticates the message cryptographically;
said authentication field valuecalculated based on a
key shared between the sender and the receiver. In
some exemplary embodiments of this invention, the home
address extension 970 and home 



agent address extension 980 are only included when the
value of the "I" filed 840 in the corresponding
reduced size IP registration message 800, message 900
is in response to, indicates an initial registration,
while the home address extension 970 and home agent
address extension 980 are not included when the value
of the "I" filed 840 in the corresponding reduced size
IP registration message 800, message 900 is in
response to, indicates a subsequent registration.
Various combinations of optional extensions are
possible in accordance with various embodiments of the
invention including zero, one two or three of
extensions 970, 980, 990. [0068] In an exemplary
embodiment of this invention, Message Type field 910
is 8 bits long, Message Identifier 920 is comprised of
a 16 bit sequence number, Response code field 930 is 8
bits long, Reserved field 940 is 8 bits long and
Lifetime field 950 is 16 bits long. In the same
embodiment of this invention, when the optional
extensions home address 970 and home agent address 980
are included in the message 900, each is comprised of
a 8 bit type field, 8 bit length field and at most 32
bits IP address. In the same embodiment of this
extension, when the optional authenticator extension
990 is included in the message 900, it comprises a 8
bit type file, 8 bit length field and at most 64 bit
authenticator. In the same embodiment of this
invention the maximum length of a reduced size IP
registration response message 900 is 232 bits which is
significantly smaller than the smallest possible MIPv4
compliant Registration response message which in the
background section is shown to be 560 bits long.
[0069] Fig. 8 illustrates exemplary signaling
performed in accordance with exemplary embodiments of
the invention. The signaling is illustrated in the
context of exemplary system 100 illustrated in Fig. 1.
The End Node 510 corresponds to any of the end nodes
144, 146, 144', 146', 144", 146" of the exemplary
system 100 and is implemented according to exemplary
end node implementation 200 of Fig. 2; Access Node 520
and Target Access Node 530 are simplified
implementations of the exemplary access node 300 of
Fig. 3 and correspond to any of the access nodes 140,
140', 140" in the exemplary system 100 of Fig. 1. The
Server 540 is a simplified implementation of Server
400 in Fig. 4 and corresponds to Server 104 in the
exemplary system 100 in Fig.1. The Home Agent Node 550
is a simplified representation of home agent 500 in
Fig. 5 and corresponds to home agent node 109 in
exemplary system 100 in Fig. 1. [0070] In Fig. 8
vertical solid lines 5 11, 521, 531, 541 and 551
represent nodes 510, 520, 530, 540 and 550 in time
where the parts of lines 511, 521, 531, 541 and 551 at
the top of Fig. 8 represent earlier time than the
parts of said lines at the bottom of Fig. 8. Solid
horizontal lines 610, 620, 640, 660, 670, 680, 690,
700, 710 and 720 represent signals between nodes 510,
520, 530, 540 and 55O.Wide double arrow lines 600, 630
and 650 represent groups of signals exchanged between
nodes 510, 520, 530, 540 and 550. Dashed lines 621 and
641 represent alternative signals to signals 620 and
640. Dotted lines 630 and 650 represent optional
signals. A signal is transmitted between two nodes if
the line representing such signal or group of signals
indicates a dot at the vertical line representing said
node in time. For example signal 610 is transmitted at
time 610a by end node 510 and is received by target
access node 530 at time 610c. [0071] Physical Layer
establishment will now be described. In Fig. 8 the end
node 510, at point 600a transmits a signal, part of
the group of signals 600, to target access node 530
requesting physical layer access to said node 530.
Target access node 530 receives the signal, part of
group of signals 600, at point 600c and transmits
another signal, part of group of signals 600, to end
node 510, granting physical layer access to end node
510. [0072] Link Layer establishment will now be
described. End node 510 at point 610a transmits
Connections Request message 610 to target access node
530, requesting the establishment of link and media
access control layer communications with target access
node 530. In some exemplary embodiments of the
invention the Connection Request message 610 includes
a first identifier, identifying end node 510. In some
embodiments of this invention said message 610 also
includes a second identifier, identifying the access
node that the end node 510 had previously established
a connection with, e.g., access node 520. Said target
access node 530 receives Connection Request message
610 at point 610c at which time the parameters (e.g.,
identifiers) included in said message 610 are stored
in the memory of target access node 530. In other
exemplary embodiments of this invention message 610 is
a Handoff Requestmessage indicating that end node 510
had earlier established communications with this or
another access node (e.g., access node 520) [0073] An
exemplary Core Context Transfer embodiment will be
described. At point 620c said node 530 transmits State
Request message 620 to server 540, requesting
authorization and other state corresponding to end
node 530. State Request message 620 



includes at least some of the parameters stored at
point 610c in the memory of node 530; e.g., the
identifier of end node 510. Server 540 receives State
Request message 620 at point 62Od and searches its
memory for state associated with end node 510. In some
exemplary embodiments of the invention where server
540 is a core state transfer server, said server 540
transmits state response message 640 at point 64Od
including authorization state and other state (e.g.,
security keys, IP addresses and other parameters)
associated with end node 510. Target node 530 receives
said message 640 at point 640c and stores in its
memory at least part of the state associated with end
node 510 that is included in message 640. [0074] An
AAA server embodiment will be described. In some other
exemplary embodiments of this invention where server
540 is an authentication and authorization (AAA)
server, server 540 transmits a message, part of an
optional group of messages 630, at point 63Od,
requesting proof for the identity of end node 510.
Said node 510 receives message, part of group of
messages 630, at point 630a and transmit proof of
identity message, part of group of messages 630, to
Server 540. In some embodiments of this invention
server 540 and end node 510 exchange additional
messages that prove the identity of both end node 510
and server 540 to each other. When server 540 is
satisfied with the identity of end node 510 at point
64Od it sends message 640 including authorization
state and other state (e.g., security keys, IP
addresses and other parameters) associated with end
node 510. Target access node 530 receives said message
640 at point 640c and stores in its memory at least
part of the state associated with end node 510 that is
included in message 640. [0075] An exemplary
Peer-to-Peer Context Transfer embodiment will be
described. In some exemplary embodiments of the
invention instead of message 620 the target access
node 530 sends message 621, at point 621c, to access
node 520; saidaccess node 520 being the last access
node that end node 510 had a connection with. Said
message 621, according to this invention, including at
least some of the parameters stored at point 610c in
the memory of node 530; e.g., the identifier of end
node 510. Access node 520 receives message 621 at
point 621b and searches its memory for state
associated with end node 510. Said access node 520
transmits response message 641 at point 641b including
authorization state and other state (e.g., security
keys, IP addresses and other parameters) associated
with end node 510. Target node 530 receives said
message 641 at point 641c and stores in its memory at
least part of the state associated with end node 510
that is included in message 641. [0076] An optional
security association phase, used in some embodiments
of the present invention, will now be described. In
some embodiments of this invention where encryption of
data traffic is required over the link between end
node 510 and target access node 530, said node 530
transmits a message, part of an optional group of
messages 650, at point 650c, to establish at least an
encryption key with end node 510. Said node 510
receives message, part of group of messages 650, at
point 650a and transmits key establishment message,
part of group of messages 650, to target access node
530. In some embodiments of this invention target
access node 530 and end node 510 exchange additional
messages to establish the encryption key. [0077]
Completion of Link Layer establishment will now be
described. Target access node 530, at point 660c,
sends Connection Response message 660, granting at
least link layer access to end node 510. End node 510
receives said message 660 at point 660a. In the
embodiment of this invention where message 610 is a
Handoff request message, message 660 is a Handoff
Response message. [0078] Network Layer establishment
will now be described. End node 510 constructs in its
memory and transmits reduced size IP registration
message 670, at point 670a, to target access node 530
requesting network layer establishment with and packet
redirection via said node 530. In some exemplary
embodiments of the invention, said reduced size IP
registration message 670 is implemented in accordance
with the invention according to message type 800 of
Fig. 6. Target access node 530 receives message 670 at
point 670c and stores the values of at least some of
the fields included insaid message 670 in its memory.
Target access node 530 constructs Mobile IP
registration message 680 and transmits it at point
680c to home agent 550. According to this invention
the Identification field of the Mobile IP registration
request message 680 include at least a part of the
Message Identifier field 850 of message 800 of Fig. 6.
[0079] An initial registration embodiment will now be
described. In one exemplary embodiment of this
invention, reduced size IP registration message 670
implemented according to message 800 in Fig 6, the "I"
field 840 indicates initial registration. In this
embodiment of the invention target access node 530
constructs Mobile IP registration message 680 and
transmits it at point 680c to home agent 550. 



For the construction of Mobile IP Registration Request
message 680, target access node 530 combines state
associated with end node 510 with state received at
point 640c from server 540. In one embodiment of this
invention where the server 540 is a AAA server, the
state associate with end node 510 that is stored at
node 530 includes a home address and home agent
address values associated with end node 510, said home
address and home agent address values being allowed to
be equal to zero. In one embodiment of this invention
the home agent address included in said stored state
is not equal to zero and target access node 530 uses
said value as part of the corresponding field of the
Mobile IP registration request message 680. In another
embodiment of this invention the home agent address
included in said stored state is equal to zero and
target access node 530 uses a locally configured home
agent address value as part of the corresponding field
of the Mobile IP registration request message 680. In
another embodiment of this invention the home address
included in said stored state is not equal to zero and
target access node 530 uses said value as part of the
corresponding field of the Mobile IP registration
request message 680. In an additional embodiment of
this invention the home address included in said
stored state is equal to zero and target access node
530 uses the zero value as part of the corresponding
field of the Mobile IP registration request message
680. [0080] Home Agent 550 constructs and transmits
registration response message 710 at point 71Oe to
grant the registration request received earlier.
Target access node 530 receives registration response
message 710 at point 710c and stores at least part of
the values included in the fields of message 710 in
its memory. Said node 530constructs in memory and
transmits at point 720c reduced size IP registration
message 720 to grant the network layer registration
request to end node 530. In this exemplary embodiment
of this invention, said reduced size IP registration
response message 720 is implemented according to
message type 900 of Fig 7. In this embodiment of the
invention, the Message Identifier field 920 of message
900 in Fig 7 is copied from the corresponding Message
Identifier included in the Message Identifier field
850 of message 800 in Fig 6 this message transmitted
in response to, the home address value included in
message 710 from home agent 550 is used as part of the
value of the home address extension 970 of message 900
in Fig 7, the Lifetime value included in said message
710 is used as the upper limit for the value of the
Lifetime field 950 of message 900 in Fig 7, and the
Home Agent Address value included in said message 710
is used part of the value of Home Agent Address
extension 980 of message 900 in Fig 7. [0081] A
subsequent registration embodiment will now be
described. In one exemplary embodiment of this
invention, reduced size IP registration message 670
implemented according to message 800 in Fig 6, the "I"
field 840 indicates a non-initial registration.
According to one embodiment of the invention as
discussed in Fig 6, in a non-initial registration
message 800 the last access node identifier extension
880 is included in said message 800. According to this
invention said last access node identifier is set to
an identifier that identifies access node 520. [0082]
In this embodiment of the invention target access node
530 constructs Mobile IP registration message 680 and
transmits it at point 680c to home agent 550. For the
construction of Mobile IP Registration Request message
680, target access node 530 combines state associated
with end node 510 with state received at point 640c
from server 540. In one embodiment of this extension
where the server 540 is a Core Context Transfer
server, the state associated with end node 510 that is
stored at node 530 includes a home address and home
agent address values associated with end node 510. In
one embodiment of this invention target access node
530 uses said home address and home agent address
values as part of the corresponding field of the
Mobile IP registration request message 680.[0083]
Target access node 530 also constructs a Mobile IP
registration message 690 and transmits it at point
690c to access node 520, which is identified in the
last access node identifier extension of message 670.
Access Node 520 receives message 690 at point 690b and
transmits a response message 700 at point 700b. Target
access node 530 receives said message 700 at point
700c. In another embodiment of this invention messages
690 and 700 are binding update messages while in
another embodiment of this invention there are other
packet redirect messages. According to this invention
message 690 identifies at least the end node 510. In
one embodiment of this invention said identifier being
the IP address (Home address) of end node 510. [0084]
Home Agent 550 constructs and transmits registration
response message 710 at point 71Oe to grant the
registration request received earlier. Target access
node 530 receives registration response message 710 at
point 710c and stores at least part of the values
included in the fields of message 710 in its memory.
Said node 530 



constructs in memory and transmits at point 720c
reduced size IP registration response message 720 to
grant the network layer registration request to end
node 510. In the exemplary embodiment of this
invention, said reduced size IP registration response
message 720 is implemented according to message type
900 of Fig 7. In this embodiment of the invention, the
Message Identifier field 920 of message 900 in Fig 7
is copied from the corresponding Message Identifier
included in the Message Identifier field 850 of
message 800 in Fig 6 that this message 720 is being
transmitted in response to and the Lifetime value
included in said message 710 is used as the upper
limit for the value of the Lifetime field 950 of
message 900 in Fig 7. In this embodiment of the
invention the home address and home agent address
extensions 970 and 980 of Fig 7 are not included in
message 720. [0085] In one exemplary embodiment of
this invention, end node 510 communicates with target
access node 530 as shown in Fig 8, while end node 510
has no other physical, link or network layer
connection established with the same or different
access node. In another exemplary embodiment of this
invention, end node 510 communicates with target
access node 530 as shown in Fig 8, while end node 510
has at least one more physical, link or network layer
connection established with the same or different
access node e.g., access node 520.[0086] In various
embodiments nodes described herein are implemented
using one or more modules to perform the steps
corresponding to one or more methods of the present
invention, for example, signal processing, message
generation and/or transmission steps. Thus, in some
embodiments various features of the present invention
are implemented using modules. Such modules may be
implemented using software, hardware or a combination
of software and hardware. Many of the above described
methods or method steps can be implemented using
machine executable instructions, such as software,
included in a machine readable medium such as a memory
device, e.g., RAM, floppy disk, etc. to control a
machine, e.g., general purpose computer with or
without additional hardware, to implement all or
portions of the above described methods, e.g., in one
or more nodes. Accordingly, among other things, the
present invention is directed to a machine-readable
medium including machine executable instructions for
causing a machine, e.g., processor and associated
hardware, to perform one or more of the steps of the
above-described method(s). [0087] Numerous additional
variations on the methods and apparatus of the present
invention described above will be apparent to those
skilled in the art in view of the above description of
the invention. Such variations are to be considered
within the scope of the invention. The methods and
apparatus of the present invention may be, and in
various embodiments are, used with CDMA, orthogonal
frequency division multiplexing (OFDM), or various
other types of communications techniques which may be
used to provide wireless communications links between
access nodes and mobile nodes. In some embodiments the
access nodes are implemented as base stations which
establish communications links with mobile nodes using
OFDM and/or CDMA, hi various embodiments the mobile
nodes are implemented as notebook computers, personal
data assistants (PDAs), or other portable devices
including receiver/transmitter circuits and logic
and/or routines, for implementing the methods of the
present invention.WHATIS CLAIMED IS: 1. A method of
operating a wireless terminal comprising: transmitting
a connection request message to a target base station;
receiving a connection response message from the
target base station in response to said connection
request message; and transmitting an Internet Protocol
(IP) registration message, said IP registration
message being smaller than a Mobile IPv4 Registration
Request message. 2. The method of claim 1, wherein
transmitting said connection request message includes
transmitting said connection request message over an
air link. 3. The method of claim 2, wherein said
connection request message includes a terminal
identifier which identifies said wireless terminal. 4.
The method of claim 1, further comprising prior to
transmitting said IP registration message, generating
said IP registration message, said generating
including: a message type identifier identifying said
message as an IP registration message; and a message
identifier generated by said wireless terminal, the
total number of bits included in said IP registration
message being less than 480 bits. 5. The method of
claim 4, wherein the generated IP registration message
does not include a Home Agent address. 



6. The method of claim 5, wherein the generated IP
registration message also does not include a Home
Address. 7. The method of claim 6, wherein the
generated IP registration message also does not
include a Lifetime value. 8. The method of claim 7,
wherein the generated IP registration message, also
does not include a Care-of Address.9. The method of
claim 4, wherein said generating includes:
incorporating an initial registration indicator value
used to indicate whether said IP registration message
is an initial registration message for a network layer
or a subsequent registration for a network layer that
was established earlier. 10. The method of claim 9,
wherein said initial registration indicator value is a
one bit flag. 11. The method of claim 4, wherein said
generating includes: incorporating a de-registration
indicator value which can be set to indicate that said
IP registration message is a request to de-register
said wireless terminal. 12. The method of claim 11,
wherein said de-registration indicator value is a one
bit flag. 13. The method of claim 4, wherein said
message identifier is a time stamp. 14. The method of
claim 4, wherein said message identifier is a sequence
number. 15. The method of claim 4, wherein said
message identifier is a combination of at least a
sequence number and a time stamp. 16. The method of
claim 1, wherein said IP registration message includes
an initial registration indicator value, the method
further comprising: receiving an IP registration
response message to said IP registration message, said
IP registration response message includes a Home
Address corresponding to said wireless terminal when
said initial registration indicator value is set to
indicate an initial registration. 17. The method of
claim 16, wherein said received IP registration
response message does not include the Home Address
when said initial registration indicator value is set
to indicate a subsequent registration.18. The method
of claim 17, wherein the received IP registration
response message includes a lifetime associated with
the Home Address. 19. The method of claim 17, wherein
said IP registration message includes a one bit
deregistration indicator which can be set to indicate
a deregistration request, and wherein said received
registration response message includes an
acknowledgement indicator and a lifetime value
associated with a Home Address of said wireless
terminal. 20. A wireless terminal comprising: a
transmission module for transmitting a connection
request message to a target base station; a receiver
module for receiving a connection response message
from the target base station in response to said
connection request message; and an IP registration
message generation module for generating an Internet
Protocol (IP) registration message, said IP
registration message being smaller than a Mobile IPv4
Registration Request message. 21. The wireless
terminal of claim 20, wherein said transmission module
is coupled to an antenna for transmitting said
connection request message over an air link. 22. The
wireless terminal of claim 2 1, further comprising:
memory including a stored connection request message,
the stored connection request message including a
terminal identifier which identifies said wireless
terminal. 23. The wireless terminal of claim 22,
further comprising: an IP registration message
generation module for generating said registration
message by including in said registration message; a
message type identifier identifying said message as an
IP registration message; and a message identifier
generated by said wireless terminal, the total number
of bits included in said IP registration message being
less than 480 bits.24. The wireless terminal of claim
23, wherein the generated IP registration message does
not include a Home Agent address. 25. The wireless
terminal of claim 24, wherein the generated IP
registration message also does not include a Home
Address. 26. The wireless terminal of claim 25,
wherein the generated IP registration message also
does not include a Lifetime value. 27. The wireless
terminal of claim 26, wherein the generated IP
registration message, also does not include a Care-of
Address. 



28. The wireless terminal of claim 23, wherein said IP
registration message generation module includes in the
generated IP registration message: an initial
registration indicator value used to indicate whether
said IP registration message is an initial
registration message for a network layer or a
subsequent registration for a network layer that was
established earlier. 29. The wireless terminal of
claim 28, wherein said initial registration indicator
value is a one bit flag. 30. A wireless terminal
comprising: a memory having stored thereon an IP
registration message, said IP registration message
including less than a total of 480 bits and including
a plurality of elements including: a message type
identifier identifying said message as an IP
registration message; and a message identifier which
was generated by a wireless terminal. 31. The wireless
terminal of claim 30, wherein the stored IP
registration message does not include a Home Agent
address.32. The wireless terminal of claim 31, wherein
the stored IP registration message also does not
include a Home Address. 33. The wireless terminal of
claim 32, wherein the stored IP registration message
also does not include a Lifetime value and also does
not include a Care-of Address. 34. The wireless
terminal of claim 30, wherein said stored IP
registration message: includes an initial registration
indicator value used to indicate whether said IP
registration message is an initial registration
message for a network layer or a subsequent
registration for a network layer that was established
earlier. 35. The wireless terminal of claim 34,
wherein said initial registration indicator value is a
one bit flag. 36. The wireless terminal of claim 30,
wherein said stored IP registration message further
includes: a de-registration indicator value which can
be set to indicate that said IP registration message
is a request to de-register said wireless terminal.
37. The wireless terminal of claim 36, wherein said
de-registration indicator value is a one bit flag. 38.
The wireless terminal of claim 30, wherein said
message identifier is a time stamp. 39. The wireless
terminal of claim 30, wherein said message identifier
is one of i) a sequence number and ii) a combination
of at least a sequence number and a time stamp. 40.
The wireless terminal of claim 39, wherein said stored
IP registration message further includes an initial
registration indicator value. 


