WD 2008/ 131224PCT/ US2008/ 060830 DI ABETES- RELATED

Bl OVARKERS AND METHODS OF USE THERECOF CROSS- REFERENCE
wa RERIRTED APPLI CATI ONS [ 0001] Thi s appl i cat i oPCT/BSE08/060830

continuation-in-part of U S. patent application no.

11/ 788, 260, filed April 18, 2007, which is a

continuation-in-part of U S. application no.

11/ 546,874, filed Cctober 11, 2006, which clains

priority fromU.S. Provisional Patent Application No.

60/ 725,462. This application also clainms priority from

U. S PrOV|S|onaI Pat nt |ication No. 61/002, 609

fRIARERES-Rffet § AN MEEHODS OF$l AHEREOF

i ncor por at ed by reference herein in their entirety.
STATEMENT GRGASIREHE RENEEAOREISRCRS XD IBKFOREH OR
DEVELOPNENT [ 0002] Not applicable. FIELD OF THE
I NVENTI ON [ Q003] The i nventi on reIates to bi onarke
(0001155 s ki apRItF2liPR 1 2rsoatwAEen-Inrearheldd-Sopaterdiapgiqehen no. '11/788,260, filed

April 1l8' mf K'ﬁfcﬁ id Qc&ﬁﬁnﬁitmnfﬁ ;;ah%f U.S. lﬁpf;lli@hoﬁﬂo | NPE46I g4 3filed October 11,
devel op D abet es, met hod screenin

2006, \phiphu Flaimsapriarigy framrld Sf Vroprerogneh%atm Arppbkatlp@ MNog é‘}’g%ﬁ@?n gThis

i

Novenmbes&r200Us Thesk melsgtsd ap[arcandbrmraramdox’pyramdlb(yssfemﬁlcd: hexein in their entirety.
ability to regul ate bl ood gl ucose | evels. The Wrld
Heal t h Organi zation (WHO estinmates that nore than 180
mllion STATEMENT RBGAR DINGFEDERALEY. SPUNSOREDDEr i S
likely to nore than double by 2030. In 2005, an
estimated 1.1 m IRESPAREHOR DHVELOPMEND abetes; this
estimate |ikely undercounts deaths caused by Di abetes,

contributes to other diseases, such as
“moﬂheaﬁ%? b&%&% and ki dney di sease, that may be listed
as the cause of death. Al nost 80% of Di abetes deaths
occur in low and m ddl e-incone countries. See URL
Wor | d- W de- Veb. who FRFPRIGTHEINVEY FION sheet s/ fs312/ en
/index.htm . WO 2008/ 131224PCT/ US2008/ 060830

[0003][ O0PRd ialvahrﬁreaaws kd bibiSrkes aSédegiad \dlerdmdb&@s T¥dikod} of using the
Di abetes and Type D abet es. Di abet es

blomaréqf:rﬁ 49 fi"?tﬁmﬂéi)gﬁd@h ﬁhaDpra Hivddual) pvﬂﬁ ﬁe\qemﬁ)&aabeéeﬁs and methods of screening
a poqu‘lla}? & i%éﬂtlfg' %@Hl)rtrssat 1335 ?Grgielﬁ&%ngbrdbgég 'alllcpotHErO&U ‘Eﬁa]bgﬁb condmons
due to an autoi mmune nedi at ed destruction of

cells of the pancreas. . Patients require darly

adm nistration of insulin for survival and are at risk

for ketoacidosis. Patients with Type 1 D abetes

exhibit little gr i ' [ mani f est ed

by | ow or undetgé%ﬁ@?%aﬁﬁbéﬁgﬁgﬁéﬁiggﬁF r plasma

C-peptide (also known in the art as "sol uble
[0004]C- pPptbewee inellithOie @B rTyysallsbrlmpetarized by a loss of the ability to regulate

non- nsul ahet es dul.t - on
blood giGRa 12K’ il SFRENAEN Peanrtih BHG SiaRe i moreiyan 180 miltion
peopleaﬁﬁmwesrld‘venm&@%sofhlphaheére§1lmy tdiﬁbleehan%ﬁbetbyozmab In 2005, an
Di abetes is a | gss_of hlood sugar contr

eStlmaieH)}F}épé‘l%%%dl?(h%?fﬂ&é‘?ﬁt@ @mqsﬂ@a}grlg@}yarﬁrg?cowbgeaﬂ)s caused by

Diabet&d, 80Bia®sted SorftIB\1ACh Vitlef BleR¥s, dhHOk $e4S dRkast Qﬁ'd"iu'dﬂey disease, that
action and insulin secretion, either of which may be

may bg Ixgednsdloeausapf depdiatAlmest Wp@f Diabgtahréaaths ogenriie kv angh middle-
incom QAL CSELBR1 Wbila BvilhE ] Who int el REert A% ARER) 1S ensindex him.
I nsu Iclency and are 1 nsulin resistan
initially, and often throughout their lifetine, these
i ndi vidual s do not need suppl enental insulin treatnent
to survive. Type 2 D abetes accounts for 90-95% of al
cases of Diabetes and can go undi agnosed for nmany
years because the hyperglycema is often not severe
enough to provoke noticeabl e synptons of Di abetes or
synptons are sinply not recogni zed. The majority of
patients with Type 2 Di abetes are obese, and obesity
itself may cause or aggravate |nsuI|n resrstance Many

o M o




be indicative of a diabetic or pre-diabetic condition.
Al one, each conponent of the cluster conveys increased
wa@edensrascul ar and di abetic di sease ri sk, bupPCT/US2008/060830

toget her as a conbi nation they becone nmuch nore
significant. This nmeans that the managenent of persons
with hyperglycem a and ot her features of Metabolic
Syndrome shoul d focus not only on bl ood gl ucose
control but also include strategies for reduction of
ot her arteriovascul ar disease risk factors.

rthernore, such risk factors are_non-specific

F
[0005] abetl%}gbeéffs Melbitusjigwbdivided ppfo Jyae b &liabetesand fyeg %Psabstes Type 1
DiabetBGrhslif- QE%&dQ{tQﬂE\%?és%r hildHoBRoh&? Dla‘%teg)f regilffi‘*?%trﬂ ¥1ack of insulin
st at us. Iction for D abet
productipe diBi t@bmtaewlmomnanpdetedldasmtchen clothelbeta odl&xénheapastgreas Patients
var e_risk | .gor.i :
require (Q’ﬁ—g qﬁx%%ﬁstr or, 8% IHP‘H"{attoé g%rélsvgl zgrlqu eét“sg B reiceg)%glgé{ig‘él;’a%@gts with
Type ldbiabdtest exhibitsliktlé or ndﬁvﬂimcmgox[hsahah&saed by Ge@bah&hesnable levels of

insulinggr oftsfh CPerBif o SRrauh He et ab S S prptden

[0006]PT eTy5d 2 DRabBRS t}mhslmldeaérg@ﬁﬂ biAp&es it hdGIRIGRLE: Bihbetes) results from
i.ndi ces has increasing been incorporated into

insensigyity e ipHlE, ang-acgeudn{os 95% of Bahetes worldwides asiagonal Jhgpetes is a loss
I

oo GBIl B A AL B bt 1oL 20

characte peddlzyedisartérs of ipoyinl aetipn and mStﬁinﬁeaﬂetioxy eijhercxﬁmhecmtm@»nbﬂ the

predonPh%R %a%?ri\r ‘Tgé( %ﬁ?atbg{e Pr%)tf ga%é) EHAR gd wﬂ g rglglg\gé Cttl&r,r?han

absolutehmsHiradvficgheayramst andms(lllﬁanmeiam WtBeasetmtwlLy z(n]i&ifﬁ)l toughout their

... J.. Cardjal. 38: 4 flcatlons of th

lifetm,hoss ipc @‘ag}ot el fprRlmeRia! NayITEEAEH G Sit g offype 2 Diabetes

accounBfee 8008% Jfral GhaRoEPRDEles Balén gdunBREASsed @t many years because the
Eval uati on, and Treatnent of H gh Bl ood Cholesterol in

hyperglysgmiais OfieRunet syyesaernaugh toprqupke fotipeabjepiympfanpefiDiabetes or symptoms

r&Dehized PHEHA;BH1 Wwh
e SlnrB:l)f‘nll?ctﬁat [ g 1 t he eSan] Aﬁpd? |Ii)|§4cl)&1(t)|—srleardt?chgft)é ?Bll%%éé?}# Oth/% bd obesity
itself maty cahse ((rgggayatmsu]jn regigtaesiMany df2liose 83w-ag5iqt oBeserbry, traditional

eyl TR B 15 Py Ao
abdomiwatkeigivad eiscerddaly., Whebas ﬁﬂ[ﬂ:nﬁ&hﬂ"ﬁ&&i foge of Diabet(:Qﬁﬁé%)lave insulin
levels @etmpgtgaglsnﬁag?l or El%g?tﬁ%)dlig’ tcllx%é B%gg gglc é&eé%xe%cjsg Iayabetic patients would
be expctéProFdsht)in evehehitien Mstlin Pas&haBitResc@sceli filiction ®eh normal. Thus,
(Lindstrom J. and Tuom | ehto, J. (2003) Di abetes Care
msulmzeqrst}on iy pferydefsctivg apd insufficiept rqompensase for th insglip resistance. On the
ot LROR B RO Y BBl I SEbE R, i
impair¢cihgylrseeretip013] Despi t e t he numer ous studi es and
[0007]?): g 8 r 'tlirr‘gI %bétﬁ@ﬁftgrgfé%g?g&fég %gh%gsrete l_g\aﬁﬁi %eggrlgfecnt rgogrrx]lr z%nla frank glabetlc
levels. nfelrohrmm i giil@sé uﬂermmmﬁmpm@l@smlme’sﬁn@ aaumchcatlon that an

individé%al;g?p r %ﬂgtgg%@qﬁﬁgetgﬁuﬁrp%{ﬂ%&{}%dﬁe PE%E %Péqigra\%:cose tolerance test
for its a@aﬁbasmwéw it hiSHER ARADMBE: ipaRed @héddBoléraNd! iy Bditself entirely
there has been little adoption of such an approac

b
asymprpﬁ)én% P?qmsoegxlteéi \blﬂygqycfugqlophlac{mqbgnﬁogpeqq k‘kﬂﬂ}n §e@retlox is typically

initially encounter the pre-diabetic or undi agnosed
early diabetic. Clearly, thepe remains a need for nore
practical nethods of assessing the risk of future
Di abetes. [0014]1t is well docunented that
pre- D abetes can be present for ten or nore years
before the detection of glycem c disorders like
Di abetes. Treatnent of pre-diabetics with drugs such
as acarbose, nmetformn, troglitazone and rosiglitazone
can postpone or prevent D abetes; yet few
pre- dlabetlcs are treated A najor reason, as

L 1 - I e ..__.J:_..._.._



[0022] I n anot her enbodi nent, the at |east three
RDMARKERS are selected fromthe conbi nati ons of Figure
W@2008[180228] | n anot her enbodi ment, the bi omar keP&T/US2008/060830

conprise at |east four biomarkers selected from

RDVARKERS. [0024] 1 n anot her enbodi nent, the at | east

four bionmarkers sel ected from RDMARKERS are sel ected

fromthe conbinations in Figure 6B. [0025]1n other

enbodi nents, the biomarkers conprise at |east five, at

| east six, at |east seven, at |east eight, at |east

ni ne, at Ieast ten, or eleven biomarkers selected from
greaterymESRRISRE 2 otz thag e resBeNsaq pPWe lugesedpad; app result, most
PSR K P BB a B s Bk Baily lives,
except dvlien theyhvedeign diageositin gbxosegblgmncs testsr s thedmpprtince jof knpaired
glucosgJ lquncgl 1%}0 (Jiers] %xal.lsw ? ‘IJ' sCab?lap ‘i?'é }del%lf grs%rrllseatsi “ck%éa%g& h%liqof future

'S &SROt

dmemﬁXS&mmekﬂrmmEasurenent data to reference vaIues

[0027] 1 n anot he nbodl the c i,nat
100081, o Rizbeds B el S tried Shyenine Mt gt ranafsedrgne
overni SR €GibtidgiRisna d16&3¢E 1dveiger b)ndétécml?ﬁhg BlooBBRIchSAETQaftd fasting,

2007/ 0218519. In another
followedhpsingestion opetnrassang 8 birod e@eomeapwmwt twofours after glucose
admlmgt?zHPJnr@%;lu%‘se%leﬁhgé@ﬁtz elnSsttf &L oR kiR Ss @rrr\yanfi colleagues Stem etal,

nbi nat’i on of bionarkers generically’i ent| ied in
Diabetgparn 25:A8p1 -l 83, (AW2Puthe isowmitivity and falROwsitiye 18651@ lmpalred glucose
. t h r a

toleran]Lrge) g%? %r#:ﬁl\c/:g{r Gg fut rggglﬁte%&h t%a'&ytp 2 aﬂs)l%lls)s eveﬁ 0, 9‘3?0?;&{ i(f f% }espectlvely,
represeatigf tn ai@h uhdea stie Réceiver- @peda&ﬂgsChztr&xnenm Grrevaf177.5% (with a 95%

conﬁdegulﬁg grgﬁg F@rﬁi 755!’1@0%% d:fagﬁjv E{ﬁ.ﬁjd,}s 2!—2(1 Pntegtow goodness-

of-fit) 66@D0! dsecaart:yofctm’atmtehleﬁbecafssdera@dwllﬂeﬁe tﬁ%@h%ﬁéﬂse Yolerance test, as
identified in International Publication No

well asthe)79spalide test. the tavidt yridomensd di Fastine clitieal petiee dYlprsavass patients
whose i SJRSs K&‘iﬁ d&@dﬂsoeerg bi 4R5a88 ¥t 505 gatdsg Rolhnd¥ QABREKE] Kigh rate of
generically identitied in InternatTona ub?|cat|on
reversiplp to mnzbovﬂo@awaeoand[rmeoraqn reprastitdalse poratavendiagnosest{Burke et al.,
o 1 D abet
Dlabet%s{]egﬁ'gggg?gbe W@géé@?nﬁg% (?gl{eésl e ﬁrgé%ébt& ases wete %ISmost 5 times
more likalyity reealto nmrrptabencrsgamhfftek 2veB yedrs bf foitawkgr cbm;iareﬂtwuh persons

mecting ESNeaatH S PO roal BPRTH SoRore fromsaid |

[0009]i nput SSeyhhﬁtﬁglﬁd:dSe aAd HBA 10/RK&QT Singl e ipdiit biomadlter nRa§irements have
t hree bi onmarkers, where three of the bionarkers are

been atempied {0 therusof ik seapRRERosiuue Piabetes UrS. Prignt Apmisation No.
2003/0@0048'6 }Qx Fsﬁy%eé @?{%&ctfv‘a %ot@th@fRPk Sl Pl BEh AL 69 Poth markers of

S; (ii1) at least three bionmarkers, where
systemtq/roﬂwhmw ersgi Apne @élaeetn edjunat serthaDIRECEMERRf HBAJCOSRwever, for

practlcgogasok@é%ﬁnﬁg)sgéﬁgﬁl 1%13 i’i%e gﬁ%érﬁg rghll¥ hég&r &k{cﬂpﬁcﬁﬁgﬁg:g%hqalse
posmvélﬂses these fEthEsveofotlﬁadml adoﬂxed Tabl e 2, and Tabl e 3; or
) ast bi omar ker s mhere |.east one
100101 o7 i S eeob b RO bl e T AT ta oy dgast one or
more o@ﬂﬁ danmtm;rdmmvmﬂeﬂ (ﬁﬁ‘da@éiinsckr fatto Rk Oy slipkmi4did hypertension). This
| GFBP1.. 1 GFBP2, INS, LEP, and TRI G and at
cluster]ng it bisAGTBIegSYREPTE . 561 SeeEepic o RY semrreskaschers and can
CPs, and TLRFs of Table 1, Table 2, and Table 3. In
other enbodi nents, the bionagkers conprise at | east
four, at least five, at |east six, at |east seven, at
| east eight, at |least nine, at |east ten, or at |east
el even bi omarkers sel ected from RDVARI CERS. [0031] The
invention can alternatively be defined as an
i nprovenent over existing methodol ogi es. For exanpl e,
in a nethod of evaluating the risk of devel oping a
di abetic condition in a subject by measuring one or
nor e of C |n|caI Paraneters and Tradltlonal Laboratory

I -~ Y T o a1 o, .



[ 0035] I n anot her enbodi nent, the invention enbraces a
nmet hod conpri si ng advi sing an individual of said
wo paBasdeal ' s ri sk of devel opi ng D abet es, whePE&Il/DSHa$/ah0830

risk is based on factors conprising a D abetes risk

score, and wherein said Diabetes risk score is

cal cul ated as descri bed above. The advi sing can be

performed by a health care practitioner, including,

but not limted to, a physician, nurse, nurse

practitioner phar maci st, pharnmaci st's assi stant,

ysician' s _assistant, |laboratory technician

be lndlEﬁtlé(F o p drabetis orng- p}apgt&ﬁogfhtloaf Aﬂﬁpeaqug pg@ao%&} of th@ cluster conveys
mcreasHﬁ‘ Q&Lridvaufi 5§§ala9alchlse§selml bilt t&g%ﬁfér R RE5rhBih&RM theyBome much

advi sing can be perfornmed by a health nmaintenance

more signifiantz dthisongans thao thsimanagerent lof péragns avithi yperghsemia and other
f

feature? gggf%a%?lrc§§ﬂ}%g+$g ?hé)\?[cﬁfgg a{%? BXII’X of! bl@qd%éo%%iﬂéﬁol Rut a]lso include
strategiea fa racgmnmyomhdsre\aiehhvasaﬂa chgeateamk fIdtersh €afthdmoss, such risk factors

racti t.i S0 wor ki direct|
are o e i P Rt ARG R AN AP hE PR BaT [P aBregoss of
Dlabetggf oid&'f&imb&dbyﬂad]@w fr om the individual or fr omt he
ical records of the indjvidual. The

[001112oo§r8t presiiciiprforn idabries, preciaiabetat oF %Pﬁgdlébc?ﬂc sendiperecan also

§ RV 28l Msk frdicENPAIRORhmE ¥nPedrapiet ibiices that d estimat
encOmﬁ#croprocessosr Igorlcdedlcaterél d%VICG fof dgﬁivgffﬁgsmlesunaea

subjectsyabisolatbuiskdor dﬁreloawubabﬂgesmﬁ Diabatesner bprealishetic condettgnewith

Cly: r ] .
referen%% E%aé lk{ét'gﬁ?zﬁ cgkgcirté a%lgg %{S?{glm\gﬁ{e Lkr%lu{%gsgglggr%glchb? m%he%%h%a‘l) gl§or1thms and
computeyd imdiesthapimceasiaglly been mempommg@ulqeﬂﬁ)é%@ﬂ diagnstc testing and

enmbodi nents of .the invenption, e, Diab s risk score .
treatmeny, aé‘gleaiﬂ‘%ﬁaéﬁ"‘gt?{%ﬂlﬁ?‘f‘% frf”? a“‘tl’{g ‘Br‘eéi‘b"é‘?‘bém?r alja, %‘8@% yage, stratified
sample§ #OPLreps Erithtdleqdpitich. CA PRIAIRY of @rﬁarttmhralbﬁbete@nsk factors is

programmabl e cal cul ator, or any other device ca

mcorp(ttrte H¥p tedicy ve ERdelsap not bleseIlecai Stch lgoriths inc ude the
Framldgﬂ% \éfugy @karmél EW Iﬁe ald h(l@%)%rﬁ I Pehtdid1ofe46-9 1y ahd'Slbfiications of the

not 0, a physician, nurse, nursSe
Framtqgh@mt&tqdyoﬁ@h as gwd\lmalﬁholq@mlrﬁglgpzmohfrgggmﬁxam Panel on Detection,
Evaluagm( Sﬁ!ng lI?&ur?imﬁ%? H?ét??ltobd bﬂ?l%gt@lto? Lny A&tﬁ&QRdﬁl‘t %peatr{%ent Panel III).
or nu or y a rson wWorKki ng
[0012]u nd@thet Dmbdles ek predicdbn algbmthhts lnnodwdeewphauﬂuntltaonm,rthe $an Antonio

v S SAIFL 22 QBB Pt B RSE RSy . ecm. 100

Dxabet@smma()@-ﬂfﬂ Bigkd, U/P. 6d1.91999YRG6Y. Imern MeﬂaISQOIM$O 1456) Archlmedes
eder al rovincial, mun or local health

(Bady, 25V it Sefiyoipiim Dol DR amestet e Aot ot 2004 ML Fedy iy M. and

Schlesglﬁ’éer%(qmﬁ Didbéted C(‘aPéWi BF 3107-$119R URCEARiI®k-baRH Diabetes Risk Score
dedi cated device for del i'vering such advice. [0037]1n

(Lindsséyne). endbeemughte; 1. (2003) lhl@b&i%oﬁ—fm 26(@% 738t73bk @ntg the Ely Study (Griffin,
[ a

SJ. et gl ?%ﬁgjélggFétg alglgtrégt l@%egg\tf I%at}tjénd; ée r@e 8%(1?89& SEDith artet&pressly

1nanp@madbmemdneh&madecond|t|on such as nmet abol i c

(001315t SRS FOOLBTHS snlen B1 RarTRTRERL o e ReSH SR s the risk of

Diabetéy)preaDiabetes, OB prdigbetipiconditdn) @ needtahiefor acdrUrak nﬁ:&@ﬂe of assessing
conprisjng calculating a D abetes rjsk score

such righs Of COMUEOTSH SYBICTEQE BROW laqurazgofinréctﬁr%rtse%?eﬂléfreulé)éatfee risk
to a person, organization, or database. In other
enbodi nents, at |east one bigmarker input is obtained
fromfroma preexisting record, such as a record
stored in a database, data structure, other electronic
nmedi cal record, or paper, mcrofiche, or other
non-el ectronic record. [0039]In anot her enbodi nent, at
| east one bi omarker input is obtained fromone or nore
bi ol ogi cal sanpl es collected fromthe individual, such
as froma bl ood sanple, saliva sanple, urine sanple,
cerebrospinal fluid sanple, sanple of another bodlly



conmputers, distributed conputing environnments that
i ncl ude any of the above systens or devices, and the
WO p008/13120046] Sti || anot her enbodi ment of the | PWBEN$10081060830
is a kit conprising reagents for neasuring a group of
bi omarkers, wherein the group of biomarkers are
defi ned as described in any of the preceding
par agr aphs, or panels containing figures, or other
descriptions of preferred sets or panels of markers
found herein. In sone vari ations, such reagents are

packaged together. In _sone variations, the kit further
compumaﬁepméelveﬂa hapdreen liigls jadgrsion &f sychiniapproashs Ry the priary care
I & dfagfBed early diabeti
g o
Clearlyp therdpicplatg iagged émmpireprfapm miethofinofi asbageing the[rmlwfﬁsunelmabetes
[0014] ?2232@ is wlzﬁgig nge/a?tinlat prc(:e Ijla gr cé Xg% %r%segnlt o Iﬂt';';'%u(;r%}’lore years before
the detédnish lofl glycamis dﬁmdees/kizltdjaiabags rTredementof peadiabgrica gith drugs such as

di abetic condition, the conputer readable ned
acarbo%"oﬂ‘ﬁ&P‘%?‘Hgm’gi“"}z8{h‘i frglrosightgzeng ca PRYRONE ORBLRVER 1 g‘]laﬁé%?bb"‘é few pre-
diabetif®4t HBatad dA askid reghoh Oas DRI EXQCAHOOE iDthaBnPiRPRYHA lunarhBiguous

store bi omarker nmeasurenent data representing a set or

laboratgeyfast existsip detamuiBe e agiyal risk,af gn indaviduab fgevsloptpiabetes. Furthermore,
even ilGRERHuES KnERA ﬁ%eeatf{ﬁﬁ 'of‘ E‘%s%‘g}gﬁ fcdnBoPRnfRkRGH @-ﬂn&}}é
a processor to analyze t er nmeasur enent data
therapeutic evoaltomngengpeing land grsubjeotad dm sngleémdtagbeq gsgts use in the prediction
and dia%ﬁgsq%géijff?%gﬁ%et% eIfhﬁg,beg ?ee ams a n%g t'?rﬁ h% 6&2&8 eﬂggtﬂg(ﬁs St 1§ent1fymg
diagnogiag,and ahtsnenoof tpa;aeﬂxdawdmm whﬂ lareglof ygldlm;wwbumlmﬁ’re at significant
. escriptions of preferred sets or panels of markers
rkafggﬁi 'ﬁ%b@gﬁes[0048]Another enbodi ment of the
[0015] nVRB&dr&mgllySthéredbxﬂﬂlﬂeﬁhbe?d ﬁ)€§ telivelyaitx pefdivendh®enient method
the invention includes a nostic test stem
for screenipgmesOAYat rwb&w@ervelpp@s@am gSpehst teﬁteceuld%/ be used for screening a
large pgﬁﬂﬁtﬁlﬁlgegdeﬁg gj &Y&Jﬁ aﬂ{lskrrfgg fr)]isamf'tgsr l%t m&gﬁ 1 sin le?ergoﬁ"@ﬁetermme
that indiyiduddi wktéﬂcvqlmng Pwbelas.a for one or nor e i ndi vi dual
bi ol ogi cal sanpl es; nmeans for conputing an index val ue
from bi omar ker neasurenent data according to a DRS
Formul a, wher ei n SAVIMAR Y 0t REE INVENTHONent data i s
representative of neasured |evels of biomarkers, and
[0016]f ur Themstaianennos atlaenwasel oﬁdoﬂnenketssfooévahiatingﬁieersk that an
se th evel s. of a.set or |onark r
individi AP Sune Sahieontor eRs S Bea iR ot amorp RER A 1 T dPipiopine
Diabetés) ehtKm¥bdof daltuREAE subAITisRE, laoﬂslngﬁndihauﬂs SFcIs HblG, prosiding
system the_ index value is a D abetes risk score. In
dlag“°§&+55tﬁ¥%?f§? fox qalgulating sugh sisks, ppd Yarigueether gmbadiragnts as degcribed
hmeulconputed according to the nmethods described herein for
nPutlng such scores. In sone variations, the neans
[0017]f or Incesielcaboiimena ke inyension mepvides noyed panalsofchiemarkers which can be
measmreg Qﬁ@ﬁs%ﬁ% Q\glllj gg the Wk ﬁQPﬁ{ ﬂﬁ%ﬁf)mf &@%@g%%‘?&%{? tHHiture, for
nore indi Vi fs conprises a data structure or
exampuathabmls ¢hat dmindpmndnal will developiabeltas imgwmexf b2, 20npt 3,0g 10 years.
Exemefye g pRFsE Rl eSS HERERIEST B SR RlaiRlinagpore i
conterrpeyoear dslamgndihiduﬂl eadbatimsent bitke setittonC Euph paees defings aiséll of markers
di splay, an audio output, a link to a data structure
or database, or a printer. [$§049] A rel ated enbodi nent
of the invention is a nedical diagnhostic test system
for evaluating risk for devel oping a diabetic
condition, the systemconprising: a data collection
tool adapted to collect biomarker measurenent data
representative of neasurenents of biomarkers in at
| east one biol ogical sanple froman individual; and an
anal ysis tool conprising a statistical analysis engine
adapted to generate a representatlon of a correlatlon

1 . "



[ 0058] Al t hough the applicant(s) invented the ful
scope of the cl ains appended hereto, the clains
wa@ppensieed hereto are not intended to enconpassPei/UkI008/060830
their scope the prior art work of others. Therefore,
in the event that statutory prior art within the scope
of a claimis brought to the attention of the
applicants by a Patent O fice or other entity or
i ndi vidual, the applicant(s) reserve the right to
exercise amendnent rights under applicable patent |aws
to redefine the subject matter of such a claimto
that cag pe employed foy H@W&d@psqyewegtﬁéﬂﬁt WImpus resdable fneéra systems, and
other ag&ws%w MV dnBbh %?ch%;ﬁ%u‘éﬁ Q&tY oPfhhRersar t from the
such a claim attons of the invention
[0018]def Imdtlbyersb,mmmamteﬁnd énveptien enbra¢es@ ragthod oftcaleykating g Diabetes risk
score, c\:/og?qnas%ng (2)f obtteTxlnltnﬁ rl]I\I/pleuESf/ alleb(rgl tI %nﬁqg\ﬁvﬁ Qg%lm;{li%%tg WErRva Q)‘fl biomarkers in at
least oamavogiamam@mwsaﬂa S dIG083 Cand{ppcataulating atlbiststessiskIstee from said

. in the ar mthe enti thi.s applicati and

inputs; el 4 biseChRELCATpREeE ) Bh/He ke BiGmaRES sEptteg o

RDMAKms Idmu) ﬁ@am&%@%ﬂérmr@& ml&mm ieQeQEea]fmeADIPOQ
ai l ed Descri t|on ﬂS'Ven

CRP; GURORE, OBE HAGC: HOBALBUIGIBT : KOFBEHANGHL Bt 476 TRIG: and one
biomarkBSE Wik LARAMIRNLOBRISKS.] ORY and RYRPEHABR! £ 18R 2 Bnd Table 3; or

conjunction Wt e acconpanyil ng Fi gures,
(ii1) at lengthrpo bimmarkens mdiere 4t Jeastering beomeazkeriinselieiadrom GLUCOSE and
e e S
HBAl{:a%(?ea]stF RS %méﬁrk?hé’séié@%cf @&2\@?@% ; g;\y‘é}f, H3BAS a{%%Bpl, IGFBP2,
INS, LER, ztridé‘ RIGY; amdhatileadi m&tlﬂdmhnker‘ iCutledtéd f'rom&he‘rAEEDIBMSHSLCPs, and

fron1t se popul ati on of Exanple 2.
TLRFSE?%&CHH‘?EL g%le Aaiide agl‘?a?e anal yzed (there are 84
[0019]IOOSI=H Dicatddrdneiodiént tha TVaEON is%a hE&Bo® T SVALRINBIRR IS Rbeloping a
mar kers, and 95, 284 possi bl e Banels of 3 markers).

dlabetltrﬁ@l%crm Hheanethgrbequpprisme: K%qbéaa@leg IpEaRk e ISR semeRs dRigr wherein the
blomaﬂﬂéx”ﬁ&a%uﬁe%ht AR istr é}ﬁes%h&uw&%%asu{epﬁn&%t H{Hﬁﬁrlkéi‘{ﬁ]'ag ast one

I ndicate the rcentage o er pane
blologlpaias[amgqum sn maividypd; B4 (hhevadyating nisk frg devdiepifga diabetic condition

based (%xa{nacgméu% [fr%é é thoSQ, #{H rléf.ngthlg l%og%iig %ﬁé%g%ﬁ&gﬁ on fal(i) Elu)ut of the biomarker
Clivity, ucose’ 10l erance, et, eXx, tWO narkers
measufeotentdand; whetdis the byonjatkdre esrhprisel 1) delgasﬁ: eree Bibmatkets, where three of

the biofREer U hEE R PR BREB reBaRp e St G gt four

blomar%elea Pt S frpAIRDMNRKERS: uﬁe(ﬁlu)l at &aaaﬁl@b bmmtdaatwmfb&wo biomarkers
rom an eval uation of th ,faraneters listed

are Sel‘FPéf‘é’sfm'E ARIRYQ: SRy IGJ{L&OW o(ﬁl\? HEBHLSHIRDLB: dﬁl@% 1pIGFBP2; INS.
LEP; akf qmi’d}ear% onk Q%@Jrf(:érgéjge@ec?bdqﬁﬂh BleSABLHBRISKS rd’f@r ﬂqd TLRFs of Table

sel ection graph agai nst the /5 paraneters eval uated
1, Tablg@p st Tabde 3:ing (ROG bastitkree hiomarierse tvhatst legstenmie didroaskeray selected
from dﬂ‘ﬁé(‘)ﬁ-& gnc? %rigi thleasp r?é blél%%%x[ ﬁi glgjttg I“rgl(ijl AIB%M
neasure and ca ate ase opula
HSPAEB(dGﬁlB@lzlGRBPar IN$\d-BR, end ’ﬁRfG,myﬂ at l&hﬂlb&&blﬁkﬁaﬂm iseqeleaued from the

ALLDRRFS AR S Trhled . 5 it B S P 18] W dhomancer

where 6fUadst t\icﬂlbxbm&rk&s%ﬂl&l&dﬂ’ﬁhﬁ Qteﬂﬁloxﬁirﬁé?s avithd @k gbip cBhsisting of Core
mar kers. The AIC is superinposed on the graph as a
black line. [0063]Figure 4 is a chart depicting the
ROC curve cal cul ated AUCE statistics for nmultiple
expandi ng "best forward sel e6ted” LDA nodels as
nmeasured and cal cul ated fromthe base popul ati on of
Exanple 2, starting froma single ALLDBRI SK and t hen
at each step adding one nore increnental forward
sel ected ALLDBRI SK. This continues through 65 sel ected
quantitative WD 2008/131224PCT/ US2008/ 060830
bl ood- borne ALLDBRI SK sel ected fromthe set of markers
in Figure 3. The AICis superinposed on the graph as a
black l'ine. [0064]F|gure 5 |s a table sunnar|2|ng t he

- o M



WO 2008/ 131224PCT/ US2008/ 060830 [ 0071] Fi gure 6F

depicts 100 particularly useful conbinations of panels
w@boosilgi2e4 bi omar kers; each panel can be used aPOIES2008/060830

wi th additional bionmarkers in conbination to the eight

markers listed. [0072] Figure 6G depicts 44

particul arly useful conbinations of panels of nine

bi omarkers; each panel can be used al one, or with

addi ti onal biomarkers in conbination to the nine

markers listed. [0073] Figure 6H depicts 11

parti ca rI usef ul _conbi nati ons, of panel s of

Biomagiegsfgn @é@ﬁkeﬁ%ﬂéfld epasha tfugdetaorar-%ﬁrels sglected frgm any of the

bloma&g,qlhtsgegmtrag)éqmar kers in combination to the ten
mar kers |i sted. g0074 Fl gure 61 depicts a particularly

[0020]y s elniyet aenthar related ambpdigept thel invsintien isveethesd efrryaluating risk for

Q
develo%xng ?'(E)@trx% &Iﬂﬁltg)g nqglrchﬁgtmlﬂ (ﬁ)?agmtg rr?etgl\(/eggr%#%drr ﬂ@ﬁts from at least one
biologicalstmgle ffdi0 @b ridivgduad who a'i@ptubj@t that leas nabbeen $ttmlmlSlyzhmosed as

havingf%%g%e'l%;s[?rl 5513‘)(%@%}' ﬁf aréglte & ﬂ)g?lc c?rgttﬁoeng gﬂlz]rg Y It@%&ﬁgﬁ&%rs m%asurement
to nornfdl Xofited) @dvelsaill Samatingdme eisk Airhﬁﬁﬂhﬁﬁilﬁpd@bmtdgwtﬂabetw condition
possible froma starting set of 26 sel ected ALLDBRI SK
from &Ie'ﬁog‘rpalis%‘) whergw the Biomagkersaig defined s sstdorth idhs preeedingearagraph.
[0021] pOpSHnﬂIak@nth@ﬁnv’éK@JmIn@luaes x{lgg&ﬁ&)ﬂ%vg}ﬁﬁﬁnggnéksfoﬁdév@%ﬁlg a diabetic
cont ai ni hg key ALLDBRI SK markers, including clinical
condltlpmtbfrréteé\og compra%mz y thnmlgé)maak@measmrsmema@taa wherepytbie biomarker
I

measu%&%ﬁl; %{e 1rs \géﬂr%h gtaﬁgergef r{lj% eglrem%n? %g bfé'}ngfc}( @égl%?g §F:<blolog1cal sample
from amurdo\ndhah,ganﬁ@valhalqgrreském developing iaalimbe s conditgurbaskdamchn output from

al cul.ated fromthe opul ati on. of Ex
o moach B A R -SSR eBOEHR B ST RBs Bafymment dars
wherelﬁyﬂbtbiorﬂaskﬁeslerdlehﬁw febevd). [0077] Fi gure 9 is atable
depj cting categories of physiolaogical functions,
[0022]; \/ InrpogiEptipRodimertx Bsst lgﬁstﬁt}feeﬁﬁ?@kkﬁ&&?@r%setwdmthe
Comblgagegstd,mgurg@gm] Figure 10 depicts useful univariate
bi omarkers. is a table sunmarizing the nine
[0023]si ghy gnothenempedimemy R binmacksrs peraprscad legstifowrdiemarkers selected from
RDMA‘iﬁhEﬁ‘@.CeS of certain bionarkers studied, including
r concentration or other neasurenent units,
[0024] rat Ineamth'ec ahbmrbmﬁmtl, iheat leant fourdishakeratélensd from ®DMARKERS are
selecte{t‘fr m ] ﬁ‘u|utl i omar ker index construction),
QHIS?ISFW@ ﬁ'é%{ﬁ AntPUStAtidar d devi ation val ues, and

[0025]baCKrdthe’tra:ﬁfb@ﬂﬂiﬁﬂlts[TBﬁrbldihﬂH&E k&hpigene RatiThie] ANeadl siOtabRAast seven,
s measured for both t he Tot al Cases (Converter

at leasttebgftty% Teast e, gleass tapy ok leven bhiomarkers selagsedfrom M

[0026]( NOB) s@ﬁﬁv\ﬁ‘iﬁﬁt%nsttﬁe Kpef gvaﬂaﬁhgh%@corﬂpmeg&ﬁ)xplﬁfngtah $ndex value using
, as well as a conparison of the individual

the m06?1é><§$qslt%h¢ btowavtﬁet measusgragnt data cuhergin ke indexgyajees cmlmgd with risk

or 03 BT PR Ol s o comprses o

the biomad@abiehstlltrgmttrhdatattMEf@m valart:s ois 1), as neasured and

[0027]?85%13% g h%g ?rrelt;(idi]]ﬂer:ﬁgthgase (5?“ ié)llé)rplar%?erfs iUSe c{%g(cﬁldes dny combination
of biomankezs qmeblfmallwﬂibmﬁ’tﬂdeﬁ US Paieit @dblidacion Pal 2007¢02 1861908 RaSdther
makers anong all possible two nmarker conbinations that
showed significant predictability using a two-tail ed
test for the null hypothesis (the probability that the
odds ratio is 1) after a Dunn-Sidak nultiple testing
correction, as nmeasured and cal cul ated fromthe base
popul ati on of Exanple 2. Figure 11B lists the 16
uni que markers that were a conponent of the
significant interaction variables, as neasured and
cal cul ated fromthe base popul ati on of Exanple 2.
[0080] Figure 12 is a list of 18 ALLDBRISK identified
t hrough various heuristic nodels, as nmeasured and
calculated fron1the base populatlon of Exanpl e 2.
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WD 2008/ 131224PCT/ US2008/ 060830 [0085] Figure 17 is a
graph show ng a representative clinical global risk
wa@az®essnent i ndex according to the Stern nodel POF/US2008/060830
Di abetes risk, as neasured and cal cul ated for the Base
Popul ation of Exanple 1. [0086]Figure 18 is a table
showi ng the results of univariate analysis of
par anet er vari ances, bionmarker transformations, and
bi omar ker mean back-transfornmed concentration val ues
as nmeasured for both the Case (Converter to Di abetes)
and Contral. (Non-Converter to Di abetes) arm of the
embodpmeng thypammbingtion ob piomagkrss wsed ex?lm?pvrp‘guweatw ¢fbigmarkers
genencfaﬁpkcﬁnéﬁmrwgpaemtmpnwﬁw Bublidtioh NYS 808962185 8.1 on
: anal ysis of clinical paranmeters and bi onarkers of the
[0028] pr ebcotheriempedimients, thasblqmzalsm eemprisetahlgagdiye, Fdeat A japfeast seven,
F I
o eas Ml 8 TR et S s bC B R R AR G RINIRRKCERS.
[0029]c| uBitaapihagerabatiBentnihe painbibatigproofdidmdkers ysédsexCRGEy anyfcombination

of biori SRR AL R B PG F R P A ELAOGIU#4560. In ancther

embodf¥éhiRh&cokbib AR Ei@xwrlaers?.@@dlemaddsahy gé@biation of biomarkers
representi n% the results of hierarchical clustering
p

ge“er“"&HM‘ iggt indptepagignal Pypligapen Ne- WY 2 74MER2r s of the
[0030] pr eﬁx%t)tﬂepé’tﬁ%dlﬁemt ﬁl% IRAGH SfbraékstafetBRAPSE R Rﬂl&ltlﬂé h PRabetes risk
Exanpl e 1. [0090] Fi gure 20C is a scatter plot
score, Q(ﬁi’@ﬂs@gdhl @t@fnngum ablepcanl indivigyaleqompgismg dhePepel of blomarkers In at
least oﬁ:é ﬁlglog%Ll SR Penﬁ‘&g s%id v1l8{12$ Eﬁf &l flaurn?% lﬂ?at?e?&r}%sk score from said
S measur e ase OpU ation
inputs; E\xt&rmh gaid bloﬁrﬁﬂ&h] ¢angprise (i2 it llesst &ueealhbmaﬁcamnwherz |thrge oftbe

biomarf g e 5o L Y IO R 1 HRGLE T P68 o1 ol gt e

biomarkarsis@leGe R/ RIDMIARKERS Sor (/9 alle & ttfrwblbﬁhaikhfs ®asre two biomarkers
Popul ation of Exanp 092] gre 22 1S

e sel b AP B SR cas PRl 5o 18  Brmpyorm2: v

LEP; ah& qﬁﬁ@gaddmn\é ¥ drdrRer 1§3ée\1&'iédaf§&n t&%EEBRﬁKQt@SLM TLRFs of Table
nodel s by AUC, as neasured and cal culated in t he Base

1, Tablp@p andat 4bdm3;ofr (X antpasé three bipmarkergewheraadenss snéb@maé(er keselected
o IO g I GRS RSLES8 1y SPBIOATihcrr.
HSPA1BdGABES, IGRBF23 ]IV dLER aﬂ(BTRiG,aang raabhst(oaé biomarker is selected from the

I TN s L N MY, ST E

biomarfkes@omMpALY AlléRNfonf, ableadtImive, alleastsSiungt lehst sa&ﬁﬁatfl@rstmgmaa least nine,
in Figure 8. WO 2008/ 131224PCT/ US2008/ 060830

at lean[tewaPtﬂFgﬁa eleveybipmarkegssslsrted irom REMARKERS: r e LDA
[0031]]c or "f"ﬁé FveRlachar diaRhiRly BY defth6P 4L iRIpPORMER! &e%ilg‘[mg
AUC and Akai ke Irnformation Criterion (A
metho@ﬂ@glwstﬁoc sxmpleae 8 niitindeaf lesluating the mk @ftd@peloalgg a diabetic condition

in a sufE&Y rrgfga it Sij cdi Ii’aaraﬁ?e% a&‘fubf?z[l L%Boratory Risk
@n‘& i (8%50? I gure ‘é@ aretabe

Factorsu lan v:albodmzenmm(%\lramaiqnss an Mprpmrmmc@npmg aht:aesng biomarker
measms:ggzﬂt %ﬁa&@? 1§ Ir%casegtgH\éee% 1P 3 atg{lrgﬁltehtg lr(])f atrleasglrvxéosrta[)rkn%rrkepsqgg sample
from tiEoSUb 20N WhEietl the aCleast ewd Biomarkerarel seléxedd f@ﬁm alid’@ou[a&nmstmg of Core
Bloma.%gi?ﬁuarélﬁmg dfo%%{lgl%% ilt grgi eavfablggéetlplp nglf gp o§1n§ at%g?eélc condition in
summari zing the cross-correlation of clinical
paraneters and bi omarkers of 8t he present invention, as
neasured in the Total Popul ation of Exanple 2.
[0097] Figure 27 is a graph showing the entire LDA
forward-sel ected set of tested paraneters wi th nodel
AUC and Al C statistics at each biomarker addition step
as neasured and calculated in the Total Popul ation of
Exanple 2. [0098]Figure 28 is a graph showi ng LDA
forward-sel ected set of bl ood paranmeters (excluding
cI I ni cal _paramet er s) aI one Wi t h rmdel char act er| stics

o o, o



[00101]) Figure 31 are tables show ng the conplete

enuneration of fitted LDA nodels for all potenti al
waniosasizad e, bivariate, and trivariate conbi naP¢DOS2088060830

nmeasured and cal culated in for both Total and Base

Popul ations in Exanple 1 and Exanple 2, and

enconpassing all 53 and 49 bi omarkers recorded,

respectively, for each study as potential node

paranmeters. [00102] Figure 32 is a graph show ng the

nunber and percentage of the total univariate,

bi variate, and trivariate nodels of Figure 31 whic

the subjgsbbasgh PP am gutRMIEr Adnasis], udered tha@orekia pxeosisd |ba%eri@ﬁ agfinput of the
biomark&AHPsEretrend &EL03] Figure 33 illustrates an exanpl e of

a sultable computing system environnment 100 on which a
[0032] sy sAbernftdvely, rea giethod of £valipsing tiz niskcbf devdhemdngm diabetic condition in a

i8R 5%155 TR RO ESH e e oo ik o,

an emtfoﬂﬁmnd bbhe iventiorsis ar xapiolemem ichagdrifing: oﬁ&mﬁhg)bﬂongrlar measurement
el which be used t val uate a risk of
data thJgs g oo g P TS ReTuRybrdh A>Hrlp Gpmche subject

whereift @t lda%wo[b@gﬂﬁﬁérs EfeGlebied 5roh§théi gfduf \bo ki G IMATIIPEOQ; CRP;
e nethod for usin arme to evaluate a ri
FoATSSLEY

sk of
AGERGAHSG; ANSEIARIE: GP 14 FTi; BIFHRGL2A; VCAMI VEGF;
Vv [
g VEVELORAGRe 8h POED! e B e AR E U Bl aped on an
output antnt enodtlOivhérendhe mndkl catxecutedhbashdor an inpnt ofribk biamerkeby
mawme%dyst as neasured and cal cul ated fromthe base
pop iy gtlon of Exanple 8. Sixty-five nmarkers are

[0033]analnysoedt vatihtbons ofithe 16'Eenpos,3hdad>lﬂa1pmge)h@nawkerlnemaurkmem data step

080 possi bl e of t rke and 43,6
Compnﬁ%ssfg?aaﬁ ng%Pat gfah‘éinw Lecr o rr\mﬂ S “éag‘“ftlrsample
from s4i ‘ﬂicﬁﬂh@alt b@n&m‘geﬂhe QfetHBariK&ﬁde@ aRBpIplidab tmeptdf%bﬁmg

cutoff; the columms | abeled "P" indicate the
biomarker measuregeniatal|of ohiinieg atheaseens %qloglﬁ%ltsargpl@ oy thg ndividual.

0341 They rﬂ(?\’aﬁ%‘i&q 1iHAe brharRiraRds OmB OdZSEd i§ésSobtaining d

[0 3]nea§ﬁ$% on stgraﬁlsagpﬁégnof casturég t £maﬁinF%2Pg ata

represeatatiot af 4 owasufémant ofrtha denekbef @ﬂeabtaale Ibuquer[feml@meexisting record
i 7 ' lLect ed. ticularly useful

(that C%‘é@rﬁs{ Sﬁlgﬁil%tﬁlglp%%hégﬁlglt@e lici)lﬁ QH%?@E bi omar kers; each panel

[0035]c anIrbsotiee embbdiment, the inventiomeldbriategnahethodevmipeBing a’dmsmg an

individigliH B8P B B S GTORTE DB YTEr sy LGS Dpg on factors

compridRE Q| Fiabdt@Tisk s8d8) dnldWehebdih sl DRibefes HSE @k HBlehioBRle®!s described
as neasured and cal cul ated from a | ar ger base

above. pHis Adyisingrrap e psAerpIcd by adicalthease PrRCHIGE iR iR Juchpt limited to, a
physwﬁf]fmjr&v ﬁﬁrsf graZéld% Ipﬁ{imﬁ@;s{ Bﬂma[:@pf‘l%féﬂstaﬁ{ %H?s‘?mg@s assistant,
depict's sel ected tlcular y useful conb I ons of
laboratppniethnicdn, disticiahj Qx_rm_trkemsst ogdyz h ppoe votkang Weleuthedirection of a
health ?4{9 Bfabﬂﬁ’(;ne\rm Qer %R'Fs:u]iﬁ' cgagﬁ)le.?g}ggtgﬁerdl%&r S?afp}é &g"?énﬁﬁée' o(?ganti?ation, a
hospitaraktimicqn asuahcd ddntpmdy,l adgiaBh care cagpmsommamdﬂl fedémb seate,

. a artin 6 sel ected Rl SK, as sur ed
provinialshiclti. af Ssot il 57 4Py op AR GBaPtFod Mg peath core
practitiokételpers8n %dﬂﬁ@@ideﬁtt@f&éatcﬁxfdﬂaﬂﬁﬁmﬁcbﬂre prfaémicﬁlued)btilﬂs the medical

AUC or better) 0010?5#lB ure 39 depicts selecte
history p{ the ‘Bﬁ’ivadﬁ‘PV“R@ dfedndiy %H@ "Eﬁdlcﬁbf?éPfé‘S 8f “‘Fﬂ“%ﬁé‘“d“al The

bi omarkers; each panel can be used alone, or with
addi ti onal biomarkers in conbination to the five
markers listed. These panels represent enuneration of
fitted logistic regression nodels froma starting set
of 26 selected ALLDBRI SK, as neasured and cal cul at ed
froma | arger base popul ati on of Exanple 8 and neet a
predeterm ned cut off level (0.75 AUC or better).
[00110] Figure 40 depicts selected particularly useful
conbi nati ons of panels of six biomarkers; each pane
can be used alone or wi th additional biomarkers in

Y N a



starting set of 18 selected ALLDBRI SK, as neasured and
calculated froma | arger base popul ati on of Exanple 8
w@nwsireres a predeterm ned cut off |evel (0.75 PCIZUSI008/060830
better). DETAILED DESCRI PTI ON OF THE | NVENTI ON
[00122] The present invention relates to the
identification of biomarkers associated with subjects
havi ng Di abetes, pre-Di abetes, or a pre-diabetic
condition, or who are pre-di sposed to devel opi ng
D abetes, pre-Di abetes, or a pre-diabetic condition.
Accordlngly t he Ebesent i nvention features nethods
advisinggan pgj dens Fujqmagjicallnjfeaxamplfobys EOTHPULET, BRCTEPIOgRSIY} Bifedifated
device P ARBVGRe REEaRIAD efth%%dv@i\";\)ﬁ RaiPbEadhe B Sl HeG11E 426 ] Fﬁabﬁ’ﬂibner or a
i ncl udlng ose subjects 0 are asynptomatic
person Bogkiag gsder ;ﬁreedltbpa@eofeesheabh care prastidioneh aiaj accopupytiict sueth asy
0 bi omar kers di scl osed herein. These
ekmuoﬁ?éﬁéfﬁg%gn%?%@§1so useful for nonitoring subjects
[0036]undBr WaieregnHot adneesittbe mmehtiongetha Digwtes oisk Biaab stocakplated
r e- Di gabet es, re di abeti.c con itions, and
suomdgfite TiRDbesindiypisgat R Eed Bhh coPaUea fPlsTeiREe
prograiffiabi daRuRtdr] ramly Qufer Héviseapasié of ufiglg,[And Reh BScommunicated to
pre-Di abetes, or a pre-diabetic condjtion, wherein
the mds\@qh@éby a healtharpsRragitionere ckuding: ok linied fon 8 PRGN, nurse, nurse
I%h& OB ERILATS RlisthOPRfsRIan’ PhsSisih BSbERory ¥ch
pracm Wgﬁﬁgg‘?lgtc&gon ‘lht [ onsls of ptg}rsevélnt St ﬁel r onset ry chnician,
dletICIaDef)r mittifignss, @m@&]rsdnm@ma@yderrt@ef direstionof hkealth gar@@rawuoner or
by an (frganrilgaﬁtlgnércih aa a&}lenﬁha 4 n?e%an?ge o?%{n%ﬂ @12 edq'logﬁlﬂgag; I({}%fllrc( &n insurance
compafy, Ial’heamlh cate cmmpem)y d)led @itiesal} fedérhke statepprorinciah Imfmdlpal,eor local health

(true positives (TP) or tru atives (T
care aggReCTeRlb S ST UL O XDl g GRS g ypptagpocessor,or
dedicafedlde GicORE ALK WRMg Y ddvicend may be stated as a
sensitivity, specificity, positive predictive val ues

[0037]( ppip sogie aeRpdimends. tedadiziduylenay apiRegn digpngsed &t hayg Diabetes. In some

embodlirh&ﬁé 'tltbolﬂﬁlwlcﬁgﬁﬁs Mt bekn d ?H&Qd% RR% A T535dELR1atddAhdifibn, such as
Bl omarker" in the contex t he resent i nvention

metaba@ivcyngrags eSyndppmdh¥uer chqnﬂlaqurrelapd@pedlhgn nucl ei ¢

[0038]aCi gnsanoﬁ‘%g eﬁ%&}%‘%b{ %h%%nveihﬁgr? Elgglra élgl atlgethgcf bf rov1d1n a Diabetes risk
pol ynorpni sns, nutati ons, AES At §
score, embmmﬁcalcfula@gmrmsbemrmkeccne las (jmmdbad(ﬂhfpi/te}aed; proa!rthing the Diabetes

radati on products, .proteinligand,c
isk s o LSO PERURlh St ABBTISE o OB AP sk gnepiomarker nput
is obtafRABoBT M6thia\RELXITEAS WO, sﬁih‘hﬁ&ﬁ&fb‘i&stﬁﬁﬁ iih 96ab436] daiestructure,
nmut at ed proteins or nut at ed_nucl ei ¢ aci ds. Bi omarkers

other elgeirgnis csrghEssordoft RPE NitBfithe. orpthesmen-eleshonif aoprd:

[0039]phy§d oA EAbodeke htlet ofeRbinRrkst RbHSis oBfainel @t one or more
factors or markers not neasured from sanples (e.g.

biologisaldanples apllessadoirern thpindivigyalpsnthlay froma bleyd sampléy saléva sypple, urine

s SRR L0 QR BROE R ARl PO e s

mcludmgslkutfnaclimttezi'to: thbsodedaftied ddrelrer ei n.  Bi omar kers al so

i ncl ude .an al.cul ated i ndi ces crea t hema .
0040), " SR YRGS b o8 EmEHES BEVIdE (TS iR pidbees risk
scores If@ﬁﬁét&@ﬂafgaﬁnzaﬁm b diltﬁtglsé @sfﬁéﬁf tﬁé twd emnéleredidbetes risk scores are derived

differences. The term "analy as used herein can

from bpmkef AjfoRnHianIRRIESIENg te Mﬁk@&t%&f&%ﬁdn%&h‘ﬁbﬁégo or more
el ectrolytes and el enents, such as cal cium [00125]
" RDVARKER' or "RDVARI CERS' rgfers to a biomarker or
bi omar kers sel ected fromthe group consisting
of ADI POQ CRP; GLUCOSE; GPT (or ALT); HBALC, HSPALB;
| GFBP1; 1 GFBP2; INS; LEP;, and TRIG [00126] dinical
paraneters” or "CPs" enconpasses all non-sanple or
non- anal yte bi omarkers of subject health status or
ot her characteristics, such as, without limtation,
age (ACE), race or ethnicity (RACE), gender (SEX),
dlastollc bl ood pressure (DBP) and systollc bIood

o I NS PN\ s = - . -



WD 2008/ 131224PCT/ US2008/ 060830 Conplications, Part 1,
Wrl d Health Organi zati on, 1999). The OGIT shoul d be
wa@ciwsngreered in the norning after at | east 3 PEYESWNS/060830

unrestricted diet (greater than 150 g of carbohydrate

dai ly) and usual physical activity. A reasonable

(30-50 g) carbohydrate-containing neal should be

consuned on the evening before the test. The test

shoul d be preceded by an overni ght fast of 8-14 hours,
during which water may be consuned. After collection

of the fasting bl ood sanple, the subject should drin
points VBtu@e -oft agw&g}e(ﬂa@g@p& b %dlg}entgzthg e@tltgpexaprgg% the method can receive
cons1d<‘E‘F‘£1‘ﬂ"<9ihﬁf)53I pé&Smifk z?rng)né QP midke QépsV@ttl?ermSiKS‘Js debigite@ur se of
m nut es. For children, the test |oad should be 1.75
[0041]g o¥n ajiothen embgshmentgthl @wnm grnbraggs atraethod eftranking or7gogping a

populaggm ?ﬁi&éﬁl&r ET&%} %fobu]rﬁ égzjlugﬂte fé’irsfgo gfg)trergﬂ%laﬂdlpgompnsed
within adid eopuliteont whtreirmadi DlAbetpf Bski Soalsllycai@tlndd a@daﬂc@d@bo‘eﬂ, and
._of inpaire: |.ucose, t.ol er | GT) .has ote
ranking o RRH O oAECRE i B1HE T s kR GBI e Boputaton o
dividirfgah@%o;fumtloﬂ info at @A EwE SIOUPS, Dhsed ohTadtbrs bEMPSsiid1dd bieidled Diabetes
at the WHOQ cut-off_ points. This is a S|qn|f|cant
risk scfey, pl hsiFaplgng Pherouping P the PGPH‘IFﬁ“i'ngdFdlt"Héa $ gt be yiilizgd, fgy one or more
of the foﬁb@‘dg";ﬁkﬂosgﬁ 4B delefkin€hh mcﬁvﬂﬁa@"é Qﬁglhﬁﬂf fd?rl‘lleyltlﬂngtgﬁlce an
rate of conversion to D abetes over such pel‘IO L
individyal’ spremaimh émhicalth inpurprdset dejerpingan individuglzqrenipm fos membership in
| n
a healtﬁI Qgrg pﬁﬁib &gg r%lghgxggﬁalng@ %%ﬁ%gﬁﬁyoéﬂ}?fefr@té Ergg dteP %@{@%}r{tloﬂ to assign
health bz&s @rachmneils)/ﬁ) e individuahin El(ﬂ@alfh&]are 'fMem dealihngdinenance organization, or
"peasuy enent.” ans assess presence, sence, .
prefer BV e OB oI OR L AF BB A G PR 3 GO g vention to
an 1nd10fdu@l| drlgecsupet)fgmddelﬂuﬁybﬁ hRNEE e hdlth care®f iaf inkiVideul or roup of
j ect-derived sq&gml&plncludlng the derivation
t

md“"dtﬁ‘alél ‘iotr’&‘?qlt\?éth&healﬁh vigal s gEaiptof idiyAuals e Fosmgqutor the health
care tr&%&ht%%b&ﬁi‘é@ﬁerv@ﬁn&; Bleﬁf% R 1§t\éﬁJeH@6d f39ak nﬁl\){éﬂa‘}' 85g18hp of
cat egorii Zatl on of a subject”s clinical pararre ers.
individuglg139] hbgatlve predictive value" or "NPV' is
[0042]C al ﬁluz;n%h%g K %NeStThle m\FeN}lor? Emf)ﬂ@estorng r ﬁ%g@ﬁﬁdté’ ﬁructures or databases
fraction of al negative test resul
comprisingemabies for (a)rp keastabireb pioniaekeps, ewhafeethme oﬁfhetlmmdkesre afeeselected from

tne RIFARRRER 5118 Ere o4 qid ot R o GimaliBesmlepy o

RDMA}EEERspdrI (O)ht T&aet thfee Gicihdrieés \éaiebtem@‘bx&nakag raasiendételj‘eﬁim ADIPOQ;
To Prevent M sl ea usi n

CRP; %HCOf@g@PTgEP@IC &@gAA@ilGWbHGngg,%ggegEP Sid TRIG; Bnd one

biomarkBER Isé 1L Gbd FomIBOALLDBRIYK Sa0Pks, QQ@TLRF?O%I@F%BI&@ and Table 3; or
predictive values of a test, e.g., a clinica

(d) at lgsh eschipmarkerst whare ailgast pag big yisgeleeigd &ogt GLUCOSE and HBAIC;
at leasu.‘éAn%%%erE@rtlk e RRPEAAANISP O | 'di% %;P%OHSPMBUE‘GFBP IGFBP2, INS,
I'agnosti c test measurenent; é sensitivity a
LEP, ag¢ 6‘&1@1 gidtay ldast one tamarkerds WecReidaimdre WHRIS’@ CPs, and TLRFs of
ti.cg (ROC) curves according to Pepe et al,
Table Pﬁﬁfe af‘?&oﬁ%b‘%? the Odds Ratio in Gauging the
[0043]Per frosnwetee embddimehl, d@rinsntion erﬂbﬁgﬁQﬁdoirrﬂnnalen SEbiefAatkeg comprising

rker, " . | dermg al Q4. 159 ( 882- 890, .and
o teasiffee sk slecy 50 MBI Pz oS gtomarkers i
Area Under the Curve (AUC) or c-statistic, an
indicator that allows representation of the
sensitivity and specificity of a test, assay, or
nmet hod over the entire range of test (or assay) cut
points with just a single value. See al so, e.g.,
Shultz, "Cinical Interpretation O Laboratory
Procedures," chapter 14 in Teitz, Fundanentals of
Cinical Chem stry, Burtis and Ashwood (eds.), 4th
edition 1996, WB. Saunders Conpany, pages 192-199;
and Zm5|g et al., "ROC Curve Analysis: An Exanple

' h_l_L:_ s




normal subject correctly. [00155] "TP" is true
positive, which for a disease state test neans
w@eosasRky cl assifying a di sease subject. [ 001BGi/US2008/060830

"Traditional |aboratory risk factors" or "TLRFs"
correspond to biomarkers isolated or derived from
subj ect sanples and which are currently evaluated in
the clinical |aboratory and used in traditional globa
ri sk assessnent al gorithnms, such as Stern, Fram ngham
Finland Di abetes Ri sk Score, ARIC D abetes, and

chi nedes, . Traditional |aboratory risk factors

Selectee SRAHF fombigatinsn Bigres fif)ecombinsian ehbpmatersfompgising at least four

blomarkéi"s sﬁE&ed‘ﬁBm'RlﬁMﬁéﬁﬁ(ﬁl@S o Qc8nbmBRS LS 6 Rhrk S Hhprisi least four
DULDLC), HDL (HDUHDLC) VLDL (VLDLC), triglycerides

biomar EIIRIS@?C‘C fromghecqmbipatios nglgwrzﬁ out limitation, the

o0 S5 BB0E) SRR AT I 1k B )

means m%lﬂlﬁﬂﬁmwﬁﬁﬂﬁ&hﬁ)@&&a@ of MOLiply bidinerkBSNVMBRKERt et biological

sample ag%) %eﬁgs Fgcrﬂ?el&%‘l%,@je trac etéls& ?qrgk}lg %F S (?r?{%%deﬁ}ggi\%mlal biological

sampleg |(Blﬁ1ﬂsahs (f&idmlﬁhg ag iﬂdbﬂﬂhlﬁc ﬂyﬁll-iﬁpﬁtﬁuiuﬁ@i@&m Aoasela( ®hdrein said
or ALT) g %08é| EEF henogl obi n. (HBA1C); heat shock
inputs GQIRAsiSe HF& widhleydls oHipmagyrs, andfyrther wheggin g?lé\meﬁS‘F%IFzﬁ?ls of

biomarRérd dbRPrify 8e RivELs laf Eaj) gﬁ@?sl}hreé Ei@fﬂlcu‘k@rs skleBred 'ﬁ%m l’@DfVﬁQﬁl@ERS or (b)
bi ndi ng protein 2 P2); insulin (I'NS,

at leastihrge pipgnprkass, Mres;@p)bwm@berp are(selerted o ADWQc@RPd@bUCOSE

GPT; I-h?:B %;:}SIIQ?B : ﬁ’.FF@T II{I‘@‘yLFB£ 2T FRYG eﬂld%e %%?a?ﬁér Nselected
the protein level or measuri’ng the enzy

from thecALMPBRISHES, £1Ps adral T kRF sanfiTable riafalile 2 s ”l(abdc‘@ or (ﬁ)m IS8T three

ioma 38R 854 DL T SEA i Y BSE TR L s o

biomark@ ik eglsctéd Rorn AADPIOLY WREY dmompAsaglct@memﬁMm%EP and
and US 2007/.0259377, which are nco%%g r at ed

TRIG: ppd ghleast enarhipmpnkes is selpied framithe LD $K§ie%%ﬁs ru&t TlREs of Table 1,

Table Bfand 6ok Aingl (d}@kaﬁq&kt%ﬁ&tmgzﬁ@ st vRu@Nth JRe QEMBihicht, said index
I'ndi cat i ons the Invention [00158] The i nvention

value ipp Bygbgtes “Flﬁmé‘éﬁ Riabgfpodskscaigdap boeretted afcomingtetany of the
metho rd%sc%gb@@ ﬁér@ THe nikahd For 961@38%%&&%%&%&? resIl foE) b§é(or%ore
evel opi ng abetes abetes, or “a
individoain dant ¢aomprsan db@ stred:tetctoe databash. th:)mamtdbecmulmmgla@abetes risk
score ¢ redi ctabiljty by nmeasuring vari,qus blonark H
e BT et PR SRS RS BpuchiROR e i dec, or any
other dbﬂte cuphble iofttdladating, th DidbeleRn fisk $VOEd. ETH ndeinsl for reportmg the Diabetes
nmor phi sns, tabolltes and ot her anal ytes
risk sc rg g%/ sg afvll glsg]l%] aélcalu?lo oufput, @olmgép iar‘il@ sﬁgcture or database, or a
pnnwrneasured values to reference or index val ues, often
utilizing mathematical algorithms or fornula in order
[0045]t o AOHIFBRRSLE SYETER a0y 5 YFiem sapablpnftcarrping gl the plethods of the invention,
d [
1nclud1h§g6r}é€1gfh? S:c,y%@g%g%g&ﬁnﬁg %cgﬁpgﬁéﬁ?ﬁ%}s%a? g&)k(r vd s&?’«lble for use with
the me@odq aulysteingd mltq dlaied 1la$uc}¢abutrage e linmited 6@ pedondl skmpiters, server
compu@'zrisgg%p el eld gxi ag/tog Qvel'(:é‘?%zglfl @rc{cgpsp %yé}e\?}ge%]}cg%[grﬁ%%or-based systems, set
top boxegroammabléecbnasncadiecinorics; adtivork REs, plimipbyipwers| Maiframe
t herapeuti c conpounds such as "D abet es-nodul ati ng
agents" as defined herein, or inplenentation of
exerci se regi mens or dietary supplenents to prevent or
del ay the onset of Di abetes,12pre-D abetes, or a
pre-di abetic condition. [00159] The anount of the
bi omarker can be nmeasured in a test sanple and
conpared to the "normal control |evel™, utilizing
techni ques such as reference limts, discrimnation
limts, or risk defining thresholds to define cutoff
poi nts and abnormal val ues for Di abetes, pre-Di abetes,
and pre-diabetic conditions, all as described in
Vasan 2006. The normal control | evel nmeans the | evel

VAN SN T A PNAPNPY APFPSANVT ] 1 10NN NS T NSNS o o



WO 2008/ 131224PCT/ US2008/ 060830 t hat reads from or
wites to a renovable, nonvolatile optical disk 156
wGeomh/132ea CD ROM or ot her optical nmedia. O hePCT/US2008/060830

renovabl e/ non-renovabl e, vol atil e/ nonvol atil e conputer

storage nedia that can be used in the exenplary

operating environnent include, but are not limted to,

magneti c tape cassettes, flash nenory cards, digital

versatile disks, digital video tape, solid state RAM

solid state ROM and the Iike. The hard disk drive 141

is typically connected to the system bus 121 through a, .
Compuﬁffndhsg%R?QBP@PWV“PPﬂ‘%ﬁtf Habinglyde, anyofithg wgéést%fg%?r devices,
and thedfid. magnetic disk drive 151 and optical disk drive 155

are typically connected to the system bus 121 by a _
[0046] r e n$rilbsiotherrembediment ofitheinaentiondha kis compreingreagensyfor measuring a

o ST 00 S S PSSP T S o

precedidd papapgaphg er pinetsageatanfinghHggyed, or otherattadyl prionnesf prefetred sess or panels

data styructures rogr.am nodul es and ot her .datg fo
of marfy RuRiheiFiy T8 3md Y HEPE Suip reqegpliaisins azed fkihet Ingome
variatidhs] HE kit fukthies inicludesid @aBdisasol Fo0dvialu@ti HPEIkad i af ndiyidh&lMeveloping a
. 144, application prograns 145, other program nodules .
diabetiq ggnditigndrosn BigaMraE R0t srop b biomarkerHEdm atlsat GRe Rilogical
sampleGRfi BletilBlidhQ. t he same as or different from operating
system 134, application prograns 135, other program
[0047] rrp dbtilbanotlys embpdimenioefrthennyentipnisy computentdadaple pediam having
| i. i : i
compud e AL ADEPn A5 P LRI HAEIAT NS e
compufeereaddbde inkdiust coatpeisinigata roatineastoned iomthm contpater agadable medium and

| fferent copies. A user ent er conmands, and :
adapted oy b DN OO, oy DB PHPOUBRET B cRrgtonaga setor
panel of bfihalterd ak@ Y Qg sibbell dintle BOpite@adhBiei €ivifi hnd adapted to be
coomonly referred to as a nouse, trackball or touch
executghhy a RIORRsFOrith ALY ZSh Blemagkes meanisRipant AR 9 Ay Ask for
develofihg b ARBEREonkiRB! TRK predd® sLRYr pRiftlofitidBarkérs Are defined as described
scanner, or the like. These and other input devices
in any eff the pfereding pripgrephsdon panels soppiomngdigurag. errather degriphersaftpreferred
ele | ' e 160 that is coupled to the
sets orgﬁlﬁse%"lﬁ%g%& Bdl}l?h%{/e Je connected by other interface
[0048] andAbetberstmhodinene of the iicventen & aplagablte] tegp ystem.gBoreexpmple, the
. .or.a universal .serjal bus (USB). A no itﬁ{.lgl Qr dat
inventigy H‘él“%F% 1aggosf Eeﬁt A PRS- Hpeaps g’éﬂ BUpREfet sepie data
represed}ifig RIEID S miRible/bidmarketsh f least One BidRgicabsagnple; Gh@@ns for collecting
interface 190. In addition to the nmonitor, conmputers )
and traglge kesisylis dpiader grerEmase dpridia profgiqalitamples daeans fRercomputing
an inde3SvaRRGAIE b mhSker fRREsurérhétt Ahta hOGrdiMR I FNDRBYFPRula, wherein said
) connected through an output periphéral interface 190.
biomarkengsrERsnidahig reEessnigrive plemepsured develsof bipmaskers apd further
. ", r i .
whereil 4G H3FH 0 LBABTRALE, BmpfSe BETER of 0P HERc of iomarkers o
definedelssvidieabieras; andrmeang fa refioatineg Jacl indexdvalueo in sorob varsations of the

diagnolftbr{,ptgslé%gﬁq%rg,l t%% §%1§f téé)ll’ug l[)s%ire]l_sgbv\%nrqsk\,\sﬁ):grleq Ir? ?&meb;?reﬁa)égg (\:/gr(leagions, the
Diabet&0ik/st &t 2246 putddS06181n2 60 8Rméhedsalessibed herdin for computing such
pre-di abetic condition. qgg.bio rkers discl osed .
scores. Ll SO VAR s sge H@a'aﬁs‘gﬂ% Cﬁ‘éﬂwae“ﬁg{aékl&g &St sy data representing for
bi omar ker profile" taken from subjects who have
Di abetes, pre-Di abetes, or a3pre-diabetic condition
i ke inpaired glucose tol erance. The subject bionarker
profiles can be conpared to a reference bi omarker
profile to diagnose or identify subjects at risk for
devel opi ng D abetes, pre-Di abetes or a pre-diabetic
condition, to nonitor the progression of disease, as
well as the rate of progression of disease, and to
nonitor the effectiveness of Diabetes, pre-D abetes or
pre-di abetic condition treatnment nodalities. The

Y - o - oy o "




WD 2008/ 131224PCT/ US2008/ 060830 [ 00184] A nunber of
sel ective "COX-2 inhibitors" are known in the art and
WO p@BOBR24 but are not limted to, COX-2 inhi bi PO¥/ES2008/060830
described in U S. Pat. No. 5,474,995 "Phenyl
het erocycl es as cox-2 inhibitors”; U S. Pat. No.
5,521,213 "Diaryl bicyclic heterocycles as inhibitors
of cycl ooxygenase2"; U. S. Pat. No. 5,536,752 "Phenyl
heterocycles as COX-2 inhibitors"; U S Pat. No.
5, 550, 142 " Phenyl heterocycles as COX-2 inhibitors”
U S Pat. No. 5,552,422 "Aryl substituted 5,5 fus d
one or gopHRAIViduAlS CPBRES AslBotMeTeQ datbpse; kr pormsVarisHigns, the means for
compuf g%%ll)etle%n% ch ?f{/cog{r}%rsgsﬁ% égﬁlpl . élge?g)r anéc;rr)grgﬁs\s/%rs Ig gome variations, the
means foy c¢pooxnatbe Biabeten sk saony eomprises: vipidle dipplay, Bn 80dio peput, a link to a
{0 | -i ndanones as an |nh|b|tor of
data S‘r“?‘“feo°6>?ﬁ{‘l‘§%%sér ‘gﬁm @05 e o, 5, 639, 780 " N- benzyl
[0049]i ndAleIStey Iehnhbdmmnt:ofahe dxvehztrdn\ma 'rmé&alaha@mtialesmgamm evaluating
hi bitors

isk fond5ypREHG # idbste i 5oy uh SPBETE hitaReLpr ool adapted to

collect @Qﬁrﬂirl‘éer mestﬁemaﬁtdatah@prefbnﬁﬁ% Sf/theasurements of biomarkers in at least one
"Di aryl-5- oxygenat ed- 2- (5H) - f uranones as COX-2

biologir# 1sample drogm an indiyidyaland g analysgsoigolsemprising adifaé]iSWl analysis engine

adaptec?%orﬁiéqlér??gaslgpés&'tﬂ%n oflh 9&’1‘51%% &%N&E}%q{sgggr a&e%g% diabetic

conditipm pad mggsgteg@nﬁg)f @@)@Qmaqkmsbwh@plg the mp@sermgton ofjthe correlation is

adapteé5 tohb%bex?(glr %d t@%ﬁ%&% ?ﬁllt}\%?cn% 9@% %{xﬁ)ﬁ{a&gﬁ t(% ta&%géd%o analyze the

result t6 dyteamnias thedndivdaligsskt for @OKlopingraididhietio I::Gﬁdm(hi 48d r&atsent the result

as an ix%é |vglag,gl'vglé%§g éaIE r%q)./r{(%§ %ld%Ep ar;g;f:td (%Fég\ée gaJs \égs ngggelsewhere
herein.” Blsol@&/aRatflik] tH@hnalRss t'd&l&fobﬂ ridés L5161 mgm%tﬂs:amgnsmg a first
inhibitors"; U S. Pat. g 861, 419 ubstit ut ed
statistig) pRalysireRngine, hEFksem @eﬂl@yW@W%@dzaqahmsmlép@msmg a second
statlstlézll %alf enfm ad tgdz%' sEft?t the representation of the correlation between the risk for
di nyI-2-cycl openten-1-0nes as selective
developipg Ial dmby@emﬁéwz and mepsuremnents ofi sth&biopatkersNgom 3moag a pBrality of

represey{54] ALl B K BRB R SnPLALNBE, LT L B LR e

compri€iap adq;ortlmg;too(ddaptleh angbneﬁa% a fepbyrt cédpliidingtha lindeXalde.

[0050] |5n gsbgll tgt%%l?er gg)gpémgat ot @nij]tlogé%l? rr@t.srgdégvel?}gR%ﬁ mgdel for evaluation

of risk l°clr|de)'e;lollﬁfi%1 hdlaBékic condftivhi thelhiRéhod comlpnsmg obtaining biomarker
enyl - heterocycles as cycl goxygenase-2 and

measurgr%:e{l o iéy gf@ﬁ@géthp Hmnmr]feé rr%easurflgg} ggqa 1§Areﬁ{ﬁ§ﬁggtw@fof fgasurements of

blomal‘ﬁg‘é“ﬁ%rﬂ gsshudion Qngz@&u%eé Mpgints%fsth@ﬁcﬁ)upﬁlgg TiHBRERYS the blomarker
sel ective COX-2 inhibitors, and exert thelr action by

measuremAicdatd ofrat leasta subset of th popwationdnigrignedslideinipe themedel for

endpmktrs] Iaglggh%rlﬁ%tigﬁ %{(/éérq?% sut t : ?+t§% éé? xi@?% ﬁepte@%“tglo ¥t3 correlation

betweep ramtklm@de\wﬂ@m@asdmbdb&atondlndmami thedsnre©nBof Bbmiikers in at least one

d Jan. WO 95/ 187 ubl i
viotos B4 SipBlodon i ndiausl hersald ipadtss BY ShiBRsimpny daa i
obtaineH¥3Mmpricd ¥ €61 of pnel eABikEE D tHe ihlehtiofPad defiNed eleeokbie Ré&Hdin.
entitled: "Human cycl ooxygenase-2 cDNA and assays for
eval uati ng cycl ooxygenase-2 activity," a person of
ordinary skill in the art would be able to determ ne
whet her WD 2008/ 131224PCT/ Ug2008/ 060830 an agent is a
sel ective COX-2 inhibitor or a precursor of a COX-2
inhibitor, and therefore part of the present

invention. [00186] "Angiotensin Il antagonists" are
conpounds which interfere with the activity of
angi otensin Il by binding to angiotensin Il receptors

and interfering with its activity. Angiotensin |
ant agoni sts are well known and include peptide
conpounds and non- peptlde conpounds Nbst angi ot ensi n

e - .



[00197] By a "very high degree of diagnostic accuracy",
it is nmeant a test or assay in which the AUC (area
wapasn3rke ROC curve for the test or assay) i SPEL/USMag 060830
0.80, desirably at least 0.85, nore desirably at | east
0.875, preferably at |least 0.90, nore preferably at
| east 0.925, and nost preferably at |east 0.95.
[ 00198] The predictive value of any test depends both
on the sensitivity and specificity of the test, and on
the preval ence of the condition in the population
being tested. This notion, based on Bayes' theor
[0051] 5 o\ thrs smbedimentseof gheciav@ntiop pes diregied .tws@p@m& ortpﬁ@hylactlc
treatm&? Bflh §dbﬁt§:t %Eﬁ'tﬁ‘ie%lcars %gﬂﬁg a cOLdidich, Bf &SRR for d"cd?ldﬁfém &€brding to
or In e popul ation e-test probability),
procedygres dessribedneereinl Foli vapfe thepoeintipwy imcludet a pthod hépmphylams for
Diabet&y c%%{p%rm tgh%bl am%r%% 1'#1( scgrgbc{%%t reémlj.g?eﬁ[iﬁé Ig nlDtxabe§es %[Sf( r(#)?e for an }1/nd1v1dual
Wherelp dpUDiabétesriskhreoe is bremmtecSaoaoddmg tb hlnedthdmdmpfovtﬂnent of the

condi,ti on bein resent is that a positive result has
1nventlﬁB,raé1d| gF?ﬁriité‘@ R;gq BBU?I} treéatmerg %@gFRrF{%@tIT%% Pref?pﬁ'ﬁp or a treatment

regimehitd @1%y 61 0prBRen@thk ISR oPPFdbkicY B an idliFidual id¥ntified by the Diabetes risk
popul ations at very high risk, a negative test result
score a5 geifg peeleyaes yskifer Biabefes. g| se negat ive. [00199] As a
[0052]" eSHI rElateR%b@ﬁ‘l%eﬁpg tﬁé‘fhv@ﬁtldﬁ‘ is }1 et g)f gﬁ)é)hgla&ﬁ r Diabetes
clinical wutil atest In reva ence
comprisiagt @vdluatipgifisk, uf@m leastesine ﬁ'eldecasoftdhb@epmg # Hiabetgescomtidion B9¢ording to
the me h?#l %r %EB /gg%ﬁkiln% tgfﬁlg%\fe?Q@AaFAS% %gz)tmg%rsu a]g&qgéntx?{ed a ?eslrﬁ%at elevated
risk fommamm)conaﬁhble withtai tkeein)t',nt eedgimdrLib elelaly ok pmmeht ttied @isetwsf Diabetes. A
tios as defined el sewhere in this |sclosure
variety g S D A et e AR R B EuEARh | oy ca
[0053]Ut I Aithiher Raibolidien066th® Investiings b snettdde e@zﬁﬁétﬁi‘é tkdurithBQatus of a
be categorized into quartiles by the test's
diabetiggonditionip s indiyidea coppesiag phfainingdiefuarker measpregmmidaty and
evaluam ROO8hdS ll%gf& P@%H%@t@@éln@ﬁ@ﬁ%@ ‘?ﬁi’il’lﬁﬁél %Qged%%rduggﬁ from a
group o ubjects wth t I g relative ri
model,f\rdmrdemltn@nw@e@amw@somqsk@ qmlwb'evmlon or a
[0054]'0r eAgbtﬁpreérﬁtﬂg]lﬁg&q o{“ h% ?\%ﬁﬁ%ﬁ g%tnts?&ﬁ(‘):ad\? (Igp qul[%ﬁtm% risk fO{ developmg a
dlabetlc ebx&hmmﬁnransﬁ’dlﬁdﬁald:ﬁﬂ‘d lammrmgghlmoadodhsst;he piethdd colpkicing obtalnmg

: r a pre-diabetic con di.tion. ne alI , ..val ues derive
biomarR Rl en A L) IORRA T 15G Gelopin e JiEsi fandiion bised on an
output fidhed m¥@el| Whdteih tRNDibARKER ab@ir{}qmnﬁm&t dfltRe inﬂelﬂlanW

pr reval ence popul ati on are consi dered to have a "high
[0055]g e gp @b ansthatiagisabefithe inyertipndt § methed @f ranbing aniequpiieapapylation of
individREN SdnlpifRe: LBGiri& Efabé’t@s ﬁéksslﬁofleataex@ﬁllaséﬁHﬂ%E ']jl§oe?crs &isk score for

consi déred "t o have a "very hi gh degree of di agnostic
individgals gprapsised vibhiiesdié pepydatiopat brssindeidiRiskbtdsiriskse@s iscalpulated

| Kk

eSO A0 Byl BT MG LA, i v
populauemad:laasre to Ehle rémmhmgsncﬁmlu:ﬂs oh thepqm,latmumh d1v$d1ng1&1eq>aplﬁauon into at

east e} e B G e Syt cp R g RPee B oord it fp some

variatiGi[ ﬁc@ﬁ&ﬁ%dﬁﬁﬁ&%h@ns@tﬁﬁ@ raikedy da@@pre@éxﬁ@@‘ﬂﬁiﬂaﬁkmg or grouping
accuracy_tests nust be conbipned wth additiona

of the populatian 8f indjviduglsder orer drare gethebolloing RHPRSes niodetermine an
threshol ds for therapeutic intervention, as is done
with the aforenentioned gl olal risk assessnent
i ndi ces. [00200] A health economic utility function is
an yet another means of measuring the performance and
clinical value of a given test, consisting of
wei ghting the potential categorical test outcones
based on actual neasures of clinical and econom c
val ue for each. Health econom c performance is closely
related to accuracy, as a health economic utility
functlon speC|f|caIIy aSS|gns an econon1c value for
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accuracy as defined above. Using a representative |ist
of ALLDBRI SK i n each study, an exhaustive anal ysis of
wa@bdospaent i al univariate, bivariate, and tri vBCT/HSB08/060830

conbi nati ons was used to derive a best fit LDA node

to predict risk of conversion to Di abetes in each of

t he Exanpl e popul ati ons (see Figure 31). For every

possi bl e ALLDBRI SK conbi nati on of a given panel size

an LDA nodel was devel oped and then anal yzed for its

AUC statistics. [00210] It is inmedi ately apparent

fromthe figure that there is a very |ow |likelihood of
individualgreligitilityfeyheakiblinshesned; thideiermine aB Indiyiduab's @rempippfor health

c [

imsurafECH A3V, Y R bl ekl B U L E g hcat
mamtehh&e prgamzamm br prefeDBRIpBiden otgaoizatidne t6 3ssagrdhe¢9h care practitioners to

este [ anpl e 1 and Exapple 2 .
an indipigadR e PRt U RoR B L BB uRrefged grovider
organiZitiéh. f)pﬁoﬁah@ tRe ardtiodifemhed Combides using rdhkihglagi representing the ranking
uni varl ate nodel . The individual ALLDBRI SK p ar$gp ﬁs
or groupingqfhs prRpVlAteR ohindyyidals iaEoRe oL #7qre BRRPSSS SBEFE e group
cons1stfdg53f tfoq'%dﬁ{rﬁerﬁrlﬁer‘&ﬂ)éuﬁb %ﬁéw@tﬁfoﬁ'@‘h%s@l&ﬁf@mluﬁn 'Ebsﬁfjinﬂﬂldual or
ri sk assessment and i ndices for D abetes and
group %frltl‘éir/ld@@/las tunarragg thedwalsh cqre gbamindimidugl engsoun ¢fgndividuals; to monitor

e T

therapeuvio insérvemticoeorslifesyls imemantion fdi zh wmdividuabdd grodp ¢fiedividuals.

roos61y P En s Py ol s B R G e B o JRE Ry, ane

additich@lSkpdtes @t BE0HBed i BEtien Sectibfs, Sichtas CpD@ B ledeDdsodptidn. The entire
predictin % the risk of D abetes, and _.furthernore

d°°“mPf§ﬁ%d"|‘F§‘ g0 berrelated ps awniisd dissloseresandiit %hehldlpgé@d$rétp°? Hhat all
combifkig St suRt dfdcAbdd kdrah ateSont en%ﬁted even if the combmatlon of features are

2008/ 131224PCT/ US2008/ 060830 [00212]In the Exanpl es,
not fougd fegsitien i tha sARTIANEEDgE, G PATAETEDID Pr mtm}@f bis dpcymenyy

aboyg, | .t
005K B S P FONNANL00, el B R K
embodahéntoéf thbrventemplageweoml sgoietin @gy way thahwee vacaDBRI spcifically

nat S el ded bjvariate nodels .which net this.. .
meniiof 18 Wi sieE! Gbne i GnYonhn i BRLE BBl alifpiviaua
speciesCarf) Qfdﬁ\‘&dlﬁh‘lly&aﬁdiclidfwmphﬁtel a&béotsfbfhﬂéimﬁlaftfgms av iﬂcfeepi:ch to aspects
~(narrower ation selectjon (including only t ose
desc“t\%ﬂtaﬁa viehlis aé SBB/lra‘Eﬁeé apdind ’("I‘\dg\'ﬂ "éq*‘{Fa%Pefl cgly %ﬂ‘?\é
[0058]9 r emtﬁauggxma@hcﬁﬂamnv&me@ﬁk £huld @da)p& BEthE @fadths %@Hae@tﬂe% the
each anpl'e. Such two bi omarker conbi nations

clalmsaewﬁ%@eratp ANy i ersier i ercompass Vothin Hieyr seere theypror art work of

t
otvers PS8 £t G PaRPERGEod BBl B
attenticir &f thesafplikcaritinby a Patanti Qffice ooothémeatityorrandividundly the applicant(s) reserve
the glﬁLtLD)ggmng% %meene n¥eﬁlgP gl‘%jfl cﬂer ?p%\jcgﬁlg g)fltgr?thgyg r% éfa :%lttlﬁeesrubject matter of
such a glahﬁ asspeoificaliysexiclude sidhi stbtgry privrtaner sbyaiaiagiatbnsctif égtutory prior

frorB c,lgee%ep Sﬁxf,;suglaslg\él,% 5 ggﬁ?%}@?lge algllrgvgptl%é]%{?ﬁ& g}s{ §E€§!@§%ﬂ§§d claims also

are inténdadlhd AspEad of tBOMVaAEYNY AdditionaPeh@fes andRiratiof$ bfle in¥Bhtion will be
of these, certain conbinations of three or nore

ALLDBRI SK were found to exhi bit superior performance.
These are key aspects of the invention. [00214]

Not ably, this analysis of Figure 31 denonstrated that
no single biomarker was required to practice the

i nvention at an acceptable | evel of diagnostic
accuracy, although several individually identified

bi omarkers are parts of the nost preferred enbodi nents
as disclosed below It is a feature of the invention
that the information | ost due to renoving one
ALLDBRI SK can often be replaced through substitution
mnth one or nore other ALLDBRISK and generlcally by
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ALLDBRI SK O ficial Name Common Nane Entrez Gene Link 1

ATP- bi ndi ng cassette, sub-famly C (CFTR/ MRP), nenber
w@2@alisaey| urea receptor (SURL), H; SUR, HHF1PCIVEBERDS/060830

PHHI ; SUR1; ABC36; HRINS ABCC8 2 ATP-bi ndi ng cassette,

sub-famly C (CFTR/ MRP), nmenber 9 sul fonyl urea

receptor (SUR2a), SUR2; ABC37; CMD10; F1136852 ABCC9 3

angiotensin | converting enzyne (peptidyl-di peptidase

A) 1 angiotensin-converting enzyme (ACE) - ACE!,

CD143, DCP, DCPl CD143 antigen; angiotensin |

converti na enz angi otensi n _converti ng enzyne,
apparentdadhqse skiled @yt ax@ gpm;geygrgtrﬁg@g fhis applisation; e all such features are

d QQ%% i Sas ki ni nase I1; peptidase P;
inten &i% Fg%gl pept(?%l gl)se A; testi cul ar ECA ACE 4 adenyl at e

cycl ase activating polypeptide 1 (pituitary) adenyl ate
cycl ase activating pol ypepti de ADCYAP1 5 adi ponecti n,

ACRPa0. AP 1A E RS ONOP 3 PRABIRSES onect i,

adi ponectin, adipocyte, dQ and col | agen domai n
[0059]conThé qullng'ingiddttp’dnd@@pripﬁq@, given by)vvlaﬁgéq:xample but not intended to limit
| ect | S
the mvgrétggnt $ r?s[?ci:cr errrl]lfo%%henq ?éjs?rlqth %bl n¥i bg (%rr% oedlwﬁ é@%ﬁﬂoﬁ hbthe
accompaiiymgﬂégﬁresr; ioeepRpited helelﬁ‘:bﬁ?rrefbmntb Gmubiced Recept or
Adi

oo B, AL 5, DACEL TESHRIA, UL e

indicatédl innBREolumNGhdiied FA€IRAofT,” as measured and calculated from the base population
of Example 2. Eighty-four markers are analyzed (there are 84 possible panels of 1 marker, 3,486
possible panels of two markers, and 95,284 possible panels of 3 markers). The columns labeled “C”
indicate the number of marker panels that met the AUC cutoff; the columns labeled ‘“P” indicate the
percentage of all marker panels of that given size. The 84 markers include the 75 parameters listed
in Figure 2, plus markers for Activity, Glucose Tolerance, Diet, Sex, two markers for Family
History (differing in degree), Alcohol, Smoking Intervention, and Diet Intervention as measured in
base population of Example 2.

[0061] Figure 2 depicts particularly useful 3-panel combinations from an evaluation of the 75
parameters listed as measured and calculated from the base population of Example 2.

[0062] Figure 3 depicts a full forward selection graph against the 75 parameters evaluated,
depicting the ROC curve calculated AUCT statistics for multiple expanding “best forward selected”
LDA models as measured and calculated from the base population of Example 2, starting from a
single ALLDBRISK marker and then at each step adding one more incremental forward selected
ALLDBRISK. This continues through 75 selected quantitative ALLDBRISK selected from a total
set of markers. The AIC is superimposed on the graph as a black line.

[0063] Figure 4 is a chart depicting the ROC curve calculated AUCT statistics for multiple
expanding “best forward selected” LDA models as measured and calculated from the base
population of Example 2, starting from a single ALLDBRISK and then at each step adding one

more incremental forward selected ALLDBRISK. This continues through 65 selected quantitative
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ADI POR2 8 Adrenonedul lin adrenonedullin - AM
pr epr oadrenonedul l in ADM 9 adrenergic, beta-2-,
wo ewepsae4 surface G Protein- Coupled Beta-2 PCT/US2008/060830

M enocept or - ADRB2R, ADRBR, B2AR, BAR, BETA2AR,

bet a- 2 adrenergi c receptor; beta-2 adrenoceptor;

cat echol am ne receptor ADRB2 WO

2008/ 131224PCT/ US2008/ 060830 ALLDBRI SK O fi ci al Nane

Conmon Nane Entrez Gene Link 10 advanced gl ycosyl ati on

end product- specific receptor RAGE - advanced

| ycosyl ation end product-specific receptor " )
blood-Bery e ALLP RIS Rse rFish PO hes Bf Guters BRIt b The Al iuperimposed
on the ¥@ph a0 bBBAREL; advanced gl ycosylation end

product -specific receptor variant sRAGE2; receptor for

[0064]ady Hizgeed i§layade jurampriging g upivedafe dagistisgegrpisionreqidip fegithe

. ) . ol t ej .
iom Ao AR, S AP DU T B o G syt
This inkchuded thg nehsuradycalitds agdwarsayes aflcattad sgeatdstndiedgabini the examples

siven (Pl Ro Rt ket B omeAb S, FaRpERTE normalizaion

transfoRi@ti s Qs fin moddl fTemANgA RIS HOgaRer inted Cneisdtion), transformed mean
precur sor; angi otensi nogen (serine (or cysteine)
and st%gggidagggoq Yﬂll‘i‘qﬁi Qngrt{aclg-pra)epéormedm Q;onge,rl’(er concentration or other value

as mea hJ:i Ar ot MO T8I C28E Eﬁf&w@ﬁér t6 Yﬁkeé Dibet®, ALS1)NA8 Total Controls (Non-

i nhi bitor, ant'i prot ei nase,

clade A ha- 1
Conveggerttp{lypp 3 hgbetasenb @ 6)g§)es¢((§pd,1ag veghlyis @t comparisqn) of the individual

v 3 Y B B AT o

probabilitg RiaBthetdddd Atioant) ot ensi n receptor 1; angi otensin

[0065]r eCEPgtuPer6 (]'AB-I) cto¥1811en_s]feﬁ)lglsns%im%a%r%?rlgnenllrlne{aggr? Q% fliea logistic regression
models for various three-panel through eleven-panel ALLDBRISK combinations possible from a
starting set of the 11 selected ALLDBRISK (Tier 1-2), as measured and calculated from the base
population of Example 2.

[0066] Figure 6A depicts 7 particularly useful combinations of panels of three biomarkers; each
panel can be used alone, or with additional biomarkers in combination to the three markers listed.
[0067] Figure 6B depicts 25 particularly useful combinations of panels of four biomarkers; each
panel can be used alone, or with additional biomarkers in combination to the four markers listed.
[0068] Figure 6C depicts 65 particularly useful combinations of panels of five biomarkers; each
panel can be used alone, or with additional biomarkers in combination to the five markers listed.
[0069] Figure 6D depicts 134 particularly useful combinations of panels of six biomarkers; each
panel can be used alone, or with additional biomarkers in combination to the six markers listed.
[0070] Figure 6E depicts 147 particularly useful combinations of panels of seven biomarkers;
each panel can be used alone, or with additional biomarkers in combination to the seven markers

listed.
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AGTR1 14 angiotensin Il receptor-associated protein

angi otensin Il - ATRAP, ATl receptor- associ ated
wW@e@Ba31224 angi otensin I, type | receptor-assoRCHUSH8/060830

protei n AGTRAP 15 al pha-2- HS-gl ycoprotei n A2HS, AHS,

FETUA, HSGA, Al pha- 2HS-gl ycoprotein; fetuin-A AHSG 16

v-akt nmurine thynoma viral oncogene honolog 1 Ser/Thr

ki nase Akt - PKB, PRICBA, RAC, RAC-ALPHA, RAC- al pha

serine/threonine-protein kinase; nurine thynoma viral

(v-akt) oncogene honol og-1; protein kinase B; rac

protei n ki nase al pha AKT1 17 v-akt nurine t

nonma
(007110 T EEu Ao T SZ PR RO in PRSP Behybiomarkers:

each pzMé[ Edhol RYARIBRe, Bt Gith a(iéﬁh@\lﬁl bidheHRr O G oontAtatiBh & @k @lght markers
ki nase beta AKT2 18 Al bum n | schem a-nodifi ed al bum n

listed. (| MA) - cell growth inhibiting protein 42;

[0072]% g t grr%' d;&‘g%ﬂétg Qﬂgﬂkﬁ@%ﬁy&lﬁ& §181[)§1rq{éﬁ{ g)lf:%gh%lﬂﬁuﬂegblomarkers each

panel chg2 bk uﬁmw@enaselmmlﬁmaﬂﬂbﬁi)ﬁlderspn xymbinase| topheaniaé etarkers listed.
CERL. ST e KM T —
panel cAR Gt QgRANldhe, MK ebtionZNASRArke RN SERbinafiGH LRIRdeR ,markers listed.
[0074]r | blglréggel 661%%31cts §I\p!aa§tﬁ:uﬁrlg'%rsgflu¥cor115birg§%n of a panel of eleven biomarkers; the
panel can be used alone, or with additional biomarkers in combination to the eleven markers listed.
[0075] Figure 7 depicts is a table summarizing the complete enumeration of fitted logistic
regression models for all three-panel, four-panel, five-panel, six-panel, and seven-panel
ALLDBRISK combinations possible from a starting set of 26 selected ALLDBRISK (Tier 1-3) , as
measured and calculated from the base population of Example 2.

[0076] Figure 8 is a table containing key ALLDBRISK markers, including clinical parameters,
traditional laboratory risk factors, and together with Tier 1, Tier 2 aﬁd Tier 3 ALLDBRISK
biomarkers, that are used in the predictive models according to the present invention, as measured
and calculated from the base population of Example 2. These are identified based on the commonly
used gene symbol as described herein.

[0077] Figure 9 is a table depicting categories of physiological functions, giving groups of
exemplar ALLDBRISK markers for each function.

[0078] Figure 10 depicts useful univariate biomarkers. is a table summarizing the nine
significant ALLDBRISK marker measured values and variances of certain biomarkers studied,
including their concentration or other measurement units, mathematical normalization
transformations (used in model formula and multi-biomarker index construction), transformed mean
and standard deviation values, and back-transformed mean biomarker concentration or other value
as measured for both the Total Cases (Converter to type 2 Diabetes Events, n=83) and Total
Controls (Non-Converter to type 2 Diabetes, n = 236) of the study, as well as a comparison of the

individual predictability with a statistical p-value given, using a two-tailed t-test for the null
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WO 2008/ 131224PCT/ US2008/ 060830 ALLDBRI SK O fi ci al

Nanme Common Nanme Entrez Gene Link 22 ankyrin repeat
waloovaisi228 DARP, MARP3, Di abetes rel ated ankyrP@I/Us1mes060830

protein; nuscle ankyrin repeat protein 3 ANKRD23 23

apelin, AGIRL 1 Ligand XNPEP2, apelin, peptide |Iigand

for APJ receptor APLN 24 apoli poprotein A-l

apol i poproteins A-1 and B, anyloidosis; apolipoprotein

A-1, preproprotein; apolipoprotein Al;

preproapollpoproteln APOAl1 25 apollpoproteln A-11

poprotein A-11 APOA2 26 apol i poprotein
hypotheﬁlﬁehwoh@bl%@(%t ther-pddg Eaie iapbias B‘Gbﬁ“&deﬂn%alﬁ@lfteéﬁﬂ’%mﬁ base

populafiPbi BOR{AL €1 n B, FLDB, apoB-100; apoB-48;
apol i poprotein B; apollgoproteln B48 APOB 27

[0079] apoFigpesplrldy ie iadisEOfABGimi canDmteraghiop vart abiles, praduepd fromrpairs of

ALLngf!ﬁéﬁ)edkgrs épgggéoﬁﬁ)sféjﬁvo%g&er 40%b?na?%ﬁse {h)ﬁt %gw&%&m?gant

I ot recursor opro
predlctablhty using a two-tailed test for the null hypothesm (the probability that the odds ratio is 1)

after a Dunn-Sidak multiple testing correction, as measured and calculated from the base population
of Example 2. Figure 11B lists the 16 unique markers that were a component of the significant
interaction variables, as measured and calculated from the base population of Example 2.

[0080] Figure 12 is a list of 18 ALLDBRISK identified through various heuristic models, as
measured and calculated from the base population of Example 2.

[0081] Figure 13 depicts an analysis of DRS scores from the base population of Example 1.
Three populations have been segregated by their DRS (p<0.0001; Kruskal-Wallis Test): Non-
Converters (NC), Late Converters (LC, > 5 years to conversion) and Early Converters (EC, < 5
years to conversion). The highest risk group, EC, which converts to Diabetes in less than 5 years,
has a median DRS of 0.63, compared to the NC group with a score of 0.37 (p <0.0001). It is also
possible to separate the LC group, who convert to Diabetes in >5 years, from the EC group (p =
0.008).

[0082] Figure 14 shows the correlation performance to OGTT for three DRS scores, trained to
predict Diabetes as calculated in the base population of Example 2.

[0083] Figure 15 is a table containing key biomarkers, including clinical parameters,
traditional laboratory risk factors, and together with core and additional biomarkers, that are used in
the predictive models according to the present invention.

[0084] Figure 16 is a graph depicting the Receiver Operator Characteristic (ROC) curve of a
Linear Discriminant Analysis (LDA) classification model derived solely from the Clinical
Parameters (and excluding the use of any blood-borne biomarkers of the present invention), as
measured and calculated for the Base Population of Example 1, and including Area Under the Curve

(AUC) and cross-validation statistics using Leave One Out (LOO) and 10-Fold methods.
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aryl hydrocarbon receptor nuclear translocator dioxin
receptor, nuclear translocator; hypoxia-inducible

w0o 298081224 beta subunit ARNT 29 Aryl hydr ocar bp@I/US2008/060830
receptor nuclear translocator-like Bmal 1, TIC, JAPS;
MOP3; BMALI; PASD3; BMALlc; bHLH PAS protein JAP3;
menber of PAS superfamly 3; ARNT-like protein 1,
brai n and rnuscl e; basic-helix-1oop-helix-PAS orphan
MOP3 ARNTL 30 arrestin, beta 1 beta arrestin - ARBI,
ARR1, arrestin beta 1 ARRB1 31 argi ni ne vasopressin
(neuro hyS|n I'l, antidiuretic hornone, D abetes

[0085]; hsi pi g}ge hisA ghglbwwrge%{epreémwgchnmalmal ;qﬂv;ssessment index
accordﬁ%_ o Wl drern MY of‘ﬁab@l&%‘xé& Ekerngzﬁﬁl%ﬁ 63 SRS BRMYSB ke Population

vasopr essi n- neur ophysin I'l-copeptin, vasopressin
of Examygle B2 bonbesi n recept or subtype 3 G protein coupled
r ecept nbes ece RS3, 33
[0086]Be t acePIo$ur? ? 1sba tflf)lg éfx E& EYEmvarba %na eyﬁllsnoef parameter variances,

biomarkeceqris formatars| m&ﬁ@harkaﬁﬁéan Habk-trah sBbtmelyBBhcehBitionRKBLES as

measu@}?&r’ bq‘}%)RC &gg%g#qngfn%za @S’thi é%pglg) Frgugg)tn onvertgclerntgl lDri]eg)etes) arm

of the B@Jelmbﬁlﬁﬁén@m(?a%l@?apl ne receptor; peri pheral
odi azepi ne receptor; peripheral-type

be
l0087]benz odiigire b e tpkle spmBrrigpRtheIssults ApF@pEsRTeliop aREsis of clinical
paraméi@xg%}n@ g%marl&?ﬁ of tﬁtg e Gint HxQerftIdnnysl Iﬂ&isgl%d mc%k%a %ﬁﬁa\fﬁg ©f Example

uct co eman conponent

[0088] Figure 20A is a graphical tree representation of the results of hierarchical clustering
and Principal Component Analysis (PCA) of clinical parameters and biomarkers of the present
invention, as measured in the Base Population of Example 1.

[0089] Figure 20B is a bar graph representing the results of hierarchical clustering and PCA
of clinical parameters and biomarkers of the present invention, as measured in the Base Population

of Example 1.

[0090] Figure 20C is a scatter plot of the results of hierarchical clustering and PCA of
clinical parameters and biomarkers of the present invention, as measured in the Base Population of
Example 1.

[0091] Figure 21 is a table summarizing the characteristics considered in various predictive

models and model types of the present invention, using various model parameters, as measured in
the Base Population of Example 1.

[0092] Figure 22 is a graphical representative of the ROC curves for the leading univariate,
bivariate, and trivariate LDA models by AUC, as measured and calculated in the Base Population of
Example 1. The legend AUC represents the mean AUC of 10-Fold cross-validations for each
model, with error bars indicating the standard deviation of the AUCs.

[0093] Figure 23 is a graphical representation of the ROC curves for the LDA stepwise
selection model, as measured and calculated in the Base Population of Example 1, using the same

format as in Figure 8.
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Total Population of Example 2.

[0096] Figure 26 is a table summarizing the cross-correlation of clinical parameters and
biomarkers of the present invention, as measured in the Total Population of Example 2.

[0097] Figure 27 is a graph showing the entire LDA forward-selected set of tested
parameters with model AUC and AIC statistics at each biomarker addition step as measured and
calculated in the Total Population of Example 2.

[0098] Figure 28 is a graph showing LDA forward-selected set of blood parameters
(excluding clinical parameters) alone with model characteristics at each biomarker addition step as
measured and calculated in the Total Population of Example 2.

[0099] Figure 29 is a table showing the representation of all parameters tested in Example 1
and Example 2 and according to the ALLDBRISK biomarker categories used in the invention.
[00100] Figure 30A and 30B are tables showing biomarker selection under various scenarios
of classification model types and Base and Total Populations of Example 1 and Example 2,
respectively.

[00101] Figure 31 are tables showing the complete enumeration of fitted LDA models for all
potential univariate, bivariate, and trivariate combinations as measured and calculated in for both
Total and Base Populations in Example 1 and Example 2, and encompassing all 53 and 49
biomarkers recorded, respectively, for each study as potential model parameters.

[00102] Figure 32 is a graph showing the number and percentage of the total univariate,
bivariate, and trivariate models of Figure 31 which meet various AUC hurdles using the Total
Population of Example 1.

[00103] Figure 33 illustrates an example of a suitable computing system environment 100 on

which a system for the steps of the claimed method and apparatus may be implemented.
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of Example 8 and meet a predetermined cut off level (0.75 AUC or better).

[00108] Figure 38 depicts selected particularly useful combinations of panels of four biomarkers;
each panel can be used alone, or with additional biomarkers in combination to the four markers
listed. These panels represent enumeration of fitted logistic regression models from a starting set of
26 selected ALLDBRISK, as measured and calculated from a larger base population of Example 8
and meet a predetermined cut off level (0.75 AUC or better).

[00109] Figure 39 depicts selected particularly useful combinations of panels of five biomarkers;
each panel can be used alone, or with additional biomarkers in combination to the five markers
listed. These panels represent enumeration of fitted logistic regression models from a starting set of
26 selected ALLDBRISK, as measured and calculated from a larger base population of Example 8
and meet a predetermined cut off level (0.75 AUC or better).

[00110] Figure 40 depicts selected particularly useful combinations of panels of six biomarkers;

each panel can be used alone, or with additional biomarkers in combination to the six markers
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listed. These panels represent enumeration of fitted logistic regression models from a starting set of
18 selected ALLDBRISK, as measured and calculated from a larger base population of Example 8
and meet a predetermined cut off level (0.75 AUC or better).

[00114] Figure 44 depicts selected particularly useful combinations of panels of ten biomarkers;
each panel can be used alone, or with additional biomarkers in combination to the ten markers
listed. These panels represent enumeration of fitted logistic regression models from a starting set of
185 selected ALLDBRISK, as measured and calculated from a larger base population of Example 8
and meet a predetermined cut off level (0.75 AUC or better).

[00115] Figure 45 depicts selected particularly useful combinations of panels of eleven
biomarkers; each panel can be used alone, or with additional biomarkers in combination to the
eleven markers listed. These panels represent enumeration of fitted logistic regression models from
a starting set of 18 selected ALLDBRISK, as measured and calculated from a larger base population
of Example 8 and meet a predetermined cut off level (0.75 AUC or better).
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thlrteer}l< nm%rlgarsbllls?(%d ﬂl%geugangkgsfttap?gent enumeration of fitted logistic regression models
from a starting set of 18 selected ALLDBRISK, as measured and calculated from a larger base
population of Example 8 and meet a predetermined cut off level (0.75 AUC or better).

[00118] Figure 48 depicts selected particularly useful combinations of panels of fourteen
biomarkers; each panel can be used alone, or with additional biomarkers in combination to the
fourteen markers listed. These panels represent enumeration of fitted logistic regression models
from a starting set of 18 selected ALLDBRISK, as measured and calculated from a larger base
population of Example 8 and meet a predetermined cut off level (0.75 AUC or better).

[00119] Figure 49 depicts selected particularly useful combinations of panels of fifteen
biomarkers; each panel can be used alone, or with additional biomarkers in combination to the
fifteen markers listed. These panels represent enumeration of fitted logistic regression models from
a starting set of 18 selected ALLDBRISK, as measured and calculated from a larger base population
of Example 8 and meet a predetermined cut off level (0.75 AUC or better).

[00120] Figure 50 depicts selected particularly useful combinations of panels of sixteen
biomarkers; each panel can be used alone, or with additional biomarkers in combination to the
sixteen markers listed. These panels represent enumeration of fitted logistic regression models from
a starting set of 18 selected ALLDBRISK, as measured and calculated from a larger base population
of Example 8 and meet a predetermined cut off level (0.75 AUC or better).

[00121] Figure 51 depicts selected particularly useful combinations of panels of seventeen
biomarkers; each panel can be used alone, or with additional biomarkers in combination to the six

markers listed. These panels represent enumeration of fitted logistic regression models from a
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features methods for identifying subjects who are at risk of developing Diabetes, pre-Diabetes, or a
pre-diabetic condition, including those subjects who are asymptomatic for Diabetes, pre-Diabetes,
or a pre-diabetic condition by detection of the biomarkers disclosed herein. These biomarkers are
also useful for monitoring subjects undergoing treatments and therapies for Diabetes, pre-Diabetes,
or pre-diabetic conditions, and for selecting or modifying therapies and treatments that would be
efficacious in subjects having Diabetes, pre-Diabetes, or a pre-diabetic condition, wherein selection
and use of such treatments and therapies slow the progression of Diabetes, pre-Diabetes, or pre-
diabetic conditions, or prevent their onset.

Definitions

[00123] “Accuracy” refers to the degree of conformity of a measured or calculated quantity (a
test reported value) to its actual (or true) value. Clinical accuracy relates to the proportion of true
outcomes (true positives (TP) or true negatives (TN) versus misclassified outcomes (false positives
(FP) or false negatives (FN)), and may be stated as a sensitivity, specificity, positive predictive
values (PPV) or negative predictive values (NPV), or as a likelihood, odds ratio, among other
measures.

[00124] “Biomarker” in the context of the present invention encompasses, without limitation,
proteins, nucleic acids, and metabolites, together with their polymorphisms, mutations, variants,
modifications, subunits, fragments, protein-ligand complexes, and degradation products, protein-
ligand complexes, elements, related metabolites, and other analytes or sample-derived measures.
Biomarkers can also include mutated proteins or mutated nucleic acids. Biomarkers also encompass
non-blood borne factors, non-analyte physiological markers of health status, or other factors or
markers not measured from samples (e.g., biological samples such as bodily fluids), such as

26



WO 2008/ 131224PCT/ US2008/ 060830 ALLDBRI SK O fi ci al
Nanme Common Nanme Entrez Gene Link 71 Dio-2, death
wo pabaasen2pbl iterator 1 death associ at ed transcPCPUSING/060830
factor 1; BYELl; DI OL; DATF1; DI D02; DI D03; D O1 DI DOL
72 di peptidyl -peptidase 4 (CD26, adenosi ne deani nase
conpl exi ng protein 2) dipeptidyl peptidase |1V - ADABP,
ADCP2, CD26, DPPIV, TP103, T-cell activation antigen
CD26; adenosi ne deam nase conpl exing protein 2;
di pepti dyl pepti dase 1V, dipeptidyl peptidase 1V (CD26,

. . adenosi ne deam nase conpl exi ng. protein 2) DPP4 73
“chmc%lmagp@}e,tﬁﬂ;” ‘zflf'é‘ﬁ\ﬂ herplgcqso\yelt ey 1t19p§dg§)gqt@rryé)sk@mrs , also defined
. u .
hercin, B RABRO0R Pl nPRlcula o leR ERRRARGehati§ of paations o

any on¢ esmoregd ther foregomg measeementgrincluding teoiporal itneoldscand differences. The

<Jrotein 5 epi di dynmal sperm bi ndi rotein 1
rerm “ BB g eiiln G SRTISA RGP (8 BBt A R pficlimpass
electroBadsand eleamhisgaichys egéiomphat ase/ phosphodi esterase 1
[00125 EF‘%QMA ’|’ gﬁmmgé e'éq, tggg)llcimfr%fﬁglbéq%rﬁés selected from

the groﬁﬁ BERNEARE of ADIPUPCRE FL.UCSOSEAGRT (& AT); HBA1C; HSPA1B; IGFBPI;

sphodi est erase |/ nucl eoti de pyrophosphat ase 1;
IGFBP, }@éﬁwéﬁqd"ﬁ%%rane gl ycoprotein 1 ENPP1

[00126] Clinical parameters” or “CPs” encompasses all non-sample or non-analyte biomarkers of
subject health status or other characteristics, such as, without limitation, age (AGE), race or
ethnicity (RACE), gender (SEX), diastolic blood pressure (DBP) and systolic blood pressure (SBP),
family history (FHX, including FHx1 for 1 parent and FHx2 for 2 parents), height (HT), weight
(WT), waist (Waist) and hip (Hip) circumference, Waist-Hip ratio (WHr), body-mass index (BMI),
past Gestational Diabetes Mellitus (GDM), and resting heart rate.

[00127] “Consideration” encompasses anything of value, including, but not limited to, monetary
consideration, as well as non-monetary consideration including, but not limited to, related services
or products, discounts on services or products, favored supplier relationships, more rapid
reimbursements, etc.

[00128] “Diabetic condition” in the context of the present invention comprises type I and type II
Diabetes mellitus, and pre-Diabetes (defined herein). It is also known in the art that Diabetic-
related conditions include Diabetes and the pre-diabetic condition (defined herein).

[00129] “Diabetes mellitus” in the context of the present invention encompasses Type 1
Diabetes, both autoimmune and idiopathic and Type 2 Diabetes (referred to herein as “Diabetes” or
“T2DM?”). The World Health Organization defines the diagnostic value of fasting plasma glucose
concentration to 7.0 mmol/l (126 mg/dl) and above for Diabetes mellitus (whole blood 6.1 mrhol/l
or 110 mg/dl), or 2-hour glucose level greater than or equal to 11.1 mmol/L (greater than or equal to
200 mg/dL). Other values suggestive of or indicating high risk for Diabetes mellitus include
elevated arterial pressure greater than or equal to 140/90 mm Hg; elevated plasma triglycerides

(greater than or equal to 1.7 mmol/L; 150 mg/dL) and/or low HDL-cholesterol (<0.9 mmol/L, 35
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mathematical equation, algorithmic, analytical or programmed process, or statistical technique that

takes one or more continuous or categorical inputs (herein called “parameters”) and calculates an
output value, sometimes referred to as an “index” or “index value.” Non-limiting examples of
“formulas” include sums, ratios, and regression operators, such as coefficients or exponents,
biomarker value transformations and normalizations (including, without limitation, those
normalization schemes based on clinical parameters, such as gender, age, or ethnicity), rules and
guidelines, statistical classification models, and neural networks trained on historical populations.
Of particular use for the biomarkers are linear and non-linear equations and statistical classification
analyses to determine the relationship between levels of biomarkers detected in a subject sample
and the subject’s risk of Diabetes. In panel and combination construction, of particular interest are
structural and synactic statistical classification algorithms, and methods of risk index construction,
utilizing pattern recognition features, including established techniques such as cross-correlation,
Principal Components Analysis (PCA), factor rotation, Logistic Regression (LogReg), Linear
Discriminant Analysis (LDA), Eigengene Linear Discriminant Analysis (ELDA), Support Vector
Machines (SVM), Random Forest (RF), Recursive Partitioning Tree (RPART), as well as other
related decision tree classification techniques, Shruken Centroids (SC), StepAIC, Kth-Nearest
Neighbor, Boosting, Decision Trees, Neural Networks, Bayesian Networks, Support Vector

Machines, and Hidden Markov Models, Linear Regression or classification algorithms, Nonlinear
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potential panels of a given size, genetic algorithms, or they may themselves include biomarker
selection methodologies in their own technique. These may be coupled with information criteria,
such as Akaike’s Information Criterion (AIC) or Bayes Information Criterion (BIC), in order to
quantify the tradeoff between additional biomarkers and model improvement, and to aid in
minimizing overfit. The resulting predictive models may be validated in other studies, or cross-
validated in the study they were originally trained in, using such techniques as Leave-One-Out
(LOO) and 10-Fold cross-validation (10-Fold CV). A “DRS Formula” is a formula developed as
described herein and used to calculate a Diabetes risk score from inputs comprising the results from
biomarker testing as described herein. A DRS Formula is the preferred means for calculating a
Diabetes risk score.

[00134] A “Health economic utility function” is a formula that is derived from a combination of
the expected probability of a range of clinical outcomes in an idealized applicable patient
population, both before and after the introduction of a diagnostic or therapeutic intervention into the
standard of care. It encompasses estimates of the accuracy, effectiveness and performance
characteristics of such intervention, and a cost and/or value measurement (a utility) associated with
each outcome, which may be derived from actual health system costs of care (services, supplies,
devices and drugs, etc.) and/or as an estimated acceptable value per quality adjusted life year
(QALY) resulting in each outcome. The sum, across all predicted outcomes, of the product of the
predicted population size for an outcome multiplied by the respective outcome’s expected utility is
the total health economic utility of a given standard of care. The difference between (i) the total
health economic utility calculated for the standard of care with the intervention versus (ii) the total
health economic utility for the standard of care without the intervention results in an overall

measure of the health economic cost or value of the intervention. This may itself be divided
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For diagnostic (or prognostic) interventions of the invention, as each outcome (which in a
disease classifying diagnostic test may be a TP, FP, TN, or FN) bears a different cost, a health
economic utility function may preferentially favor sensitivity over specificity, or PPV over NPV
based on the clinical situation and individual outcome costs and value, and thus provides another
measure of health economic performance and value which may be different from more direct
clinical or analytical performance measures. These different measurements and relative trade-offs
generally will converge only in the case of a perfect test, with zero error rate (aka zero predicted
subject outcome misclassifications or FP and FN), which all performance measures will favor over
imperfection, but to differing degrees.

[00135] “Impaired glucose tolerance” (IGT) is a pre-diabetic condition defined as having a blood
glucose level that is higher than normal, but not high enough to be classified as Diabetes Mellitus.
A subject with IGT will have two-hour glucose levels of 140 to 199 mg/dL (7.8 to 11.0 mmol) on
the 75-g oral glucose tolerance test. These glucose levels are above normal but below the level that
is diagnostic for Diabetes. Subjects with impaired glucose tolerance or impaired fasting glucose
have a significant risk of developing Diabetes and thus are an important target group for primary
prevention.

[00136] “Insulin resistance” refers to a diabetic or pre-diabetic condition in which the cells of the
body become resistant to the effects of insulin, that is, the normal response to a given amount of
insulin is reduced. As a result, higher levels of insulin are needed in order for insulin to exert its
effects.

[00137] The oral glucose tolerance test (OGTT) is principally used for diagnosis of Diabetes
Mellitus or pre-diabetic conditions when blood glucose levels are equivocal, during pregnancy, or in

epidemiological studies (Definition, Diagnosis and Classification of Diabetes Mellitus and its
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must be collected 2 hours after the test load. As previously noted, a diagnosis of impaired glucose
tolerance (IGT) has been noted as being only 50% sensitive, with a >10% false positive rate, for a
7.5 year conversion to Diabetes when used at the WHO cut-off points. This is a significant problem
for the clinical utility of the test, as even relatively high risk ethnic groups have only a 10% rate of
conversion to Diabetes over such a period unless otherwise enriched by other risk factors; in an
unselected general population, the rate of conversion over such periods is typically estimated at 5-
6%, or less than 1% per annum.

[00138] “Measuring” or “measurement” means assessing the presence, absence, quantity or
amount (which can be an effective amount) of either a given substance within a clinical or subject-
derived sample, including the derivation of qualitative or quantitative concentration levels of such
substances, or otherwise evaluating the values or categorization of a subject’s clinical parameters.
[00139] “Negative predictive value” or “NPV” is calculated by TN/(TN + FN) or the true
negative fraction of all negative test results. It also is inherently impacted by the prevalence of the
disease and pre-test probability of the population intended to be tested. See, e.g., O’Marcaigh AS,
Jacobson RM, “Estimating The Predictive Value Of A Diagnostic Test, How To Prevent Misleading
Or Confusing Results,” Clin. Ped. 1993, 32(8): 485-491, which discusses speciﬁcity, sensitivity, and
positive and negative predictive values of a test, e.g., a clinical diagnostic test. Often, for binary
disease state classification approaches using a continuous diagnostic test measurement, the
sensitivity and specificity is summarized by Receiver Operating Characteristics (ROC) curves
according to Pepe et al, “Limitations of the Odds Ratio in Gauging the Performance of a Diagnostic,

Prognostic, or Screening Marker,” Am. J. Epidemiol 2004, 159 (9): 882-890, and summarized by
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Conced¥piiBn RNABRifNABBubfets 87itlf€6@nory Artery Disease,” Clin. Chem., 1992, 38(8):
1425-1428. An alternative approach using likelihood functions, odds ratios, information theory,
predictive values, calibration (including goodness-of-fit), and reclassification measurements is
summarized according to Cook, “Use and Misuse of the Receiver Operating Characteristic Curve in
Risk Prediction,” Circulation 2007, 115: 928-935. Hazard ratios and absolute and relative risk
ratios within subject cohorts defined by a test are a further measurement of clinical accuracy and
utility. In this last, multiple methods are frequently used to defining abnormal or disease values,
including reference limits, discrimination limits, and risk thresholds as per Vasan, “Biomarkers of
Cardiovascular Disease: Molecular Basis and Practical Considerations,” Circulation 2006, 113:
2335-2362.

[00140] Analytical accuracy refers to the repeatability and predictability of the measurement
process itself, and may be summarized in such measurements as coefficients of variation, and tests
of concordance and calibration of the same samples or controls with different times, users,
equipment and/or reagents. These and other considerations in evaluating new biomarkers are also
summarized in Vasan, Circulation 2006, 113: 2335-2362.

[00141] “Normal glucose levels” is used interchangeably with the term “normoglycemic” and
“normal” and refers to a fasting venous plasma glucose concentration of less than 6.1 mmol/L (110
mg/dL). Although this amount is arbitrary, such values have been observed in subjects with proven
normal glucose tolerance, although some may have IGT as measured by oral glucose tolerance test
(OGTT). Glucose levels above normoglycemic are considered a pre-diabetic condition.

[00142] “Performance” is a term that relates to the overall usefulness and quality of a diagnostic
or prognostic test, including, among others, clinical and analytical accuracy, other analytical and

process characteristics, such as use characteristics (e.g., stability, ease of use), health economic
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2 percent per annum or more. It may also be stated in terms of a relative risk from normal between
quartiles of risk or as a likelihood ratio between differing biomarker and index scores, including
those coming from the invention. Unless otherwise noted, and without limitation, when a
categorical positive diagnosis of pre-Diabetes is stated here, it is defined experimentally with
reference to the group of subjects with a predicted conversion rate to Type 2 Diabetes mellitus of
two percent (2%) or greater per annum over the coming 5.0 years, or ten percent (10%) or greater in
the entire period, of those testing at a given threshold value (the selected pre-Diabetes clinical
cutoff). When a continuous measure of Diabetes conversion risk is produced, pre-Diabetes
encompasses any expected annual rate of conversion above that seen in a normal reference or
general unselected normal prevalence population. When a complete study is retrospectively
discussed in the Examples, pre-Diabetes encompasses the baseline condition of all of the
“Converters” or “Cases” arms, each of whom converted to Type 2 Diabetes Mellitus during the
study.

[00145] In an unselected individual population, pre-Diabetes overlaps with, but is not necessarily
a complete superset of, or contained subset within, all those with “pre-diabetic conditions;” as many

who will convert to Diabetes in a given time horizon are now apparently healthy, and with no
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(126 mg/dL) (whole blood 6.1 mmol/L; 110 mg/dL). Metabolic syndrome according to the
National Cholesterol Education Program (NCEP) criteria are defined as having at least three of the
following: blood pressure greater than or equal to 130/85 mm Hg; fasting plasma glucose greater
than or equal to 6.1 mmol/L; waist circumference >102 cm (men) or >88 cm (women); triglycerides
greater than or equal to 1.7 mmol/L; and HDL cholesterol <1.0 mmol/L (men) or 1.3 mmol/L
(women). Many individuals with pre-diabetic conditions will not convert to T2DM.

[00147] “Risk” in the context of the present invention, relates to the probability that an event will
occur over a specific time period, as in the conversion to frank Diabetes, and can can mean a

9 13

subject’s “absolute” risk or “relative” risk. Absolute risk can be measured with reference to either
actual observation post-measurement for the relevant time cohort, or with reference to index values
developed from statistically valid historical cohorts that have been followed for the relevant time
period. Relative risk refers to the ratio of absolute risks of a subject compared either to the absolute
risks of low risk cohorts or an average population risk, which can vary by how clinical risk factors
are assessed. Odds ratios, the proportion of positive events to negative events for a given test result,
are also commonly used (odds are according to the formula p/(1-p) where p is the probability of
event and (1- p) is the probability of no event) to no-conversion. Alternative continuous measures

which may be assessed in the context of the present invention include time to Diabetes conversion

and therapeutic Diabetes conversion risk reduction ratios.
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[00149] A “sample” in the context of the present invention is a biological sample isolated from a

subject and can include, by way of example and not limitation, whole blood, serum, plasma, blood
cells, endothelial cells, tissue biopsies, lymphatic fluid, ascites fluid, interstitital fluid (also known
as “extracellular fluid” and encompasses the fluid found in spaces between cells, including, inter
alia, gingival crevicular fluid), bone marrow, cerebrospinal fluid (CSF), saliva, mucous, sputum,
sweat, urine, or any other secretion, excretion, or other bodily fluids. “Blood sample” refers to
whole blood or any fraction thereof, including blood cells, serum and plasma; serum is a preferred
blood sample.

[00150] “Sensitivity” is calculated by TP/(TP+FN) or the true positive fraction of disease
subjects.

[00151] “Specificity” is calculated by TN/(TN+FP) or the true negative fraction of non-disease or
normal subjects.

[00152] By “statistically significant”, it is meant that the alteration is greater than what might be
expected to happen by chance alone (which could be a “false positive™). Statistical significance can

be determined by any method known in the art. Commonly used measures of significance include
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point, assuming the data point was the result of chance alone. A result is often considered highly
significant at a p-value of 0.05 or less.

[00153] A “subject” in the context of the present invention is preferably a mammal. The
mammal can be a human, non-human primate, mouse, rat, dog, cat, horse, or cow, but are not
limited to these examples. Mammals other than humans can be advantageously used as subjects
that represent animal models of Diabetes Mellitus, pre-Diabetes, or pre-diabetic conditions. A
subject can be male or female. A subject can be one who has been previously diagnosed or
identified as having Diabetes, pre-Diabetes, or a pre-diabetic condition, and optionally has already
undergone, or is undergoing, a therapeutic intervention for the Diabetes, pre-Diabetes, or pre-
diabetic condition. Alternatively, a subject can also be one who has not been previously diagnosed
as having Diabetes, pre-Diabetes, or a pre-diabetic condition. For example, a subject can be one
who exhibits one or more risk factors for Diabetes, pre-Diabetes, or a pre-diabetic condition, or a
subject who does not exhibit Diabetes risk factors, or a subject who is asymptomatic for Diabetes,
pre-Diabetes, or pre-diabetic conditions. A subject can also be one who is suffering from or at risk
of developing Diabetes, pre-Diabetes, or a pre-diabetic condition.

[00154] “TN” is true negative, which for a disease state test means classifying a non-disease or
normal subject correctly.

[00155] “TP” is true positive, which for a disease state test means correctly classifying a disease
subject.

[00156] “Traditional laboratory risk factors” or “TLRFs” correspond to biomarkers isolated or
derived from subject samples and which are currently evaluated in the clinical laboratory and used
in traditional global risk assessment algorithms, such as Stern, Framingham, Finland Diabetes Risk
Score, ARIC Diabetes, and Archimedes. Traditional laboratory risk factors commonly tested from
subject blood samples include, but are not limited to, total cholesterol (CHOL), LDL (LDL/LDLC),
HDL (HDL/HDLC), VLDL (VLDLC), triglycerides (TRIG), glucose (including, without limitation,
the fasting plasma glucose (Glucose) and the oral glucose tolerance test (OGTT)) and HBAlc
(HBAIC) levels.
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osarc ncogene avili an
msulm(([N&,rINGUL{I)NiMﬂprbanmhh)and SBb)?Eii)ltiih (LEREdnA, triglyceaides (TRIG). The

biomar%%&%ilﬂaﬁ@ réteagélg%:l ;lytrlp%gxglggr f pﬂqgtgﬁﬁg%efé rc])grrrrlglxs%%ngA the enzymatic
activity i &Y A&dihd ¥niab@irfenast (ABI). PHGET endyRlatic BRIVGIYRAPT adfitity) may be
interacting protein 1; PRKMB interacting protein;

measuged| léstn_gtﬁoayqptlfnmqsimgwg in the art. These markers are individually known;
see US 2007/0218519 and US 2007/0259377, which are incorporated by reference herein in their

entirety, for descriptions of the individual markers.

Diagnostic and Prognostic Indications of the Invention

[00158] The invention provides improved diagnosis and prognosis of Diabetes, pre-Diabetes,
or a pre-diabetic condition. The risk of developing Diabetes, pre-Diabetes, or a pre-diabetic
condition can be detected with a pre-determined level of predictability by measuring various
biomarkers such as RDMARKERs, ALLDBRISKs, CPs, and TLRFs (including, but not limited to,
proteins, nucleic acids, polymorphisms, metabolites, and other analytes in a test sample from a
subject), and comparing the measured values to reference or index values, often utilizing
mathematical algorithms or formula in order to combine information from results of multiple
individual biomarkers and from non-analyte clinical parameters into a single measurement or index.
Subjects identified as having an increased risk of Diabetes, pre-Diabetes, or a pre-diabetic condition
can optionally be selected to receive treatment regimens, such as administration of prophylactic or
therapeutic compounds such as “Diabetes-modulating agents” as defined herein, or implementation
of exercise regimens or dietary supplements to prevent or delay the onset of Diabetes, pre-Diabetes,
or a pre-diabetic condition.

[00159] The amount of the biomarker can be measured in a test sample and compared to the
“normal control level”, utilizing techniques such as reference limits, discrimination limits, or risk
defining thresholds to define cutoff points and abnormal values for Diabetes, pre-Diabetes, and pre-

diabetic conditions, all as described in Vasan, 2006. The normal control level means the level of
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b RRS ALERA%s pRBRREARE 1] R Ratl@BdidaKscenario, the methods of th
?ategongg(% al Ijgprotei nggg.mi; manbrane-?y T Sncﬁ?arrfox e_me 0Cs ol the present
inventigpcan bopred tedineryninMetuvets Bormel ahk pregiabdtesrupjecieobert® In other

( ' . | at i na { Da. t A, .
embod i Sk 98 8y Ay A B AL BB, aERAEP Dl o Dbt
or Diakdté¢sfrorfCh&dnh]. SAMR-differidd N8 malBeqire diZdrend Higrpsrkeéréombinations in
. ...£0] |l agenase; col enase type IV-A;, matrix .
inaividig oS e emiisreb MBS RE o b b it hueetso the same
aforem{eg@bRtintAS B eentd df4duBey frithAintnddlkeD type |V

col | agenase); matrix netall oproteinase 2 (gel ati nase

(001613 dentfyinedby Bterdighetic sybiact phabigphe selection pedywitiation of various
therapél\'gﬂxli}tlg rzlhtjé_rsvgﬁﬁcﬁik bPRERMBhINESiRhd in 16415 ARRY, re@RL BF hROSE that subject’s
conversion to a frank Diabetes disease state. Levels of an effective amount of biomarkers also
allows for the course of treatment of Diabetes, pre-Diabetes or a pre-diabetic condition to be
monitored. In this method, a biological sample can be provided from a subject undergoing
treatment regimens or therapeutic interventions, e.g., drug treatments, for Diabetes. Such treatment
regimens or therapeutic interventions can include, but are not limited to, exercise regimens, dietary
modification, dietary supplementation, bariatric surgical intervention, administration of
pharmaceuticals, and treatment with therapeutics or prophylactics used in subjects diagnosed or
identified with Diabetes, pre-Diabetes, or a pre-diabetic condition. If desired, biological samples
are obtained from the subject at various time points before, during, or after treatment.

[00162] The present invention can also be used to screen patient or subject populations in any
number of settings. For example, a health maintenance organization, public health entity or school
health program can screen a group of subjects to identify those requiring interventions, as described

above, or for the collection of epidemiological data. Insurance companies (e.g., health, life, or
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~_.receptor co-repressor 1 NCoR  thyroid hornone-  and .
disabiljtgy mayjerecs appliqaptsdp therrregesHefi detes@IniRg €YEREs 8t PriciRgORgXIsting
clients Yo QERERtidH. TD RS dlfel @l iPShch [8%53&;3 dctee AN PRt P When tied

factor) - BETA2, BHF-1, NEUROD NE 1 157 nucl ear
to any flwital pragessiempioaohditjpns Ik Dipkgtes pie-Biebaiese phapreealiatietic condition, will

o of G 1 AR 360 R R, B e
progras tdhinsuranied @aipahies.t Suchidaprais GiNvdllbétivas 0gn Sasorad in machine-
s 55 BT e Lol 551 B BOLRSBY, S5 e
improved it AfhcalRQEM el difeb @l RAIthdaRY, anSrabainburbideBpdiafon, etc. See, for
non-i nsul i n-dependent D abetes Mellitus (common, type
examptg) UsS. RatophApmlicpitan Nee & -$rd’r‘1‘1‘°1nhéBPIF%II%H@néQ%fOO@ﬁ?aZHébpe% Patent
Applickgdd NbUSs 066415122296 XPS. Eatent ANpIIRMBn NoPB¥2004/ 0122297; and U.S.
Patent No. 5,018,067. Such systems can access the data directly from internal data storage or
remotely from one or more data storage sites as further detailed herein. Thus, in a health-related
data management system, wherein risk of developing a diabetic condition for a subject or a
population comprises analyzing Diabetes risk factors, the present invention provides an
improvement comprising use of a data array encompassing the biomarker measurements as defined
herein and/or the resulting evaluation of risk from those biomarker measurements.
[00163] A machine-readable storage medium can comprise a data storage material encoded with
machine readable data or data arrays which, when using a machine programmed with instructions
for using said data, is capable of use for a variety of purposes, such as, without limitation, subject
information relating to Diabetes risk factors over time or in response to Diabetes-modulating drug
therapies, drug discovery, and the like. Measurements of effective amounts of the biomarkers of the
invention and/or the resulting evaluation of risk from those biomarkers can implemented in
computer programs executing on programmable computers, comprising, inter alia, a processor, a
data storage system (including volatile and non-volatile memory and/or storage elements), at least
one input device, and at least one output device. Program code can be applied to input data to
perform the functions described above and generate output information. The output information can
be applied to one or more output devices, according to methods known in the art. The computer may
be, for example, a personal computer, microcomputer, or workstation of conventional design.
[00164] Each program can be implemented in a high level procedural or object oriented

programming language to communicate with a computer system. However, the programs can be
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antisera selected NIl SCH 163 NF- kappaB repressing

factor NRF; | TBA4 gene;transcription factor NRF;

NF- kappa B repressing factor; NF-kappa B-repressing
) factor NI CRF 164 neuronatin Peg5 NNAT 165 nitric oxide
implenagpgadiip agsemplynganachipsdangpagen ifidesipedy Iihg dangyagerras 8¢ a compiled or

interprg{gg g@ge%le EE%@? %ﬁ%p%&%@?ﬁhﬁéaﬁ iﬁﬁ %ioic?iatlﬁ\llga_ s(tj%r?é?@m@gia or device (e.g.,
ROM ephajindiierdikketteor ethersyas defnesi ahsewbgriedn thindibcleies)atagiahle by a general or
specialppru%t)oesie Bro%lraimrglgibﬁg gc?ﬁmg gr(,: | ofr icgn 1g%%rngta1% Xpér)gtpntgeti)g computer when the
storage media or device is read by the computer to perform the procedures described herein. The
health-related data management system of the invention may also be considered to be implemented
as a computer-readable storage medium, configured with a computer program, where the storage
medium so configured causes a computer to operate in a specific and predefined manner to perform
various functions described herein. Levels of an effective amount of biomarkers can then be
determined and compared to a reference value, e.g. a control subject or population whose diabetic
state is known or an index value or baseline value. The reference sample or index value or baseline
value may be taken or derived from one or more subjects who have been exposed to the treatment,
or may be taken or derived from one or more subjects who are at low risk of developing Diabetes,
pre-Diabetes, or a pre-diabetic condition, or may be taken or derived from subjects who have shown
improvements in Diabetes risk factors (such as clinical parameters or traditional laboratory risk
factors as defined herein) as a result of exposure to treatment. Alternatively, the reference sample
or index value or baseline value may be taken or derived from one or more subjects who have not
been exposed to the treatment. For example, samples may be collected from subjects who have
received initial treatment for Diabetes, pre-Diabetes, or a pre-diabetic condition and subsequent
treatment for Diabetes, pre-Diabetes, or a pre-diabetic condition to monitor the progress of the
treatment. A reference value can also comprise a value derived from risk prediction algorithms or
computed indices from population studies such as those disclosed herein.

[00165] Fig. 33 illustrates an example of a suitable computing system environment 100 on which
a system for the steps of the claimed method and apparatus may be implemented. The computing
system environment 100 is only one example of a suitable computing environment and is not
intended to suggest any limitation as to the scope of use or functionality of the method of apparatus
of the claims. Neither should the computing environment 100 be interpreted as having any
dependency or requirement relating to any one or combination of components illustrated in the

exemplary operating environment 100.
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and the:lkep Inshrding; thesg sy sieingicavir@uagits forpwnationyadaneans described elsewhere
within FiPiRLI e COUpPl ed receptor P2RY12 173 purinergic

receptor P2Y, G oprotein coupled, 2 Purinoceptor 2 Type
[00167Y ( PRerayps-of 2¢lained Rigthodrmd sy feertymayPR HesiRbedinvthie general context of

TP receptor: .P2U nucl eoti%e receptor:,,P2U
compulehFr R int FE RS Gion s P TS, R R O omputer.

Generallgcproiam mMadides ipclode ouepés) propeafs, BHERYE coMPonents, data structures, etc.
that pe%ggr? é)g.'r%i%u ?ar4t§s(EE/OLrJ§r%gl%1811/e9t6p%18’t§c(1)11ar abstract data types. The methods and
apparatus may also be practiced in distributed computing environments where tasks are performed
by remote processing devices that are linked through a communications network. In both integrated
and distributed computing environments, program modules may be located in both local and remote
computer storage media including memory storage devices.

[00168] With reference to Fig. 33, an exemplary system for implementing the steps of the
claimed method and system includes a general purpose computing device in the form of a computer
110. Components of computer 110 may include, but are not limited to, a processing unit 120, a
system memory 130, and a system bus 121 that couples various system components including the
system memory to the processing unit 120. The system bus 121 may be any of several types of bus
structures including a memory bus or memory controller, a peripheral bus, and a local bus using any
of a variety of bus architectures. By way of example, and not limitation, such architectures include
Industry Standard Architecture (ISA) bus, Micro Channel Architecture (MCA) bus, Enhanced ISA
(EISA) bus, Video Electronics Standards Association (VESA) local bus, and Peripheral Component
Interconnect (PCI) bus also known as Mezzanine bus.

[00169] Computer 110 typically includes a variety of computer readable media. Computer

readable media can be any available media that can be accessed by computer 110 and includes both
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acen vasc
compuesn skl histe natrugranwtdma‘ st res| @bgﬁaﬁﬁnpﬂhﬂés&)r@ﬂ[ﬂr datanCaputer storage

media B{qggﬁg 8{1%1%&1‘93{ "BEC tok'{ﬁgég:m% E§§€)§g ﬂa%n Iﬁlﬁlgory or other memory
technoRgl YOBIROME digital versatile disks (DVD) or other optical disk storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices, or any other
medium which can be used to store the desired information and which can accessed by computer
110. Communication media typically embodies computer readable instructions, data structures,
program modules or other data in a modulated data signal such as a carrier wave or other transport
mechanism and includes any information delivery media. The term “modulated data signal” means
a signal that has one or more of its characteristics set or changed in such a manner as to encode
information in the signal. By way of example, and not limitation, communication media includes
wired media such as a wired network or direct-wired connection, and wireless media such as
acoustic, RF, infrared and other wireless media. Combinations of the any of the above should also
be included within the scope of computer readable media.

[00170] The system memory 130 includes computer storage media in the form of volatile and/or
nonvolatile memory such as read only memory (ROM) 131 and random access memory (RAM)
132. A basic input/output system 133 (BIOS), containing the basic routines that help to transfer
information between elements within computer 110, such as during start-up, is typically stored in
ROM 131. RAM 132 typically contains data and/or program modules that are immediately
accessible to and/or presently being operated on by processing unit 120. By way of example, and
not limitation, Fig. 33 illustrates operating system 134, application programs 135, other program
modules 136, and program data 137.

[00171] The computer 110 may also include other removable/non-removable, volatile/nonvolatile
computer storage media. By way of example only, Fig. 33 illustrates a hard disk drive 140 that
reads from or writes to non-removable, nonvolatile magnetic media, a magnetic disk drive 151 that

reads from or writes to a removable, nonvolatile magnetic disk 152, and an optical disk drive 155
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These and other input devices are often connected to the processing unit 120 through a user input
interface 160 that is coupled to the system bus, but may be connected by other interface and bus
structures, such as a parallel port, game port or a universal serial bus (USB). A monitor 191 or
other type of display device is also connected to the system bus 121 via an interface, such as a video
interface 190. In addition to the monitor, computers may also include other peripheral output
devices such as speakers 197 and printer 196, which may be connected through an output peripheral
interface 190.

[00173] The biomarkers of the present invention can thus be used to generate a “reference
biomarker profile” of those subjects who do not have Diabetes, pre-Diabetes, or a pre-diabetic

condition such as impaired glucose tolerance, and would not be expected to develop Diabetes, pre-
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relativé QA8 metsbeRE W drioBs drugs, which may modulate the symptoms or risk factors of

Diabetes, pre-Diabetes or a pre-diabetic condition. Subjects that have Diabetes, pre-Diabetes, or a
pre-diabetic condition, or at risk for developing Diabetes, pre-Diabetes, or a pre-diabetic condition
can vary in age, ethnicity, body mass index (BMI), total cholesterol levels, blood glucose levels,
blood pressure, LDL and HDL levels, and other parameters. Accordingly, use of the biomarkers
disclosed herein, both alone and together in combination with known genetic factors for drug
metabolism, allow for a pre-determined level of predictability that a putative therapeutic or
prophylactic to be tested in a selected subject will be suitable for treating or preventing Diabetes,
pre-Diabetes, or a pre-diabetic condition in the subject.

[00175] To identify therapeutics or drugs that are appropriate for a specific subject, a test
sample from the subject can also be exposed to a therapeutic agent or a drug, and the level of one or
more biomarkers can be determined. The level of one or more biomarkers can be compared to
sample derived from the subject before and after treatment or exposure to a therapeutic agent or a

drug, or can be compared to samples derived from one or more subjects who have shown
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blockegsg g%%—%gregc%g{car%ﬁegolé ggqe? 5208 oﬁ%féeﬁ%sg%gigh{bggﬁl %{ggq,t% sin system
inhibit&id DNCEinHbiesed/[Pénnk® thhiti 8, &%L:ﬁh@xdw{lh BthSY E8na6E i S-¥aESr modifying
MOST- 1V, MGST1- L | , I\/GSTlLl PGES, PI 012, PP102,

agents @erein {Diappissmpgulaing ArUBE i gnat i ons: MOST 1-1i ke 1

[00177§]I UrRd REAPRseid (IRRT BERE& rﬁathfelﬁﬁsu%n QIR0 gﬁ%-msulm and soluble c-
gl utathione S-transferase 1- ke 1; p53-1n

peptide{$§ip) o Sinsulipy’ dncdudes 14pid pBiBg |f<miucwh gehsuliplisprefNA origin:

HUM/QIE@&% 3 n?]? OIIHE i Hl 24 gfo?rg) rrgl)% %mf) ;I' %ﬁsl %?d {, Inslulm (I]njectlon (Regular

prostagl andi n- en operoxi prosta
Insuhrﬂ:fd?hl s Aadasoek a'eghla:ryIGJEﬂ"chygélnBﬂBr) mhamyglenmm R (Eli Lilly),

S TN T W S AT
Nordisky, D NAXH @8 8a BriffeRidO VEADSUIGNB R 80 @6 gitdrdfsutid INBAS Rorllisk),
purified pork: Pork Regular ILETIN II (Eli Lilly), Regular Purified Pork Insulin (Novo Nordisk),
and Regular (Concentrated) ILETIN II U-500 (500 units/mL, Eli Lilly); intermediate-acting forms
such as Insulin Zinc Suspension, beef and pork: LENTE ILETIN G I (Eli Lilly), Human, rDNA:
HUMULIN L (Eli Lilly), NOVOLIN L (Novo Nordisk), purified pork: LENTE ILETIN II (Eli
Lilly), Isophane Insulin Suspension (NPH): beef and pork: NPH ILETIN I (Eli Lilly), Human,
rDNA: HUMULIN N (El Lilly), Novolin N (Novo Nordisk), purified pork: Pork NPH Iletin II (Eli

Lilly), NPH-N (Novo Nordisk); and long-acting forms such as Insulin zinc suspension, extended
(ULTRALENTE, Eli Lilly), human, rDNA: HUMULIN U (Eli Lilly).

[00178] "Hypoglycemic" agents are preferably oral hypoglycemic agents and include, without
limitation, first-generation sulfonylureas: Acetohexamide (Dymelor), Chlorpropamide (Diabinese),
Tolbutamide (Orinase); second-generation sulfonylureas: Glipizide (Glucotrol, Glucotrol XL),
Glyburide (Diabeta; Micronase; Glynase), Glimepiride (Amaryl); Biguanides: Metformin
(Glucophage); Alpha-glucosidase inhibitors: Acarbose (Precose), Miglitol (Glyset),
Thiazolidinediones: Rosiglitazone (Avandia), Pioglitazone (Actos), Troglitazone (Rezulin);

Meglitinides: Repaglinide (Prandin); and other hypoglycemics such as Acarbose; Buformin;
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anger hans regenerating protern A
Glucaga@ 08lyhgi4anad & il inBRO0SI g0 SGIY optainRIBRGBa@fide; iLanogheide: Linogliride

Fumar%%@te)t%ﬁ{\%o%%%l#ﬁé%ﬁ%%;%ég@%@ E%@ﬁa{egﬁio%siuﬂn Human;;
Seglitideegtdtatt £Thlaaelidd; crome:@mideczslanfeet;afd cysteine-rich

rofein precursor 1, found in inflammtory zone 3 RETN
1001795 Attt mgpaicyy oo i o Aklgsenss o Elometdsans Bisptniensis: Algestone
Aceton‘-ﬁﬁ:‘; lf\jlﬁlﬁﬁu‘@mﬂllaSe; I?ilphclmafB,SchﬁﬁKae; Aﬁﬁféna@\gcfﬂ?@n;lAmiprilose Hydrochloride;

(ribosomal "protein S6 kinase, 901cl), pol ypeptide 1);
AnakiggoaReact Anptragafenndpazpne; iBalsalagge Rispduum; Heprazag;; Benoxaprofen;

Bena e AP P gy R Berae Bboen 1 RARR, Cictoprofen
Cintazone; Cliprofen; Clobetasol Propionate; Clobetasone Butyrate; Clopirac; Cloticasone
Propionate; Cormethasone Acetate; Cortodoxone; Deflazacort; Desonide; Desoximetasone;
Dexamethasone Dipropionate; Diclofenac Potassium; Diclofenac Sodium; Diflorasone Diacetate;
Diflumidone Sodium; Diflunisal; Difluprednate; Diftalone; Dimethyl Sulfoxide; Drocinonide;
Endrysone; Enlimomab; Enolicam Sodium; Epirizole; Etodolac; Etofenamate; Felbinac; Fenamole;
Fenbufen; Fenclofenac; Fenclorac; Fendosal; Fenpipalone; Fentiazac; Flazalone; Fluazacort;
Flufenamic Acid; Flumizole; Flunisolide Acetate; Flunixin; Flunixin Meglumine; Fluocortin Butyl;
Fluorometholone Acetate; Fluquazone; Flurbiprofen; Fluretofen; Fluticasone Propionate;
Furaprofen; Furobufen; Halcinonide; Halobetasol Propionate; Halopredone Acetate; Ibufenac;
Ibuprofen; Ibuprofen Aluminum; Ibuprofen Piconol; llonidap; Indomethacin; Indomethacin
Sodium; Indoprofen; Indoxole; Intrazole; Isoflupredone Acetate; Isoxepac; Isoxicam; Ketoprofen;
Lofemizole Hydrochloride; Lornoxicam; Loteprednol Etabonate; Meclofenamate Sodium;
Meclofenamic Acid; Meclorisone Dibutyrate; Mefenamic Acid; Mesalamine; Meseclazone;
Methylprednisolone Suleptanate; Morniflumate; Nabumetone; Naproxen; Naproxen Sodium;
Naproxol; Nimazone; Olsalazine Sodium; Orgotein; Orpanoxin; Oxaprozin; Oxyphenbutazone;
Paranyline Hydrochloride; Pentosan Polysulfate Sodium; Phenbutazone Sodium Glycerate;
Pirfenidone; Piroxicam; Piroxicam Cinnamate; Piroxicam Olamine; Pirprofen; Prednazate;
Prifelone; Prodolic Acid; Proquazone; Proxazole; Proxazole Citrate; Rimexolone; Romazarit;
Salcolex; Salnacedin; Salsalate; Salycilates; Sanguinarium Chloride; Seclazone; Sermetacin;

Sudoxicam; Sulindac; Suprofen; Talmetacin; Talniflumate; Talosalate; Tebufelone; Tenidap;
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cyst el ne) proteinase inhibitor, clade E (nexin,

synthefi mam@}é miem;cl iofeanopbimimetis effsetst ylpéltijl"NFﬁderQuctlon at a post-

s ke EAEoE ML SATRLIA L R P AL e
trichodimaenohBMB+180 _maj ePrpfentéd mNH-:_ﬂphmambibSGé;arsEanm@n (ENBREL, Immunex,
Scameﬁ B?mg"rl%‘:aﬁ Wgﬁ%ﬁ%ﬁ%ﬁ&%ﬁ%ﬁ?nzsﬁg gl obul i n

[00181] SHEG)id redRthg £3Rits ' RICHB @elfi Ll EhelyoRnife, cBREtiRY 8Hicotinic acid,
and Hl\?IIGij(I)An ge urc:t(ajltsee 1Inh1bitors. HMG-CoA reductase inhibitors useful for administration, or
co-administration with other agents according to the invention include, but are not limited to,
simvastatin (U.S. Pat. No. 4, 444,784), lovastatin (U.S. Pat. No. 4,231,938), pravastatin sodium
(U.S. Pat. No. 4,346,227), fluvastatin (U.S. Pat. No. 4,739,073), atorvastatin (U.S. Pat. No.
5,273,995), cerivastatin, and numerous others described in U.S. Pat. No. 5,622,985, U.S. Pat. No.
5,135,935, U.S. Pat. No. 5,356,896, U.S. Pat. No. 4,920,109, U.S. Pat. No. 5,286,895, U.S. Pat. No.
5,262,435, U.S. Pat. No. 5,260,332, U.S. Pat. No. 5,317,031, U.S. Pat. No. 5,283,256, U.S. Pat. No.
5,256,689, U.S. Pat. No. 5,182,298, U.S. Pat. No. 5,369,125, U.S. Pat. No. 5,302,604, U.S. Pat. No.
5,166,171, U.S. Pat. No. 5,202,327, U.S. Pat. No. 5,276,021, U.S. Pat. No. 5,196,440, U.S. Pat. No.
5,091,386, U.S. Pat. No. 5,091,378, U.S. Pat. No. 4,904,646, U.S. Pat. No. 5,385,932, U.S. Pat. No.
5,250,435, U.S. Pat. No. 5,132,312, U.S. Pat. No. 5,130,306, U.S. Pat. No. 5,116,870, U.S. Pat. No.
5,112,857, U.S. Pat. No. 5,102,911, U.S. Pat. No. 5,098,931, U.S. Pat. No. 5,081,136, U.S. Pat. No.
5,025,000, U.S. Pat. No. 5,021,453, U.S. Pat. No. 5,017,716, U.S. Pat. No. 5,001,144, U.S. Pat. No.
5,001,128, U.S. Pat. No. 4,997,837, U.S. Pat. No. 4,996,234, U.S. Pat. No. 4,994,494, U.S. Pat. No.

4,992,429, U.S. Pat. No. 4,970,231, U.S. Pat. No. 4,968,693, U.S. Pat. No. 4,963,538, U.S. Pat. No.
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[00182] "Calcium channel blockers" are a chemically diverse class of compounds having
important therapeutic value in the control of a variety of diseases including several cardiovascular
disorders, such as hypertension, angina, and cardiac arrhythmias (Fleckenstein, Cir. Res. v. 52,
(suppl. 1), p. 13-16 (1983); Fleckenstein, Experimental Facts and Therapeutic Prospects, John
Wiley, New York (1983); McCall, D., Curr Pract Cardiol, v. 10, p. 1-11 (1985)). Calcium channel
blockers are a heterogeneous group of drugs that belong to one of three major chemical groups of
drugs, the dihydropyridines, such as nifedipine, the phenyl alkyl amines, such as verapamil, and the
benzothiazepines, such as diltiazem. Other calcium channel blockers useful according to the
invention, include, but are not limited to, amrinone, amlodipine, bencyclane, felodipine, fendiline,
flunarizine, isradipine, nicardipine, nimodipine, perhexilene, gallopamil, tiapamil and tiapamil
analogues (such as 1993RO-11 -2933), phenytoin, barbiturates, and the peptides dynorphin, omega-
conotoxin, and omega-agatoxin, and the like and/or pharmaceutically acceptable salts thereof.
[00183] "Beta-adrenergic receptor blocking agents" are a class of drugs that antagonize the
cardiovascular effects of catecholamines in angina pectoris, hypertension, and cardiac arrhythmias.
Beta-adrenergic receptor blockers include, but are not limited to, atenolol, acebutolol, alprenolol,
befunolol, betaxolol, bunitrolol, carteolol, celiprolol, hedroxalol, indenolol, labetalol, levobunolol,
mepindolol, methypranol, metindol, metoprolol, metrizoranolol, oxprenolol, pindolol, propranolol,
practolol, practolol, sotalolnadolol, tiprenolol, tomalolol, timolol, bupranolol, penbutolol,
trimepranol, 2-(3-(1,1-dimethylethyl)-amino-2-hyd- roxypropoxy)-3-pyridenecarbonitrilHCI, 1-
butylamino-3-(2,5-dichlorophenoxy- )-2-propanol, 1-isopropylamino-3-(4-(2-
cyclopropylmethoxyethyl)phenoxy)-2-- propanol, 3-isopropylamino-1-(7-methylindan-4-yloxy)-2-
butanol, 2-(3-t-butylamino-2-hydroxy-propylthio)-4-(5-carbamoyl-2-thienyl)thiazol, 7-(2-hydroxy-
3-t-butylaminpropoxy)phthalide. The above-identified compounds can be used as isomeric

mixtures, or in their respective levorotating or dextrorotating form.
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inhibitgus{td{.8shait Ney 3 ¥Bd3IB6 Dl@ylslnmtlgbctanopy\cwssa@e;dubutors of cyclooxygenase-
2", U.?%PE\%SB%% 953 %%B%lq{e&esr Péggs éoﬁs?yﬁghbzt 4" US. Pat. No. 5,550,142

ranscription fac ebat ¢
"Pheny) Medeﬁﬁyclémt(de(ﬁNHﬂJ)to&dNRU 8, Pal Molrs,552p12e X Anglsubaitited 5,5 fused

hepatic nucleay factor 1. maturity, t D1 ahe ,
aromat A O BOURaS AF TP CErU: DS debsh SoRERs] N
benzyl{nddF3 1 propadnotacid 86 vdshis 'c?é'locﬁ)?ﬁ&&rse Ahiti@RAL US. Pat. No. 5,604,260
LF-B3; variant hepatic nuclear factor hepatoc

"S-methgpep@ianamigdar indanones 35pp IbyteRoOf ‘HRPPW%P&SC A ézs Pai-po; 5,639,780
"N-berM}ﬁXéol é‘/\]NFu:Ifanoﬁd' z@%&éﬂvg %gra\s Eﬁ?&&géﬁa&g: ?ub?t%&" U.S. Pat. No.

tfanscription factor |ke speci
5,677, 3 8Ghphenyl-1,2-3- thladlazoles as anti-inflammatory agents"; U.S. Pat. No. 5,691,374
"Diaryl-5-oxygenated-2-(SH)-furanones as COX-2 inhibitors"; U.S. Pat. No. 5,698,584 "3,4-diaryl-
2-hydroxy-2,5-dihy- drofurans as prodrugs to COX-2 inhibitors"; U.S. Pat. No. 5,710,140 "Phenyl
heterocycles as COX-2 inhibitors"; U.S. Pat. No. 5,733,909 "Diphenyl stilbenes as prodrugs to
COX-2 inhibitors"; U.S. Pat. No. 5,789,413 "Alkylated styrenes as prodrugs to COX-2 inhibitors";
U.S. Pat. No. 5,817,700 "Bisaryl cyclobutenes derivatives as cyclooxygenase inhibitors"; U.S. Pat.
No. 5,849,943 "Stilbene derivatives useful as cyclooxygenase-2 inhibitors"; U.S. Pat. No. 5,861,419
"Substituted pyridines as selective cyclooxygenase-2 inhibitors"; U.S. Pat. No. 5,922,742
"Pyridinyl-2-cyclopenten-1-ones as selective cyclooxygenase-2 inhibitors"; U.S. Pat. No. 5,925,631
"Alkylated styrenes as prodrugs to COX-2 inhibitors"; all of which are commonly assigned to
Merck Frosst Canada, Inc. (Kirkland, Calif.). Additional COX-2 inhibitors are also described in
U.S. Pat. No. 5,643,933, assigned to G. D. Searle & Co. (Skokie, Il1.), entitled: "Substituted
sulfonylphenyl-heterocycles as cyclooxygenase-2 and 5-lipoxygenase inhibitors."
[00185] A number of the above-identified COX-2 inhibitors are prodrugs of selective COX-2
inhibitors, and exert their action by conversion in vivo to the active and selective COX-2 inhibitors.
The active and selective COX-2 inhibitors formed from the above-identified COX-2 inhibitor
prodrugs are described in detail in WO 95/00501, published Jan. 5, 1995, WO 95/18799, published
Jul. 13, 1995 and U.S. Pat. No. 5,474,995, issued Dec. 12, 1995. Given the teachings of U.S. Pat.
No. 5,543,297, entitled: "Human cyclooxygenase-2 cDNA and assays for evaluating

cyclooxygenase-2 activity," a person of ordinary skill in the art would be able to determine whether
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ed TNE

derlvatlve 1n ﬁ =N tgggb L 8%1181’1 ,E\!:Chlmioﬁ%rg z?lh i Cxcri%zg eS ]ace’tlf: acid’(see Long et
al., J. Hiiaphai:ol Exp Ther. 247(1), 1-7 (1988)); 4,5,6,7-tetrahydro-1H-imidazo [4,5-c] pyridine-6-
carboxylic acid and analog derivatives (U.S. Pat. No. 4,816,463); N2-tetrazole beta-glucuronide
analogs (U.S. Pat. No. 5,085,992); substituted pyrroles, pyrazoles, and tryazoles (U.S. Pat. No.
5,081,127); phenol and heterocyclic derivatives such as 1,3-imidazoles (U.S. Pat. No. 5,073,566);
imidazo-fused 7-member ring heterocycles (U.S. Pat. No. 5,064,825); peptides (e.g., U.S. Pat. No.
4,772,684); antibodies to angiotensin II (e.g., U.S. Pat. No. 4,302,386); and aralkyl imidazole
compounds such as biphenyl-methyl substituted imidazoles (e.g., EP Number 253,310, Jan. 20,
1988); ES8891 (N-morpholinoacetyl-(-1-naphthyl)-L-alany- 1-(4, thiazolyl)-L-alanyl (35,45)-4-
amino-3-hydroxy-5-cyclo-hexapentanoyl-- N-hexylamide, Sankyo Company, Ltd., Tokyo, Japan);
SKF108566 (E-alpha-2-[2-butyl-1-(carboxy phenyl) methyl] 1H-imidazole-5-yl[methylan- e]-2-
thiophenepropanoic acid, Smith Kline Beecham Pharmaceuticals, Pa.); Losartan (DUP753/MK954,
DuPont Merck Pharmaceutical Company); Remikirin (RO42-5892, F. Hoffman LaRoche AG);
A.sub.2 agonists (Marion Merrill Dow) and certain non-peptide heterocycles (G. D. Searle and
Company).

[00187] "Angiotensin converting enzyme (ACE) inhibitors” include amino acids and derivatives
thereof, peptides, including di- and tri-peptides and antibodies to ACE which intervene in the renin-

angiotensin system by inhibiting the activity of ACE thereby reducing or eliminating the formation

of pressor substance angiotensin II. ACE inhibitors have been used medically to treat hypertension,
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Numbéli‘NFmESMB) 2a8ipkit WDSOBhaNo hy3B7CROR), ané periiopsin@.S. Pat. No. 4,508,729),
ser Ot ni n, neu

carboxp{glgy{;cg%pg@g 112%agr1 a@glolt’t ' $ t of]g%gégmggbenazapril (U.S. Pat.
No. 4,410,370 q)hbémrgaanmbpr;srsinee@%hagasff@m&ﬁm (U8HP24 0. 4,337,201) and

transient receptor potential cation channel, subfaml
trandolgprikenber 1 vanilloid receptor 1 - VRl capsa|C|n

[00185]6091@&96 mhﬁtﬁf%&s'aﬁe”éo QR lcm{t@rfbfr thgéH by Pﬁrleﬁl . Renin

transient receptor entla vani
inhibitprsgeghedsransing agigeant], de@agms dleneorf,en;epdag rand terawasivesthereof, and

antlboélgct%prtﬁn(ﬁr )?atme rl]ésl oz%lre Vr? pnlhll I1t%|rsdthat arf ﬁ‘lems!ll%f]ﬁc]t o(‘ TJthecil' g‘)tat-le-:gegz\{t%nts are as
i ore er acC 1 or e
followkxi uneh degivpti s of pepZLdesJ(U SglEdt GNGCS hyS 835); amino ac1ds connected by

nonpeqtgéi@ é‘SI;éP éolﬁ;é\ﬁorggl lggﬁ)z-glx Q%ﬁéggpﬁg@ Ig%%ctjl%)és (nU S. Pat. No.
5,106,833) SH9IR6 Q&i8Y And/deril hii % @Ebpedf TUISCHHC NS &, B4,96b1a8d 8 @951 19); diol
sulfongrreu%gsc atmacliss%lﬁbnytls (U.S. Pat. No. 5,098,924); modified peptides (U.S. Pat. No. 5,095,006);
peptidyl beta-aminoacyl aminodiol carbamates (U.S. Pat. No. 5,089,471); pyrolimidazolones (U.S.
Pat. No. 5,075,451); fluorine and chlorine statine or statone containing peptides (U.S. Pat. No.
5,066,643); peptidyl amino diols (U.S. Pat. Nos. 5,063,208 and 4,845,079); N-morpholino
derivatives (U.S. Pat. No. 5,055,466); pepstatin derivatives (U.S. Pat. No. 4,980,283); N-
heterocyclic alcohols (U.S. Pat. No. 4,885,292); monoclonal antibodies to renin (U.S. Pat. No.
4,780,401); and a variety of other peptides and analogs thereof (U.S. Pat. Nos. 5,071,837,
5,064,965, 5,063,207, 5,036,054, 5,036,053, 5,034,512, and 4,894,437).

[00189] Other Diabetes-modulating drugs include, but are not limited to, lipase inhibitors such as
cetilistat (ATL-962); synthetic amylin analogs such as Symlin pramlintide with or without
recombinant leptin; sodium-glucose cotransporter 2 (SGLT2) inhibitors like sergliflozin (869682;
KGT-1251), YMS543, dapagliflozin, GlaxoSmithKline molecule 189075, and Sanofi-Aventis
molecule AVE2268; dual adipose triglyceride lipase and P13 kinase activators like Adyvia (ID
1101); antagonists of neuropeptide Y2, Y4, and Y5 receptors like Nastech molecule PYY3-36,

synthetic analog of human hormones PYY3-36 and pancreatic polypeptide (7TM molecule
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hormowesdike lokoypestiopeinhibityrs bfisratpnivE{@pa@d®, and norepinephrine (also known in
the art as “triple monoamine reuptake inhibitors”) like tesofensine (Neurosearch molecule NS2330);
inhibitors of norepinephrine and dopamine reuptake, like Contrave (bupropion plus opioid
antagonist naltrexone) and Excalia (bupropion plus anticonvulsant zonisaminde); inhibitors of 11-
hydroxysteroid dehydrogenase type 1 (11b-HSD1) like Incyte molecule INCB13739; inhibitors of
cortisol synthesis such as ketoconazole (DiObex molecule DIO-902); inhibitors of gluconeogenesis
such as Metabasis/Daiichi molecule CS-917; glucokinase activators like Roche molecule R1440;
antisense inhibitors of protein tyrosine phosphatase-1B such as ISIS 113715; as well as other agents
like NicOx molecule NCX 4016; injections of gastrin and epidermal growth factor (EGF) analogs
such as Islet Neogenesis Therapy (E1-I.N.T.); and betahistine (Obecure molecule OBE101).
[00190] A subject cell (i.e., a cell isolated from a subject) can be incubated in the presence of a
candidate agent and the pattern of biomarker expression in the test sample is measured and
compared to a reference profile, e.g., a Diabetes reference expression profile or a non-Diabetes
reference expression profile or an index value or baseline value. The test agent can be any
compound or composition or combination thereof. For example, the test agents are agents
frequently used in Diabetes treatment regimens and are described herein.

[00191] Additionally, any of the aforementioned methods can be used separately or in
combination to assess if a subject has shown an “improvement in Diabetes risk factors” or moved
within the risk spectrum of pre-Diabetes. Such improvements include, without limitation, a
reduction in body mass index (BMI), a reduction in blood glucose levels, an increase in HDL levels,
a reduction in systolic and/or diastolic blood pressure, an increase in insulin levels, or combinations
thereof.

[00192] A subject suffering from or at risk of developing Diabetes or a pre-diabetic condition
may also be suffering from or at risk of developing arteriovascular disease, hypertension, or obesity.
Type 2 Diabetes in particular and arteriovascular disease have many risk factors in common, and
many of these risk factors are highly correlated with one another. The relationship among these risk

factors may be attributable to a small number of physiological phenomena, perhaps even a single
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Performance and Accuracy Measures of the Invention

[00194] The performance and thus absolute and relative clinical usefulness of the invention
may be assessed in multiple ways as noted above. Amongst the various assessments of
performance, the invention is intended to provide accuracy in clinical diagnosis and prognosis. The
accuracy of a diagnostic or prognostic test, assay, or method concerns the ability of the test, assay,
or method to distinguish between subjects having Diabetes, pre-Diabetes, or a pre-diabetic
condition, or at risk for Diabetes, pre-Diabetes, or a pre-diabetic condition, is based on whether the
subjects have an “effective amount” or a “significant alteration” in the levels of a biomarker. By
“effective amount” or “significant alteration,” it is meant that the measurement of the biomarker is
different than the predetermined cut-off point (or threshold value) for that biomarker and therefore
indicates that the subject has Diabetes, pre-Diabetes, or a pre-diabetic condition for which the
biomarker is a determinant. The difference in the level of biomarker between normal and abnormal
is preferably statistically significant and may be an increase in biomarker level or a decrease in
biomarker level. As noted below, and without any limitation of the invention, achieving statistical
significance, and thus the preferred analytical and clinical accuracy, generally but not always
requires that combinations of several biomarkers be used together in panels and combined with
mathematical algorithms in order to achieve a statistically significant biomarker index.

[00195] In the categorical diagnosis of a disease state, changing the cut point or threshold
value of a test (or assay) usually changes the sensitivity and specificity, but in a qualitatively inverse
relationship. Therefore, in assessing the accuracy and usefulness of a proposed medical test, assay,
or method for assessing a subject’s condition, one should always take both sensitivity and

specificity into account and be mindful of what the cut point is at which the sensitivity and
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specificity are being reported because sensitivity and specificity may vary significantly over the
range of cut points. Use of statistics such as AUC, encompassing all potential cut point values, is
preferred for most categorical risk measures using the invention, while for continuous risk
measures, statistics of goodness-of-fit and calibration to observed results or other gold standards, are
preferred.

[00196] Using such statistics, an “acceptable degree of diagnostic accuracy”, is herein
defined as a test or assay (such as the test of the invention for determining the clinically significant
presence of biomarkers, which thereby indicates the presence of Diabetes, pre-Diabetes, or a pre-
diabetic condition) in which the AUC (area under the ROC curve for the test or assay) is at least
0.60, desirably at least 0.65, more desirably at least 0.70, preferably at least 0.75, more preferably at
least 0.80, and most preferably at least 0.85.

[00197] By a “very high degree of diagnostic accuracy”, it is meant a test or assay in which
the AUC (area under the ROC curve for the test or assay) is at least 0.80, desirably at least 0.85,
more desirably at least 0.875, preferably at least 0.90, more preferably at least 0.925, and most
preferably at least 0.95.

[00198] The predictive value of any test depends both on the sensitivity and specificity of the
test, and on the prevalence of the condition in the population being tested. This notion, based on
Bayes’ theorem, provides that the greater the likelihood that the condition being screened for is
present in a subject or in the population (pre-test probability), the greater the validity of a positive
test and the greater the likelihood that the result is a true positive. Thus, the problem with using any
test in any population where there is a low likelihood of the condition being present is that a positive
result has more limited value (i.e., a positive test is more likely to be a false positive). Similarly, in
populations at very high risk, a negative test result is more likely to be a false negative.

[00199] As aresult, ROC and AUC can be misleading as to the clinical utility of a test in low
disease prevalence tested populations (defined as those with less than 1% rate of occurrences
(incidence) per annum, or less than 10% cumulative prevalence over a specified time horizon).
Alternatively, absolute risk and relative risk ratios as defined elsewhere in this disclosure can be
employed to determine the degree of clinical utility. Populations of subjects to be tested can also be

categorized into quartiles by the test’s measurement values, where the top quartile (25% of the
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pre-Diabetes, or a pre-diabetic condition and the bottom quartile comprising the group of subjects
having the lowest relative risk for developing Diabetes, pre-Diabetes, or a pre-diabetic condition.
Generally, values derived from tests or assays having over 2.5 times the relative risk from top to
bottom quartile in a low prevalence population are considered to have a “high degree of diagnostic
accuracy,” and those with five to seven times the relative risk for each quartile are considered to
have a “very high degree of diagnostic accuracy.” Nonetheless, values derived from tests or assays
having only 1.2 to 2.5 times the relative risk for each quartile remain clinically useful are widely
used as risk factors for a disease; such is the case with total cholesterol and for many inflammatory
biomarkers with respect to their prediction of future cardiovascular events. Often such lower
diagnostic accuracy tests must be combined with additional parameters in order to derive
meaningful clinical thresholds for therapeutic intervention, as is done with the aforementioned
global risk assessment indices.

[00200] A health economic utility function is an yet another means of measuring the performance
and clinical value of a given test, consisting of weighting the potential categorical test outcomes
based on actual measures of clinical and economic value for each. Health economic performance is
closely related to accuracy, as a health economic utility function specifically assigns an economic
value for the benefits of correct classification and the costs of misclassification of tested subjects.
As a performance measure, it is not unusual to require a test to achieve a level of performance
which results in an increase in health economic value per test (prior to testing costs) in excess of the
target price of the test.

[00201] In general, alternative methods of determining diagnostic accuracy are commonly
used for continuous measures, when a disease category or risk category (such as pre-Diabetes) has
not yet been clearly defined by the relevant medical societies and practice of medicine, where
thresholds for therapeutic use are not yet established, or where there is no existing gold standard for
diagnosis of the pre-disease. For continuous measures of risk, measures of diagnostic accuracy for a
calculated index are typically based on curve fit and calibration between the predicted continuous
value and the actual observed values (or a historical index calculated value) and utilize measures

such as R squared, Hosmer- Lemeshow P-value statistics and confidence intervals. It is not unusual

55



Table 2 # Cinical Paraneter ("CPs") 272 Age (AGE) 273
Body Mass Index (BM) 274 Diastolic Blood Pressure
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with Di abetes; and FHX2-two parents with Di abetes) 276

Gestational D abetes Mellitus (GDM), Past 277 Hei ght

(HT) 278 H p Circunference (H p) 279 Race (RACE) 280

Sex (SEX) 281 Systolic Blood Pressure (SBP) 282 Wi st

G rcunference (Waist) 283 Weight (W) (and other

conbi nations thereof, including Waist to H p Ratio

(MH)). WD 2008/ 131224PCT/ US2008/ 060830 Tahle 3 #
for predicted values using such algorithms to be reported including a confidence interval (usually
90% or 95% CI) based on a historical observed cohort’s predictions, as in the test for risk of future
breast cancer recurrence commercialized by Genomic Health, Inc. (Redwood City, California).
[00202] In general, by defining the degree of diagnostic accuracyj, i.e., cut points on a ROC
curve, defining an acceptable AUC value, and determining the acceptable ranges in relative
concentration of what constitutes an effective amount of the biomarkers of the invention allows one
of skill in the art to use the biomarkers to diagnose or identify subjects with a pre-determined level

of predictability and performance.

Calculation of the Diabetes Risk Score (“DRS”)

[00203] After selection of a set of biomarkers as disclosed in the instant invention, well-known
techniques such as cross-correlation, Principal Components Analysis (PCA), factor rotation,
Logistic Regression (LogReg), Linear Discriminant Analysis (LDA), Eigengene Linear
Discriminant Analyéis (ELDA), Support Vector Machines (SVM), Random Forest (RF), Recursive
Partitioning Tree (RPART), related decision tree classification techniques, Shrunken Centroids
(SC), StepAIC, Kth-Nearest Neighbor, Boosting, Decision Trees, Neural Networks, Bayesian
Networks, Support Vector Machines, and Hidden Markov Models, Linear Regression or
classification algorithms, Nonlinear Regression or classification algorithms, analysis of variants
(ANOVA), hierarchical analysis or clustering algorithms; hierarchical algorithms using decision
trees; kernel based machine algorithms such as kernel partial least squares algorithms, kernel
matching pursuit algorithms, kernel Fisher’s discriminate analysis algorithms, or kernel principal
components analysis algorithms, or other mathematical and statistical methods can be used to
develop a DRS Formula for calculation of Diabetes risk score. A selected population of individuals
is used, where historical information is available regarding the values of biomarkers in the
population and their clinical outcomes. To calculate a Diabetes risk score for a given individual,
biomarker values are obtained from one or more samples collected from the individual and used as
input data (inputs into a DRS Formula fitted to the actual historical data obtained from the selected

population of individuals.
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[00208] The tests for the biomarker panels of the invention can be carried out by laboratories
such as those which are certified under the Clinical Laboratory Improvement Amendments of the
United States (42 U.S.C. § 263(a)), or other federal, national, state, provincial, or other law of any
country, state, or province governing the operation of laboratories which analyze samples for
clinical purposes. Such laboratories include, for example, Laboratory Corporation of America, with
headquarters at 358 South Main Street, Burlington, NC 27215, United States of Ameﬁca; Quest
Diagnostics, with corporate headquarters at 3 Giralda Farms, Madison, NJ 07940, United States of

America; and hospital-based reference laboratories and clinical chemistry laboratories.

Relative Performance of the Invention

[00209] Only a minority of individual ALLDBRISK achieve an acceptable degree of diagnostic
accuracy as defined above. Using a representative list of ALLDBRISK in each study, an exhaustive
analysis of all potential univariate, bivariate, and trivariate combinations was used to derive a best
fit LDA model to predict risk of conversion to Diabetes in each of the Example populations (see
Figure 31). For every possible ALLDBRISK combination of a given panel size an LDA model was
developed and then analyzed for its AUC statistics.

[00210] Itis immediately apparent from the figure that there is a very low likelihood of high
accuracy individual biomarkers, and even high accuracy combinations utilizing multiple biomarkers
are infrequent. As demonstrated in Figure 31, none of the individual ALLDBRISK, out of the 53
and 49 ALLDBRISK tested in Example 1 and Example 2, respectively, presented herein, achieved
an AUC of 0.75 for the prediction of Diabetes in a best fit univariate model. The individual
ALLDBRISK parameters tested included many of the traditional laboratory risk factors and clinical
parameters commonly used in global risk assessment and indices for Diabetes and arteriovascular
disease.

[00211] Only two single ALLDBRISK, fasting glucose and insulin, even achieved an AUC of
0.70 in a univariate model; neither of these two biomarkers consistently did so in all of the
population cohorts in the presented studies. Despite this lack of a very high level of diagnostic
accuracy, fasting glucose remains the most common method of predicting the risk of Diabetes, and

furthermore remains the primary method and definition used for the diagnosis of frank Diabetes.

59



End Product- l|igand 2 aka Enzynme D astolic

(fasting Protein (CRP) Specific nonocyte (ACE)
wBk@sd3Reessure plasma gl ucose Fibrinogen al peiEUSIvAS/060830

Receptor (AGER) chenpattracta nt protein-1

Conpl enment Conponent ( DBP)

[00212] In the Examples, achieving an accuracy defined by an AUC of 0.75 or above
required a minimum combination of two or more biomarkers as taught in the invention herein.
Across all of the examples, only three such two ALLDBRISK combinations yielded bivariate
models which met this hurdle, and only when used within the Base population cohorts of each
Example, which had more selected (narrower) population selection (including only those with both
a BMI greater than or equal to 25 and age greater than or equal to 39) than the total population of
each Example. Such two biomarker combinations occurred at an approximate rate of only one in a
thousand potential combinations.

[00213] However, as demonstrated above, several of the other biomarkers are useful in trivariate
combinations of three ALLDBRISK, many of which achieved both acceptable performance either
with or without including either glucose or insulin. Notably, in two separate studies, a
representative set of 53 and 49 biomarkers selected out of the 266 ALLDBRISK, clinical parameters
and traditional laboratory risk factors, were tested, and of these, certain combinations of three or
more ALLDBRISK were found to exhibit superior performance. These are key aspects of the
invention.

[00214] Notably, this analysis of Figure 31 demonstrated that no single biomarker was required
to practice the invention at an acceptable level of diagnostic accuracy, although several individually
identified biomarkers are parts of the most preferred embodiments as disclosed below. It is a
feature of the invention that the information lost due to removing one ALLDBRISK can often be
replaced through substitution with one or more other ALLDBRISK, and generically by increasing
the panel size, subject to the need to increase the study size in order for studies examining very large
models encompassing many ALLDBRISK to remain statistically significant. It is also a feature of
the invention that overall performance and accuracy can often be improved by adding additional
biomarkers (e.g., ALLDBRISK, traditional laboratory risk factors, and clinical parameters) as
additional inputs to a formula or model, as demonstrated above in the relative performance of
univariate, bivariate, and trivariate models, and below in the performance of larger models.

[00215] The ultimate determinant and gold standard of true risk of conversion to Diabetes is
actual conversions within a sufficiently large study population and observed over the length of time

claimed, as was done in the Examples contained herein. However, this is problematic, as it is
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necessarily a retrospective point of view. As a result, subjects suffering from or at risk of
developing Diabetes, pre-Diabetes, or a pre-diabetic condition are commonly diagnosed or
identified by methods known in the art, generally using either traditional laboratory risk factors or
other non-analyte clinical parameters, and future risk is estimated based on historical experience and
registry studies. Such methods include, but are not limited to, measurement of systolic and diastolic
blood pressure, measurements of body mass index, in vitro determination of total cholesterol, LDL,
HDL, insulin, and glucose levels from blood samples, oral glucose tolerance tests, stress tests,
measurement of high sensitivity C-reactive protein (CRP), electrocardiogram (ECG), c-peptide
levels, anti-insulin antibodies, anti-beta cell-antibodies, and glycosylated hemoglobin (HBA1c).
[00216] For example, Diabetes is frequently diagnosed by measuring fasting blood glucose,
insulin, or HBAIc levels. Normal adult glucose levels are 60-126 mg/dl. Normal insulin levels are
7 mU/mL * 3mU. Normal HBAlc levels are generally less than 6%. Hypertension is diagnosed by
a blood pressure consistently at or above 140/90. Risk of arteriovascular disease can also be
diagnosed by measuring cholesterol levels. For example, LDL cholesterol above 137 or total
cholesterol above 200 is indicative of a heightened risk of arteriovascular disease. Obesity is
diagnosed for example, by body mass index. Body mass index (BMI) is measured (kg/m2 (or Ib/in2
x 704.5)). Alternatively, waist circumference (estimates fat distribution), waist-to-hip ratio
(estimates fat distribution), skinfold thickness (if measured at several sites, estimates fat
distribution), or bioimpedance (based on principle that lean mass conducts current better than fat
mass (i.e. fat mass impedes current), estimates % fat) is measured. The parameters for normal,
overweight, or obese individuals is as follows: Underweight: BMI <18.5; Normal: BMI 18.5 to
24.9; Overweight: BMI = 25 to 29.9. Overweight individuals are characterized as having a waist
circumference of >94 cm for men or >80 cm for women and waist to hip ratios of > 0.95 in men
and > 0.80 in women. Obese individuals are characterized as having a BMI of 30 to 34.9, being
greater than 20% above "normal” weight for height, having a body fat percentage > 30% for women
and 25% for men, and having a waist circumference >102 cm (40 inches) for men or 88 cm (35
inches) for women. Individuals with severe or morbid obesity are characterized as having a BMI of

> 35.
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[00217] As noted above, risk prediction for Diabetes, pre-Diabetes, or a pre-diabetic
condition can also encompass risk prediction algorithms and computed indices that assess and
estimate a subject’s absolute risk for developing Diabetes, pre-Diabetes, or a pre-diabetic condition
with reference to a historical cohort. Risk assessment using such predictive mathematical
algorithms and computed indices has increasingly been incorporated into guidelines for diagnostic
testing and treatment, and encompass indices obtained from and validated with, inter alia, multi-
stage, stratified samples from a representative population.

[00218] Despite the numerous studies and algorithms that have been used to assess the risk of
Diabetes, pre-Diabetes, or a pre-diabetic condition, the evidence-based, multiple risk factor
assessment approach is only moderately accurate for the prediction of short- and long-term risk of
manifesting Diabetes, pre-Diabetes, or a pre-diabetic condition in individual asymptomatic or
otherwise healthy subjects. Such risk prediction algorithms can be advantageously used in
combination with the ALLDBRISK of the present invention to distinguish between subjects in a
population of interest to determine the risk stratification of developing Diabetes, pre-Diabetes, or a
pre-diabetic condition. The ALLDBRISK and methods of use disclosed herein provide tools that
can be used in combination with such risk prediction algorithms to assess, identify, or diagnose
subjects who are asymptomatic and do not exhibit the conventional risk factors.

[00219] The data derived from risk factors, risk prediction algorithms and from the methods
of the present invention can be combined and compared by known statistical techniques in order to
compare the relative performance of the invention to the other techniques.

[00220] Furthermore, the application of such techniques to panels of multiple ALLDBRISK
is encompassed by or within the ambit of the present invention, as is the use of such combinations
and formulae to create single numerical “risk indices” or “risk scores” encompassing information

from multiple ALLDBRISK inputs.

Selection of biomarkers
[00221] The biomarkers and methods of the present invention allow one of skill in the art to

identify, diagnose, or otherwise assess those subjects who do not exhibit any symptoms of Diabetes,
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pre-Diabetes, or a pre-diabetic condition, but who nonetheless may be at risk for developing
Diabetes, pre-Diabetes, or experiencing symptoms characteristic of a pre-diabetic condition.

[00222] Two hundred and sixty-six (266) analyte-based biomarkers have been identified as
being found to have altered or modified presence or concentration levels in subjects who have
Diabetes, or who exhibit symptoms characteristic of a pre-diabetic condition, or have pre-Diabetes
(as defined herein), including such subjects as are insulin resistant, have altered beta cell function or
are at risk of developing Diabetes based upon known clinical parameters or traditional laboratory
risk factors, such as family history of Diabetes, low activity level, poor diet, excess body weight
(especially around the waist), age greater than 45 years, high blood pressure, high levels of
triglycerides, HDL cholesterol of less than 35, previously identified impaired glucose tolerance,
previous Diabetes during pregnancy (Gestational Diabetes Mellitus or GDM) or giving birth to a
baby weighing more than nine pounds, and ethnicity

[00223] Biomarkers can be selected from various groups as outlined in the instant specification to
form a panel of n markers. For example, one embodiment of the invention embraces a method of
evaluating the risk of developing Diabetes or another Diabetes-related condition, comprising
measuring the levels of at least three biomarkers, where two biomarkers are selected from ADIPOQ; .
CRP; GLUCOSE; GPT; HBAIC; HSPA1B; IGFBP1; IGFBP2; INS; LEP; and TRIG; and one
biomarker is selected from the ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table3;
and using the measured levels of the biomarkers to evaluate the risk of developing Diabetes or a
Diabetes-related condition. In this instance, n is 3. When selecting from different groups, unique
biomarkers should be used; e.g., in the immediately preceding example, if ADIPOQ is selected from
the group of ADIPOQ; CRP; GLUCOSE; GPT; HBA1C; HSPA1B; IGFBP1; IGFBP2; INS; LEP;
and TRIG, then ADIPOQ should not also be selected from the markers of Table 1, Table 2, and
Table3. Diabetes-related conditions include Diabetes and the pre-diabetic conditions defined above.
[00224] Table 1 comprises several biomarkers, collectively referred to as ALLDBRISK, which
are analyte-based or individual history-based biomarkers for use in the present invention. One
skilled in the art will recognize that the ALLDBRISKS presented herein encompasses all forms and
variants, including but not limited to, polymorphisms, isoforms, mutants, derivatives, precursors

including nucleic acids and pro-proteins, cleavage products, receptors (including soluble and
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transmembrane receptors), ligands, protein-ligand complexes, and post-translationally modified

variants (such as cross-linking or glycosylation), fragments, and degradation products, as well as

any multi-unit nucleic acid, protein, and glycoprotein structures comprised of any of the

ALLDBRISKS as constituent subunits of the fully assembled structure.

- ADRB2R, ADRBR, B2AR, BAR,
BETA2AR, beta-2 adrenergic receptor;
beta-2 adrenoceptor; catecholamine
receptor

Table 1
ALLDBRISK Official Name. "2 Common Name - Entrez Gene
: S RS :Link
1 ATP-binding cassette, sub-family C sulfonylurea receptor (SURI), HI; SUR; ABCC8
(CFTR/MRP), member 8 HHF1; MRPS8; PHHI; SUR1; ABC36;
HRINS
2 ATP-binding cassette, sub-family C sulfonylurea receptor (SUR2a), SUR2; ABCC9
(CFTR/MRP), member 9 ABC37; CMDI10O; FLJ36852
3 angiotensin I converting enzyme angiotensin-converting enzyme (ACE) - ACE
(peptidyl-dipeptidase A) 1 ACEl, CD143, DCP, DCPI, CD143
antigen; angiotensin I converting enzyme;
angiotensin converting enzyme, somatic
isoform; carboxycathepsin; dipeptidyl
carboxypeptidase 1; kininase II; peptidase
P; peptidyl-dipeptidase A; testicular ECA
4 adenylate cyclase activating polypeptide | adenylate cyclase activating polypeptide ADCYAPI1
1 (pituitary)
5 adiponectin, C1Q and collagen domain Adiponectin - ACDC, ACRP30, APM-1, { ADIPOQ
containing APMI, GBP28, glycosylated adiponectin,
adiponectin, adipocyte, C1Q and collagen
domain containing; adipocyte, C1Q and
collagen domain-containing; adiponectin;
adipose most abundant gene transcript 1;
gelatin-binding protein 28
6 adiponectin receptor 1 G Protein Coupled Receptor AdipoR1 - ADIPORI1
ACDCRI, CGI-45, PAQRI1, TESBP1A
7 adiponectin receptor 2 G Protein Coupled Receptor AdipoR2 - ADIPOR2
ACDCR2, PAQR2
8 Adrenomedullin adrenomedullin - AM, ADM
preproadrenomedullin
9 adrenergic, beta-2-, receptor, surface G Protein- Coupled Beta-2 Adrenoceptor | ADRB2
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ALLDBRISK

Official Namtj,

Common Name

Entrez Gene
Link

10

advanced glycosylation end product-
specific receptor

RAGE - advanced glycosylation end
product-specific receptor RAGE3;
advanced glycosylation end product-
specific receptor variant SRAGE1;
advanced glycosylation end product-
specific receptor variant SRAGE2;
receptor for advanced glycosylation end-
products; soluble receptor

AGER

11

agouti related protein homolog (mouse)
/

AGRT, ART, ASIP2, & Agouti-related
transcript, mouse, homolog of; agouti
(mouse) related protein; agouti related
protein homolog

AGRP

12

angiotensinogen (serpin peptidase
inhibitor, clade A, member 8)

angiotensin I; pre-angiotensinogen;
angiotensin II precursor; angiotensinogen
(serine (or cysteine) peptidase inhibitor,
clade A, member 8); angiotensinogen
(serine (or cysteine) proteinase inhibitor,
clade A (alpha-1 antiproteinase,
antitrypsin), member 8)

AGT

13

angiotensin II receptor, type 1

G protein-Coupled Receptor AGTRIA -
AG2S, AGTRIA, AGTRI1B, AT],
ATI1B, AT2R1, AT2R1A, AT2RIB,
HATIR, angiotensin receptor 1;
angiotensin receptor 1B; type-1B
angiotensin II receptor

AGTRI1

14

angiotensin II receptor-associated
protein

angiotensin II - ATRAP, ATI receptor-
associated protein; angiotensin II, type I
receptor-associated protein

AGTRAP

15

alpha-2-HS-glycoprotein

A2HS, AHS, FETUA, HSGA, Alpha-
2HS-glycoprotein; fetuin-A

AHSG

16

v-akt murine thymoma viral oncogene
homolog 1

Ser/Thr kinase Akt - PKB, PRKBA,
RAC, RAC-ALPHA, RAC-alpha
serine/threonine-protein kinase; murine
thymoma viral (v-akt) oncogene
homolog-1; protein kinase B; rac protein
kinase alpha

AKT1

17

v-akt murine thymoma viral oncogene
homolog 2

PKBBETA, PRKBB, RAC-BETA,
Murine thymoma viral (v-akt) homolog-
2; rac protein kinase beta

AKT?2

18

Albumin

Ischemia-modified albumin (IMA) - cell
growth inhibiting protein 42; growth-
inhibiting protein 20; serum albumin

ALB

19

Alstrom syndrome 1

ALSS

ALMSI

20

archidonate 12-lipoxygenase

LOGI12, 12(S)-lipoxygenase; platelet-
type 12-lipoxygenase/arachidonate 12-
lipoxygenase

ALOX12

21

Angiogenin, ribonuclease, RNase A
family, 5

Angiogenin, MGC71966, RNASE4,
RNASES, angiogenin, ribonuclease,
RNase A family, 5
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o Link
22 ankyrin repeat domain 23 DARP, MARP3, Diabetes related ankyrin | ANKRD23
repeat protein; muscle ankyrin repeat
protein 3
23 apelin, AGTRL 1 Ligand XNPEP2, apelin, peptide ligand for APJ | APLN
receptor
24 apolipoprotein A-I apolipoproteins A-1 and B, amyloidosis; | APOAL
apolipoprotein A-I, preproprotein;
apolipoprotein Al; preproapolipoprotein
25 apolipoprotein A-II Apolipoprotein A-II APOA2
26 apolipoprotein B (including Ag(x) apolipoproteins A-1 and B - APOB
antigen) Apolipoprotein B, FLDB, apoB-100;
apoB-48; apolipoprotein B;
apolipoprotein B48
27 apolipoprotein E APO E - AD2, apoprotein, Alzheimer APOE
disease 2 (APOE*E4-associated, late
onset); apolipoprotein E precursor;
apolipoprotein E3
28 aryl hydrocarbon receptor nuclear dioxin receptor, nuclear translocator; ARNT
translocator hypoxia-inducible factor 1, beta subunit
29 Aryl hydrocarbon receptor nuclear Bmall, TIC; JAP3; MOP3; BMALI; ARNTL
translocator-like PASD3; BMALIc; bHLH-PAS protein
JAP3; member of PAS superfamily 3;
ARNT-like protein 1, brain and muscle;
basic-helix-loop-helix-PAS orphan
MOP3
30 arrestin, beta 1 beta arrestin - ARB1, ARRI, arrestin beta | ARRB1
1
31 arginine vasopressin (neurophysin II, copeptin - ADH, ARVP, AVP-NPII, AVP
antidiuretic hormone, Diabetes AVRP, VP, arginine vasopressin-
insipidus, neurohypophyseal) neurophysin II; vasopressin-neurophysin
II-copeptin, vasopressin
32 bombesin receptor subtype 3 G-protein coupled receptor; bombesin BRS3
receptor subtype 3
33 Betacellulin betacellulin BTC
34 benzodiazepine receptor (peripheral) PBR - DBI, IBP, MBR, PBR, PKBS, BZRP
PTBR, mDRC, pk18, benzodiazepine
peripheral binding site; mitochondrial
benzodiazepine receptor; peripheral
benzodiazapine receptor; peripheral
benzodiazepine receptor; peripheral-type
benzodiazepine receptor
35 complement component 3 complement C3 - acylation-stimulating C3
protein cleavage product; complement
component C3, ASP; CPAMD1
36 complement component 4A (Rodgers complement C4 - C4A anaphylatoxin; C4A
blood group) Rodgers form of C4; acidic C4; c4
propeptide; complement component 4A;
complement component C4B
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ALLDBRISK

Official Name

Common Name

Entrez Gene
Link

37

complement component 4B (Childo
blood group)

C4A, C4A13,C4A91,C4B1, C4B12,
C4B2, C4B3, C4BS, C4F, CH, CO4,
CPAMD3, C4 complement C4d region;
Chido form of C4; basic C4; complement
C4B; complement component 4B;
complement component 4B, centromeric;
complement component 4B, telomeric;
complement component C4B

C4B

38

complement component 5

anaphylatoxin C5a analog - CPAMD4

Cs

39

Calpain-10

calcium-activated neutral protease

CAPNI0O

40

Cholecystokinin

cholecystokinin

CCK

41

cholecystokinin (CCK)-A receptor

CCK-A; CCK-A; CCKRA; CCKI-R;
cholecystokinin-1 receptor;
cholecystokinin type-A receptor

CCKAR

42

chemokine (C-C motif) ligand 2

Monocyte chemoattractant protein-1
(MCP-1) - GDCF-2, GDCF-2 HC11,
HC11, HSMCR30, MCAF, MCP-1,
MCPI, SCYA2, SMC-CF, monocyte
chemoattractant protein-1; monocyte
chemotactic and activating factor;
monocyte chemotactic protein 1,
homologous to mouse Sig-je; monocyte
secretory protein JE; small inducible
cytokine A2; small inducible cytokine A2
(monocyte chemotactic protein 1,
homologous to mouse Sig-je); small
inducible cytokine subfamily A (Cys-
Cys), member 2

CCL2

43

CD14 molecule

CD14 antigen - monocyte receptor

CD14

CD163 molecule

CD163 - M130, MM130 - CD163
antigen; macrophage-associated antigen,
macrophage-specific antigen

CD163

45

CD36 molecule (thrombospondin
receptor)

fatty acid translocase, FAT; GP4; GP3B;
GPIV; PASIV; SCARB3, PAS-4 protein;
collagen type I; glycoprotein IIIb; cluster
determinant 36; fatty acid translocase;
thrombospondin receptor; collagen type I
receptor; platelet glycoprotein IV; platelet
collagen receptor; scavenger receptor
class B, member 3; leukocyte
differentiation antigen CD36; CD36
antigen (collagen type I receptor,
thrombospondin receptor)

CD36

46

CD38 molecule

T10; CD38 antigen (p45); cyclic ADP-
ribose hydrolase; ADP-ribosyl
cyclase/cyclic ADP-ribose hydrolase

CD38
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CD3d molecule, delta (CD3-TCR
complex)

CD3-DELTA, T3D, CD3D antigen, delta
polypeptide; CD3d antigen, delta
polypeptide (TiT3 complex); T-cell
receptor T3 delta chain

CD3D

48

CD3g molecule, gamma (CD3-TCR
complex)

T3G; CD3-GAMMA, T3G, CD3G
gamma; CD3g antigen, gamma
polypeptide (TiT3 complex); T-cell
antigen receptor complex, gamma subunit
of T3; T-cell receptor T3 gamma chain;
T-cell surface glycoprotein CD3 gamma
chain precursor

CD3G

49

CD40 molecule, TNF receptor
superfamily member 5

Bp50, CDW40, TNFRSFS, p50, B cell
surface antigen CD40; B cell-associated
molecule; CD40 antigen; CD40 antigen
(TNF receptor superfamily member 5);
CDA40 type 1I isoform; CD40L receptor;
nerve growth factor receptor-related B-
lymphocyte activation molecule; tumor
necrosis factor receptor superfamily,
member 5

CD40

50

CDA40 ligand (TNF superfamily,
member 5, hyper-IgM syndrome)

CD40 Ligand (CD40L) (also called
soluble CD40L vs. platelet-bound
CD40L), CD154, CD40L, HIGMI1, IGM,
IMD3, T-BAM, TNFSF5, TRAP, gp39,
hCD40L, CD40 antigen ligand; CD40
ligand; T-B cell-activating molecule;
TNF-related activation protein; tumor
necrosis factor (ligand) superfamily
member 5; tumor necrosis factor (ligand)
superfamily, member 5 (hyper-IgM
syndrome); tumor necrosis factor ligand
superfamily member 5

CD40LG

51

CD68 molecule

GP110; SCARDI1; macrosialin; CD68
antigen; macrophage antigen CD68;
scavenger receptor class D, member 1

CD68

52

cyclin-dependent kinase 5

PSSALRE; cyclin-dependent kinase 5

CDK5

53

complement factor D (adipsin)

ADN, DF, PFD, C3 convertase activator;
D component of complement (adipsin);
adipsin; complement factor D; properdin
factor D

CFD

54

CASP8 and FADD-like apoptosis
regulator

FLIP - caspase 8 inhibitor, CASH; FLIP;
MRIT; CLARP; FLAME; Casper; c-
FLIP; FLAME-1; I-FLICE; USURPIN;
c-FLIPL; ¢c-FLIPR; c-FLIPS;
CASP8API, usurpin beta; FADD-like
anti-apoptotic molecule; Inhibitor of
FLICE; Caspase-related inducer of
apoptosis; Caspase homolog; Caspase-
like apoptosis regulatory protein

CFLAR




G owmh Factor Factor (TNFRSF1A) ( VEGF)
Recept or Von W1 | ebrand
WO 2008/131224 PCT/US2008/060830
ALLDBRISK Official Name 7+ Common Name Entrez Gene
i Link
55 Clock homolog (mouse) clock protein; clock (mouse) homolog; CLOCK
circadian locomoter output cycles kaput
protein
56 chymase 1, mast cell chymase 1 - CYH, MCT1, chymase 1 CMAI
preproprotein transcript E; chymase 1
preproprotein transcript [; chymase,
heart; chymase, mast cell; mast cell
protease I
57 cannabinoid receptor 1 (brain) cannabinoid receptor 1 - CANNG, CB-R, | CNRI
CBI1, CB1A, CBI1KS5, CNR, central
cannabinoid receptor
58 cannabinoid receptor 2 (macrophage) cannabinoid receptor 2 (macrophage), CNR2
CB2,CX5
59 Cortistatin CST-14; CST-17; CST-29; cortistatin-14; | CORT
cortistatin-17; cortistatin-29;
preprocortistatin
60 carnitine palmitoyltransferase I CPT1; CPT1-L; L-CPT1, carnitine CPT1A
palmitoyltransferase I; liver
61 carnitine palmitoyltransferase II CPT1, CPTASE CPT2
62 complement component (3b/4b) complement receptor CR1; KN; C3BR; CR1
receptor 1 CD35; CD35 antigen; C3b/C4b receptor;
C3-binding protein; Knops blood group
antigen; complement component receptor
1; complement component (3b/4b)
receptor 1, including Knops blood group
system
63 complement component (3d/Epstein complement receptor CR2; C3DR; CD21 | CR2
Barr virus) receptor 2
64 CREB binding protein (Rubinstein- Cbp; CBP; RTS; RSTS, CREB-binding CREBBP
Taybi syndrome) protein
65 C-reactive protein, pentraxin-related C-Reactive Protein, CRP, PTX1 CRP
66 CREB regulated transcription Torc2 (transcriptional coactivator); CRTC2
coactivator 2 transducer of regulated cAMP response
element-binding protein (CREB) 2
67 colony stimulating factor 1 M-CSF - colony stimulating factor 1; CSF1
(macrophage) macrophage colony stimulating factor
68 cathepsin B cathepsin B - procathepsin B, APPS; CTSB
CPSB, APP secretase; amyloid precursor
protein secretase; cathepsin B1; cysteine
protease; preprocathepsin B
69 cathepsin L CATL, MEP, major excreted protein CTSL
70 cytochrome P450, family 19, subfamily | ARO, AROI, CPVI1, CYAR, CYP19,P- | CYPI9AIl
A, polypeptide 1 450ARO0OM, aromatase; cytochrome
P450, family 19; cytochrome P450,
subfamily XIX (aromatization of
androgens); estrogen synthetase;
flavoprotein-linked monooxygenase;
microsomal monooxygenase
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ALLDBRISK Official Name - Common Name Entrez Gene
. ‘ Link
132 insulin Insulin (mature polypeptide) INSULIN-M
133 insulin receptor CD220, HHF5 INSR
134 insulin promoter factor-1 IPF-1, PDX-1 (pancreatic and duodenal IPF1
homeobox factor-1)
135 insulin receptor substrate 1 HIRS-1 IRS1
136 insulin receptor substrate-2 IRS2 IRS2
137 potassium inwardly-rectifying channel, | ATP gated K+ channels, Kir 6.2; BIR; KCNIJ11
subfamily J, member 11 HHF2; PHHI; IKATP; KIR6.2
138 potassium inwardly-rectifying channel, | ATP gated K+ channels, Kir 6.1 KCNIJ8
subfamily J, member 8
139 klotho klotho KL
140 kallikrein B, plasma (Fletcher factor) 1 kallikrein 3 - KLK3 - Kallikrein, plasma; | KLKBI1
kallikrein 3, plasma; kallikrein B plasma;
kininogenin; plasma kallikrein B1
141 leptin (obesity homolog, mouse) leptin - OB, OBS, leptin; leptin (murine LEP
obesity homolog); obesity; obesity
(murine homolog, leptin)
142 leptin receptor leptin receptor, soluble - CD295, OBR, LEPR
OB receptor
143 legumain putative cysteine protease 1 - AEP, LGMN
LGMNI1, PRSCI, asparaginyl
endopeptidase; cysteine protease 1;
protease, cysteine, 1 (legumain)
144 lipoprotein, Lp(a) lipoprotein (a) [Lp(a)], AK38, APOA, LPA
LP, Apolipoprotein Lp(a); antiangiogenic
AK38 protein; apolipoprotein(a)
145 lipoprotein lipase LPL - LIPD LPL
146 v-maf musculoaponeurotic fibrosarcoma | MafA (transcription factor) - RIPE3bl, MAFA
oncogene homolog A (avian) hMafA, v-maf musculoaponeurotic
fibrosarcoma oncogene homolog A
147 mitogen-activated protein kinase 8 IB1, JIP-1, JIP1, PRKMSIP, JNK- MAPKSIP1
interacting protein 1 interacting protein 1; PRKMS interacting
protein,; islet-brain 1
148 mannose-binding lectin (protein C) 2, COLECI1, HSMBPC, MBL, MBP, MBL2
soluble (opsonic defect) MBP1, Mannose-binding lectin 2, soluble
(opsonic defect); mannan-binding lectin;
mannan-binding protein; mannose
binding protein; mannose-binding protein
C, soluble mannose-binding lectin
149 melanocortin 4 receptor G protein coupled receptor MC4 MC4R
150 melanin-concentrating hormone receptor | G Protein-Coupled Receptor 24 - GPR24, | MCHR1

1

MCHIR, SLCI, G protein-coupled
receptor 24; G-protein coupled receptor
24 isoform 1, GPCR24
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151

matrix metallopeptidase 12
(macrophage elastase)

Matrix Metalloproteinases (MMP), HME,
MME, macrophage elastase; macrophage
metalloelastase; matrix metalloproteinase
12; matrix metalloproteinase 12
(macrophage elastase)

MMP12

152

matrix metallopeptidase 14 (membrane-
inserted)

Matrix Metalloproteinases (MMP),
MMP-X1, MT1-MMP, MTMMP1,
matrix metalloproteinase 14; matrix
metalloproteinase 14 (membrane-
inserted); membrane type 1
metalloprotease; membrane-type matrix
metalloproteinase 1; membrane-type-1
matrix metalloproteinase

MMP14

153

matrix metallopeptidase 2 (gelatinase A,
72kDa gelatinase, 72kDa type IV
collagenase)

Matrix Metalloproteinases (MMP),
MMP-2, CLG4, CLG4A, MMP-I],
MONA, TBE-1, 72kD type IV
collagenase; collagenase type IV-A;
matrix metalloproteinase 2; matrix
metalloproteinase 2 (gelatinase A, 72kD
gelatinase, 72kD type IV collagenase);
matrix metalloproteinase 2 (gelatinase A,
72kDa gelatinase, 72kDa type IV
collagenase); matrix metalloproteinase-II;
neutrophil gelatinase

MMP2

154

matrix metallopeptidase 9 (gelatinase B,
92kDa gelatinase, 92kDa type IV
collagenase)

Matrix Metalloproteinases (MMP),
MMP-9, CLG4B, GELB, 92kD type IV
collagenase; gelatinase B; macrophage
gelatinase; matrix metalloproteinase 9;
matrix metalloproteinase 9 (gelatinase B,
92kD gelatinase, 92kD type IV
collagenase); matrix metalloproteinase 9
(gelatinase B, 92kDa gelatinase, 92kDa
type IV collagenase); type V collagenase

MMP9

155

nuclear receptor co-repressor 1

NCoR; thyroid hormone- and retinoic
acid receptor-associated corepressor 1

NCOR1

156

neurogenic differentiation 1

neuroD (transcription factor) - BETA2,
BHF-1, NEUROD

NEURODI

157

nuclear factor of kappa light polypeptide
gene enhancer in B-cells 1(p105)

nuclear factor, kappa B (NFKB); DNA
binding factor KBF1; nuclear factor NF-
kappa-B p50 subunit; nuclear factor
kappa-B DNA binding subunit

NFKB1

158

nerve growth factor, beta polypeptide

B-type neurotrophic growth factor
(BNGF) - beta-nerve growth factor; nerve
growth factor, beta subunit

NGFB

159

non-insulin-dependent Diabetes Mellitus
(common, type 2) 1

NIDDM1

NIDDM1

160

non-insulin-dependent Diabetes Mellitus
(common, type 2) 2

NIDDM2

NIDDM2

76




Median 97.5 92.5 100 94 Mn 72 67.5 73 75 Max 127
138 127 138 N 60 177 47 120 Age Mean 52.11 50.85 55.5
wW®2008/13132x 11. 826

PCT/US2008/060830

ALLDBRISK

Official Name

.. Common Name
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161

Noninsulin-dependent Diabetes Mellitus
3

NIDDM3

NIDDM3

162

nischarin (imidazoline receptor)

imidazoline receptor; IRAS; I-1 receptor
candidate protein; imidazoline receptor
candidate; imidazoline receptor antisera
selected

NISCH

163

NF-kappaB repressing factor

NRF; ITBA4 gene; transcription factor
NRF; NF-kappa B repressing factor;
NF-kappa B-repressing factor

NKRF

164

neuronatin

Peg5

NNAT

165

nitric oxide synthase 2A

NOS, type II; nitric oxide synthase,
macrophage

NOS2A

166

Niemann-Pick disease, type C2

epididymal secreting protein 1 - HEI,
NP-C2, epididymal secretory protein;
epididymal secretory protein El; tissue-
specific secretory protein

NPC2

167

natriuretic peptide precursor B

B-type Natriuretic Peptide (BNP), BNP,
brain type natriuretic peptide, pro-BNP?,
NPPB

NFPPB

168

nuclear receptor subfamily 1, group D,
member 1

Human Nuclear Receptor NRID1 -
EARI, THRAI1, THRAL, ear-1, hRev,
Rev-erb-alpha; thyroid hormone receptor,
alpha-like

NR1D1

169

nuclear respiratory factor 1

NRF1; ALPHA-PAL; alpha palindromic-
binding protein

NRF1

170

oxytocin, prepro- (neurophysin I)

oxytocin - OT, OT-NPI, oxytocin-
neurophysin I; oxytocin-neurophysin I,
preproprotein

OXT

171

purinergic receptor P2Y, G-protein
coupled, 10

G Protein Coupled Receptor P2Y10 -
P2Y 10, G-protein coupled purinergic
receptor P2Y10; P2Y purinoceptor 10;
P2Y-like receptor

P2RY 10

172

purinergic receptor P2Y, G-protein
coupled, 12

G Protein- Coupled Receptor P2Y12 -
ADPG-R, HORK3, P2T(AC), P2Y(AQ),
P2Y(ADP), P2Y(cyc), P2Y 12, SP1999,
ADP-glucose receptor; G-protein coupled
receptor SP1999; Gi-coupled ADP
receptor HORK3; P2Y purinoceptor 12;
platelet ADP receptor; purinergic
receptor P2RY 12; purinergic receptor
P2Y, G-protein coupled 12; purinergic
receptor P2Y 12; putative G-protein
coupled receptor

P2RY12

173

purinergic receptor P2Y, G-protein
coupled, 2

Purinoceptor 2 Type Y (P2Y2) - HP2U,
P2RU1, P2U, P2U1, P2UR, P2Y?2,
P2Y2R, ATP receptor; P2U nucleotide
receptor; P2U purinoceptor 1; P2Y
purinoceptor 2; purinergic receptor P2Y?2;
purinoceptor P2Y?2

P2RY?2
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174 progestagen-associated endometrial glycodelin-A; glycodelin-F; PAEP
protein (placental protein 14, glycodelin-S; progesterone-associated
pregnancy-associated endometrial endometrial protein
alpha-2-globulin, alpha uterine protein)

175 paired box gene 4 Pax4 (transcription factor) - paired PAX4
domain gene 4

176 pre-B-cell colony enhancing factor 1 visfatin; nicotinamide PBEF1
phosphoribosyltransferase

177 phosphoenolpyruvate carboxykinase 1 PEPCKI1; PEP carboxykinase; PCK1

(PEPCK1) phosphopyruvate carboxylase;
phosphoenolpyruvate carboxylase

178 proprotein convertase subtilisin/kexin proprotein convertase 1 (PC1, PC3, PCSK1

type 1 PCSKI, cleaves pro-insulin)

179 placental growth factor, vascular placental growth factor - PLGF, PIGF-2 PGF

endothelial growth factor-related protein

180 phosphoinositide-3-kinase, catalytic, PI3K, pl10-alpha, PI3-kinase p110 PIK3CA

alpha polypeptide subunit alpha; PtdIns-3-kinase p110;
phosphatidylinositol 3-kinase, catalytic,
110-KD, alpha; phosphatidylinositol 3-
kinase, catalytic, alpha polypeptide;
phosphatidylinositol-4,5-bisphosphate 3-
kinase catalytic subunit, alpha isoform

181 phosphoinositide-3-kinase, regulatory phophatidylinositol 3-kinase; PIK3R1

subunit 1 (p85 alpha) phosphatidylinositol 3-kinase, regulatory,
1; phosphatidylinositol 3-kinase-
associated p-85 alpha; phosphoinositide-
3-kinase, regulatory subunit, polypeptide
1 (p85 alpha); phosphatidylinositol 3-
kinase, regulatory subunit, polypeptide 1
(p85 alpha)

182 phospholipase A2, group XIIA PLA2G12, group XII secreted PLA2GI12A
phospholipase A2; group XIIA secreted
phospholipase A2

183 phospholipase A2, group [ID phospholipase A2, secretory - SPLASH, | PLA2G2D
sPLA2S, secretory phospholipase A2s

184 plasminogen activator, tissue tissue Plasminogen Activator (tPA), T- PLAT
PA, TPA, alteplase; plasminogen
activator, tissue type; reteplase; t-
plasminogen activator; tissue

_plasminogen activator (t-PA)
185 patatin-like phospholipase domain Adipose tissue lipase, ATGL - ATGL, PNPLA2

containing 2

TTS-2.2, adipose triglyceride lipase;
desnutrin; transport-secretion protein 2.2;
triglyceride hydrolase
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186 proopiomelanocortin proopiomelanocortin - beta-LPH; beta- POMC
(adrenocorticotropin/ beta-lipotropin/ MSH; alpha-MSH; gamma-LPH;
alpha-melanocyte stimulating hormone/ | gamma-MSH; corticotropin; beta-
beta-melanocyte stimulating hormone/ endorphin; met-enkephalin; lipotropin
beta-endorphin) beta; lipotropin gamma; melanotropin
beta; N-terminal peptide; melanotropin
alpha; melanotropin gamma; pro-ACTH-
endorphin; adrenocorticotropin; pro-
opiomelanocortin; corticotropin-
lipotrophin; adrenocorticotropic
hormone; alpha-melanocyte-stimulating
hormone; corticotropin-like intermediary
peptide
187 paraoxonase 1 ESA, PON, Paraoxonase | paraoxonase - ESA, PON, Paraoxonase PON1
188 peroxisome proliferative activated Peroxisome proliferator-activated PPARA
receptor, alpha receptor (PPAR), NRICI, PPAR,
hPPAR, PPAR alpha
189 peroxisome proliferative activated Peroxisome proliferator-activated PPARD
receptor, delta receptor (PPAR), FAAR, NR1C2, NUCI,
NUCI, NUCII, PPAR-beta, PPARB,
nuclear hormone receptor 1, PPAR Delta
190 peroxisome proliferative activated Peroxisome proliferator-activated PPARG
receptor, gamma receptor (PPAR), HUMPPARG, NR1C3,
PPARGI, PPARG2, PPAR gamma;
peroxisome proliferative activated
receptor gamma, peroxisome proliferator
activated-receptor gamma; peroxisome
proliferator-activated receptor gamma 1;
ppar gamma2
191 peroxisome proliferative activated Pgcl alpha; PPAR gamma coactivator-1; | PPARGC1A
receptor, gamma, coactivator 1 ligand effect modulator-6; PPAR gamma
coactivator variant form3
192 protein phosphatase 1, regulatory PP1G, PPPIR3, protein phosphatase 1 PPPIR3A
(inhibitor) subunit 3A (glycogen and glycogen- associated regulatory subunit;
sarcoplasmic reticulum binding subunit, | protein phosphatase 1 glycogen-binding
skeletal muscle) regulatory subunit 3; protein phosphatase
type-1 glycogen targeting subunit; serine
/threonine specific protein phosphatase;
type-1 protein phosphatase skeletal
muscle glycogen targeting subunit
193 protein phosphatase 2A, regulatory protein phosphatase 2A - PP2A, PR53, PPP2R4

subunit B' (PR 53)

PTPA, PP2A, subunit B'; phosphotyrosyl
phosphatase activator; protein
phosphatase 2A, regulatory subunit B'
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194

protein kinase, AMP-activated, beta 1
non-catalytic subunit

on list as adenosine monophosphate
kinase? - AMPK, HAMPKb, 5'-AMP-
activated protein kinase beta-1 subunit;
AMP-activated protein kinase beta 1 non-
catalytic subunit; AMP-activated protein
kinase beta subunit;, AMPK beta -1 chain;
AMPK beta 1; protein kinase, AMP-
activated, noncatalytic, beta-1

PRKAB1

195

protein kinase, cAMP-dependent,
catalytic, alpha

PKA (kinase) - PKACA, PKA C-alpha;
cAMP-dependent protein kinase catalytic
subunit alpha; cAMP-dependent protein
kinase catalytic subunit alpha, isoform 1;
protein kinase A catalytic subunit

PRKACA

196

protein kinase C, epsilon

PKC-epsilon - PKCE, nPKC-epsilon

PRKCE

197

proteasome (prosome, macropain) 26S
subunit, non-ATPase, 9 (Bridge-1)

Bridge-1; homolog of rat Bridge 1; 26S
proteasome regulatory subunit p27;
proteasome 26S non-ATPase regulatory
subunit 9

PSMD?9

198

prostaglandin E synthase

mPGES - MGST-1V, MGST1-L1,
MGSTI1LI, PGES, PIG12, PP102,
PP1294, TP53112

Other Designations: MGST 1-like 1;
glutathione S-transferase 1-like 1;
microsomal glutathione S-transferase 1-
like 1; p53-induced apoptosis protein 12;
p53-induced gene 12; tumor protein p53
inducible protein 12

PTGES

199

prostaglandin-endoperoxide synthase 2
(prostaglandin G/H synthase and
cyclooxygenase)

Cyclo-oxygenase-2 (COX-2) - COX-2,
COX2, PGG/HS, PGHS-2, PHS-2, hCox-
2, cyclooxygenase 2b; prostaglandin G/H
synthase and cyclooxygenase;
prostaglandin-endoperoxide synthase 2

PTGS2

200

protein tyrosine phosphatase,
mitochondrial 1

PTPMT1 - PLIP, PNAS-129, NB4
apoptosis/differentiation related protein;
PTEN-like phosphatase

PTPMT1

201

Peptide YY

PYY1

PYY

202

retinol binding protein 4, plasma
(RBP4)

RBP4; retinol-binding protein 4, plasma;
retinol-binding protein 4, interstitial

RBP4

203

regenerating islet-derived 1 alpha
(pancreatic stone protein, pancreatic
thread protein)

regenerating gene product (Reg); protein-
X; lithostathine 1 alpha; pancreatic thread
protein; regenerating protein I alpha; islet
cells regeneration factor; pancreatic stone
protein, secretory; islet of langerhans
regenerating protein

REGIA
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ALLDBRISK

Official Name

Common Name

Entrez Gene
Link

204

resistin

resistin - ADSF, FIZZ3, RETN1, RSTN,
XCP1, C/EBP-epsilon regulated myeloid-
specific secreted cysteine-rich protein
precursor 1; found in inflammatory zone
3

RETN

205

ribosomal protein S6 kinase, 90kDa,
polypeptide 1

S6-kinase 1 - HU-1, RSK, RSKI, S6K-
alpha 1, (ribosomal protein S6 kinase,
90kD, polypeptide 1); p90-RSK 1;
ribosomal protein S6 kinase alpha 1;
ribosomal protein S6 kinase, 90kD, 1;
ribosomal protein S6 kinase, 90kD,
polypeptide 1

RPS6KA1

206

Ras-related associated with Diabetes

RAD, RADI1, REM3, RAS (RAD and
GEM) like GTP binding 3

RRAD

207

serum amyloid Al

Serum Amyloid A (SAA), PIG4, SAA,
TP5314, tumor protein p53 inducible
protein 4

SAALI

208

selectin E (endothelial adhesion
molecule 1)

E-selectin, CD62E, ELAM, ELAMI,
ESEL, LECAM2, leukocyte endothelial
cell adhesion molecule 2; selectin E,
endothelial adhesion molecule 1

SELE

209

selectin P (granule membrane protein
140kDa, antigen CD62)

CD62, CD62P, FLJ45155, GMP140,
GRMP, PADGEM, PSEL,; antigen CD62;
granulocyte membrane protein; selectin
P; selectin P (granule membrane protein
140kD, antigen CD62)

SELP

210

serpin peptidase inhibitor, clade A
(alpha-1 antiproteinase, antitrypsin),
member 6

corticosteroid-binding globulin;
transcortin; corticosteroid binding
globulin; serine (or cysteine) proteinase
inhibitor, clade A (alpha-1 antiproteinase,
antitrypsin), member 6

SERPINAG

211

serpin peptidase inhibitor, clade E
(nexin, plasminogen activator inhibitor
type 1), member 1

plasminogen activator inhibitor-1 - PAI,
PAI-1, PAIl, PLANHI, plasminogen
activator inhibitor, type I; plasminogen
activator inhibitor-1; serine (or cysteine)
proteinase inhibitor, clade E (nexin,
plasminogen activator inhibitor type 1),
member 1

SERPINE1

212

serum/glucocorticoid regulated kinase

Serum/Glucocorticoid Regulated Kinase
1 - SGK1, serine/threonine protein kinase
SGK; serum and glucocorticoid regulated
kinase

SGK

213

sex hormone-binding globulin

sex hormone-binding globulin (SHBG) -
ABP, Sex hormone-binding globulin
(androgen binding protein)

SHBG

214

thioredoxin interacting protein

Sirt1; SIR2alpha; sir2-like 1; sirtuin type
1; sirtuin (silent mating type information
regulation 2, S. cerevisiae, homolog) 1

SIRT1

215

solute carrier family 2, member 10

glucose transporter 10 (GLUT10); ATS

SLC2A10
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ALLDBRISK Official Name -~ Common Name Entrez Gene
' Link
216 solute carrier family 2, member 2 glucose transporter 2 (GLUT2) SLC2A2
217 solute carrier family 2, member 4 glucose transporter 4 (GLUT4) SLC2A4
218 solute carrier family 7 (cationic amino ERR - ATRCI, CAT-1, ERR, HCATI, SLC7Al
acid transporter, y+ system), member RECIL, amino acid transporter, cationic
1(ERR) 1; ecotropic retroviral receptor
219 SNF1-like kinase 2 Sik2; salt-inducible kinase 2; salt- SNFI1LK2
inducible serine/threonine kinase 2
220 suppressor of cytokine signaling 3 CIS3, Cish3, SOCS-3, SSI-3, SSI3, SOCS3
STAT induced STAT inhibitor 3;
cytokine-induced SH2 protein 3
221 v-src sarcoma (Schmidt-Ruppin A-2) ASV, SRCI, ¢-SRC, p60-Src, proto- SRC
viral oncogene homolog (avian) oncogene tyrosine-protein kinase SRC;
protooncogene SRC, Rous sarcoma;
tyrosine kinase pp60c-src; tyrosine-
protein kinase SRC-1
222 sterol regulatory element binding sterol regulatory element-binding protein | SREBF1
transcription factor 1 1c (SREBP-1¢)
223 solute carrier family 2, member 4 SMST, somatostatin-14, somatostatin-28 | SST
224 somatostatin receptor 2 somatostatin receptor subtype 2 SSTR2
225 somatostatin receptor 5 somatostatin receptor 5 - somatostatin SSTRS
receptor subtype 5
226 transcription factor 1, hepatic; LF-B1, HNFla; albumin proximal factor; hepatic | TCF1
hepatic nuclear factor (HNF1) nuclear factor 1; maturity onset Diabetes
of the young 3; Interferon production
regulator factor (HNF1)
227 transcription factor 2, hepatic; LF-B3; hepatocyte nuclear factor 2 - FJHN, TCF2
variant hepatic nuclear factor HNF1B, HNF1beta, HNF2, LFB3,
MODYS, VHNF]I, transcription factor 2
228 transcription factor 7-like 2 (T-cell TCF7L2 - TCF-4, TCF4 TCF7L2
specific, HMG-box)
229 transforming growth factor, beta 1 TGF-beta: TGF-beta 1 protein; TGFB1
(Camurati-Engelmann disease) diaphyseal dysplasia 1, progressive;
transforming growth factor beta 1
transforming growth factor, beta 1;
transforming growth factor-beta 1, CED,
DPDI1, TGFB
230 transglutaminase 2 (C polypeptide, TG2, TGC, C polypeptide; TGase C; TGM2
protein-glutamine-gamma- TGase-H; protein-glutamine-gamma-
glutamyltransferase) glutamyltransferase; tissue
transglutaminase; transglutaminase 2;
transglutaminase C
231 thrombospondin 1 thrombospondin - THBS, TSP, TSPI, THBS1

thrombospondin-1p180
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ALLDBRISK

Official Name

EQMOn Name

PN

Entrez Gene
Link

232

thrombospondin, type I, domain
containing 1

TMTSP, UNQ3010, thrombospondin
type I domain-containing 1;
thrombospondin, type I, domain I;
transmembrane molecule with
thrombospondin module

THSD1

233

TIMP metallopeptidase inhibitor

CSC-21K; tissue inhibitor of
metalloproteinase 2; tissue inhibitor of
metalloproteinase 2 precursor; tissue
inhibitor of metalloproteinases 2

TIMP2

234

tumor necrosis factor (TNF superfamily,
member 2)

TNF-alpha (tumour necrosis factor-alpha)
- DIF, TNF-alpha, TNFA, TNFSF2,
APCI protein; TNF superfamily, member
2; TNF, macrophage-derived; TNF,
monocyte-derived; cachectin; tumor
necrosis factor alpha

TNF

235

tumor necrosis factor receptor
superfamily, member 11b
(osteoprotegerin)

MGC29565, OCIF, OPG, TR1;
osteoclastogenesis inhibitory factor;
osteoprotegerin

TNFRSF11B

236

tumor necrosis factor receptor
superfamily, member 1A

tumor necrosis factor receptor 1 gene
R92Q polymorphism - CD120a, FPF,
TBP1, TNF-R, TNF-R-1, TNF-R55,
TNFAR, TNFR1, TNFRS55, TNFR60,
p55, pS5-R, p60, tumor necrosis factor
binding protein 1; tumor necrosis factor
receptor 1; tumor necrosis factor receptor
type 1; tumor necrosis factor-alpha
receptor

TNFRSF1A

237

tumor necrosis factor receptor
superfamily, member 1B

soluble necrosis factor receptor -
CD120b, TBPH, TNF-R-II, TNF-R75,
TNFBR, TNFR2, TNFRS80, p75,
p75TNFR, p75 TNF receptor; tumor
necrosis factor beta receptor; tumor
necrosis factor binding protein 2; tumor
necrosis factor receptor 2

TNFRSFI1B

238

tryptophan hydroxylase 2

enzyme synthesizing serotonin; neuronal
tryptophan hydroxylase, NTPH

TPH2

239

thyrotropin-releasing hormone

thyrotropin-releasing hormone

TRH

240

transient receptor potential cation
channel, subfamily V, member 1

vanilloid receptor 1 - VR1, capsaicin
receptor; transient receptor potential
vanilloid 1a; transient receptor potential
vanilloid 1b; vanilloid receptor subtype 1,
capsaicin receptor; transient receptor
potential vanilloid subfamily 1 (TRPV1)

TRPV1

241

thioredoxin interacting protein

thioredoxin binding protein 2;
upregulated by 1,25-dihydroxyvitamin D-
3

TXNIP

242

thioredoxin reductase 2

TR; TR3; SELZ; TRXR2; TR-BETA;
selenoprotein Z; thioredoxin reductase 3;
thioredoxin reductase beta

TXNRD?2
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ALLDBRISK Official Name Common Name Entrez Gene
o Link
243 urocortin 3 (stresscopin) archipelin, urocortin I, SCP, SPC, UCN3
UCNIII, stresscopin; urocortin 3
244 uncoupling protein 2 (mitochondrial, UCPH, uncoupling protein 2; uncoupling | UCP2
proton carrier) protein-2
245 upstream transcription factor 1 major late transcription factor 1 USF1
246 urotensin 2 PRO1068, U-I1, UCN2, Ul UTS2
247 vascular cell adhesion molecule 1 (soluble) vascular cell adhesion VCAMI
molecule-1, CD106, INCAM-100,
CD106 antigen, VCAM-1
248 vascular endothelial growth factor VEGF - VEGFA, VPF, vascular VEGF
endothelial growth factor A; vascular
permeability factor
249 vimentin vimentin VIM
250 vasoactive intestinal peptide vasoactive intestinal peptide - PHM27 VIP
251 vasoactive intestinal peptide receptor 1 vasoactive intestinal peptide receptor 1 - | VIPR1
HVRI, II, PACAP-R-2, RCDI1, RDCI,
VIPR, VIRG, VPACI, PACAP type II
receptor; VIP receptor, type I; pituitary
adenylate cyclase activating polypeptide
receptor, type II
252 vasoactive intestinal peptide receptor 2 | Vasoactive Intestinal Peptide Receptor 2 | VIPR2
- VPAC2
253 von Willebrand factor von Willebrand factor, FSVWF, VWD, VWF
coagulation factor VIII VWF
254 Wolfram syndrome 1 (wolframin) DFNAL14, DFNA38, DFNAS6, WFS1
DIDMOAD, WFRS, WFS,
WOLFRAMIN
255 X-ray repair complementing defective Ku autoantigen, 70kDa; Ku autoantigen XRCC6
repair in Chinese hamster cells 6 p70 subunit; thyroid-lupus autoantigen
p70; CTC box binding factor 75 kDa
subunit; thyroid autoantigen 70kD (Ku
antigen); thyroid autoantigen 70kDa (Ku
antigen); ATP-dependent DNA helicase
I1, 70 kDa subunit
256 c-peptide c-peptide, soluble c-peptide SCp
257 cortisol cortisol - hydrocortisone is the synthetic
form
258 vitamin D3 vitamin D3
259 estrogen estrogen
260 estradiol estradiol
261 digitalis-like factor digitalis-like factor
262 oxyntomodulin oxyntomodulin
263 dehydroepiandrosterone sulfate dehydroepiandrosterone sulfate (DHEAS)
(DHEAS)
264 serotonin (5-hydroxytryptamine) serotonin (5-hydroxytryptamine)
265 anti-CD38 autoantibodies anti-CD38 autoantibodies
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ALLDBRISK Official Name ‘ Common Name Entrez Gene
S Link
266 gad635 autoantibody gad65 autoantibody epitopes
267 Proinsulin PROINS
268 endoglin END; ORW; HHT1; ORW1; CD105; ENG
FLJ41744; RP11-228B15.2
269 interleukin 2 receptor, beta CD122; P70-75; CD122 antigen; IL2RB
OTTHUMP00000028799; high affinity
IL-2 receptor beta subunit
270 insulin-like growth factor binding IBP2; IGF-BP53 IGFBP2
protein 2
271 insulin-like growth factor 1 receptor CD221, IGFIR, JTK13, MGC142170, IGFIR
MGC142172, MGC18216
Table 2
# Clinical Parameter (“CPs”)
272 Age (AGE)
273 Body Mass Index (BMI)
274 Diastolic Blood Pressure (DBP)
275 Family History (FHX) (or FHX1—one parent with
Diabetes; and FHX2—two parents with Diabetes)
276 Gestational Diabetes Mellitus (GDM), Past
277 Height (HT)
278 Hip Circumference (Hip)
279 Race (RACE)
280 Sex (SEX)
281 Systolic Blood Pressure (SBP)
282 Waist Circumference (Waist)
283 Weight (WT)

(and other combinations thereof, including Waist to Hip Ratio (WHr)).
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Table 3
# Traditional Laboratory Risk Factors
(“TLRFS”)
284 Cholesterol (CHOL)
285 Glucose (fasting plasma glucose (FPG/Glucose) or with
oral glucose tolerance test (OGTT))
286 HBAIc (Glycosylated Hemoglobin (HBA1/HBA1C)
287 High Density Lipoprotein (HDL/HDLC)
288 Low Density Lipoprotein (LDL/LDLC)
289 Very Low Density Lipoprotein (VLDLC)
290 Triglycerides (TRIG)

[00225] One skilled in the art will note that the above listed ALLDBRISK markers
(“ALLDBRISKS”) come from a diverse set of physiological and biological pathways, including
many which are not commonly accepted to be related to Diabetes. These groupings of different
ALLDBRISK markers, even within those high significance segments, may presage differing signals
of the stage or rate of the progression of the disease. Such distinct groupings of ALLDBRISK
markers may allow a more biologically detailed and clinically useful signal from the ALLDBRISK
markers as well as opportunities for pattern recognition within the ALLDBRISK algorithms
combining the multiple ALLDBRISK signals.

[00226] The present invention concerns, in one aspect, a subset of ALLDBRISK markers; other
ALLDBRISKS and even biomarkers which are not listed in the above Table 1, but related to these
physiological and biological pathways, may prove to be useful given the signal and information
provided from these studies. To the extent that other biomarker pathway participants (i.e., other
biomarker participants in common pathways with those biomarkers contained within the list of
ALLDBRISKS in the above Table 1) are also relevant pathway participants in pre-Diabetes,
Diabetes, or a pre-diabetic condition, they may be functional equivalents to the biomarkers thus far
disclosed in Table 1.

[00227] These other pathway participants are also considered ALLDBRISKS in the context of
the present invention, provided they additionally share certain defined characteristics of a good
biomarker, which would include both involvement in the herein disclosed biological processes and
also analytically important characteristics such as the bioavailability of said biomarkers at a useful
signal to noise ratio, and in a useful sample matrix such as blood serum. Such requirements
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typically limit the diagnostic usefulness of many members of a biological pathway, and frequently
occurs only in pathway members that constitute secretory subsfances, those accessible on the
plasma membranes of cells, as well as those that are released into the serum upon cell death, due to
apoptosis or for other reasons such as endothelial remodeling or other cell turnover or cell necrotic
processes, whether or not they are related to the disease progression of pre-Diabetes, a pre-diabetic
condition, and Diabetes. However, the remaining and future biomarkers that meet this high
standard for ALLDBRISKS are likely to be quite valuable.

[00228] Furthermore, other unlisted biomarkers will be very highly correlated with the
biomarkers listed as ALLDBRISKS in Table 1 (for the purpose of this application, any two
variables will be considered to be “very highly correlated” when they have a correlation (R) of 0.4
or greater). The present invention encompasses such functional and statistical equivalents to the
aforementioned ALLDBRISKS. Furthermore, the statistical utility of such additional
ALLDBRISKS is substantially dependent on the cross-correlation between multiple biomarkers and
any new biomarkers will often be required to operate within a panel in order to elaborate the
meaning of the underlying biology.

[00229] One or more, preferably two or more of the listed ALLDBRISKS can be detected in the
practice of the present invention. For example, two (2), three (3), four (4), five (5), ten (10), fifteen
(15), twenty (20), forty (40), fifty (50), seventy-five (75), one hundred (100), one hundred and
twenty five (125), one hundred and fifty (150), one hundred and seventy-five (175), two hundred
(200), two hundred and ten (210), two hundred and twenty (220), two hundred and thirty (230), two
hundred and forty (240), two hundred and fifty (250), two hundred and sixty (260) or more
ALLDBRISKS can be detected. In some aspects, all ALLDBRISKS listed herein can be detected.
Preferred ranges from which the number of ALLDBRISKS can be detected include ranges bounded
by any minimum selected from between one and all known ALLDBRISKS, particularly up to two,
five, ten, twenty, twenty-five, thirty, forty, fifty, seventy-five, one hundred, one hundred and twenty
five, one hundred and fifty, one hundred and seventy-five, two hundred, two hundred and ten, two
hundred and twenty, two hundred and thirty, two hundred and forty, two hundred and fifty, paired
with any maximum up to the total known ALLDBRISKS, particularly up to five, ten, twenty, fifty,

and seventy-five. Particularly preferred ranges include two to five (2-5), two to ten (2-10), two to
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fifty (2-50), two to seventy-five (2-75), two to one hundred (2-100), five to ten (5-10), five to
twenty (5-20), five to fifty (5-50), five to seventy-five (5-75), five to one hundred (5-100), ten to
twenty (10-20), ten to fifty (10-50), ten to seventy-five (10-75), ten to one hundred (10-100), twenty
to fifty (20-50), twenty to seventy-five (20-75), twenty to one hundred (20-100), fifty to seventy-
five (50-75), fifty to one hundred (50-100), one hundred to one hundred and twenty-five (100-125),
one hundred and twenty-five to one hundred and fifty (125-150), one hundred and fifty to one
hundred and seventy five (150-175), one hundred and seventy-five to two hundred (175-200), two
hundred to two hundred and ten (200-210), two hundred and ten to two hundred and twenty (210-
220), two hundred and twenty to two hundred and thirty (220-230), two hundred and thirty to two
hundred and forty (230- 240), two hundred and forty to two hundred and fifty (240-250), two
hundred and fifty to two hundred and sixty (250-260), and two hundred and sixty to more than two
hundred and sixty (260+).

Construction of ALLDBRISK Panels

[00230] Groupings of ALLDBRISKS can be included in “panels.” A “panel” within the context
of the present invention means a group of biomarkers (whether they are ALLDBRISKS, clinical
parameters, or traditional laboratory risk factors) that includes more than one ALLDBRISK. A
panel can also comprise additional biomarkers, e.g., clinical parameters, traditional laboratory risk
factors, known to be present or associated with Diabetes, in combination with a selected group of
the ALLDBRISKS listed in Table 1.

[00231] As noted above, many of the individual ALLDBRISKS, clinical parameters, and
traditional laboratory risk factors listed, when used alone and not as a member of a multi-biomarker
panel of ALLDBRISKS, have little or no clinical use in reliably distinguishing individual normal
(or “normoglycemic”), pre-Diabetes, and Diabetes subjects from each other in a selected general
population, and thus cannot reliably be used alone in classifying any patient between those three
states. Even where there are statistically significant differences in their mean measurements in
each of these populations, as commonly occurs in studies which are sufficiently powered, such
biomarkers may remain limited in their applicability to an individual subject, and contribute little to

diagnostic or prognostic predictions for that subject. A common measure of statistical significance
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is the p-value, which indicates the probability that an observation has arisen by chance alone;
preferably, such p-values are 0.05 or less, representing a 5% or less chance that the observation of
interest arose by chance. Such p-values depend significantly on the power of the study performed.
[00232] As discussed above, in the study populations of the below Examples, none of the
individual ALLDBRISKS demonstrated a very high degree of diagnostic accuracy when used by
itself for the diagnosis of pre-Diabetes, even though many showed statistically significant
differences between the subject populations of the Examples (as seen in Figure 5). However, when
each ALLDBRISK is taken individually to assess the individual subjects of the population, such
ALLDBRISKS are of limited use in the intended risk indications for the invention (as is shown in
Figure 5). The few exceptions to this were generally in their use distinguishing frank Diabetes from
normal, where several of the biomarkers (for example, glucose, insulin, HBA1c) are part of the
clinical definition and symptomatic pathology of Diabetes itself.

[00233] Combinations of multiple clinical parameters used singly alone or together in formulas is
another approach, but also generally has difficulty in reliably achieving a high degree of diagnostic
accuracy for individual subjects when tested across multiple study populations except when the
blood-borne biomarkers are included. Even when individual ALLDBRISKS that are traditionally
used blood-borne biomarkers of Diabetes are added to clinical parameters, as with glucose and
HDLC within the Diabetes risk index of Stern (2002), it is difficult to reliably achieve a high degree
of diagnostic accuracy for individual subjects when tested across multiple study populations. Used
herein, for a formula or biomarker (including ALLDBRISKS, clinical parameters, and traditional
laboratory risk factors) to “reliably achieve” a given level of diagnostic accuracy meant to achieve
this metric under cross-validation (such as LOO-CV or 10-Fold CV within the original population)
or in more than one population (e.g., demonstrate it beyond the original population in which the
formula or biomarker was originally measured and trained). It is recognized that biological
variability is such that it is unlikely that any given formula or biomarker will achieve the same level
of diagnostic accuracy in every individual population in which it can be measured, and that
substantial similarity between such training and validation populations is assumed and, indeed,

required.
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[00234] Despite this individual ALLDBRISK performance, and the general performance of
formulas combining only the traditional clinical parameters and few traditional laboratory risk
factors, the present inventors have noted that certain specific combinations of two or more
ALLDBRISKS can also be used as multi-biomarker panels comprising combinations of
ALLDBRISKS that are known to be involved in one or more physiological or biological pathways,
and that such information can be combined and made clinically useful through the use of various
formulae, including statistical classification algorithms and others, combining and in many cases
extending the performance characteristics of the combination beyond that of the individual
ALLDBRISKS. These specific combinations show an acceptable level of diagnostic accuracy, and,
when sufficient information from multiple ALLDBRISKS is combined in a trained formula, often
reliably achieve a high level of diagnostic accuracy transportable from one population to another.
[00235] The general concept of how two less specific or lower performing ALLDBRISKS are
combined into novel and more useful combinations for the intended indications, is a key aspect of
the invention. Multiple biomarkers can often yield better performance than the individual
components when proper mathematical and clinical algorithms are used; this is often evident in both
sensitivity and specificity, and results in a greater AUC. Secondly, there is often novel unperceived
information in the existing biomarkers, as such was necessary in order to achieve through the new
formula an improved level of sensitivity or specificity. This hidden information may hold true even
for biomarkers which are generally regarded to have suboptimal clinical performance on their own.
In fact, the suboptimal performance in terms of high false positive rates on a single biomarker
measured alone may very well be an indicator that some important additional information is
contained within the biomarker results — information which would not be elucidated absent the
combination with a second biomarker and a mathematical formula.

[00236] Several statistical and modeling algorithms known in the art can be used to both assist in
ALLDBRISK selection choices and optimize the algorithms combining these choices. Statistical
tools such as factor and cross-biomarker correlation/covariance analyses allow more rationale
approaches to panel construction. Mathematical clustering and classification tree showing the
Euclidean standardized distance between the ALLDBRISKS can be advantageously used. While

such grouping may or may not give direct insight into the biology and desired informational content

90



93 HOVA Mean 3.5 2.22 3.75 2.28 SD 2.46 1.26 2.615
1.232 Median 2.86 1.85 3.49 1.91 Mn 0.59 0.62 0.59
W@2008/131k 16. 30 7.37 16.30 7.13 N PCT/US2008/060830

targets for ideal pre-Diabetes formula, it is the result of a method of factor analysis intended to
group collections of ALLDBRISK with similar information content (see Examples below for more
statistical techniques commonly employed). Pathway informed seeding of such statistical
classification techniques also may be employed, as may rational approaches based on the selection
of individual ALLDBRISK based on their participation across in particular pathways or
physiological functions.

[00237] Ultimately, formula such as statistical classification algorithms can be directly used to
both select ALLDBRISK and to generate and train the optimal formula necessary to combine the
results from multiple ALLDBRISK into a single index. Often, techniques such as forward (from
zero potential explanatory parameters) and backwards selection (from all available potential
explanatory parameters) are used, and information criteria, such as AIC or BIC, are used to quantify
the tradeoff between the performance and diagnostic accuracy of the panel and the number of
ALLDBRISK used. The position of the individual ALLDBRISK on a forward or backwards
selected panel can be closely related to its provision of incremental information content for the
algorithm, so the order of contribution is highly dependent on the other constituent ALLDBRISK in
the panel.

[00238] The inventors have observed that certain ALLDBRISK are frequently selected across
many different formulas and model types for biomarker selection and model formula construction.
One aspect of the present invention relates to selected key biomarkers that are categorized based on
the frequency of the presence of the ALLDBRISK and in the best fit models of given types taken
across multiple population studies, such as those shown in Examples 1 and 2 herein.

[00239] One such grouping of several classes of ALLDBRISK is presented below in Table 4 and

again in Figure 15.
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studies and populations, have demonstrated and conﬁrmed the importance of those ALLDBRISK

listed in the Core Biomarkers I column shown above for the discrimination of subjects likely to
convert to Diabetes (pre-Diabetics) from those who are not likely to do so. In general, for smaller
panels, the higher performing ALLDBRISK panels generally contain ALLDBRISK chosen first
from the list in the Core Biomarker I column, with the highest levels of performance when several
ALLDBRISK are chosen from this category. ALLDBRISK in the Core Biomarker II column can
also be chosen first, and, in sufficiently large panels may also achieve high degrees of accuracy, but
generally are most useful in combination with the ALLDBRISK in the Core Biomarker I column
shown above.

[00242] Panels of ALLDBRISK chosen in the above fashion may also be supplemented with one
or more ALLDBRISK chosen from either or both of the columns labeled Additional Biomarkers I
and Additional Biomarkers II or from the columns labeled “Traditional Laboratory Risk Factors”

and “Clinical Parameters.” Of the Traditional Laboratory Risk Factors, preference is given to
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and replaceP®®Y anabysser (teplacingiibs redevant Core Biomarker with every other potential
biomarker parameter, reoptimizing the formula coefficients or weights appropriately, and ranking
the best replacements by a performance criteria).
[00244] As implied above, in all such panel construction techniques, initial and subsequent Core
or Additional Biomarkers, or Traditional Laboratory Risk Factors or Clinical Parameters, may also
be deliberately selected from a field of many potential ALLDBRISK by ALLDBRISK selection
formula, including the actual performance of each derived statistical classifier algorithm itself in a
training subject population, in order to maximize the improvement in performance at each
incremental addition of a ALLDBRISK. In this manner, many acceptably performing panels can be
constructed using any number of ALLDBRISK up to the total set measured in one’s individual
practice of the invention (as summarized in Figure 21, and in detail in Figures 24, 27 and 28 for the

relevant Example populations). This technique is also of great use when the number of potential

ALLDBRISK is constrained for other reasons of practicality or economics, as the order of
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ALLDBRISK selection is demonstrated in the Examples to vary upon the total ALLDBRISK
available to the formula used in selection. It is a feature of the invention that the order and identity
of the specific ALLDBRISK selected under any given formula may vary based on both the starting
list of potential biomarker parameters presented to the formula (the total pool from which
biomarkers may be selected to form panels) as well as due to the training population characteristics
and level of diversity, as shown in the Examples below.

[00245] Examples of specific ALLDBRISK panel construction derived using the above
general techniques are also disclosed herein in the Examples, without limitation of the foregoing,
our techniques of biomarker panel construction, or the applicability of alternative ALLDBRISK or
biomarkers from functionally equivalent classes which are also involved in the same constituent
physiological and biological pathways. Of particular note are the panels summarized in Figure 21
for Example 1, and Figures 16A and 16B, which include ALLDBRISK shown in the above Tables 1
and 2 together with Traditional Laboratory Risk Factors and Clinical Parameters, and describe their
AUC performance in fitted formulas within the relevant identified population and biomarker sets.
[00246] In another embodiment, Figures 8, 9, 10, 11, and 12 are of particular use for constructing
panels. Figure 8 indicates key groups of markers of use in the construction of panels according to
the invention by the categories of Clinical Parameters (CPs), Traditional Laboratory Risk Factors
(TLRFs), Tier 1 and Tier 2 Markers (both together, RDMARKERS), and other Tier 3 Markers.
Preferably, ALLDBRISK panels are constructed using two or more RDMARKERS first, with the
option then supplementing with other Tier 3, CPs and TLRF Markers.

[00247] Figure 9 indicates certain biological groupings of markers useful in the construction of
panels, categorized into general functional categories with exemplar ALLDBRISKS listed in each
of the categories of Glycemic Control, Acute Phase Response/Signaling, Lipoprotein Metabolism,
Adipocyte Signaling, Liver/Heptatic Signaling, and Inflammatory Blood/Endothelial Cell Signaling.
Other ALLDBRISK markers in the indicated physiological functions may also be of use in the
practice of the invention, provided they are functional or statistical equivalents of these exemplar
markers, and also provided they share the aforementioned desirable characteristics of a good
biomarker. Preferably, one marker from each of Glycemic Control and Acute Phase

Response/Signaling is first chosen in the practice of the invention, with the option then of
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supplementing with one or more from one or more of the other categories of Lipoprotein
Metabolism, Adipocyte Signaling, Liver/Heptatic Signaling, and Inflammatory Blood/Endothelial
Cell Signaling.

[00248] Figure 10, 11 and 12 comprise other groupings of markers found useful in the
construction of panels according to the practice of the invention, and panels may be constructed
from these, or these may be used to supplement existing panels in selected populations. Figure 10
provides individual markers found to be significantly altered in Converters versus Non-Converters.
Figure 11 comprises “synthetic interaction markers” formed from the product of two constituent
markers transformed values (transformed according to Figure 5) which are found to be significantly
altered in Converters versus Non-Converters, as well as a listing of the individual marker
constituents commonly found in such synthetic interaction markers. Figure 12 comprises a listing
of markers of interest obtained when various aforementioned heuristic formula are used in marker
selection and algorithm construction, including Linear Discriminant Analysis, forward selection,
stepwise selection, backwards selection, Kruskal-Wallis, and Eigengene-based Linear Discriminant

Analysis, further explained below.

Construction of Clinical Algorithms

[00249] Any formula may be used to combine ALLDBRISK results into indices useful in the
practice of the invention. As indicated above, and without limitation, such indices may indicate,
among the various other indications, the probability, likelihood, absolute or relative risk, time to or
rate of conversion from one to another disease states, or make predictions of future biomarkers
measurements of Diabetes such as Glucose or HBA1c used for Diabetes in the diagnosis of the
frank disease. This may be for a specific time period or horizon, or for remaining lifetime risk, or
simply be provided as an index relative to another reference subject population.

[00250] Although various preferred formula are described here, several other model and formula
types beyond those mentioned herein and in the definitions above are well known to one skilled in
the art. The actual model type or formula used may itself be selected from the field of potential
models based on the performance and diagnostic accuracy characteristics of its results in a training

population. The specifics of the formula itself may commonly be derived from ALLDBRISK
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results in the relevant training population. Amongst other uses, such formula may be intended to
map the feature space derived from one or more ALLDBRISK inputs to a set of subject classes (e.g.
useful in predicting class membership of subjects as normal, pre-Diabetes, Diabetes), to derive an
estimation of a probability function of risk using a Bayesian approach (e.g. the risk of Diabetes), or
to estimate the class-conditional probabilities, then use Bayes’ rule to produce the class probability
function as in the previous case.

[00251] Preferred formulas include the broad class of statistical classification algorithms, and in
particular the use of discriminant analysis. The goal of discriminant analysis is to predict class
membership from a previously identified set of features. In the case of linear discriminant analysis
(LDA), the linear combination of features is identified that maximizes the separation among groups
by some criteria. Features can be identified for LDA using an eigengene based approach with
different thresholds (ELDA) or a stepping algorithm based on a multivariate analysis of variance
(MANOVA). Forward, backward, and stepwise algorithms can be performed that minimize the
probability of no separation based on the Hotelling-Lawley statistic.

[00252] Eigengene-based Linear Discriminant Analysis (ELDA) is a feature selection technique
developed by Shen et al. (2006). The formula selects features (e.g. biomarkers) in a multivariate
framework using a modified eigen analysis to identify features associated with the most important
eigenvectors. “Important” is defined as those eigenvectors that explain the most variance in the
differences among samples that are trying to be classified relative to some threshold.

[00253] A support vector machine (SVM) is a classification formula that attempts to find a
hyperplane that separates two classes. This hyperplane contains support vectors, data points that are
exactly the margin distance away from the hyperplane. In the likely event that no separating
hyperplane exists in the current dimensions of the data, the dimensionality is expanded greatly by
projecting the data into larger dimensions by taking non-linear functions of the original variables
(Venables and Ripley, 2002). Although not required, filtering of features for SVM often improves
prediction. Features (e.g., biomarkers) can be identified for a support vector machine using a non-
parametric Kruskal-Wallis (KW) test to select the best univariate features. A random forest (RF,
Breiman, 2001) or recursive partitioning (RPART, Breiman et al., 1984) can also be used separately

or in combination to identify biomarker combinations that are most important. Both KW and RF
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require that a number of features be selected from the total. RPART creates a single classification
tree using a subset of available biomarkers.

[00254] Other formula may be used in order to pre-process the results of individual
ALLDBRISK measurement into more valuable forms of information, prior to their presentation to
the predictive formula. Most notably, normalization of biomarker results, using either common
mathematical transformations such as logarithmic or logistic functions, as normal or other
distribution positions, in reference to a population’s mean values, etc. are all well known to those
skilled in the art (as shown in Figure 5, and described in Example 1, such transformation and
normalization of individual biomarker concentrations may commonly be performed in the practice
of the invention). Of particular interest are a set of normalizations based on Clinical Parameters
such as age, gender, race, or sex, where specific formula are used solely on subjects within a class
or continuously combining a Clinical Parameter as an input. In other cases, analyte-based
biomarkers can be combined into calculated variables (much as BMI is a calculation using Height
and Weight) which are subsequently presented to a formula.

[00255]  In addition to the individual parameter values of one subject potentially being
normalized, an overall predictive formula for all subjects, or any known class of subjects, may itself
be recalibrated or otherwise adjusted based on adjustment for a population's expected prevalence
and mean biomarker parameter values, according to the technique outlined in D'Agostino et al.
(2001) JAMA 286:180-187, or other similar normalization and recalibration techniques. Such
epidemiological adjustment statistics may be captured, confirmed, improved and updated
continuously through a registry of past data presented to the model, which may be machine readable
or otherwise, or occasionally through the retrospective query of stored samples or reference to
historical studies of such parameters and statistics. Additional examples that may be the subject of
formula recalibration or other adjustments include statistics used in studies by Pepe, M.S. et al, 2004
on the limitations of odds ratios; Cook, N.R., 2007 relating to ROC curves; and Vasan, R.S., 2006
regarding biomarkers of cardiovascular disease.

[00256]  Finally, the numeric result of a classifier formula itself may be transformed post-
processing by its reference to an actual clinical population and study results and observed endpoints,

in order to calibrate to absolute risk and provide confidence intervals for varying numeric results of
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the classifier or risk formula. An example of this is the presentation of absolute risk, and confidence
intervals for that risk, derivied using an actual clinical study, chosen with reference to the output of
the recurrence score formula in the Oncotype Dx product of Genomic Health, Inc. (Redwood City,
CA). A further modification is to adjust for smaller sub-populations of the study based on the
output of the classifier or risk formula and defined and selected by their Clinical Parameters, such as

age or sex.

Summary of Algorithm Development Process and Application of Algorithms

[00257] Fig. 34 is a flow diagram of an example method 200 for developing a model which may
be used to evaluate a risk of a person, or group of people, for developing a diabetic condition. The
method 200 may be implemented using the example computing system environment 100 of Fig. 33
and will be used to explain the operation of the environment 100. However, it should be recognized
that the method 200 could be implemented by a system different than the computing system
environment 100. At a block 202, biomarker data from a representative population, as has been
described herein, is obtained from a data storage device, suéh as the system memory 130, an internal
or external database, or other computer storage media. The biomarker data may be initially derived
through a variety of means, including prospective (longitudinal) studies to involving observations of
the representative population over a period of time, retrospective studies of samples of a
representative population that queries the samples and/or from a retrospective epidemiological data
storage containing the results from previous studies, such as an NIH database. The biomarker data
may be derived from a single study or multiple studies, and generally includes data pertaining to the
desired indication and endpoint of the representative population, including values of the biomarkers
described herein, clinical annotations (which may include endpoints), and most particularly the
desired endpoints for training an algorithm for use in the invention, across many subjects.

[00258] At ablock 204, the representative population data set is prepared as needed to meet the
requirements of the model or analysis that will be used for biomarker selection, as described below.
For example, data set preparation may include preparing the biomarker values from each subject
within the representative population, or a chosen subset thereof. However, the raw biomarker data

alone may not be entirely useful for the purposes of model training. As such, various data
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preparation methods may be used to prepare the data, such as gap fill techniques (e.g., nearest
neighbor interpolation or other pattern recognition), quality checks, data combination using of
various formulae (e.g., statistical classification algorithms), normalization and/or transformations,
such as logarithmic functions to change the distribution of data to meet model requirements (e.g.,
base 10, natural log, etc.). Again, the particular data preparation procedures are dependent upon the
model or models that will be trained using the representative population data. The particular data
preparation techniques for various different model types are known, and need not be described
further.

[00259] At a block 206, the particular biomarkers are selected to be subsequently used in the
training of the model used to evaluate a risk of developing a diabetic condition. Biomarker
selection may involve utilizing a selection model to validate the representative population data set
and selecting the biomarker data from the data set that provides the most reproducible results.
Examples of data set validation may include, but are not limited to, cross-validation and
bootstrapping. From the marker selection, the model to be used in evaluating a risk of developing a
diabetic condition may be determined and selected. However, it is noted that not all models provide
the same results with the same data set. For example, different models may utilize different
numbers of biomarkers and produce different results, thereby adding significance to the
combination of biomarkers on the selected model. Accordingly, multiple selection models may be
chosen and utilized with the representative population data set, or subsets of the data set, in order to
identify the optimal model for risk evaluation. Examples of the particular models, including
statistical models, algorithms, etc., which may be used for selecting the biomarkers have been
described above.

[00260] For each selection model used with the data set, or subset thereof, the biomarkers are
selected based on each biomarker’s statistical significance in the model. When input to each model,
the biomarkers are selected based on various criteria for statistical significance, and may further
involve cumulative voting and weighting. Tests for statistical Signiﬁcance may include exit-tests
and analysis of variance (ANOVA). The model may include classification models (e.g., LDA,
logistic regression, SVM, RF, tree models, etc.) and survival models (e.g., cox), many examples of

which have been described above.
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[00261] It is noted that while biomarkers may be applied individually to each selection model to
identify the statistically significant biomarkers, in some instances individual biomarkers alone may
not be fully indicative of a risk for a diabetic condition, in which case combinations of biomarkers
may be applied to the selection model. For example, rather than utilizing univariate biomarker
selection, multivariate biomarker selection may be utilized. That is, a biomarker may not be a good
indicator when used as a univariate input to the selection model, but may be a good indicator when
used in combination with other biomarkers (i.e., a multivariate input to the model), because each
marker may bring additional information to the combination that would not be indicative if taken
alone.

[00262] At a block 208, the model to be used for evaluating risk is selected, trained and
validated. In particular, leading candidate models may be selected based on one or more
performance criteria, examples of which have been described above. For example, from using the
data set, or data subsets, with various models, not only are the models used to determine statistically
significant biomarkers, but the results may be used to select the optimal models along with the
biomarkers. As such, the evaluation model used to evaluate risk may include one of those used as a
selection model, including classification models and survival models. Combinations of models
markers, including marker subsets, may be compared and validated in subsets and individual data
sets. The comparison and Vfilidation may be repeated many times to train and validate the model
and to choose an appropriate model, which is then used as an evaluation model for evaluating risk
of a diabetic condition.

[00263] Fig. 35 is a flow diagram of an example method 250 for using a model to evaluate a risk
of a subject (e.g., a person, or group of people) developing a diabetic condition. At a block 252,
biomarker data from the subject is obtained from a data storage device, which may be the same as,
or different from, the data storage device discussed above with reference to Fig. 34. The subject
biomarker data may be initially derived through a variety of means, including self-reports, physical
examination, laboratory testing and existing medical records, charts or databases. As with the
representative population biomarker data at block 204 of Fig. 34, the subject biomarker data at
block 254 may be prepared using transforms, logs, combinations, normalization, etc. as needed

according to the model type selected and trained in Fig. 34. Once the data has been prepared, at a
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block 256, the subject biomarker data is input into the evaluation model, and at a block 258 the
evaluation model outputs an index value (e.g., risk score, relative risk, time to conversion, etc.).
Many examples have been provided herein as to how a model may be used to evaluate the subject

biomarkers and output an index value, e.g. see Example 7.

Modifications For Therapeutic Intervention Panels

[00264] An ALLDBRISK panel can be constructed and formula derived specifically to enhance
performance for use also in subjects undergoing therapeutic interventions, or a separate panel and
formula may alternatively be used solely in such patient populations. An aspect of the invention is
the use of specific known characteristics of ALLDBRISKS and their changes in such subjects for
such panel construction and formula derivation. Such modifications may enhance the performance
of various indications noted above in Diabetes prevention, and diagnosis, therapy, monitoring, and
prognosis of Diabetes and pre-Diabetes.

[00265] Several of the ALLDBRISKS disclosed herein are known to those skilled in the art to
vary predictably under therapeutic intervention, whether lifestyle (e.g. diet and exercise), surgical
(e.g. bariatric surgery) or pharmaceutical (e.g, one of the various classes of drugs mentioned herein
or known to modify common risk factors or risk of Diabetes) intervention. For example, a PubMed
search using the terms “Adiponectin drug,” will return over 700 references, many with respect to the
changes or non-changes in the levels of adiponectin (ADIPOQ) in subjects treated with various
individual Diabetes-modulating agents. Similar evidence of variance under therapeutic intervention
is widely available for many of the biomarkers listed in Table 1, such as CRP, FGA, INS, LEP,
among others. Certain of the biomarkers listed, most particularly the Clinical Parameters and the
Traditional Laboratory Risk Factors, (and including such biomarkers as GLUCOSE, SBP, DBP,
CHOL, HDL, and HBAc), are traditionally used as surrogate or primary endpoint markers of
efficacy for entire classes of Diabetes-modulating agents, thus most certainly changing in a
statistically significant way.

[00266]  Still others, including genetic biomarkers, such as those polymorphisms known in the
PPARG and INSR (and generally all genetic biomarkers absent somatic mutation), are similarly

known not to vary in their measurement under particular therapeutic interventions. Such variation

102



Max 192 195 192 195 194 N 100 236 83 236 48 Wi ght
Mean 87.44 86.35 90.61 86.35 90.98 SD 16. 398 14. 457
wa40096812241. 457 18.396 Median 84.5 84.45 88 PCT/US2008/060830

may or may not impact the general validity of a given panel, but will often impact the index values
reported, and may require different marker selection, the formula to be re-optimized or other
changes to the practice of the invention. Alternative model calibrations may also be practiced in
order to adjust the normally reported results under a therapeutic intervention, including the use of
manual table lookups and adjustment factors.

[00267] Such properties of the individual ALLDBRISKS can thus be anticipated and exploited to
select, guide, and monitor therapeutic interventions. For example, specific ALLDBRISKS may be
added to, or subtracted from, the set under consideration in the construction of the ALLDBRISK
panels, based on whether they are known to vary, or not to vary, under therapeutic intervention.
Alternatively, such ALLDBRISKS may be individually normalized or formula recalibrated to adjust

for such effects according to the above and other means well known to those skilled in the art.

Combination with Clinical Parameters

[00268] Any of the aforementioned Clinical Parameters may be used in the practice of the
invention as an ALLDBRISK input to a formula or as a pre-selection criteria defining a relevant
population to be measured using a particular ALLDBRISK panel and formula. As noted above,
Clinical Parameters may also be useful in the biomarker normalization and pre-processing, or in
ALLDBRISK selection, panel construction, formula type selection and derivation, and formula
result post-processing.

Endpoints of the Invention

[00269] One embodiment of the invention is to tailor ALLDBRISK panels and formulas to the
population and end point or use that is intended. For example, the ALLDBRISK panels and
formulas may used for assessment of subjects for primary prevention and diagnosis and for
secondary prevention and management. For the primary assessment, the ALLDBRISK panels and
formulas may be used for prediction and risk stratification for conditions, for the diagnosis of
diabetic conditions, for the prognosis of glucose level and rate of change and for indication for
future diagnosis. For secondary prevention and management, the ALLDBRISK panels and
formulas may be used for prognosis, risk stratification for Diabetes complications. The

ALLDBRISK panels and formulas may be used for clinical decision support, such as determining
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whether to defer intervention to next visit, to recommend normal preventive check-ups, to
recommend increased visit frequency, to recommend increased testing and to recommend
therapeutic intervention. The ALLDBRISK panels and formulas may also be useful for intervention
in subjects with diabetic conditions, such as therapeutic selection and response, adjustment and
dosing of therapy, monitoring ongoing therapeutic efficiency and indication for change in
therapeutic intervention.

[00270] The disease endpoints of the invention include type I and type II Diabetes Mellitus and
other diabetic conditions and pre-diabetic conditions. The ALLDBRISK panels and formulas may
be used to evaluate the current status of the disease endpoints by aiding in the diagnosis of latent
type II Diabetes Mellitus, and aiding in the determination of severity of the type II Diabetes Mellitus
and determination of the subclass of type II Diabetes Mellitus. The ALLDBRISK panels and
formulas are also useful for determining the future status of intervention such as determining the
prognosis of future type 1I Diabetes Mellitus with therapy, intervention and drug therapy. The
invention may be tailored to a specific intervention, drug class, therapeutic class or therapy or drug
therapy or a combination thereof.

[00271] The surrogate endpoints of the invention include measuring HBA ¢, glucose (FPG and
OGTT), and glucose class (normal glucose tolerance (NGT), IGT, IFG AND T2DM). The
ALLDBRISK panels and formulas are useful for determining the current status of the surrogate
endpoints by diagnosing glucose class with or without fasting. The future status of surrogate
endpoints may be determined using the ALLDBRISK panels and formulas of the invention such as
determination of the prognosis of future glucose class. The ALLDBRISK panels and formulas are
also useful for determining the future status of intervention such as determination of prognosis of
future glucose class with drug therapy.

[00272] The complication endpoints of diabetic conditions include eye retinopathy,
microvascular damage, liver damage, limb amputation and cardiovascular complications to name a
few. The ALLDBRISK panels and formulas may be used to evaluate the current status of the
disease endpoints by aiding in the diagnosis of liver damage. The future status of complication
endpoints may be determined using the ALLDBRISK panels and formulas such as determination of

the prognosis of future retinopathy. The ALLDBRISK panels and formulas are also useful for
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determining the future status of intervention such as determining the prognosis of future retinopathy

with therapy or drug therapy.

Measurement of ALLDBRISKS

[00273] Biomarkers may be measured in using several techniques designed to achieve more
predictable subject and analytical variability. On subject variability, many of the above
ALLDBRISKS are commonly measured in a fasting state, and most commonly in the morning,
providing a reduced level of subject variability due to both food consumption and metabolism and
diurnal variation. The invention hereby claims all fasting and temporal-based sampling procedures
using the ALLDBRISKS described herein. Pre-processing adjustments of ALLDBRISK results
may also be intended to reduce this effect.

[00274] The actual measurement of levels of the ALLDBRISKS can be determined at the protein
or nucleic acid level using any method known in the art. For example, at the nucleic acid level,
Northern and Southern hybridization analysis, as well as ribonuclease protection assays using
probes which specifically recognize one or more of these sequences can be used to determine gene
expression. Alternatively, levels of ALLDBRISKS can be measured using reverse-transcription-
based PCR assays (RT-PCR), e.g., using primers specific for the differentially expressed sequence
of genes. Levels of ALLDBRISKS can also be determined at the protein level, e.g., by measuring
the levels of peptides encoded by the gene products described herein, or activities thereof. Such
methods are well known in the art and include, e.g., immunoassays based on antibodies to proteins
encoded by the genes, aptamers or molecular imprints. Any biological material can be used for the
detection/quantification of the protein or its activity. Alternatively, a suitable method can be
selected to determine the activity of proteins encoded by the biomarker genes according to the
activity of each protein analyzed.

[00275] The ALLDBRISK proteins, polypeptides, mutations, and polymorphisms thereof can be
detected in any suitable manner, but is typically detected by contacting a sample from the subject
with an antibody which binds the ALLDBRISK protein, polypeptide, mutation, or polymorphism
and then detecting the presence or absence of a reaction product. The antibody may be monoclonal

?

polyclonal, chimeric, or a fragment of the foregoing, as discussed in detail above, and the step of
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detecting the reaction product may be carried out with any suitable immunoassay. The sample from
the subject is typically a biological fluid as described above, and may be the same sample of
biological fluid used to conduct the method described above.

[00276] Immunoassays carried out in accordance with the present invention may be
homogeneous assays or heterogeneous assays. In a homogeneous assay the immunological reaction
usually involves the specific antibody (e.g., anti- ALLDBRISK protein antibody), a labeled analyte,
and the sample of interest. The signal arising from the label is modified, directly or indirectly, upon
the binding of the antibody to the labeled analyte. Both the immunological reaction and detection of
the extent thereof can be carried out in a homogeneous solution. Immunochemical labels which
may be employed include free radicals, radioisotopes, fluorescent dyes, enzymes, bacteriophages, or
coenzymes.

[00277] In a heterogeneous assay approach, the reagents are usually the sample, the antibody,
and means for producing a detectable signal. Samples as described above may be used. The
antibody can be immobilized on a support, such as a bead (such as protein A and protein G agarose
beads), plate or slide, and contacted with the specimen suspected of containing the antigen in a
liquid phase. The support is then separated from the liquid phase and either the support phase or the
liquid phase is examined for a detectable signal employing means for producing such signal. The
signal is related to the presence of the analyte in the sample. Means for producing a detectable
signal include the use of radioactive labels, fluorescent labels, or enzyme labels. For example, if the
antigen to be detected contains a second binding site, an antibody which binds to that site can be
conjugated to a detectable group and added to the liquid phase reaction solution before the
separation step. The presence of the detectable group on the solid support indicates the presence of
the antigen in the test sample. Examples of suitable immunoassays include, but are not limited to
oligonucleotides, immunoblotting, immunoprecipitation, immunofluorescence methods,
chemiluminescence methods, electrochemiluminescence (ECL) or enzyme-linked immunoassays.
[00278] Those skilled in the art will be familiar with numerous specific immunoassay formats
and variations thereof which may be useful for carrying out the method disclosed herein. See
generally E. Maggio, Enzyme-Immunoassay, (1980) (CRC Press, Inc., Boca Raton, Fla.); see also
U.S. Pat. No. 4,727,022 to Skold et al. titled “Methods for Modulating Ligand-Receptor Interactions

106



11. 412 Median 105.5 104 107 104 105.5 Mn 81 88 81
88 91 Max 135 165 135 165 151 N 100 235 83 235 48
wao\gesiveaed 49. 6 48. 81 PCT/US2008/060830

and their Application,” U.S. Pat. No. 4,659,678 to Forrest et al. titled “Immunoassay of Antigens,”
U.S. Pat. No. 4,376,110 to David et al., titled “Immunometric Assays Using Monoclonal
Antibodies,” U.S. Pat. No. 4,275,149 to Litman et al., titled “Macromolecular Environment Control
in Specific Receptor Assays,” U.S. Pat. No. 4,233,402 to Maggio et al,, titled “Reagents and
Method Employing Channeling,” and U.S. Pat. No. 4,230,767 to Boguslaski et al., titled
“Heterogeneous Specific Binding Assay Employing a Coenzyme as Label.”

[00279] Antibodies can be conjugated to a solid support suitable for a diagnostic assay (e.g.,
beads such as protein A or protein G agarose, microspheres, plates, slides or wells formed from
materials such as latex or polystyrene) in accordance with known techniques, such as passive
binding. Antibodies as described herein may likewise be conjugated to detectable labels or groups
such as radiolabels (e.g., 35S, 1251, 1311), enzyme labels (e.g., horseradish peroxidase, alkaline
phosphatase), and fluorescent labels (e.g., fluorescein, Alexa, green fluorescent protein, rhodamine)
in accordance with known techniques.

[00280] Antibodies can also be useful for detecting post-translational modifications of
ALLDBRISK proteins, polypeptides, mutations, and polymorphisms, such as tyrosine
phosphorylation, threonine phosphorylation, serine phosphorylation, glycosylation (e.g., O-
GlcNAc). Such antibodies specifically detect the phosphorylated amino acids in a protein or
proteins of interest, and can be used in immunoblotting, immunofluorescence, and ELISA assays
described herein. These antibodies are well-known to those skilled in the art, and commercially
available. Post-translational modifications can also be determined using metastable ions in reflector
matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF) (Wirth,
U. et al. (2002) Proteomics 2(10): 1445-51).

[00281] For ALLDBRISK proteins, polypeptides, mutations, and polymorphisms known to have
enzymatic activity, the activities can be determined in vitro using enzyme assays known in the art.
Such assays include, without limitation, kinase assays, phosphatase assays, reductase assays, among
many others. Modulation of the kinetics of enzyme activities can be determined by measuring the
rate constant KM using known algorithms, such as the Hill plot, Michaelis-Menten equation, linear

regression plots such as Lineweaver-Burk analysis, and Scatchard plot.
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[00282] Using sequence information provided by the database entries for the ALLDBRISK
sequences, expression of the ALLDBRISK sequences can be detected (if present) and measured
using techniques well known to one of ordinary skill in the art. For example, sequences within the
sequence database entries corresponding to ALLDBRISK sequences, or within the sequences
disclosed herein, can be used to construct probes for detecting ALLDBRISK RNA sequences in,
e.g., Northern blot hybridization analyses or methods which specifically, and, preferably,
quantitatively amplify specific nucleic acid sequences. As another example, the sequences can be
used to construct primers for specifically amplifying the ALLDBRISK sequences in, e.g.,
amplification-based detection methods such as reverse-transcription based polymerase chain
reaction (RT-PCR). When alterations in gene expression are associated with gene amplification,
deletion, polymorphisms, and mutations, sequence comparisons in test and reference populations
can be made by comparing relative amounts of the examined DNA sequences in the test and
reference cell populations.

[00283] Expression of the genes disclosed herein can be measured at the RNA level using any
method known in the art. For example, Northern hybridization analysis using probes which
specifically recognize one or more of these sequences can be used to determine gene expression.
Alternatively, expression can be measured using reverse-transcription-based PCR assays (RT-PCR),
€.g., using primers specific for the differentially expressed sequences. RNA can also be quantified
using, for example, other target amplification methods (e.g., TMA, SDA, NASBA), or signal
amplification methods (e.g., bDNA), and the like.

[00284] Alternatively, ALLDBRISK protein and nucleic acid metabolites can be measured. The
term “metabolite” includes any chemical or biochemical product of a metabolic process, such as any
compound produced by the processing, cleavage or consumption of a biological molecule (e.g., a
protein, nucleic acid, carbohydrate, or lipid). Metabolites can be detected in a variety of ways
known to one of skill in the art, including the refractive index spectroscopy (RI), ultra-violet
spectroscopy (UV), fluorescence analysis, radiochemical analysis, near-infrared spectroscopy (near-
IR), nuclear magnetic resonance spectroscopy (NMR), light scattering analysis (LS), mass
spectrometry, pyrolysis mass spectrometry, nephelometry, dispersive Raman spectroscopy, gas

chromatography combined with mass spectrometry, liquid chromatography combined with mass
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spectrometry, matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) combined
with mass spectrometry, ion spray spectroscopy combined with mass spectrometry, capillary
electrophoresis, NMR and IR detection. (See, WO 04/056456 and WO 04/088309, each of which
are hereby incorporated by reference in their entireties) In this regard, other ALLDBRISK analytes
can be measured using the above-mentioned detection methods, or other methods known to the
skilled artisan. For example, circulating calcium ions (Ca2+) can be detected in a sample using
fluorescent dyes such as the Fluo series, Fura-2A, Rhod-2, among others. Other ALLDBRISK
metabolites can be similarly detected using reagents that specifically designed or tailored to detect

such metabolites.

Kits

[00285] The invention also includes a ALLDBRISK-detection reagent, e.g., nucleic acids that
specifically identify one or more ALLDBRISK nucleic acids by having homologous nucleic acid
sequences, such as oligonucleotide sequences or aptamers, complementary to a portion of the
ALLDBRISK nucleic acids or antibodies to proteins encoded by the ALLDBRISK nucleic acids
packaged together in the form of a kit. The oligonucleotides can be fragments of the ALLDBRISK
genes. For example the oligonucleotides can be 200, 150, 100, 50, 25, 10 or less nucleotides in
length. The kit may contain in separate containers a nucleic acid or antibody (either already bound
to a solid matrix or packaged separately with reagents for binding them to the matrix), control
formulations (positive and/or negative), and/or a detectable label such as fluorescein, green
fluorescent protein, rhodamine, cyanine dyes, Alexa dyes, luciferase, radiolabels, among others.
Instructions (e.g., written, tape, VCR, CD-ROM, etc.) for carrying out the assay may be included in
the kit. The assay may for example be in the form of a Northern hybridization or a sandwich
ELISA as known in the art.

[00286] For example, ALLDBRISK detection reagents can be immobilized on a solid matrix
such as a porous strip to form at least one ALLDBRISK detection site. The measurement or
detection region of the porous strip may include a plurality of sites containing a nucleic acid. A test
strip may also contain sites for negative and/or positive controls. Alternatively, control sites can be

located on a separate strip from the test strip. Optionally, the different detection sites may contain
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different amounts of immobilized nucleic acids, e.g., a higher amount in the first detection site and
lesser amounts in subsequent sites. Upon the addition of test sample, the number of sites displaying
a detectable signal provides a quantitative indication of the amount of ALLDBRISKS present in the
sample. The detection sites may be configured in any suitably detectable shape and are typically in
the shape of a bar or dot spanning the width of a test strip.

[00287]  Alternatively, the kit contains a nucleic acid substrate array comprising one or more
nucleic acid sequences. The nucleic acids on the array specifically identify one or more nucleic acid
sequences represented by ALLDBRISKS 1-271. In various embodiments, the expressibn of 2,34,
5,6,7,8,9, 10, 15, 20, 25, 40, 50, 100, 125, 150, 175, 200, 210, 220, 230, 240, 250, 260 or more of
the sequences represented by ALLDBRISKS 1-271 can be identified by virtue of binding to the
array. The substrate array can be on, e.g., a solid substrate, e.g., a “chip” as described in U.S. Patent
No.5,744,305. Alternatively, the substrate array can be a solution array, e.g., XMAP (Luminex,
Austin, TX), Cyvera (Illumina, San Diego, CA), CellCard (Vitra Bioscience, Mountain View, CA)
and Quantum Dots’ Mosaic (Invitrogen, Carlsbad, CA).

[00288] Suitable sources for antibodies for the detection of ALLDBRISK include
commercially available sources such as, for example, Abazyme, Abnova, Affinity Biologicals,
AntibodyShop, Biogenesis, Biosense Laboratories, Calbiochem, Cell Sciences, Chemicon
International, Chemokine, Clontech, Cytolab, DAKO, Diagnostic BioSystems, eBioscience,
Endocrine Technologies, Enzo Biochem, Eurogentec, Fusion Antibodies, Genesis Biotech,
GloboZymes, Haematologic Technologies, Immunodetect, Immunodiagnostik, Inmunometrics,
Immunostar, Immunovision, Biogenex, Invitrogen, Jackson ImmunoResearch Laboratory, KMI
Diagnostics, Koma Biotech, LabFrontier Life Science Institute, Lee Laboratories, Lifescreen, Maine
Biotechnology Services, Mediclone, MicroPharm Ltd., ModiQuest, Molecular Innovations,
Molecular Probes, Neoclone, Neuromics, New England Biolabs, Novocastra, Novus Biologicals,
Oncogene Research Products, Orbigen, Oxford Biotechnology, Panvera, PerkinElmer Life Sciences,
Pharmingen, Phoenix Pharmaceuticals, Pierce Chemical Company, Polymun Scientific,
Polysiences, Inc., Promega Corporation, Proteogenix, Protos Immunoresearch, QED Biosciences,
Inc., R&D Systems, Repligen, Research Diagnostics, Roboscreen, Santa Cruz Biotechnology,

Seikagaku America, Serological Corporation, Serotec, SigmaAldrich, StemCell Technologies,

110



6 86.5 Mn0OO0OOOO Mx 59 330 59 330 102 N 95
219 79 219 44 SBP Mean 138. 07 133.91 139.18 133.91
wad 46081 512246D PCT/US2008/060830

Synaptic Systems GmbH, Technopharm, Terra Nova Biotechnology, TiterMax, Trillium
Diagnostics, Upstate Biotechnology, US Biological, Vector Laboratories, Wako Pure Chemical
Industries, and Zeptometrix. However, the skilled artisan can routinely make antibodies, nucleic
acid probes, e.g., oligonucleotides, aptamers, siRNAs, antisense oligonucleotides, against any of the
ALLDBRISK in Table 1.

[00289] Above starting after Table 3, the invention is described in relation to the ALLDBRISKS
marker set. It is understood that further embodiments of the invention include the above discussion
in relation to the RDMARKERS and the above discussion is reincorporated herein substituting
RDMARKERS as appropriate.

EXAMPLES
[00290] Materials and Methods: Source Reagents: A large and diverse array of vendors that
were used to source immunoreagents as a starting point for assay development, such as, but not
limited to, Abazyme, Abnova, Affinity Biologicals, AntibodyShop, Biogenesis, Biosense
Laboratories, Calbiochem, Cell Sciences, Chemicon International, Chemokine, Clontech, Cytolab,
DAKO, Diagnostic BioSystems, eBioscience, Endocrine Technologies, Enzo Biochem, Eurogentec,
Fusion Antibodies, Genesis Biotech, GloboZymes, Haematologic Technologies, Immunodetect,
Immunodiagnostik, Inmunometrics, Immunostar, Inmunovision, Biogenex, Invitrogen, Jackson
ImmunoResearch Laboratory, KMI Diagnostics, Koma Biotech, LabFrontier Life Science Institute,
Lee Laboratories, Lifescreen, Maine Biotechnology Services, Mediclone, MicroPharm Ltd.,
ModiQuest, Molecular Innovations, Molecular Probes, Neoclone, Neuromics, New England
Biolabs, Novocastra, Novus Biologicals, Oncogene Research Products, Orbigen, Oxford
Biotechnology, Panvera, PerkinElmer Life Sciences, Pharmingen, Phoenix Pharmaceuticals, Pierce
Chemical Company, Polymun Scientific, Polysiences, Inc., Promega Corporation, Proteogenix,
Protos Immunoresearch, QED Biosciences, Inc., R&D Systems, Repligen, Research Diagnostics,
Roboscreen, Santa Cruz Biotechnology, Seikagaku America, Serological Corporation, Serotec,
SigmaAldrich, StemCell Technologies, Synaptic Systems GmbH, Technopharm, Terra Nova
Biotechnology, TiterMax, Trillium Diagnostics, Upstate Biotechnology, US Biological, Vector

Laboratories, Wako Pure Chemical Industries, and Zeptometrix. A search for capture antibodies,
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detection antibodies, and analytes was performed to configure a working sandwich immunoassay.
The reagents were ordered and received into inventory.

[00291] Immunoassays were developed in three steps: Prototyping, Validation, and Kit Release.
Prototyping was conducted using standard ELISA formats when the two antibodies used in the
assay were from different host species. Using standard conditions, anti-host secondary antibodies
conjugated with horse radish peroxidase were evaluated in a standard curve. If a good standard
curve was detected, the assay proceeded to the next step. Assays that had the same host antibodies
went directly to the next step (e.g., mouse monoclonal sandwich assays).

[00292] Validation of working assays was performed using the Zeptosense detection platform
from Singulex, Inc. (St. Louis, MO). The detection antibody was first conjugated to the fluorescent
dye Alexa 647. The conjugations used standard NHS ester chemistry, for example, according to the
manufacturer. Once the antibody was labeled, the assay was tested in a sandwich assay format
using standard conditions. Each assay well was solubilized in a denaturing buffer, and the material
was read on the Zeptosense platform.

[00293] Once a working Zeptosense standard curve was demonstrated, assays were typically
applied to 24 - 96 serum samples to determine the normal distribution of the target analyte across
clinical samples. The amount of serum required to measure the biomarker within the linear
dynamic range of the assay was determined, and the assay proceeded to kit release. For the initial
validated assays, 0.004 microliters were used per well on average.

[00294] Each component of the kit including manufacturer, catalog numbers, lot numbers, stock
and working concentrations, standard curve, and serum requirements were compiled into a standard
operating procedures for each biomarker assay. This kit was then released for use to test clinical

samples.

Example 1
[00295] Example 1 presents the practice of the invention in a risk matched (age, sex, BMI,
among others) case-control study design. Subjects which converted to Diabetes were initially
selected and risk matched based on baseline characteristic with subjects who did not convert to

Diabetes, drawing from a larger longitudinal general population study. For purposes of formula
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discovery, subjects were selected from the larger study with the following characteristics:
Converters (C): conversion to Diabetes must have been within 5 years; Non-Converters (NC): must
have had at least 8 years of follow-up with no documentation of conversion to Diabetes.

[00296] Both the “Total Population” of all such subjects and a selected “Base Population” sub-
population were analyzed. The Base Population was comprised of all subjects within the Total
Population who additionally met the inclusion criteria of AGE equal to or greater than 39 years and
BMI equal to or greater than 25 kg/m>.

[00297] Descriptive statistics summarizing each of the Example 1 study population arms are
presented below in Table 5. (Note that HOMA - IR = Homeostasis Model Assessment — Insulin

Resistance.)

Table 5: Baseline characteristics of converters and non-converters in Example 1

Example 1
Total Population Base Population
C NC C NC
Variables Levels (n=60) (n=177) (n=47) (n=120)
NGT 20 91 14 55
Glucose IFG 6 22 5 18
tolerance status
baseline IGT 21 47 18 34
IFG-IGT 13 17 10 13
female 28 84 22 60
Sex
male 32 93 25 60
Family HX DD | No 8 21 6 14
(parents and
sibs) Yes 52 156 41 106
Mean 96.98 . 92.8 98.73 94.7
SD 11.725 11.679 10.37 10.865
Waist Median 97.5 92.5 100 94
Min 72 67.5 73 75
Max 127 138 127 138
N 60 177 47 120
Mean 52.11 50.85 55.5 54.8
SD 11.826 11.957 8.214 8.981
Age Median 51.99 51.11 56.83 55.32
Min 14.1 17.87 41.37 39.26
Max 72.47 74.72 72.47 74.72
N 60 177 47 120
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Example 1
Total Population Base Population
C NC C NC
Variables Levels (n=60) (n=177) (n=47) (n=120)
Mean 28.84 27.76 29.32 28.71
SD 3.889 4.108 3.557 3.348
BMI Median 28.12 27.17 28.55 27.72
Min 21.98 19.94 25.14 25.03
Max 43.71 44,55 43.71 44.55
N 60 177 47 120
Mean 142.76 132.53 145.78 136.64
SD 22.819 16.886 21.471 16.863
SBP Median 139.5 132 141 136.25
Min 105 99 105 99
Max 199 185 196 185
N 60 177 47 120
Mean 84.78 81.25 86.47 83.17
SD 10.506 9.653 10.017 9.422
DBP Median 85 80 88 82
Min 62 56 67 60
Max 109 110 109 110
N 60 177 47 120
Mean 5.9 5.92 5.94 6.13
SD 1.177 1.245 1.163 1.253
CHOL Median 5.67 5.81 5.71 6.02
Min 4.08 3.39 4.08 3.77
Max 10.04 12.51 10.04 12.51
N 57 168 44 114
Mean 1.28 1.36 1.22 1.36
SD 0.319 0.31 0.281 0.33
HDLC Median 1.25 1.34 1.16 1.34
Min 0.724 0.776 0.724 0.776
Max 1.959 2.109 1.893 2.109
N 56 167 44 115
Mean 1.7 1.49 1.75 1.51
SD 1.113 0.88 0.959 0.79
TRIG Median 1.58 1.21 1.62 1.27
Min 0.61 0.508 0.63 0.587
Max 6.57 6.78 5.56 3.90
N 57 168 44 114
Insulin Mean 13.09 8.45 14.04 8.61
SD 8.684 4.553 9.217 4.393
Median 10.5 7.05 12.92 7.46
Min 2.58 2.72 2.58 2.90
Max 55.50 27.42 55.50 24.69
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Example 1
Total Population Base Population
C NC C NC
Variables Levels (n=60) (n=177) (n=47) (n=120)
N 59 171 46 117
Mean 5.94 5.84 5.94 5.89
SD 0.601 0.572 0.616 0.569
Glucose Median 5.94 5.82 6.05 5.93
Min 4.24 4.63 4.24 4.63
Max 6.89 6.89 6.89 6.89
N 60 177 47 120
Mean 7.92 6.82 8.05 6.92
SD 2.121 1.541 2.186 1.437
Glucose 120min Median 7.95 6.78 8.14 7.01
Min 4.52 2.60 4.52 3.62
Max 15.82 10.396 15.82 10.396
N 60 177 47 120
Mean 5.75 5.44 5.79 5.51
SD 0.443 0.511 0.427 0.55
HBAILC Median 5.7 5.4 5.8 5.5
Min 4.80 3.90 5.10 3.90
Max 7.14 7.05 7.14 7.05
N 53 138 41 93
Mean 3.5 2.22 3.75 2.28
SD 2.46 1.26 2.615 1.232
HOMA Median 2.86 1.85 3.49 1.91
Min 0.59 0.62 0.59 0.70
Max 16.30 7.37 16.30 7.13
N 59 171 46 117

[00298] Baseline (at study entry) samples were tested. The total ALLDBRISKS measured in this
population are presented in Figure 15 of US 2007/0259377 (Figure 29 herein), in the Example 1
column.

[00299]  Prior to statistical methods being applied, each ALLDBRISK assay plate was reviewed
for pass/fail criteria. Parameters taken into consideration included number of samples within range
of the standard curve, serum control within the range of the standard curve, CVs of samples and
dynamic range of assay.

[00300] A best fit Clinical Parameter only model was calculated in order to have a baseline to
measure improvement from the incorporation of analyte-based ALLDBRISKS into the potential

formulas. Figure 2 of US 2007/0259377 (Figure 16 herein), depicts a ROC curve of an LDA
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classification model derived only from the Clinical Parameters as measured and calculated for the
Base Population of Example 1. Figure 2 of US 2007/0259377 (Figure 16 herein) also contains the
AUC as well as LOO and 10-Fold cross-validation methods. No blood-borne biomarkers were
measured in this analysis.

[00301] Baseline comparison was also calculated using a common literature global Diabetes risk
index encompassing selected Clinical Parameter plus selected common Traditional Risk Factors.
Figure 3 of US 2007/0259377 (Figure 17 herein), is a graphical representation of a clinical global
risk assessment index according to the Stern model of Diabetes risk, measured and calculated for
the Base Population of Example 1.

[00302] Prior to formula analysis, ALLDBRISK parameters were transformed, according to the
methodologies shown for each ALLDBRISK in Figure 4 of US 2007/0259377 (Figure 18 herein),
and missing results were imputed. If the amount of missing data was greater than 1%, various
imputation techniques were employed to evaluate the effect on the results, otherwise the k-nearest
neighbor method (library EMV, R Project) was used using correlation as the distance metric and 6
nearest neighbors to estimate the missing values.

[00303] Excessive covariation, multicolinearity, between variables were evaluated graphically
and by computing pairwise correlation coefficients. Wﬁen the correlation coefficients exceeded
0.75, a strong lack of independence between biomarkers was indicated, suggesting that they should
be evaluated separately. Univariate summary statistics including means, standard deviations, and
odds ratios were computed using logistic regression.

[00304] Figure 4 of US 2007/0259377 (Figure 18 herein) is a table that summarizes the results of
univariate analysis of parameters variances, biomarker transformations, and biomarker mean back-
transformed concentration values measured for both Converter and Non-Converter arms within
Base Population of Example 1.

[00305] Figure 5 of US 2007/0259377 (Figure 19 herein) presents a table summarizing a cross-
correlation analysis of clinical parameters and biomarkers as disclosed herein, as measured in the
Base Population of Example 1.

[00306] Figures 6A through 6C of US 2007/0259377 (Figures 20A-20C herein) depict various

graphical representations of the results of hierarchical clustering and Principal Component Analysis
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(PCA) of clinical parameters and biomarkers of the invention, as measured in the Base Population

of Example 1.

Biomarker Selection and Model Building

[00307] Characteristics of the Base Population of Example 1 were considered in various
predictive models, model types, and model parameters, and the AUC results of these formula are
summarized in Figure 7 of US 2007/0259377 (Figure 21 herein). In general, Linear Discriminant
Analysis (LDA) formula maintained the most predictable performance under cross-validation.
[00308] As an example LDA model, the below coefficients represent the terms of the linear

discriminant (LD) of the respective LDA models, given in the form of:

LD = coefficient]l *biomarkerl + coefficient2*biomarker2 + coefficient3*biomarker3 + ...

[00309] The terms “biomarkerl,” “biomarker2,” “biomarker3”... represent the transformed
values of the respective parameter as presented above in Figure 4, with concentrations generally
being log transformed, DBP being transformed using the square root function, and HBA1C value
being used raw. Transformations were performed to correct the biomarkers for violations of
univariate normality.

[00310] For a given subject, the posterior probability of conversion to Type 2 Diabetes Mellitus
within a five year horizon under the relevant LDA is approximated by 1/(1+EXP(-1*LD). If the
solution is >0.5, the subject was classified by the model as a converter.

[00311] Table 6 shows the results of ELDA and LDA SWS analysis on a selected set of
ALLDBRISK and Traditional Blood Risk Factors in Cohort A Samples
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Table 6

ELDA LDA SWS

DBP -0.28145 | Insulin -2.78863
Insulin -1.71376 | HBAIC | -0.76414
HBA1C | -0.73139 | ADIPOQ | 1.818677
ADIPOQ | 1.640633 | CRP -0.83886
CRP -0.92502 | FAS 1.041641
FGA 0.955317 | FGA 0.827067
IGFBP1 -1.2481

Model Validation

[00312] To validate both the biomarker selection process and the underlying predictive
algorithm, extensive cross-validation incorporating both feature selection and algorithm estimation
was used. Two common cross-validation schemes to determine model performance were used. A
leave-one-out CV is known to produce nearly unbiased prediction error estimates, but the estimate
is often criticized to be highly variable. A 10-fold cross-validation, on the other hand, reduces the
variability, but can introduce bias in the error estimates (Braga-Neto and Dougherty, 2004). To
reduce the bias in this estimate the 10-fold cross validation was repeated 10 times such that the
training samples were randomly divided 100 times into training groups consisting of 90% of the
samples and test groups consisting of the remaining 10% of the samples. Such repeated 10-fold CV
estimator has been recommended as an overall error estimator of choice in terms of reduced
variance (Kohavi, 1995). The model performance characteristics were then averaged over all 10 of
the cross validations.

[00313] Biomarker importance was estimated by ranking the features by their appearance
frequencies in all the CV steps, because biomarker selection was carried ‘out within the CV loops.
Model quality was evaluated based on the model with the largest area under the ROC curve as well
as sensitivity and specificity at the limit of the region of the ROC curve with the greatest area (i.e.
the inflection point of the sensitivity plots).

[00314] Figure 8 of US 2007/0259377 (Figure 22 herein) is a graph showing the ROC curves
for the leading univariate, bivariate, and trivariate LDA models by AUC, as measured and
calculated in the Base Population of Example 1, whereas Figure 9 of US 2007/0259377 (Figure 23

herein) graphically shows ROC curves for the LDA stepwise selection model, also as measured and
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calculated in the Base Population of Example 1. The entire LDA forward-selected set of all tested
parameters with model AUC and Akaike Information Criterion (AIC) statistics at each biomarker
addition step is shown in the graph of Figure 10 of US 2007/0259377 (Figure 24 herein), as

measured and calculated in the Base Population of Example 1.

Example 2

[00315] Example 2 demonstrates the practice of the invention in a separate general
longitudinal population-based study, with a comparably selected Base sub-population and a frank
Diabetes sub-analysis.
[00316] As in Example 1, for purposes of model discovery, subjects were selected from the
sample sets with the following characteristics:

= Converters (C): conversion to Diabetes must have been within 5 years

» Non-Converters (NC): must have had at least 8 years of follow-up with no documentation

of Diabetes.

[00317] Asin Example 1, both the “Total Population” of all such subjects and a selected “Base
Population” sub-population were analyzed. The Base Population was comprised of all subjects
within the Total Population who additionally met the inclusion criteria of AGE equal to or greater
than 39 years and BMI equal to or greater than 25 kg/m2.
[00318] Descriptive statistics summarizing each of the Example 2 study population arms are

presented below in Table 7.

Table 7: Baseline Characteristics of Example 2 and Subsets

Example 2
Diabetic
Total Population Base Population (n=48)
NC C NC
Variables Levels C (n=100) | (n=236) | (n=83) (n=236)
HeartThrombosis No 95 225 78 225 45
Yes 0 1 0 1 1
Active 12 32 12 32 4
. . Athelete 0 3 0 3 1
PhysicalActivit
YSIGHACIVILY T it 26 50 2% 50 21
Walk 60 146 45 146 21
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972
Example 2
Diabetic
Total Population Base Population (n=48)
NC C NC
Variables Levels C (n=100) | (n=236) | (n=83) (n=236)
Famiilial History | No 94 211 78 211 45
of CVD Yes 6 25 5 25 3
NGT 21 163 14 163 0
Glucose tolerance IFG 18 39 1> 39 0
status baseline IGT 59 21 52 27 0
SDM 0 0 0 0 27
KDM 0 0 0 0 21
average 57 160 46 head 27
Diet healthy 13 34 13 34 9
unhealthy 23 31 18 31 9
Sex female 39 91 31 91 19
male 61 145 52 145 29
Family HX DD | No 71 182 57 182 32
(parents and sibs) | Yes 29 54 26 54 16
Family HXDB | No 97 236 81 236 47
(children) Yes 3 0 2 0 1
High Risk No 9 79 5 79 0
Yes 91 157 78 157 48
Smoking Not Offered 59 90 53 90 39
Intervention Declined 21 43 16 43 6
Accepted 11 24 9 24 3
. . Not Offered 14 62 9 62 12
D“;:lf;‘i i’:ie;ﬁ'se Declined 22 36 19 36 11
Accepted 55 59 50 59 25
Mean 172.4 172.97 172.43 172.97 170.85
SD 9.112 9.486 9.445 9.486 10.664
Height Median 172 173 172 173 170.5
Min 148 151 148 151 149
Max 192 195 192 195 194
N 100 236 83 236 48
Mean 87.44 86.35 90.61 86.35 90.98
SD 16.398 14.457 14.968 14.457 18.396
Weight Median 84.5 84.45 88 84.45 86.3
Min 49.8 57 67.2 57 64.3
Max 126 183 126 183 141.2
N 100 236 83 236 48
Waist Mean 96.05 93.39 98.49 93.39 101.31
SD 12.567 11.05 11.651 11.05 13.246
Median 94.5 93 96 93 99
Min 66 68 72 68 79
Max 125 165 125 165 136

120




988 996 N 72 209 56 209 33

Insulin Mean 63.14 45.85

67.24 45.85 71.26 SD 39.01 28. 065 40. 203 28. 065

PCT/US2008/060830

w@a008131224kdi an 53.5 37 57 37 62 Mn 12
Example 2
Diabetic
Total Population Base Population (n=48)
NC C NC
Variables Levels C (n=100) | (n=236) | (n=83) (n=236)
N 100 235 83 235 48
Mean 105.34 105.37 106.72 105.37 108.02
SD 9.47 9.774 9.021 9.774 11.412
Hip Median 105.5 104 107 104 105.5
Min 81 88 81 88 91
Max 135 165 135 165 151
N 100 235 83 235 48
Mean 49.6 48.81 50.07 48.81 51.26
SD 6.786 6.325 6.325 6.325 6.426
Age Median 50 49.8 50 49.8 50.15
Min 34.7 39.7 39.8 39.7 39.8
Max 60.5 60.3 60.5 60.3 60.8
N 100 236 83 236 48
Mean 29.36 28.82 30.42 28.82 31.13
SD 4.656 4.115 4.051 4.115 5.472
BMI Median 28.7 27.65 29.7 27.65 29.8
Min 18.7 25 25 25 25
Max 45.2 55.7 452 55.7 48.9
N 100 236 83 236 48
Mean 12.61 13.68 12.3 13.68 15.55
SD 13.561 28.03 13.419 28.03 22.115
Units of alcohol | Median 6 8 6 8 6.5
intake per week | Min 0 0 0 0 0
Max 59 330 59 330 102
N 95 219 79 219 44
Mean 138.07 133.91 139.18 133.91 144.15
SD 18.265 18.508 15.798 18.508 23.448
SBP Median 140 130 140 130 140
Min 104 100 110 100 100
Max 195 198 180 198 212
N 100 236 83 236 48
Mean 87.28 84.91 87.61 84.91 87.1
SD 12.874 11.708 12.151 11.708 10.446
DBP Median 85 85 85 85 87
Min 58 60 66 60 60
Max 140 128 140 128 110
N 100 236 83 236 48
CHOL Mean 5.92 5.81 5.95 5.81 5.85
SD 1.092 1.033 1.033 1.033 1.015
Median 5.8 5.7 5.8 5.7 5.9
Min 3.4 3.5 3.6 3.5 4.1
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Example 2
Diabetic
Total Population Base Population (n=48)
NC C NC
Variables Levels C (n=100) { (n=236) | (n=83) (n=236)
Max 9.2 9 8.5 9 7.7
N 100 236 83 236 48
Mean 1.29 1.35 1.26 1.35 1.25
SD 0.352 0.388 0.343 0.388 0.35
HDLC Median 1.23 1.29 1.21 1.29 1.21
Min 0.66 0.6 0.66 0.6 0.74
Max 2.19 3.37 2.19 3.37 2.6
N 100 236 83 236 48
Mean 3.8 3.75 3.83 3.75 3.62
SD 0.992 0.912 0.952 0912 0.843
LDL Median 3.7 3.7 3.72 3.7 3.6
Min 1.61 1.2 2.1 1.2 1.6
Max 6.62 6.86 6.62 6.86 5.4
N 97 232 80 232 45
Mean 1.92 1.6 2 1.6 2.2
SD 1.107 1.454 1.143 1.454 1.444
TRIG Median 1.6 1.3 1.6 1.3 1.9
Min 0.5 0.4 0.6 0.4 0.6
Max 5.6 15.2 5.6 15.2 7
N 100 236 83 236 48
Mean 652.08 595.81 670.23 595.81 706.33
SD 197.944 177.582 | 197.384 177.582 195.637
SCpo Median 659.5 564 706.5 564 727
Min 280 273 280 273 10
Max 972 988 972 988 996
N 72 209 56 209 33
Mean 63.14 45.85 67.24 45.85 71.26
SD 39.01 28.065 40.203 28.065 38.414
Insulin Median 53.5 37 57 37 62
Min 12 10 12 10 26
Max 210 164 210 164 217
N 100 236 83 236 47
Mean 382.89 213.13 | 401.88 213.13 464.34
SD 231.912 157.625 | 227.478 157.625 295.239
Ins120 Median 323.5 181 351.5 181 441
Min 55 11 55 11 53
Max 958 913 958 913 990
N 90 224 74 224 32
Glucose Mean 5.95 5.61 6 5.61 8.91
SD 0.55 0.504 0.528 0.504 3.843
Median 6 5.6 6 5.6 7.3
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Example 2
Diabetic
Total Population Base Population (n=48)
NC C NC
Variables Levels C (n=100) | (n=236) | (n=83) (n=236)
Min 4.7 4.1 4.7 4.1 49
Max 6.8 6.9 6.8 6.9 21
N 100 236 83 236 48
Mean 8.07 6.08 8.22 6.08 12.5
SD 1.876 1.543 1.791 1.543 4.349
. Median 8.5 6 8.6 6 12.5
Glucose 120min I~ 4 24 4 2.4 4.2
Max 11 10.7 11 10.7 25.6
N 98 229 81 229 36

[00319]
described for the samples derived from Example 2.
[00320] Figure 11 of US 2007/0259377 (Figure 25 herein) shows tables that summarize

univariate ANOVA analyses of parameter variances, including biomarker transformation and

ALLDBRISK biomarkers were run on baseline samples in the same manner as

biomarker mean back-transformed concentration values across non-converters, converters, and
diabetic populations, as measured and calculated at baseline in the Total Population of Example 2.
Cross-correlation of clinical parameters and selected biomarkers are shown in Figure 12 of

US 2007/0259377, (Figure 26 herein) which was measured in the Total Populations of Example 2.
[00321] Figure 13 of US 2007/0259377 (Figure 27 herein) is a graphical representation of the
entire LDA forward-selected set of tested parameters with model AUC and AIC statistics at each
biomarker addition step, as measured and calculated in the Total Population of Example 2, while
Figure 14 of US 2007/0259377 (Figure 28 herein) graphically shows an LDA forward-selected set
of blood-borne biomarkers (excluding clinical parameters) alone with model characteristics at each

biomarker addition step as described herein in the same population.

Example 3
[00322] Example 3 is a study of the differences and similiarities between the results obtained in
the two previous Examples.
[00323] Figure 29 is a tabular representation of all parameters tested in Example 1 and

Example 2, according to the ALLDBRISK biomarker categories disclosed herein.
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[00324] Tables summarizing ALLDBRISK biomarker selection under various scenarios of
classification model types and base and total populations of Examples 1 and 2 are shown in Figures
16A and 16B, respectively.
[00325] Figure 31 further summarizes the complete enumeration of fitted LDA models for all
potential univariate, bivariate, and trivariate combinations as measured and calculated for both Total
and Base Populations of Examples 1 and 2, and encompassing all 53 and 49 ALLDBRISK
parameters recorded, respectively, for each study as potential model parameters. A graphical
representation of the data presented in Figure 31 is shown in Figure 32, which shows the number
and percentage of the total univariate, bivariate, and trivariate models that meet various AUC
hurdles using the Total Population of Example 1.

Example 4

Example of a Diabetes Risk Score Based on Nine Biomarkers

[00326] The parameter D is computed using the following formula: D= -13.56*glucose -
0.62*CRP - 0.70*insulin - 0.89*GPT - 0.92*HSPA1B + 0.04*IGFBP2 + 0.66*ADIPOQ -
0.67*LEP - 0.69*TRIG. The Diabetes Risk Score, or DRS, is given by the formula
DRS=exp(D)/[ 1+exp(D)].

Example 5
[00327] In the same overall study population as Example 1, over a mean 7.7 year study period,
148 of 2753 individuals converted to type 2 Diabetes. Each converter was matched in a 1:2 ratio
(296 subjects) with non-converters. Unrelated subjects were matched for age at study entry and age
of diagnosis or last follow-up visit, glucose tolerance status, BMI, gender and presence (or absence)
of a family history of Diabetes. Baseline test results for the subjects (e.g. BMI, age, SBP, DBP,
fasting glucose, 2 hour glucose, total cholesterol, HDL cholesterol, triglycerides and serum insulin)
were used in conjunction with biomarker quantitation.
[00328] An analysis of the population was performed using Diabetes risk scores calculated
according to the instant invention. The highest risk group, EC, which converts to Diabetes in less
than 5 years, has a median DRS of 0.63, compared to the NC group with a score of 0.37 (p

<0.0001). Itis also possible to separate the LC group, who convert to Diabetes in >5 years, from
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the EC group (p = 0.008). Thus, populations at low, medium, and high risk can be identified, and

the time to conversion can be predicted.

Example 6
[00329] A DRS score may also correlate and predict OGTT. Figure 14 shows the correlation
performance of three such scores, trained to predict Diabetes.
[00330] The disclosures of all publications, patents, patent applications and published patent
applications referred to herein by an identifying citation are hereby incorporated herein by reference
in their entirety. In particular, US 2007/0218519, International Patent Application No.
WO 2007/044860, and US 2007/0259377 are hereby incorporated herein by reference in their
entirety.
[00331] Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is apparent to those skilled in the
art that certain minor changes and modifications will be practiced. Therefore, the description and

examples should not be construed as limiting the scope of the invention.

Example 7
[00332] This is an description of calculating Risk using the algorithm LDA and the formula set
out in Example 4 (DRS=exp(D)/{1 + exp (D)]).

Marker Selection

[00333] An exemplary data set collected from human subjects included 632 observations in this
data ‘set and 65 potential blood-borne biomarkers (Inputs). To reduce the number of Inputs, three
broad marker selection algorithms were used: Univariate marker selection, exhaustive small model
searches, and bootstrap replicates of common heuristic marker selection techniques. The bootstrap
marker selection process included forward, backward, and stepwise selection based on Akaike’s
information criteria (AIC) and Hoetelling’s T, Analysis of variance based filters, random forest
filters and Eigengene-based linear discriminant analysis. These selection techniques were used on

100 bootstrap replicates and the marker counts were tabulated and averaged. To control for model
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size, marker counts were weighted by 1/k where k is the size of the model. Markers were selected
for modeling based on a permutation test as follows: Algorithm outputs were permuted and the 100
bootstrap replicates were used to calculate weighted marker count averages of the six selection
techniques. This process was repeated 20 times and the 95 percentile of the weighted marker count
averages was used as a cutoff to identify markers that were selected significantly more than random.
Similar permutation techniques were used to identify univariate features and exhaustive searches

that were different from random.

Algorithm Construction

[00334] The markers selected as described above were then combined to calculate coefficients
that result in a functioning model. Logistic regression and/or linear discriminant analysis were used
to estimate coefficients based on maximum likelihood and least-squares means, respectively.
Initially, individual markers were evaluated for linearity using decile plots and transformations were
attempted if strong departures are noted. Models including all markers were then constructed and
the coefficients were examined to determine if all were necessary. The ability to reduce the marker
number is evaluated using regression models of principle components of the Inputs, backward
selection, and bootstrapping methods. The remaining parameters were used to produce an algorithm
is that is a linear model constructed at a prior probability of 50% group membership for the each of
the two model outputs. This weighting is useful in balancing sensitivity and specificity of the
resulting model when the number of cases and controls (also known as converters and non-
converters, respectively) are imbalanced. Cases refer to the samples that were being analyzed to
determine if different than the control.

[00335] For illustrative purposes, exemplary coefficients for selected biomarkers with the
resulting intercept for analysis are set out in Table 8 below. The transformed values for the

biomarkers are also set out under subject 20311 (1) and 77884 (0).
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1:2 ratio (296 subjects) with non-converters.

Unrel at ed subj ects were nmatched for age at study entry
and age of diagnosis or last followup visit, glucose
tol erance status, BM, gender and presence (or
absence) of a famly history of Di abetes. Baseline
test results for the subjects (e.g. BM, age, SBP,

DBP, fasting glucose, 2 hour glucose, total

chol esterol, HDL chol esterol, triglycerides and serum
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WD 2008/ 131224PCT/ US2008/ 060830 si ze, marker counts
were wei ghted by 1/k where k is the size of the nodel.
woveaokaesr2uer e sel ected for nodel i ng based on aPCT/US2008/060830
pernmutation test as follows: Al gorithmoutputs were
pernmuted and the 100 bootstrap replicates were used to
cal cul at e wei ghted nmarker count averages of the six
sel ection techniques. This process was repeated 20
times and the 95 percentile of the weighted marker
count averages was used as a cutoff to identify
mar kers that were selected significantly nore than
Cuk“W%ﬂﬂRﬂﬁ”kﬂ mlar pernutation techniques were used to
identify univariate features and exhaustive searches

[00336) haTheelgeritymipraducad afipeanpregicterinlp, Miagisrelatehto group membership of a
SRR S SE s
convertenabeimgs cdse. Thisdp Eamhtdooverteg tore dedvenienigicetei for an individual subject

reqr ion and/or.linear discrimnant analysis were
(D RS)l?g%éf f(gsc@@tqs%ttge fcoilgwqgceiqgﬂfoél‘ based on maxi num

| i kel i hood and | east - SOR8£ B dfBamns?) respectivel y.

Initially, individual markers were evaluated for

[00337]1 NERKkisédte BSkdldteSRRN kiR BEQES rRREf Edn¥BSIoAIREHRITRdWRIOR probability
attenpted if strong departures are noted. Models

(assunjingey gperifigd Arababilipnet 59 %e Changiegthe pHot probatility Ahay wap ased to
ol . . . N ,
contrf DL B3 BUFIBTSERL S LS8 Al clBtSp i
populagiom[hasgdean apsdemygology)dais of that papd kitien)offfeprively stpftethe linear model by
h .cogPoqent%tof t he %ﬂ1Ut5’ backward sel ection, and
changife, Br Pl W FethSd8Y5The remmi ning paraneters were
used to produce an al gogidtpmy /ifpat is a linear node
constructed at a prior probability of 50% group

[003337E We%ﬂs ftlférnemﬁ}e?(l%ﬁb gg} tl{el'iﬁtek e%%%é??@%;é{%‘r, 1?1 rié the prior

wei ghting 1s usefu anci ng
probabiljig of béing b yasefand hgisnesSpridripaghabidithedf bifea ¢dneroh UNHeatmaining

cases and controls (also known as converters and =
coefficHgs Sayive Fams d anevplinaar prefligiordp e 1S GmpULRde &@om dhis Bisk (is computed
as folldwed:-er to the sanples that were being analyzed to

determine if different than the control. [00335] For

il lustrative purposes, Risteng]/AHe coefficients for

sel ected bionmarkers with the resulting intercept for
[003394naTsRisk ay the pestbability that aTmbjeet Boule besomeThase (anosfeatene dFor

exampislezl JHE% ?ff ggéﬁ?c(a%s ?%%ﬁgg %[})g él%&?ea?ll.e%thsaestimﬁg} DRS C\i’vqfl convert to a

diabetic within 5 years.

Example Calculation of Risk

[00340] To calculate risk for algorithm LDA.BWD in Table 8, the following biomarker value
coefficients and intercept were used: intercept 26.4567, ADIPOQ coefficient -0.66724, CHOL
coefficient -2.66393, CRP coefficient 0.70821, ENG coefficient -1.12999, FTH1 coefficient
0.711809, GLUCOSE coefficient 17.46311, GPT coefficient 1.087745, HBA1C coefficient
12.05816, INSULIN coefficient 665954, LEP coefficient 0.696587, PLAT coefficient -0.99971,
TRIG coefficient 0.846546, and VCAM1 coefficient 0.995924.
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[00341]

indicated in Table 8, the Ip and score were calculated as follows and set out in Table 9.

For two subjects the transformed biomarker values (concentration measured) as

Ip = (ADIPOQ* -0.66724) + (CHOL*-2.66393) + (CRP*0.70821) + (ENG*-1.12999) + (FTH1 *
0.711809) + (GLUCOSE*17.46311) + (GPT*1.087745) + (HBA1C* 12.05816) +
(INSULIN*665954) + (LEP*0.696587) + (PLAT*-0.99971) + (TRIG* 0.846546) +
(VCAM1%*0.995924) + -26.4567

DRS=10* e?/(1+e?)

Table 9
Subjects | Group | Ilp DRS
77884 0 1.426083 8.062902
20311 1 -2.41455 |  0.820701
[00342] To calculate Risk the prior predictability is shifted in view of the epidemiology data of

the population that the subject being analyzed is a member. In this example the prior predictability

is shifted to 12.5%,: and using the following equation the resulting new intercept (a’) is -28.4026
o’=0 + In(m; /1)

[00343]

the following equations. The risk scores are set out in Table 12.

Using the new intercept the adjusted linear predictor (Ip’) and Risk is calculated using

Ip = (ADIPOQ* -0.66724) + (CHOL*-2.66393) + (CRP*0.70821) + (ENG*-1.12999) + (FTH1 *
0.711809) + (GLUCOSE*17.46311) + (GPT*1.087745) + (HBA1C* 12.05816) +
(INSULIN*665954) + (LEP*0.696587) + (PLAT*-0.99971) + (TRIG* 0.846546) +
(VCAM1*0.995924) + -24.5108

Risk= e /(1+e?")

Table 10

Subijects Group Ip’ Score Risk

77884 0 -0.51983 8.062902 0.372893
20311 1 -4.36046 0.820701 0.012611
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Example 8
Example 8 demonstrates the practice of the invention in an expanded general

[00344]
longitudinal population-based study, with a comparably selected Base sub-population and a frank
Diabetes sub-analysis.

[00345]

sample sets with the following characteristics::

As in Example 1, for purposes of model discovery, subjects were selected from the

= Converters (C): conversion to Diabetes by the 5 year examination
= Non-Converters (NC): must have had at least 5 years of follow-up with no

documentation of Diabetes.

[00346]

Population” sub-population were analyzed. The Base Population was comprised of all subjects

As in Example 1, both the “Total Population” of all such subjects and a selected “Base

within the Total Population who additionally met the inclusion criteria of AGE equal to or greater
than 39 years and BMI equal to or greater than 25 kg/m>.
[00347]

Example 8 are presented below in Table 11.

Descriptive statistics summarizing the expanded Total Population study arms used in

Table 11:
Converters Non-Converters p

N 160 472

Male 110(68.8%) 279(59.1%) 0.031
NFG/NGT 12(7.6%) 226(49.7%) <0.0001
IFG only 46(29.1%) 174(38.2%) 0.0433
IGT Only 25(15.8%) 19(4.2%) <0.0001
Both IFG and IGT 75(47.5%) 36(7.9%) <0.0001
Family History 48(30%) 98(20.8%) 0.0223
Age (yrs) 50.15(45.2-55) 49.8(44.8-54.8) <0.0001
Height (cm) 172(166-179.125) 172(166-179) 0.9277
Weight (kg) 88.75(80.375- 84(76.7-93.2) 0.0001

100.025)

BMI (kg/m2) 29.7(27.475-32.85) | 27.55(26.1-30.125) | <0.0001
Waist (cm) 97(90.5-108.5) 93(86-98.5) <0.0001
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Hip (cm) 106(101.5-113) 104(100-109) 0.004
Total Cholesterol 5.8(5.1-6.5) 5.7(5-6.4) 0.2513
(mmol/l)

HDL Cholesterol 1.2(1.01-1.43) 1.3(1.09-1.57) 0.0013
(mmol/l)

LDL Cholesterol 3.645(3.12-4.4) 3.605(3.0525-4.3) | 0.6898
(mmol/l)

Triglycerides (mmol/l) 1.6(1.275-2.2) 1.3(0.9-1.8) <0.0001
SBP (mm Hg) 140(130-150) 130(120-144.25) | <0.0001
DBP (mm Hg) 90(80-96) 85(80-90) 0.0008
Fasting Insulin (pmol/i) 57.5(37-81.25) 40(27-59) <0.0001
2-hour Insulin {pmol/) 324.5(210-486.25) 186(100-298) <0.0001
Fasting Glucose 6.1(5.7-6.5) 5.6(5.3-6) <0.0001
(mmol/l)

2-hour Glucose (mmol/) 8.4(7.1-9.475) 6.1(5.1-7) <0.0001
HBA1C (%) 6.1(5.8-6.4) 5.9(5.6-6.1) <0.0001
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What is claimed is:

1. A method, of evaluating risk for developing a diabetic condition, the method
comprising:
obtaining biomarker measurement data, wherein the biomarker measurement data is
representative of measurements of biomarkers in at least one biological sample from an individual;
and
evaluating risk for developing a diabetic condition based on an output from a model,
wherein the model is executed based on an input of the biomarker measurement data;
wherein said biomarkers comprise:
(1) at least three biomarkers, where three of the biomarkers are selected from the
RDMARKER sets listed in Figure 6A; or
(i1) at least four biomarkers selected from RDMARKERS; or
(iii) at least three biomarkers, where two biomarkers are selected from ADIPOQ;
CRP; GLUCOSE; GPT; HBA1C; HSPA1B; IGFBP1; IGFBP2; INS, LEP; and TRIG; and one
biomarker is selected from the ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or
(iv) at least three biomarkers, where at least one biomarker is selected from
GLUCOSE and HBAIC; at least one biomarker is selected from ADIPOQ, CRP, GPT, HSPAI1B,
IGFBP1, IGEFBP2, INS, LEP, and TRIG; and at least one biomarker is selected from the
ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or
(v) at least three biomarkers, where at least two biomarkers are selected from the
biomarkers within the group consisting of Core Biomarkers I and Core Biomarkers II and at least a

third biomarker is selected from any of the biomarkers listed in Table 4.

2. A method of evaluating risk for developing a diabetic condition comprising:

obtaining biomarker measurements from at least one biological sample from an individual
who is a subject that has not been previously diagnosed as having Diabetes , pre-Diabetes, or a pre-
diabetic condition;

comparing the biomarker measurement to normal control levels; and

evaluating the risk for the individual developing a diabetic condition from the comparison;
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wherein the biomarkers comprise:

(1) at least three biomarkers, where three of the biomarkers are selected from the
RDMARKER sets listed in Figure 6A; or

(i1) at least four biomarkers selected from RDMARKERS; or

(iii) at least three biomarkers, where two biomarkers are selected from ADIPOQ);
CRP; GLUCOSE; GPT; HBA1C; HSPA1B; IGFBP1; IGFBP2; INS; LEP; and TRIG; and one
biomarker is selected from the ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or

(iv) at least three biomarkers, where at least one biomarker is selected from
GLUCOSE and HBAIC; at least one biomarker is selected from ADIPOQ, CRP, GPT, HSPAI1B,
IGFBP1, IGFBP2, INS, LEP, and TRIG; and at least one biomarker is selected from the
ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or

(v) at least three biomarkers, where at least two biomarkers are selected from the
biomarkers within the group consisting of Core Biomarkers I and Core Biomarkers II and at least a

third biomarker is selected from any of the biomarkers listed in Table 4.

3. In a method of evaluating the risk of developing a diabetic condition in a subject by
measuring one or more of Clinical Parameters and Traditional Laboratory Risk Factors, the
improvement comprising:

obtaining biomarker measurement data that is representative of measurements of at least two
biomarkers in a sample from the subject, wherein the at least two biomarkers are selected from the
group consisting of Core Biomarkers I and Core Biomarkers II; and

evaluating the risk of developing a diabetic condition in the subject based on an output from

a model, wherein the model is executed based on an input of the biomarker measurement data.

4. In a method of evaluating the risk of developing a diabetic condition in a subject by
measuring one or more of Clinical Parameters and Traditional Laboratory Risk Factors, the
improvement comprising:

obtaining biomarker measurement data that is representative of measurements of at least two

biomarkers in a sample from the subject, wherein the at least two biomarkers are selected from the

133



WO 2008/131224 PCT/US2008/060830

group consisting of ADIPOQ; CRP; FGA;INS; LEP; AGER; AHSG; ANG; APOE; CD14; FTH1;
IGFBP1; IL2RA; VCAMI1; VEGEF; and VWF; and
evaluating the risk of developing a diabetic condition in the subject based on an output from

a model, wherein the model is executed based on an input of the biomarker measurement data.

5. A method, of evaluating risk for developing a diabetic condition, the method
comprising:
obtaining biomarker measurement data, wherein the biomarker measurement data is
representative of measurements of biomarkers in at least one biological sample from an individual;
and
evaluating risk for developing a diabetic condition based on an output from a model,
wherein the model is executed based on an input of the biomarker measurement data;
wherein said biomarkers comprise:
(1) at least three biomarkers, where three of the biomarkers are selected from the
RDMARKER sets listed in Figure 6A; or
(i1) at least four biomarkers selected from RDMARKERS; or
(iii) at least three biomarkers, where two biomarkers are selected from ADIPOQ;
CRP; GLUCOSE; GPT; HBA1C; HSPA1B; IGFBP1; IGFBP2; INS, LEP; and TRIG; and one
biomarker is selected from the ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or
(iv) at least three biomarkers, where at least one biomarker is selected from
GLUCOSE and HBAIC; at least one biomarker is selected from ADIPOQ, CRP, GPT, HSPAI1B,
IGFBP1, IGEFBP2, INS, LEP, and TRIG; and at least one biomarker is selected from the
ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or
(v) at least three biomarkers, where at least two biomarkers are selected from the
biomarkers within the group consisting of Core Biomarkers I and Core Biomarkers II and at least a

third biomarker is selected from any of the biomarkers listed in Table 4.

134



WO 2008/131224 PCT/US2008/060830

6. The method or improvement of any one of claims 1 to 5, wherein evaluating risk
comprises computing an index value using the model based on the biomarker measurement data,

wherein the index value is correlated with risk of developing a diabetic condition in the subject.

7. The method or improvement of any one of claims 1 to 6, wherein evaluating risk

comprises normalizing the biomarker measurement data to reference values.

8. The method or improvement of any one of claims 1 to 7, wherein the diabetic

condition is Type 2 Diabetes.

9. The method or improvement of any one of claims 1 to 7, wherein the diabetic

condition is pre-Diabetes.

10. The method of any one of claims 1 to 7, wherein the diabetic condition is selected
from the group consisting of Metabolic Syndrome, Impaired Glucose Tolerance, and Impaired

Fasting Glycemia.

11. The method or improvement of any one of claims 1 to 10, wherein the obtaining
biomarker measurement data step comprises measuring the level of at least one of the biomarkers in

at least one biological sample from said individual.

12. The method or improvement of any one of claims 1 to 11, further comprising a step
prior to the step of obtaining biomarker measurement data, of obtaining at least one biological

sample from the individual.

13. The method or improvement of any of claims 1 to 12, wherein the at least one

biological sample comprises a blood sample.

14. The method or improvement of any one of claims 1 to 13, wherein obtaining
biomarker measurement data comprises obtaining data representative of a measurement of the level

of at least one biomarker from a preexisting record.
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[ 00336] The al gorithm produced a |inear predictor, |p,

W b@s/131224 el ated to group nenbership of a sanpP@I/{82008/060830
case or controls), assum ng a 50% prior probability of
bel onging to a group of converters being a case. This
| p can be converted to a convenient score for an
i ndi vi dual subject (DRS) on a 0-10 scal e using the
foll ow ng equati on: DRS=10* el P/ (1+el P) [00337] This
score correlates with the absolute risk of conversion

&1 a dpepicthoder pnproveperipdany pag ol daigiink oyl awhpiet) eyabgting risk
Com@ﬁ#ﬁg@ﬁgg%h%%g 0% hanging the prior probability

to construct the algorithmto a
probability that reflects the actual percentage of
1@.ase%he methoder popovamentof chamdd, HmthepcaepmsihOgpodiagahe Diabetes
. of that populatio ffectively shifts the |jnear
risk scof et K3y RAHG G EHE T e S B e g atabase.
a'=a + In(ni/no) [00338] Were a' is the new

iInt er gRPhettRddio? ihpRvEMERIFARY 0AS SUAHIAG 1B 00% Rhéein th®individual
is the prior probability of being a case and no is the

has not pe¢rogiagiroseshisi iave Pigfetdasei ng a control. The renai ni ng
coefficients stay the same and a new | inear predictor,

O : . . . y ‘ ‘
11§ onle AT anp Sy TSR PSR B g sk

score ispriiskaboleifoytypb dit Diab&ahj ect woul d becone a case (a
converter). For exanple, a risk of 25%i ndicates that

% of . the people with a sinlar S will convert to a. .
i?'abe{q“?: MFNOR;oR IBPRP¥EMENt GERRKBPEOICHMEL ‘«5&9 J8 Bthey cqptising

computing a second Diabetes risk score for the individual, wherein the first and second Diabetes

risk scores are based on biomarker measurement data representing measurements of biomarker

status at different points in time.

20. A kit comprising reagents for measuring a group of biomarkers, wherein the
biomarkers are:

(1) at least three biomarkers, where three of the biomarkers are selected from the
RDMARKER sets listed in Figure 6A; or

(i1) at least four biomarkers selected from RDMARKERS; or

(iii) at least three biomarkers, where two biomarkers are selected from ADIPOQ; CRP;
GLUCOSE; GPT; HBA1C; HSPA1B; IGFBP1; IGFBP2; INS; LEP; and TRIG; and one biomarker
is selected from the ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or

(iv) at least three biomarkers, where at least one biomarker is selected from GLUCOSE and
HBAIC; at least one biomarker is selected from ADIPOQ, CRP, GPT, HSPA1B, IGFBP1, IGFBP2,
INS, LEP, and TRIG; and at least one biomarker is selected from the ALLDBRISKS, CPs, and
TLRFs of Table 1, Table 2, and Table 3 or
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[00340] To calculate risk for algorithmLDA BW in

Table 8, the follow ng bi omarker val ue coefficients
w@pasilsi2es cept were used: intercept 26.4567, ABITPOR008/060830

coefficient -0.66724, CHOL coefficient -2.66393, CRP

coefficient 0.70821, ENG coefficient -1.12999, FTH1

coefficient 0.711809, GUCCSE coefficient 17.46311,

GPT coefficient 1.087745, HBALC coefficient 12.05816,

| NSULI N coefficient 665954, LEP coefficient 0.696587,

PLAT coefficient -0.99971, TRIG coefficient 0.846546,

anat lgazhice bsaparkerp éﬁl@er@atgggg pwo biopparkers are selected from the biomarkers

within GPRRHIRAIARETHUSLOREY DO0R2 DB Frs bR SHA RS i

ans I omar val ues concen
biomarkee asseteeed faam iangbL e dibmarkdrabiked & Taie4l p and score
mere calculated as folloms and set out in Table 9. Ip

D % Z 4 %}:P_st 93t) agen s%gg;pglses a getz‘ctable label.
ﬂ?ﬁ@lé lfvf‘?—’i T)IITQ %

(GLUCOSE*l? 46311) + (GPT*1.087745) + (HBALCH

A2. 058A6kit bf £IuNSE bf\&ﬁ%ﬁﬁé})mdu(ﬁhgg an\ﬁ/%i@ﬁ)a fof evaluatlng risk of an
(PLAT*-0.99971) + (TRIG* 0. 846546 CAM *0. 995924)

individual doelggaya pREetiQeondjton(fore nRpsuremerts of Beigreun of b@pwyers from at
7 4 6083. 62902 20311 1 -2.41455
baﬁon&%gggg Bﬁgﬁﬁ?ﬁ$59§z<§ﬁ ate Risk the prior

predictability is shifted in view of the epideni ol ogy
Qtat a af contpaitep ogudaBieinadlidrhatving eospieeetech@blegnanatiyizefdr evaluating
menber. I n this exanple the prlor predictability

risk for |d§Vf‘é‘Pi?lf1$ adiabgtie eongligon, gﬁ‘d?OH&ﬁ“F?é r¢3qable sredgign AgMBELAE on
%t{n@ Sﬁé fl@g tﬁ@%@ﬁ@&rrgﬁﬁﬁle(rﬂe@luﬂl%nd %@a 4&?@ @cu'ted by a

n ni hro 00343 ng the new I ntercept JUS e
processbi, neaprem«adankenme@upén)enadataE@prksenengal cul ated usi ng
the f uat i he isk cqr.es e set out
hisg P53

- raft o Al iSiasliesars sefgcteskfom the

RDMARKCEWTS%&M% ure%ﬁN@ 1. 12999) + (FTHL * 0.711809) +
GLUCOSE*17. 46311) + (GPT*1.087745) + (HBALC*

12. 05606Y 1eaSt(fDNSUQmRﬂ<665‘§B—‘49€d-lfr qoi. RPN ABKEEB Jor +
7 2a AR Db, B Py A o A preoe:
CRP; GLUCOSE; GPT; HBA1C; HSPA1B; IGFBP1; IGFBP2; INS; LEP; and TRIG; and one
biomarker is selected from the ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or
(iv) at least three biomarkers, where at least one biomarker is selected from
GLUCOSE and HBAIC; at least one biomarker is selected from ADIPOQ, CRP, GPT, HSPAI1B,
IGFBP1, IGEFBP2, INS, LEP, and TRIG; and at least one biomarker is selected from the
ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or
(v) at least three biomarkers, where at least two biomarkers are selected from the
biomarkers within the group consisting of Core Biomarkers I and Core Biomarkers II and at least a
third biomarker is selected from any of the biomarkers listed in Table 4; and
a routine stored on the computer readable medium and adapted to be executed by a processor

to analyze the biomarker measurement data to evaluate a risk for developing a diabetic condition.
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8 denonstrates the practice of the invention in an

expanded general |ongitudinal popul ati on-based st udy,

Wi th a conparably sel ected Base sub-popul ati on and a

frank Di abetes sub-analysis. [00345] As in Exanple 1,

for purposes of nodel discovery, subjects were

selected fromthe sanple sets with the foll ow ng

ehar abtdagnoplicsst systegripaBIg: (C): conversion to

' . e ' i - C .

PR oE St el s EH AL AR MR AbR BBt ot enst
one biohgicdbeanydeat at i on of D abetes. [00346] As in Exanple 1

both the "Tatal Popul ation” of all such subjects and. )

BBPE e lsbuB LS G el R ol oG wer iviadal biclogical
sample@nal yzed. The Base Popul ation was conprised of al

subjects wthin the Total Popul ati on who additionally

metnst floe complitisg anindex valne &oof bid@aEkequehsurenart dgreat@ring to a DRS

han .39 vears .gnd BM equal to or greater than 25

e Ao S BB kT Rty Lot e CL ARt o8 oh reped levels of

BoRANESd al@tdthePAPElea! LN MShdEdd RS obBidthatier FXHIIN S (1R levels of:

are presented below in Table 11. Table 11: Converters

Non- Cohgtdease theecbipmag@ry wherephies of the biomarkers are selected from the
RDMARKER sets listed in Figure 6A; or

(i1) at least four biomarkers selected from RDMARKERS; or
(iii) at least three biomarkers, where two biomarkers are selected from ADIPOQ;
CRP; GLUCOSE; GPT; HBA1C; HSPA1B; IGFBP1; IGFBP2; INS; LEP; and
TRIG; and one biomarker is selected from the ALLDBRISKS, CPs, and TLRFs of
Table 1, Table 2, and Table 3; or
(iv) at least three biomarkers, where at least one biomarker is selected from
GLUCOSE and HBAIC; at least one biomarker is selected from ADIPOQ, CRP,
GPT, HSPA1B, IGFBP1, IGFBP2, INS, LEP, and TRIG; and at least one
biomarker is selected from the ALLDBRISKS, CPs, and TLRFs of Table 1, Table
2, and Table 3 ;or
(v) at least three biomarkers, where at least two biomarkers are selected from the
biomarkers within the group consisting of Core Biomarkers I and Core Biomarkers II and at least a
third biomarker is selected from any of the biomarkers listed in Table 4.

and means for reporting said index value.

25. The diagnostic test system of claim 24, where said index value is a Diabetes risk

score.

26. The diagnostic test system of claim 24 or 25, where Diabetes risk score is computed

according to the method of claim 15.
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110(68.8% 279(59.1% 0.031 NFG NGT 12(7.6%

226(49.7% <0.0001 IFG only 46(29.1% 174(38.2%
W@20833124GT Only 25(15.8% 19(4.2% <0.0001 Bordir/UF1808/060830

and |1 GT 75(47.5% 36(7.9% <0.0001 Family History

48(30% 98(20.8% 0.0223 Age (yrs) 50.15(45. 2-55)

49.8(44.8-54.8) <0.0001 Height (cm 172(166-179.125)

172(166-179) 0.9277 Weight (kg) 88.75(80.375-

27. The diagnostic test system of any one of claims 24 to 26, where the means for
collecting and tracking test results data representing for one or more individuals comprises a data

structure or database.

28. The diagnostic test system of claims 24 to 27, wherein the means for computing a

Diabetes risk score comprises a computer or microprocessor.

29. The diagnostic test system of claims 24 to 28, wherein the means for reporting the
Diabetes risk score comprises a visible display, an audio output, a link to a data structure or

database, or a printer.

30. A medical diagnostic test system for evaluating risk for developing a diabetic
condition, the system comprising:
a data collection tool adapted to collect biomarker measurement data representative of
measurements of biomarkers in at least one biological sample from an individual; and
an analysis tool comprising a statistical analysis engine adapted to generate a representation
of a correlation between a risk for developing a diabetic condition and measurements of the
biomarkers, wherein the representation of the correlation is adapted to be executed to generate a
result; and
an index computation tool adapted to analyze the result to determine the individual’s risk for
developing a diabetic condition and represent the result as an index value ;
wherein said biomarkers comprise:
(1) at least three biomarkers, where three of the biomarkers are selected from the
RDMARKER sets listed in Figure 6A; or
(i1) at least four biomarkers selected from RDMARKERS; or
(iii) at least three biomarkers, where two biomarkers are selected from ADIPOQ;
CRP; GLUCOSE; GPT; HBA1C; HSPA1B; IGFBP1; IGFBP2; INS; LEP; and TRIG; and one
biomarker is selected from the ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or
(iv) at least three biomarkers, where at least one biomarker is selected from

GLUCOSE and HBAIC; at least one biomarker is selected from ADIPOQ, CRP, GPT, HSPAI1B,
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100. 025) 84(76.7-93.2) 0.0001 BM (kg/nR)
29. 7(27.475-32.85) 27.55(26.1-30.125) <0.0001 Wi st

W@ eovp/192¢00. 5- 108. 5) 93(86-98.5) <0.0001 WO PCT/US2008/060830
2008/ 131224PCT/ US2008/ 060830 Hip (cn) 106(101.5-113)
104(100-109) 0.004 Total Cholesterol (mmol/1)
5.8(5.1-6.5) 5.7(5-6.4) 0.2513 HDL Chol esterol
(mmol/1) 1.2(1.01-1.43) 1.3(1.09-1.57) 0.0013 LDL
Cholesterol (mmol/1) 3.645(3.12-4.4) 3.605(3.0525-4.3)

0.6898 Tri erides émml/l 1.6(1.275-2.2)
IGFBPH, IQE@P@ Ii\Ig)[}l/iP@ambﬁgl and at least one biomarker is selected from the

ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or
(v) at least three biomarkers, where at least two biomarkers are selected from the
biomarkers within the group consisting of Core Biomarkers I and Core Biomarkers II and at least a

third biomarker is selected from any of the biomarkers listed in Table 4.

31. The system of claim 30, wherein the analysis tool comprises a first analysis tool
comprising a first statistical analysis engine, the system further comprising a second analysis tool
comprising a second statistical analysis engine adapted to select the representation of the
correlation between the risk for developing a diabetic condition and measurements of the

biomarkers from among a plurality of representations capable of representing the correlation.

32. The system of claim 30 or 31, further comprising a reporting tool adapted to generate

a report comprising the index value.

33. A method developing a model for evaluation of risk for developing a diabetic
condition, the method comprising:obtaining biomarker measurement data, wherein the biomarker
measurement data is representative of measurements of biomarkers from a population and includes
endpoints of the population;

inputting the biomarker measurement data of at least a subset of the population into a
model;

training the model for endpoints using the inputted biomarker measurement data to
derive a representation of a correlation between a risk of developing a diabetic condition and
measurements of biomarkers in at least one biological sample from an individual;

wherein said biomarkers for which measurement data is obtained comprise:

(1) at least three biomarkers, where three of the biomarkers are selected from the
RDMARKER sets listed in Figure 6A; or

(i1) at least four biomarkers selected from RDMARKERS; or
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SBP (mm Hg) 140(130-150) 130(120-144.25) <0.0001 DBP
(mm Hg) 90(80-96) 85(80-90) 0.0008 Fasting Insulin
W@ poosdsiRr4 57. 5(37-81. 25) 40(27-59) <0.0001 2- hpOF/US2008/060830
Insulin (pnpol/1) 324.5(210-486.25) 186(100-298)
<0. 0001 Fasting ducose (mmol/1l) 6.1(5.7-6.5)
5.6(5.3-6) <0.0001 2-hour ducose (mMmmol/1)
8.4(7.1-9.475) 6.1(5.1-7) <0.0001 H BALIC (%
6.1(5.8-6.4) 5.9(5.6-6.1) <0.0001 WO
2008/ 131224PCT/ US2008/ 060830 What is clained is:
met hotiil) gfleasy Hirepipmgrierss Whﬁ@rtWQéxy@p@fﬂspﬁﬁ@r%seéﬁcéﬁ@efmr@ ADIPOQ

CRP; GIRRBSE P TIHEATE! IR AGRTREESP "AGEBP2; INS; LEP; and TRIG; and one
biomarker is selected from the ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or

(iv) at least three biomarkers, where at least one biomarker is selected from
GLUCOSE and HBAI1C; at least one biomarker is selected from ADIPOQ, CRP, GPT, HSPAI1B,
IGFBP1, IGFBP2, INS, LEP, and TRIG; and at least one biomarker is selected from the
ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or

(v) at least three biomarkers, where at least two biomarkers are selected from the
biomarkers within the group consisting of Core Biomarkers I and Core Biomarkers II and at least a

third biomarker is selected from any of the biomarkers listed in Table 4.

34. The method, improvement, kit, computer readable medium, or system of any one of

claims 1 to 33, wherein said biomarkers comprises:

(1) at least three biomarkers, where three of the biomarkers are selected from the
RDMARKER sets listed in Figure 6A; or

(i1) at least four biomarkers selected from RDMARKERS; or

(iii) at least three biomarkers, where two biomarkers are selected from ADIPOQ;
CRP; GLUCOSE; GPT; HBA1C; HSPA1B; IGFBP1; IGFBP2; INS; LEP; and TRIG; and one
biomarker is selected from the ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or

(iv) at least three biomarkers, where at least one biomarker is selected from
GLUCOSE and HBAIC; at least one biomarker is selected from ADIPOQ, CRP, GPT, HSPAI1B,
IGFBP1, IGEFBP2, INS, LEP, and TRIG; and at least one biomarker is selected from the
ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3.

35. The method, improvement, kit, computer readable medium, or system of any one of
claims 1 to 34, wherein said biomarkers comprise at least three biomarkers selected from the

RDMARKER sets listed in Figure 6A.

36. The method, improvement, kit, computer readable medium, or system of claim 35,

wherein said at least three biomarkers comprise a Panel listed in Figure 6A.

141



obt ai ni ng bi omar ker nmeasurenent data, wherein the

bi omar ker neasurenent data is representative of
wore@suseeent s of biomarkers in at | east one bi PADYSMA$/060830

sanmpl e from an individual; and eval uating risk for

devel opi ng a di abetic condition based on an out put

froma nodel, wherein the nodel is executed based on

an i nput of the biomarker measurenent data; wherein

sai d bi omarkers conpri se: (i) at |east

three bi omarkers, where three of the biomarkers are
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ADI POQ CRP; GQ.UCCSE; GPT; HBALIC, HSPA1B; | GFBP1;
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3ET ec byt Pisth o MR b SR PEBEI SR TERSG of Sypigep g any one of
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2008/ 131224PCT/ US2008/ 060830 wherei n t he bi onar ker s
aldpast paebiomarker is selectedfrom ADIPEAS CRI (. 515 elB¢ doEBP1, IGFBP2,

e f the biomarkers are selected fromthe

INS’L%§§%§§EEES§F§ listed in Figure 6A; or (i)

atlezise asd bibalarkeb i soseeckedrfsors eleeAL EDBRISKS RORARKERER Fobf Table 1,

i%ﬁ | east three biomarkers, where two bi onarkers
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HSPA1B; | G-BP1l; | GFBP2; INS; LEP; and TRIG and one
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TLRFs of Tabl e le 2, and Table 3;
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3. In a nethod of evaluating the risk of devel oping a
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(iii) at least three biomarkers, where two bi omarkers
are selected from ADI POQ CRP; GLUCCSE; GPT; HBALC;
woise8AB224 GFBP1; |1 GFBP2; INS, LEP;, and TRIG aPdI/osm08/060830

bi omarker is selected fromthe ALLDBRI SKS, CPs, and

TLRFs of Table 1, Table 2, and Table 3; or

(iv) at least three biomarkers, where at |east one

bi omarker is selected from GLUCOSE and HBALC, at | east

one bionmarker is selected from AD POQ, CRP, GPT,

HSPA1B, |1 GFBP1, | G-BP2, INS, LEP, and TRIG and at

f2ast ThameBiognarmayenaitdal, cempefer sl medunpBRSkeg) of claim 41,
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(iii) at least three biomarkers, where two bi omarkers
are selected from ADI POQ CRP; GLUCCSE; GPT; HBALC;
woise8aB224 G-BP1; |1 GFBP2; INS; LEP;, and TRIG aPdI/osm08/060830

bi omarker is selected fromthe ALLDBRI SKS, CPs, and

TLRFs of Table 1, Table 2, and Table 3; or

(iv) at least three biomarkers, where at |east one

bi omarker is selected from GLUCOSE and HBALC, at | east

one bionmarker is selected from AD POQ, CRP, GPT,

HSPA1B, |1 GFBP1, | G-BP2, INS, LEP, and TRIG and at )

Pbast Thameiognimmerenaitdal sempefer rearibihmedupBRSe) of claim 41,
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selected fromany of the biomarkers listed in Table 4,
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N R e
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Di abetes risk score. 26.The diagnostic test system of
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according to the nmethod of claim15. WO
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test system of any one of cligins 24 to 26, where the
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(iv) at least three biomarkers, where at |east one

bi omarker is selected from GLUCOSE and HBALC, at | east
woo@shsemr ker is selected from ADI POQ CRP, QGRIT/US2008/060830

HSPA1B, WO 2008/ 131224PCT/ US2008/ 060830 | GFBP1,

| GFBP2, INS, LEP, and TRIG and at | east one bi omarker

is selected fromthe ALLDBRI SKS, CPs, and TLRFs of

Table 1, Table 2, and Table 3; or (v) at

| east three bionmarkers, where at | east two biomarkers

are selected fromthe biomarkers within the group )

ednsi $be mgthor. ioarev ek EpBPYtenitadable @edugimgf kKetam pf claim 41,
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apal y§hs nRHngnReaEd 1o c§ﬁb§t‘ef reﬁ@zﬁ)lé RRARAL BF st of claim 58,
of the correlation between the risk for developing a
whereindha besoind bowmatkeriio KGBBBAL.measur enent s of the bi omarkers
fromanong a plurality of representations capable of
(ﬁ Pres nt I gt prr%%r Sodn) enlt %é gomputer readz?b%e medltumS Y7 %ys?%n? of Claim 59,
aim 1 conpritsing
whmenﬂﬁaﬂhﬂﬂmb@mgen&naSe a report conpr|3|ng t he |ndex
val ue. 33. A nethod devel opi ng a nodel for

eval uation of risk for devel oping a_ diabetic
ebndi T PomCthore MREPHERFEdTh FPEPHET 5BEZRI KAL) GFrirskier of claim 41,

wherelﬂ'rﬁé@iéf RAF Blonfditeds aiEfeEkd floREhR ILRSRAKES vﬁ&%‘?éﬁ%ﬁ%@ore Biomarkers I
data 1's representative of measurenments o | omar ker's

and CofferRipmarkeopllll at i on and i ncl udes endpoi nts of the
popul ation; inputting the biomarker neasurenent data

eas Ssubset of .t ulat n into a nodel:
Br-ai nhG ene B s it RPRRE Gaitle FRunh glTR G of any one of
claims P60, rﬁﬁlﬁéif@ih JNe 35 HeMBAkrkeRLAING (I8Ni ve a representation
of a correlation between a risk of devel oping a
di abetic condition and neasurenents of bionmarkers in
ad | edBe meHwdpingrevaneclt. kit apmauter wadable madiugl. @uaystem of any one of
claims Wg? r\@flé}gﬁ%‘ng oﬂh%%%rﬁgﬂérs 19LEW“ ch measurement data is
t’al ne (i) at least three
bi onar ker s, mhere three of the biomarkers are sel ected
64.0m Tfhenﬁfﬂ\zﬂdﬂlﬁﬁﬁo%ﬁ&t IKis t:adpiltﬂr feadablemédinmo or system of any one of
. L) at |east mar, k ect ed from RDVARKERS;
ctaims 65 yiSroB7 06 43Pt R ORI SHIBE0E G

(ii1) at |east three bionarkers, mhere two bi omarkers
85.e sehefleaddf fnﬁiﬁ&éﬁh&%ﬂ Q&B ute e ¥l mEihim, BBéktem of any one of
~ HSPA1B; | GFBP1; | G-BPZ; EEP and TRIG and one
claims hbérepdeein ang of &eémre@rkﬁrrsowCRﬂ?e ALLDBRI SKS, CPs, and
TLRFs of Table 1, Table 2, and Table 3; or

V) : '
B e B0 SR BB LRIl g o o
claims D68, \whereirdae of the Bahakesds fibhm gdDlaEchGRPFGERT,
HSPA1B, |1 GFBP1, | G-BP2, INS, LEP, and TRIG and at
ast marker is | ect ed fron1 he ALLDBRI SKS,
anl?ﬁegsma%m%né ; . campyter iwad %m?@b‘% ogsysgs of any one of
claims f%% @ﬁer&%%% of ﬁfe%orﬁh&@ﬁrlgﬁﬁB%lOmer e at |east two
bi omarkers are selected fromthe biomarkers within the
group consisting of Core Biomarkers |I and Core
Bi omarkers Il and at least a third biomarker is
sel ected fromany of the biagmarkers listed in Table 4.
34. The net hod, inprovenent, kit, conputer readable
medi um or system of any one of clainms 1 to 33,
wherei n sai d bi omarkers conpri ses: (1)
at least three biomarkers, where three of the
bi omarkers are selected fromthe RDMARKER sets |isted
in Figure 6A;, or (ii) at least four
blonarkers selected fron1RDWARKERS or

oy o T



39. The nethod, inprovenent, kit, conputer readable
medi um or system of any one of clains 1 to 34,
wob@sasn2eai d bi omarkers conprise at | east thrB€I/US2008/060830
bi omar ker s, where at |east two biomarkers are
sel ected from ADIPOQ CRP; GLUCOSE; GPT; HBALC, HS
PA1B ; IGFBP1 ; I1GFBP2; INS; LEP, and TRIG and
where at | east one biomarker is selected fromthe
ALLDBRI SKS, CPs, and TLRFs of Table 1, Table 2, and
Tabl e 3. 40. The net hod, |nprovenent k|t
6drpulTBe metwd alsrrsoyrseRNG it 6pMBYtSE Batdbie megiugher pystem of any one of

claims l[f’ & \Uﬁ’erén oRe Bf the%%?ﬂéq@rsaﬁt}ﬂm%'sé) markers conprise at

ast three blonar ere at | east one bi onarker
is selected from GGLUCOSE and HBALC, at | east one
69. ormﬂ"hemeﬂ&dsﬂh;&ot@nbrﬂt rlomcAdpREJeaCRIR; mESHlim, HSBALM) of any one of
) 1 GFBP2, | LEP, . at | east
claims L ‘ES SHESRIGDIPRAKELs SOMPESE P‘é‘?ﬂeﬁﬁ’él %.@%éﬁ )-SKS, CPs,
and TLRFs of Table 1, Table 2, and Table 3. 41.

e mghb ﬁféthokinﬁ’iﬁﬁ'@é?ﬁéﬂt kiKi b@)mp&t@f‘”fé‘d&ﬁﬂe ﬁl@@i@ﬁp |o? system of any one of
medi um or systenlof any one of clainms 1 to 34,

claims Wh@rehacinghid Wopakekeospesnfariised HD. | east thr ee

bi omar ker s, wherein at | east two bi omarkers are
| ec IRr
anSI Eﬁ?ﬁle[h%? ﬁqﬂﬁo@é&q et rfaliriﬁ com Wl]t'épllegd ?rélg@,%gpﬁ% stem of any one of

claims 1 to 78 N&dleﬁaﬁn theasdémearkdrs kompiianthe kKete markeed iactRaef sfel]?m‘ted from the
any of the biomarkers listed in Table 4. WO

panels indigig 31 224PCT/ US2008/ 060830 42. The net hod,
i mprovenent, kit, conputer readable nmedium or system
ob cl @hé"héghodv‘fﬂ?ﬂr@{fé?né?ft Hi€@shphdf ﬁgdiﬁl@fﬁ@ﬁﬂﬁﬁf or &fsfem of any one of
selected fromthe biomarkérs W thin the group

claims btm’éﬂ sithieregn the b@ynearBire vamkesesthe thapeim@diees Bt trdrik@rBanel selected

43. .The net hod, inprovenent, kit, conputer

ﬁonnh?ggEngéﬁﬁgapéw] or systen1of claimd4l or 42, wherein
at least 2 of the bionmarkers are selected fromthe

b3.omarke methakd! fihprofenidnt,BiiQ BBmfsee Srehdable mediufid or Jy3&m of any one of
nmet hod, inprovenent, kit, conputer readable medi u
claims k{ps7Qspihsreis fhajtiemenrkeih epmpriseatic fygg magkses st farfiein a anel selected

8&%{5 selected fromthe biomarkers within
ﬁon“hggre |on%%EZ?é . 45. The net hod, i nprovenent,

kit, conputer readable nmedium or systenlof claimd4l
o4. 42Thmheﬂ®k1nin&moi/®amit, kifhcempuattr tehéabild mediuke os syten of any one of

caims £ R Spbt AR BLOTREASES, WAL, e BORCEES | e

ﬁon“haggkyﬁhlq?n§$gten1of any one of clains 41 to 45,
erein | east one biomarker is selected fromthe
bi omarkers within Traditional Laboratory Ri sk Factors
VH Tabhemgthod, 1mproypmerrrﬂ(et gempwdr readahlomedisnt, or kystem of any one of
t
claims f\;ﬁ)w w%e{eﬁﬁa’ ﬁg%%rﬁoaﬁ? gﬂqflo e dt%¥ ?%u%a &£ o 8€[§a?]10t¢-§ﬂ %F%Ikel selected
from thEp&ied iniBgBABC or glucose. 48. The nethod,
i nprovenent, Kkit, conputer readable nmedium or system

of any one of clalns 41 to 46, wherein at | east one

Bp- oma?fkfemer@dsléml%e‘feé%en%hwmeutsf BRegalemsdiym, Jf pystem of any one of
claims gd ‘fU %ere?@ﬂi%‘ﬁérﬁ&%kér@ c&ﬂ?ﬁg‘e t‘ﬁe flve markel}g set -f(g}%l et peglgl selected from

| nprovement, kit, conputet readable medium or system

ﬂw;mndﬁuaﬁgumﬂﬁiof clalns 41 to 48, wherein at | east one

bi omarker is selected fromthe biomarkers within

Addi ti onal Bi omarkers |I. 50. The net hod,

I mprovenent, kit, conputer rneadable nmedium or system

of any one of clains 41 to 49, wherein at |east one

bi omarker is selected fromthe biomarkers within

Additional Bionarkers Il. WO

2008/ 131224PCT/ US2008/ 060830 51. The net hod,

i mprovenent, kit, conputer readable nmedium or system

of claim41l, wherein at |least 3 of the bionmarkers are

selected fromthe blonarkers mnthln t he group

e e Y ~ -~ ' s - -~ - 1



59. The nethod, inprovenent, kit, conputer readable

medi um or system of claim58, wherein the second
wheowsasikesr i s | G-BP1. 60. The net hod, PCT/US2008/060830

i nprovenent, kit, conputer readable nmedium or system

of Claim59, wherein the third biomarker is INS

61. The nethod, inprovenent, kit, conputer readable

medi um or system of claima4l, wherein at |east four

bi omarkers are selected fromthe biomarkers wthin

each of Core Biomarkers | and Core Biomarkers 11
62, Thbe metheddimaraAnesibridh FOMRYtEr readpitimeriume geavstean of any one of
. . - e
claims gﬁ)g'}’dé?&}hte %}éomar %IF%I‘@ I@ém?ﬁ% t?F: ﬂ%& .ﬂ{aﬁer; se@ %%rwgéngl selected from
thepanﬂEth@uKYﬂirOvenEnt, kit, conputer readable nmedium or
systen1of any one of clains 1-62, wherein one of the
ona ers | LEP. . 64. The hod, .i nprovene
Eh iR Mt it e Gt R C HeGHTE A YOI of any one of
claims P td’ﬂ Whl;re@@the%@rﬁ@érﬁe@ REmPBfisd e s AIREKREStolth 11'P‘£)Pglgpselected from

The met hod, | nprovement, kit, conputer readabl
thepanﬂsdlEanqﬁI)systen1of any one of clainms 1- 64, mhereln
one of the biomarkers is CRP. 66. The net hod,

l7 r ONGIRIEy, klnﬁproxcf:e%lr%ltl é%{ c%;e]lg dt%rb rlegda{ﬁed I U(Tiﬂu ()r Ec’}ys&:tn? s any one of

0 any one O reln one
claims btcOTR KRS the Hidbhbdrkay eomptifdhe @ﬁ&hﬁkélﬁ@é\)forth in a Pand® €elected from
The nethod, inprovenent, kit, conputer readable
the pan¢tp i) KigreotD-syst em of any one of claims 1-66, wherein
one of the biomarkers is HBAIC. WO
§6’08/ %ﬁé%ﬂlpg—r{njt&g%%nq QQ(S 30m uteHea@Qﬂe &Q&lufﬂs bh Qﬁtem of any one of
I npr ovenent, , COprUt er re medi um OI' Sy stem
claims bfo 'ﬂhyv}mreen tjie tx;d>raoarkeri c6mpriwhibe s¢venomakof s¢tHerth in a Panel selected

G ucose. 69. The net hod,
ﬁon“h?ﬁﬂggvgﬁ%ﬂge Kit, conputer readable medium or system
of any one of clains 1- 68, wherein said biomarkers
§PIPI TEE metHo! inf#bidinekB 1id, kohBlter readable Hdiuht)@r BRtMPEE any one of
I mprovenent, kit conputer readabl e nmedi um or system
claims hfo ’é(hyvh@ﬁ:gn 316 b@(prgpzﬁgerg_ cgtgprlwnt@p aevengagrigery sesfaithk &y g Panel selected
rtin (FTH) . 71. The net hod,
ﬁon“hgﬁgg%V§§%%%?%Eit, conmput er readabl e nedium or system
of any one of clains 1 to 70, wherein the bi onoarkers
8anpr Tsentetiwdt imlﬁevmmﬂ(,d{is cd')nnpﬁteP&aﬁiblcSElleéth dr fysam of any one of
anel s |n Figure 2. . . The met ho

h
claims | t?s?@\y\éﬁ% ¢ eml?m%?fﬁ oBPis<aid S’cﬂhémﬁ%ﬁﬁﬁ?f R i8ypdtagfh selected

ﬁonﬂh@%mﬁﬁ%nQﬁgn@%FC|a'”B 1 to 70, wherein the bionparkers
conprise The three markers set forth in a Pane

sel ected fromthe panels in Figure 6A. ~73. The
B&t hodhe hwﬁmdvlemmﬂYemddt,tklt cmipuﬂelereadzé&@mbdlelrmedmmm of any one of

claims PYeiETetei S sRoRkers kBnBRycnt RinFtaar kO f Prb iha paneg selected

from th€piells waligated. f rom the panels in Figure 7A 74.
The nethod, inprovenent, kit, conputer readable

nmedi u or system of any one of clains 1 to 70
#her e'rﬁae PSEOH; BRRIAYaaesS, Kb Apmpyer eRdabiomedivay REystespf any one of
I

claims %E}r ’fdh' \x}h%r E@ri)%\l eézrﬁrié ; EEQH fl%gp%%%ﬁ%%?@ﬁ ks?tt f’oﬂg 01:11% %tﬁlgerl selected from
the pan¢le adiilghe 6Redi um or system of any one of clains 1 to

70, wherein the bionoarkers conprise the four markers

set forth in a Panel selected fromthe panels in

Fi gure 7B. 76. The nethod, inprovenent, Kkit,

conput er readabl e nedi um or43ystem of any one of

claims 1 to 70, wherein the bionparkers conprise the

five markers set forth in a Panel selected fromthe

panels in Figure 6C. WD 2008/ 131224PCT/ US2008/ 060830

77. The nethod, inprovenent, kit, conputer readable

medi um or system of any one of clainms 1 to 70,

wherei n the bi onparkers conprise the five markers set

forth in a Panel selected fron1the panels in Flgure

— e~ — o~ — T T 1 . e



86. The nethod, inprovenent, kit, conputer readable
medi um or system of any one of clains 1 to 33, wherein
wo b@shsaemr kers conprise at | east five ALLDBRIBKI/US2008/060830

mar ker s. 87. The nethod, inprovenent, Kkit,

conmput er readabl e nmedi um or system of claim 86 wherein

the bi omarkers conprise at |east ten ALLDBRI SK

mar ker s. 88. The nethod, inprovenent, Kit,

conmput er readabl e nmedi umor system of claim 87,

wherei n the bi omarkers conprise Markers of Interest in

B. gur &hq method, imprggement,Jgt Be/aPeEr @a@%hlg,mggblugl, pppystem of any one of

f L

claims Eéogagéxg% eﬁlﬁ gmgl%{wg%kef‘ré Scorrniprl éotglg gr eggglrafk}gs sl%ﬁ gﬁﬁl ngleIaPanel in Figure
6l. wherein the Di abetes risk score is conmputed according

to the nethod or inprovement of claim15; and

ner rescri t|on treatnment d resentin

0 o i raRer Bl B o Pgt Fa R gy Sgysem ot any one of

claims pfoeyﬁ Whe%e,li‘@ th@'iﬁ@rha&érs oabetes IE:%t A% APGIDHEYR markers.
dentified by the D abetes risk score as being at

eIevated ri sk for Diabetes. 90. A nethod of

BF.ophyhamiethotloimpeteané i eampputst ¥egdable mediugyey systeimry claim 86
wherein dt'hg léiotrrflagrﬁ%rgﬁc]%mﬁﬁsg% at gfgagto trség QJL%ﬁ%BRﬁ]K 91%\11% 88' 2? a

i mprovenent of any one of clalns 1-88; and

88.eat Thgmeth®dbingabdventkantlif, cedpasr feaddbde mkdi@hesatyedm of claim 87,

risk for a diabetic condition wth a treatnment regi nen
wherein ge §igmaskeds compietatkge flakiesoin Itgwsdees. 91.

The nmet hod of claim89 or 90, wherein the treatnent

REYI MR ERABPbF S8BhRhxik ?cﬁsﬁlas’é%é‘s Jdﬂ?ﬂrﬁﬁ%ﬁl c selected
fromthe group consisting of anal ogs,

hlytpm@g;m@mcgrea@gymgresqmmgm Dﬂﬁquﬂmcyredgem mdividual, wherein the

DlabeteB é@ (sj%)&? gsﬁcgrna)%&e%rgaé:g%r n(gftg lksli(l:l 9 (ﬂ:g agglgll?wgfl:n?gn of clalm 15; and
g&ﬁk@ﬁé)ﬁﬁ@s@ﬁﬁﬁoﬁuéa@%t@atd @ﬁﬂe@érﬁﬁifg S prvcegiidifor Qftretkfend regimen to
I'nhi bi tors, iotensin |l antagoni sts, angiotensin
delay ogpyRvest tthfhglsétrﬁzf bf(t?lﬁGE)anlllifm}’I@P{ﬂdﬁ@ltlfﬁérﬁﬁYﬁhfr Ribeies oipls score as being
o) ors, anylin anal ogs, sodi um gl ucose
atdﬁvaedr%%ﬁgfgﬂ¢§?52 |nh|b|tors dual adi pose triglyceride
| i pase and PI3 WD 2008/ 131224PCT/ US2008/ 060830 ki nase
a@t i vatmethod ahpragoylisit Sorddiabees apgpiside Y receptors,
human, hor ppne %nalogs canng|n0|d rece

gyﬂl%lag |r1§{(,s or gt p%ﬁt a0 o1hdeshi H e wsloriag & d}ag)ﬁgq ggaglition according to the

method'o?lﬁh?l'otv%émt df'ﬁlﬁ Bhd Of Saitfs Ngg.eRlinephrine and dopam ne
reupt ake |nh|b tors of 11 Beta-hydroxysteroid

dwy@rmlbﬁas@emtﬁmi ab beinglo el8dtyd risinfriri digdresic gbndition with a treatment
ors of gluconeogenesi s,

reglmelb Lf%:bﬁé' %&5 VCB F\?B e(SrOEBI ag’ﬁ{ “*sense inhibitors of

protein tyrosi ne phosphat ase-1B, islet neogenesis
bher apye mfHbdRE R SV €0, wherein tBtreath@ntEiMRG Bfnprises at least one
claim89 or 90, wherein the treatnent regi on conprises
therapewtic yelstad fora thergrpapeunsistinaf:| RS INSaalore apegly¢enic agents, anti-
f
1nﬂamn‘?a§<% Srcaéglﬂs 1{ %écfﬁgltn Zg&ﬁs cgtﬂ:gdrﬁ E:hﬂ‘%ﬁflgloage?{ l%gét adrenggglc K:ceptor

r osi azone

blockingagding cg)élomagrglen:mg ZJ(IC(Q;XQI) }inh’llgtc&s q;@cprhhgi ofa@ORE2 inhibitors, angiotensin
i ndi vidual s, conprisin ai ni ng D abet es ri sk

1 antaggalé?searkgath%ﬁr@@%ﬁﬁ eﬁ@yrae @QE&H@@MW% pzeng% Bhibifogy, lipase inhibitors,
n |
omytin 8 URLT SRIRE [ R P AR ST BEI 8 ese o i

the nmet hod or inprovenent ofi4gl ai m 15; and

ranki ng i ndividuals within the population relative to
the remaining individuals in the popul ation or

di vidi ng the population into at |east two groups,
based on factors conprising said obtai ned D abetes

ri sk score data. 94. The nethod of claim 93,
further conprising using ranking data representing the
ranklng or grouplng of the populatlon of |nd|V|duaIs



(ii) at least four biomarkers sel ected from RDVARKERS;
or (iii) at least three bionmarkers, where
wo nwshsaemr kers are sel ected from ADI POQ  CRP; PQ/USIDB)60830
GPT; HBA1C, HSPA1B; | GFBP1; | GFBP2; INS. LEP; and
TRIG and one biomarker is selected fromthe
ALLDBRI SKS, CPs, and TLRFs of Table 1, Table 2, and
Table 3; or (iv) at least three
bi omar kers, where at | east one biomarker is sel ected
from GLUCCSE and HBA1C, at | east one biomarker is
kinase agHy ge¥se Antag Gt q:mpem[h: Y@pcpptqqsﬂ:mn hpg::gpelanalogs cannabinoid

o] SRy e G R0 Fne o

dopamlfﬁatdu@ta]ke, imkiblters2f 14 rBéta'lh}tdrexﬁtermd dehydrogenase typ¢ YY1 B&-HSD1),

east three biomarkers, ere at | eas bi omar ker s
mhlbltoasr%f OEIRL PR So @rso? EPENGH1 @WO@%@S@%@&OH antisense

k [ I
e L T T
the biomarkers listed in Table 4. WO
9208/ TBq pethedpf g0 0 Oels 3derein the treatment ge?g_ionTchgnprises at least one

therapelgt}i:"ct %j%}s (]C)I&ecth%%a{%u 1%’sleﬁ:ﬁgtt%hgroltnﬂg‘ﬁe\%lfléla):ergniséa?%/%ts ac[a{bose ernetformln
troglitaZdnd@Paidassiiilabdieys . 98. The nethod of claim

96, where the current status of the diabetic condition
| n the individual is Inpaired 3 ucose Tolerance (IGI).
. ThemerBehatrapking oA RFAUDBIE ARPNEOR ST Bdi Yidwals. SPRIPLISINg:
?Igta%;lﬂfg S %g% %1%{9&%%%% %‘ﬂ{e% E%gtﬂ;ea bRk H@Lcoiesgor mﬂ%wduals
compnsmdtvshtjﬁin sfid pb@ilan @6 whadedr eid Déaberdirigk deeat isi calgpiaeghaabdrding to the
01. The net gaof clajm 96, where the current status
methodﬂlmﬂ@vam%& 11@01I§di11% on in the individual is normal
ﬂinﬁ&%%ﬁdlkﬂlu% %&Hﬁl@n ulation relative to thejig%alllﬁlgﬁhﬂﬁglaﬁfln the
eval uati ng a di abeti I Ssease surrogate endpoi nt an
populatjondirvinddiak thet prapuingioh oo @blepstited iggoups, based on factors comprising said
btai g&t i nin kb| ormLf{aker measur enent data, wherein the
obtaineq DIIRARIPX ms8& U hent data is representative of
measurenents of biomarkers in at |east one biol ogical
sanp| ®hé MRt e cladios] Hidks coﬁhi}d‘lsmg usingeakivgdht@Gedresenting the
di abetic di sease surrogate endpoint in the i1ndividual
rankingigs geerpéie efrfhonepwiation imdividpale for aprer g10ke phide fgltparing gurposes:
f ker
AR AR SRS o hPRb B (S o se:
(d Jeta@iniheasindiviiuag s bre@namkfef Bealt‘hhﬁﬂueartcb;r ee of the

mar kers are. electedfromth RKRsets Iisted
fqﬁe‘t_erameeanalﬂ ividual’s premium for mepy %5: flth eaye plan, health
falyy=1s e w or
mamtel&lhll gﬁ&ﬁleozls%%%grgﬁ |ormr ke sﬁa\ﬁlﬁ%re two bi omar kers
alramge hedthedird piantitikiDicROQan ORRy1dGUUIC@BE] tHGRIFe pldBAI€3]th maintenance
kGF P1; I GFBP2;. INS. LEP; and TRIG and one
Orgamze,ﬁ%af&rs erjed PLQyidel otgaizalioNt he ALLDBRI SKS, cPs, and
TLRFs of Table 1, Table 2, and Table 3; or
8908/ Thd #RABEbF 208/ AGBEREmprising using ranKﬂnE Hat@trelhﬁ%hng the
t hree bi omar ker s, where at |east one biomar is
ranking s |2EQUpELE qfrtberp@_q}@(gg@f amdvideal @r QRE OF aWEE PiRases selected from the
r is selected from ADI POQ, CRP, GPT, HSPA1B,
group‘:?fé?—‘g%fl%% GFBP2, INS, LEP, and TRIG and at |east one
bi omarker is selected fromthe ALLDBRI SKS, CPs, and
TLRFs of Table 1, Table 2, and Table 3; or
(v) at |east three bionmarkerng9 where at |east two
bi omarkers are selected fromthe biomarkers within the
group consisting of Core Biomarkers |I and Core
Bi omarkers Il and at least a third biomarker is
sel ected fromany of the biomarkers listed in Table 4.
103. The net hod of claim 100, where the surrogate
endpoint is the Oral G ucose Tol erance Test (OGIT).
104. A rret hod of eval uatl ng r| sk for devel op| ng a

I L Y L N I D | a1



106. The nethod of claim 104, where the gl ucose class

of the individual is Normal d ucose Tol erance (NGT).
waews/1I2e4 met hod of claim 104, where the gl ucoBET/TFA8%060830

of the individual is Inpaired ducose Tol erance (I1GI).

108. The nethod of claim 104, where the gl ucose class

of the individual is Type Il Di abetes.

to recommend therapeutic intervention or lifestyle intervention to an individual or group of
individuals;

to manage the health care of an individual or group of individuals;

to monitor the health of an individual or group of individuals; or

to monitor the health care treatment, therapeutic intervention, or lifestyle intervention for an

individual or group of individuals.

96. A method of evaluating the current status of a diabetic condition in an individual, the
method comprising:
obtaining biomarker measurement data, wherein the biomarker measurement data is
representative of measurements of biomarkers in at least one biological sample from the individual;
and
evaluating the current status of a diabetic condition in the individual based on an output
from a model, wherein the model is executed based on an input of the biomarker measurement data;
wherein said biomarkers comprise:
(1) at least three biomarkers, where three of the biomarkers are selected from the
RDMARKER sets listed in Figure 6A; or
(i1) at least four biomarkers selected from RDMARKERS; or
(iii) at least three biomarkers, where two biomarkers are selected from ADIPOQ;
CRP; GLUCOSE; GPT; HBA1C; HSPA1B; IGFBP1; IGFBP2; INS. LEP; and TRIG; and one
biomarker is selected from the ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or
(iv) at least three biomarkers, where at least one biomarker is selected from
GLUCOSE and HBAIC; at least one biomarker is selected from ADIPOQ, CRP, GPT, HSPAI1B,
IGFBP1, IGEFBP2, INS, LEP, and TRIG; and at least one biomarker is selected from the
ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or
(v) at least three biomarkers, where at least two biomarkers are selected from the
biomarkers within the group consisting of Core Biomarkers I and Core Biomarkers II and at least a

third biomarker is selected from any of the biomarkers listed in Table 4.
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97. The method of claim 96, where the current status of the diabetic condition in the

individual is type II Diabetes Mellitus.

98. The method of claim 96, where the current status of the diabetic condition in the

individual is Impaired Glucose Tolerance (IGT).

99. The method of claim 96, where the current status of the diabetic condition in the

individual is Impaired Fasting Glucose (IFG).

100. The method of claim 96, where the individual is pregnant.

101. The method of claim 96, where the current status of the diabetic condition in the

individual is normal glucose tolerance (NCT).

102. A method of evaluating a diabetic disease surrogate endpoint an individual,
the method comprising:

obtaining biomarker measurement data, wherein the biomarker measurement data is
representative of measurements of biomarkers in at least one biological sample from the individual;
and

evaluating a diabetic disease surrogate endpoint in the individual based on an output
from a model, wherein the model is executed based on an input of the biomarker measurement data;

wherein said biomarkers comprise:

(1) at least three biomarkers, where three of the biomarkers are selected from the
RDMARKER sets listed in Figure 6A; or

(i1) at least four biomarkers selected from RDMARKERS; or

(iii) at least three biomarkers, where two biomarkers are selected from ADIPOQ);
CRP; GLUCOSE; GPT; HBA1C; HSPA1B; IGFBP1; IGFBP2; INS. LEP; and TRIG; and one
biomarker is selected from the ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or
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(iv) at least three biomarkers, where at least one biomarker is selected from
GLUCOSE and HBAI1C; at least one biomarker is selected from ADIPOQ, CRP, GPT, HSPAI1B,
IGFBP1, IGFBP2, INS, LEP, and TRIG; and at least one biomarker is selected from the
ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or

(v) at least three biomarkers, where at least two biomarkers are selected from the
biomarkers within the group consisting of Core Biomarkers I and Core Biomarkers II and at least a

third biomarker is selected from any of the biomarkers listed in Table 4.

103. The method of claim 100, where the surrogate endpoint is the Oral Glucose
Tolerance Test (OGTT).

104. A method of evaluating risk for developing a diabetic condition in an
individual with a known glucose class, the method comprising:
obtaining biomarker measurement data, wherein the biomarker measurement data is
representative of measurements of biomarkers in at least one biological sample from the individual;
and
evaluating risk for developing a diabetic condition based on an output from a model,
wherein the model is executed based on an input of the biomarker measurement data;
wherein said biomarkers comprise:
(1) at least three biomarkers, where three of the biomarkers are selected from the
RDMARKER sets listed in Figure 6A; or
(i1) at least four biomarkers selected from RDMARKERS; or
(iii) at least three biomarkers, where two biomarkers are selected from ADIPOQ;
CRP; GLUCOSE; GPT; HBA1C; HSPA1B; IGFBP1; IGFBP2; INS. LEP; and TRIG; and one
biomarker is selected from the ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or
(iv) at least three biomarkers, where at least one biomarker is selected from
GLUCOSE and HBAIC; at least one biomarker is selected from ADIPOQ, CRP, GPT, HSPAI1B,
IGFBP1, IGEFBP2, INS, LEP, and TRIG; and at least one biomarker is selected from the
ALLDBRISKS, CPs, and TLRFs of Table 1, Table 2, and Table 3; or
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(v) at least three biomarkers, where at least two biomarkers are selected from the
biomarkers within the group consisting of Core Biomarkers I and Core Biomarkers II and at least a

third biomarker is selected from any of the biomarkers listed in Table 4.

105. The method of claim 104 where the glucose class of the individual is
Impaired Fasting Glucose (IFG).

106. The method of claim 104, where the glucose class of the individual is Normal

Glucose Tolerance (NGT).

107.  The method of claim 104, where the glucose class of the individual is
Impaired Glucose Tolerance (IGT).

108. The method of claim 104, where the glucose class of the individual is Type 11
Diabetes.
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