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WO 2005105 2 1 20 PCT/US2004/038882 APPARATUS AND ‘
METHODS FOR ASSESSING METABOLIC SUBSTRATE UTILIZATION
CROSS REFERENCE TO RELATED APPLICATION 5 [0001] This

WORBTEEHAA claims the benefit of U.S. Provisional Applicatioft Ngt32004/038882

60/523,646, entitled "A%paratus and Method for Assessing Substrate
SERARSTHPANIMATEL AHORSES RO VERBRIN G, MET RLAE RSB BATE
which is incorporated herein by‘?@@r%ﬁﬁﬁs entirety. 10 FIELD OF

substrate utilizatie OF-EXH Hats AhtimetHddel fatd

metaiiq Substrisivilizaticniake deseehett BACKGROMNRDORFHEaton No.

INVENTION 15 [0003] Metabolic subsfrate utilization can be an important
60/pckSr h THESA ORIV EIBTSEY R R e P PG G RR A fhatients
andidéabelsisubgtrate Y Hixatidr diavedeendbsrivaditondividdaisthab ateference
. suffering from certain metabolic disorders, such as obesity and diabetes.
m I iple, obese individuals and diabetic individuals can have reduced

basal fat oxidation rates and reduced postprandial carbohydrate oxidation

rates 20 compared to ¢ ﬁ'ﬂ‘?jiﬂq ET{B%’E?‘R}'ﬁE) etabolic substrate

.

utilization have also been~observed mrndividuais-that are at risk of
devétdpitigidertbimdngidbolicwisorderdarer texaatgielipredisimtcitilization.  For

exa!ﬂl %%%glzﬁeﬁﬁg ﬂ'?d‘/ 1%&EHH??&%E%%&%}J%Q&SQHEQ&%&a@éﬁﬂﬁ&%ﬁm are described.
indivi Is, and this observation has been used to associate defects Iin ?at

oxidation with the progression of diabetes. In addition, defects in

metabolic substratep{i¢izatiphpave Qﬁg@ﬁ%g@@e@@ﬁ@@dividuals that

are recovering from certain metaboliC disorders. For example, previously

obe st iNtIEhs anHavE s WaF BreRRatioh rifes®oniphrsttb doptpsl i the
pattRiv A Al eethase: ieMQUlY NPesa 4R cividbA! S SRS S8R wiilization

increase fat oxidation as %‘uickl%/ in response to additional fat intake

havehhpn A0 Ed At BtdhaiHe Ret e cH ItaRaront Sopatrare libplisidisagters, such
as BpRIsIASERSSeR by sneasuing thesStdesiiratonnd daliert Alhaaghdhen have
respiratory quotient can be useful for determining _relative rates of .. .
redBE VAT A8 REITAIGN 6 AL DITA, BRe PRRNAL Ho U Ber g rates
cmﬂg@ﬁchﬁi mgﬁid&ﬁﬂi@fﬁnaﬂorﬂﬁ.@aﬂ_jiﬂgﬂb&hﬂidﬁﬁ;ﬁﬁ@a@ﬂﬁﬁﬁaﬁbn have also been
obNEIeIeSsin Ao ale SUURlon B dalon AR ror

en unclear w ifferences’in car € oxidation and fa
exanxpitatiprediebdue twoddifferénces ihavailabilty ofeficts in fat oxidation as diabetic

individuals, and this observation has been used to associate defects in fat oxidation with the
progression of diabetes. In addition, defects in metabolic substrate utilization have been
observed in individuals that are recovering from certain metabolic disorders. For example,
previously obese individuals can have lower fat oxidation rates compared to conirol
individuals. Also, these previously obese individuals sometimes do not increase fat
oxidation as quickly in response to additional fat intake compared to control mndividuals.
[6604] Metabolic substrate utilization is typically assessed by measuring the
respiratory quotient. Although the respiratory quotient can be useful 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 1s often unclear whether differences in

carbohydrate oxidation and fat oxidation are due to differences in availability of
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WO 2005/052120 PCT/US20041038882 carbohydrates and fats or due to

a predisposition towards carbohydrate oxidation or fat oxidation. [0005] It

is against this background that a need arose to develop the apparatus and
WORRAFE #escribed herein. 5 SUMMARY OF THE INVENTIBNI {8588} 118882

one embodiment, a processor-readable medium includes code to receive

carpafy TRURSAVE GHa Fradhsals)acerss icopanr ADATIE Shrbrhy fets farigaiigy or fat

oxkomeantration, and a respiratory quotient of a subject. For example, the

data can be indicative of the 10 plasma glucose concentration, the plasma

free FARPAdIdToRRBMEORAREPHR (&4 gbﬁé%%?? FRetihiorite dbipeesus an
meahsat abdperstrerBRNt times. The processor-readable medium also

includes code to calculate, based on the data, respective values of a set

of metabolic parameters. For example, the code to calculate the

respective values of g BanA Fogtalrolig paraveters@an include code to

perf gressm analysis on the data. The set of 15 metabplic
) R e e RN DGR St L BB RB e eceive

datparsinetier: dhe pwmmgthmﬁmmam{mpar@mmﬁ fEetdiagtivgdEoncentration,
hether the su ect asapre o] tlon tow Xi tlon of.a firsf. type

S e T sﬂg gH It; o§r 5 &&d onéc)j t?/}pe a{ glcgs BSHARCFS ichive of the

pla@mrgbleqihearamér@ﬁme tiaes plaretabotic iaanameiewmmbahmdlaaﬁ\lbeqfespiratoxy
ndowards, oxidation of .

T 2 o o B saoablefarom alo

1nqmn§aﬂ9éﬁoﬂhéd§uﬁﬂ%t Basedpondivefidiss tosacchangeincavetiability of thetabolic

paiiSk4Re Phaetalalic sy %ﬁ@&s 9&1&%@%@9&&9&@%&&@%& set of metabolic

substrate. For example, the value of the second metabolic_ parameter can

PIPEFRITAHTEHTIINE SOFfdPSHatyBh i isREssian creRhiigecm HikalaimiityToe set of
meSAHORYsHalRs ok falR 18000 Arp anathelieMBediReRt.8d 2 second metabolic

processor-readable medium includes code to receive data indicative of a

PolBBBiS"y B Gt 61060 el RETAMEVE) 5 Rratespvavgrginer the subject

hasﬂbJ giaamp@fsﬁw ieetdE @ﬂd&ﬁ%ﬂ&ﬁ%'ﬁ@ﬁ@%ﬂﬁ%%ﬂlﬁl SeHREANAESCRMENd type
C ulate ased %n the data, a value of a meta IﬁEﬂllc parameter for the
of Giiee i

erRPTERR of th&FBRIGo e Seihg iR atRiPh RatHBFecan be
mcﬁwrje@bha&a}meﬂhﬁpﬂsjmmh@WQbEéﬁzs@@sﬁ&ﬁﬁQhwafdﬁeaﬁiﬂét@émﬁﬂfaf%hydrates or

giSsien BO0Sn el ot 8 Relies s oo g S v
resheiny ¢nelisdtive dial@ammglab:ﬂlﬁy of the first type of metabolic substrate or the
second type of metabolic substrate. For example, the value of the second metabolic
parameter can be indicative of the subject’s responsiveness to a change in availability of
carbohydrates or fats.

[0007] In another embodiment, a processor-readable medium includes code to
receive data indicative of a blood glucose level, a blood free fatty acid level, and a
respiratory 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.

[6008] 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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concentration, a plasma free fatty acid concentration, and a respiratory
quotient of the 2 WO 2005/052120 PCT/1JS2004/038882 subject. The

wo@&m?%ﬂléo includes, based on the set of measurement reg S, c,q04/038352
calculating respective values of a set of metabolic parameters. The set of

sub”é&Faﬂécxﬂé{ﬁéﬁeéﬁ%s #ﬁﬂﬁge%gsﬁﬁ%ﬂ“ﬁ{@%%ﬂ%i AMEEn and &, 360N uiating
Metabolic parameter. The value of the first metabolic parameter is
respadivativelefwile therthel subjebtlaparprstisposiion Wwwelr deSabridapernmeters

incRIAI MR QL 0E 8@&%‘#3&5@% @%@@&%@%@&%%@eg Eﬁ‘?éax%‘?&iec of the

substrate, and the value of the second metabolic parameter is indicative o
firsthigestltsiererrerpionsivenisss of chgiber ihavahigsiityon tredisporpencowards
oxiBEkRPelCSHRs RIS, (Q00RIIP AROhEARPAIIMAN 2 Methad '%Hqﬁsmetabolic

applying a set of measurements to a subject to produce a set o

subfaits Fehieft relelTotarecsujset 1l isep BRI g iy dRibrRdva o bBIAGubject’s
resgRfiguad do-cuaHatem bload:slucasadevel shblops dias fattumgidilevel,

and a respiratory quotient of the subject. The method also includes, based

on B Bremelas Fehndmreb MR ARIHIAG ARRkABE fhir'seibjerisherngnts to

2 szﬂfﬁdt]a@qﬂimg_cwwd@f ﬁﬂd@ﬁf&ﬁ@f&g@ﬁiﬂﬁt}ﬁﬂrm §@b}é&f§ﬁi@§bt[§@§r?§ayﬂr?ments
. anot empo |ment, a method includes._calcula Ing n_untreate value O
beiy SOREHBONS AN P A e TIe & PIRALET o fies and a

respifdtagtegivatue of thie: meétmbolic Perameterdbeiny indicatyetobwhethehe set of
the sugA?c;ehaI?San %Léptreated prelgiﬁposﬁion t wa{d% carboh %rate g

eKidAtion oF Tat bxidation. The method also holides ApplyiRy A tREFAR 5 ards

carthbysinsjectiditve mretfrodsatboiimcludes calculating a treated value of the

met i€ pa rfor t ject, the treated value of the metabolic
perd R AL SRS sty vl FUELEHR T IIE TR vae o
a mgtelehibp psitoretonards vhrbdHytiar a oxitetidie oisetdoxidationrdEel value of the
] Eing! ) r To .
nlIEROLIS i ERsenReT et il UMy

towRyEth sRBRTGER R et denetvs dah cdeti el c (bt sl d rtemiagivdgaepilying a

thex%ﬁ'?e@t%ﬁ@cs%f@dﬂetqrh@rn?eme&%@%@Q&@@é%@ﬂ&gﬁ%’@&&e{he&mme of the
untreated value of the 25 metabolic parameter being indicative of the

metghpficcPaHRFEAtEY 8pBIRenEsstierkrd iR t Avamapiitylist parameter being
indingtabalic subsiratend hammeihadsalgorbalbidesanRvingoa hearark IR AR hydrate

.subject. The method alio includggélalcu_latin a treated, value of the
OXIAEPRHI R EHAIBr ORI SO S e B PR B EaSoTlue of the
mefBsigienheingitdibativerafitie subjectis healesitospamnsiveness to a

cha in.availability of the. metabolic substrate. The method 30 further

L A VA o th B AISbONE VAP fhgelue o
a mgifbeRtgehrameter for a subject having a metabolic disorder, the untreated value of the
metabolic parameter being mdicative of the subject’s untreated responsiveness to a change
in availability of a metabolic substrate. The method also includes applying a therapy to the
subject. The method also includes calculating a treated value of the metabolic parameter for
the subject, the treated value of the metabolic parameter being indicative of the subject’s
treated responsiveness to a change in availability of the metabolic substrate. The method
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 conteraplated. The foregoing

summary and the following detailed description are not meant to restrict the invention to
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value of the metabolic parameter. [0012] Other embodiments of the
invention are also contemplated. The foregoing summary and the

WJng%mﬂetailed description are not meant to restrict the inﬂ@?ﬂ%%?ﬂ/(%sssz
WO 2005/052120 PCT/US2004/038882 any particular embodiment but

re merel %m&%&eﬁ*ﬁ{ilﬁf‘e% mbodim .the_invention.,Also, it
él}ipggﬁ%%%é%%d that some em b%ol‘:%i}i&n?errft:'se a&éég%isgr&%ereﬁ%mrﬁa{i/nﬁ%g %Isr,réeél ts"of the
invigntBeohahjeablyswithionplasdthet. B BRIEFDESORI BTION @M IkiE may be used

int@%ygg%wgg%ﬂ EiGukillustrates a system block diagram of a

computer system that can be operated in accordance with some
embodiments of the invention. [0014] FIG. 2 illustrates a flow chart for

assessing metahgligrgtBsiate: FEIH PeERrdgANR ebodiment of

the invention. 107T0015] FIG. 3 lUstrates a flow chart for assessing a

therf{! A dd6rdingItS BBt dnedf tHagiweficreoprslrGtan that can be
opdibisl ales Simmatedinesuiiz anthenpimalized plasmaxdree fatty acid

concentration, the normalized plasma glucose concentration, andthe
respaidH/ dtoteRiisiralen s e Shatialop aserstisbaeiply sHtskte utilization,
accoldeose tlefiapegiiest CO&hvsmeaording to 15 an embodiment of the

inve&téﬁu Lé)l(é?é F|G. 5 illustrates siryula%%d results for the normalized
plas b ity AURFUELT a0 e or AT SR pfa e Bactserding to an
embodioeniralid, anenthenrespiratory quotient of an altered virtual patient
subj an QGTT, according to an empodiment of the . inyvention. 2 ,
oo L e e R R AR e e B ey s
corgeotientnofe baselitedirtiaapatient ancdacealtatied, vintl dlpatipittitory quotient of
aicina.n BR.emodimen ofIne INANURD [IOASLAIG, LASRIC o ding 1o
itted values and reported values of the respiratory quotient for ind idUAls
an smbjabeentetitheendiffdiant meal protocols, according to an embodiment of

25 thﬁﬂnﬂ%ﬁ?% PRIAILERRERGRIEHON, %gg{&%llggdzﬁﬁsma free_fatty acid

Embodiments of the invention relate to metabolic substrate zation. For

comgenéintplBiedradivdlaerme slasrstorcassatsling niethbslic stitrertauotient of
an YiFANIORAIA 4RBEHPRHhjected to an OGTT, according to an embodiment of the

imvention.

[0018] FIG. 6 illustrates differences in simulated values of the respiratory quotient
of a baseline virtual patient and an altered virtual patient, according to an embodiment of
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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According to some embodiments of the invention, metabolic substrate

utilization of a subject is assessed by calculating respective values of a

set of 0 bolic parameters. The set of metabolic parametg ﬁ%}d%l}ég&z

WOa%%?‘s{U%}g%gbolic parameter that characterizes the 4 WO 2005/052120
PCR/US2004/038882 SH?j(%SﬁSt redis ition towards oxidation of a first

s L et T T AP 1 second

typsetfometetativlisupsirainetéhs cah esodhtiolie pasevoiat matabboliticlude a second

rame h teri ubject’ n c ej )
g e R R e
avaplakakiiptefsleafistfiimh el imutidels thivekraetabblie peirafiarésliblie parameters can

furGRAtACIRAZESHNS ﬁ%&ﬁﬁﬁ%ﬁﬁ%ﬁ%@&%ﬁ&%ﬁ&t&%?ﬂ%ﬂ%ﬁﬂ%ﬁﬂj%%enegs fo

the second type of metabolic substrate. [0021] Advantagedusly, t
a chigpsratay HHAHEMoHS Besrdibas wdrapibatibebsedto identify
chaipgieristics s ipetaheligsubsiaie utifizationdhatibveiaaly1raBnaththe used to

__ identified based on simPIy measuring the respiratory quotient. For o
idepg ShieaHersfiparimsiabrlie yhembue teatnp dhah srpirrlxi P pBoide identified

basifosmationkegasingiihendndeprinesausest. differencasis, ordatign@ius and
a first type of metabolic substrate a,n% a second type, of metabolic_ .
me S AR Fh TS SR RALB giguetesina L dngsphdagorruses of

diffsatemeiatolicosubstfiatetvipdi satoagiays subeltatt @EEXabapirl SYehbf metabolic
information can be used to.develop a therapy for treating.a metabolic :
subgl ARl T S EO G L B SO S.UEE TR BT AP g e metebotic
subptovides! exampiés/ohsoine Bithedemphs dedclifechigi@imam beseed to develop a
examples ma Iikevyi e.be expdamded upon, herein, FOQ% As used herein,
e L B B R e Umiecs
the context clearly dictates otherwise. [0024] As used herein, the term
Te; t" refers to a collection of one or more elements. Elements of a set can
be referred to as members of the set. Elements of a set can be the

sam® & 2diffeeeirllpvEshiaanisiem easrallsm ehteoafea detheateshadesmded herein.
Th&@éﬁﬁﬂ?ﬂ@%ﬂh@é@%@@fﬁm&&%ﬂ #ssdused herein, the term

"metabolic substrate" refers to a nutrient from“\"/\,/,hi(‘:‘h a biological organism
can @b snerg). Mesiapdhie sinstatesean be'classifictids thiffeteslude plural

reflVRRS vBUEh s cathkebyditesidaiss dntprgdgins. In some instances, a
particular %ge of metabolic substrate can also refer tg a component of

that {[%%41) Efﬁ%gﬁﬁegb 6@@&{@1 “set” refers to a coliection of one or more elements.

Elements of a set can also be referred to as members of the set. Elements of a set can be the
same or different. In some instances, elements of a set can share one or more common
characteristics.

[0025] As used herein, the term “metabolic substrate” refers to a nutrient from
which a biological organism can extract energy. Metabolic substrates can be classified as
different types, such as carbohydrates, fats, and proteins. In some instances, a particular
type of metabolic substrate can also refer to 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.

[6026] As used herein, the ferm “metabolic substrate utilization™ refers io a set of
biological processes through which a biological organism can extract energy from a

metabolic subsirate and can use the energy to maintain life. Typically, energy is extracted
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or a product derived from that type of metabolic substrate. Thus, for
example, 30 carbohydrates can also refer to glucose, and fats can also

W dg}‘ L /[ng?}y acids. [0026] As used herein, the term "metaboﬁﬁ'ﬁ%g%@ﬁ%sssz

utilization™ refers to a set of biological processes through whic

biological organism can extract enerqy fro metabolic substrate.and .
RORLGE tHE & ey Lo AR T Do oy o A Ay invoive
bioRQHEID P24R8PCHRIAISP B0 41038882p Hrodieosievor aboreptypessofragetabolidization,
and UERHRICS: MetahallgsubRURIRUUIALRN SN IR can also invotve

Processes re ate to, for example, digestion, absorption, storage, o
biotngloiiz atiorsssmad duidétion fof rectaiidiic SubyshaeMidtab dlisslilestrexedation of

ilizatiQ also involve biological processes related to, for example,
megatggébcysgquggnlg?fure based on oxidation of 5 metabolic substrates. [0027]
As U668 Hefeinstidieerin thedeaiolie eduitefyerss 6lardéctimcst i or a defect

affgﬁfﬁgﬁr?efé&%}ﬁgsm%@ag'i&iﬁggﬁiﬁateaseg}}%gégef ExampiesHimaianglifide obesity

disorders include obesity and diabete 028] As used herein, the term
and sgPjetes- refers to a biological organism to which a io measurement or a

therggy: e be aRRligdi duiqlogical BrsanisnGan De:deamRiesidMo which a

warm-blooded animal, such as a human individual or a non-human
MEATHIRREN BT S0REURYIARbE PRI hjet IO HEUCRATTELEME Brsdpagrample, any
washlpiReiS-Raxing A reetabelis disprdemaaninslede. fomexamplensthiettSIn some

. that have been diagnosed with the metabolic disorder, subjects that . .
i & 800 6 G0N LSRRG DN The MBI UISE: dapggbotic disorder

carbtbjrels, ks thatrase: psogeessing: tawar dscor dteadsidkvdiiddvelopingotivedisorder,
I S b R g

a anamou carbon-dioxXide produce a |0Foé|cafl
thabrgapis@ranthatoarmdant efeoxygérod daseloredgie thethiologidabrder.

OVQZIQJ&@- T seugéﬁ%%%igfﬁ;/%r on dg;@?ﬁteggr%%%fgﬁgg% ?z’ﬂ%“é”s‘%%% amount of

oxyden™ consumed typically depend on'a p
cabeingioxidizpadiorRBvexainlols caxid gt feadriol dowery o€ ose ggpicedlypmed by
invalves the. ing-1elationship; + = 21k "
theprl}f %?@%ﬁg?lv%%lﬁ%li%%sgﬂg being?gg%flzg(%%%% %?é@ggﬁg?t%@ qﬁgg@éggﬁ%}cy&en
conypivedlytndeaicdapruduinbrist darbsnarsbes melbeuns prieceddiged.  For

ex ¥RIRAIK RAvALIB RS BUNRE L RLOXY SRR AIRISEUIRSE NS UMBH i Pelationship: 60,

respiratory quotient is_also t)%call 1.0 when other types of
e

+ EakboRydratdhte DiliAed piraléiip qiREneREIseypibaiReooKigred, the
resprislation.Rfifatsanghis-avpicallif:s fies axidatia efpatainsideansicbuikibtoduced
_ of carbohydrates, fats, and proteins, the respiratory quotient is typically in
is ’m@c,%{%%qual to the mumber of oxygen molecules consiimed. The respiratory quotient 1s
also typically 1.0 when other types of carbohydrates are oxidized. The respiratory quotient
is typically 0.7 for oxidation of fats and is typically 0.8 for oxidation of protems. For a
mixture of carbohydrates, fats, and proteins, the respiratory quotient is typiéally n the range
o'fO.'? to 1, such as from 0.80 to 0.85.

[0030] As used herein, the term “therapy” refers to a stimulus or perturbation that
can be applied 1o a biological organism. In some instances, a therapy can affect a biological
organism, such that the biological organism can exhibit a response io the therapy.
Therapies that can be applied fo a biological organism can include, for example, drugs,

regimens, or combinations thereof.
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of 0.7 to 1, such as from 0.80 to 0.85. [0030] As used herein, the term
"therapy" refers to a stimulus or perturbation that can be applied to a
biological organism. In some instances, a therapy can affect a biological

WBBHTHEHRM, such that the biological organism can exhibit & fdpdHSa/¢é5882
the therapy. Therapies that can be applied to a biological organism can

inclife3 ¥briexampldctinugdherdefitheisusr dofvibinatfofsHouwsf. & W degree of
corgé)rEﬂ%%? QR gﬁé&%@ﬂlﬁgﬁ%aﬂ%}lxﬂ&ﬁ@qﬁ REERIR S HBRTm biological

"drug"refers to a compound of any degree of complexity that can affect a

mepholgieal Brgarishcnictrbrisy RReWREBH ertiknowieBiBlsyRafrugs include typical

smiNeaDARisms. ancbwheiher onpabbsed therapeutisalinExamples A dbu9%uch as
include typical small molecules of research or. theraﬁ_eutlc interest;

endogHiHa ) 26EEIRANGTABIOFE S BT 98 P8 HATEHh & Wit celhssrmdors of any

ryplaciRrauiastorsdidigrastingywithueeliseeepiarsefiany dpelintracalivlas, factors
factors such as elements of intracellular signaling pathways; factors

150}l {ERrH B IHBIRAT AP SH IEHS s HETdeu e biidRss s ypiges. Drugs can also
incligectisidssniplegseansaisel mckide, berepannia, AgPNS USRHINGEN®rugs can
therapy such.as DNA and RNA. Drugs can further include, for example, |
o Teriin FEARIRE; dPbaURRLUSes atafd AN L T BSSer e teria, and
bicagevit s grad yeedusydbarledadndndrusescée(g g. Joxihs) can be considaréds drugs.
A gadnids, A desponss o adiugcan be conseguence oL InSAMMIEL . o e
rg?ﬁ’al}r%e idted hanges in the: tate of(%r’anscnpzﬂo% or de%raga 0N 6 ore
ratopMorsspstesoiRNAdoug fnediated wiangess inf tRE Aatdrog-extdataf changes
in g%”%&%"g}%%eﬁ?sé#réﬁéﬁ%%ﬂﬁi %@&%%ﬁ'&gngja OfaP" IR s.i?lg'y&e%geér more
rug-mediated changes in the rate or extent of degradation of one or more

polyBepistesindrutruaeriaihbenatihisheorastimuration of degordoiarmignefor more
profiBsOTIMerG AAEINTHIRRE SO RN SAME NISIRNGRSeIHIS FABLEXSTE or more

their effects by interacting with a protein. For certain applications, drugs
progaifsafsl iR, fo7 eXEmiTR AR pBYEfofA fieldRsY RtheSIBigEeing with a

pm%imp@H@@@&QﬁJU%@%@%QﬂQﬂg@S@ﬁdaqsaetr@fl@@,imﬁn@eaﬁggﬁgl MPupositions
used herein, the term "regimen" refers tg a behavioral protgcol that can

inchisiiarart ARl By TERRRSH OWHBIHEF B Rrishii SrghRRORADRIGHRRICNS

MechppEMs and waeH)enotdiel uspthiberapaulicallybBxampleselocol that can
e o e o i,
whigharnealiselfeadingunthBguilivrwplvweightiseatabilisheld, med gietwcols (e.g.,
sho\évgi(:[g \ésa éﬁ%ﬁg%nﬁ%g%%s%gé%%ﬁég (E{%Siﬂg%%? a@?)’r%?g}l) eCItIia\éiatL s%rer day, caloric
preload prior to a meal, self-feeding until equilibrium weight is established, and diets with
varying metabolic substrate compositions), physical activity or exercise protocols, or a
combination thereof.

[0033] As used herein, the ferm “measurement” refers to a test configured to
evaluate a characteristic of a biological organism. In some instances, a measurement can
refer to an experimental or clinical test that can be applied to a biological organism 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 "measurement” refers to a test configured
to evaluate a characteristic of a biological organism. In some instances, a
measurement can refer to an experimental or clinical test that can be
Woaﬁ’ﬁ'i@azf&ﬂa biological organism to produce a measurement FaShit )&*038882
. measurement can be applied using any of a number.of 30 [unctional, )
i AR e PRSI RR I do St ET A6 A IcAFbso e or elative
dednRasuiemeantc restlkogingipteduces Ameasusmeniisuitieatshe; a maximum
indicative of, for.examBI? ac ncen%ration, a level, a rate, an activity, or
vallify oty BhAPRLRRHEGE DY BiTBGiEhr RN Sr EBrARA BBl GRS When
valaeneasplrenénisesult gaminclsde.g. yvalue)atongesaramnore a7cMWH2 when values are
I %t085/1052120'Ez)%Té%§2@04/Q§n§%8% tirr,gl%% an %bsglute or. re\lfieltiv%]c .
POREERes T SVATUS BVer Ztme | terv%glt; an absofute or relative "detfed8e’e When
valireaavahiettoderlangeinterval Grnzaverajevatoef almiginudm waliee pa average rate
maximum_value; a tim um value: a tirQle at maximum

of changg qqna value: a ¢ ga%rg]qyggma C Wl‘t%h a Y e, a nianber ot %!gtgi.mae% a value
area’below a curve when values are plotted along’a given axis (€.g.,

exherls) rear aredabilshalenreecibise naladueszare Biplbtedbiehgvagivenaiisrval; a
mid G UG & RPHEW:OF ,%[%%Q%iﬁ%ﬂb‘%ﬂe&“’%&%‘é? %/g g‘g}ﬁ@liﬂ?%ﬁgﬁr@ver a time

~ plotted along a given axis (e.g., time); a rate of cha a value; a
intgyekagEpziEn s chERGaGST 2eVatge Vel aidanedetisbn with aaveding value)
ovEUMBEE OhISIANGERANAIYEI SHFREUS sEaRENGSnR! fAUSRAION ANAMIRL associated

_value (e.g., a baseline value) over a time interval; a minimum difference
wilenXalBe QAT ERY Bis6thel darEREYion pasumEesRIescalaiontiheetgtionship
of Htehyahorerp@xpUM difference between a value and another value (e.g., a

baseline value) over a time interval, a normalized value; a scaled value; a

statiieH Mt HEEBtidhea iith 31051EE0r 450atifPpstignvgh a therapy

refegmbinatieiiaggiedatecteseseniation] aitelapaashipr akpyasordNBESherapy. In
. values. L0034 As used hg ret'gn the term "biomarker" used in ci%?rﬁ\tj}on |
SO A aby 15 Terdr 818 A EHRACHESHE (0t EAH B HEUB Lt vt Glouiated
forpastidufdratasgense to thdetherapylitna gamiedhstanpessaditmatkkiztfah organism
erapy. can refer to, a characteristic.that ca calculated for a biolpgical
o B I S e G B IR B S RO, por
exaonglnismiokire therbpyriwnme kersitanivenpyediativgiofldiffévenyt safety, or side

effggér%%s[ﬁgrgg}g t'hera.py. For. gxample, biomgrkers can be predictive of
eftectiveness; biological activity, safety, or side 20 effects of a therapy.

Computer System [0035] FIG. I illustrates a system block diagram of a
Co 1 m 100 that can be operated in accordance with some

embjedaFeRts; of e drventionskhe NeBraH BYSUEM computer system 100 that can
be operated in accordance with some embodiments of the invention. The computer system
100 includes a processor 102, a main memory 103, and a static memory 104, which are
coupled by bus 106. The computer system 100 also inciudes a video display 108 (e.g., a
liquid crystal display (“LCD”) or a cathode ray tube (“CRT™) display) on which a user-
interface can be displayed. The computer system 100 further includes an alpha-numeric
input device 110 (e.g., a keyboard), a cursor control 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 unplements 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 memory 103, and a static memory

104, which are 25 coupled by bus 106. The computer system 100 also

includes a video display 108 (e.g., a liquid crystal display ("LCD"J) or a
WG Y tube ("CRT") display) on which a user- interfacd Caf} i /038882

displayed. The computer system 100 further includes an alpha-numeric _
ProffsttdéVice?i 6'e. § O RESBoHIRN CaHelfs P TSP EfetACE 142 (@c dransmitted
or 1BEHieE) vaadisk triveritmite1kd; a-sigaaligeneration device 116 (e.g., a

speaker), and a network interface device 30 118. The disk drive unit 114

includes a processor-readable medium 115 storing software code 120
M ¢hatd piptenienissprates Sihg-hotiord g te soMaiadadiments of the

el e AR SRR RS Bl SR RS
ut PG S20044 38882 dproces somifRo drlboth tHeor qendintapplications ciheilating

ftware caode 120 can be fransmitied or received via the networ .

S R SRS D g sbstar
oxidationtiotes [0088hAecortiygitosoidentbodicents otphednientioahsolute terms
(e R0 halAS Ylinalon.cARDS ARSERREA USE AP INOAAAL) or in

quantitatively relates circulating metabolic substrate levels (e.g., d
relpgiye|desindtapolieastipatrftéaiptocatembeticendbstmmssositiadi oM fatesidation of a

pm’%{'&iﬁ?oléﬁ;éuéﬁfﬁéﬁd%@am&% > cafe JERIESORIBA L ARROILE ISP with »
e.g., rafe of oxidation of a particular type of metaboliC substrate in units of

MahgRARO T IRTESCREIAO e Teififs (RIS AR diF BT detar ey iaip eifitien and fat

oxAsEesiBtReMIh-0xitalioR of sabarticwastyne pimetahelicsubstiaiel. fh8meters.
methodolog%)c.an be associated with a mathematical representation of the

The. Sph R fREH B SEFBbATE O b AfhratePRic SRR Hudshasppterizes a
sulgvatabiiy: qfeatbohyduieoantidats ance spyabiaetabolic parBatelSmetabolic

The set of m taboliic aramete&s can.include a first etabﬁ)lic patameter .
DG Gha Ao eL A S & ISBHL BFARSDO SR E Ao SRBATIGF e subject’s
respanbivlydiates ar fatsgehénseveflahdigbalic qaerainydters: carTalsastnchideraabotlic
par%,rence Qrg Ena%t%?l%lllgr @%é%’&‘ee tae{hti?g tzr?e %é%%egfzmea%nt% & Q!ec%[a% terize tl}e subject’s

responsiveness to a change in availability of carbohydrates. The Set o
respuetabolEssparmshetersicavefiathiey intlatie a third metabolic parameter that

char, izes t jact onsiyen h ' jlabilit

e o S e AP A Al e
sulfipel’anpredespagisieet susraginositiBreshdibes poteiiase sutheroliowireg used to
ch&UBHOPSERREHERH tRnFhal eiSHRGIRR CRMREINANLEMERR tion:

carbohydrate oxidation and fat oxidation: fraction of energy from fat
oxidatiop,Fs K

on of energy from fat oxidation=
P g

(Equations 1 and 2)

27

fraction of energy from carbohydrate oxidation = ——=——
5 W
Fo+ —2“ G

where G represents the normalized plasma glucose concentration (e.g., plasma glucose
concentration/5 mM), F represents the normalized plasma free fatty acid concentration (e.g.,
plasma free fafty acid concentration/500 pM), 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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Fs'+W Gs8 2 (Equations 1 and 2) W Gig fraction of energy from
carbohydrate oxidati on = 2 F" +-Gss 2 where G represents the
normalized plasma glucose concentration (e.g., plasma glucose 25
Wt dtcdhttlon/s mM), F represents the normalized plasma fléel fhttsPat4d8s82
concentration (e.g., plasma free fatty acid concentration/500 M), sg
subjesprepedispa erbolicl piramreferomst [eMaidc iz el sapjebydrates or fats (a

f2ctLESRONSYENESS P A LHANAS It auRIlahilityef iGarRRBY Jitt6s B SRPHES8MSers 5,

a metabolic parameter that characterizes the subject’s responsiveness to

and gahamger P avhITABING B FARY ARG W TSP 68 A Ao LaHeMd g at i dation,
1‘es£@%¥f}@%ﬁﬂ%%éﬂ%oﬁcvﬁga%9@é/ 052420 d2fed/bHa20044038884e parameter that

subject’s predisposition or relative preference towards oxidation of .
chas GRS SRS 6T PAed I6RORHBIRT F6 S SHORRIEHAG R d8Y OBl L
instanRees ihe metabalicAryametess s¢ artiséCan.canespandoiddizes primarily
sensitivity parameters for carbohy%?f oxi%?tiondand.fat xidation, . . betw
carhelapsiative §h FEHRE R A pAFANTSEF T (Brigsrbsbifacgupetition between
carb¥BightiRg R amatenth#@tbshanietelizesganetitpredispesitonRowardsnt the
carbohydrate oxidation or fat O@%]i;% [90 8% For certain situations, it ..
frachign & tial,FREEEn SERTBBPER BkidiseE PRnvary “BBIBoRydrates, and' 8

conEidatipmse a2 cambeasethfocdesoridd stre’ggrapétilion between

carbohydrate oxidation and fat xidatiog in_ remaining tissues. Letting B

represei the Aractign,oheia r@%ﬁ@e%%re by the brainy(esn 3)

approxfmately 0.15%?1‘}der}resti g 10cdrditions), the following equation

can be derived (see Appendix): (RQ-0.Z2-0.3B 39G-sfE+log(w/2)=log | R%_ )
wheesdtierr Srwhée REFaRSBIL e fespistorydhotiantsd = fofE!itha s 2
forta ﬁﬁLRGﬁlo%%Uﬁ%ogp@mﬂ& form thatplows. 1he application Al epte ssigR ses) to

analyses (e.g., least-squares analyses) to calculate values of the

Calm}@fab@ﬂ'@eﬁ&%Wféi@%a%@!iémﬁﬁ@%faéedfoﬁﬂfhé’%ﬁ%ﬁ’?e@‘%i&%?ﬁéﬁﬁd plasma

cuQHCosEconcaRRaton, eharalizadplasma fegfaldiddncentration, and the
concentration, and the respiratory quotient. [0039] FIG. 2 illustrates a flow
respiREpr For s $Essing metabolic substrate utilization,

[0039] FIG. 2 illustrates a flow chart for assessing metabolic substrate utilization,
according to an embodiment of the invention. At step 200, data indicative of the plasma
glucose concentration, the plasma free fatty acid concentration, and the respiratory quotient
of a subjec’t is received. In the illustraied embodiment, the data includes a set of
measurement results of the plasma glucose concentration, the plasma free fatty acid
concentration, and the respiratory quotient of the subject, and a set of measurements i1s
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 resulis being produced. In some instances, the set of
measurements can include a set of chinical 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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according to an embodiment of the invention. At step 200, data indicative

of the plasma glucose concentration, the plasma free fatty acid

concentration, and the respiratory quotient 20 of a subject is recejved. In
Wt Aled embodiment, the data includes a set of measurement /(58882

results of the plasma glucose concentration, the plasma free fatty acid

cond 8RB ARG aﬂ%ﬁn’rﬁ‘?oﬁ?tqﬁéﬁgﬁf‘bﬁefﬂglgﬁB?élcﬂl%lﬁéea@asmemem that
ard REFSMT eMBrtsdst appliadiedhesehjathi procueeploeibetef of measurements can
. measurement results. The set of measurements can be applied using an
incli o dufiBF B R HET BN &I A py-S bA CAEHAT G 25 he s st of
meapptoprate dmthe sgipdfetheasurément:resultsbeingrpsodugeddinesam@rst set of

instance%, the et%f [Measureme tsocsgnciglcélédga? §§t ﬁf cliqical tegts fatt
me@&?ﬁaﬁr’bdrﬁu easure the éE‘:) a%nfaug ucosenconncelntratlolﬁ, Hwaésp hsmia free’
cofattyradichcont drtratomstanddtinei pas pir&tofyrsjuctient o the tisub dite Farond set of

example, the set of clinical tests can include biochemical analysis of a
GRS Gt P S SRS OE R R SRR € bhona st of
megemceriratiesudndothéhslagnsa 3 chreesattpueittuonee niratiplsMhelat fftty acid
cof IS PSR ARRAS, NUAChCHORMEUIC AT ASIS ALISSPIARY 1 ohi

gases of the subject to measure the respiratory quotient. 1 )
ex20p5/0B2 126 PETHWSPOV4 /B84 foUA0] a8 ohte Sprstath degesteettdfme. To

AIREARUEEMLRR £ {Rchide meraytemants hataie arplisd 3t diferethe plasma

measurement times. Thus, for example, the set of measurements can

gluprybqens SR Eet hpilastireRTe iRt Re 4 CRGHE Yo Pt iSUIsRIENPSY quotient
undigditghagtofheneastiamasts eanfeanpliedata firslineasyenant R set of

to produce a first set of 5 measurement results of the plasma glucose

MERSHESHILHGH IHE B STHETERTER S6b 2 Co A tranor HARdALY, smoe values of
thd @HRifalQlly cpsetientatibadir shihaeasylament i@y heigaronenselioh can change

measyrements can be applied at a second asurement time to produce.
COTPIISERY SCD 1 LuroniHi JRS IR (Fo Dacifia Y JEskuiremants can include
meaoneanrtiatitn; iheapidsddired dathyraeitteegneantratio))@id. the

respirat Jotient.at the second measurement time. In this 10 example

e B R LR ST ol B AP Grcutared
fortithe siigedlowdhem pplidationlofthegridssiotedusalysdspitis depiretile thates of the
ISR MArs gldhe plasma olycase conaeRTaana S ARAMRIER Bitthe set of

acid co centration, and the respiratory quotient undergo changes _
médgetraridiftsrdint phetisurdpimnt BesseARsmgaiiegardictidagarofree fatty acid
cofREASHEENERLP ﬁf%nrgéﬁh‘ggrm %Héﬁfn&nﬁeﬂl‘.‘%ﬁf&a%“ﬁgrticular,_ the normalized

u

post-prandially, since values of 15 the plasma glucose concentration and
plm%wwf@é%ﬂﬁ%%%@r%mmgm@eéoﬁ%é%l%&ﬂ@ﬂatwn ave

caligakd Brsdenexrmplethe.sakofmeasuraments;qan Relddgon malysis (e.g., a
measurements that are applied based on a meal test, such as an OGTT.
least-squares analysis) is performed to calculate the values of the metabolic parameters s,,

acid

s, and w based on the normalized plasma glucose concentration, the normalized plasma free
fatty acid concentration, and the respiratory quotient. In some instances, the values of the
metabolic parameters sg, 55 and w can correspond to “optimized” values of the metabolic
parameters sg, S, and w (e.g., in a least-squares sense) based on fitting Equation 3 to the set
of measurement results.

[0042] Advantageously, the illustrated 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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[00411 At step 202, respective values of a set of metabolic parameters
are calculated for the subject based on the data. In the illustrated
W Oemg%q%%nt, respective values Qf the 20 metabolic param%;gj%ss% (ﬁf 38582
and w are calculated for the subject based on the set of measurenien
resylts of then[ali%lg na %Iyggges oggtegtrgstion, the Qlas,[ma free fatty acid, hility of
P ifatiol Aid the respiratoly qiotant of IRE Ehifed: TR MR o
carbalipiaticsd tiplasahs giictse wotedtcationmntithe narmelizadyplasnie subject’s
res froenesi@etitl%s%%dac&{] C%e“ﬁ%%%i%%ii?f lgﬁg.&?daltl)(? %ﬁg %rllutehce)f‘z% %&etabolic parameter
easurement results. Next, a regression analysis Xe.g., a
w itcasisstjivadsizmiysis) i peifponcdid calcdiateitht cratfestbbitydrates or fats. In
sucﬂq?nt%b%}c ﬁ@@%ﬂk%@% %%ﬂngﬁr%%g Vlé%a g%@ﬁ% %H&g@&“%@ d %%Sg% underlying
glucose ¢oncentration, the normaflze lasma free atty acid
caugonebdifaiorcantohboespiton dpiionend fatsondetinstances, the values
of the metabolic parameters sg, sf, and w can correspond to "optimized"
values of the metabolic parameters sg, sf, and w (e.g., in a least-squares
pbinativenebth o Ngtled Hegiation 3 to the set 30 of measurement results.

OO%M Lt %%%&!Yoéed@&%!&%@%&%’%mﬁ@tﬁ%@@ Be M88Es applications

identif¥ characteristics o? metabolic substrate utilization that typica

I
whegsnmstabelia sHhisdt HuLLgEan apR Srieksuling ?ﬁ@’?@?pi%‘%dﬂ?@@é){!@@ﬂ! can be

uselD agkculas, dharahyersf thametabalia ddiWEs3RRP/QR21 2Q obesity or diabetes.

PCT/US2004/038882 parameter sq is indicative of the subject's _
Duting & 8RTame S568 WehBHYE T é%iﬁsﬁﬁgﬁ%%o%%f@wwﬁif?n@%w Gfmdidate
thetheymetabaliaparametbestis indicative ahthepsuhjectisret@ SPONSINARESS TS ts on

a.change in availabiljty of fats, and the value of the metabolic parameter |
e TR O 1 Ll G AL I DB SORGR ARG o delermine the
extearbolydiatbsmgesatsmaslichubdrme ptilestilus trataticanthodinddite derapy are

rovide information regardi he underlyi causes of differences iy _

e s b et e e e S
car{)@@&_@qaﬂ@xﬁ_@t&mdcﬂbg@tdesﬁim,h@t@mgea_rﬁlbef_%sedsaiwmmemusvaﬂabiﬁty of
carBRRIGAHIANS fb‘?s}"él?%géoﬁ%iﬁ&%&? &%Pé&!igt?o&“%?%ﬂ@, E’J?‘Xasy%éofigsh'%%fa to identify

exdample, the methodology can be used to develop a therapy for treating
a capidhBies dhabpciueh as Bhediy by dlabaesheDwdimsa thevapy carbohydrate

oxi@IREAVELY Riesessidhe Methraalagkean herdseddeassas i akAnidalfe terapy

therapy to determine whether the candidate therapy has difect or indirect

as affeptéedn hrethpBliecsumanme whezbgorarrpditeirat e matfistiolsgies of the

me%m%g@@%{&@%@g@ﬁ@ﬁhe is extent to which changes in metabolic
substrate utilization based on the candidate therapy are due to changes

in mMAYb IRk d R IaTSIME S chhgaR N dEiapesifiom tRaligsdisorder, the

methodology can be used to implement the therapy to treat the metabolic disorder. During a

course of implementing the therapy, the methodology can be used to assess the therapy io
determine whether the therapy has direct or indirect effects on metabolic substrate
utilization. In particular, the methodology can be used to determine the extent to which
changes in metabolic substrate uiilization based on the therapy are due to changes in
metabolic 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,, sz and
w can be calculated for a subject during the course of implementing the therapy to

determine how well the subject 1s responding to the therapy.
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carbohydrate oxidation or fat oxidation, changes in responsiveness to

availability of carbohydrates or fats, or a combination thereof. For

example, it may be desirable to identify a candidate therapy that acts as a
WO'NMRERLBY) shifting the balance between carbohydrate 20 oXfd5tGAHE FAE

oxidation. The methodology can be used to identify the candidate therapy

as d06vuAlcRIbadedionreietefriiving chtrbtier fiecesingidatbaierapiFaffditg to an

eml\écz\tijge%anotp 2 RBRAlC RIAMEIEHS Sre3teNd Mes QPF4LRMDREAHS Hrameters

ping a therapy for treating a metabolic disorder, the methodolo

! tab . y
are cairbleteddarte iprehiENitae fﬁéﬁ%&l@d&ﬁ@é&%ﬁf@l%&i&&%ﬁg values of
the RHNG A 23 SOUESE.Qfaplementing:tbe therapyoitemetbodelagyieandBeent the

used to assess the therapy to determine whether the therapy has direct or )
theippirectiefiets BisHEhoRRSIBEat e R PA RO R petiddlies g the metabolic

parmginodology canbe Jsgeia e e tbRraterideyieh ochangesifent results
metaboli¢ substrate utilization based on the therag%%gre due to chang;es in

of thetabsheas Bt AVTARIG-cHENESTH pTéaispOifiGH (GRasraen, aud the
respRERGNVEIS R EReR3e-Opfiat axidalivngahangespn responsiveness to
availability of carboh drat s or fats, or.a .combination th,ﬁre%[’ Ii_gr can be anolied
exakfiies résgﬁé‘?ﬁig}g%g?ﬁé%e&%és%g%%fﬁl%gr%%g{%‘rs 3G, SEAnd“W 2aAP?
usiBg ealculatedionar ssfbjedirdgiing thehicaurseldf, iniplémelating, thertverapyly, or a
to .determine how, well the subject is,responding to the th L12WO. .
e e S S e
iheforigssesTingtactheramslyoobrding thancemboditeenioiithsigvantioha Awmber of

hstegc?,?o .ur}t{gc%eidu\églues of a set of metabolic parameters are
Phagtated for a su%Jec't having a metabolic disorder. Typically, the

untréfedlvatirepctithresedf psabblitepmiarh aeiabats aesvemeERtprlgulated
forcﬁ‘%i i%?orgle%{,thﬁ'yc'ﬁ%% ahsentiha S eranry IRdhedlystatelolic parameters are
empodai

ent, reSpective untreated values of the metabolic parameters sg,

assekiaied withe atenthitien fof the stbjisct Jused of dettBeiRyasubentihtiliustrated
enfRRHR f %&@éﬁ%@%@é&@%ﬁ@@Q@ﬁ%i%eﬁ%maﬁm&ﬁ@&éagg agiGnd w are

concentration, and the respiratory quatient of the subject prior E?(S)e:ilﬁ!lolying1
calgndatE iy o oUBIEAL Steis b RE BRI AP Pe iRy the? SiBjeltSPHe Stucose
cofREiaRM AR aRBlIEHd PausiRgiary Rlcattuiithesef eehaiglies: puabtamt of the

orally, via inhalation, intravegti)usl , Or a combination thereof. Typically, a

SRS SRR CHPRVEHESS BFHRE therapy is applied to the subject. The
thergpeagicaliyseffatiiverdase ednbe daterrinddnesibglanyaofmeusrivecofupared

i R e e A P AR e e SR B diment,
the treated values of the metabolic parameters sg, 55, and w are compared with the untreated
values of the metabolic parameters s, 5; and w. Typically, effectiveness of the therapy can
be determined based on differences (if any) between the treated values of the metabolic
parameters s, 55 and w and the untreated values of the metabolic parameters sg, 55, and w.
Thus, for example, based on a difference between the treated value of the metabolic
parameter w and the untreated value of the metabolic parameter w, the therapy can be
determined to be effective in terms of shifting the balance between carbohydrate oxidation
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 sg, 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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15 for the subject. Typically, the treated values of the set of metabolic
parameters are associated with a condition of the subject based on the

a the illustrated embodiment, respective treated va| ftr
W%@@é@gﬁi%arameters sg, sf, and w are calculated for the sﬁggﬁ%g@gﬁ B2

on a set of measurement results, af the plasma glucose concentration, the _
beTREI IR TSeE) SO B St 5 TR Bl Ao T GURRE B palie of the
mefbslibjpat:suhecgidnthorappbyind ¢hiettrerapy. {004 8ifAtisten 30 tndatieting the

values of the set of metabolic parameters.ar mpared with the
Su}?}ﬁflr%esalteesdj\‘)/%f’ﬁveeé}% [[E?easc%fm o%%%?gggﬁ%lgﬁagr%%gfgrs. In the illustrated

emb@iidtdnt s thedifeated vajles bithostherdioliy paraneters:dgfesf, diagnwsing a

re compared with the I \Y; ft lic parameter
B e & B 8 8 DA EIBIENE 9.8 of e
mdpelzdt aprdiffetences (if aang) betwechetivelrdated (aluesdfjtee Metdbolica set of

mAAANRESSGuSh AN padhiRemnireatedNRlies;of N8 MetaboliChee fatty acid

parameters sg, sf, and w. Thus, for example, based on a difterence

copsTEvthanvdBecgspavie g R A RiJbRC YhareimBtertn inerividated values of the
metigRtedualLe,0fhe matahalic, R ABIRIEEN, The: RRERY GANRS of the metabolic

determined to be eﬁective in terms of shifting the balance between
PAAPBISHY drate BRU4tioRYBEFAING TAE SetFEGNY e nbihsrBRERMIe PaEsRecrs 5. 55

an@Naudlifferencrpeuaandhaitreatadsualueatiibsnetabelic, RAAMe e hsithy or a
and the untreated value of the metabolic parameter sg, the therapy can

o SRMHINEd Y8HR ERBISHR R4S TE B ARSAhTeBGiemerameters sg, 55 and w

cafi@SRANYWBNEss. t'ha alvengeidniRvadability of daobytitates. dhsdarferehess (if any)
exampé’ﬁe, b segéo a difference 13 .2005/052120 ! :

PRS2 DA 4P BB R St LS DTS i bl nd the baseline

vaparasfieherabandiheamtreated,y atusmditheTimeldbo i jpar by ieterdsénthelifference

herapy can.be determined.tg be effective in terms of altering the ..
el S R B R RSN AT AT R bsping vatue of e
meapthe rexampte, thelmethigddlogy dan begnsedifos diagmgsimg iantalance between

Ga@&@&% disorriah %HﬁthP SRESOT Habgig _e!(n %%}Q%J&ﬁp%ﬁt% Sdifference

values of the metabolic parameters sg, sf, and iv ¢ calculated for a

besubfecdhbaséenbird Seusfohibasurerhelit ramsisr theapihdmeyiatibeealue of the
m&RHGRN Atk the plasmaries @Hyb%%%gﬁ@@%%lﬁﬂg %qu??st%ogsive or over-

respiratory quotient of the subject. Next, the calculated values o

TOSPRABING IS ParBinetars gl leP1 ool CaPrBEEsthaftuavitRthE seipena based on a
AR MHRIRRRIGHO PRIANAICES RS Shand boliRicalMetBes PAREI  ascline value

values of the metabolic parameters sg, sf, and w are associated with a

of tBndnriPalic Rt Rt b ofe SRIBFAEFBURS dasperedids ¥iae Hefisaesponsive or
ovepRditiansiorexanple, ithevanseiiite vatues of theometapiaticinRsame@Eshodology

cag%’es{{ée%nads \évdiagnostic test implemented in a physician’s office or clinic.

[0050] As another example, the methodology can be used for predicting
effectiveness of a therapy for treating a metabolic disorder, such as obesity or diabetes. In
particular, one or more of the metabolic parameters s, 55, and w can serve as a biomarker of
the therapy. Typically, correlation analysis i performed to determine whether one or more
of the metabolic parameters sq, 55 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 comelated with a greater

effectiveness of the therapy, the metabolic parameter w can be identified as a biomarker of
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can each be about 1. The metabolic disorder can be diagnosed based on
differences (if any) between the calculated values of the metabolic
arameters sg, sf, and w and the baseline is values of the metabolic
WO sg, sr, and w. Thus, for example, based on a diffsrénce /038882
between the calculated value of the metabolic parameter w and the

the Bussiine DB OMHENRetetIBRtos AR fARS BB CARRpR! on one of more

statiagnesed ashavingiardmbalanse betueenocabelly daieaidation arthde, for
fat oxidation. As another example, based on a difference between the

exapisy BT VAN BRI TR SBHE FAFSILS: §5 and HEBELEI e VAiLa gFrticuiar
staithie AQmetabalic paramaiglcsg: the: subjent-ean-bedingneshd @s deibg identified
under-responsive or over- responsive tQ a change in availability of :
based Ao aFRtER A DA RSP ATHRS RGOS AR eBHeR B aATeor Falls
abosalsuiated, alug Dfheametaboliemasaheterckfitandothéaselineckaloeoofiness of

the metabolic parameter sf, .the subject can be diagnoged as bej
fit. USRIV br EUEHTBOHSH S

ter Correlation
ori:lvee %ménghlgﬁge n a\?gﬁggﬁﬁy of tats, It

coelsigentemplated that the methodology 2s can be used as a diagnostic test
imp ted in a physician's. office inic ! example:c.q .
the L&]@%ig%}%eg?/n(ga% B%Oﬂes%dﬁgﬁ%%eaglgcl#nga e egc%}\_%sﬁ’ggs%%}%v therzlglpy‘ flollre we
biotnedting & inethboliy disstderpsusties obediy tediabaraycrpuparmidigetions. For
exagr% 0L more of e metabolic PR RY, 8l 3 WA SRIMEBSIE metabolic

marker of the therapy. Typically, correlation analysis is performed to

disgtdtermimeravtictay cRehor MerRBTLE e smBdRtcinfetbicsy, orpEct the
deghh 21 CORFEIRIGLWIraRAHGUIRf Es§nﬁﬂsguﬁgéa§pm@r% SR ASrial. In such

eftectiveness of the therapy. For example, based on determjning that a

mapeRsRsly TePEPYARICER B SR AN IS LIS ATERE CHF IS IR Witiyigct @ group

of Sigatarrqfiectianessiithadheraptetbpratahslicparmerbiicathere likely
identified as a biomarker of 14 WO 2005/0]5:92120 §EC /U82004/03%e§82 "
to Tt PRl 19 SRS IUOH &PatiotF GREN LIS AR Y pi B g erker e
be hasethompnerRhMatesalistivaltestshStatisiicaktestsihat can petistd touch a
é identify correlation Lgan éréclude, fg.r xtamggl% regres éonea%@%%sec%qg nreasrgkof the
bloggKerafam REEHTHRES dShde WHRCE Faricdish U isREs RsCR
thef@iFatatibatcaefficienircanchemdetermineid adnidroarietationteamsbé Iephtifiedans to

el e R O PIRIRD Ggegien s i 2

ar range or a elow a baseline value. Examples of _
corrglesivin soefiithen ts imudl ¢hg ootthedslof vitasthtisticd|towégstiysubjects having
coefficient of determipal SPAcman RankGRplatRR, LPRHIGANRES of 4
& Hﬁgt%ggl?l Oﬁggrbﬁlgagr%rgngpg% the metabolic parameters sgg,bsf, and w arseo °
meideritifipdram etetOspigmarkerotahd thertgwatsd clor ssemarerct drisd $eq set of

me@ﬂ%&%@yéﬁﬁ?"&@qﬂ@sﬂg&ﬁa glucose concentration, the plasma free fatty acid

concentration, and the respiratory quotient of that subject. Variability of values of the
metabolic parameters sg, 55 and w across the subjects can be used to identify different
subclasses of subjects. For example, one subclass of subjects can have relatively larger
values of the metabolic parameter w, while another subclass of subjects can have relatively
smaller values of the metabolic parameter w. Identification of these subclasses of subjects
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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example, such a biomarker can be used to develop the therapy for

treating the metabolic disorder. In particular, such a biomarker can be

calculated for a subject to predict the degree of effectiveness of the
WQRREEPYABP that subject prior to a clinical trial. In such mannBf T&A| /038882

biomarker can be used as an inclusion or exclusion criteria to select a

grouf 463 AuBjedbs T iepiiricarmsaiodolag theants enafcly arapwaride effects of -
thelAPRe! %H&eg?llbéfaéé%ﬂ%% Worofsspeng welktedhe heraRy- 1ISURSSANEM ndrome

to developing the therapy, such a biomarker can be used to implement

(“AlaSherdpya0ieaat tHehFEiEb Sreekoriess pf i aeeiho’s eatamsisin snker and w
caf 8P Dfcalcdlaied fappaubiast i predict thedearasnotafiactiraness.gha glucose

the therapy for that subject In such manner, such a biomarker can be
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PUFLHETES P CLIE B%R@?@a‘i’d@s GFEHEC HRBES %%Fﬁ%?ét@?g pgameters

5, 5 andl W Ca&*pbﬁﬁﬁhﬂkat%eﬂﬁheaﬂh@bﬂaﬁhbasaﬁcﬁm adgetefers s, 55 and w are
mea ent results of the Ias on entratiop, the plasm .
oS B A o S5 LU REeH 5o A LR Woutht SY A e baseline
valbigbjeitha/asability phnaticessof,ihe amétabahoepﬂrmmebem $g, Big anld wifect of the
theacrOSSt Sldb}g%sdc %QSQ use er{%%ﬂé[lgb Iﬁe eglt Séje?lc gsstr a? values of the

L@Iec‘ats or example one subc ass o Jec can ave relate y larger
mewﬂuhs wirtheisretabolicphramdtérevbapdhite anbttterishbeimtsolicpbianisgers s,. 5y

am? N rt%LaEI,Q/ %}éﬂg n@)%%g(% Xfi‘lg ﬁﬁ*@‘régge 'ﬂ@{{?}p&{' cfh@q{@ﬁéﬂt%{ﬂ\ﬁ’e of the metabolic
denti

ication of thes€e subclasses of subjects 30 can be usefu

pagereinnive whidheshpjebts ey b mbre Beteke e qonaiier tva irerapiptdrean be
detteaiing gg%mggguggmroﬁ%@ﬁpmy of values of the metabolic

parameters 5g, sf, and w across the subjects can yield insights regarding

posdiiaete aarhenseanie. shedhaotrinatisin bs wesl 300508 pageimen to
A BC 0P 0RRER %, dA0BRIAS anather sxaimnle sths MathRIQOgEafkers, and

be used to assess side effects of therapies, such as protease inhibitors for

solgieasin oAV AT FARATE Y eY RS 9 S ArGIe o MBS ERFIF partieutad, W can be

calRSRECtiNG He@i@@dzaﬂa@&ow@ RetabalieRarameteissdssbrame Wia6da glucose
be calc.ulat for as n%jec based on a set of measu i{ﬁgent results of the

COBT&%WH‘@?U SRIE3 of” thE PIEEA 18 Tty S e RERCEHERBR™" of the
suﬁj@d thelegspiratgiyngnotienbef dagigaubjdat shbsedientiaapplyitgavalues of the

py. Next, the treated.val of the meta 0I| r ters s f and
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paﬂfnmmi W, tﬁg/mb@dl;t dﬁeﬂmﬁhnmnaﬁmshafm@ metdbphcipandmetets Sthohydrate

OXICEhfa nd W

A reglmen can be designed based on the subject’s predisposition (e.g., a diet
including a large percentage of carbohydrates). In a similar fashion, the methodology can
be used to design a regimen to facilitate weight loss. Also, the methodology can be used to
assess metabolic substrate utilization in subjects having certain disorders, such as cancer
and AIDS. For example, the methodology can be used to design a “rescue” regimen that
can counteract the wasting effects of cancer or AIDS.

[0055] As a further example, the methodelogy can be used with computer models to
gain insights regarding metabolic substrate utilization. For example, simulated values of the

metabolic parameters s, s;, 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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associated with a condition absent a side effect of the therapy. For

example, the baseline io values of the metabolic parameters sg, sf, and w

can each be about 1. The side effect of the therapy can be identified
WO S bitferences (if any) between the treated values of the FrigthlibiiEs?

parameters sg, sf, and w and the baseline values of the metabolic
metpholmBerEIeT S dnd. THIE e rarahe, vasutingrduibielogical processes
moBgMEeRIhgieatadnale afithemelahaltHaameiery anthwechasaliiecan be
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including a large percentage of carbohydrates). n a similar fashion, the

al., roetitiod o Ibpyhednerise Al Aot Exidroapaimbivisiagiltatealoeight fosdpplication

serfisadhe meibadglogy.canbertised oo aserss foetabalic subsiiate, blication No.
utilization in subjects having certain disorders, such as cancer_and AIDS, i
200360 S5 RIED TR B SHERGy cAPE: ST TaEight A ER ELCABRAER herein

by hat:GaR GRuMeractdRe WastingigitectsahaanceioatidIBE. 80 [HPRohasa using

further example, the methodology can be used with computer models t :
BRI B AT RYERB BB Lo M TR SR BB e e, Metabolism
Phyifpuiated valyes of the metabolic parameters sg, sf, and w can yield

insights regarding which biological processes_are associated with a

metabolic disorder. As another exarfgte: Wekdidted values of the 16 WO

20050051 20:R6 THAIR 2 @R41PBS 882 provetikiolic parain éte aspsyy;tafamed a¥ ordinary

.gan yield insi E:s regarding,whjch bjolagical processes modulate a_ ..
sl s o HrerABUASP CRaH S T AEaT e A d L By veadat o the
exzeapldsemdedinedoai|fopevifin plmldesatitedsruthBiidlowityg vefelispoest practicing

Paterson et al., . Patent No. 6,078,739; Paterson et al., U.S. Patent
sor&?o?%%@%%;ogé%r?on et zI:lll., U.S. Patent No. 5 6,051,029;
Thalhammer-Reyero, U.S. Patent NoE&ag8d¢154: McAdanns et al., U.S.

Pat ' il ' u t VEIHE LR use wi
Patq 401514 8215 F S5 i RRISDNR 08 2184 i b it

the metabolism PhysioLab® platform, which includes Entelos® Metabolism PhysioLab®

systems (available from Entelos, Inc., Foster City, California). These tissue-specific
versions accounted for inter-tissue differences in metabolic substrate concentration and
genetic predisposition. In some instances, these tissue-specific versions also accounted for
metabolic substrates such as amino acids, lactates, and ketones. Values of tissue-specific
versions of the metabolic parameters g, S; 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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5,657,255; Paterson et al., PCT Publication No. WO 99/27443; Paterson
et al., PCT Publication No. WO 00/63793; Winslow et al., PCT Publication
No. WO 00/65523; and Defranoux et al., PCT Publication No. WO

WO 28597I8" the disclosures of which are 10 incorporated herB§f {3{p2004/038882
reference in their entirety. Also, computer models can be defined as, for

praficmpitsidiscrithettls tiebdowats dmeooipbrding pagntahphidatinn ofetabolic
sufliaAblghiggatied, Meihad.and dnaralus or Comanigrddodeling
Diabetes,” U.S. Application Serial No. 10/040,373, filed on January 9,
2002 (U.S. Application Publication No. 20030058245, published on March
27, 2003), the disclosure of which is ine&g&%ﬁed herein 15 by reference
in its entirety. In addition, computer models can be implemented using
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Ref. 1: Smith SR, de Jonge L, Zachwieja JJ, Roy H, Nguyen T, Rood JC, Wincdhauser MM, and
Bray GA, “Fat and carbohydraie belances during adaptation to a high-fat diet,” Am. J. Clin. Nuir.
2000 Feb; 71(2):450-457.

Ref. 2: Roy HJ, Lovejoy JC, Keenan MJ, Bray GA, Windhauser MM, and Wilson JK, “Substrate
oxidation and energy expenditure in athletes and nonathletes consuming isoenergetic high- and low-
fat diets,” Am. J. Clin. Nutr. 1998 Mar;67(3):405-11.

Ref. 3: Poppitt SD, Livesey G, and Elia M, “Energy expenditure and net substrate utilization in men
ingesting usual and high amounts of nonstarch polysaccharide,” Am. J. Clin. Nuir. 1998
Oct;68(4):820-6.

[0058] The resulis shown m Table 1 include simulation results based on applying
tissue-specific versions of Equations 1 and 2 {o 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”,
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carbohydrate) oxidation on last last day (kcal). oxidation on last. last day
(kcal) day (local) day (kcal) 5 days; slightly positive energy 1163 f 99
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chwiej .Roy H,.Ngu J Indhayse n a .

Apé@gﬁ:,ggt Ejét)rt]1l hccetil%ghylgl?gtg %ag%%%gghr%%@ggtaﬁmﬁ%%%ﬁfgd i)gto,Qz)’ the
disalmsng:sifyNclirar 2000 P! AR50 457 Ret, ip: ey sHirdtpyejoy JC,

Keenaidfih By GAmMiaghaysen MM ARAWIRMKar SUBSIEAIEI (o published

oxidation'and energy expenditure in athletes and nonathletes consuming

resigrefsipaitnigiii uderlowTho #htliiets, sukwianiainrersifueo gge maplished results
indPct3) 40P BolafiGls 3 RAPPIULY LVESEY EdRNhEUBM: &SI oxidation rates

expenditure and net substrate_utilization in men ingesting usual and high
form BIhTEIEPHGHETarEH PoIGea&ivafide,” Am. J. Clin. Nutr. 1998 Oct;
68(4):820-6. 15 100581 The results shown in Table | include simulation

results based on applyin
pPlyINg Example 2

[0060] Equations 1, 2, and 3 were used to calculate values of the metabolic
parameters s, 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 s,, 55 and w o 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”), ihe
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 m FIG. 4, both the normalized plasma free fatty acid
concentration and the nommalized 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 parametess s,
s, 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,, 55, and w for the baseline
virtual patient, which values are shown in Table 2. The values of the metabolic parameters
Sy, S, 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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tissue-specific versions of Equations 1 and 2 to a baseline virtual patient

created using the metabolism PhysioLab(r) platform. The baseline virtual
W‘ga;(ifqn;tmvzv%% created using techniques as, for example, described in

OB E al., u.S. Patent No. 6,078,739; the co-pending drfdt ES28ldHaess2

patent application to Paterson et al., entitled "Method and Apparatus for

20 Conducting Linked Simulation Operations Utilizing A Computer-Based

System Model", 18 WO 2005/052120 RGHA4S2004/038882 U.S.

Application Serial No. 09/814 536, filed gn March 21,2001 (U S.

Application Publication No. 20010832068, pubtished on ®ctober 18,

2001); and the ¢ pem: ' co—owned patent-appticationtb Paterson,

entitled "Appargtus an ‘Method for Validating a Cgmpuier-Model”, U.S.

Application Serial"Nall0/151 588 i or? K&y -96, 2002.(V.S} 5

Application Publigatiest No. 20020193979, published on December 19,

2002); the disc ic i ted-herein by reterence in

their entirety. [0D39eR shown i”o-ﬂr?@e , the simu ati?r%ggsulis are

compared to published results for healthy individuals. The ability to

substantially reproduce the published resultd-9Adicatestfat Equations 1

and 2 can be uged 0 predict metabolic Substrate oxidation rates 10 for an

individual under various conditions. Example 2 [0060] Equations 1, 2, and
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aseline virtual patient representing a 70 kg healthy individual. Fl

subfiigstefes’s diminelaba te ssTaicEAIATRIR A e AhoR dkarathe qeiscles and the
br&RNaeRraiomdanRied asniNopRRlizedFkAn. AN RArMAlZadRIRITA prone to fat

glucose concentration (labeled as "Normalized glucose"), and the 20

X i B PRAEL ARG & ASSENRSRSTFEH RO BEf b SLKNTE Caigetration and
frepatientasldbinetedtatithetiifs d helimilusiiaiad.n FIG. 4, Potihe simulated results

normalized plasma free fafty acid . concentration and the ngrmalized L
o P A G CORE it A, A MU A I g GBAAHFEA”), he
noffallzEdGHange sendbe: narmatizetopladnbe e eafatty agitioadcenitaton, and the

and the normalized plasma, glucos enfration allo %(lj“{ lues of the.
e BB ATELE 20ETF R4 6% (B8 TP iR  ectd o
an THETSImUdlbtedmeduits werksivpurt intpuE dquiatitqu3tiand satebstisgtrar@ares analysis
w2 01'*131162?%(% B-ﬁ”l%”%e‘gaff?eg%'f%%txené’%.%‘cﬁ%cogér%{é?%%asbg?'Jg% RRIATRERe attered
sd),s,an w for the baseline
virtual patient, which values are shown in Table 2. As shown in Table 2, the values of the

metabolic parameters s, 55 and w for the altered virtual patient are substantially different
from the values of the metabolic parameters s, 55, and w for the baseline virtual patient. In
addition, the values of the metabolic parameters s,, s, and w for the altered virtnal patient
are consistent with the imposed subtle defects in metabolic substrate utilization. Thus, this
example indicates that the imposed subtle defects in metabolic subsirate utilization can be
readily identified using the metabolic parameters s, s; 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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virtual patient, which values are shown in Table 2. The values of the

metabolic parameters sg, sf, and w for the baseline virtual patient were

then used to calculate fitted values of the 30 respiratory quotient based on
WERIHNSH S The fitted values of the respiratory quotient weré Ce0mpHisss2

with simulated values of the respiratory quotient. As illustrated in FIG. 4,
repthéudittedivaluasudditde vebsivatdrytheotiksnirgie cdelsentit|yn)a coefficient of
detesub%&g&all d%roduced the simulated values of the respiratory quotient

Wwith & coefficient of detemiination of 0.98. 19 WO 2005/052120 _

PCTNYS3004/de8s8ReTEbIIEEGhst Wrekde it dsfedftiaBgthpac substrate
u‘tﬂ?Z%QOgsc[Qn% fateps ﬁéﬁﬁéegrglﬂ? ﬁiéﬁlﬂre%@nty'émﬁb QB3 Qy0etient, a plot of

patient [0062] Next, it was determined whether differences in metabolic

 diffubrsteate SrainsstioH oY o e srpiieiore eRtah B iediRERCGE iy Hationt and

theMRIR0PIIG RRNIOMRISISSE, ShndRdavaAlangthis regrId, the baseliweodintiatypical
patient was altered to represent relatively subtle defects in. metabolic

oxXpsuBaLRIt (HITPRtRRARAEduaE BHEF IR TR U1 EE o APRIE Braif i (o2
apEastingiaitered)virualiatientsepiesepiadamindivdimal dnatiisdeaspbenecen the
to fat oxidation in the basal state, and.is less responsive to changes in .
twoy|EGsd GuHeBTrEtBIahE 1N A S cIRBNCOIRESH tHEh & HagdRPratory
quidiyidual. FIG. 5illustrates simulated results for the normalized plasma
free fatty acid concentration (labeled.as. "Normalized EFA"),.th .
nornh3fH I%élﬂ’élﬂl%%‘é“é%n%%sﬁﬁgﬁ%ﬁ Felbd B ITBHE |gzte1%§lt the metabolic
paiditierse’), andither rasitateed gudiiehtiabette Bsdliteasurat Q) of e virtual

altered virtual patient.subjected.to_an OGTT. The simulated results were
PatSaS AT EGY Siyiduede v sl res}é{amf wéﬁgﬁ%ﬁg'performed to

it an%‘L’a least-squares analysis
calculate values of the metabolic parameters sg, sf, and w for the altered

virtual patient, which values are showp anIﬁQ'? 2. As shown in Table 2,
the values of the =

[0065] Equations 1, 2, and 3 were used to calculate values of the metabolic
parameters sg, s; and w based on published studies. The published studies included
measurements of the plasma free fatty acid concentration, the plasma glucose 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,” Hur. J. Clin. Nutr.
1997 Jﬁn;Sl(G):B?O—f-l). 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
ghicose,” J. Lipid Res. 1999 Nov;40(11):2034-43). Results from the published studies were
used to calculate values of the metabolic parameters s,, S5, 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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metabolic parameters sg, sf, and w for the altered virtual patient are
substantially different from the values of the metabolic parameters sg, sf,
and w for the baseline virtual patient. In addition, the values of the
W%@‘f&%ﬁ}czﬁbarameters sg, sf, and w for the altered virtual paﬁgﬁ{%oggéassssz
consistent with the imposed subtle defects in metabolic substrate .

utilizatiom. fsusvitishesaimfebindrae it arneingp sdedv alisaeod dhscisspiratory
qudBEiabelicsuRsiata uilizatignsean berepdiyudeifiediusingtiRe plasma glucose

metabolic parameters sg, sf, and w. The values of the metabolic

consapaHERRrash PEFTBM AT BIh S ARHRRF RVIRAPalET Were e TLSsggnes and

endzaleyale fitieg: valesiof the respiratory quotient based on Equation 3.
The fitted values of the respiratory 25 quotient were compared wijth _
simdlatbdvaes BFtHE PasHitst ﬁlaaafreﬁetﬂgeiﬂa@,ﬁ%lesatwwé BS fifg result
mefitiedvaliyes ofithe respirateryauatientdakalagd akvitRQY soulestantiplyiod after
20 WO 2005/0.52]%@[ CT/U82084/038882 .reproduceqéth%si ulated
MG ARG SO g%?éﬂ&ﬁ@?% WA R B YRt AN of
0.984 [0068]s# psdetermite whetherethesimpioset/sithtle défestsancrage values of
metabolic substrate utiliza iondcaeril b dg c_tet'ﬂ using si glyeach individual of the
A A PR R SRS R S Sir TSR S LBt SRt S plsto agx%ﬁ:‘?egences% gl o
gragifulated values of the respiratory quotient for the baseline virtual patient
and tered virtual-pati r j [ .
o DT K e e A O WL Gl el D appii
andhidréspiratodebuotieaife@ive agproxifiateooody R gagiadivanss taaceptration
anAURGAI: SmlicaphAicrengeAsings . e IBIALRRIBALHEANAL used in
e detected using simply measurements of the reSpiratory 10 quotient.
Eqfpuien]3n BhshnilaHeashfory s deseroya alsdevimees abeammimctiratapbthose at

prdbeiRbRligsNRrAmetsrs SOvaluant Wiean he Hsedg.Aistinglish e included in the

baseline virtual patient from virtual patients representing individuals with
calpalipnregisares dibertbeiet misteilahpe i opeay RiginaBHecie sluspgp uptake
and@ WerRdisedtealcuataaligs of thermigtabalicRaramelansiseh Sh and Wuscles

based on published studies. The published studies nclude(f ) .
EYIHFE KRG MBIAREGr SR PIEEHOR e e A & ialeaﬁﬁseh%a%%?ﬂ M prggrmsdottir S,
Hduagse coreentratiomdang hearkispisaiesytopptitniatdavaigdapillary transport of
. measurement times after a meal. One publishegd study. 20 | d ] )
ey rg}ﬁ%%‘f’slfg?rﬁ%ﬁx(f%rﬁs] thdgrihréetiftéren 1??%5 Sp%c@pogcj:o Prkink/ 42 B).
Thaletase aonkijua bighdatimanl, gincbacnicectniedbBebbid mdatscinEthe past was
. Habpicht E, Lehmann T, James . Rohner-Jeanrena nd G
iy Seta e s O i F QAR Lor AU e MR stucy by
Bobbioni-Harsch et al., the following weighted average was used to calculate an “effective”

value of the normalized plasma glucose concentration:

3G +3G, , +2G

beginning end 60

8

where Gheginning T€PTEsents the normalized plasma glucose concentration at the begmming of

effective value at the time the RQ was reported =

, (Equation 4)

the 1 hour interval, G.,q represents the normalized plasma glucoge concentration at the end
of the 1 hour mterval, and G,.¢ represents the normalized plasma glucose concentration at
60 minutes before the 1 hour interval. This weighted average was chosen to estimate an
average value of the normalized plasma glucose concentration during the 1 hour interval
(using the Gheginning ad Gen terms) and to provide a representation of the time-delayed

effects described above (using the Girgp term). A similar calculation was performed to
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patterns, after glucose, fat or mixed load in normal weight subjects," Eur.

J. Clin, Nutr. 1997 Jun;5I(6):370-4). Another published study included

measurements for individuals 25 following OGTT (Bulow J,Pscimo S(’;%T/flmsgz
Woﬁﬁﬁ’é‘fﬁglﬂ Humphreys SM, Frayn KN, Powell D, and Gibbonhs I%

"Co-ordipation.of hepatic and adipose tissue li ig metabolism after oral
calelatos, "IGHE Rvé?a%@wz%@%i‘ﬁf Sl )‘?65%%-& S froRTErREaNon at each
mepublished sthdies werecusetfdaicalculaleesalustat themetakdlicplasma  glucose

parameters sg,, sf, and w fo tffe indi jdu?lﬁwhodparticigtate.d in the h di
ConSeRiEAYY G d%%%“@ﬁ“ﬁﬁ RIBRG thig regard Ce Al ELFRe W EpEe then used
EqatidressedaltuResuvitadsamtibenpublisdhaoistudies wesg aoinetimes

reported at every hour or every half-hour, which is less frequent than

resyi8dgpialiyievalikietfronuéintieitiesh 129 WWEIROOS /05 2R Giealthy individuals

un erctﬂ escﬁt%g%gg gl%glzggoé&&ﬂe RHM@?89tﬁ%t%o%gsjg%é@%%c%gtaﬁh’w were

values of the respiratory quotient were reported as averages ovet T hour

calinteipdaiisinghifsipiadron Gracdeersesnds mealioroire pladmeinzcorapipedcigsults for
all ﬁﬁl@gﬁ{gﬂ" IORYUETE MRaSHIgd Ak '&?&iﬂéﬂﬂﬂﬁi@%@rﬁ&@ér&’&ib@?%ﬁ BOMG shown in

intervals. 5 3. Effects of insulin on muscle glucose uptake and other time
Tabde fayd elssesdieimaibaliuPaHmsIGES of thafb ¥ piPAHS Hiksermnly meal protocol

and SSPAININGLIeYAEH s sameimasparied Aftel alHEOsREORIRRY BH AN 386hiratory
free fatty acid concentration return to basal values. 4. Results from the

QeGBliSARS st digsaypRcily SRow Hueials VAInES or eastidnderE aerssgotiont

alo@ggﬂ%}iifﬁﬂce@ t;}mm!&is @R@plgt@&yalﬂﬁ&fﬁfoﬁﬁﬁihiﬁﬁiuﬁbgﬁb@ﬂﬁs&)ﬂ@e metabolic
group. [0067) To agcount for differences in frequency at whic ‘

PG e S e DRSO3 T (A B AR Gaiel pe me

protbeoo(hralizadspipiina gludose gedcenirBtion, and fekfectivetyalfieisofespiratory
dhs nonnalizedplasma free faty acid. concentraion ere Used 0.y

e fon 3. These Peffective” values were weigh eéeaEeragrgsqo?éL}rrent
values and those at 15 previous meggyrement times. Values at previous
measurement times were included in the calculations to_represent the
effect of inferdtisialtisstilin in incegasing muscle;glucase uptake: and,
hence, carpohydrate-oxidation--trterstitiatinstilin-coneentration-in-the
muscles typfeHf§g&plasiia %8r$centratﬂ0%%g}%bout 6bifidtes
(Sjostrand Mg pudbjgrasdottir S, Holmang A, Loon L, Strandberg L, and
Lonnroth R, "Dejayed transcapitla’y transgettdt-20 insulihid-musdle
interstitial ﬂluf%eflnsobeseajaubjects," Diabetes 2002 Sep;51(9):2742-8).
Therefore, a value of the plasma glucose concentration at 60 minutes in

the Rﬁ?@\j\/%simﬂar procedure was used to calculate values of the metabolic parameters
Sg, 85, and w based on measurements for individuals followmg OGTT as reported by Bulow
et al. The values of the metabolic parameters s,, 5; and w are shown in Table 4. These
values are similar to those obtained from the results reported by Bobbioni-Harsch er /. and
confirm the applicability of the metabolic parameters s, 5; and w to characterize healthy

mdividuals.
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included to determine a current value of the respiratory quotient. For the
published study by Bobbioni-Harsch et al., the following weighted
aver, as used to calculate an "effective" value of the n '
WGp g%sar%%a% Scose concentration: 3Gbeginrzing +3Gend +26t%%é§@é/g |\§%82
value at the time the RQ was reportsi:d = % (Equation 4) where
Gbegin,:ing represents the normalize?:]kl ma glucose concentration at
the beginningiafitheel hdur integval, Ge"d represents the ngrmalized
plasma glueese-cenecentration-atthe-end--of the-1-hobr-interval-and G, 60
represents the MSfalized pfA&m4 Ylucose! conlentratiort 4t 86 minutes
before the 1 hourinterval. This weighted average was chosen {6 estimate
an 30 average value of the normalized plasma glucose concentration
durif’dte A hdleeterdariisingHHe s bEgn ihy aHBNEHd te1dis) amicedly show
avrQVidelacsep arentatinmat thedine-delayod isliieaisdesembethabeies for each
. C]%us'n the G,-60 termé.fA similar calculation was performed to 22 WO
indiii g5 i

85150 BLPUSSobHTTEBEES e Al ih TP YAEYF the 55 and w
wenotalalized plasma freerfaty adt contentiatiomat BachpMeasuremBftiual. Tt is
time. Thesg "effective" values. of the nqgrmalized plasma glucose . . .
conlSRletee B SRA AL SARENon ST RSP doiaBOKeHuaBduals who
panveraithe mudedpmb EQedtiondBtotcaletdaténcatues bilitheometddgliof the metabolic
arameters Sagdef a %1@/ 5 8] Baobbioeni-KHarsch et all reported
pm‘r%%%gﬂr"é?nsé’nts fg; 1% Segllt#;gﬁ%%/}%ga %’}@%a &r three different meal
protocols. Values of the metabolic parameters sg, sf, and w were

calculated using results from the gluc%%nggplgineal protocol and using

combined results for all three meal protocols."The values of the metabolic
pardffEtbr'dylesrraliin s rarassrrvptinrmaisié 13:svaeedidhtivemsetagsitics provide

a rRAEBISIERS HasRtw fabheraleasaienlyneal roeal10and 9 Alle useful

3

three meal protocols were also used to calculate fitted values of the

1o seplpitarlgaSiéntBEsabh Bifntiangeriesed prustamisiclsidaneasurements

of Vlugs i theniespirataneapatiant tadopawith fitledyaluesOttRentration, and the
respiratory quotient calculated using values of the metabolic parameters

ToSRAOTY A UPRGr theSHABLERPBIT AL T oHOE0R (5REPLSHSHACISF &I sorve as a
fasthieanmealopditociaisnéhotiamvesapiirbsritlusisaiaddn MiGviduline Sittedpotentially,
b valueﬁ %f th% rec?%lﬁt Y 15 quotient substantially reproduced the

er}”éepegré ElLEE o e respiratory quotient. Table 3 Data Used sg sf w

valugE'bf
Glugos ez inéa0i6n A8 1i:2the. A dhaéhdi:2c il bihreeritten as:

(RQ—O.’?«MO.BBJF”
W= 2

7RO o (Equation 5)

In view of the values of the metabolic parameters s, and sy calculated from post-prandial
studies in healthy individuals, it can be assumed that the values of the metabolic parameters
sg and s, are equal to 1, and the value of the metabolic parameter w (which serves as the

fasting index) can be calculated vsing overnight fasted measurements as follows:

[RQ—O.? —0.313] F
w=2
G

"0 e (Equation 6)

[6073] 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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1.1 0914 0.21 0.1 meals 71 [00691 A similar procedure was used to

calculate values of the metabolic parameters sg, s1, and w based on

measurements for individuals following OGTT as reported by Bulow 20 et
WRPHHERes of the metabolic parameters sg, sf, and w are” SHGwWA /038882

Table 4. These values are similar to those obtained from the results
Threpdrididiby=BobbibniaHarsdhr epridsndsibonfinevidappliedbilitptof tredation will

m olic I . t | ingdivi . :
o S o0y L0 et oA AGE0E LAl & Dota Db S vl
typ@IFTheve 105 11. e cxoeit{GoPap msielsertrstabo s, theJure pdin paermeter w

lish jes typically show average values of measurements across

Cmﬁ%&é%ﬁ%ﬁﬁ%%%uals rather than values for each 5 individual of the

group. As a resul ' [ icparameters sg, sf, and w

were calculdted for-a | Pther thEn for a p&Fdeatiam 7)

individual. Its dofte r caltulation' €an be performed

for different individuals who participated in the published studies to

whigaering vaablie EPirafie S Bria el i Isteraisy wltamgarprerents
of %ﬁéofsﬁlé!}x% défﬁ%ﬂ%@t dadivigvatenl Oexample 410 EHWhile BauliiRi@ation, and the

measurements applied, post-prandially can sometimes provide a more

TeSPIFGHARA VS K SRYRTIIRI0N of YREEIBo RSB ES IR KT fatabr dfupdominant

terBE usafuhdorsalskiate @ valug oha Hagigdnembaliciparamateibasedion expected
overnight fasted measurements 15 of the plasma glucose concentration,

CXPRED By acid concentration, and the respiratory quotient. It is
contemplated that this single metabolic parameter can serve as a fasting

index to discriminate betyyeen diffegegttigr Ry of individuals and,
potentially, between differert-netyi %%zg—%%aﬂon A-| (hcpeasion 8)
Appendix can be rewrittelf as" RO’ 7-&3B Fs' § =2 . (Equation 5)

Using typical overmight fasted values (RQ = 0.83 and ARQ = 0.02), the expected
experimental uncertainty for the metabolic parameter w is about 35%.

[0074] To determine whether the metabolic parameter w can be used to discriminate
between groups of individuals, ratios of the metabolic parameter w were calculated for
pairwise comparisons of: (1) lean, healthy control individuals;, (2) obese, diabetic
individuals before bariatric surgery; and (3) post-obese, diabetic individuals 30 months after
bariatric surgery that resulied 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
mumerator 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, Marcoceia 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):

we wop = 1.07 + 0.4,
wel wpop = 0.15% 0.05,

wypop! Wop = 7.0 2.3,
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1-RO Gs, In view of the values of the metabolic parameters sg and sf
calculated from post-prandial studies in healthy individuals, it can be
assumed that the values of the metabolic parameters sg and sf are eﬂual

W?&Tfsgﬁa}fﬁe value of the metabolic parameter w (which serves A5 fh038882
fasting index) can be calculated using overnight fasted measurements as. .
Vheffols: Wep:Hd0 s FPEILD eREs b L FEiitiamioh 6 (607 BE Typica) individuals;
th®veEa Rt fasirdvakiesalor aberdtpyindbastialiimelideidBvidQald rEspletacty. The
1; and RQ,~ 0.83. Inputting these typical values in Equation 6 gives w ~
m*i‘?é.d%E%6déﬁé%m%§&%g§t$‘%§é‘¥iﬁﬁifb§§é%b2ﬂﬂfb‘ﬁ?ﬁ?&?\/ AIgAReeen the
obgseatpipiedispositinaiiomdrds: catoflytidie axdatan willciypicalbnfdes shift in
w, > 1, and individuals with a greater predisposition towards.fat Qxidation .
I T e S e AT LA T RE Tolowing
weanigtahelio/patameter sirgan. b# teprésenteghasicsidm tha(kedpAR@ AT plasma
AG E uatio ((1:RQ)(RQ-0.7-0.3B)) +k F +~ where AG, AE, ..
T o e O i e el YT predisposton
towreds urehndiytiatf thédplmsmalijucese concetiteatiomgtihbBeplasmafreevfattyalready
[ centration, and.the.respirat atient, respectively.. Typicall
e B R T b R R e fctor
maybaticpombbeiosty aswasapprostimaticioofenerdrpethetydi@te oxidation in post-

obSXPEIMERtal HaGR BRI AV 36 BIARQ. (Equation 8) w
(1-RQ)(RQ-0.7-0.3B) Using typical overhight fasted values (RQ = 0.83
and AR? = 0.02), the expected, experimental uncertainty for the metabolic

parahSiEH vMs SBBRIESSS. fO0T4] Y BURnTHE Shifnt r teRtasisiese product

inglatangete o canddedageasl dordistiminatends peiveean-greupsié code thereon for
individuals, ratios of the metabolic parameter.w werg. calculated for
PSRRI SARAr RS o (ERARC eI LI mARRGIEAE; (B) 5508, Tendable
metiabetias ineididieadim befareliokriatricrsutgeny ftands(3)pdst-of ese;isialeticcoding a
seqidividuals, 30 months. after, bar 'aérk%%@ggﬁ{ ihatfesulied I SIonNeant e media
gight 10ss and normalization of gﬁucose nd ree?afty acid
andamdentatibashdtasmatiolly greaterdhan domigroisg feprfbsentedsis tetROnvention,

or ggiég;[%% E’g&fﬁ%ﬁ X PASA A B ISHIRReRHRN ﬁa%E%M e computer
software arts. Examples of processor -readable media include, but are not limited to:
magnetic media such as hard disks, floppy disks, 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 configured to store and execute
program code, such as application-specific integrated circﬁits (“ASICs™), programmable
logic devices (“PLDs”), read only memories (“ROMSs”), random access memories
(“RAMSs"), erasable programmable read only memories (“EPROMSs”), and electrically
eraseble 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.

f0077] Moreover, an embodiment of the invention may be downloaded as a

computer program product, where the program may be transfeired from a remote computer
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other hand, if the ratio is less than 1, the group represented in the
numerator typically has a greater predisposition towards fat oxidation.
OO7_5(L_The following ratios were calculated based on result ‘ _
WhtiBishatStudy (Benedetti G, Mingrone G, Marcoccia S, B%gg est%){w)ssssz

Giancaterini A, Greco AV, 25 Castagneto M, and Gasharrini ,G,%%od L
(e SeohHEBSTON ARBIEREHY CHpRHEN(F & RS FREIGH IBES tSSHIlEY 5 Ailppgticd in a
carSUFGeRYE’ Jr AMeColbyiioR QABIARK 1942): 230 inlV oW Gale(2.87 Ordodem or
WC/WPOD = 0. 15 0.05, WPOD&%@%:_ 2.0 2.3, 25 WO 2005/052120, .
nenser EREPERHNBEesEL WHBH WES, Wi, A WA GT HpReEEthe  Toarried &
profegiabelicipaeametrmy for the control individuals; the obese, diabetic
individuals; and the post-obese, diabetic individuals, respectively. The :
i T Ry DN ISAAL P BT SRR o barvird
cirduitizationaoe wyeen thendhesdiaibietiomplivetealis et th dontrol

indivj s, but indicate a significant.shift in.5 predisposition, t r :

cart R e e Bt e RN, AE e i
dodaseMiamariatriedsurgeeyrdd hasibblrspygpothtsiz edbivainrsthateet dtadelhy ogierence
in I3, 166 [ G lioudna. A A9 BV LERRRARINISRGIN Bubication,

increased pre(flsposmon towards carbohydrate oxidation. However, since
andlothmgraliioiicpdeametst vapepreifeatly «adapdivisdal hgrediodiadneqrporated
by freg fatty acid concentration, it is likely that another factor io may be

responsible for the increased predisposition towards carbohydrate .

oxidEHS9linYpBst-tendsreriianehies phtehtdrsmiiih o bdristfie @isfgdpy the specific
emiRRTELAY aphediment afithednyantionse aesioss GRMAUET sieragetmat various

product including a processor-readable medium havin

chansscuayhexmadtatid oty Hsaregiiole SERSHIRY Wil departing from the true

spiRFOBRSRHRR IR eniedioparalirdiietershiprocassotifeadabls iodifications
medium” Is used herein to include any medium that is cgfggbleo stotinlg thod
may: b SBHlA A A98R0EnRE BRI KL T BISING-o P E5dES 15P PRHEHRTh § g e method,
provethegsdeseribed fieseimsT he nhedipidndbdeapaybelihossapeniallyAll such
esigned and canstructed for the purposes of inyention,_ar.t may .. :
TR KR AV b Do S ST g T ile e
metiamipulas saftwaseartsatexaeyledesfpirot essbr refadatsetmedididnludesrations
ut are not limited tq; 20 magnetjc: [ dj f [
L AR AT T e e
comlbinedssuhatimemiopticathediate foraeriopttalaicks; thedriathopvisparting from
theslgg]&lli?ge%q' hardwaradevicesiaaiaie snesialuGantioy iadita:sionerand the order

execute o i _
and grouping of the operations is not a limitation of the invention.
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program code, such as application-specific integrated circuits ("ASICs"),
programmable logic devices ("PLD5"), read only memories ("ROMSs"),
random access memories 25 ("RAMs"), erasable programmable read onl
W e "EPROMS™), and electrically erasable programmBbREFEH 8RS
memories ("EEPROMSs"). Examples of processor- executable code
include machine codéYdUENRNsr&gtEaiiny af dphion dnd files
containing higher-level code that are executed by a computer using an
interpresel. Far exginpley guogmbidifieatidbtios iBvgpiiamy@y,bad the respiratory
implemented using Java,.C++-_or other object-oriented 30 programmin
e A Do elS RIS eed et b BAREUEGy Poin of te
respiecutagieitodeindudepanenypted code and compressed code. [0077]

Moreover, ag smpodiment,ohine {venlien may, be.dpwnioaded as a
computdp program-prod here-the program

Broguct-w 5 psferred fieim a

remote computelr* 28-S BEH8/088 190/ B8 (e.g. a 7
server requesting computer (e.g., a client) by way of data signals .
oo DN 8 G, AHGBEBE oG S G i G Py oxidizes
caiteimitinicatidnlinkite. gz @isnoseteontaletvatlyconredion). tActrreiaiis 5 (and
helS gﬁee hetrein C arlrierge\l/rvave cgndggrr ardeed as a rocess%rl-_rgz:’)tdat?le ;

“HRedidm: 5 ][816)9 AR O TREF N SEBAHERRAE SFthe TAUERE S e ! -5))- Using these
assnngieimsriet sub bzndwigdieiion yandglace oheabivv e aapbitiati givedth,

computer-executable code, [0079] Each of the patent%applicatiors\fs,

patents zpuhlications; ap@&gféﬁ&&;ﬁ@éﬂ dagcumens menuﬁﬁrﬁcmr_]
referred to in this specification SHer&in incorporated by réferdhéddn its

entirgly, to the same extent as if each individual patent application, patent,
publication, to and other published document was specifically and
individually indicated to be incorporated by reference. [0080] While the
invention has been descgihed with}éfebadhice to the specific embodigents

thereof, it should be undefstoodriy-thiese)skilled in the art that various
changes may be made and equivalents may be substituted without

depaPiigIomet e S GhRTaRE b of the invention as defined by
the claims. In addition, many modificatigps_pray @gzmade to adapt a
particular situation, materialf‘@é%éﬁrmw%@tﬁod, process(A‘3)

operation or operations, to the spirit and scope of the invention. All such
modifications are intended to be within the scope of the claims. In

parti1&#] vihife Wenalegredanansdibetosiderom RavetibedA doserbeliaiith

reference to particular operations 20 p f%n}gcbi particular order, it will
be understoddatvat theselopérat ﬂgyftleﬁé_ +8 , log(F), (A-4)

which is the same as Equation 3.
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W&gﬁgiﬁgﬁl% indicated herein, the order and grouping of the 9@%@&9]3%/&%8882

not a limitation of the invention. 25 27 WO 2005/052120
Wﬁagg/%{;l%loe%{sQSS%Z APPENDIX: Derivation of Equation 3 [0081] The

respiratory quotient for fat oxidation is typically 0.7, and the respiratory
~quotient for carbohydrate oxidation is typically 1.0. Thus, the non-protein
L portibrPEtasis OrasirRi6 R elivie SPEEH BBFepresented as: 5 RO = 0.7 x fat

oxidalign tateceh dakaRabysrater axidationtaterdacdat: OXIFAtIoN RIS free futty

carbohydrate oxidation rate [0082] For certain _situations, it can be

acig LGB THAP ARG B PBrREYiRPesn . a6 2 subsinttes and that the

fractioaoftheldotat enekdyoaxpe et e Py dhe: brainds Ba(gre hengs igholic
fraction of tcﬁaﬁ% nergy expenditure by remaining tissues is (1-B)). Using

PR R ARG RBTOMS ARGt R TRt PG AT S RS HRe ApBameter and
a seguatioetgheds patudb@r, 4:RQue dQHeBisi(hetihl /B amber (Wid)GHicative of

B+(1-B) 1 E' - F' +(W/2)W(r) E f +(W/2)G" or.RO=1- 0.3(1-B)E" (A-2)
B S A A e PR ) A et 7 o
mdRRlio SibetBH]EHA 3)sdtb:1]0084] Aftertdidtig JogaritlemBseofddoth Sideswobnd

' =3 ins: | 2)+salog(G)=log(RQ 50.7- :
s s et £ e RO g
avAlD1P006/052 D2 0 P DT LI$2004/0 38882 Whritds shaitheddsobd\type of metabolic
suliegessor-readable medium, comprising:

2. The processor-readable medium of claim 1, wherein the data is indicative of the
plasma glucose concentration, the plasma free fatty acid concentration, and the respiratory

quotient of the subject at a set of measurement times.

3. The processor-readable medium of claim 1, 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.

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.

29



19

15

Z0

25

30

code to receive data indicative of a plasma glucose concentration, a MCSLLP
plasma free fatty acid concentration, and a respiratory quotient of a

W su@k{iglct_; and 5 code to calculate, based on the data, respective values of a
%Fur&ﬁﬁ'/zé%%etabolic parameters, the plurality of metabolic 5&2{}}?@{5’%"3%32

including a first metabolic parameter and a second metabolic parameter,
6. the VAP BFHB-TRGANEESEI b SRARBIERBeing indicative of whether the

subjegtibas 2euedisResidantowardsuixidation.ef ere1of sificst BEReRfy acid level,
metabolic substrate ang a second type of metabolic substrate, the value of

Angh T HIEHATY 6491 LB &R being indicative of the subject's
respengivenessiled shaage neavedabiii.oboneefthei frsiiypedffor the subject,
me]téaé)olic substratz, and the setc&ond type of metabolic substrate. 2. The

the,YaEo e RARBI TR Of MMt EIRAETB M THRCteRS Fidieativesdr

préhiepbsifilasme glicaseoteadehtyation oilid-plasma feefatlyiacid
concentration, and the respiratory quotient of the subject at a set of
measurement times. 3. The processor-readable medium of claim 1,

7. whefHie thecealueofdhielfirstdnetabdDliipatanieteiristiadicativelofavhdthe et of

the subject has a predisposition tewards oxidation pf ope of
O oL e A o e R 0 o P gt
reswhebeinghedicdtivcofittie bboonduroetaontl rarblovetdros fistticativéegtivad the

heteingiodieite ool
o e e B g e, B e B e 1

mephsesietheetdie tineaihrate o theshleetveluraieds it bloralifjeoffatty acid

revRelahqlic P@&gﬁ% rid&%ﬂ@@?tﬁ@@ ASHQLY. Bn d SR ESHONANBIMSI S irst
the data. 30 29 MCSLLP WO 2005/052120 PCT/US2004/038882 6. A

MEHRYEEBSAF-HarRNS HilaTens feonibsSerpndoney@een d@sta indicative
of a blood glucose level, a blood free fatty acid level, and a respiratory
quotient of a subject; and code to calculate, based on the data, a value of

8. a methbaresa et irdiughp @By fe Bt dh e fedtaprifelate the value
of P& arpeiar eagindisative ok wheihe phe suhjectRas & AeisPesitiondata.

towards one of carbohydrate oxidation and fat oxidation.
9. The processor-readable medium of claim 6, further comprising:

code to compare the value of the metabolic parameter with a baseline value.

10.  The processor-readable medium of claim 6, wherein the metabolic parameteris 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 m carbohydrate availability.

11.  The processor-readable medium of claim 6, wherein the metabolic parameter is a
first metabolic parameter, the processor-readable medinm 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-readable medium of claim 6, wherein the data includes a

first set of measurement results and a second set of measurement MCSLLP

results, the first set of measurement 10 results being indicative of the
WhigsHghidbse level, the blood free fatty acid level, and the Fésiplrattity/038882

quotient of the subject at a first measurement time, the second set of
12.measurethedt resyitsibeing indicative of the blood glucose level, the blood

free (a6l {86 ARG NG RERILRIR YA QNRILAT A SRR Ak e results

f
'second medsurement time, the first measurement time being different
beifrpmdivetiecona MrsasuresrencansentgignThalproedieso fafbatad roncentration,

andﬂ%@é%%ﬁﬁg‘aﬂ‘gt@n%ﬁ@iglg}gcgqgﬁ to calculate the value of the

metabolic parameter includes code to perform a regression analysis on _
the Bated 9nthessioéaaasiidaauBrs HiedaltHEr BairFBegiyingHues of a plurality

of SRIERSIRING: 20 GededR srmBayethaiabiaofthmsatabelicparameten witblic

a baseline value. 10. The processor-readable medium of claim 6, wherein

parRSHRE PGl pAR A PSR E P First st cdiolia partiis s mtabolic parameter

beiRFOGERSAIvEERdahienmeriub fetihes compligngiicadeeealsuatarhasedrst type
on the data, a value of a second metabol eter for the 25 s

' |£c ar ; gbje(%t,h
of BRIApeR HP IR ESEki HR B R DR AR BRI MLt tiie of the
secoubjelishsaspansivensssdgiadhangeiiticashbjeydratemuaiteditity 1d 3 chhege in
cessor-readable medium of claim 6, wherein the metabolic parameter
av%%’lﬁi%f) ?ntg a%lbsﬁ5%§r(£rﬁl§t%g,o%%esﬁ?c%%§$or-readable medium further
comprising: 30 code to calculate, based on the data, a value of a second

13.meﬁ*i’l%”x%%%%@?&?%‘%ﬁE“%?%ﬁé%he&% the Fyﬁweeaairgﬁ&ﬁ%ﬂﬂsm@@m of the
parameter elng mdﬁcaﬂvé of the su JeCtS responsweness foac ange N
plafanaghitabilicpngonvitist.lipe Mrenrobs/(5T 201PSPAIS PHTN/GBESBR 1M ipatory

qu@%ﬁ@%@ﬂ‘fé’ﬁ%’éﬁ%éxe&ﬁ}&ﬂg 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

14 quotignt ot isisHiiesh Mdadasad onthe sehalmsaseement 18siiEve of the

calculating respective values of a plurality of metabolic parameters, the
PlagTi Al StcrReRaBRE Py AR ARt ER ARG LAY CAISEISSHO N A4 hstEfsPiratory

queichPo?eRoBEbBalBRQlICRar ameler (i vrlueaf the first metabolic
parameter being indicative of whether the subject has a predisposition
towards oxidation of a first type

15. The method of clairn 12, wherein the set of measurement resulis is indicative of the
plasma glucose concentration, the plasma free fatty acid concentration, and the respiratory

quotient of the subject at a set of measurement times.

16.  The method of claim 12, further comprising:
applying a set of measurements to the subject to produce the set of measurement

results.
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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of metabolic substrate relative to a second type of metabolic substrate, the
value of the 10 second metabolic parameter being indicative of the
subject's responsiveness to a change in availability of the first type of MCSLLP
metabolic substrate. 13. The method of claim 12, wherein the set of
measurement results is indicative of the plasma glucose concentration,

the plasma free fatty acid concentration, and the respiratory 15 quotient
18.of thihe mjdradatteelaimdal. whervhidinetioe of blarer o) witaledHapersotetdr is

ind[DARRVEFE @ﬁﬁ?&fﬂ “ssrl%ﬂ%ng%w& @Fo?Q%hQJ%%’ﬂ?:ﬂM?Q&ﬁt?%ﬁt@t& ohydrates

the plasma free fatty acid concentration, and the respiratory quotient o
andh@ssubject based on a glucose tolerance test. 20 15. The method of claim
12, wherein the set of measurement results is indicative of the plasma
glucose concentration, the plasma free fatty acid concentration, and the

19. respiftdrgigdatierinen dre lmeit Beplsrdpméasirbaisnpaegepsingudes a

thirihgcmBine G ahaiain, 18. fthes Com i nge @PERINE858%Pbeing indicative of the
measurements to the subject to produce the set of measurement results.

subjer U FHESROBIHYT BT CIARF 128k R A Atk ioktet ssemdtvnerigprtabolic

subpasaneter is 30 indicative of whether the subject has a predisposition
towards oxidation of one of carbohydrates and fats. 31 MCSLLP 18. The
method of claim 12, wherein the value of the second metabolic parameter

20.is indieatimaof dielauhject' sreappmsvensgstiaaeh angedihvavailakility @k
one of carbohydrates and fats, 5 19. The method of claim 12, wherein the

Pl iR B AR BIE B 0 B RGBT RAIETRS GAFRYRAER the sot of

metlersakie akths third metabolic parameter being indicative of the subject's
responsiveness to a change in availability of the second type of metabolic
substrate. to 20. The method of claim 12, wherein the calculating the

21.respectiviyvd|vespfithes:plurality of metabolic parameters includes

perforniin a Ig&sg-fs uares anl?tlg@isaonghets%et of easurement results. It

21. ARt 8, comprising: app?ylnsguaf%cet% Meastifeife g’t%‘%‘%%?@&fesu S

fortdrpsobiuce tsetiofimeasurameaint besitsonfigured to evaluate a blood glucose level,
g

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.

22, The method of claim 21, wherein the set of measurements is configured to measure
the blood glucose level, the blood free fatty acid level, and the respiratory quotient of the

subject after an overnight fast.

23. The method of claim 21, wherein the set of measurements includes a first set of
measurements and a second set of measurements, the first set of measurements being
configured to measure the blood glucose level, the blood free fatty acid level, and the
respiratory quotient of the subject at a first measurement time, the second set of
measurements being configured to measure the blood glucose level, the blood free fatty acid
level, and the respiratory quotient of the subject at a second measurement time, the first

measurement time being different from the second measurement time.
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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 MCSLLP
carbohydrate oxidation and fat oxidation. 20 22. The method of claim 21,
wherein the set of measurements is configured to measure the blood

24.gluchse W@P,dch’é @njmﬂ}e_éfhargha&m detremamagve edpitheombinsbtientsf
preffigpcithigahafieranpyerahtiast:2n 23, 70¢ meiiod of M Gdment results.
wherein the set of measurements includes a first set of measurements
and a second set of measurements, the first set of measurements being
25 configirrpd do.mepsure e RinadiglucangdayelidbeRIond lirefaldeasid the
level, and the respiratory quotient of the subject at a first measurement
PregipROSHELEKONFSet of measurements being configured to measure the
blooghgliensadavebthe-hlopdfrae: fattysasigl-3Rinyel anetbes arninainry

quotient of the sugect at a second measurement time, the first

ParRsier RS TERRE DB YA MR RRE SRUBHY b DRtk tiivR of 3dhether

theMiBRkt Fhsdfe Preimaihigd0fel@im 21, wherein the determining whether
the subject has the r%%s osition includes applying a regression analysis

on theRGHnIEaYE FBHIRSO SEPAFARHEHEY BERAS T2 herein
the determining whether the subject has the 5 predisposition includes:
based on the set of measurement results, calculating a value of a
26 metdBiSiRe é\ﬂ‘f 21 ﬁ%‘bﬁ&&ﬂnﬁﬁé‘%}%e of the metabolic parameter
beinguirdicative @f whethenrthecstljedtddsthapradigRositinr: 3Responsiveness to
etabolic parameter with a baseline value. 10

comparing the value of t )
a C}%lgg H& aﬁwﬁt‘&lﬁmﬁ%{pﬂrther comprising: based on the set of

measurement results, determining the subject's responsiveness to a

change in carhohydrate av ilagilit . 15 27. The method of claim 21, further
27‘com%%%fﬁ8({:%§sé}oc%ﬁ 233%%% e%%aoe?éﬁrrléfﬁ%ht results, determining the

subjectts! resensivefiesadorcmehanrgaty) fatavaibdilifye 8Biject’s responsiveness to

a change in fat availability.
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