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NMR HDL SUBPOPULATION GROUPINGS AND NOMENCLATURE FOR DIABETES RISK APPLICATIONS

HDL DECONVOLUTION :
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*SUBPOPULATION GROUPINGS AS GUIDED BY DIABETES RISK ASSOCIATIONS IN MESA.
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DRI GOAL: STRATIFY DM RISK BEYOND GLUCOSE
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OPTIMIZING HDL SUBPOPULATION GROUPINGS
FOR DIABETES RISK ASSESSMENT
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VALINE SIGNALS
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REGION OF PLASMA NMR SPECTRUM CONTAINING METHYL SIGNALS
FROM LIPOPROTEINS AND BRANCHED-CHAIN AMINO ACIDS (LEUCINE,
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COMPONENT ~ COMPONENT  CHEMICAL ~ COMPONENT ~ COMPONENT  CHEMICAL ~ COMPONENT ~ COMPONENT  CHEMICAL

D (LASS  SHIFT(PPM) 1D (LASS  SHIFT(PPM) 1D CLASS SHIFT {PPH)
M METABOLITEA  1.875040 | VIDLY VIOL 1.966840 | GLYC21 2019880
M2 METABOLITEA  1.876400 | VLDLS VIDL 1968200 | GLYC22 200240
M3 METABOLITEA 1876400 | VLDLY VoL 1.969560 | GLYC23 2022600
A METABOLITEA  1.876400 | VLDLIO VoL 1.970920 | GLYCH4 1023960
M5 METABOLITEA  1.877760 | VLDLI) VIDL 1.971600 | GLYCS 2015300
M6 METABOLITEA  1.879120 | VLDLT2 VDL 1.973640 | 6LYC20 1026680
M METABOLITEA 1880480 | VLDLT3 VIDL 1975000 | GLYC7 2028040
HDLI DL 1915840 | VLDLI4 VoL 1976360 | GLYC28 2029400
HDL? HOL 1.918560 | VLDLT VDL 1973680 | 6LYC29 1030760
HDL3 L 1919240 | VLDLI6 VIDL 1.977040 | GLYC30 2030120
L4 L 1919920 | CHYI (YOS 1.978400 | GLYCOI 2034840
HDLS DL 1920600 | CHY2 (HYLOS 1979080 | 6LYC32 2037560
DL6 L 1971280 | CHY3 (YOS 1.979760 | GLYC33 2040280
HDL7 DL 192530 | CHY4 (HYLOS  1.980440 | GLYC34 1043000
HDLS DL 1928760 | CHYS (YOS~ 1.981720 | 6LYC3S 2045720
HDLY HDL - 1.930800 | CHY6 (HYLOS ~ 1.981800 | GLYC36 2.048440
HDLI0 HbL 1933520 | CHYT (YOS~ 1.982480 | GLYCY7 2051160
DL HOL 1934880 | CHYB (HYLOS 1983160 | GLYC3S 2053880
HDLI?2 HDL 1.936240 | CHY9 (HYLOS ~ 1.983640 | GLYC39 1056600
HDLI3 L 1936920 | (AY10 (HYLOS 1984320 | GLY(40 2059300
HDLI4 L 1937600 | (YN (HYLOS 1985200 | GLYC4] 1062040
LIS HOL 1936280 | CHYI2 (HYLOS  1.985880 | GLY(42 2064760
HDLI6 DL 193890 | GLYC] 1.992680 | GLY(43 2067480
HDLT7 HDL 1939640 | 6LYC 1994040 | GLYCA4 2070200
LIS HL 1941000 | GLYC3 1.995400 | GLYCA 2019
HDLIY DL 1.941680 | GLYC4 1.996760 | GLYC46 1075640
HDL20 DL 1943040 | 6LYCS 1.998120 | PROTEIN
DL DL 1.947800 | GLYCH 1999480
LDL2 DL 1.948480 | GLYC/ 1.000840
LDL3 0L 1949160 | GLY(S 2002200
D4 0L 1949840 | GLYCY 2003560
LDLS DL 1.950520 | GLYCIO 2004920
LDL6 LOL 1951200 | 6LYCH 2.006280
LDL7 0L 1952360 | 6LYCT2 2007640
LDL8 DL 1953920 | GLYCT3 2.009000
LDLY L] 1.955280 | GLYC14 1010360
VIDLI ViDL 1960040 | GLYCI 201720
VD12 VIDL 1961400 | GLYCl6 2013080
VLDL3 VIDL 1962760 | GLYCI7 2014440
VLDL4 VDL 1964120 | GLYCT8 2015800
VIDLS VoL 1965480 | GLYCT9 1017160
VLDLS vint 1966160 | GLYC20 2018520
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METABOLITE A

METABOLITE A

FIG. 14F

SPECTRAL OVERLAP FROM LIPOPROTEINS (ESPECIALLY VLDL/CHYLOS)
COMPLICATES ANALYSIS OF SAMPLES WITH HIGH TRIGLYCERIDES (TG)
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USE OF DIFFERENT PROTEIN COMPONENTS IN THE GlycA DECONVOLUTION MODEL GIVES
DIFFERENT GlycA CONCENTRATIONS AND DIFFERENT GlycA ASSOCIATIONS WITH CHD
EVENTS AND ALL CAUSE DEATH IN MESA

?A‘%(E)é:{w FCI%%NENT c0Nc€r5chRl)mON PchE[I))IECVTFiIEI)TI\I AL%’&\SISCE[POEIQTH
umol/L X2 p X2 p
PROTEIN #1 342 1301 | 00003 | 231 | <0.0001
PROTEIN #2 186 127 | 00004 | 112 0.0008
PROTEIN #3 162 109 | 00003 | 74 0.007
FIG. 1 6A

,, PROTEIN #1

PROTEIN #2

B Hel6C mcléd

PROTEIN #3

GlycA CONVERSION FACTOR GIVES
CONCENTRATION 0F GLYCOPROTEIN N-ACETYL METHYL GROUPS

1 GlycA/B UNIT=17.8 pmol/L

FI6. 17
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THE CaEDTA
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22258 £398
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971

: THE START OF THE
VALINE REGION IS
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2196-4355 DATA
POINTS (VALINE
REGION OFFSET)
UPFIELD FROM THE
LOCATION OF THE
(aEDTA PEAK.

(INDICATING CITRATE |
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ELECTRONICALLY
OBTAIN NMR
SIGNAL DATA OF
AN INVITRO
BIOSAMPLE WITH
A DEFINED ADDED
DILUENT.
902

|

ELECTRONICALLY
EVALUATE WHETHER
SKEW, HEIGHT,
LINEWIDTH, AND
FREQUENCY OF A
REFERENCE PEAK
ASSOCIATED WITH
THE DILUENT AND/
OR OTHER NMR
SPECTRA ARE
WITHIN DEFINED
RANGES OR VALUES.
910

§

| ANMRSPECTRUM |

DETERMINE A
VALINE REGION IN

ASSOCIATED WITH
THE BIOSAMPLE.

925

i

DECONVOLVE THE
VALINE REGION OF
THE NMR SPECTRUM
OF THE SAMPLE OF

THE SAMPLE WITH
THE ADDED DILUENT.

950D

\

CALCULATE NMR-
DERIVED VALINE
VALUE.

950C
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e 900

..............................

SCANS WITH 5 FIDs OF 2 |
SCANS EACH, 90 DEGREE
PW, 5-10 MICROSECONDS.

MULTIPLY EACH FID WITH A SHIFTED
GAUSSIAN FUNCTION PRIOR TO FOURIER
TRANSFORMATION WITH ZERO-FILLING
TO GENERATE FREQUENCY-DOMAIN GM
(GAUSSIAN MULTIPLICATION
APODIZATION) SPECTRUM FOR EACH
FID (OF 16,384 DATA POINTS) TO IMPROVE
RESOLUTION OF SPECTRUM.

LINEARLY INTERPOLATE ALL COMPONENTS
FOR THE MODEL AND SPECTRUM THAT
WILL BE ANALYZED

THE CENTER OF THE VALINE FITTING
REGION IS DETERMINED BY
CHARACTERIZING VALINE RESONANCE
BETWEEN 0.9 AND 1.0 PPM AS TWO
DOUBLETS AND IDENTIFYING CENTER
PEAKS BY SLIDING THREE VALINE !
COMPONENTS == 15 DATA POINTS,
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PROSPECTIVE ASSOCIATIONS OF NMR-MEASURED GlycA AND VALINE LEVELS AND HS-CRP WITH
SELECTED DISEASE OUTCOMES IN MESA (n~5680)

GlycA hs-CRP VALINE | GlycA+VALINE
2| P | X2 P | x2| P X2
CHD EVENTS (N=289) 70 | 0007 | 31| ns | 03| ns 78
ALL-CAUSE DEATH (N=346) 248 [<0.0001 | 13.9 | 0.0003 | 14.4{0.0002 | 367
CONGESTIVE HEART FAILURE (N=149) | 25 | ns | 29 | ns | 12.3]0.0006 | 141
STROKE (N=117) 130 ns | 0| ns | 0] ns 14
CHRONIC KIDNEY DISEASE (N=181) | 29.3 |<0.0001| 3.4 | 0.05 | 29| ns 310
COPD (N=120) 20.5 [<0.0001| 3.6 | 0.03 | 67 0.01 2.3
CANCER (N=440) 80 | 0004 | 30 | ns | 38| 0.05 1.3
ASTHMA (N=154) 351 006 | 16| ns | 20| s 6.
DEMENTIA (N=71) s8] 001 | 0 ns |39 005 10.0
DIABETES (N=493) 103 ] 0001 | 47 | 0.04 | 29.0]<0.0001]  40.3

FIG. 19
CHARACTERISTICS OF MESA SUBJECTS BY GlycA QUARTILE
GlycA QUARTILE

1 7 3 4
GlycA 21.6 258 29.3 35.3
hsCRP (mg/L) 1.3 2.2 3.8 7.6
SMOKING (%) 9 I 13 17
HYPERTENSION (%) 34 41 47 55
DIABETES (%) 8.1 10.8 12.8 188
MetSyn (%) 20 31 39 55
LP-IR SCORE 35 44 46 52
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OBTAINING A
COMPOSITE SIGNAL
ENVELOPE OF NMR
SPECTRUM FROM A
FITTING REGION OF
A BIOSAMPLE.

500

[

DECONVOLVING THE
NMR COMPOSITE
ENVELOPE USING A
DEFINED
DECONVOLUTION
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HDL, LDL AND
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502

\
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515

i

APPLYING A
CONVERSION FACTOR
T0 THE SUMMED
FUNCTIONS TO
GENERATE A
CALCULATED
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GlycA IN
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520

|

llll

:  INCLUDES A PROTEIN ¢

=i N APATIENT AND/OR

_______________

THE DEFINED MODEL

SIGNAL COMPONENT
AT A DENSITY

i GREATER THAN ABOUT

1.21 g/LTHAT IS

ALSO SEPARATED

FROM THE SIGNAL
COMPOSITE
ENVELOPE.

THE GlycA PEAK
REGION CAN BE
CENTERED AT 2.00
ppm; AND A PEAK
REGION CENTERED AT
2.04 ppm FOR
G?ycB.

..............................

SUMMING A
DEFINED NUMBER OF
LORENTZIAN FUNCTIONS
FOR THE PEAK REGION

ASSOCIATED WITH
GLycB, APPLYING THE !
CONVERSION FACTOR
AND GENERATING A

CALCULATED
MEASUREMENT OF
GlycB.

..............................

PROVIDING THE
GlycA DRI MEASUREMENT

CLINTCAL TEST REPORT.
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PROVIDING AT LEAST
ONE DEFINED
MATHEMATICAL
MODEL OF RISK OF
PROGRESSION TO
TYPE 2 DIABETES
WITHIN 5-7 YEARS
THAT IS USED TO

CALCULATE A DIABETES

RISK SCORE.
bYE]

{

IDENTIFYING WHETHER

THE PATIENT IS AT
RISK OF DEVELOPING
TYPE 2 DIABETES IN

THE FUTURE BASED

ON THE DEFINED

MODEL THAT INCLUDES

LIPOPROTEIN
COMPONENTS AND
GlycA.
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OPTION #2
FPG: 108 mg/dL
DRI SCORE: 32% RISK OF DEVELOPING T2D OVER NEXT 5 YEARS
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OPTION #2
FPG: 108 mg/dL

DRI SCORE: 32% RISK OF DEVELOPING T2D OVER NEXT 5 YEARS

PATIENT #1 DRI TEST SHOWS:

PG = 108

 ATTHIS FPG LEVEL, THEIR DRI SCORE
SHOWS THAT THIS PATIENT HAS A >30%
RISK OF DEVELOPING T2D NEXT 5 YEARS

]

DUETO UNDERLYING METABOLIC ISSUES
PATIENT #1 HAS A 4 TIMES GREATER RISK
OF TID vs PATIENT #2 - EVEN THOUGH
BOTH HAVE SAME FPG LEVEL

PATIENT #2 DRI TEST SHOWS:

*fP6 = 108

 ATTHIS FPG LEVEL, THEIR DRI SCORE
SHOWS THAT THIS PATIENT HAS A <10%
RISK OF DEVELOPING T2D NEKT 5 YEARS
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4-YEAR CONVERSION TO DIABETES (n=186)
HIGH DRI (Q4) o LOW DRI{Q1) o

<90 9095 96100  101-105 106-110 111-115 116125
GLUCOSE {mg/dL)
FIG. 28A

5-YEAR CONVERSION TG DIABETES (n=268)
HIGH DRI (Q4) o LOW DRI (Q1) O

90 9095 96100  101-105 106-110 111-115  116-125
GLUCOSE (mg/dL)
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6-YEAR CONVERSION TO DIABETES (n=321)
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RELATIVE RISK OF CONVERSION TO DIABETES Q4/Q1
; 6-YEAR 9-YEAR
7

Q4/Q1 RELATIVE RISK OF CONVERSION

96100 101-105 106110 111-115 116125
GLUCOSE (mg/dL)
FIG. 29
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L0G SCALE
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DRIp  IRAS GLUCOSE SUBGROUP-SPECTFIC QUINTILES
GLUCOSE=<90 mg/dL GLUCOSE=90-110 mg/dL GLUCOSE>110 mg/dL
HEW HEW NEW
QUINTLES | N | DOABETES | % | O3/Q1 [QUINTLES | N | DIABETES | % | Q5/Q0 | QUINTILES | N[ DIAREES | % | Q300
1 470 0 |10 1 [1m 7 |57 1] 4 |48
7 [N 27 |40 7 (18 1193 7 | B § |30
3 M1 3 {122 15 |113 R RIRERA
4 150 | 3 [60 4 (1) 17 (139 4 125 10 [400
5049 3 |6lpelZ 5 | N (Mipdl) 5 | 0|15 556738
> M9 3T > 605 79 131 > |13 ] 46 |48
DRIp  MESA GLUCOSE SUBGROUP-SPECTFIC QUINTILES
GLUCOSE<90 mg/dL (1) GLUCOSE 90-110 mg/dL (2) GLUCOSE >110 mg/dL
NEW NEW NEW
QUINTLES | N { DIABETES | % | O8/01 [QUINTIS| N | DIABETES | % | Q5/Q0 | QUINILES | N[ DITES | % | Q500
1 (57 6 |l 144 11 |26 1 46| 25 |543
1 553 4 |07 1 1395 N |56 2 48T
3 |81 8 [15 3 14071 41 {101 J |4 1B |56
4 1549 0 |36 4 1403 44 (109 4 146 | 32 |696
ECER R 2N LR/ RS2 R R L
> M5 60 |22 > [2038] 210 {10.3 X |17 141 |60.8
DRIp  MESA GLUCOSE SUBGROUP-SPECIFIC QUINTILES FROM MESA
GLUCOSE=<90 mg/dL GLUCOSE=90-110 mg/dL GLUCOSE>T10 mg/dL
NEW NEW NEW
QUINTLES | N | DIABETES | % | O8/01 [QUINTIES| N | DIABKTES | % | Q5/Q0 | QUINTLES | N[ DIABEES | % | Q300
1|83 ] 0 [0 I |71 5 |65 1| B 4 |43
2 | M| 0 00 2 |74 4 |54 1 [N 8 |38l
I | M 7 |45 3 105 11 {105 3 IB 9 (30
4 15 1 1 [18 4 1118 13 {110 410 10 (310
509 6 |elrel] 5 |11 46 (1997307 5 |31 15 (4841734
> M9 3T % |605] 79 [131] > | 137 46 348

FIG. 32
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DRI-NMR TRAS GLUCOSE SUBGROUP-SPECTFIC QUINTILES
GLUCOSE=<90 mg/dL GLUCOSE=90-110 mg/dL GLUCOSE> 110 my/dL
NEW NEW NEW
UINTIES | N | DIABKTES | % | 05/00 | CUNTIES | N | DIABETES | % | Q801 | QUDNILES| N | DIABETES | % | Q50
1159 1T 1 |10] 10 |83 1 |26 6 Nl
1 5] T 2017 13 (107 D m 7N
3 | ] 3 |58 3 1100) 14 |17 I 108 [N
4 | 46| 1 |22 4117 13 |189 4 12 | 11 423
5 13| 3 [8pAs] 5o 19 sIply) 5 [ 14 (883
> M9 T > |605] 79 131 > 132 46 |48
DRI-NMRMESA GLUCOSE SUBGROUP-SPECIFIC QUINTILES
GLUCOSE <90 mg/dL (1) GLUCOSE 90-110 mg/dL GLUCOSE>110 my/dL
NEW NEW NEW
QUINTILES | N | DIABETES | % | 0S/00 | QUINTIES| N | DIABETES | % | 5/00 | QUINTLES | N | DIABETES | % | OO
1 | M6 6 |l 1 [405] 13 |32 1 [ 46| 26 |565
2 588 5 |09 2 (4081 39 |96 1 4 6 |553
3 | M6 1120 3 A 3 N 3 |40 el
4 152 17 |31 41405 58 |143 4 145 | 30 |66t
5| M3 N (39735 5 (409 63 15448 5 | 4T | 30 638711
> | M5 60 |22 > (2038 210 1103 > [ 282 141 [608
DRI-NMR IRAS GLUCOSE SUBGROUP-SPECIFIC QUINTILES FROM MESA
GLUCOSE=<90 mg/dL (1) GLUCOSE=90-110 mg/dL (2) GLUCOSE>110 mg/dL
EW NEW HEW
QUINTLES | N { DIABETES | % | OS/00 [ QUINTILES| N | DIABETES | % | Q5/00 | QUINTILES | N | DIABEIES | % | O3/
1 1% 1 0 [0 1 1% | 7 {13 B 5 |00
17 | B[ 1 |36 2 1% | 8 |83 2 |78 |6
EINEREE 3 190 14 |56 3 16 2 |25
4 1 61| 4 |66 4 1400 19 [136] 4 1B 10 433
5179 3 13972397 5 183 31 (eIpadg 5 | 4| A (512706
> | M9 |37 = (605] 79 1131 S [ 130 ] 46 [348
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