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WO 00/51054 PCT/US99/29730

METHODS, SYSTEMS, AND COMPUTER PROGRAM PRODUCTS FOR ANALYZING AND PRESENTING RISK
ASSESSMENT RESULTS BASED ON NMR LIPOPROTEIN ANALYSIS OF BLOOD

Related Applications

This application is a continuation in part of U.S. Application Serial No.

09/258,740 filed 26 February 1999.

Field of the Invention

The present invention relates generally to analysing and reporting patient

specific medical information.

5 Background of the Invention

Recently, a significant advance in measurement techniques used to analyze
blood plasma lipoprotein samples was achieved. Lipoproteins are the spherical
particles that transport cholesterol, triglycerides, and other lipids in the
bloodstream. The advanced measurement technique employs NMR spectroscopy

10 to provide additional (higher-order) patient-specific information over the types of
information typically provided under routine conventional analysis methods. See
U.S. Patent No. 4,933,844 to Otvos, entitled “Measurement of Blood Lipoprotein
Constituents by Analysis of Data Acquired From an NMR Spectrometer” and U.S.
Patent No. 5,343,389 to Otvos, entitled “Method and Apparatus for Measuring

15 Classes and Subclasses of Lipoproteins.” The contents of these documents are
hereby incorporated by reference as if recited in full herein. Unlike conventional
“routine” laboratory lipoprotein blood tests, the lipoprotein analysis provided by

the NMR spectral analysis now more easily provides lipoprotein subclass
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information, which had, until this advance, been generally inaccessible to
clinicians. This subclass information can provide information corresponding to the
sizes of the lipoprotein particles that make up a person’s lipoprotein constituents.

Lipoprotein subclass information is not included in conventional
commercially prepared lipid panels. The conventional panels typically only
provided information concerning total cholesterol, triglycerides, low-density
lipoprotein (LDL) cholesterol (generally a calculated value), and high-density
lipoprotein (HDL) cholesterol. In contrast, the NMR analysis can provide
information about (a) the concentrations of six subclasses of very low density
lipoprotein (VLDL), four subclasseé of LDL (including intermediate-density IDL),
and five subclasses of HDL, (b) average LDL particle size (which can be used to
categorize individuals into LDL subclass pattern-determined risk), and (¢) LDL
particle concentration.

The subclass information now available with the NMR spectral analysis can
be a more reliable indicator of a patient’s risk to develop coronary heart disease.
Indeed, recent scientific research has shown that various subclasses of lipoproteins
may provide more reliable markers of the metabolic conditions that predispose
individuals to a greater or lesser risk of heart disease. However, the NMR spectral
analysis can also provide higher-order information about the levels of variously
atherogenic or antiatherogenic subclasses that make up each of the major
lipoprotein classes.

This subclass information can provide a clear indication about a patient’s
propensity to develop coronary heart disease. Unfortunately, this additional
information can confuse a reviewer as to the meaning of the data, and further, the
additional information can be difficult to analyze in a readily discernable manner.
For example, a typical NMR lipoprotein analysis can include at least fifteen more
values of lipoprotein concentration and size than is provided by standard
lipoprotein panels. There is, therefore, a need to analyze and present the
lipoprotein-based information in a manner or format which is visually easy to read

and understand and which provides a useful coronary heart disease risk assessment.
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Obiects and Summary of the Invention

It is therefore an object of the present invention to provide a method to
analyze patient-specific NMR based lipoprotein measurements in a manner which
yields a reliable indicator of an associated risk of developing coronary heart
disease.

It is an additional object of the present invention to provide a lipoprotein
profile analysis with subclass information with an easily read display format.

It is also an object of the present invention to provide a lipoprotein-based
risk assessment which analyzes a patient’s measured major lipoprotein constituent
values and/or selected subclass information and presents them in a format in which
a patient’s specific values are presented in a reader-friendly format.

It is a further object of the present invention to provide a method of
generating a customized report at a commercial volume and which can analyze
and/or report a patient’s risk factors for coronary heart disease based on NMR-
based measurements of lipoprotein constituents.

It is still another object of the invention to alert the patient or physician of a
reduced lipoprotein constituent value for a secondary prevention goal for patients
with underlying metabolic disorders.

It is an additional object of the present invention to provide a system for
measuring lipoprotein constituents and analyzing the constituent values in a
manner which determines CHD risk.

These and other objects of the present invention are provided by a method
for identifying a patient with an increased risk of coronary heart disease by
analyzing the patient’s NMR lipoprotein constituent measurements. This analysis
includes determining a risk for a specific constituent identified as having an
independently predictive factor (in isolation of the other constituent values) and for
a combination of certain of the constituent measurement values. Preferably, the
combination method identifies whether the patient’s results provide a positive
match with two key NMR measured lipoprotein factors. The first factor is the

determination of the presence of atherogenic dyslipidemia (i.e., a clustering of
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predetermined level moderate, borderline, or positive NMR subclass or constituent
based risk values) and the second factor is the detection of an elevated number of
NMR measured LDL particles. Advantageously, this type of risk analysis is
typically more accurate than the plasma apo B level techniques used in the past,
and can provide a more reliable indictor as it more closely corresponds to a
patient’s true lipoprotein composition.

In particular, a first aspect of the present invention is directed to a method
for assessing a patient’s risk of coronary heart disease based on personalized NMR
measured lipoprotein-based information. The method includes generating NMR-
based lipoprotein measurement values for a patient’s blood plasma or serum
sample, the NMR-based lipoprotein measurement values comprising a plurality of
lipoprotein constituent values including a constituent value for LDL particle
concentration. The LDL particle concentration is compared with predetermined
test criteria for determining whether the LDL particle concentration is elevated and
a plurality of NMR-based lipoprotein constituent values are compared to
predetermined test criteria to determine the presence of atherogenic dyslipidemia.
A patient’s risk of coronary heart disease is assessed based on one or more of the
LDL particle elevated concentration level and the presence (or absence) of
atherogenic dyslipidemia.

In a preferred embodiment, the NMR-based lipoprotein constituent values
include the major lipoprotein constituents of total cholesterol, LDL concentration
in cholesterol equivalents, HDL concentration in cholesterol equivalents, and
triglycerides, and the measured lipoprotein constituent values also include the
values associated with LDL size, LDL particles, large HDL cholesterol, and large
VLDL triglyceride. It is also preferred that the NMR based lipoprotein constituent
values used to determine the presence of atherogenic dyslipidemia is independent
to the LDL particle concentration value (i.e., does not include the isolated LDL
particle concentration value as part of the subtest criteria for determining
atherogenic dyslipidemia). Preferably, the predetermined test criteria for
determining the presence of an elevated number of LDL particles is set at a value

which is in about the upper 50% of the population (at least moderately elevated).
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Of course, the presence of atherogenic dyslipidemia when an elevated LDL particle
concentration also exists is particularly indicative of the presence of a higher-risk
metabolic condition.

Another aspect of the present invention is directed to a method of
presenting NMR derived lipoprotein subclass information in a two-dimensional
window. The method includes obtaining a plurality of lipoprotein constituent
values associated with NMR based lipoprotein measurements including the values
associated with LDL size, LDL particles, large HDL cholesterol, and large VLDL
triglyceride and identifying a risk level associated with coronary heart disease for
each of the obtained NMR based lipoprotein constituent values. The obtained
lipoprotein constituent values are then analyzed to determine the associated risk
level and the obtained lipoprotein constituent values are arranged in a display
format which positions the lipoprotein constituent values adjacent to a
corresponding risk analysis portion, wherein the risk analysis portion has a
plurality of discrete segments characterizing the constituent value’s determined risk
level. The discrete risk segment corresponding to the actual constituent value
within the respective risk analysis portion is visually enhanced such that the risk
associated with the lipoprotein constituent value is readily apparent. Preferably,
the obtaining step also obtains the NMR based lipoprotein constituent values for
the major lipoprotein constituents of total cholesterol, LDL concentration in
cholesterol equivalents, HDL concentration in cholesterol equivalents, and
triglycerides. It is also preferred that the risk analysis for LDL concentration in
cholesterol equivalents and the LDL particle concentration includes four discrete
risk segments (corresponding to optimal, desirable, borderline-high, and high risk)
and wherein each of the discrete risk segments corresponds to a predetermined
level associated with its occurrence in the general population. Preferably, the
remainder of the lipoprotein constituent values risk analysis segments are
configured with three discrete segments, and the risk analysis discrete segments for
the non-major lipoprotein constituent values are configured to mirror the risk level

defined for the risk analysis discrete segments for the major lipoprotein
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constituents. (Typically, the risk analysis segment defines the risk level such that it
corresponds to the occurrence of the value as defined by a population percentile).

In a preferred embodiment, the optimal value is a reduced target value for
secondary prevention.

Another aspect of the present invention is an automatically produced
lipoprotein report including data corresponding to NMR-derived measurements.
The report comprises a first lipid profile segment comprising a plurality of NMR
derived major lipoprotein constituent values, wherein each major lipoprotein value
has an associated risk analysis portion and a second subclass profile segment
comprising a plurality of NMR derived subclass variables, each subclass variable
having an associated risk analysis portion which is configured to visually enhance
the risk of developing coronary heart disease for each of the plurality of subclass
variable information. The lipoprotein report is generated at a commercial scale at
automatically generated by a computer based on NMR derived patient-specific
information. Further, at least the subclass profile segment includes a reduced target
value associated with at least one subclass value associated with a goal of
secondary prevention, thereby facilitating the awareness of the existence of an
underlying metabolic disorder and providing a visual reminder to pursue a more
aggressive reduction of at least one lipoprotein value compared to the general
population.

In a preferred embodiment, the reduced target value is identified as an
optimal risk category for both the LDL concentration in cholesterol equivalents
and the LDL particle concentration in the risk analysis portions. It is also preferred
that the report include a coronary heart disease risk assessment module. The risk
assessment module provides additional information about coronary heart disease
risks associated with an elevated number of LDL particles and the determination of
the presence of atherogenic dyslipidemia associated with a clustering of selected
abnormal subclass values.

Still another aspect of the invention is an automatically produced
lipoprotein report which is generated at a commercial laboratory based on data

corresponding to NMR-derived measurements. The automated report comprises a
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subclass profile segment comprising a plurality of patient-specific NMR derived
lipoprotein constituent values, each constituent value having an adjacently
positioned associated risk analysis portion which visually identifies the value with
one of at least three discrete risk categories corresponding to a coronary heart
disease risk level associated with the NMR-derived measurement value.
Preferably, the automatically produced lipoprotein report includes LDL particle
concentration as one of the NMR derived lipoprotein constituent values and the
corresponding risk analysis portion includes four risk categories: one associated
with a desirable concentration level; one associated with a borderline-high level;
one associated with an increased or higher risk level; and one associated with an
optimal level corresponding to a goal for secondary prevention.

An additional aspect of the present invention is a computer program
product for personalized lipoprotein-based risk assessment. The computer program
product comprises a computer readable storage medium having computer readable
program code means embodied in the medium. The computer-readable program
code means comprising a computer readable program code means for generating
NMR-based lipoprotein measurement values for a patient’s blood sample, the
lipoprotein measurement values including at least one subclass variable value. The
computer program product also includes a computer readable program code means
for comparing the at least one patient lipoprotein subclass variable value with
predetermined test criteria for determining whether the at least one subclass
variable value is associated with a higher or lower risk of developing coronary
heart disease and computer readable program code means for identifying, for the at
least one measured subclass variable value, the corresponding risk level associated
with coronary heart disease. The computer program product also includes a
computer readable program code means for providing a risk analysis portion
adjacent to the measured lipoprotein values, the risk analysis portion displaying
information corresponding to higher and lower coronary heart disease risk. The
measured value is visually enhanced in the risk analysis portion to visibly indicate
the level of risk associated therewith to thereby provide a contemporaneous

reference guideline for interpretation of the measured value. The computer

-7-



10

15

20

25

30

WO 00/51054 PCT/US99/29730

program product additionally includes a computer readable program code means
for comparing a plurality of the NMR-based lipoprotein measurement values to
predetermined test criteria to determine the presence of atherogenic dyslipidemia.

In a preferred embodiment, the NMR-based lipoprotein values include the
major lipoprotein constituents of total cholesterol, LDL concentration in
cholesterol equivalents, HDL concentration in cholesterol equivalents, and
triglycerides, and the subclass values associated with LDL size, LDL particles,
large HDL cholesterol, and large VLDL triglyceride, and the computer program
product further comprises computer readable program code means for presenting
the lipoprotein measurement values such that each of the lipoprotein measurement
values is substantially aligned. It is also preferred that the risk analysis portion for
each of LDL concentration in cholesterol equivalents and LDL particles is divided
into four risk categories, and that the remainder of the risk analysis portions is
divided into three discrete segment risk categories.

Preferably, for the reports, methods, and computer program products
directed to lipoprotein information, the measured lipoprotein values include (a) the
major lipoprotein constituents of total cholesterol, LDL concentration in
cholesterol equivalents, HDL concentration in cholesterol equivalents, and
triglycerides and (b) the LDL size and the concentration level of LDL particles,
large HDL cholesterol, and large VLDL triglyceride.

The present invention is advantageous because it provides NMR-derived
lipoprotein results with associated risk information in a format that is easy to
understand and aesthetically pleasing. Further, the patient’s specific subclass
profile is presented in the risk assessment report in a graphically enhanced or
visually emphasized format so the clinician or layman can easily understand the
risk category associated with one or more of a patient’s subclass values. Further,
the customized report is provided in a computer program product allowing mass or
commercial level automated production of a summary report which includes a risk
analysis portion which can be customized to report the patient’s results in a
visually enhanced format. Advantageously, the report or risk assessment method

flags or alerts the treating physician or patient as to the reduced target goal for LDL
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concentration and LDL particle concentration for patients with underlying
metabolic disorders such as established or previously diagnosed coronary heart
disease, diabetes, or other vascular disorders. This secondary prevention goal is
preferably visibly presented to alert and facilitate the ongoing counseling for such a

patient to reinforce the importance of behavioral modifications or other therapy.

Brief Description of the Drawings

Figure 1 illustrates a lipoprotein summary report according to the present
invention.

Figure 2 illustrates a risk assessment report according to one embodiment
of the present invention which may be included in or provided separate from the
lipoprotein summary report of Figure 1.

Figure 2A illustrates an alternative embodiment of the risk report shown in
Figure 2.

Figure 3 illustrates a lipid profile segment of the lipoprotein summary
report of Figure 1.

Figure 4 illustrates a subclass profile segment of the lipoprotein summary
report of Figure 1.

Figure 5 illustrates a supplemental risk factor segment of the risk
assessment report of Figure 2.

Figure 6 illustrates a subclass level risk assessment segment for the risk
assessment report of Figure 2.

Figure 7 illustrates a primary prevention risk assessment segment of the
risk assessment portion of Figure 2.

Figure 7A illustrates a prevention risk assessment segment having positive
risk factors identified as negative numbers to be added to negative risk factors
having positive numbers such as those shown in Figure 7 to provide an overall
adjusted risk assessment according to the present invention.

Figure 8 illustrates a secondary risk segment including information

regarding high-risk medical conditions for the risk assessment report of Figure 2A.
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Figure 9 is a graphic illustration of alternative embodiment of subclass
information and associated positive or negative risk with coronary heart disease.

Figure 10 is a flow chart of a method which analyzes and presents NMR
derived lipoprotein information according to the present invention.

Figure 11 illustrates an alternate embodiment of a coronary heart disease
analysis or lipoprotein measurement report.

Figure 11A illustrates the report of Figure 11 with a modified subclass
profile providing values associated with defined risk factors.

Figure 12 illustrates a risk assessment module identifying the presence of
atherogenic dyslipidemia according to a preferred embodiment of the present
invention.

Figure 12A illustrates an alternate embodiment of a risk assessment
module according to the present invention.

Figure 13 illustrates yet another embodiment of a report according to the

present invention.

Detailed Description of the Invention

The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the
art. Like numbers refer to like elements throughout.

Referring now to Figure 1, a preferred embodiment of a NMR lipoprotein
profile summary report 10 is shown. Preferably, the lipoprotein profile summary
report 10 is divided into at least three horizontally oriented segments 20, 30, 40.
The first segment 20 of the summary report 10 includes patient identification data
21 such as a name, identification number, and any relevant personal history such as
age, smoking status, and other related medical history. As shown, the first segment

20 can also include physician data 22 and a comment section 23. The second
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segment 30 of the summary report 10 presents the lipid profile analysis and will be
discussed further below. The third segment 40 of the summary report 10 presents
the subclass profile analysis and will also be discussed further below.

As shown in Figure 2, the summary report 10 can also include a risk
assessment report 10’ containing information targeted to a more detailed risk
assessment. Of course, the summary report 10 and the risk assessment report 10°
as well as individual segments of each can be individually reported, presented or
provided. In any event, as shown, the risk assessment report 10’ includes a fourth
segment 50 which presents supplemental risk factors, and a fifth segment 60
containing individual lipoprotein subclass levels. The summary report 10 can also
include an optional sixth segment 70 which can incorporate primary prevention
risk assessment information which can predict long term (i.e., 10 year) coronary
heart disease (CHD) risk percentages.

As shown in Figure 2A, a risk assessment report 10°* can also include a
seventh segment 80 directed to secondary prevention guidelines which can
summarize high risk conditions and characterizations, such as atherosclerotic
vascular disease and diabetes, and general lipid management goals. This secondary
prevention information may help to assist medical personnel in alternative
treatment and to alert as to potential high-risk behavior or conditions. As shown,
the risk assessment report is rearranged to present the fourth segment 50, the sixth
segment 60, and the seventh segment 80. The information in this sample risk
assessment report 10’ is from a different patient than the results shown in Figure
1 and 2.

In a preferred embodiment, the major lipoprotein constituent values and the
selected subclass values are generated via the NMR spectral analysis discussed
above. The data are typically obtained by processing a blood plasma or serum
sample obtained from a subject. As such, as used herein the terms “blood” and
“plasma and “serum” sample are interchangeable, as each is suitable for obtaining
the desired NMR spectroscopy signal.

Turning now to Figure 3, a preferred embodiment of the lipid profile or

second segment 30 of the summary report 10 is shown. The patient-specific lipid
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value results of total cholesterol 31, LDL cholesterol 32, HDL cholesterol 33, and
triglycerides 34 are listed and arranged in aligned order from a top portion 30a of
the second segment to a bottom portion 30b of the second segment. Preferably,
alongside the listed order of the total cholesterol, LDL, HDL, and triglycerides, 31,
32, 33, and 34, respectively, the associated actual measured values 31a, 32a, 33a,
and 34a are also serially aligned. Preferably, the values 31a, 32a, 33a, 34a arc
each displayed in a box 31b, 32b, 33b, 34b. Of course, the values 31a, 32a, 33a,
and 34a may otherwise be presented, but are preferably presented in a visually
enhanced format (such as via bold, italics, shaded, font (size, type), circled,
underlined, colored or highlighted by other visual enhancement means) to provide
ready visual recognition of the patient-specific results.

As is also shown in Figure 3, the second segment 30 also preferably
includes risk assessment guidelines 35 which represent a relative reference,
guideline, or “yardstick” of the patient’s value as compared to targeted values.
Preferably, the risk assessment guidelines 35 divide the respective measured
patient value for each of the total cholesterol 31, LDL 32, HDL 33, and
triglycerides 34 into three different categories 36 of risk associated with a
predetermine range of values (shown as measured in mg/dL). These predetermined
range of values are based on predetermined test criteria.

As shown, the three categories for total cholesterol 31 and LDL 32 are
labeled desirable 36a, borderline-high 36b, and high 36¢. As shown, for total
cholesterol 31, the desirable 36a category is defined as a value less than 200. For
LDL 32, the desirable category 36a, is defined as a value less than 130. The
borderline-high category 36b is defined as a range of values between 200-239 for
total cholesterol 31 and between 130-159 for LDL 32. The high category 36¢ is
defined as 240 or greater for total cholesterol 31 and 160 or greater for LDL 32.

Referring again to Figure 3, the HDL categories 36 are labeled as negative
risk factor 36d, intermediate 36e, and positive risk factor 36f. The negative risk
factor 36d is defined as a value of 60 or greater, the intermediate risk category 36e
is defined as a value between and including 35-59, and the positive risk factor 36f

is defined as a value less than 35.
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The triglycerides categories 36 are labeled as normal 36g, borderline-high
36h, and high 36i. The normal category 36g is defined as a triglyderides value 33
of less than 200, the borderline-high category 36h is defined as a value between
200-400, and the high category 36i is defined as a value greater than 400 (but
typically below 1000).

Preferably, the predetermined test criteria or targeted or ranges of values
associated with each category of risk 36a-36i are defined to correspond to current
National Cholesterol Education Program (NCEP) guidelines for primary
prevention of coronary heart disease. See National Cholesterol Education
Program, Second Report of the Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel II),
Circulation 1994; 89:1329-1445. Of course, other suitable values or definitions
can also be used, such as population based norms or other targeted based norms.

Preferably, as shown in Figures 1 and 3, the risk category 36 which
corresponds to the patient value is visibly enhanced so that a reader can readily
discern the category associated with the patient specific result (i.e., a visually
enhanced risk category 38). For example, a person reviewing the patient-specific
results shown in Figure 3 can readily discern that the patient results indicate that
the patient is “high risk” in one category (LDL cholesterol 32), intermediate/
borderline in two categories (cholesterol 31 and HDL cholesterol 33), and desirable
in the other category (triglycerides 34). Further, a reviewer could readily discern
how close the measured value is to the next adjacent risk category for each value
31, 32, 33, 34, which can also facilitate a more complete understanding of the
results.

Preferably, as shown, the risk assessment 35 is formatted so that the three
risk categories 36 for each measured value are similarly sized and configured and
are arranged serially over or under the adjacent measured value. In this way, each
of the categories 36 for each measured value is positionally vertically aligned. The
“low” or “negative/good” risk values 36a, 36d, 36g are positioned on one edge of a
risk bar 36” and the “high” or “bad/positive” risk values 36¢, 36f, 36i are

positioned at the opposing edge of the risk bar 36’. This presentation yields an
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aesthetic, easily readable format and informational horizontal continuum of risk
characterization associated with the patient’s results. As is also shown, the
summary report 10 (or one or more of the segments 20, 30, 40) can include a
descriptive comment portion 39 which discusses slight differences which may be
observed from NMR spectral measurements compared to conventional or standard
tests.

Turning now to Figure 4, a preferred embodiment of the third segment 40
of the summary report 10 presenting the subclass profile is shown. The third
segment 40 preferably includes four measured subclass variables, the subclass
variables being labeled as LDL size 41, LDL particles 42, large HDL cholesterol
43, and large VLDL triglyceride 44. The LDL size value 41a is shown as measured
in nanometers (nm). The LDL particles value 42a is shown as measured in nano-
moles per liter (nmol/L) while the large HDL cholesterol value 43a and the large
VLDL triglyceride value 44a are measured in milligrams per deciliter (mg/dL).

As for the lipid profile results discussed for the second segment 30 above,
each of the measured values 41a, 42a, 43a, 44a are preferably presented in a
visually enhanced manner 41b, 42b, 43b, 44b (the results are shown as visually
enhanced or offset by a frame or box).

In a preferred embodiment, the third segment 40 also includes a risk
assessment portion 46 where the measured results 41a, 42a, 43a, and 44a are
visually enhanced and related or compared to predetermined criteria or values. For
example, the LDL size result 41a is associated with three risk categories 46a, 46b,
46¢. The risk categories 46a, 46b, 46¢ are defined by a pattern (A, AB, or B,
respectively) associated with the particle size. The first category 46a is Pattern A,
which is defined as a lower risk pattern associated with large particle sizes of 20.6-
22.0 nm. The second category 46b is Pattern AB which is defined as an
intermediate risk and corresponds to a particle size of 20.4-20.5 nm. The third risk
category 46c¢ is Pattern B and is defined as a higher-risk category and corresponds
to smaller particle sizes of between 19.0-20.3 nm.

As shown, the remaining subclass measured values 42a, 43a, 44a, are

displayed on a horizontally oriented line graph 46°. Preferably, each line graph 46’
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plots the patient’s results to illustrate whether the result indicates a higher or lower
risk of CHD. In the embodiment shown, the graph is used to compare the patient
measured result against a percentage of the general population having higher or
lower levels of the measured value. Preferably, as shown, the line graphs 46’ are
plotted such that the results show a greater risk aligned at the right edge of the
graph 46°. Stated differently, whether a higher or lower value indicates a higher
risk of CHD, each of the line graphs 46’ are defined to present the measured value
such that the higher risk of CHD is at the same edge of the line graph and the
higher and lower risks are thus visually aligned.

For example, the LDL particles 42a and the large VLDL triglyceride values
44a are graphed corresponding to percentage of the population having lower values
42c, 44¢ while the large HDL value 43a is graphed corresponding to the
percentage of population having a higher value 43¢. Nonetheless, as shown, the
line graphs 46’ are oriented and plotted such that the higher risk of CHD is aligned
along the right end portion of the line graph. As shown, the patient results illustrate
that 94% of the population has a lower LDL particle value 42a, 71% of the
population has a higher large HDL value 43a, and 78% of the population has a
lower large VLDL trigylceride 44a level.

In a preferred embodiment, the population values are based on scientific
results obtained from subjects in the Framingham Offspring Study. See Wilson et
al., Impact of National Guidelines for Cholesterol Risk Factor Screening. The
Framingham Offspring Study, JAMA, 1989; 262: 41-44. Of course the values
presently defined for the risk assessment 36, 46 portion of the summary may
change over time and more or alternate risk categories may be added. Further, the
actual ranges or definitions associated with the risk category values of one or more
of the lipid panels or subclass categories may change over time and the present
invention is not intended to be limited thereto.

The order of the measured values 31a, 32a, 33a, 34a, 41a, 42a, 43a, and
44a may be alternately arranged in the summary report 10. In addition, the layout

of the results may be alternately oriented (such as in vertical segments). Of course,
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the second segment 30 (lipid profile) or the third segment 40 (subclass profile) may
be provided alone depending on a customer’s specifications.

It is also preferred that the report include a discussion of “flagged” or
potential increased risk factors identified by the subclass values 41a, 42a, 43a, 44a
as compared to predetermined risk assessment criteria. For example, as shown in
Figure 5, a supplemental risk factor segment 50 can be included in the summary
report 10°. The supplemental segment can include a preliminary informational
introduction S0a which notes that coronary heart disease risk can significantly
increase when there is a clustering Qf metabolic abnormalities not detected by
standard lipid measurements. The supplemental risk segment 50 summarizes the
presence of a metabolic profile associated with a higher level of risk than indicated
by the LDL cholesterol value 32a. In a preferred embodiment, the “clustering” is
indicated by a mark S1a, 52a, 53a, 54a in a corresponding subclass box 51b, 52b,
53b, 54b.

As shown, this supplemental risk factor segment 50 includes a summary
50’ for subclass values indicating abnormalities which indicate increased risk, i.e.,
Pattern B small LDL 51, elevated number of LDL particles 52, low level of large
HDL 53, and elevated level of large VLDL 54. As shown, if the summary 50’ is
selected (shown as positive with a “check mark” proximate to the category), then
the CHD risk is increased. An informational guideline 51¢, 52¢, 53¢, 54c¢, for the
abnormal values is positioned proximate to the subclass box.

In an alternative embodiment (not shown), a computer program can be
configured to provide the analysis and risk assessment in a manner in which it can
suppress non-abnormal results and provide only abnormal results in this segment
50°. Thus, if a patient has two “abnormal” or elevated risk values associated with
the subclass readings, then only those two subclasses will be printed on this
segment 50 of the summary report 10.

In any event, as indicated for the small LDL variable 51, small LDL size
(Pattern B) is a hallmark of the “atherogenic lipoprotein phenotype” and confers
approximately a three-fold higher risk compared to the large LDL trait (Pattern A).

There is evidence that suggests that small LDL particles may be inherently more

-16-



10

15

20

25

30

WO 00/51054 PCT/US99/29730

atherogenic than large LDL. As regards an elevated number of LDL particles 52
(shown as for a value corresponding to the upper 33% of the population), unlike
LDL cholesterol, LDL particle concentration (related closely to plasma apo B
level), may be the single best indicator of LDL-associated CHD risk and the best
target of risk reduction therapy. See Lamarche et al., Circulation 1996; 94:273-
278. The supplemental risk factor segment 50 can also indicate the presence of
low levels of large HDL 43. Low levels of large HDL 43 (shown as a value
corresponding to the lower 33% of the population) may be a positive risk factor, as
only larger HDL subclass particles appear to protect against CHD -- whereas small
HDL may even be atherogenic. Thérefore, large HDL, rather than total HDL
cholesterol, may be a more sensitive risk factor. See Freedman et al., Arterioscler.
Thromb. Vasc. Biol. 1998; 18:1046-53. Similarly, as shown, elevated levels of
large triglyceride rich VLDL particles 54, appear to be associated with coronary
artery disease (CAD) severity, substantially independent of plasma triglycerides.
High concentrations of large VLDL in fasting plasma may be a marker for delayed
chylomicron clearance (postprandial lipemia).

As shown in Figures 2 and 6, the summary report 10 may also include a
fifth segment 60 showing a graphical representation of the subclass levels provided
by NMR analysis. Referring to Figure 6, the fifth segment 60 divides the
information into three groups of subclasses, VLDL triglyceride subclasses 61, LDL
cholesterol subclasses 62, and HDL cholesterol subclasses 63. Each of the three
subclasses 61, 62, 63 are further divided to graphically portray selected or grouped
results. As shown, the VLDL triglyceride subclass 61 is divided into three
groupings, a large VLDL subclass 61a (shown with a concentration or value of 30),
a medium VLDL subclass 61b (shown with a value of 74), and a small VLDL
subclass 61¢ (shown with a value of 4). The LDL subclasses 62 shown in Figure 6
include an IDL cholesterol subclass 62a (shown with a value of 9), a large LDL
cholesterol subclass 62b (shown with a value of 31), a medium LDL cholesterol
subclass 62¢ (shown with a value of 15), and a small LDL cholesterol subclass 62d
(shown with a value of 110). The HDL subclasses shown are large HDL
cholesterol 63a (shown with a value of 21) and small HDL 63b (shown with a
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value of 21 For each subclass level shown 61a-c, 62a-d, 63a-b, the level measured
in mg/dL are provided in text form at the top of the respective bar. The height of
the bar gives the percent of population with lower levels of the graphed value.
Advantageously, the HDL cholesterol subclass grouping can visually indicate the
breakdown of the constituents of the overall HDL class 33 (value 42) shown on the
summary report 10 to indicate the correspondence Between the two subclasses to
the overall HDL number. As shown, the results indicate an even amount of small
HDL cholesterol 63b versus large HDL cholesterol 63a. Of course, other groupings
or different subclass information may be separated out such as the separable
subclass information shown in Figure 9, as will be discussed further below.

The risk assessment report 10’ may also include a sixth segment 70
addressing the primary prevention risk assessment for an individual. Referring to
Figure 7, the sixth segment 70 incorporates certain behavioral and medical
background of an individual with the lipid profile and subclass values. For
example, a patient’s age, smoking history, blood pressure, LDL value 32 and HDL
value 33, and whether he or she has diabetes, and/or other risk pertinent
information such as whether a blood relative has diabetes or CHD. A risk factor
value is assigned to each of these parameters. Additionally, positive risk factors
can be assigned a negative risk value (Figure 7A). Examples of positive risk
factors include whether the patient actively exercises at least three days per week,
has a high HDL cholesterol level 33a, has a Pattern A LDL size 41a, and has
elevated levels of large HDL 43a). The positive and negative risk factors can be
added to yield an overall risk value. In any event, a percentage based predictive
CHD risk is generated corresponding to the total calculated risk. A target norm for
the patient’s age and gender can also be provided. In a preferred embodiment, the
relative “negative” risk factors and predictive analysis is generated as described by
Wilson et al., in Prediction of Coronary Heart Disease Using Risk Factor
Categories, May 12, 1998 (copyright 1998 American Heart Association, Inc.).

As also shown in Figure 7, the risk of coronary heart disease is presented
in several different percentage-based risk evaluations. A first risk 76a is as

indicated by the risk point total. A second risk 76b is a “desirable risk”, i.e. the
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risk associated a non-smoking, non-diabetic person of the same gender and age
having optimal blood pressure (less than 120/80), LDL cholesterol of 100-129
mg/dL, and HDL cholesterol of 55mg/dL. A third risk 76c¢ is a “projected” risk to
provide an age accounting balancing of risk (age typically being the single largest
risk contributor as indicated in the risk factor chart). Thus, the third risk 76¢
evaluation can help provide a helpful basis for managed care assessment. A fourth
risk 76d can also be included to provide a desirable risk at age 60 (one indicative
of only age-related risk conditions). The age standard for persons under the 60
year mark can establish a more clear assessment of the risk a person with the
measured values has for coronary heart disease. Advantageously, a patient may
take more immediate steps to attempt to reduce the indicated exposure risk when
presented with a longer-term standard reference risk.

The summary report 10°” may also include a seventh segment 80 which is
directed toward secondary prevention guidelines. As shown in Figure 8, the sixth
segment presents a discussion 80a on special risk considerations for patients with
established coronary heart disease, other atherosclerotic vascular disease, or
diabetes. These patients are considered to be at particularly high risk as measured
by the NCEP guidelines. For patients having one or more of these conditions, the
present recommendations are lipid management to reduce LDL cholesterol to
under 100 mg/dL. The corresponding NMR LDL particle concentration target is
1100 nmol/L. For patients with small LDL (Pattern B) and a clustering of the
supplemental risk factors 50 discussed above, it can be especially important to
reach these LDL goals. Smoking cessation, increased exercise, healthy diet, and
blood pressure control can also be considered important treatment goals.

Figure 9 graphically illustrates some of the subclass information provided
by NMR analysis according to the present invention. This graph also shows the
present medical understanding of the relationship between various lipoprotein
subclass levels and CHD risk. The plus signs represent a positive association with
disease (larger size signs indicating subclasses conferring higher risk). The higher
levels indicating a higher risk. The minus signs represent a negative association,

higher levels equals a lower risk. In a preferred embodiment, certain of the
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individual subclass information shown is combined with other subclass
information shown to provide the subclass groupings described above for Figure 6.

As discussed above, a preferred embodiment of the summary report 10
includes portions of the subclass information shown in Figure 8 (42, 43, 44) and
also includes LDL size 41. Of course, the summary report 10 can include other
subclass information within the scope of this invention. Advantageously, the
instant reporting system and product can be used to provide important patient-
specific information in an easy to assess manner and can be generated on a mass
commercial production basis. Of course, some or part of this information may be
presented in a computer readable medium or hard or paper report.

Figure 10 illustrates a flow chart of methods, apparatus (systems) and
computer program products according to the invention. It will be understood that
each block of the flowchart illustration, and combinations of blocks in the
flowchart illustrations, can be implemented by computer program instructions.
These computer program instructions may be loaded onto a computer or other
programmable data processing apparatus to produce a machine, such that the
instructions which execute on the computer or other programmable data processing
apparatus create means for implementing the functions specified in the flowchart
block or blocks. These computer program instructions may also be stored in a
computer-readable memory that can direct a computer or other programmable data
processing apparatus to function in a particular manner, such that the instructions
stored in the computer-readable memory produce an article of manufacture
including instruction means which implement the function specified in the
flowchart block or blocks. The computer program instructions may also be loaded
onto a computer or other programmable data processing apparatus to cause a series
of operational steps to be performed on the computer or other programmable
apparatus to produce computer implemented process such that the instructions
which execute on the computer or other programmable apparatus provide steps for
implementing the functions specified in the flowchart block or blocks.

Accordingly, blocks of the flowchart illustrations support combinations of

means for performing the specified functions and program instruction means for
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performing the specified functions. It will also be understood that each block of
the flowchart illustrations, and combinations of blocks in the flowchart
illustrations, can be implemented by special purpose hardware-based computer
systems which perform the specified functions or steps, or combinations of special
purpose hardware and computer instructions.

As shown in Figure 10, lipoprotein measurement values are obtained from
a patient or subject, the values include at least one subclass value (Block 810).
Preferably, an NMR spectral analysis is performed on a blood plasma sample and
the lipoprotein values measured include the major lipoprotein constituents (total
cholesterol, HDL, LDL, and triglycerides) as well as selected subclass values. The
patient specific at least one subclass value is compared to predetermined test
criteria to determine whether the value is associated with a higher or lower risk of
developing coronary heart disease (Block 820). Preferably, the test criteria
employed for the lipoprotein results (including the lipoprotein subclass values)
correspond to a defined level of risk (low to high) of developing CHD. Preferably,
the predetermined test criteria are based on scientific target “norms” or population
based norms associated with higher or lower risks of CHD. These values may
change over time or can be alternately identified for patients with increased
secondary risk factors.

For example, if a patient has established CHD, athersclerotic vascular
disease, and/or diabetes, the “risk” criteria and values of certain constituents or
subclasses may be lowered on the summary report relative to a patient without said
identified diseases such that a “high” risk value may be associated with a lower
value (optional Block 830). This report’s ability to automatically adjust or lower
the risk value based on preexisting conditions can help alert the physician that this
patient is subject to stricter lipid management or protocol by visually indicating the
lower risk factor value targeted for this-individual. Generally, the test criteria may
be set in a controlled revision software format which can be updated as NCEP
guidelines or current medical analysis updates risk related information or values.

As shown in Figure 10, the next step is to determine the level of risk

associated with the lipoprotein subclass value(s) (i.e., whether it is identified as
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being associated with increased-risk (and/or reduced-risk) of developing coronary
heart disease) (Block 840). The NMR spectroscopy measured lipoprotein results
are presented with a risk category associated with the measured result visually
enhanced in a two-dimensional window for easy recognition thereof (Block 850).
The two-dimensional window can be a display section on a computer screen,
display monitor, or electronic or hard copy or a commercial report portion or
segment. Advantageously, the customized display or report can be automatically
generated or mass produced such as at a commercial facility or laboratory. As
shown in Figure 1, it is preferred that each of the risk analysis information
associated with the measured value Be presented such that the “high” or elevated
risk information is visually enhanced and aligned along one side (the same side as
the other risk information for the other values) of the report or display.

Optionally, as indicated by Blocks 870, 875, 880 and 885, additional risk
assessment information can also be provided. For example, a supplemental risk
assessment for selected abnormal or higher risk subclass results can be provided
(Block 870). This supplemental risk assessment can customize the report to
provide more detailed information regarding selected or grouped subclass variables
(such as LDL size or particles, large HDL, and/or large VLDL triglycerides, or
atherogenic dyslipidemia). Similarly, a subclass level risk assessment can provide
a graphic and textual breakdown of certain subclass groupings or selected subclass
data (Block 875).

Alternatively, or additionally, a primary prevention risk assessment
prediction assessment can be provided based on risk factors assigned to one or
more of behavioral, medical, and/or selected lipoprotein measured constituent
and/or subclass values (Block 880). As another alternative or addition, a
secondary prevention guideline corresponding to recognition of the patient’s
diagnosis with certain high-risk medical conditions can be provided (Block 885).

Preferably, the method of the instant invention subdivides the major
lipoprotein constituents and the LDL pattern separately into at least three risk
categories each. It is also preferred that, the LDL particles 42, the large HDL value

43 and the large VLDL triglyceride value 44 are compared to a population based-
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norm and a line graph illustrates the actual measured result compared to the
population with higher or lower levels of the measured value.

The behavioral or medical input can be electronically input or input via a
user at the lab or report site (for example, at a blood depository or lab where the
blood or plasma sample is taken from a patient). It is typical that an identification
number (bar-coded) is assigned to the vials for tracking. Accordingly, a hard copy
or electronic data can also be identified such as with the same identification
number. Once received at the central processing facility or NMR spectroscopy
laboratory, the electronic data can be entered into the facility computer and
matched with the lipoprotein measurements, and a customized patient profile
summary report can be conveniently generated (either in one or more of soft or
hard copy). In one embodiment, the summary report can be encrypted and emailed
in electronic format to a physician’s address for contemporaneous data reporting.
Of course, the patient can be identified by a “permanent” number to track trend or
drug therapy or other treatment impact over time. Additionally, a data base can be
kept to analyze population trends (age, location, etc., versus one or more of the
identified risk factors represented by a subclass and/or constituents) to provide
important indicators of the population for medical use.

In an additional preferred embodiment (shown in Figure 11) a summary
report 10”*” (shown as the coronary heart disease report) is similar in some respects
to the summary reports 10, 10’ discussed above. In this embodiment, the second
segment 30’ is a lipid profile that provides lipid profile values which are
determined by measuring plasma lipoprotein levels directly by NMR, then
converting concentrations to cholesterol or triglyceride units assuming that each
lipoprotein has a normal lipid composition as will be appreciated by one of skill in
the art. For most patients, NMR and standard lipid panel values will closely agree.

Patients with certain metabolic abnormalities or elevated triglycerides may have
cholesterol-depleted LDL. In these cases LDL concentrations determined by NMR
may likely be higher than those inferred by conventional or standard LDL

cholesterol tests.

23



10

15

20

25

30

WO 00/51054 PCT/US99/29730

In this embodiment, the lipid profile segment 30 includes total cholesterol
31, LDL concentration 32’ (cholesterol equivalents), HDL concentration
33’(cholesterol equivalents), and triglycerides 34. Again, each of the associated
values 312, 32a’, 33a’, and 34a’ are accentuated such as by positioning them in
aligned order in a respective adjacent box 31b, 32b, 33b, and 34b, respectively.
Further, each of the values is preferably horizontally aligned with at least three risk
categories 36, the risk category associated with the determined value being
accentuated for ease of reference as discussed above. Preferably, the risk
categories are predetermined to correspond to the current NCEP risk categories.
For example, “high” risk category génerally represents a value which is >80% of
the population. Similarly, the intermediate or borderline risk range is above 50%
and 80% or below, while the desirable risk range is 50% or below.

As shown, it is also preferred that the LDL concentration 32’ include four
risk categories, the fourth 36d’ being an “optimal” value for secondary prevention
(preferably set to a target value which is at a value of 20% or below the general
population). This secondary prevention guideline is directed toward patients with
established coronary heart disease, diabetes, or other atherosclerotic diseases as
discussed above. Thus, this secondary guideline or “optimal” risk visual
illustration can remind a treating physician of the reduced target value and can also
facilitate a visible reminder for the patient, each of which can keep the secondary
reduction target in the forefront of patient counseling thereby facilitating ongoing
monitoring and reinforcing the importance of aggressive therapy (behavioral
changes or other remediation) for a high-risk patient. This optimal box 36d’ can
be automatically accentuated in “red-line” or other accent as appropriate (such as
via patient history data input) to remind the patient and/or physician that the patient
is identified as a patient meeting the criteria for this target value reduction. Thus,
for example, for a patient with diabetes, the LDL concentration risk categories 36
may bold or accent two-risk boxes, the “optimal” box with no value (for cases
where a patient’s result is above this value) and the actual risk box indicating the

patient’s actual value (not shown). Alternatively, the optimal box 36d’ can be
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programmed in the computer generated report to be suppressed on a non-relevant
patient’s report (also not shown).

As is also shown in Figure 11, the report 10°*’ preferably also includes a
third segment 40’ which is a subclass profile providing predetermined lipoprotein
constituent results. As shown, the subclass profile includes, in longitudinal serial
order, LDL particles 42°, LDL size 41°, large HDL (cholesterol) 43, and large
VLDL (triglyceride) 44°.

Preferably, this subclass profile segment 40° is configured to mirror the
lipid profile (second segment 30”) listed constituent order (for easier cross-
reference). Thus, as shown, a patiént with a borderline reading on the LDL
concentration value 32’ (borderline risk) can then refer to the below listed subclass
profile and note that the NMR measurement breakdown of the LDL concentration
value 32a’ really indicates that he or she is high risk both in LDL particles 42° and
LDL size 41°. Similarly, the HDL concentration 33’ referenced to the large HDL
cholesterol 43’ indicates a good correspondence (the large HDL being less than
18). Again, the risk categories for LDL particle concentration categories in the
subclass profile 40° are set to correspond to the NCEP risk categories for LDL
cholesterol (on a percentile equivalence basis) and can provide a constructive
alternate target for therapy consideration or monitoring purposes (preferably, the
risk percentages for each of the categories are about as shown, i.e., optimal 20%,
desirable 50%, borderline/intermediate 80% or below (and above 50%), and high
risk as above 80% of the population based on the Framingham study discussed
above. The large HDL is the protective component of HDL and levels below the
20" percentile (less than about 18 mg/dL) indicate higher risk (positive risk factor)
while levels above the 80™ percentile (greater than about 42 mg/dL) indicate lower
risk (negative risk factor). Elevations of large VLDL are related to delayed
chylomicron clearance and higher CHD risk, and preferably, values above the 80"
percentile (greater than about 33 mg/dL) define the “higher-risk” category. Figure
11A illustrates the summary report 10°*” with a modified subclass profile 401. As
shown, the LDL particle constituent has been labeled “LDL Particle
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Concentration” 42°° and the adjacent text block 402 includes values associated
with the particular percentile reference.

In contrast to the first embodiment discussed above, these summary reports
10>’ present the subclass profile as a segmented risk analysis presentation format
146 (rather than a risk percentage continuum). Preferably, the segment format 146
is configured to mirror that of the lipid profile 30°. That is, the risk characterization
includes the same number of risk categories with the increased, positive, or high-
risk category all being positioned to one side of the presentation format. Thus, a
patient or physician can readily discern the risk category associated with the NMR
results (preferably, the high-risk cafegories are all aligned along the right hand side
of the report). As for the lipid profile section 30, the results are preferably
presented in a visually enhanced format, with each of the specific lipoprotein
results 42a’, 41a’, 43a’°, and 44a’ being presented in a box 42b’, 41b’, 43b’, and
44b’.

Stated differently, it is readily apparent at a glance that the patient with the
NMR measurements provided in Figures 11 or 11A, has a high-risk subclass
profile 40° but only a single positive risk factor associated with the lipid profile
panel 30°. In practice, without a NMR subclass profile, a patient with this type of
lipid profile may have been overlooked as a candidate for further review or
potential behavior altering counseling (or even drug therapy) because of the
number of borderline lipid measurement results. Preferably, as stated above, the
actual numerical result is presented alongside the lipoprotein constituent while the
risk categories associated therewith are horizontally oriented with the risk
associated with the actual numerical result highlighted to indicate the risk level
associated with that lipoprotein result.

Figure 12 illustrates a preferred embodiment of a technical report 100
associated with NMR measured lipoprotein constituents. In order to provide a
more representative indication of a patient’s risk, it is desirable to provide an
automatically (or semi-automatically) computer generated coronary heart disease
(CHD) risk assessment module 150 as a portion of the lipid panel analysis (or even

as a separate evaluative report). Preferably, the CHD risk assessment module
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includes two key identifiers 151, 152. The first key identifier 151 is analyzing
whether the patient’s LDL particle number is elevated compared to a
predetermined level. Preferably, the predetermined elevated level is set at a value
which is approximately equivalent to the upper 50% of the population (greater than
about 1400 nmol/L). The module 150 also preferably includes the relevant risk test
measurement positioned adjacent to the particular constituent 151a, 153a, 154a,
155a. This elevated LDL particle number 151 is a key identifier of coronary heart
disease risk, and indeed, may be the single best indicator of LDL-associated CHD
risk. See Generally, Lamarche et al., Circulation, 1996; 94:273-278. Of course,
the “elevated” target value could bé set at above 50%.

The second key identifier 152 is termed “atherogenic dyslipidemia”. As
used herein, the term “atherogenic dyslipidemia” refers to an increased risk of
CHD based on a clustering or confluence of NMR measured lipoprotein
constituent or subclass abnormalities. Preferably, the presence or absence of
atherogenic dyslipidemia is determined based on a predetermined level of at least
three different NMR lipoprotein subclass or constituent values. In the past, the
presence of elevated triglycerides has been used as a proxy to indicate the
atherogenic dyslipidemia condition while plasma apo B protein level measurement
techniques have been used to estimate the number of LDL particles. However, and
advantageously, the NMR based lipoprotein measurements can provide more
detailed, easier, and commercially reproducible lipoprotein component
measurements. Using certain of these NMR component measurements
individually (such as the determination of an elevated number of LDL particles)
and in combination (to determine the presence of a clustering of abnormalities)
can, thus, provide an easier and more reliable determination and assessment of a
patient’s risk for CHD.

In a preferred embodiment, the positive or affirmative match to test criteria
for at least two of the three selected-lipoprotein subclass or constituent values
results in a designation of atherogenic dyslipidemia. This NMR-based lipoprotein
atherogenic dyslipidemia test criteria 152 can provide a more reliable analysis of a

patient’s risk for CHD over isolated component values. For example, a patient’s
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individual or component constituent or subclass values may all be insufficient to
determine or provide a reliable indication of increased risk of CHD, but a
clustering of certain abnormal conditions or results can indicate a higher-risk
metabolic condition. Indeed, patients with a clustering of the lipoprotein subclass
abnormalities shown (small LDL 153, low level of HDL 154, and elevated level of
large VLDL 155) are at higher risk of CHD when risk identifier 151 is indicated,
i.e., when LDL particle numbers are elevated. Thus, the present invention uses
positive matches for two or more of the plurality of lipoprotein constituent values
listed to indicate the presence of the higher-risk metabolic condition.

The CHD atherogenic dyslibidemia assessment preferably includes a test
for small LDL 153 and low levels of large HDL 154. Small LDL 153 (Pattern B)
is a hallmark of atherogenic dyslipidemia and confers about a three-fold higher risk
compared to the large LDL trait (Pattern A). Evidence suggests that small LDL
particles may be inherently more atherogenic than large LDL. An indication of a
low level of large HDL 154 has a positive association with CHD. A low level of
large HDL means a NMR derived value which is below the 50%, and more
preferably means the value is below 35% (less than about 23 mg/dL). That is, only
the larger HDL subclasses appear to be protective, whereas small HDL is
positively associated with CHD. Therefore, large HDL, rather than total HDL
cholesterol, may be a more sensttive risk factor and, indeed, an independently
predictive marker for CHD in addition to being a factor which can assist in the
determination of atherogenic dyslipidemia.

Similarly, the CHD atherogenic dyslipidemia risk assessment preferably
includes a test for elevated levels of large VLDL 155. Elevated levels of large,
triglyceride-rich VLDL particles have been associated with the severity of CAD,
independently of plasma triglycerides. High concentrations of large VLDL in
fasting plasma are a marker for delayed chylomicron clearance (postprandial
lipemia). “Elevated” for VLDL means the value is in the upper 50" percentile, and
preferably means above about the 65" percentile (greater than about 17 mg/dL) or

such as in the upper 33%.
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Additional or alternative lipoprotein subclass or constituent parameters may
also be used as a test parameter for atherogenic dyslipidemia. Similarly, the
percentile-based values are preferably as shown but may also be other values. For
example, these values can be altered to reflect contemporary guidelines by the
NCEP or other health organization, statistically valid tests or studies, scientific or
empirical data and the like. As will be appreciated by one of skill in the art, the
percentile values are preferably set to reflect an acceptable sensitivity/specificity
test result. Figure 12A illustrates another embodiment with a modified risk
assessment module 150°. As shown, the first key risk factor 151 is labeled
“Elevated LDL Particle Conc.[entration]”. The module 150’ includes a modified
test criteria over that in Figure 12 and also includes values rather than percentile
references. The text in certain of the associated risk analysis is also modified from
Figure 12.

The population percentile values described herein are from NMR data
obtained from analysis of 3,437 subjects in the Framingham Offspring study.
However, the present invention is not limited thereto. As noted above, these values
may change over time, or other percentiles or values may be used.

As discussed for the report of Figure 2, the reports 100 shown in Figures
12 and 12A also preferably include a subclass graphic analysis segment 60’ with
grouped subclass data. As shown, the HDL results give a visual representation of
the disparity of small (bad or harmful) HDL to the large (good) HDL. This patient
is above the 75" percentile in (bad) small HDL and indeed has a positive risk
indication across the spectrum of the lipoprotein subclass values (ignoring the low
level of large HDL). Thus, this patient’s overall conventional lipid profile is not
reflective of his or her actual risk.

Figure 13 illustrates a hybrid summary report 110 with a subclass profile
segment as shown in Figure 11A and a CHD risk assessment module as shown in
Figure 12A. This report 110 provides an easy to read single page overview or
summary of the most relevant heart-specific test measurement results.

Figure 14 schematically illustrates a system according to one embodiment

of the present invention. As shown, the system includes an NMR measurement
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apparatus 500 for measuring the lipoprotein constituents of a patient’s blood or
plasma sample. A suitable method for determining the lipoprotein constituents is
disclosed in U.S. Patent No. 4,933,844 to Otvos, entitled “Measurement of Blood
Lipoprotein Constituents by Analysis of Data Acquired From an NMR
Spectrometer” and U.S. Patent No. 5,343,389 to Otvos, entitled “Method and
Apparatus for Measuring Classes and Subclasses of Lipoproteins”, incorporated
by reference above. The system also includes a computer means for generating an
automatic lipoprotein report and determining CHD risk based on the NMR
measured constituent values 525. The computer means then generates a
customized lipoprotein report which includes information identifying the CHD risk
attendant with the NMR derived lipoprotein constituent values 530. Preferably, the
system is operably associated with a peripheral device such as another computer or
internet or printer so as to transmit and print or display the customized report.

As will be appreciated by one of skill in the art, the present invention may
be embodied as a method, data processing system, hard copy two-dimensional
printed material report, computer screen display, or computer program product.
Accordingly, the present invention may take the form of an entirely hardware
embodiment, an entirely software embodiment or an embodiment which combines
software and hardware aspects. Furthermore, the present invention may take the
form of a computer program product on a computer readable storage medium
having computer readable program code means embodied in the medium. Any
suitable computer readable medium may be utilized including for example, hard
disks, CD-ROMs, optical storage devices, or magnetic storage devices.

A portion of the disclosure of this patent document contains material which
is subject to copyright protection. The copyright owner, LipoMed, Inc., of Raleigh,
North Carolina, has no objection to the facsimile by anyone of the patent document
or the patent disclosure, as it appears in the Patent and Trademark Office patent file
or records, but otherwise reserves all rights whatsoever.

The foregoing is illustrative of the present invention and is not to be
construed as limiting thereof. Although a few exemplary embodiments of this

invention have been described, those skilled in the art will readily appreciate that
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many modifications are possible in the exemplary embodiments without materially
departing from the novel teachings and advantages of this invention. Accordingly,
all such modifications are intended to be included within the scope of this
invention as defined in the claims. In the claims, means-plus-function clauses are
intended to cover the structures described herein as performing the recited function
and not only structural equivalents but also equivalent structures. Therefore, it is
to be understood that the foregoing is illustrative of the present invention and is not
to be construed as limited to the specific embodiments disclosed, and that
modifications to the disclosed embodiments, as well as other embodiments, are
intended to be included within the séope of the appended claims. The invention is
defined by the following claims, with equivalents of the claims to be included

therein.
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THAT WHICH IS CLAIMED IS:
1. A computer program product for generating personalized
lipoprotein-based information, the computer program product comprising:

a computer readable storage medium having computer readable program
code means embodied in said medium, said computer-readable program code
means comprising:

computer readable program code means for generating NMR-based
lipoprotein measurement values for a patient’s blood sample, the lipoprotein
measurement values including at least one subclass variable value;

computer readable program code means for comparing the at least one
patient lipoprotein subclass variable value with predetermined test criteria for
determining whether the at least one subclass variable value is associated with a
higher or lower risk of developing coronary heart disease;

computer readable program code means for identifying, for the at least one
measured subclass variable value, the corresponding risk level associated with
coronary heart disease; and

computer readable program code means for providing a risk analysis
portion adjacent the measured lipoprotein values, the risk analysis portion
displaying information related to a range of values and corresponding to higher
and lower coronary heart disease risk, wherein the measured value is visually
enhanced in the risk analysis portion to visibly indicate the level of risk associated
therewith to thereby provide a contemporaneous reference guideline for

interpretation of the measured value.

2. A computer program product according to Claim 1, wherein the
computer readable program code means recognizes the measured lipoprotein
values to include the major lipoprotein constituents of total cholesterol, LDL
cholesterol, HDL cholesterol, and triglycerides, and the subclass values associated

with LDL size, LDL particles, large LDL cholesterol, and large VLDL triglyceride.
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3. A computer program product according to Claim 1, further
comprising computer readable program code means for presenting the lipoprotein
measurement values such that each of the lipoprotein measurement values is

substantially aligned.

4. A computer program product according to Claim 1, wherein the
lipoprotein measurement values includes the major lipoprotein constituents of total
cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides, and wherein the
risk analysis portion subdivides the values associated with major lipoprotein

constituents into at least three risk categories.

5. A computer program product according to Claim 1, wherein the
computer readable program code means provides LDL size test criteria in a manner

which identifies the LDL size as one of Pattern A, Pattern AB, and Pattern B.

6. A computer program product according to Claim 4, wherein the
computer readable program code means visually presents the LDL size such that

Pattern A is associated with lower risk and Pattern B is associated with higher risk.

7. A computer program product for personalized lipoprotein-based
information, the computer program product comprising:

a computer readable storage medium having computer readable program
code means embodied in said medium, said computer-readable program code
means comprising:

computer readable program code means for generating NMR-based
lipoprotein measurement values for a patient’s blood sample, the lipoprotein
measurement values including at least one subclass variable value;

computer readable program code means for comparing the at least one
patient lipoprotein subclass variable value with predetermined test criteria for
determining whether the at least one subclass variable value is associated with a

higher or lower risk of developing coronary heart disease;
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computer readable program code means for identifying, for the at least one
measured subclass variable value, the corresponding risk level associated with
coronary heart disease;

computer readable program code means for providing a risk analysis
portion adjacent the measured lipoprotein values, the risk analysis portion
displaying information corresponding to higher and lower coronary heart disease
risk, wherein the measured value is visually enhanced in the risk analysis portion
to visibly indicate the level of risk associated therewith to thereby provide a
contemporaneous reference guideline for interpretation of the measured value; and

computer readable program code means for comparing a plurality of the
NMR-based lipoprotein measurement values to predetermined test criteria to

determine the presence or absence of atherogenic dyslipidemia.

8. A computer program product according to Claim 7, wherein the
NMR-based lipoprotein values include the major lipoprotein constituents of total
cholesterol, LDL concentration in cholesterol equivalents, HDL concentration in
cholesterol equivalents, and triglycerides, and the subclass values associated with

LDL size, LDL particles, large HDL cholesterol, and large VLDL triglyceride.

9. A computer program product according to Claim 8, further
comprising computer readable program code means for presenting the lipoprotein
measurement values such that each of the lipoprotein measurement values is

substantially aligned.

10. A computer program product according to Claim 8, wherein the risk
analysis portion for each of LDL concentration in cholesterol equivalents and LDL
particles is divided into four different risk categories, and wherein the remainder of

the risk analysis portions is divided into three discrete segment risk categories.

11. A computer program product according to Claim 8, wherein the

computer readable program code means for comparing a plurality of the NMR-
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based lipoprotein measurement values to predetermined test criteria to determine
the presence or absence of atherogenic dyslipidemia includes comparing the
measurement values to predetermined test criteria to determine the presence of
small LDL, a low level of large HDL, and an elevated level of large VLDL,
whereby the determination is made based on the positive test criteria match of at

least two of the conditions.

12. A computer program code means according to Claim 9, wherein
said computer readable program code means for the risk analysis portion includes a
computer readable program code means for presenting a plurality of said subclass
values as a series of horizontally extending discrete bar segments which

graphically represents the subclass value relative to low to high risk.

13, An automated lipoprotein report which is generated at a commercial
laboratory based on data corresponding to NMR-derived measurements, said report
comprising a subclass profile segment comprising a plurality of patient-specific
NMR derived lipoprotein constituent values, each constituent value having an
adjacently positioned associated risk analysis portion which visually identifies the
value with one of at least three discrete risk categories corresponding to a coronary

heart disease risk level associated with said NMR-derived measurement value.

14. A lipoprotein subclass report according to Claim 13, wherein said
subclass profile segment includes the NMR-derived value for LDL size, and
wherein said associated risk analysis portion presents said LDL size value as one
of: Pattern A corresponding to lower risk, Pattern B corresponding to higher risk,
and Pattern AB corresponding to an intermediate risk; and wherein said LDL size
value is identified in said risk analysis portion by visually enhancing the respective

risk category associated with the patient-specific LDL value.

15. A lipoprotein report according to Claim 13, said NMR-derived
lipoprotein constituent value includes LDL particle concentration, and wherein
said corresponding risk analysis portion includes a risk category associated with a
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desirable concentration level, a risk category associated with a borderline-high
level, and a risk category associated with an increased or higher risk level, and a
risk category associated with an optimal level corresponding to a goal for

secondary prevention.

16. A method for assessing a patient’s risk of coronary heart disease
based on personalized NMR measured lipoprotein-based information, comprising
the steps of:

generating NMR-based lipoprotein measurement values for a patient’s
blood plasma or serum sample, the NMR-based lipoprotein measurement values
comprising a plurality of lipoprotein constituent values including a constituent
value for LDL particle concentration;

comparing the LDL particle concentration with predetermined test criteria
for determining whether the LDL particle concentration is elevated;

comparing a plurality of NMR-based lipoprotein constituent values to
predetermined test criteria to determine the presence of atherogenic dyslipidemia;
and

assessing a patient’s risk of coronary heart disease based on the presence of
at least one of an elevated LDL particle concentration and the determination of

atherogenic dyslipidemia.

17. A method according to Claim 16, wherein the NMR based
lipoprotein constituent values include the major lipoprotein constituents of total
cholesterol, LDL concentration in cholesterol equivalents, HDL concentration in
cholesterol equivalents, and triglycerides, and wherein the measured lipoprotein
constituent values also include the values associated with LDL size, LDL particles,

large HDL cholesterol, and large VLDL triglyceride.
18. A method according to Claim 16, wherein the NMR based
lipoprotein constituent values used to determine the presence of atherogenic

dyslipidemia lack a LDL particle concentration value.
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19. A method according to Claim 16, wherein the predetermined test

criteria for determining the presence of an elevated number of LDL particles is set

at a value which is in about the upper 50% of the population.

20. A method according to Claim 16, wherein said step of comparing a
plurality of NMR-based lipoprotein constituent values comprises comparing the
NMR based values associated with LDL size, large HDL cholesterol, and large

VLDL triglyceride to respective predetermined test criteria.

21. A method according to Claim 20, wherein the LDL size

predetermined test criteria identifies the LDL size as Pattern B.

22. A method according to Claim 20, wherein the large HDL

cholesterol predetermined test criteria identifies a low level of large HDL.

23. A method according to Claim 20, wherein the large VLDL

triglyceride test criteria identifies an elevated level of large VLDL.

24. A method according to Claim 20, wherein said comparing step used
to identify the presence of atherogenic dyslipidemia identifies the patient as having
this condition based on a positive test match for at least two of the identified NMR

based lipoprotein constituent values.

25. A method according to Claim 20, wherein the LDL size
predetermined test criteria identifies the LDL size as Pattern B, the large HDL
cholesterol predetermined test criteria identifies a low level of large HDL, and the
large VLDL triglyceride test criteria identifies an elevated level of large VLDL,
and wherein the presence of atherogenic dyslipidemia is determined based on the
positive identification of at least two of the NMR lipoprotein based constituent

values to predetermined test criteria.
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26. A method according to Claim 16, wherein a low level of large HDL

is used as an independently predictive factor to assess a patient’s risk for coronary

heart disease.

27. A method for providing personalized lipoprotein-based information,
comprising the steps of:

generating NMR-based lipoprotein measurement values for a patient’s
blood plasma or serum sample, the lipoprotein measurement values including at
least one subclass variable value;

comparing the at least one patient lipoprotein subclass variable value with
predetermined test criteria for determining whether the at least one subclass
variable value is associated with a higher or lower risk of developing coronary
heart disease;

identifying what level of risk is associated with the at least one measured
subclass variable value;

presenting the lipoprotein measurement values in a two dimensional
window such that each of the lipoprotein measurement values are visually
enhanced; and

providing a risk analysis portion adjacent the measured lipoprotein values,
the risk analysis portion displaying information related to a range of values which
correspond to higher and lower coronary heart disease risk, wherein the measured
value is visually enhanced in the risk analysis portion to indicate the level of risk
associated therewith to thereby provide a contemporaneous reference guideline for

interpretation of the measured value.

28. A method according to Claim 27, wherein the measured lipoprotein
values include the major lipoprotein constituents of total cholesterol, LDL
cholesterol, HDL cholesterol, and triglycerides, and wherein the measured
lipoprotein values include the values associated with LDL size, LDL particles,

large LDL cholesterol, and large VLDL triglyceride.
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29. A method according to Claim 27, wherein the lipoprotein
measurement values measure the major lipoprotein constituents of total
cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides, and wherein the
risk analysis portion subdivides the values associated with major lipoprotein

constituents into at least three risk categories.
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21 Summary Report
Patient Name Patient ID Physician Name & Address /

Jane Doe Y| RP21-3947 /-20

pecimenD  Dae Collected  Date Received Date Reported Brone:
LM99-1402| 01-25-99 | 01-2699 | 01-27-99 FA(;?:e(‘( ))

Sex A BloodPressue  Diabeles Smoker Comments 923
f X 132/86 No | Yes /
303\

ID PROFILE* Current NCEP Guidelines for Primary Prevention
LPDPROFLE 31 myit Doty bt /35 gy 30
Total Cholestéro [230 1318 [ Tesshan 2 | [ 2020 [ Z0orgrealer |

/32 Desirable Borderfine-High Hgh 38

LDL Cholestérol [ 765 3322 [ Teshant | TR |0

/-30
33 Negative Risk Factor  Intermediate 38 Positive Risk Factor
HDL Cholestérol [ 42 338 [ forgeater | [ -340..]| lessthan35 ]

. 34 Desirable 38 Borderiine-High High
Triglyceride§ [ 160 1348 [t i) [ QMW ][ @000 |

\ Lipid profile values are derived from direct NMR measurement of plasmal proteins, not from standard fipid tests. For most
Ranents NMR and standard fipid panelvaluesa ree closely. Some patients with metabolic abnomaities o elevated tiglycerides
ave abnormally cholesterol-poor LD: ?am es. Their LOL cholestero! levels when measuredestandard fests will be lower

than determined by NMR. The NMR values more closely refect the actual number of LDL partites in the clrculahon

39~

SUBCLASS PROFILE Patiem A-30D  pat Pattem B
s 41b (Iarge) (Intermedlate) ’[ (small) / 48
LDL Size 196 0620, [ 2405 |[180203y ]
41a Lower-Risk *46a ‘46b Higher-Risk*46¢

42 mal 42b gy Percentage of populahonwrthalowerlevel
LDL Particiés B el 40
42a Lower CHD Risk ——— Higher \.46'

43 Percentage of population with a hlgher level

p
D mgdl ~43b oy W
Large HOL ﬁj | ' g’: ﬂ" o

Cholesterol .
43a Lower CHD Risk —— Higher \4¢'

44 Percentage of population with a lower level
Large VL&. g 440 i : qu%
Trygyceride [ 30, ] (78%)
44a Lower ———— CHD Risk ———— Higher \46'

Population percentages are based on data obtained from analysis of 3 437 subjects in the Framingham Offspring Study.
©LipoMed, Inc. 02/99 Fl G 1
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Risk Assessment Report
Patient Name \ Specimen 1D Date Reported
Jane Doe ‘ LM99-1402 01-27-99
Supplemental Risk Factors

CHD risk can increase significantl when there s a custering of metabolic abnormaiies not detected by standard ipid tests.
A check mark in mulile Boxes below suggests the patent has  metabolic profi associated with a higher level of isk.

/50

PatiemB  Small LDL (Patiem B} s a hallmark of the atherogenic ipoprotein phenotype" and confers
Small LDL about 3 to 4-old higher risk compared to the large LDL tra (‘PattemA). vidence suggests
that small LDL pariicies may be inherently more atherogenic than large LOL.
Uper3%  Unlike LDL cholesterol, LDL particle concentraton (reated closely to plasma apo B leve),
E}efgiegyrggl‘ggr may be the single et ndcar o LDL-associated(CHD fisk (La|r¥1ar eef al.,p((‘,)irculatioL
1996,04:273-218) and the best target of risk reduction therapy.
lower 3% Only the larger HOL subclasses appear to be protective, whereas small HOL is posivel
tg‘,'ééﬁvﬁ{“ e O et e, okl TYomD Vo B, 180818053
Large HDL, rather that total HOL cholesterol, may thus be a more sensitive risk factor.
Elevated Level % Elevzlait&d'le(\j/els ogla €, tfligllycetidg&chV%DL ;;la.rt;]cles havira bgen asfs‘ouateﬁ\[e)nfh CAD
7| severty, independently of plasma trghycerides. High concentrations of large VLOL in
of Large VLDL fasting plasma may be a marker for delayed chylomicron clearance (postprandial ipemia).
Subclass Levels
VLDL Subclasses LDL Subclasses HDL Subclasses
Subetass lpvels (mglal. Trighyceride) (mo/dL Cholestero)  (110) (mg/aL Cholesterol
inmyd ae ) ) )}
ven in paren- 75% -3~ T5%
RRESAVE 5y -~ == 5%
ach ber, _— -
Bar heigg} ghes 2=~ 5
R Large Wedum Sl Large Wedum Sl Lage Sl
7 NN OF OC DL WAL
. . . . . o ® [ °

/-60

Primary Prevention Risk Assessment

Employs the Framingham algorithm in irculation 1998,7:1837-1847

Given below is the patients Framingham risk score and the esfimated 10-year risk of developing CHD. Also given is
the desirable low-level isk for the same age. Risk reduction should focus on modfying the stamed risk factors.

Desirable risk is calculated for a non-smoking, non-diabetic woman the same age, with optimal blood pressure (<120/80), LDL /
cholesterol 100-129 mgldL, and HDL cholesterol 55 mg/dL. Projected risk at age 60 assumes patient' rsk factors do not change.

/70

717 Risk Factor Chart Risk of Coronary Heart Disease
/Risk Factor  Relative Risk  Points Pot 10Year  Point 10Year  Point 10-Year
g e SR Tod GORs  Tual CHDRsk  Iol CHDRk
. a 0 0, 0,
B w18 E 1% W |n
«HDLC(42)  High 2 2 8 &% # A | A
Blood Pressure ~ Moderate 0 3 % 9 9% 15 6h 1
g.sz/as) 4 4% 0 M 15 A%
iabetes (No)  Low 0 5 8% f 1% T 232%
*Smoer(Yes)  Hgh 2 Patint's Risk Projected Risk t Age 60
Poit ol Desirable Risk Desirable Risk at Age 60
73

©LipoMed, Inc. 02/99
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20, Risk Assessment Report /
Pafient Name \ Specimen 1D Date Reported
John Doe ' LM99-3201 01-27-99

Supplemental Risk Factors

CHD risk can increase significantly when there is a clustering of metabolic abnormalities not detected by standard
lipid measurements. Check marks in multiple boxes signify the presence of a metabolic profile associated with a
higher level of risk than indicated by the LDL cholesterol value.

Pattem B
Small LDL

Elevated Number of

LDL Particles ]

Small LOL (Pattem BAjsaha.llmark of the "atherogenic fipoprotein phenotype® and confers
approximately 3-fold lghernsk compared to the large LOL trait (Pattem )p

fuggests that small LDL particles may be inherently more atherogenic than large LDL.

Upper 33%  Unlike LDL cholesterol, LDL particle concentration (refated closely to plasma apo B level),

may be the single best indicator of LDL-associated CHD risk (Lamarche et al., Circulation
1908;04:273-278) and the best target of risk reduction therapy.

Lower 3% Only the arger HDL subclass particles appear to protect against CHD, whereas small HOL

Low Level of
Large HDL

may even be atherogenic (Freedman et al., Arterioscler Thromb Vasc Biol. 1998;18:1048-53).

Large HDL, rather than total HDL cholesterol, may thus be a more sensitive risk factor.

Upper 3% Elevated Jevels of large, triquceride—rich VLDL particles appear to be associated with CAD

Elevated Level of
Large VLDL

severty, independenfly of piasma triglycerides, High concentrations of large VLDLin
fasting plasma may be a marker for delayed chylomicron clearance (postprandial lipemia).

Evidence /,.50

Primary Prevention Risk Assessment

Given below is the patients Framingham risk score, the estimated absolute 10-year risk of developing CHD,
and the desirable risk level for the same age. Risk reduction should focus on modifying the starred risk factors.

Employs the Framingham algorithm in Circulation 1998,97:1837-1847

Risk Chart Absolute 10-Year CHD Risk / 70
. - . Point  10-Year  Pont  10-Year
71~ Risk Factor Relative Risk Points Total CHDRisk Total CHD Risk
™ Age (46) , 2 <3 1% 8 1%
«LDL-C(198)  VeryHigh 2 2 2h 1 Wn  |-72
«HOLC{41)  High 1 T2 {8
« Blood Pressure  High 2 1 4(% 10 A
(13591) 2 4% 1 3%
Diabetes (No) ~ Low 0 2 573:? }% 4(7)350
* High
Smoker (Yes) 1gP . é P ly: 9 R
ot {0 Desirable Risk for Same Age
The desirable risk is calculated for a non-smokirlj{gD, non-diabetic man the same age, with optimal blood presure
(<120/80), LDL cholesterol 100-129 mg/dL, and HUL cholesterol 45 mg/dL. 73
Secondary Prevention Guidelines
Patients with established CHD, other atherosclerotic vascular disease, or diabetes are considered to be at particulary
high risk by the NCEP. The primary goal of lipid management should be the reduction of LDL cholesterol to under
100 mg/dL. The correSpondin? NMR LDL particle concentration target is 1100 nmoliL. For patients with a small LOL
(patter B) and a clustering of the supplemental risk factors shown above, it s especially important to reachthese  |-80

LDL goals. Smoking cessation, increased exercise, healthy diet, and blood pressure control are also important

treatment goals.

FIG. 2A.
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Obtained NMR-derived
lipoprotein values from
the blood plasma or
serum of a patient, the

PCT/US99/29730

lipoprotein values to
include at least one
subclas§,1\(l)ar|able.

]

)

Adjust the
predetermined test
criteria (and
defined associated
risk values) to
account for patient-
related identified
high risk medical
conditions.

830

Repeat for next
patient sample.

Compare the at least one
patient-specific lipoprotein
subclass variable value to
predetermined test criteria to
determine what risk level is
associated with the value
(whether the value is
associated with a higher or
lower risk of developin
coronary hae%r)t disease).

pm—————— e ————d

Provide subclass level
risk assessment
information with

!

Determine the level
of risk associated
with the subclass

raphic display of
evels of selected
subclass data.
875

o o e s o

|

value(s).
840

Present lipoprotein values with a risk
analysis associated therewith. The

risk analysis is arranged to visua

represent each value to provide
contemporaneous explanation of the

risk associated with the vailue.
850

Provide supplemental
risk assessment for
selected abnormal

subclass results.
870

Provide secondary
prevention guidelines
corresponding to
existence of high risk
medical conditions.
885

fly

assessment prediction|

Provide primary
prevention risk

based on risk factors
assigned to one or
more of medical,
behavioral, and
selected lipoprotein
constituent and/or
subclass values
880
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NMR LipoProfile ™ .

Page 1 0f 2 Summary Report
Pafient Name Sex Age Physician Name & Address
Patient #5
Patient ID Birth Date Specimen ID
LPO1141 m‘?ﬁ( ) )
Data Collected Data Received Date Reported TOTTenG
04-02-99 04-05-99

LIPID PROFILE ~ Curent NCEP Risk Categories
—-31'_ngd ~31b Desirable ~36a Borderine-High-36b  High ~36¢
Total Cholesterol 318" [ essthandi0 | 2009 -] [ ZA0orgrealer |

-32" mydl ~32b  Optimal’,36d Desirable 36 Borderiine-High - 36 High Risk ~36
LDL Concentfafion 32a' R K B L |—r‘ﬂ1—ﬂﬁ‘|
30 N, (cholsterol equvlens | 142 1 [Tessthan 100 ][ 100129 ] 430 greater fhan
, mgdl ~33b Negative Risk Factor ~36 Intermediate 36~ Positive Risk Factor
HOL Concentration 33a' e
( molesterolequival\ercl”ts) [ Borgreater [ 5935  |f:-fessinamdv.--
3!

34 mdl ~34b Desiable -36  BorderineHigh-36  High /36
Trigycerdes [ 330 348" [ essthan2l0 | [20000-—] [ 4000 ]

Lipid profite values are determined by measuring plasma fipoprotein levels directly by NMR, and converﬁn% concentrations to
cholesterol or riglyceride unts assuming that each ipoprotein has a normal fpid composiion. For most patients, NMR and standard
h%d panel values agree closely. Patients with certain metabolic abnormalfies or elevated triglycerides may have cholesterol-depleted
LDL. In these cases, LDL concentrations determined by NMR wil be higher than those inferred by standard LDL cholesterol tests.

SUBCLASS PROFILE 146

42"  mmolL42b'  Optima* Desirable //E;ordedineHigh High Risk
DL Parides [ T025 428 (s I [ TA00-T308 ] [_TA00-1789 ] [AEeBiharti
I /41 m 41b" Patem A (arge LDL) _ Intermediate Size _Paflemb
404 _L0L 8izé (s rdta | L2
/43 mgdL~43b'  Negafive Risk Factor  Intermediate 146
Large HDL 11 43a’ rfian &2 X " an 18-
(ol [:T_ér [ gederbendl 42-18 | £ Tess than 18-
/A4 g 44p' LowerRisk Intermediate
ﬁg&%‘&?" 443" [ Tessthan7 || 7-33 || oreatertandd..

LDL Particle concentration cateqories comespond to NCEP categories for LDL cholesterol (on a percentie e%ttxhivalence basis), and

ﬁpowde analtemative target for therapy. Large HOL is the protéctve component of HDL-levels below the 20th percentle indicate
l?her risk (positive risk factor) and above the 80th percentile lower risk (negative risk factor). Elevations of Large VLOL are

related to delayed chylomicron clearance and higher CHD risk-values above the 80th percentie define the *higner-risk" category.

*Goal for secondary prevention (patients with established CHD or diabetes)

© LipoMed, inc. 04/99
FIG. 11.
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1 0"!
NMR LipoPro file ™ /

Summary Report

Patient Name Sex Age Physician Name & Address
Patient #5
Pafient D Bith Date Specimen 1D Phone: ()

LP001141 FAX: ()
DaieColected  DatsReceived  Date Reported Comments
B | 040299 | 040599

LIPID PROFILE Current NCEP Risk Categories

31 mg/dL Desirable Borderiine-High High
Total Cholestérol 219 ] [ Tessthan200 |[—--200-239 [_Z0or gredter |

32" myil Opimd ~36d" Desirable  Borderne-High  High Risk

y,
LDL Concentration 7 e T ¥ mne
(cholesterl equivalents)l 47 ] [Tessthan 100" ][ 100-129 ||.-430:459 ]| greatertnan 160

-

30
Negaive Risk Faclor intermediate _Posiive Risk Faclor

L
\ HDL concentration (:m%ﬂ I

(cholestero equivalen\t_s) ' b0orgreater || 59-35 | £---less than-3b.:-..
34 33" gL Desirable Borderine-High High
Triglycerides 330 ] [ Tessthan200 _[----200-400----} [ 400-1,000 ]

Lipid profile values are determined by measuring plasma fipoprotein levels i b%NMR, and convering concentrations fo
 cholesterol or triglyceride units. NMR and standard fipid panel values a?ree Closely for most pafients. However, patients with

certain metabolic abnormalities or elevated tngycendes may have cholesterol-depleted LDL. NMR LDL concentrations in these

cases wil be higher than those infered by standard LDL cholesteroltests, and provide a passibly betfr indication of CHD risk.

SUBCLASS PROFILE .
. /42" nmollL Optimal* Desirable Borderiine-High High Risk
LDL Partide’  [ygpg]  [sshan 100 ] _1100-1389 ][ 100798 _|[geerarion]
{422’ 1467
401 -‘\ /41 ' m_ Pattem A (large LDL)  Intermediate Size Paﬁm (small LDL)
LDL Size 1925, 2026 |1 205204 203490000
412’ Lower-Risk 146~ Higher-Risk
43 il Negative Risk Factor  Intermediate Positve Risk Factor
Lar?e HDL - |___1_"17L [ grealertandl || 42-18 [} essthan 18-
(cholesterol) 433" 1467
44 gl h 1:6
' , Lower-Risk Intermediate Higher-Ris
I(ng %e\%f?)l-/ 448 [estan? ]| 733 |[...Oreaermans. -
402-

N\ LDL Particle Concentration categ]ories comespond fo NCEP cateégsries for LDL cholesterol on a percentile eqll)xgalenoe basis) and
ﬁrowde an altemative target for erap¥.La e HDL is the protecve component of HDL,; values <18 m/dL (20th percentie) indicate
igher risk (positive risk factor) and >42 mgld. ABOth reentile) lower risk &n ative risk factor). Large VLDL elevations are related

{0 delayed chylomicron clearance and higher CHD risk; values >33 mg/aL. (801 percentie) define the "higher-risk" category.

*Goalfor secondary prevention (patients with established CHD or diabetes)

©LipoMed, Inc. 04/99
FIG. 11A.
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TechnicaZI) Repo£ 100
Pafient Name Specimen ID Date Reported
Patient #5 LP001141 04-05-99

150

151

152+

154y

15

Dyslipidemia

* Small Lolf1

Large HDL

\ Elevated Number % Uniike
icl < maybe
of LDL Parics, [ 1996;04:273-278) and the best target of risk reduction therapy.

151a

CHD RISK ASSESSMENT MODULE 4

LDL cholesterol, DL particle conceniration (related closely t?c%lasma apo B level),
the smg}le best indicator of LDL-associated CHD risk (Lamarche et al., Circulation

Patients with a clustering of the lipo?rotein subclass abnormalities fisted below are at

\ Atherogenic higher isk of CHD when LDI. particle numbers are eleva marks
ofthe boxes below indicate the presence of this higher-risk metabolic conditon.

53a

154a

155a

e numbers are elevated. Check marks in 2 or more

453 Patiem B Small LDL (Pattem B) is 2 halmerk of *atherogenic dysipidemia’ and confers about hree-

[~]  foldhi
& LDL pgrﬁcles may be inherently more atherogenic than large LDL.

her risk compared to the large LDL trat {Patiem A). Evidence suggests that small

. Lower33%  Only the laraer HDL subclasses appear to be protective, whereas small HOL is positve
Low Level of asslty)ciatedrgiim CHD (Freedman eqpael Arteriogcler Thromb Vasc Biol. 1998;18; 046-53'{

Large HDL, rather than fotal HDL cholesterol, may thus be a more sensfive risk factor.

‘ Upper 3% Elevated Jeves of arge, tigycende-rich VLDL parfces have been associated with CAD
E}efaafsg \L/L\ﬁl_ severity, independently of gligsma triglycerides.pHigh concentrations of farge VLOL in
fasting plasma are a marker for delayed chylomicron clearance (postprandial lipemia).

60"
™\

The

VLDL Subclasses
(mg/dL Trighyceride)

SUBCLASS LEVELS Li %rotein subclass levels (mg/dL) are g‘iven in parentheses above each bar,

eight ofthe bar gives the percent ofthe population” with equal or lower levels.

LDL Subclasses HDL Subclasses
(mg/dL Cholesterol) (mgfdL Cholesterol)

75%r

50%

25%r

and

The Elus and minus sig

(1) (105]

(21)

75%

50%

125%

Large Medium Small
VIDL VLDL WVLDL
(Va+V6) (V3V} (V1+V2)

®
+ + +

Large Medium Small Large Small
L L oL LOL (DL DL
B @ (H3#HALHS) (H1+HD)
® 6 o © o o
4+ + + + - 4

ns shown above Summerize curent medical understanding of the reations befween fipoprotein Subclass evels
eart disease risk. Plus signs signiy a postive association with disease (higher levels = higher risk). Larger plus signs signfy
especially high-1isk subclasses. The minus sign signifes a negative association with disease (higher levels = lower ﬁsk{)J.

*Populaton percentil vlues are from NVIR data obtained from analysis of 3437 subjects in the Framingham Offspring Study.

©LipoMed, Inc. 04/99

FIG. 12.
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NMR LipoProfileTM
Technica Repor{l 100

Patient Name Specimen ID Date Reported

Patient #5 LP001141 04-05-99

150

CHD RISK ASSESSMENT MODULE

Upoer50% DL particle concentration (related to plasma apo B level) may be the single best indicator
N Elevated Number L g oo Lamarche el d ircu|aﬁon)199¥;94:27&2 Yand the best

Particle C°1“§'1 3" target ofrisk reducon therapy. Levels >1400 nmollL (30th percentie) are "elevated”.

Patients with a clustering of the Irih)oprotein subclass abnormalities listed below are at

N\ .
Sths?imi o higher rsk of CHD when LDL 2 cle concentration s elevated. Check marks in 2 or more
ysip of the boxes below indicate the presence of this higher-risk metabolic condition.

\ /153 PattemB - Smal LDL (Patem B) is a halmrk of ‘aherogenicdysipidemia* and confers about e
SmallDl/ fold higher risk compared fo the large LL traf Pattem ?).Ewdence suggests that smal
153a LDL particles may be inherently more atherogenic than large LOL.

154, g | s pos

' a/dl  Only the laraer HOL subclasses appear to be protective, whereas small HOL is postivel

Lowbetelof "rOR™ i i CHD rennen ot Aerosr T Vesc B 15918 104553]
¢ ibL154a Lange HDL levels <23 miydL. (35th percentle) are efined s “low.

15
*Elovated Lovel > 1MYAL Elevated levels of farge VLDL subclasses n fastng plasa are associated with CAD severy
of Large VLDL independently of plasma tri Igcendes, and are a marker for delayed chylomicron clearance.
155a Lange VLDL levels>17 m/dL (B5th percentie) are defined as "elevated”
SUBCLASS LEVELS %grqtein subclass levels (my/dL) are gfiven in parentheses above each bar.
i height of the bar gives the percent of the population" with equal or lower levels.
\ VLDL Subclasses LDL Subclasses HDL Subclasses
(mgfdL Trighyceride) (mg/dL Cholesterol) (mgfdL. Cholesterol)
{14) (105) (21)
75% 75%
50% 50%
25% 25%
(1)
||
Large Medium Small Large Medium Smali Large  Small
VLDL VLDL VLDL bL DL LDL DL LOL  LDL
(V5+V6) (V3+V4) (VI+V2) B O (H3#HA+HS) (H1H2)

® © o o o o o
4+ + + 4+ + + 4+ = %

The ﬁlus and minus signs shown above summarize cument medical understanding of the relatins between fipoprotein subciass fevels
and heart disease risk. Plus signs signify a postive association with disease (nigher levels = higher risk). Langer plus signs signify
especially high-risk subclasses. The minus sign signifies a negaive association with disease (higher evels = lower rsk).

*Population percentle values are from NMR data obtained from analysis of 3,437 subjects in the Framingham Offspring Study.

©LipoMed, Inc. 04/99 FIG 1 2 A
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NMR LipoProfile DM
Heart Dl’gease‘g’eport yé 110

Patient Name Sex Age Physician Name & Address
Patient #5
Patient ID Birth Date Specimen 1D
Phone: { )
LP001141 FAX: ()
Date Collected  DateReceived __ Date Received Comments
04-02-99 04059 | |
SUBCLASS PROFILE
, nmolL Optimal* Desirable ~ Borderiine-High High Risk
sor EDLPaie  [raps] st 0 | THOM300 ] OG0 J[gode Fen o]
m PattemA (arge LOL)  Intermediate Size _Patiem B (small LOL)
LDL Size [ 20208 |[ 20504 |f-203180-]
Lower-Risk Righer-Kisk
il Negative Risk Factor Intermediate Posifive Risk Factor
o
:;gﬁeiteml) [ oreaterthand? || 4218 |}--lessthant8
il Lower-Risk Intermediate
Large VLDL .
(hig?)gcexide) 110 | [ lessthan? [ 7-93 |-

fo delayed
150"\

LDL Partcle Concentration categories comespond to NCEP categories for LOL cholesterol (on a percentie e%uivalenoe basis) and
Erowde_an altemative target for erap;. Large HOL is the protective component of HOL; values <18 mgfdL.

igher risk ((;gosntive risk factor) and >42 mg/

ylomicron clearance and higher C

. (th percentile) indicate
L ISBOﬂ) reentile) lower risk %aﬁve risk factor). Large VLDL elevations are related
D risk; values >33 mg/dL (80th percentle) define the *higher-risk' category.

*Goal for secondary prevenfion (patients with established CHD or diabetes)

151

Particle Conc.
152+

N

Atherogenic
Dyslipidemia

* Small LD 15

1
*Low Levelﬁ
Large HDL

1565
* Elevated Level
of Large VLDL

54

\CHD RISK ASSESSMENT MODULE
\Elevated LDL  >1400nmoil LDL parficle concentration Lrelatedtoplasmaa B level) may be the sin?Iebestinditor

|  ofLDL-associated CHO risk (Lamarche et al, Circulation 1996;94:273-218) and the best
{arget of risk reduction theraE)y. Levels>400 nmollL (50th percenie) are 2elevated'.

Patients with a clustering of the lrigg‘pmtein subclass abnormalfies listed below are at
higher isk of CHD when LDL paricie concentration is elevated. Check marks in 2 or more
of the boxes below indicate the presence of this higher-isk metabolic condition.

3 PaemB  Small DL (Patem B)isahallmatkof'ameroﬂenicdyslipidemia' and confers about three-

V|  fold higher risk compared to the large LDL trait (Patiem A). Evidence sggests that small
LOL pgrﬁcles maybginherently mt;?e atherogen(lcthan Iarg);e LOL. W

<Z3myl  Onlythe larger HDL subciasses appear o be protective, whereas small HDL is iﬁve?
associated with CHD (Freedman et al, Arterioscler Thromb Vasc Biol. 1998;18:1046-53].
Large HDL levels <23 mg/dL (35th percentie) are defined as "low'.

>TmgdL  Elevated lovels of arge VLDL subctasses in fastng plasma are associated with CAD severiy
mdependenﬂ?' of Plasma fi I{cendes, and are a marker for delayed chylomicron clearance.
Large VLDL levels >17 mg/dC (65th percentile) are defined as “elevated".

©LipoMed, Inc.
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Patient plasma or
blood sample

NMR measurement
apparatus -
500

|

Computer Means for
generating an automatic
lipoprotein report and
determining CHD risk
based on the NMR
measured constituent
values
525

!

( Customized

lipoprotein report
identifying the CHD
risk attendant with
the NMR derived
lipoprotein
constituent values.
530
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