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APPARATUS AND METHODS FOR ASSESSI NG METABCLI C

SUBSTRATE UTI LI ZATI ON CROSS REFERENCE TO RELATED
WARREHEATI ON [ 0001] This application clains theCbhesmbi/in3sss2

of U S. Provisional Application No. 60/523, 646,

e T L
1 C |
e El

2003, the disclosure of s T ncorporated herein

by reference j: M—lﬁm THE | NVENTI ON

[0002] The fﬁglbé—%@ﬁ CATER ARELIGATION,

subgdaa erti labpAatibR NolaifiRr tHeXBeHREE of AP RANEbYRi0ARd Application No.

met hods for assessing netabolic substrate uti {°Fzat ron
605728,646sentitlsd f ApBAaRSROUNDB IR foFHR skdsvBRBuBNr4t© Utilikation in Patients”

o B RS B e & AR IR PRy refernce
in paedtiretyl ar, defects in netabolic substrate utilization

have been observed in individuals that are suffering
fromcertain netabolic disorders, such as obesity and

di abetes. For exa WoTa [MVA and di abetic

i ndi vi dual s can hg%ﬁL]fB i i dation rates

and [0G02) T fildtqfr the dinedntioar leRidsdfoah@tabyiicl atibsftd atiBsation. For

conpared to control individuals. Defects in nmetabolic )
exaples 3opaEt andimethodsfongssessmegnetpllis sybstete widlizagion are described.

i ndividuals that are at risk of devel oping certain

met abol i ¢ di sorders. For exanple, prediabetic

i ndi vi dual s canBAGKGROUNBOE&HT INVIENTHON oxi dat i on

as dj i.c individuals, and this observation has heen

usejb'ﬁ'g?éégtﬁlﬁqqﬁt Sugfae 1 Wikizatpn ok Bt Ay nIMPYEDE héactor in  the
patBbPIRsRASE PO Qktafl ARRUGS, HpAHdik ﬁgfectg‘?ﬁ ﬁfé&%oli@ substrate utilization

nmet abol i € substrate utilization have been o serveé I'n
hayenbigeni abgerived ithandivadunly thebarersiffgrifig fnonceartaini metubdAb disbrlers, such

os Bho P Yol P Bufnlerpote dauliod 7pd cigbetv diithals can have
redubét Bhchll ahs oxithSeh rdt&eaRl PERLED PokivraalRs %af%ﬁ.ﬁldi‘?\l%ué‘hﬁaﬁon rates

sonetinmes do not increase fat oxidation as quickly in
compagd e eontepladividualsalDefeats immetebolio sylstret uidizetont hote also been

[ .ndivi dual l..Met abpl ic,substrate utilization i
oIS i Su 08 g S BRE AT R L e Boorlers. For
exdpislt] prudiabélit HedighiuhRecdneBpld sinfilay dBfEdts GALRAE RidABon as diabetic

. useful for determining relative rates of carbohydrate

indgyitpds.iapd this @sayatiorihgabranyset e assesister defents/indfabexidetion with the
Lol devg; nat . POV I.nfaormation regarding. t he

Pro R PR o et Pl ROl SEAPAPHEoAS: have been

obsexvedahiindivadudlsfthat apx radavdring. frém pafthinghétabolici disdréer®f Fe example,

uncllear whet her, . di fferences in L.
previously obese individuals can have lower fat oxidation rates compared to control

individuals. Also, these previously obese individuals sometimes do not increase fat
oxidation as quickly in response to additional fat intake compared to control individuals.
[0004] Metabolic substrate utilization is typically assessed by measuring the
respiratory quotient. Although the respiratory quotient can be usefil for determining
relative rates of carbohydrate oxidation and fat oxidation, the respiratory quotient typically
does not provide information regarding the underlying causes of differences in carbohydrate
oxidation and fat oxidation. In particular, it is often unclear whether differences in

carbohydrate oxidation and fat oxidation are due to differences in availability of
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car bohydrate oxidation and fat oxidation are due to
differences in availability ofcarbohydrates and fats
w@eoodos212® a predi sposition towards car bohydr aP@r/US2004/038882
oxi dation or fat oxidation. [0005] It is against this
t@at e
O R T e S Y S e e
ox{da00B] | n one enbodi ment, a processor-readabl e rredl um

i ncl ode to ndi cative of. a ma

o w BT 6 RCEarpL S ReekGrepR Bt 68 e § aslolfp He Fovaratus and
maRsHERIBEdrdel @Brei@nNd a respiratory quotient of a

subj ect. For exanple, the data can be indicative of

the plasma gl ucose concentration, the plasma free

fatty acid conce I ry quotient
of the subject aig [—égs. The

pr 0§ets) n loga datHodim@d) M@‘ro’%le&@r-kd‘h@hbl@ §8cE@HEnélAdes code to receive
cal cul ate, based on the data, respective val ues of a

datgaindisativeeefip &laselap&lﬂwﬁétcen@entmaen,ea( plepine, ﬁqeh@ttzz @did ¢amcentration,

I
anfrfrgat %g%?étgrfpg@ tfeﬁ g? ét g(l:lé c%’ al(l;p? %}é B%G%% 8%}% 151d1cat1ve of the

plasngrgmw noﬁmantryﬂmns ﬂmenplaklﬁa diet dattyl bed %thdhfraﬁ@i &B@'th@ respiratory
first netabolic par aneter and a

ters.includes
et Gl et iSSP 154 PRASERICmET Simyagt KhegroqeReor padgble medium also
1ndﬁ%e§%hb Ctop@d'laﬂﬁlee[)aéeﬁ 619%&@&5"?63@&0’[%% Js LG set of metabolic
subj ect has a predisposition towards oxi lon of a
pa:!famemrs t Ecpxeemfnprh@tth&)mdecto saibslateahe raspectiveeahmes of fhesedf metabolic
For exa the value o

bol t
RIS 5ok ABIFS, SRS 10 BEtv R TegEsr R, TADE e fheufigeneThe set of

étzi‘t%l@u SakteRASnAudsed HRPSinkiaB8hlid SeP%h@al | Q1
mcar blohg:gr at ees oIr1 ?atss The valauelo% gecoﬁd5 ofd metabolic

pametsol The W%‘hﬁ‘thé irsiometabiolicaparymetef ISt indicstitg e whether the subject

hag £ PRABPOHECER vl ufrR S sbrCHve: ofPenbolle Shatet ppa seoond type

of @hetaplia Mabiteaté.UdEdrrexamipld @he @%l@gmfethe ther M@iaﬁ@h@%aﬂaﬁf‘eter can be
second nmetabolic paraneter can be indicative of

indigative of whethes therfybireias ¢ nredispastiongewands puidatian pf catr‘yohydrates or
] SOOI O, e B0 o0 S e, ot i

respmmmewvﬁ) d&hangmﬂﬂ awilabitityobf theblinodys of aRfibbBY 8libstAte or the
od fr efa acid |evel, and a respiratory

Secaagt%*‘n gpetg %]éfb astraterh Eop cgampeo rthe é’a@&b@%th?eéﬁcehﬁi metabolic
pls RSP eSBbR BLEpoRTTa O | gL ity or

carba]hy;batedonfats net abol i ¢ paraneter is indicative of
he s ect S a predisposition toward
car L@i’&bi‘hta@o&# Ogﬂnw @aPmS‘i%B"afqaé?’Ple [1@9‘3}8‘]11 fg¢ludes code to
rec@f‘lf@t &8s iBABANTBN G bRoABINQEe 18I UdEFob £ TRV ARG &ifatvel, and a

measur enent
resplratory quotient of a subject. The processor-readable medium also includes code to

calculate, based on the data, a value of a metabolic parameter for the subject. The value of
the metabolic parameter is indicative of whether the subject has a predisposition towards
carbohydrate oxidation or fat oxidation.

[0008] In another embodiment, a method includes receiving a set of measurement
results for a subject, the set of measurement results being indicative of a plasma glucose

concentration, a plasma free fatty acid concentration, and a respiratory quotient of the
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results for a subject, the set of nmeasurenent results
being indicative of a plasma gl ucose concentration, a
w@b@sose1br ee fatty acid concentration, and a PCT/US2004/038882
respiratory quotient of thesubject. The nethod al so
subjB&! UfRS meRRICHs P thdiliRs; Sl?ise@fonrfﬁé‘%é'tr @FTﬁl’éEsuE&ﬁéiLtrésults, calculating
cal cul ating respective val ues of a set of metabollc
regpastiveetvalnes. offhesat etf victabelialpetanetgrar albe eets of mudteiskdic parameters

st ab ara ter .and a se d..nmet aboli c
ingfidS oot Feaalic BRIRERRG: lch 1ocPa TABRG B palue of the
firdtSmétaist i drMBetef 1sVﬁlﬁchﬁ‘*§e bNEheHE @6 tsubRSt Fas a predlsposmon towards
predi sposition towards oxidation of a first type of

OX’f%tlafb@lf iac fistigpe of enetebelici substrateareldivorid 4 yp@ndf type of metabolic

I e L T e —-

1eshBAHAMSEMO m&ﬁlangan&v@inﬂﬁm of theaf¥idt fypb ot irfedab6fic {btrate.
first (\té?i e of netabolic substrate. [ 0009] In another

emb &} anotheremhediment] ammethod pslydes gralying a st of measurements to
a sub Ject K Z&Eﬁ'l%c%rz{e gel’j I tf ?ﬁ'%lsﬁ% [“h}é@%?u I%df%? ?he[a%uso?e %e fset of measurements
beimgaoufignedtts dvaluage & didddygluecket Ievelyal wlabe fﬁeﬁh@@@md level, and a

| ucose | evel blood free fatty acid |evel, and a
resgggtﬁw &ogfat q%l?}iee sublget. ¢ I%Féles@ﬁ}h@ét alserraclidesh dased o the set of
daf\gh S e a
LIRS e el Seth BESSMET Rl W Mld ogion s
carbolyairats oxmlabamydfabbridetiordat i on or fat oxi dati on.

cal Bl PRk ol § Mookt on untreated value of

a Iﬁ’&ﬁtﬁi}i@tpﬁfanﬁ&ér Rr aWRbREL h4vid Hehefab¥BE ARBdeE, HE SBFHEREA value of the
the untreated val ue of the mnetabolic paraneter belng

meiahglie gajamstes beingandieativerad \Shﬂbl]l@cthe hibgech hasiant weteetagd predisposition

t. d dr at
o BB R SRR B B S bl apotvin o
thek#pyt fre tigubiisjedt. Tihe metbetla) Seelhds! M@ﬁatﬁfgl qUr@ltddGaRe of the

treated val ue of the nmetabolic (Earameter for the

meiabplie perameter for dhe subivels the bpate é’ah?étcafbﬁiblmetpmlmmaremeter being
' 0 t.her t ect h atre t
mé?&lngg sépfg gd ht%ﬁlte% oméiaur E\Asl? c@?boh@e t e‘fé* OXIG, 51t 1108 nO8FA¢S, arbohydrate

oxﬂml@iﬁbn fan oxiflagorreThe thethodt fagher includebasongANBA rthd@‘edt&ﬁvalue of the
ted val ue of the nmetabolic paraneter with the

tre
meﬁﬁbpf%a%ré@e%m@ the untreateatalysortithe pistabatie earam[eml 1] In
t
unt FUeat egn H’ﬂg—;i‘ gdlnngetnggt ﬁ&ﬁod glr%hadr;‘g §a18 ﬁﬁd ﬁrgﬁgeeage{& value of
a nhﬁiaboﬂlg paramaatakﬁ)t acsubljlesldtasfarg, a triembuhé ﬂtsatded, theunigeatéd value of the

eliE}iE BrEag el e B B L 5P JUHEss PRredicdTamRgBsivBness (o a change
in @éﬁhﬂ)lﬁﬁj ofd ﬁ‘leﬁtfooﬁ‘c SRIsARR! The SR A& in bjcﬂ?ﬁs gﬁé}gﬁ%etatﬁ&%py to the

I ncl udés applying a therapy to the subject
suba¢ct.o Theymiethwd lsoahclutles aahglladung radectated vahleunf thé metabolic parameter for
the treated v

theGR iR e RREH [ b e PG A TIPS BBOYR ! the subject's

trestbdkepbnshvenb oo clﬁﬁfg@(iﬁ‘%i/éﬁ%ﬁﬁ? o enfchBBEE sﬁlﬁ;trate The method
avai labi ity of the metabolic substrate. The nethod

further includes comparing the treated value of the metabolic parameter with the untreated

value of the metabolic parameter.
[0012] Other embodiments of the invention are also contemplated. The foregoing

summary and the following detailed description are not meant to restrict the invention to
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further includes conparing the treated val ue of the
nmet abol i c paranmeter with the untreated val ue of the
woreioabsdipe paranmeter. [0012] O her enbodi ment SPOF/US1964/038882
invention are al so contenpl ated. The foregoing sunmary
a:n%i1 Mirtidigarf @l Rphag wirtat itdQeaehlPb! &H@cﬁ‘ﬁees n‘% g:ﬁ)%ﬁfments of the
O restrict the invention toany particular e
inventiomr élsee fteis Voh@@mlaw(bthdtema: Eentmdincastediihehhereinf may be used

th nvent i is contenpl ated that sone
lntﬁﬁ ﬁ@ﬁ?@ﬁugkéPPﬁga herein may be used
i nterchangeably with one anot her. BRI EF DESCRI PTI ON OF

THE DRAW NGS [ 0013 FIG lillustrates a system bl ock
di agram of a It DESCRINIIAN Bt THINDBAWINGSt ed i n

oo d0fEREe" R A TR TR G 7 158 53t that can be

opéfatedlin hécorddibs Wwittsemetebodahé§of A6 @Iﬁ/feﬂtl&g to an
enbodi nent of the invention. [0015] FIG 3 illustrates

a f [O4E WaE 2 ibystateses Spwehart foe eajsssing swsbrhelia gubgragm utilization,
ac&%ﬁg'twgm%dlﬁgﬁt #ﬂﬁ@{}{\]}eﬁﬁm [0016] FIG 4 illustrates

hor mal i zed plasma free fatty

aci 0aish @@t Bailiustrated eflowr ol fadagebasipha gheep$Laccording to an
and the respiratory quotient of a

centr tlon
n%g BRGhe Wﬂlf-‘{?&PO‘bat i ent subjected to an oral glucose
t ol e 1 3 t :
L8 6 T iy R8O8R 5 sy i
comaestrhticn, flor ndrinalizek plaima ghicpdeammeerftration,f it the &ﬁ;pﬂ‘atory quotient of

concentra |on Ilze | as | ucose .
a tESARE A Pt SR an Sl et TaleBmPe it GOGRT), according to
anahﬂasaiﬁgén%mle%veﬁﬁ&ﬁ.ent subj ected to an OGTT,

accordlngﬂto an enbodi nent of the invention. [0018]

FI GI0O® 7] Nlus? ilkustretes stnidated cesilts dorsthembehaized zpllas&m fivde fatty acid

e e S B B ot
an edreasd ﬁﬁ‘ﬁial Phtiét esubjeéRat {00 an ([)@Q-Tg]ac&:dr@ng%co' bh UshBoaiBsnt of the

fitted val ues and reported values of the respiratory
an&H’@‘?fP ent for individuals subject ed to t hree di ffer ent

o SORE R O g RS B EXs BB AT} 0 s Spiatory auotien

of ErtasslineBirittsal qfatléﬁt&mkirm‘lezﬂtdrwvﬁﬁhﬁpa&lehﬂ d¥edrah@l toCan embodiment of

substrate utilization. For
the invention.

[0019] FIG. 7 illustrates fitted values and reported values of the respiratory quotient
for individuals subjected to three different meal protocols, according to an embodiment of

the invention.

DETAILED DESCRIPTION

Overview

[0020] Embodiments of the invention relate to metabolic substrate utilization. For
example, apparatus and methods for assessing metabolic substrate utilization are described.
According to some embodiments of the invention, metabolic substrate utilization of a
subject is assessed by calculating respective values of a set of metabolic parameters. The

set of metabolic parameters can include a first metabolic parameter that characterizes the
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exanpl e, apparatus and nethods for assessing netabolic

substrate utilization are described. According to sone
wepdsasarent s of the invention, netabolic substPEr/ES2004/038882

utilization of a subject is assessed by cal cul ating
su‘t%@@c%%ﬂedﬂé s‘ﬁ?dﬂ%%ﬁzaﬂfs &iduGbn OF aMREEHHE anE%B@H@EIﬂfsﬁate or a second

he set of metabolic paraneters can include a first
tymeqﬁmotaboh@aulmtmteer Thhaet afhmetaboke parmetdie sabplotihglude a second

e 05|t t rds, oxidation, of ,a fi type of )
mliB0 S PRRrelR O B eRE O Bd FUbiPhe sreRbinfRs 0 o change in
avﬁlabﬂity Q)tf Qhe _ﬁlﬁﬁ 5188 oPetBORO ShhsEraRAr @H@ts&ro? H8@bASParameters can

i ncl ude a second netabolic paraneter that

furthes ingdudera third mgiebolig kﬁ’ﬁ@@tet@ thﬁybmgﬁemé%eths sulpecd’sabepoysiveness to
f f bol
a chih 1R e ARl b5 e thaineb hdRBR SBRERR CLn ¢ ur ¢ ner

| ncljeotd] & dvantagestBlyntiel dppapRalsaiEiBéthé dPdesEMEdAErih icdf Be used to
subject's responsjveness to_a change in

ldeavgx Pl%mtmsyw%pf fiséabelie éwwtmspp'etﬂmaﬁmﬂwb éynieally cannot be identified

e
g et T e —
medhhﬂls aitdsemlbailt Penmmf:am@tcgbdﬂ :;mfoﬁn?]ﬁrfd aébge.rdiiég lthe alhd&fltymg causes of
at t I G cannot e entirie asea_on si
ditfridiss %ﬁ%g : %ﬁ%‘w Bbplirubsiige 264 aﬁfﬁoégqlfﬁ/f‘eOf metabolic
sulRBRR! ahYgma E‘tﬂ:hniﬁfd?ﬁ%iorg E5CHd Qs%q i Suflefous aaggﬂéa?\ohg%here metabolic

i nformation regardi ng the underlying caus
subgirbfeartdizaien playsairdiat iFon esfmplef suchtinformetiod carebabsdd to develop a

oot BB B Gt il S eS|

appl i cations where netabolic substrate utilization
plays a role. For exanple, such information can be
Termsd to devel op a therapy for treating a netabolic

e L N AR —

Thek@sxampRE nier 8ieniscHeaxpaticdtpbR fef®@y | | kew se be

expanded upon herel n. |0023] As useo”here”i n, the

si niif281 Asepsed hepein, theysinggiay teprae “‘ai’ nCanfdeng| {hell include plural
rofh® t@mﬁmsmé@ 5653 biBgFQ @%ﬁeﬁtoth%k@%” y dictates

erw se. Srein. the term "set”
r ef (004 (Asa;lsed)héreml; tenei “sfereférs fO4 SokdclbR BF Sne or more elements.

El emrents of a s n also be referred to_as nenbe
IGO0 A95F Carealotnb (AT ' 35 BHCrRlighs Rl . SAMFBOIGH of  set can be the
san‘iié bf fehint. | B SRRidsRAERN Qﬁa shenft! GIERLScAl s 1’?{)"8@@? S@mre common

share one or nore common characteri stics.
cham&échstmosel n, the term"netabolic substrate” refers to

t f whi bi ol .
exct Mol25F Bseiisd b it iedn o BaE b oo SIHSRAD ge Erniss A Rient from
whith Abfoldi@N ord HRES carS &fhchenG Y. b@sjf%fﬂfo?itcesﬁbstfa@éssoafla&dclasmﬁed as

otelns In sone |nstances a partlcu ar type 0
dif néljqu;: swalibast eaabadiydratesalfas andfpnotems alncsmpomstancest a particular

type o e‘i&ﬁ%ﬁc SlletI‘El%GaC%.%la 156 18 elb fc'o a component of that type of metabolic substrate

or a product derived from that type of metabolic substrate. Thus, for example,
carbohydrates can also refer to glucose, and fats can also refer to fatty acids.

[0026] As used herein, the term “metabolic substrate utilization” refers to a set of
biological processes through which a biological organism can extract energy from a

metabolic substrate and can use the energy to maintain life. Typically, energy is extracted
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or a product derived fromthat type of netabolic
substrate. Thus, for exanple, carbohydrates can al so
WO edosnsxieo gl ucose, and fats can al so refer to PEL/UF2004/038882
acids. [0026] As used herein, the term"metabolic
front B 51%1&6%&*)& @h{e/ﬁl‘{b hcrs%f)gc Q\/I@tag@ﬁc Hosit8 8L £Rh can involve
processes t (e} oglca or gani sm can
b1cﬂ<xg1cquiroeasmsggeleftecbm dorrexabplej digsstiont mbsoeptiong steaage, swobilization,

and (i dHr BRITALS Srboshaies. « VistBlf Shestitsomhistion can also involve
bl(ﬁb%}é%l V}ﬁ{)g sNPéthQ |t C for UBSIHpRL Conldidyl bghiRle GR3ed on oxidation of

ogl ca processes related to, for exanple,
matabpdis silstrateabsor pt i on, storage, nobilization, and

O R s R e oS B g B o B S e
aﬂ%@cﬁr%t BftabBlic EMsurBieamMz8io "Bk SMpleX BE Rtdbalie dﬁ@?&@s fRlude obesity

oxi dation of netabolic substrates [O 27] As used
anghdrabptes. t he term "met abolic dlsorder refers to a

def n, or defe fe‘ct substrate .
o1 9028 Pasise pefeut dhe b SRS, FRUEIR MplPEeRIdrBliam to which »
m&blﬂ%inbﬂt thﬁt@i?ﬁiaﬁ%e a%@ﬁ’&ﬁ] AAsiologedl drghlbi,cah R, foRleRimple, any
"subject" refers to a biological organismto whi ch a

waadd opdadedimel, saich wéraabymélannca@l duplnfy adqrondipmias sgengl. In some

1nsg%n%§§1 Iagma?%g cgl? ’haIfé)E %Qﬁl’ﬂcedlscﬁﬂé(r c% ﬁ&qﬁg’aa%étgﬁ&hc disorder

man 1 ndi vi or a non
cas Gndtude) Soraacmiple asubjtojsethint hae Yeeu dl@nﬁ@échﬁﬂhlthe metabolic disorder,

suli%}qétg{glgpzrex %Itb%géﬁp% 321%\14% %égcgétpg gflllhtgg Iér?egr%tgﬁlr cﬁsaorl]'der or subjects
thdd )?ﬁe%gfggx%gm t a?‘ﬁ%eoﬂ‘@& a0 & d@bﬁg{:ﬂg lthe Iﬁb’tj%ﬁﬁ; Sisdhat

synpt ons associ
met 46e29] Adised herein, the tesrub‘jr@plrstotyh@lotan‘é’ mpfeoga ed®i ofgin amount of

0 ds . or e risk of .devel.o therre i C
capB ghgrade Presusef bne il oHdR RIS Y ah GRAL BLryeRR spysumed by
th&H@ngﬁﬁl orgafifsBl ST dnunPoPéarbdh &BRIAB prdfucsPiRPiRe amount of oxygen
di oxi'de produced by a biol ogi cal organi sm and an

coammqlt tsqﬁc&bbx’y derendoors Lanpdrtisylar heetpbelico gilstiateo bgingi exidized.  For

eI P Oy et (PR e e o BER tiionship: 60,
+ @H%ml L5 Qs Gl heBRIADRI ITER] witar Fl@mpisebemg oxidized, the

oxi dation of a npol ecul e glucose typl cally involves the
respmatommvn@méls@fp@nléshi £ sip@ the gupbey efcagop dio e molecglps produced
TP e e
is fo‘ 1call #lgarl }% U en 8? Sx*g}n%dlﬁﬁﬂé)s)%ogslﬁxg‘?dn C"félnat e%plratory quotient is

al%ttp‘bleﬁll}@ﬁ Oowlida0dth el t@pd:sdﬁ' dﬁfﬂoﬁ@d&laﬁ aps ogidized. The respiratory quotient
i typicall¥ equal to the number of gxygen nol ecul es
is evreallyedy’

fonexidalion pafady gndiiobpiatly i0sS Mrsexidapioncef prgteins. For a
mi%iﬂlg e YRG! a}’?ﬁe{tcﬂ ¥RE Sind" r&t@fh? qhy Pé’sgfr.r@(?rygﬁ@u?féﬂrlg #fiChily in the range

. resprr Uotient 1s ty
of@)(ﬂtdalt,smhasffrcfmt)ssoan@ 85s typi cal I y 0.8 for oxidati on

For a m xture, of drates fats,
pr otlg&ﬁﬁ Ay Reed; esgin, the dpyu qﬁ’&’fﬁp ntele étpmtea'fﬂw; of peftyation that
cah B89Pplied to a biological organism. In some instances, a therapy can affect a biological
organism, such that the biological organism can exhibit a response to the therapy.
Therapies that can be applied to a biological organism can include, for example, drugs,

regimens, or combinations thereof.
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of 0.7 to 1, such as fromO0.80 to 0.85. [0030] As used

herein, the term"therapy" refers to a stinulus or
w@esosisiad i on that can be applied to a bi ol ogi BEI/US2004/038882

organi sm sone i nstances, a therapy can affect a

bi o fals Kedan-sf) trUhAn! "’@ﬁ%’* heeRigl @gbﬁgbuﬁf 3?%? Megree of

can exhibit a response to the therapy. Therapies tha
complexity thap pan afffect @ taolbgichloggamsmowhethershy lomwrn ociinkaewn biological

e RERT TRB OB ADY ik G TR Re M oalily dAbleR o ames inetude typical
smh BoleQITR B GeRbrcdhNdr @%ﬁﬁéﬁﬁ@fin’t@%@'&ﬁ%}ﬁ}ﬂ)ﬁ-%@élﬁﬁﬁgrfactors such as

affect a biol ogical organism whether by known or
endnekinevwaI dirileo gf ewtocrims Frstrirs o8 fackerd inleschieg vwoth erdk regepdrs of any

t her ically. EXx | es _of, dr i nclude typi cal .
typp A PRREAE et R B BPmfons o1 Rimeclinaly Sepaier Baspways: factors
isolédréth| othe?Gatif 4l SogrdeRGieRticid sy BbrbasdRNaarink&Ricides. Drugs can also
aracrine, or autocrine factors or factors interactin

incfijden foreyampde; cagenissussd inrgene yhaapy sedhaee PNA and fRNAor g)rugs can

B L TR M -
bidaettd apedBiroheedibgibdesiia and virass €t.uG italdss) ckh bgTofidiflered as drugs.
SR e Y S50 A s i
rat% K?HMS_@ﬁptfi&}P% ﬁéﬁ’ﬁaﬁﬁﬁ 8F Sne 6 RBre %%Eiiep gfjm gg%l%%lﬁgf‘a’ted changes

acteria, an oactlve agents produce
in dlnel rate r ars esterfte of) .translotioned ) orc posti@nsletisiatl grectssing dsfugse or more

response to a drug can.be a consequence_ of, for
PoliREPe. PR AREEOT F ot Y EHE O degspdation of one or more
protéiad) SEibRhdd@Red iniBiioadat s@RuRfioP e é?:ﬁoﬂtﬁrea&ﬁ%?' 86 ofif or more
RNA, drug-nedi ated changes in the rate or extent of
proteinh ghd e dordh. by sopassinstaneassdmgs canagxeprtbeie sfecty bypfinteraecting with a
. noce palypeptides. drug-nedi ajed. changes in the »
i 59" GRURL SR a g ot A G ARe g CHFBR g Fgmpositions
incOlidingy MERipdd @dgd ShtddhidsRIdnS inchidifih 6t o@ Brudk aAE his&bfRkcipients.
act|V|ti of one or nore proteins, and so forth. In
som003RE Aarised herginy dhe team ‘argiment kefbrs tefaf abagiopyl protocol that can
L hteg.act i | [ r rt.ai n _applications, .
s LABRAAT Ml P, i, P OB ¥anioms,
whethet ot hogused|théppautidaligs BxampeastiinRAs indteddisiefigp@dtocols (e.g.,
set of drugs and a set of, excipients. [0032] As used i
shagistegm fastinge lqngrigrm fagiinge pingleanedl Per day, mellinla weals per day, caloric

t | c 3 . i 04 i . i . .
R A SRty KO SAIET Ml s i i
varyingt metabolic sobstiate domhesitiqresiit pinaiday activignpt eserofse protocols, or a

r .|man%|nﬁl ude nmeal protocols (e.g., short-term
com 'i“ﬂbt “¥Bhg-term fasting, single neal per day,
ul FO(BBFA@E@eﬁ ReEind e lt&ﬁ{ @‘h%e;é%lﬂérﬁérﬁackegéﬁ QéIS Sat Pest configured to

meal , self-feeding until equi rium wel
evadgaieblchetactiristindf dibislegivalt drgamisyi g sorteabsthnaes, a measurement can

re %rlrjg)f %t{:%%(ée’n%%‘%ﬂg Sclescgﬂg}q%itf:% Hﬁt‘ré}%lebq? _ca:q,t)}l)l}/eldt% g rbicﬁ)o(gigaﬁl greganism to
produce a measurement result. A measurement can be applied using any of a number of
functional, biochemical, and physical techniques appropriate to a particular measurement
result being produced. A measurement result can be indicative of, for example, a
concentration, a level, a rate, an activity, or any other characteristic of a biological

organism. For certain applications, a measurement result can include a value at one or more
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[0033] As used herein, the term"neasurenent" refers
to a test configured to evaluate a characteristic of a
whembospie@l organism I n sone instances, a nmeaBCF/ER®NL/038882
can refer to an experinmental or clinical test that can
tinR; APRsbRA: Bloreﬁatl% HPEHsE A a QhRIBRVEN ﬁl‘i’le E’ﬁt@lqi‘df: eanfélbsolute or relative
measurement result. A neasurenent can be applied using
deemyseah aavalugrbesr aofime umietviabireal gvetrgechbre eahinirawma value; a maximum
si.cal techni ue appr.opriate.to a particul a
vafhgn & et Bt TR GO dudatniv Gt Sre pelow o curve when
valu@s dhd ]gl‘é?e@d BRnk r!td%ﬁéﬁ hXi8 (@fgt, tfRE); aX 3 &Hov@ a curve when values are
concentrati on, evel rate, ‘an activity, or any
plastedealongh ar&mnems te-€-» dfm@ 19 lo.ﬂtt@gn onltrepd gaamcmd ﬁmh a curve when
i cati.ons

v AR o BN E RS ol (B DR il Gt L ol ¥erage rate

of icREARANCa vilud, ¥ Bluvatuey B8soBiatddRith Al WlNER |4 mdfbe RTahsthees a value
or relative decrease in a value over a tine interva

exeapdavercags oy fllsdelay anotheruralusmiewss; 2 baseling Yakwe)\eakre time interval; a
mlhrlg{gngﬁﬁf owﬁuae%r{gvé/e%l HFalué 3114 DRotfidr vER pe1 {%lgme\éﬁ?‘%sgle%e vegue) over a time

en val Ues are
intgiveB . axisnufe differerict e)weean edled and avehe \iallue\/@ gNh£ Basehne value)
val ues are plotted along a given axis (e.g
OVEfat R IEF Vel ertpraaliznd valee wsealedhvelngve sm@twab mqassge associated
t Y e
wi %‘ﬁg{égo %gqu\ﬁlg g)?éeg%ina%g?rg‘glgﬁtrug? gg%ngéth Fﬁ)reseﬁ‘?ﬁ% orQiationship
oftmb oemoee Gluwesat ur e associ ated with a val ue; a nunber

nces vaI ue _exceed ; or falls.belo
anotlﬂ@“ (léefan the {5506 (Y a@f&{ aaedo%vorgleffta%ww a therapy
refef3it8 raVcﬁhlaracﬁ:n%é"ﬂﬁPEﬁnd{béc 486G REE vARI H\Eﬁ'ﬁcﬁaﬁ’ﬁkﬁ&ls@'@the therapy. In
anot her value (e.g., a baseline value) over ‘a
soing tiestangks, acbiomsakemion dilfefapycqangcfse toe eharactvmmeharmn be calculated

fo et Bugish it B D3RG = Darlar lep G psg iSTogica orgeniom

to ShethepdpyC aBidRARE ©aB O pleicEide Wit diffBrewBhdéBonseE t8 a therapy. For
quantity based on a conbination, aggregate

exgrapheeBiomagkarppan be pradiciivie owfﬁfeptl‘(ﬁneﬁw\/bmi@glmi rastividy,sesty, or side
eﬂ£89§§L @sed herein, the term "bi omarker" used in
connec%l Howith a therapy refers to a characteristic
that can be associated with a particular response to
Conyguten Systpm. | n sorre i nstances, a bi omarker of a
cteristic that can

t her nrefer to a char
cal 4O 30 biilugtrgses PSYFERY aieqligfézﬁg@m fep FQW@%tero%YStem 100 that can
be BP%{&tln%c%H c% it sdnfre 8ANGEnf tst&?h‘pin‘%%ﬁ)[ﬂi cap 1e camputer system
ganismto t erapy. Biomarkers can be pre ctIVe
100 fincliddsea pmcesrsels ﬂ)@hszemaimmmdng rl@pyand-o rstaﬂ:manﬁhex;y 104, which are

0 ictive ffectivenes .
cog e Bt a0 o copuisipm B0 Sbg Siides By ddey digplay 108 (e.g. a
lighf¥e&Ryl dispap gt‘]%D@/&t & Bald83%hy le (“ERIT™) %%)[ %?1 Which a user-
syst em bl ock™ di agram of a conputer system 10 can
mtbtéa@p@nahaadlslalnyabcahd anmeuwr tshistemni) Oefvptbei inshtdes cah alpte-numeric

1nput \(/13\%('3 ?1o (eTgh,ea ]({:ey%g d?r g&recontrol device 112 (e.g., a mouse), a disk drive

unit 114, a signal generation device 116 (e.g., a speaker), and a network interface device
118. The disk drive unit 114 includes a processor-readable medium 115 storing software
code 120 that implements processing according to some embodiments of the invention. The

software code 120, or a portion thereof, can also reside within the main memory 103, the
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100 includes a processor 102, a main nenory 103, and a
static nmenory 104, which are coupled by bus 106. The
w@ovpisae0 system 100 al so i ncludes a vi deo di SpPCHYSZ08038882
(e.g., aliquid crystal display ("LCD') or a cathode
précd¥sok 402, ér KL, Fofl bRl MppIRAHYEY Gl DNSEE LAILIIPER BPRansmitted
be displayed. The conputer system 100 further includes
or gaseivied vie thametwark imeréacedevice 41810 (e. g., a keyboard),
a cursor control device 2 (e.g., a nouse), a disk
drive unit 114, a signal generation device 116 (e.g.,

Méths96RE® o Amgki% NRitASlie SubstateCaligfyd-e 118. The
I sk drive unr, I ncl'udes a processor -readabl e )
medil4P361 ¥cording g sns1e warhediraends KfOthehinventiqy, emetabelic substrate
utilﬁ&ﬁﬁa Slé%rpn %e%sé&és%# {ﬁg\%l O Srﬁéfgo%%g?}g g]iﬁ‘?gctll%gﬁ{ain%%l% relates circulating

nven e Cco

mdtdboiie ahbsteanleatls fe.5.o8loda 19velhdMmefaBoliRéubsti@BD 1Y nddddholic substrate
t heprocessor 102, or both. For certain applications,

oxidqlon satesa Metehadie subgrata Axidation sHenran el represepiediip @dsolute terms

[ ' ewvd . [ .
e, Bk BF R0 SRS o b R AP of Al o i
relfiteotatinegletgn Ractneobdilnerigy etpdndfuicnassodiated,with oxidation of a

net abol i c substra{.e u}éi | izatign can bhe assessed using

PAHICHET H¥BB| YgiPetahatic quattaDat ikl jreihodalogy eanr b agspaiged with a
B St o1 Sy PSP i
oxidatiers baded tambayhilabiBiylye tcarobydnated and dats pad e setodmétabolic parameters.

represented.in absolute.ter e.qg., .rate of oxidatjon .
i SBLSHERein v RGe YR inalidi it Titapofh RmamelF it chorerizes o
sulsjEctNOpratiRposdtion bwaRlAb NRAIesNBarbShydrates 626k, OMhO%et of metabolic

total energy expenditure associated with oxidation of
parmeiars icaw ke inglpde afseepmdapeirbalicspysmeter dat clttracterizes the subject’s

] 0 c e associat. wi-t h .a.mat hemat.j.cal .
res elé)sﬁl\g%l%% g i%n%ggget e %:Vg}‘lr%béﬁ& 196 CaRRYELeS,, ar%fatr 8f gmetabolic
padxiettat cam fiatidr indludexd datd @etabelseparamery @hdt dBhdabiediz&f the subject’s

carbohydrates and fats and a set of netabolic
TesPARSAYRNCES 19,2 chaagsiatavailability 5 &ts.c par amet ers can
i ncl fi i C [} Z
S (L bl B O3k oP R AIENE 8 Bp SUEAR i %88 ana he
sulgjectiso pyddiispositionr addatespordiecnssd, the folloalad iequittmdNBinebs used to
can al so incl ude second tabol i ¢ _paraneter that
charpciprieq Tg‘F compelitinn befppeaqarkohydairowdiationagd fatpxidatiange
in availability of carbohydrates. _Fhe set of netabolic
par anefrgdtion 0Aenekyrfidnefat bpﬁ@dﬁade-a—-lfhi_r_d_ met abol i ¢
paraneter that characterizes thersubpect's
responsi veness to a change in availZability of fats.
[0037] To capture the effects of avail abili ty(%ﬁuatlon“andz)
car bohydrates and fats and_the subj@ft' S
Frein sasrey Bangwaodsivnddaiensss; e ol | owi ng
equati ons can be used to charactref kzeGffhe conpetition
bet ween car bohydrate oxi dati on and fat oxi dati on:

whefAC képeenSNBE NormbRFBd FlasX | hitdos® Roncentration (e.g., plasma glucose

concentration/5 mM), F' represents the normalized plasma free fatty acid concentration (e.g.,

plasma free fatty acid concentration/500 uM), s, represents a metabolic parameter that
characterizes the subject’s responsiveness to a change in availability of carbohydrates, sy
represents a metabolic parameter that characterizes the subject’s responsiveness to a change

in availability of fats, and w represents a metabolic parameter that characterizes the
9
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FF' +- G' 2 (Equations 1 and 2) -G fraction of energy
from carbohydrate oxidation= F G' 2 where G
WO e@sesami s t he normal i zed plasma gl ucose concCROIL/DS1000038882
(e.g., plasma glucose concentration/5 mV), F
represents .t.he normmli t '
suble e Bretritits pER e FEEreRb e Rl Gidistet of Al dhydrates or fats (a
fact6P BE ONisr b iuded $80coriViniesce).e [ esma tisstancest thb mhdtabolic parameters s,
paranmeter that characterizes the suhject's .. . o
andrse 6pbERETErROTkLS SERSIHVIEHRAERCHETS aw%arbgﬁdrat? §xigption and fat oxidation,
cal \Y i . .
AP SR R SR a8 8L Bhb ot
chatddteizad 4 g&idlgibﬁ)wdiﬁpofsiaibﬁ toveards varbatpydese nxidatomet fabotiflation.
paraneter that characterizes. thesubjgegt’ . - .
b 03RS Fe3HFIR POFABIORE 1y G5 PE ST B (2 i beein oxidizes primarily
carl?c?ﬂgﬁ?agéso %P@qugﬂﬁ&@Y diat£abe lALS 16 Veb@eOthe Vormpetifon between
incl'uded Tor convenience). In sone instances, the
carlhatiydhund ioxidatiommatiefat osidation dmmemainingsiiesnes.t d.etting B represent the
sensitivity paraneters for,_carhbohydrate oxidati and .
fraqtin ShOHATENE PREPLETP o PE TR (ke HBTEBreLy 815 der resting
contﬁ {REE RS follow Rk &RAAGSRANE defivad et AbbemtExpar amet er

at Characterizes a genetic predi i;osmi on towards

car bohydrate oxid tsorfo%RQat)ﬂex@.ﬁla
rtvga

t)i . 003 F
cert afd¥ sFthalegmnd 2) 7 Ido?haE th@%?@érhg’)

gxi di ng pri mari lé car bo ;dﬁg—t@,sua d Equations 1 and

e t i . i t] . ..
whs A ParEe s aaERgn DRt C ST P DRR I Bqpation 3 isin e
forn! 853t Gfows &hd !apglri%tigﬁpéfel%ﬁfgssi&'ﬂ enhla&t (), WastQfudtes analyses) to

ener gy expendi y the brain (gé‘?., appr oxi mat el y
cal@ulats vahue of e trietapobio patiatictms ye, st ed 1obdsedionghe gommdlizad plasma

can be derived (see endi x): sh - I . = | ~
glueessy 3?1?%}3[&@}0%%? enﬁ%{)aﬁ)léfff é’;{%‘mas tﬁieﬁ efaltté’ g %élg\g%o&cgnt%fon, and the
resBiRbElotie= 1 09 . andF = logF . Equation 3 is in a

orm'that allows the application of regression

anal6038k f(@._ P illustratesta Howanher fanasspssing metpbelie subsitate utilization,
val.ues of t t abalj c. t / :
5o S S ATBAT A RRRGHEL 5 koo e MR pas

gludSde Bk &fFhtibh ABEBdshrRefrdeafulty adld iconcnmaton, raat it respirelory quotient
the respiratory quotient, [0039] FIG 2 illustrates a
of fd ewbjettaist receiveds s & sha dllwiatedormbodimsat r figedata cludes a set of

et g 5t Gy O S gty ai
concentration, and the respiratory quotient of the subject, and a set of measurements is
applied to the subject to produce the set of measurement results. The set of measurements
can be applied using any of a number of functional, biochemical, and physical techniques
appropriate to the set of measurement results being produced. In some instances, the set of
measurements can include a set of clinical tests configured to measure the plasma glucose
concentration, the plasma free fatty acid concentration, and the respiratory quotient of the
subject. For example, the set of clinical tests can include biochemical analysis of a blood
sample drawn from the subject to measure the plasma glucose concentration and the plasma
free fatty acid concentration. The set of clinical tests can also include indirect calorimetric

analysis of respiratory gases of the subject to measure the respiratory quotient.
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gl ucose concentration, the plasma free fatty acid
concentration, and the respiratory quotient of a

W@ pes120 s recei ved the illustrated enbodi meneCT/UR®04/038882
data includes a set of neasurenent results of the
p| aj@@l I GO%E 1ﬁ§l§1’i’c§%§ttgl 08 mbhEr@haRiRad Erﬁ:‘l.“ucfe%&%éurements that
aci centration the respiratory quotient

aret :l[j@hsdl bj d€ferenameasiramentdimase d%ws,doeerasipls, thppdtiof thehoirements can

} ect t.o produce the set of npasurenent resu
inchide 8 YNTe P8 QuTBIREINES it BECoR T B0 THSPGTeRy. oFheirt set of
mé&Hﬁ&téﬁ{em@f cdnUBEt 4Nl s atPh OGRE MG R remnd iRy & ﬁ&duce a first set of
techni ques appropriate to the set of neasurenent .
meagwehiest besuhg qir thd:upbslmal glusaspecannetizations the Ipdassmt freé fatty acid

coaqﬁ%%iaéenen Cxiaqg}g%&é(ucfuﬁggrﬁf gbﬁafflré r&g% Cu'a‘rilnentt %me The second set of

m&QaeRRhis ah Wb aﬂﬂlﬁdpitaaségéoﬁdl @Rabidbi¥nt®Gie to produce a second set of
concentration, and the respiratory quotient of the

m@amjemgnt rgsults extaths! plasmegluease ofoneeniration) theeaatl@n@aﬁ'ee fatty acid
cop it SR RRT PR Bk ARG e, 1
exEPRe el fidst ﬁ{éaﬁﬂ&nblﬁtetnﬁé as Hferdre drdnd e/ seehd measurement time. To
concentration. The set of clinical tests can al so
allpcthe @eplicatipn OF regrassiom snabysps lbigseyisabde Brat pae pr m@ p{the plasma
r r
s A5 S5 i BT RRSALR Lo S50l AERN ropctony qotn
unde@s ushangsst Betovaen idifférenie neeasemeaitetinss. t htalbngrthlsamghndedhe set of

at different surenent ti Thus, for le, th
mEYTeRe 43 PEHE SRR (17 e AP lied; Paskprépqlally; since values of
th???a%ﬂﬁ ?ﬁfc@gé c&ﬂ@nﬁatﬁﬁpﬁ{@thﬁgﬁasﬂ'fa ﬂ@@ WE&ceﬁﬁﬁlon can change
rst set nmeasurenents can be appli d at a first
consdsablynaidr 4 imealt o Thns dfec ecxambie; she sset off mpsasumetecen include

results of the pla | ucose .concentr at i he

g Rg o Al P A oA RS AL R SO O -
r esnpofal Qf(Wstéi)UZUZ' ehe@ivelvafies bf 8 bet P ARMABRING Pardnhdi®s are calculated
The second set nmeasurenments can be applied at a

fos thearutijenbbasad @neth@ datanelnt the plentiated embyslooet, sespeaiive values of the

asurenent, results t he pl.a ucpse ..

AR P RER ST x e PRhahdt PuBRIR ot 38 Gubiect based on the set of

mé&RReRRhT 2éuR® ofathé bhembesintdsat ntesttifioheMhe Plashide free fatty acid
second neasurenent timne, this exanple, the first

copesghienemmd the respistenyTquotient of tsniublvet. s de aieticular, the normalized
oG Mot Enft d A0 B Bl icp Yl st ppgpiration e

calmﬁlaltdrdeb&b@mathglsec 0$ meamemeﬁtr &tsultm Nekt aptegsssioh raaalysas (e.g., a
fatty acid concentration, and the respiratory quotie

1ea§ha@}a&?§ PRlsisL S praformer torcelcplaterihe yalies, PE #@nmeﬁabwsparameters Sg»
sf, 2h @095l Sn fh% ifalidd %é a %gccﬁg a3iet ﬁﬂbﬂdﬂﬁ&é@}ﬁasma free

neasur enent s at are ost - pr andi al si nce
fawyahmés:oncfentrb’emplaadrthe g&spn*aisey qurtiecant hadononinatadcdshéne values of the

lasima free fatty ac concentratlo can.c
SRR 55 o S 2R COMRRROR OB RRIHSAG VAl oF dhe metabolic
paffm B3 IsE Hﬁ&‘%ﬁ e@Nnl a%éé#—@&ud?@s%%ﬂ%e@ BadSor} ﬁehgapfc@auon 3 to the set

appl i ed®bAsed a nmeal test, such’as an
of Ateasurepe@0Bsulisespecti ve val ues of a set of netabolic

par a[H&{ﬁ rgdv%glteaggc?uls‘fl',” tee clillustrated embodiment can be used to identify
characteristics of metabolic substrate utilization that typically cannot be identified based on

simply measuring the respiratory quotient. In particular, the value of the metabolic
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for the subject based on the data. In the illustrated
enbodi nent, respective val ues of the netabolic
w@aranexier s s , and w are cal cul ated for the sP@J/E81004/038882
based on the set of neasurenent results of the plasm
pai44SE RongRAtVALS % sutj&t Rl RgiBsiveRgs f1td )éhaﬁfgb dn availability of
concentgratl on, and the resp| ratory quotient of “the
cabobjdretes, the paim |0tfuﬂharmetahehmqma:rmmeret} pk asdeatiteuobgbe subject’s

concentration and.the r ma free fatt
regOng RH A P PO ATAIROLHTE GF e A0 AR tsh of s Taetfbefic parameter
w ﬁQﬁ&Hﬁt%Qﬁtthé Sibjct’s prd¥gspbsitidn tRMHBS SkiaicH G dé?dcﬁ‘lydrates or fats. In
a | east-squares analysis) is perforned

sudamaunett thetiBestrated rmsbasfimetecangroide urd‘opmtmetegacrdmg the underlying
t he ng | as | u
ca B L AT FSme R B Pl R I REE ot 1y aci o
concentration, and the respi ratory quotient. In sone
I nst ances the vaI ues of the nmet abol i ¢ paraneters s |
L il e Methedelagy] t o "optini zed" val ues of t he
met I
3?6’4% nglr‘%éé@t@@%@eéy Bistoed 12¥le eh i Pofommerpys apptications

wHei’tenﬁeiboﬁé staate @iteation §idys tasrold. 0062 bxahthlanthageatsdotogy can be
the illustrated enbodi nent can _be used to identify
usehin devedon aitherapy forneaiing) 3 metabplie disordasy puchzast @lzﬂqlty or diabetes.

D La ttﬁ’é?égﬁa{%lgé/ov% fgce&e thd ﬁ{éiﬂofdbfo%y%ﬁ% Qgédst{onﬁgé/s a candidate
surin ere ratofy quotient.”In parficula
thera;tyu do afetd:dmmermﬂmﬁrat ithe amadidbier therapy hasddivedti ore m‘tﬁret:h effects on
ect s res onS|ve ess %}g a .chan e i.n avail abilit

mbiuE sl SgaRon at i HERARIABEF Lo o fe fgiermine the

exieﬁt 1\hieREh MG eOh rhé’tﬁbﬁibbduﬁgt}a@ ufiBSBA BhAANRSHe E&hd?date therapy are
hange in availability of fats, and the val ue of

dun”etpabltﬂnges pa magteltadic wabsyaten dvailabilitg diangee ig Lﬂlp(hspdsstlon towards

redi sposition to idation of. carb drates or . ...
coP RS R SaiPhf el Sxifhlof chfieS mGRERBU e T elebility of
caidoRYdrdRs bnfaey, BRA b&ﬁbfn@ﬁé‘ﬁ tHeR@f! Rer SAEH1d, Yi rﬁﬁly B@H‘@s?ﬁbléfto identify
diftferences in car bohydrate oxi dation and fa

a egeiidatel tharapythatiastst asoms s‘@ftclt hley ﬁ)@ﬁh@j@bd@}anp@@weﬁ'eemh@rbohydrate

oA AR PEYRE) PRCraRR el PP uieR R el Rl o terapy

as Qt' aypdtol” rabel oﬂf@éteﬁiﬁﬁﬂﬁ)é @whetH&ﬁ tiee tARERIL® WergRNatiects! S8les of the
to develop a therapy for treating a netabolic
medﬁ*@%lﬁd’étmeé%h&s ¥sity or diabetes. During a

t h )

° 100 S 850U oRARER T L6 P TCOLARY SRR b, e

met]anﬁﬂmmztcanﬂah esaity impientint éet therapy tbdtirdm die métﬁ‘@cﬂtcsdlm”rder During a
netagollc substratiﬂe utiljzation articular,

COWRSE 76 BP GBI Ah 5 hereRY: Bnefét%totﬁaar aprhe used é?nassﬁﬁﬁ the therapy to
detg%h{iﬁ %@ﬁ@ﬁ hd MhdBpARRk! Girs b&t 'il?&tteecﬁtéffebt%abﬁ OeMBSIRY substrate

e candi ate therapy are due to changes
utitieatamo| Incpatidin diemetmidoligy| danybe tmshdrtg eletemmme the extent to which

dsos onto rds,.car.bo at on or
e it b e R aR i 06 OF haRY |5bidue () changes in

me¥bolic substrate availability, changes in predisposition towards carbohydrate oxidation

or fat oxidation, changes in responsiveness to availability of carbohydrates or fats, or a
combination thereof. For example, respective values of the metabolic parameters s, 555 and
w can be calculated for a subject during the course of implementing the therapy to

determine how well the subject is responding to the therapy.
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carbohydrates or fats, or a conbination thereof. For
exanple, it may be desirable to identify a candi date

w0 b@sagi2d hat acts as a "switch" by shifting tPer/US2004/038882
bal ance between carbohydrate oxidation and fat
oxi i The. I . [ f Yech
cand] £16nd UEEHASAS ASY,; GRR, B WSERid:"s ALY, Yeckltfing to an

embbéinteas of the mmndmd afestefn ﬁ@@; ytradtbd chlaes/af aes oﬁﬁetabehc parameters
nmet abol i ¢ paranete

and 44 uent
arep Galepdaied &pi wbﬁcf h%‘f”é%? m%%bOEIF é%éiquvﬁiﬁg[ %w{ag tf?‘ trcaled values of
thedihe? %rfqﬁét bél{e dEhBeRole X &fﬂ@gm&s&%ﬁ&mm@k %féeﬁfbjéch Gbsent the
? at the net % isorder. During a
thegap. sdnofhel mnlste:rtedltamh@dhhmt,t k‘@pacpwe tultecabeslt Malded @@ythe metabolic

can be used to ass term n
PARIRSIATh & Spghecs HEetog ot i FHube: (2Lt & SHhpT meAsireient results
of g% %%gagéﬁekt EcBntititioh] &Rt hRSmA P& FitGUAEA  cohBéhtration, and the

can be used to determine thé extent to
resphratohy qlnsiregest the sugec ipobi © apphdng thedherapy.i zat i on based

o0 0 T BB O SREREFR RS0 Tob gy com e pptia

usfh ViRl Ast & Hubply AF adcBnipbs] alut® s Wraliyatvi® Xhlﬁh@dtioﬁn intravenously, or a
anges in responsiveness to_ availability of

comhmatmxy theseads TopicrHy. thempalt@@% |effa@tn@rquﬁ ef thefthergpy is applied to

the su %r%%} Tge gieg g)%{ltlb a?lg e?} S (gg e Ql?bg%cw s uue gﬁ%%ﬂgto?%%umber of

ph@ﬁwcSE)ngalteﬁmhqmntl ng the therapy to determ ne how

well the subject is respond &{etothetherapy[004]
F1 IO 1A% Rt 50 rcatef NOWOE RBfhe SobpT Hekibetiy Rgragpeters are calculated

t41,0f
tof 5, BibfectF TTERAIE 08 FORTDANLITRR 0 ol BF IhUE] Bltameters are
asfoaiatete waths aacenditidrc of athe dsubject dasadbjacthehtherapy. a In the illustrated
nmet abol i ¢ di sorder. y cal I t he 111) {great ed val ues of d
crpRESR SeePRaALGFiIed JaEReRiofhe HelOLS GRraRe e Hsgand W are
caﬁ:ﬂ}?édt fdi’r{thsu%@t 54480 @l a @%Wbeﬁﬁﬁeﬁ‘l&ﬁrﬁﬁ’ﬁms &Ptﬂehﬁasma glucose
ustrated odi nent, respective untreated val ues of
conmmom tib¢ iptasma rfmmb‘ey scid cons¢ntraging, andathe respiratdrptqeatient of the
for t b ect basgg ﬁ]g a_set of neasurenent results

sufject; Eseﬂlu AR 2BRIN0S H&ntration, the plasna free

f at tigo4H]i Ak G886 liFeateldRluecd b thd et bEBidtALRdLie rp‘}irﬁhb@érb QY compared
of the subj ect prior to applying the therapy. [0046

wijkt thetuspre@ed valupeof the seiyf mejahabis pasnaterst Fethsbjsieated embodiment,

o B R CR RGP e B2l 8 OHBBSE 56 e

valueh bEHRNAsEbic fiirardeteREDI spahd on TYREAET effa'ctﬁ/leﬁ@k loy thextherapy can
therapeut| cally effective dose of the thera

bea@ﬂ@mme basel onsdibieesnees (Fhanynstwgen theckied tVP &#méwf {he metabolic
U5 S SR o BB et . o .

THqueadxedxanqilegeBas@ﬁ drhe differente hetvadenl ihe peatadhwhioe sofathe metabolic

cal cul ated for the subject ypi cally, the treated
papaeiEs wotnd e witealed Yalspb |ﬂpecrrﬁaarab He theFamsiprew, the therapy can be

determined to be effective in terms of shifting the balance between carbohydrate oxidation

_O

and fat oxidation. As another example, based on a difference between the treated value of
the metabolic parameter s, and the untreated value of the metabolic parameter s;, the
therapy can be determined to be effective in terms of altering the subject’s responsiveness to

a change in availability of carbohydrates. As a further example, based on a difference
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associated with a condition of the subject based on
the therapy. In the illustrated enbodi nent, respective
wo e@ansxd2val ues of the netabolic parameters s PCHIUS208410338882
w are cal cul at ed for t he subject based on a set of
betfRRA Uhe Trited" @a":lH é nidiboRk 3%%&&1“90 the untreated value of the
concentrati on, asrm free fat cl
meiﬂraﬂle phraatdters;, t]amﬂhetdpg cmeb@ detaﬂrmnyd tqnubﬂ ¢ffavtivein tetres of altering the

ect supse n erapy. [0048] At
S“@F psrﬁ%’ns}t"le’é%lsg‘ﬂag E‘P 6‘%/ 1]@%1(13 met abol i ¢
par §osiog"As %@th‘é?%fn%ﬁ: VW hmEﬂh@dMB e%e@evﬁée‘de%roﬁlagmosmg a

t he set "of netabolic ararreters g{’he illustrated
metativdidi disortier, tsheh tas e&teety vnldisbstesf Ilnhparttemlalbabspsctlve values of the

nmeters s and w are coppar t he
e arreRs necotid & g Mot Tot Aosdifist T on o set of
meb¥irefRhl Yesufth f GCHHevBRESHE @hicdsh eccﬁﬁ&{tﬁi@ﬁbn(?@lﬁb kiﬂaasma free fatty acid
determ ned based on differences (if an bet ween t he

congeatieiaen, \aafl thesrespiratory quetieioff ite yhiestreNexts the calcaipiedaypdues of the
e untreated val ues, of I net e
bt BekROER 5 B e S BRVARD iy BRAHER o8B Bt metaboti
patddeetérs @gtsgdmdal. Uﬂ“ypfcaﬂﬂ&hﬂﬁh@ﬁﬁé ivalupaba et memmeb pzﬁﬁmeters Sg» Sf
untreated val ue of the netabolic paraneter w,

angl e a@p@ssecaﬁeé &itfet epndifien absnba n@ﬁtff@élﬂ digorger, ﬁw phealthy or a
f
noBlhf ohfitich B BUANAE RELACHL RIS REELON! pRbOMrs 5, 55 and w

canliefidhebecaboat beThe aretdbotic tifisentee danviad diegmdsedl besedenadifitriences (if any)
araneter. s, and the untreated _val ue of the netaboli
beﬁ%ﬁé&@? &pleglated; Vgt Qﬂﬁgﬂ@awlwepaa@?sﬁefﬁ Fre @ B0 ppand the baseline
vaftleh ©¢ EHeYﬁeﬂa’Goﬁce{)%nQ{er@} ter idiowt M&wus Ul %ﬁﬁmﬁle based on a difference
responsi veness to a c aﬁg in availability of
betvegehchy drketiksed Yalua of dret Metab@xcapmetebaseud @ire baseline value of the

el R PRRE e D IE L B o0 4 BE00R ¢h dATEEaO R palince betvean
caRdh§dteSbxidhtior ARd LREbRAIIGAN AL 28Rh&! B @fle,! Badh® on a difference
effective in terms of altering the subject”s
betwesspohe icelenkatasd vadue o ﬂmgetabﬁlcap@rmnamr Isi tepd dlie pageline value of the
9]. As th th th
ot neRp8Ph o b VR0 ey Do € pEmeE B RGP or over

regponélv@ et @Bama aﬁildilﬂflhtyr (ﬁ'&féﬂﬁihbf&ﬁtéémfu@ﬁ fodthdrample, based on a
net abol i ¢ paraneters and can be cal cul ated for

differengs) kegwegsnibe @aléhlasﬁdgélueaf thﬁe%@b@h%mram% sragd gle basgline value
e t{he fr
of $hE LR TRARENAETEHE (Bl carl S1PaRLANIE de'Eg Bidefresponsive or
oveBfespotzjectn.a d‘tﬁnge int MHE‘tahtwtfath‘ed Ivisl coatengflated éhat the methodology
nmet abo) i ¢ paraneters, s and w can be_conpared
capop HsElase FiAgnosle tféfsma%lem%e%aa@wceanp%@féﬁ@pmmg
and ofyRd C S n of..t h b
a0 10OV e efind Shé kR Ry Okah B TRIADOM Crediting
efﬂbﬁmm’essaoﬁmﬂmtaplyl for ttezﬁmgckam;etaboilamdlasrdar fsech ahgbesity ar dlabetes In

nor conditio For a t he baseli ne val ues
oS QI Thore B L OB ARt LA CRLRR 28 & blomarker of
th%ﬁ&ia%pfy% T elib%usm&ﬁmiﬁoa ALK/ (e perfiithel o ALRANNR SehRR? @fe or more

nces (if
of the metabolic parameters Sg, S;, and w are correlated with a particular response to the

therapy, such as effectiveness of the therapy. For example, based on determining that a
relatively larger value of the metabolic parameter w is correlated with a greater

effectiveness of the therapy, the metabolic parameter w can be identified as a biomarker of
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bet ween the cal cul ated val ues of the nmetabolic
paraneters s , s/, and w and the basel i ne val ues of

wo b@sostiabol i ¢ parameters s , s/, and . Thus, POF/US2004/038882
exanpl e, based on a difference between the cal cul ated

| . li i .
the YRSy 3h <DRE iERARS ofecRRLATEN Glis MrANREASELT one or more
statibtieginesied Sistidtiawl fegtsahat cdpabansel toeidenefy cardiaiondeaat mclude, for

oxi dati on and fat, oxi datj on. anothg&wexa | e, hased .
exagtple, TgETOPEoR ARRIYHE 1aRd Rk (e RHeR | 'stte oy 2icQulagee il a particular
saffER IR £cARRE) horBBRlhbE BB AN lnt O o enied
basad ohefettgmitiniethat dspaisilatnaoefiiceant dglsomshnen patienlar range or falls

change, in availabi]ity of carhohydrates. . a further
aba SO b REBHnG oo (R PR 06 CORTARIL I BoieRs Al igksdpoduess of

iYGeafh t ' inafioRNdnd Rpel@nd! RAS Correlati
ﬂtégbﬁgmgﬁm%ﬁgyﬁgigg%¢$§mgg?§%§?§fls?f theﬁ?gbject can ortelaton
codficiditagnosed as bei ng under-responsi ve or

overl - rI. onsive to a nge in.availability of, fats. .

" s Ep B e pto bkt HehBisReraty it D1 1 Hedtoptified as o
biofnat R WTARE itler O;sg;stsubml SERARRH chi b8 URbY Sh GluatréusOfppliestions. For

or clinic. [O 0] As another exanple, the nethodol ogy ]
exapapie, raicly acdomerkep carlibetised) te flgvedan tl@rfh@r@pmffmatrﬁﬁmafgy metabolic

. for treating,a netabalic di sorder, 0 [: .

sl R B DR O SRR Y Blprcic

dedad afRFRétSveness @NtheVtheRPy Sor Vieut atbjectopemik arclinical lgal. In such
therapy. Typically, correlation analysis is perfor msij

manperdBich il pRaker eHEPe Bied a8 AN iGN ot Helusiansteyigto select a group

I .. L. sa r 2 | i . .

of %lgb,l%%gfgf fife cfhen%%ag trial’ %]%ht & tﬁglgg%ag ’tﬂélﬁééﬁ“i‘g?gt Sibjects that are likely

to @fpendtwealbtdhs thetapyh eSubbeuapyto devsloging i terapgsewth arbiomarker can
det erm ni ng thﬁ)t&a relatively |ar

r..val.ue of the .
be psech b Lmplepspt st Berapyite ¢ e metapolip {ﬂﬁs degr e]‘é’t particular, such a
: td hgt o LAIE bgdd REBY th
bl el e PP SRR o TR, e BE KBRBRhess of the
thesapyefor tist anlgjest, mosuck|mdrinen sacta kb ysomanken carbpesddobyrpliysicians to
based on one Qqr re statistical tests. Statistica
Sel_?‘éﬂﬂ%]e th tht augrdt g‘})tl‘,?er%POP Wehéfl?rfeftber@w'rel ation can
I nc l[M%Ql AlsQhoh¥AERIS e, TRINREDUOIB R B ¥Shsedap ClasdfKsubjects having
correlation test. In accordance wth a particul ar
a ra¢tabpalist discrtler, sueh as obenilyedraditloniesc obf particelat, respectiee values of the

term ned, and correl atiop can identifi
meBp P RS Hie 1 PR o PPEP RSN Ao e ECIP P80 O a set of
medhirBbntardRaltd o€ UWhal plagig &losé aohsentlative, €He ?glsmw ftee fatty acid
basel i ne val ue. Exanples of correlation coefficients
congepiraiinm, god dhe gespiriory tquetienti oft thatapubjerint Vegjabibty of values of the
ficient of det ' ' ang.: dentifv di
B e B SAT T P SREBETR0 B0 ey airen

subdi@sesedBadldcts. PRbABRARPIS, Sne subclasaiod sabjects danthiafé eelatiwely larger
a biomarker of the therap such a bionarkeg can b

valugear the pRipholis PaTapEFY v gnotheg subglassfeubicgie 728 have relatively

sm?ll&rmarhk(eg fof Qﬁ‘n@?&bgﬁfgaﬁﬁle@f%l RRnliREN IR [sBbclasses of subjects
g met abol f ¢

reating the
can be useful to determine which subjects may be more or less responsive to a therapy for

treating the metabolic disorder. Also, variability of values of the metabolic parameters sg,
s, and w across the subjects can ‘yield insights regarding possible defects in metabolic

substrate utilization.
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di sorder, h particular, such a biomarker can be
cal cul ated for a subject to predict the degree of
wetdosositzeness of the therapy for that subj ectP@Fr/iUs2004/638882

a clinical trial. In such manner, such a bionarker can
i %‘% ABtHep Qké&ﬁ Bl‘éntlf%rm?t)ﬁghé’iﬁ%}p Barf bt tu@éd & :Ss@ess side effects of
sel group of subjects for t clinrcal trral

thesapdés, tsheit ad ptetecabe mhdatom foratireating A@mged Inuivne d]?esﬁctdmay Syndrome

d |1 h Sub
R0, &8 wiiglat REPERLvGopted: Gtberp e FETAPRHS SRR 55 55 and w
cat‘r' B€ galEﬂaﬂeH% edt BEsddNB! AR otf%etaﬁlﬁ@lheﬁth%sﬂﬁt(ﬁ BRd plBsma glucose

di sorder. particul ar, such a biomarker can
conerntratict, elwb pb$ma fizg tfp@y: tamﬂa:opc@xﬂnatmn,ta:nd tHe geaparatmry quotient of the

st BSE R o 0P ReeRRN: b cbel biEANy Sitip o2 g metaboic
pafflefit sgs, E‘Phﬁ& ﬁvscafnrlfét cofiffaréd HethYbablink QaRRE & R MetaBolid'Barameters

t herapy. [0052] As another exanple, the nethodol ogy
sg,osaranldev uﬁ‘eulcaﬁy,cﬂlaévg$¢1mewb}ee of ghen amtabgha PaEbos 56 S5 and w are

di a e ardt i cul ar
e PRV e YERIBE SREF R PR AR IS Shelhey s bl the baseline
vaRi§l ofthe aetiid] e Pacdthearte f.s? ran@ 3cbarsedoh ®6 abbaSIE AT siAe offect of the
set of measurenent resufts of the pl asma gl ucose
thesemic ezt baridestified lbéseﬁh %ﬁtff@lf?f@és {idtany) hetvgen the treated values of the
RS0 87 D SEPO LB OL UAE e flramcters .5
an au. lNirisefos esampls/ basenh anchﬁfereﬁ& hdteeesuthe éetted (vahnekméthe metabolic
used to i deglt ify different @iubcl agses of subjects.

A &, agnieshiseling yalye of eerel %pﬁ@v@t%wafhevmect can be
de{eﬁﬁgﬁﬂ a¥ RhES t1Rfsidgredpb Ao ieta ﬁ‘?‘r ameter w, while

anot her subcTass of subjects c have rel atively
snal[0654] Vel aneshenfexbimplephabneiliodology anaetherused to design a regimen to

Identificati of these subcl asses.of subjec can. b
AU GRS RN P ORATIR 18 b GovLi sty SHd ot e frgggiters, and
soldRIP OMS p¥@ichiar, Gedf28hAPYalleY of fRAh:AS I GarBERROS I 6. and w can be
di sorder. Also, variability of values of the netabol i ¢

cal;ga}amdef@r@ sebjectabased mos sset 18 eedsjsotent c«aﬂultyum the plasma glucose

i ns r di si bl.e def S in
coniplriiel SECHRRE) e ORRY GG RS i B Higiatory quotient of he
subeéth ONRkH Y rép@field @ahl A AéReRASRS Shé IsdBjebf bael SorPthe values of the
therapi es, such as protease inhibitors for treatin

mefghplic m@tﬂmq’qqmﬁ@ spend ¥ ehays, Sy reapwpte, bassppg the valye o(i] the metabolic
papa?ﬂettér tﬁ‘é SubJ et Q%Clgé Xegellrﬂlﬁgc{ %a‘(zﬁlﬁuaeﬁﬁeﬁisgw%ﬂr%gﬁp&l éafbohydrate

par ane ers W can

oxidakipe, (}l‘ndkaaﬁgﬁi‘l@lrbaﬁ &edesngnedirba@droarthatsubjastsl ﬁrsdlqﬁosithm (e.g., a diet
pl asma gl ucose concentrat| on, the plasm free f

mcdedlag admiee @@lfcsma% of grpohyflrate®)s piny & siphlpr a@a{omeme Ia?thodology can
beH%@d ﬁ)uti%!stfgﬁ & r\% ues o 111%9: @&%h%fo?@ RISB hﬁl'é Htho 8(éy' o be used to

e treate raneters s
asgend mﬂtabalic lsebstratypatilihtion tih sbbysethlhaemgademam du&ortdhfs such as cancer

an DR b RTRLE. ghe TieRhoafogs b boyRed e b & ressp] rogimen that

caﬁ‘% &Qh@&zﬁé%m‘é"éffécﬁ drenstiet bPATBYSent a side effect

the therap For exanple, the baseline

[0055] As a further example, the methodology can be used with computer models to
gain insights regarding metabolic substrate utilization. For example, simulated values of the
metabolic parameters s,, 5 and w can yield insights regarding which biological processes

are associated with a metabolic disorder. As another example, simulated values of the
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val ues of the netabolic paraneters s , s/, and w can
each be about 1. The side effect of the therapy can be
wo deswsfized based on differences (if any) betwe€rusive4/038882
treated val ues of the netabolic paraneters s , s/, and
d..t in
e SRR S VRA APl ol b IREAFLE B processs
mohﬁla%%ﬁfbs difie td & gicexpy\fad tmeatmg atthetabalicahisdrier. Gamamitrenodels can be

deii?rlgpg %}E %r%ﬁeg%%gf g]? &qe:\gﬁo‘gg ap lr%tg;e? %?gr?ﬁggt a\ﬁl’ U.S. Patent
Noe%Iﬁggpﬁf piibSok BEARRY S. PARRANCAG,080.85 B atGXHY aﬁ U QePatent No.

can be’used to desigh a reginen to al
6 Oﬁm]@QQVEHalhahmbnReyerp,eUfSDermNo 5,286 1 5de Mcmjamstet al US Patent

Nopek D10 % g o e b R, MR RL A GEf A Us. patent No
5 @@Q@gsﬁ?‘i{e?soﬁ et §1/ PeTdPGRRalien A3 CHI@tRIL B, Pafbddineét al., PCT

sed on a set measur enent results of the plasma
Pulglhcmtlon &NeoWee ﬂ@/ﬁéﬂ’%o Winstes pt alsnRCT RablitationyNec W 00/65523; and

oncentra the r p' t tigent..of the

oGRS e Jor HPubfiner KEAF GOSN PHR T IR of waich ar
incOHRIrAEA hBRAFKY RPeréliR iN eiteshtiodty ! PEsoTBbMPAKET Models can be defined as,

paranmeters s, s/, and w. Thus, for exanple, based on

fort ¢ramypdd, deswtbet i the cerbwineé apdcarmsnding patdab ammaa@m of ﬁﬁazhmk et

o DpIEICATLRES B ANBUB R ARPREHLED, RIS i, oot

seﬁaswi) om/ozt(gz»m bfileét o5 Jaﬁm}ys@,osom qm g e,Ag)pllczaloﬁl Ptlbhcatlon No.

cluding a_ | arge _percen of carbohydrat es)
2001005245, Pablishen ongViachay h%@éb 3 disslqsuye of wiehiis nzf@mowed herein

i tyat
by PR R e iy I8 Sl Lot mBlI AP csh 1, ipplgmented using
combridrdizidy iaoilable sothpeiet sndielsi rmgcloding,afor ekiaspial dEmelos@O Mietabolism

as canger and Al DS. For exarrpl e, the nethodol ogy can
Phﬁ%oh%osyﬁ?nﬁey gn a "rescue" regimen that can

counteract the wasting effeghsapfprgaicer or AlDS.

[ 0055] As a further exanpl e the methodol ogy can be

us ec[OWGi Whedojlewiag eradples ateprgdided ans gghe ﬁorrae[gacrtﬂiongr of ordinary

I|c bstrat i li.zati.on. For
et JHe ceenbles hataRtg soespie it e the inyeptign. as the

ex&tﬁ PleY 'n?érgly'ﬂ?@i'lgé"sﬁec'iﬁgﬁﬁ bﬂl@nﬁﬁﬁbﬂ“u&ﬁﬂ' iAdind@fstanding and practicing
processes are associated with a netabolic disorder. As

soma ehfherdinesmnef the inventidnat ed val ues of thenetabolic
parameters s , s/, and w cangéi E E f nsi ghts regarding

whi ch bi ol ogi cal processes a response to a

t hereey7] fassutlspedifid) geion® tof IFyubGortdi IS @fmﬂ Qrwer@Qmaﬂbpcfd for use with
nodel s can bedf ned as, for exanp gribed in

the meetaboliFmnPhsiolabbrigus, Hhich g i Eaﬂelos Qigfabelig AhysioLab®
vl Jebdboio ol 80 Pis S GeRIRE-6, Dispoghgpe-specifc

veldigishastomiiteReye iger-tisste FHitrendesNa. m5ta981c ]sﬁlék;tratd:é@imﬂfﬁtration and

et al., US, Patent No. 5,6914,689]; Fink tet al

gepqgcepnedlﬁgosngnrgo@ Yme ngtanges thesg tlssueasg;m eéﬂpnq\%lso accounted for
1 u n fi

m%@lfogé 4%§§tra&)§sf‘§eur%éga% rbgfiﬁ% l%lnds a&hteBURld £AbARN Waues¥? tissue-specific

versions of the metabolic parameters sy, S5, and w were calculated to predict carbohydrate

oxidation rates and fat oxidation rates for different tissues under various meal and exercise

protocols. Metabolic substrate oxidation rates for different tissues were then aggregated to
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met abol I C sSubstrate oxidation rates

[ or an 1 ndi vl dual

Re(” el % ith e%’mpé% "Za%gqu I190 bﬁ%ﬂ T, @65&1?@ 'W auser MM, and
f Fat a{e afd adafkat faY ﬂl@t OW. Clin. Nutr.
tOC asured asure mJ at1 on
%}QC' I&e@ﬁ %)’ (Hr GAf Wl Qj% Qﬁ‘ ,nan(a.rWﬂson JK, “Substrate
oxﬁﬁﬁjﬁ %{e i) le@:@ a 336 ﬁﬁ g i%h%gétfc @fbh- and low-
j;n o O heny e gahyon o TaSt Teac
ReQ' pltt SD, Livesey G, and Eha M, “Energy expenditure and net substrate utilization in men

ingesting usual and high amounts of nonstarch polysaccharide,” Am. J. Clin. Nutr. 1998

Oct;68(4):820-6.

[0058] The results shown in Table 1 include simulation results based on applying

tissue-specific versions of Equations 1 and 2 to a baseline virtual patient created using the
metabolism PhysioLab® platform. The baseline virtual patient was created using techniques
as, for example, described in Paterson et al., U.S. Patent No. 6,078,739; the co-pending and
co-owned patent application to Paterson et al., entitled “Method and Apparatus for

Conducting Linked Simulation Operations Utilizing A Computer-Based System Model”,
18
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day (kcal) day (kcal) 5 days; slightly positive energy
1163 99 (Ref. 644 67 (Ref. bal ance; 48% 1219 620 1)

WA 008hI1287% fat 5 days; slightly positive enep@iyusnbd038882
93 (Ref. 898 44 (Ref bal ance; 35% 886 888 1) 1) CHO,

09 day e ot
U.g.a I gga;,tlz)}ilS& r}ﬁl 3145558, 4{-(71)%3 gogt f\/%araglﬂ;/azg)ggs@ﬁ.s.»Apphcatlon

Pubhentigy NsBBOOHH)3QRé$ puﬁﬁﬁhed% Qdreter 1BaLMNYpandsBRch E'péﬁding and co-

69 25% fat 2). 2 a e er 1240 (R
Ve sipeet a@@%a@fa St cHbeas G, MAd fr ylidating a
Co]=n M@0 W ﬁﬂféﬁﬂa&a RatiANGS: 1011157175811¥ﬁec§é§ Ma&P {6, 2002 (U.S.
% CHO, 36% 1324 819 (Ref. 3) (Ref. 3)

Apphcatlon Publication No. 20020193979 pubhshed on December 19, 2002); the
disclosures of which are incorporated herein by reference in their entirety.

[0059] As shown in Table 1, the simulation results are compared to published
results for healthy individuals. The ability to substantially reproduce the published results
indicates that Equations 1 and 2 can be used to predict metabolic substrate oxidation rates

for an individual under various conditions.

Example 2
[0060] Equations 1, 2, and 3 were used to calculate values of the metabolic

parameters sg, S5, and w based on a single meal test. The goal was to identify a relatively
simple clinical test that allows values of the metabolic parameters sg, 55 and w to be
calculated. Along this regard, an OGTT was simulated for a baseline virtual patient
representing a 70 kg healthy individual. FIG. 4 illustrates simulated results for the
normalized plasma free fatty acid concentration (labeled as “Normalized FFA”), the
normalized plasma glucose concentration (labeled as “Normalized glucose™), and the
respiratory quotient (labeled as “Measured RQ”) of the baseline virtual patient subjected to
the OGTT. As illustrated in FIG. 4, both the normalized plasma free fatty acid
concentration and the normalized plasma glucose concentration change considerably in
response to the OGTT. Changes in the normalized plasma free fatty acid concentration and
the normalized plasma glucose concentration allowed values of the metabolic parameters s,
s5, and w to be readily calculated.

[0061] The simulated results were input into Equation 3, and a least-squares analysis
was performed to calculate values of the metabolic parameters s, s; and w for the baseline
virtual patient, which values are shown in Table 2. The values of the metabolic parameters
Sg, 85, and w for the baseline virtual patient were then used to calculate fitted values of the
respiratory quotient based on Equation 3. The fitted values of the respiratory quotient were
compared with simulated values of the respiratory quotient. As illustrated in FIG. 4, the
fitted values of the respiratory quotient (labeled as “Fit RQ”) substantially reproduced the

simulated values of the respiratory quotient with a coefficient of determination of 0.98.
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erence | entirety shown in Tab
nofimalizké asmd aflucose roescdntmtian e(labwtqdaasad‘Nounplmdl ghigose”), and the

results for 'a%{kg &(}f}p gﬂéedglfeégcty%@af)pauent subjected to

rep RO AR A (Spae Forc e

an OGreat®e dihdladatiéailisoRerelinpittnt Eqtide 31988 alleast-squares analysis
predict metabolic substrate oxidation rates for an

was rp@rfvrrmchto Qahrdlézte wakhiep 9§ tlmmﬁaMmBaralaﬁt@mges,«z afjd@eof the altered
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as e’I inevir
are consistent with the imposed subtle defects in metabolic substrate utilization. Thus, this

example indicates that the imposed subtle defects in metabolic substrate utilization can be
readily identified using the metabolic parameters s, s5, and w. The values of the metabolic
parameters sg, s;, and w for the altered virtual patient were then used to calculate fitted
values of the respiratory quotient based on Equation 3. The fitted values of the respiratory
quotient were compared with simulated values of the respiratory quotient. As illustrated in

FIG. 5, the fitted values of the respiratory quotient (labeled as “Fit RQ”) substantially
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representing a 70 kg healthy individual. FIG 4

illustrates sinmulated results for the normalized
w@b@snse1por ee fatty acid concentration (| abel edP@BUS2004/038882

"hbrnallzed FFA") , the normalized plasna glucose
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dettaﬂﬁnbﬁ\ﬁﬁd)ﬂm% virtual patient subjected to the OGTT As
illustrated in FIG 4, both the normalized pl.asm f

f at {0063LTe deeradne reitor thadmpREstharbilel deieds g d&lﬁtabohc substrate
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diffepdricys ﬁpslﬂulamaamhs af therespicitdri quoidendidr theUasphmmatual patient and

gl ucose.  concentration all owed, val ue t bol }
thep%ifea%tfm Batiend ey gegergteds %%aa}uﬁsvateiu%fuﬁ@t 6ol [%@%ﬁfo the typical

r t
oI LALE LRI MUE" Bkl UL AR Bt (os,
apptakmelglﬂotd?.@ P16t ahindicatepthnbastatstically sigaiftbant dlfﬁerdnbebetween the
baseline virtual patient, which val ues are shown ql .

twar gnrheal opatiphis camngbbe ofeledid RERELBIRL piesHePents of the respiratory
qu tW for the baseline virtual patient were then used

0 cal culate fitted values of the respiratory quotient
bas Q@D@m g uathilafashionTiseddsttibeddchboae, lie wao fleteimained that the metabolic

FE T IO
patﬂ %breﬁires&ﬁﬁlgf 1h&1§ﬁﬁal‘é%1ﬂ?§15ﬂfn {eliRtah&SRId BhKRAs. quOt i ent

substantially reproduced the
simul ated val ues of the respiratory quotient with a

coefficient of determ nationof 0O .Table 2 g f W
Baseline L 03 virteal 0 8 CoESamBled 1705%07 03 pat i ent

’lg%q?lgtlorﬂs $821.236 ¥ivére ahse@. 136 cflcfldteOvAZePE | BBt metabolic

[OO it was determ ned whether differences in
pam;temj@ng,chs @bd t dhaged,on| publishesh studiesdi The mawhlished studies included

mebglgrlgﬁglggtu algﬁéecpeigs baeﬁéedﬁﬂgl'acfd c%ngeﬁtﬁgoﬁ qﬁe Bﬁgrﬁg %ldcfise concentration,

and the respiratory quotient at several measurement times after a meal. One published study

included measurements for individuals under three different meal protocols, namely glucose
only, a high fat meal, and a mixed meal (Bobbioni-Harsch E, Habicht F, Lehmann T, James
RW, Rohner-Jeanrenaud, and Golay A, “Energy expenditure and substrate oxidative
patterns, after glucose, fat or mixed load in normal weight subjects,” Eur. J. Clin. Nutr.
1997 Jun;51(6):370-4). Another published study included measurements for individuals
following OGTT (Bulow J, Simonsen L, Wiggins D, Humphreys SM, Frayn KN, Powell D,
and Gibbons GF, “Co-ordination of hepatic and adipose tissue lipid metabolism after oral
glucose,” J. Lipid Res. 1999 Nov;40(11):2034-43). Results from the published studies were
used to calculate values of the metabolic parameters sg, 55, and w for the individuals who
participated in the published studies.

[0066] Along this regard, certain issues were addressed:

1. Results from the published studies were sometimes reported at every hour or

every half-hour, which is less frequent than results typically available from simulation.
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average value of the normalized plasma glucose concentration during the 1 hour interval
(using the Gpeginning and Genq terms) and to provide a representation of the time-delayed

effects described above (using the G term). A similar calculation was performed to
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I'ndi vi dual's rather t r’ eac ual
vahhsargrsmmar to those obtained from the results reported by Bobblom-Harsch et al. and

confirm the applicability of the metabolic parameters s,, 55, and w to characterize healthy

individuals.
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prot ocols. The val ues of the netabolic paraneters s ,
s/, and are shown in
(RQ—O.7—O.3B)F

w=2 —. Equation 6
1-RO G (Equation 6)

[0073] Typical overnight fasted values for a healthy individual include: B ~ 0.15; F
~ 1; G ~ 1; and RQ ~ 0.83. Inputting these typical values in Equation 6 gives w ~ 1.0.
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Tabl e 3. Values of the netabolic paraneters s , s/,
and w for the glucose only neal protocol and for all
wa boosesare@l protocols were al so used to cal cul BEEUS2004/038882
fitted val ues of the respiratory quoti ent based on
Equat u
i Ry b Gt SRRGETHORPROLEE, LRiEu e, [¥fiation wil
typi@?r]@rl Hagé Uy 1 qmltm@midua]a IvﬂtH apediet! @reﬂgpwsiilmm&mfdst ﬂa’eox1dat10n will
met abol i ¢ paraneters s s/.,, and w for the Iuco%
typigally hasaw fnlotTé'é @FP?%W@P’&E!W%H%CGF%W%W thg;pebaligparameter w
ttomgraph). As illustrated in FIG 7,
P]é;{e?ﬁ%%%tgéggl ues of the respiratory quotient
substanti al |y es of the
respiratamy duoti @d-BVRg e 3 DT@JC%EQGH d ucsgaBAY)
0.9 0.8 1w2 P @-RORRO-D.7A 03B) geE ol
neal s [0069] A simlar procedure was used to cal cul ate

wih aI §Séﬁ};?{{dh&¥g$ ép%Q %%1{\/‘% Dal n%%q ﬁﬁéer&%?i%ﬁﬁgteﬁ Yith measurements

of rtﬁ@‘iilésﬁﬁ Bvicsel Mc@ﬁtra@ion THEEpIé@inueﬁedeatt}h@clﬂﬁtoab@iﬁa@lon and the
paranmeters s , and w are shown in Table 4. These

respaRioss quetiens irppeeivolis THsdln meaﬁ%anqertémt frEm @B (petthe dominant
eport Iy e d h
e oF(d, B RRF RarEieRE o g M oBBRLKAHOR"6E the cxpected
expeﬁrﬁerﬁﬂaﬁﬁate&ﬁﬂyze heal t hy individuals. Table 4 Data
Used e f WOGTT 0.8 0.5 1.2 0.2 1.0 0.1 [0070] As
descri bed above, results fromthe published studies

typically show avepnage val @egloB)AR@sUr ements acr oss
group of i ndividuals T?W%B%f or eaéRquation 8)
i ndi vi dual of the g‘iyou esul t e val ues of

the netabolic paraneters s and w were cal cuI

ed
Using tmicalavmr@@ t fatﬁ@ﬂ wiathgal (R@ﬁhe(? 83 rad A8L  0.02), the expected

artl |nd|v t S|mlar
ot Ak oR i potopi ba R R RBP4
I ndi Jumdq auf@dee&ml@@wtletﬁemb @ibtabdlic Iparanwtéms batbsiidedite Siscriminate
etermine variability of values of the netabolic

n@‘?@li’ss of indivifuls,aieHos of tthe matabolie aisrameten vi wek ealculated for

1 I r: a
palpl)'\())vs 6 ﬁ%l[ls%ggyl)% m Sgeﬁaglt" h%}%@% rcgiﬁﬂgy 1ﬁmﬁtuﬁls, R@ﬂ c%i:se, diabetic
individuals before bariatric surgery; and (3) post-obese, diabetic individuals 30 months after

bariatric surgery that resulted in significant weight loss and normalization of glucose and
free fatty acid concentrations. If a ratio is greater than 1, a group represented in the
numerator typically has a greater predisposition towards carbohydrate oxidation. On the
other hand, if the ratio is less than 1, the group represented in the numerator typically has a
greater predisposition towards fat oxidation.

[0075] The following ratios were calculated based on results from a published study
(Benedetti G, Mingrone G, Marcoccia S, Benedetti M, Giancaterini A, Greco AV,
Castagneto M, and Gasbarrini G, “Body composition and energy expenditure after weight
loss following bariatric surgery,” J. Am. Coll. Nutr. 2000 Apr;19(2):270-4):

Wc/ Wop = 1.07 £ 04,
Wc/ Wpop = 0.15% 005,
WPOD/ Wop = 7.0% 2.3,
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a nore informative characterizati on of metabolic
substrate utilization, it can also be useful to

w@aalosusAaLe a val ue of a single nmetabolic paranetBDS2004/038882
based on overni ght fasted neasurenents of the plasnma

wiE GRS E Oé}ﬁev%OD dﬂn@ﬁbnt tRemBlBS AR phlafRid: 30 Fof ¢ Q'cgntrol individuals;
concentrati on, the res |rator$ qguot I ent .

the olnﬁsem]xlahd:tmdmﬂivaduatshasd md@seoma&uabetm mdrvammﬂse lrespemlvely. The

raig el pigH S AP CAh B A EAIIE POl GBS ation between the
ob?%{,e \ﬁ%ﬁ)@tlgl {Ifd?\ﬁ@ﬁhtls A g Shabs mcﬁ@@ﬁﬁlﬁQﬁﬂ liﬁ&lbé’t@ atqs,lémﬁeant shift in

ppendi X can be rewitten as
pr‘{dﬁpmaitlourtoﬁr)trds cRolyydratenoxudationah théebessl dmbetm‘ 1Ildheduals following

T
el@efaﬁ§sdéiﬂe @olfoh@hg bhfatkia! suerphs tBoREsialaet kife RREAIRE Sfedisposition

and are equal to 1, and the value of the netabolic
towaﬂame.ttmhydra(wvhmdhu@er \Irb)sveagr, tshicef ths ttheigbolivdparpmeten vyep already

ac?o %Rgt ﬁd us' n Ol\éggr%%?%éﬁ%al%ﬂc Ta 10%%21 58% another factor

mahyy tb@ﬂmr@ilﬂé ﬂjrghﬁ inbRasedbrydbpmiionabwarddeafolydrate oxidation in post-
i ndi vidual include: B 0.15; F 1; G 1; and RQ 0. 83.

ObFWpétabPWgPQtWé@efoﬂwméé’Ian#ﬂP@é@em Equation 6 gives w

1.0. Thus, individuals with a greater predisposition

to Xjda cal
1" JoOFIRS AR, PO rotaleh b P el Rudiage product
indlodiag ds fra¢essorirdatabn medium thapnrgabtqcetmv—executabrdw @ode thereon for

expect ed ex erlrrenta ncertainty for t met ahol i c
peifAiEiE, G o BE B SUaHe L apsstions. o e 15, AReersiesy -readable
médibm* i uS& heref: t6- 1n91ua§)aﬂ W&k g Rt 2 oagémg ofRtring  oF encoding a

represent experl ment al uncert alnties associated wt
seqeasepBinstrusiians or kedgs| fasperfgning S mcthc@dasanbadrhentlhe The media

w33 SR SRR 4 B Pporsot e vesion,

or ftlhéyslh *“B@ Ftad Kby ﬁe@lrlmo%ﬁalﬂeaﬁaﬂﬁblg KRB hati8f RkilleiAGhe computer
he foll ow ng equati on can be used as an appr oxi mati on

SOﬁwatehémex gaempdesesdpprocessar atcadahde megdin tycludo, Gug(ate not limited to:
magn'g@chedla such as hard 415&9 ﬁgppy d@(s, and magnetic tape; optical media such as

CD-ROMs and holographic devices; magneto-optical media such as floptical disks; carrier
waves signals; and hardware devices that are specially cqnﬁgured to store and execute
program code, such as application-specific integrated circuits (“ASICs”), programmable
logic devices (“PLDs”), read only memories (“ROMs”), random access memories
(“RAMSs”), erasable programmable read only memories (“EPROMs”), and electrically
erasable programmable read only memories (“EEPROMSs”). Examples of processor-
executable code include machine code, such as produced by a compiler, and files containing
higher-level code that are executed by a computer using an interpreter. For example, an
embodiment of the invention may be implemented using Java, C++, or other object-oriented
programming language and development tools. Additional examples of processor-
executable code include encrypted code and compressed code.

[0077] Moreover, an embodiment of the invention may be downloaded as a

computer program product, where the program may be transferred from a remote computer
26
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w( - RO(RQ- 0.7 - 0.35) Using typical overnight

fasted values (RQ = 0.83 and ARQ = 0.02), the expected
wez@spsarent al uncertainty for the metabolic papPEIEszN4/038882

is about 35% [0074] To determnm ne whether the

45} 815 ROl 2 UREH bOVAY SPFATLIAE moocic in
carfiar aaed oF dttl@dfreprﬁp:igatibﬂttmﬂnfm rvipai commenicaiigmatinis ¢ag., @f modem or

(1), I ean, healthy control £|V|duals (2) obese

neta’pabetmtecrla@r VAGRRIE e B8 MSCh AFTCHD 14 GATEit &’@W can bg reggrded as a

o@&%&r-&g nﬂe‘ ﬂmtl c individuals 30 nonths after

bari atrl c surgery that resulted in significant weight

| 0s {00381 Amothenlenbaidinoent aff tgb unvmhoamiay ibe einfpd¢rhgntet ird hardwired
.concentrations, If aratia reater th a group

1,
cirquaty BxRlageet. Phin QOERARR VG o7 BiigLPYgeu e 04§t eat er
pre hahwd 0
D HUTRRAA OF thOYRCAP AT AR DAL PBAIRUION, i A7 published
dommmnmaanMedmrtrefermdrmmahmrspcq;ﬁcaﬁ@m iy hengin imoeppetatasy by reference

redrs osition towards.fat. o ti.on 05 . The .
in LTS G thaPBS e & L b AL LAY R8isa! BiPIPRA Petepl BRplication,
an@oﬂﬁ&bﬁdb?ﬁﬁéh &ddaehent BengretrichllyandinaBA @RSy didbAEC RS iicorporated

S, Benedetti M G ancaterl ni A, Geco AV, Castagneto
by Kgfergnee. Gasbarrl n| Body conposi tion and energy

EEPE@%’E %ﬁll Ve]\% 191;]t eeﬂog%sl ﬁp %Sﬁg)regf%gcg to W specific

embo@ifnents therdofQitlshohld b@»"'und%tstUoﬁ oy Ghos?. &ilMtire tendrt that various
repr esent the nmet abol i_.c par amet er w faor the cont r.ol

changgs play s wade prd eqyreaents mapdiei ibstiyied withaus depatting rﬁr@m the true
O I

o OBIA0g8%1 g ANEHE LU e LD, Il mocifeaons

mayeba nedde ctos adpt raapartiodlad sinedtioon ntagdrisbecoryusitivines matter method,

di abetic .individuals and the control indi $/| dual s,
PrachEs SBETation QrgPRerationst 1&g SPITH Hidedrdsost (o ﬁn‘reawar dsAﬂ such
t I
mo?l?ﬁcfg %ﬂgjl%sﬁ%ég{&b(g?\% 'Rg '%Vbte}{%tﬂ?aes ?g%{?lt}é@ gg:&lﬁ% t ?tll gartmular while the
meﬁ;tu:rdg edigclosed hersinbbeve byqantlhwbzédwﬂh atferende ctedpdrtivehs operations

lasma fr att ac sur ger
pertarnfidl s PBI oot e f AE] ols BB isats b thfignopetaiohs may be
cofnBiRA d@b%(fﬁ@@y&r@o?d&é‘d fafobANn dganalat mefHoaGRithdie departing from

met abol | ¢ par anet er al ready accounts for changes in

theptieacnigsf ofdbe ﬁlmentxolac Adcardmebn unkess epecifically éndipated herein, the order
hat another facto x ble for the
ond pvelERT F R Rl iTRE o ol R SR o

oxi dation in postobese, diabetic patients follow ng

bariatric surgery. [0076] An enbodi nent of the
invention relates to a conputer storage product
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i ncludi ng a processor-readabl e nedi um havi ng
processor -execut abl e code thereon for performng
WO 20050832pr ocessor -i npl enent ed operati ons. ThePCEURA2004/038882
"processor -readable mediunt is used herein to include
any medi um t hat Aﬁ@eﬁﬁl Q)e‘ilfvagﬁ)ﬁro T«Qluga[ioﬁ Rcoding a
sequence of instructions or codes for performng the
nmet hods descri bed herein. The nmedia and code may be
t hoge081p athic atdpyratbey igoisaht foxdatconddtionds éypid¢adly G.Heand the respiratory
yurposes of the invention, or the be of the kind.
qudst IR eholaidERte PXidatn &5 (B! Hx?edhﬁﬁgtﬁ% [BPRIPTotRm, pRLtion of the
QUK Sl LM Sroflcbsedianpl es of processor
resiE’r eag";ﬁoe medi a i ﬁl?:llreudee,3 but are not limted to:
magnet,ic Edifat siddionmidral.0x ditbidydrat¢ opdatiodiagks, at‘&-n
magnetc t apea; ptaisAlad BB LS HaR ARIGo VS and
hol ogr aphi ¢ devi ces; magneto-optical media such as
fl opiddoah: di X rrier. ' . d . . 1
deviRSst ety SRRGNE 1BCR; PHRRY Spa Y S Rty oxidize
ca$BgditRs pho diiAthe Gdetiors b theastah pdrpg akpamditapesy flicCbrain is B (and

integrated circuits ("ASICs"), programuable | ogic .
hepge thg dipctioppbiotsl encghidexsnditie by PEanreaiies is (ko Msing these

' i (" " e . d

o R BRI g Hl s 1308 2ot R i 2
programmabl e read onlFy rEyRRRI e (" EEP "). bxanple
of pro%gé-e?ék@ﬁ)ammmgvruﬂ@ﬂa&%ilm;@ge—éps %) ;
as produced by a conpiler, gnd files containin
hi ghgr-l evel code that are executed by a conputer
using an interpreter. For exanple, an enbodi nent of
the invention may be inplenented using Java, C++, or
ot her object-oriented progs®hB)ATg | anguage and AD
devel opnent tooIs.Rﬁhﬁ'TFQqqydg%?nples of (A-2)
processor execut abl e code i nci'ude encrypted code and

COMpERS Fhuatsle(A-bPChle Maridel g6, an enmbodi ment of the
i nventi on may be downl oaded as a conputer program

product, where the pr%g/rggm} . yR@eOﬂM)MQ syed from AA-3)

remote conputer(e.g., ver) o g requesting

conputer (e.g., aclient) by way of "data signals

enbodied in a carrier wave or other propagation nedi um

Vi a [6081) Mfiaritdang mgatithods dfdoth sides offida@atiar (A8),wae kbtains:

connection). Accordingly, a 82§§§6h%2§%n, a carrier .

wave can b r.de a rYr apl diumga.

v £ DELPONet g 2 At gl

inplemented in hardwired circuitry in place of, or in
windnisithasanmasdidquiatioe dnput er - execut abl e code. [ 0079]

Each of the patent applications, patents,

publ i cati ons, and other published docunents nenti oned

or referred to in this specification is herein

i ncorporated by reference in its entirety, to the sane

extent as if each individual patent application,

pat ent, publication, and other published docunent was

specifically and individually indicated to be

i ncor por at ed
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by reference. [0080] Wile the invention has been
described with reference to the specific enbodi nents

wWao besesfi2o it shoul d be understood by those skiPCEUS1004/038882
the art that various changes may be nmade and

WEe&UL ¥Rleddtis: may be substituted wi thout departing from
the true spirit and scope of the invention as defined
by the clains. In addition, many nodifications may be

1. radeA pcesapreadaie mediumn,comprisingt i on, materi al ,

co L1l . ter.. method, process gperation o

oo o 80kifl adTR bl dfCarivP Bt BB BG83 RS FiioBing Plgama froe fatty
acill donseitfatiomdintl lagadpiRisy uetidnibeasEdedtarlde Wi thin the

scope of the clains. In particular, while the nethods

di scrdzioralraiaie. haspslen the datagrespactive valtps of & pliralinemetsbolic
' raf] J . rédicul ar order
PN LIS 5 Ao R T M B0 BB ces o
a securhi metaholwifarainaterg @ik, vabie dfehofitlerRehbblic HABMRR being indicative of
}%ﬁ]ui val eﬂlf? t hod (ﬁl t hout departing _fromthe teachings
whsther Hie SURISERas dPredisRastitpn g gids grdaten eiynsi afiadist type of
o I .
méé%fe@rhg t@?lgsﬁrgﬁfiéﬁ ﬁ(r)btec%ﬂlftlyﬁ]é tggftille%ﬁglggél{%ﬁgétg,gthg §aluD%f the second
métabodin premeiPBENRIixdicird ofahé subjet’s Egpandivmess tbQUBihge in

The..respirat guotient fqr fat, oxidation is .
B F YA G0 hY S Bneio e honisBhb e i BRecpad type of metabolic
sulssdlakohydrat e oxidation is typically 1.0. Thus, the

non-protein portion of the respiratory quotient can be

represented as: 0.7 x fat oxidation rate+ 1.0x

car hoh i.dation.rate fat oxjdation.rate. +, .
2. Car BORVHIBEr S0k iR el o aoyhedi Geptininticatve of the
plaSink\ghicosconctiitration, e pEFIATRE fhitdhcid Bondh@htibr) bhdBleirtdpiratory
oxi di zes carbohydrates and that the fraction of the
queténg pf e spljgctak p spifmagasuigmentiémes. ai n is B (and hence
the fraction of total energy expenditure by remaining
tissues is (1-B)). Using these assunptions and
3. sub&he pricessgr-fegdatile anlivin anclain i Berbiahabame o £id FHritGhetabolic
ives., F! + ( 2) GE + (w 1)G"' J or 03(1 - BJF F_
Par%mﬁiez}ssnﬂ@ets%q ofprhrslasr dhe gukice} hasarprsdispesifian towiardspxidation of one
of éfbcohlydtatédnd £Q084] After taking logarithms of both
si des of Equation (A-3), one obtains:

4. The processor-readable medium of claim 1, wherein the value of the second
metabolic parameter is indicative of the subject’s responsiveness to a change in availability

of one of carbohydrates and fats.
5. The processor-readable medium of claim 1, wherein the code to calculate the

respective values of the plurality of metabolic parameters includes code to perform a

regression analysis on the data.
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logO 2) + s log(Q + s 1Qg(F), (A-4) which is the sane
as Equation 3.Wat is clained is: . A
WEe@smesyer - r eadabl e nedi um conpri si ng: code tRCT/ES®IVE3S882
data indicative of a plasma glucose concentration, a
pl as f j ration, and a
6. resp 2 %Ssgr"%g%@%ﬁlt% H%frﬁ ggglggjglégt ; and code to
cal guli@torrecdiesda nididatiee das Blood g@hpesd feve, w losd Sreaffatty acid level,
plurality of netﬂgglic garaneters, the plurality of
andra FespERiosy ARtERERic Wb5613di ng a first netabolic
par %Eﬁé gxrca%gat@ ba S HEREAPO LG, EP£ AEEbBie phidficeR %(?Hhe subject,
of the first netabolic paraneter being In FRartve o
thevdtdef the hetdbohf pabmktes baingriadcapesifwbethetr teasubiect has a

oxi dation of one Q Irst type. of t.aboli.c
pr itign dowards %nes%trc"&ﬁl?%b’%ge @%gﬂ%gﬁ?tcoxé Brat e,
the val ue of the second netabolic paraneter being

i ndi cative of the subject's responsiveness to a change
7.1 n dheipredesiorirsadebleoneslioh of kkirhi6; wheteypidie datarip¢ladas!a forst set of

substrate d the secon e of taboli.c supstrate.
G S B0 A SFURE @ O GE FBH oL G PLpgasurament
result8 bRk 3ndiSative OF GRIHIY& SlicdsBeel,aBEBloBH BeO$Rty acid level, and the
concentration, the plasm free fatty acid

respivatosy fuettenbel the Aebjetiat  disthinreaswepeniuone.dhe saspnd prs of

s 0 GBS i, B sty i

leveh | ang 1 rebfigatdriylqabtie o el subjeppataiet@id heasurshepftimeégthe first
of whether the subject has a predisposition towards

mesRWgEenRLime peigg diffirent {rave Hipdeeendsmegsyromani time.  The
processor-readabl e medi um of claim 1, wherein the
val ue of the second netabolic paraneter is indicative

8. of tTe prodsetireRlablespalism\odickda 6 ovharedhthegede to calculate the value
avai lapility of one qf carbohydrates and fats. 5. The

of a}eo@e@g%lrc-wé%%n iackdes endese pe&w fegreiopnplysia an ddata
to calculate the respective values of the plurality of
nmet abol i ¢ paraneters includes code to performa

9. r egrEegirocessunatadeble meditmefdhim.66 further comprising:
processor -readapl e di.um coppti Sing: co 0 receiyve
(it 0 S g e G A et 8 AR er Pl
fatty acid level, and a respiratory quotient of a
subj ect; and code to cal cul ate, based on the data, a

10val Uhegirocessneiregsisbieangrivared ckimf6o whetedn Sgesgholictpaeameter is a

val f the t gbalic para r_beinag. indi cative of
frginr Ao, Bebh et BB dB it Rl st e

of  GRES I wHIkRitE axdda thedarng vhlak 00X kebdhi @btabolic parameter for the
subject, the value of the second metabolic parameter being indicative of the subject’s

responsiveness to a change in carbohydrate availability.

11.  The processor-readable medium of claim 6, wherein the metabolic parameter is a
first metabolic parameter, the processor-readable medium further comprising:

code to calculate, based on the data, a value of a second metabolic parameter for the
subject, the value of the second metabolic parameter being indicative of the subject’s

responsiveness to a change in fat availability.
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7. The processor-readabl e nmedi um of claim®6, wherein

the data includes a first set of neasurenent results
wapasasygecond set of nmeasurement results, the PCT/ES20846038882

of nmeasurenent results being indicative of the bl ood

gl ugose vel . the blood free fatty acid |level, and
2the?\r13§t&°§a(i°gmpsaﬁoti ent of the subject at a fi rst

NMeagdeeRMN sdtiofheaddiémeteesutts Sta subjdat alsd Wet bBMbasurement results
results being indicative of the blood glucose |evel
being indiasiyg of p ekasmatalycose FAncPRAtIoN, aRSMA drep dalfy acid epnpentration,
t second neasurenent tinme,
am?i&:%s ﬁ&%{f@eggﬁt@fﬁgﬁﬁ%ﬁec@ eing different fromthe
sec baddpabel s& WE Rcadurement Sesufth cajpnintimg sespecie@dalles of a plurality

medi um of cl ai m_6, mh rein t code to cal ate the
of fgtabelieparpmeter thesd e typ%ifr%?@i%lﬁ RaFRRSiEts émgwiﬂ%g pdirst ‘etabolic
parBflelafd 8 s g‘igiftéifbgig g’igﬁam S*th@ Rafl®f @?ehiﬁsh@retag&?c parameter

processor - r eada claime,
being ifpticaivegf whether the scjeptdrae aiplmilsp@iSJmIQn ddwarde oxmdatadoodfi acfirst type

ar ter, wth a.baseline val ue
of BebBaks siosiasddBies Reietmma P PLrf kol Gbsinty the yalue of the
seddRl @R@dbotic iﬁ@faﬁi@ér%ldgﬁnﬁcﬁti\fe%tf HEIBRRL " FesPBAshENE& to a change in
the processor-readabl’e nmedi um further conprising: code
avaibabidy ofithatfest typseftmeinbalivesulisitade. a val ue of a second
nmet abol i ¢ paraneter for the subject, the value of the
second net abol i c paraneter being indicative of the

13 SUbjT®6 inethdESRPAE] MER@SFeill thedeiCdTangBuicthebbrdo@byyid iafi€tive of the
availability. . The processor-readable nmediumof claim

plasmaighioess pericpRirafionaths plasmedrogiattwpcid gonrcepiratign, and the respiratory
Al he processor-readabl e medi um
qu &?ﬁ?lm%uﬁ%é I Sl %ghk?gde to cal cul ate, based on the
data, a vaI ue of a second netabolic paraneter for the

subj ect, the value of the second netabolic amet er
14pei Ademidhedef Jaimph2, fhsrein theset ofaneasursaieat iﬁéﬁé%lé ntdcscaéwe of the

I :
PSHNAEAC R 00U 2 BN M GONB LB O espircry
qubtient s€theciibjeeidmsedoralucesiblesanbetasy i ndi cati ve of a
pl asma gl ucose concentration, a plasma free fatty acid
concentration, and a respiratory quotient of the

158U bJ’I‘f'ithetﬁJHjotQQﬁﬁfjl DHeEn 8Rlse0df Iﬁ@ﬁﬁfﬁlﬁsﬁ?f&uﬁﬁ% SdiSative of the
cal culating respective values of a plurality of

plaseiagheiose comenimatony the pﬂa‘smaifra@rfaity agid obngentraiel, iand the respiratory
ers. incl udi irst t abol i ¢ paraneter and a
qugg@gng hisg 4t @ Sﬁ ‘érreme {:Eémsﬁl ue of the first

net abol i ¢ paranmeter being indicative of whether the

subj ect has a predisposition towards oxidation of a
165 i r Sthemyqieodef dlaimabds finchos goEpYising: rel ative to a second

ty p%ggllgm%e ! saett) 81? fnf%as%y%ﬁérﬁsa{oerhe §1ﬁ> cY ?A jbll‘g) { lléllé] et o?%?c{igurement

par anet e el ng |nd|c I've subj ec
resu@§ponsi veness to a change in

17.  The method of claim 12, wherein the value of the first metabolic parameter is
indicative of whether the subject has a predisposition towards oxidation of one of

carbohydrates and fats.
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avai lability of the first type of netabolic substrate.

13. The nmethod of claim 12, wherein the set of
wore@sisaeent results is indicative of the pl asPEr/us2004/038882

gl ucose concentration, the plasma free fatty acid

L

indigive ontHehabRer s fkpiRaguEs neathas ih beailabillitn df 68t dficarbohydrates
of the plasma glucose concentration, the plasma free
an¢§¥%y acid concentration, and the respiratory quoti ent
of the subject based on a glucose tolerance test. 15.
The nmet hod of claim 12, wherein the set of neasurenent
19r esdht snditlsod ofblaiat 12/ evhefeid the phiraktyeofghetatndie parameters includes a
.concentration, the plas free fatjy.acid e
thigmeiahpbRaraReth e vAke 3@% P r&PV{’étFoﬁﬁrérﬁﬁteblPel?& indicative of the
} . .
S P T s s Rl e L L
substatur ements to the subject to produce the set of
measurenent results. 17. The nethod of claim 12,
wherein the value of the first nmetabolic paraneter is
20! NdiTgathofifoddr MIRE 11 wHehsn %Qﬂaﬁ:ﬁlatih%%@re%e%ﬁbé paatd dne
towards oxi dation of one of carbohydrates and fats. 18.
plurhley wé ntetabolit petamietard includhepefoiminga leabtusguates ehaysis on the set of
mesecgnd tqeglﬁpol ic paraneter is indicative of the
S’EIIB] WEP-TE 5Sponsi veness to a change in availability
of one of carbohydrates and fats. 19. The nethod of
claim 12, wherein the plurality of netabolic

2lpar dhematkod ofqlamel?, futher eompEtiagol i ¢ paranmeter, the
val l’égse(afonttﬂg {ésphcrécg/e h2P ?f %18 lpﬂﬁﬁl?cg?fﬁ{et%%'h@ %gragne&eﬁ% rﬁlgi}&gnosing a

i ndi'cative 0 subjec esponsi veness
metabodiv disosder bf the sabjethe second type of netabolic
substrate. 20. The nethod of claim 12, wherein the

calculating the respective values of the plurality of

2oTet %@Hﬁ&h&@é%&fff .fin‘ﬂk‘fér\ﬂ?ﬁériggé:f ormng a

| east-squares anal ysi's on of neasurenent
r es bhsesl. on thd hespesivieovdlues ofthaiphoralitl wf hietabodio ppraistang selecting a
basg% n the respective values of the plurality of
thernyA06 e UBisFaret er s, di agnosi ng a met abol i ¢ di sor der
of the subject. 22. The nethod of claim 12, further

conprising: based on the respective values of the
23pl urlskeinsthest ofrddeiabbl, iferthea comptising:, sel ecting a

based on the respective values of the plurality of metabolic parameters, selecting the

subject for a clinical trial of a therapy.

24. A method, comprising:

applying a set of measurements to a subject to produce a set of measurement results
for the subject, the set of measurements being configured to evaluate a blood glucose level,
a blood free fatty acid level, and a respiratory quotient of the subject; and

based on the set of measurement results, determining whether the subject has a

predisposition towards one of carbohydrate oxidation and fat oxidation.
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therapy for the subject. 23. The nethod of claim 12,
further conprising: based on the respective val ues of

wo b@spsaie@l ity of netabolic paraneters, sel ectPemyusive4/038882
subject for a clinical trial of a therapy. 24. A

23Tet hagh mGROPLT Shil9 24 ADRL-Yh Atk &t 5%6%@?&&%‘&%@?@ & b measure
a subject to produce a set of neasurenent resu For

the hlwod ghjcess leve¢lhthedddodaieenfetiy acid heet, and thengsgicandriyguoteht of the
bg evffnl uate a. Igao gl ucose level, a blood free fatty

SUBIEFLATICE JR PYCTRIEt 1k espi rat ory quotient of the subject;
and based on the set of neasurenment results,
determ ni ng whet her the subject has a predisposition

26: owahgsmethed of claizn Béhwylarein ¢haet dfineamramehts mtludes a first set of

oxidatipn.25. Th t hod of cl ai 4 erein the set .
mEShigBlch B el RTEb R Festfontoft, Mot st el dients being
codlfigees & mexsts theodd aashst 18], B0 RabS Rl 16/ hnd the

t he respi rator){1 quotient of the subject affer an
regpyiatory ghotionh gf thezgbjeqttas afisstmergseementdine.2ie saoond edtrof

f. r nts inclyd f.irst .set of .
el Bhi e ERRHEGE 26 Bch e O oAbl BR 18R] & iped free faty acia
letel,rmH tisetesifatomagioti etttz ubfedgatcRtoimeskuldn iR Bfd! e first

t he bl ood glucose |evel, the blood free fatty acid
meagirgment iy beiag deferentdresm (heggerndaneasyremang timebj ect at

a first neasurenent tine, the second set of

nmeasur enents being configured to neasure the bl ood
2791 uddeendtbaddf claine24 vadeteih thealctaiiining eibdtHee el subjatichas the

the respi.ratory quotient of the suybject at a second
prlhen Bt e B Pt RSt B3 GBI 56t pfamereRiRghent rosults.
different fromthe second neasurenment tine. 27. The
met hod of claim 24, wherein the determ ning whet her
28t he Tdebpethed ¢fadainh24, prhediis feslatdrmming eihethes thappbjgetigs the
[ %re sion.anal ysis on the set of neasurenment results.
pr‘gig ° 811%‘11'#%8' of claim24, wherein the deternining
whetbagsd dotfie Sétlifedasiiamehiiesudts Sl bR RIgtd Phlud H¥E] MEBGBolic

based on the set of nmeasurenent results, calculating a
pagacies ofthesubiech blet Yaupal therstetabobé paameten bpimgtindicaioe of whether

Vv | i.c_parameter being indicative of
th?/\ﬁ}gﬁte?&tthgs%euE}’gééﬁo?faaget he predisposition; and

conmeaimpadng the vdRieWs I metaBoliEialatttCwRR hHABIIRE viiukh a

basel i ne value. 29. The nmethod of claim24, further

conprising: based on the set of neasurenent results,

29det %%’g%%’%r%ﬁﬂ%ﬁ%@i°§‘§_5’q£ﬂ§1i veness to a change

I n car
based on the set of measurement results, determining the subject’s responsiveness to

a change in carbohydrate availability.

30.  The method of claim 24, further comprising:
based on the set of measurement results, determining the subject’s responsiveness to

a change in fat availability.

31.  The method of claim 24, further comprising:
based on whether the subject has the predisposition, diagnosing a metabolic disorder

of the subject.
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30. The nethod of claim 24, further conprising: based
on the set of neasurenent results, determ ning the

WG ape82126 responsi veness to a change in fat PCT/US2004/038882
avai lability. . The method of claim24, further
conprising: based on whether the subject has the
predi sposi ti on, diagnosing a netabolic disorder of the

3% ubj Betmahod vhelame Lhdurtbér colmpirising4, furt her

conpri sing; . based on .whet her the subject has the
or edTSHbeT FRERe & |Sﬁ@?¢1§“§s ﬁietpﬁ%ﬁwﬁi@& Sqlerbng gufrery fog the
subiethe nethod of claim 24, further conprising: based on

et her the subject has the predisposition, selecting
the subject for a clinical trial of a therapy. 34. A
met hgd, ¢ ri-sing,,calcul ating. an untreated val ue of
33& rrehﬁhebrgg’& Bgélﬁlr?g?@rﬁftg?cgn? }n&;t having a netabolic
di sasaded on twhethethe @aﬁje&_huatné?réﬁisﬂdaﬁioﬁﬁée@&%% ¢he subject for a
paraneter being indicative of whether the subject Jnas
cligtealitital ebe B¥rapyedi sposition t owards one of
carbohydrate oxidation and fat oxidation; applying a
therapy to the subject; calculating a treated val ue of
34t he Aredetial, compesiaget er for the subject, the treated
val ue_of the netabolic parameter being indicative of
whet®BERlating ag ygresied Kalye gf ¢ metabalic prratketss &ay a subject having a
oA, B e emo e P AR oAbl Feing fndicative of
wimthelblod subjquahasvet wntreadet ipradispositibn eavards vid efcaciohlyiate oxidation
m\aﬁt abolic parameter. 35. The nethod of claim 34,
O MORe cal cul ating the untreated val ue of the
met aaggi}th%@ﬁ{e 11§ khe fibjedgdes cal culating the untreated
val ue of the nefabolic paraneter based on a bl ood
gl usekslating eltreatedplabischfthemetaboliopananctet for¢he subjedt, she treated

PR B B R P SRR s o
pré@bpoditidhitt@adddené bk BshyakdIexi@ktidn hd Bt 3h@tioh; and

paraneter includes calculating the treated val ue of

t he ceEPanBg the trratediaiusrof fassmgtabelicpdshmetgr yithdbsentreated value of
. I free fatty acid level, and a
th%%é%:b% %?f_{‘}&g‘%&i ent of the subject applied with the
t herapy. 37. The nethod of claim 34, further

conprisin g : i ) .
35.  'The method of claim 34, wherein the calculating the untreated value of the

metabolic parameter includes calculating the untreated value of the metabolic parameter
based on a blood glucose level, a blood free fatty acid level, and a respiratory quotient of the

subject absent the therapy.

36.  The method of claim 34, wherein the calculating the treated value of the metabolic
parameter includes calculating the treated value of the metabolic parameter based on a
blood glucose level, a blood free fatty acid level, and a respiratory quotient of the subject

applied with the therapy.
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based on the conparing the treated val ue of the

nmet abol i c paranmeter with the untreated val ue of the
woredoabsdipe paraneter, identifying the therapy BGSI/US2004/038882

effective for treating the netabolic disorder. 38. A

met hod onprd si.ng;, ¢a - n untreated val ue of
37‘a. n&?‘ggbelg?ogp?fé’iaé 4e%njfh%ir)1:(§£éﬁu%?§ct havi ng a netabolic

di sesgalon th@_@orﬁpdﬁr%ﬁh@deatai veu®©bf thb endi@iodio PhiLneter with the

par anet er being indicative of the subject's untreated

unfreatgsovalneelithe metabolic paramgter ideyifing bt herapy gs effective for treating

i strate; applying a therapy to the
thesqﬁ%ﬂgg@{";ﬁ%"z?%U| ating a treated value of the netabolic

paranmeter for the subject, the treated val ue of the
nmet abol i ¢ _paraneter being indicative of the subject's
384 r edt WEthPdsGoEISAess to a change in availability of

t he j r ; i r .

Vol B o TR e oy P gvine o
metabolie disbrdehgherehtadntdd alyrarfdhemetraboB®pariinetenbeing dndiative of the

clajm 38, wherein the cal cul at.ing the.untreated. val ue
suRfelisHiRieq KPP RS Faes R i R O e dne sy lipubsrate;

unt 5@%&% M@kigy &f tRevjemt abol i ¢ paraneter based on a

bl ood gl Ucose Tevel, a'blood free fatty acid I|evel,

and calculetipg a treated vejuo of thetmesibalicgaranijterciior tissubject; the treated

t her.apy. .40... The net hod of .cl ai m erei.n the .
velud Bt Ay e een S el B4 e R Bfoelel esponsiveness to
a cRAM QTR bO4ildbNeYy e & hahidlicatbdigid; adt reat ed val ue of

t he nmet abol i c paraneter based on a bl ood gl ucose

| evepmparing e drepied @afugtof thegugtabalionarametagwith the untreated value of

r i rat or tient of the subject applied with the
th%ﬁgtﬁf%%%pai#&#ﬂe nmet hod of claim 38, further
conprising: based on the conparing the treated val ue

of the netabolic paraneter with the untreated val ue of

39¢ he Themamnd of grirbite tderein tervelcnlping thantierisd aplpesd the
meEdoRE tp'al\ﬁﬁlefté? rinélﬁ&%tc'aﬁmahﬁg HERARA el Gaftle 3P HEShetabolic parameter

based on a blood glucose level, a blood free fatty acid level, and a respiratory quotient of the

subject absent the therapy.

40.  The method of claim 38, wherein the calculating the treated value of the metabolic
parameter includes calculating the treated value of the metabolic parameter based on a
blood glucose level, a blood free fatty acid level, and a respiratory quotient of the subject

applied with the therapy.

41.  The method of claim 38, further comprising:
based on the comparing the treated value of the metabolic parameter with the
untreated value of the metabolic parameter, identifying the therapy as effective for treating

the metabolic disorder.
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