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6RPPDULR

/IDVWLPD GHOOD VHFUH]LRQHGLLQVXOLQD g XQDVSHWWRIRC
FHOOXD@IFUHDWLFKHHGHWHUPLQDUHODTXDQWLWjGLLQVXC
TXWWDYLD LOORGHOOROLQLPR 2UDOH GHO & SHSWLGH 2&0C(
Of{DUWH SHU OD GHVFUL]LRQH GHOOD FLQHWLFD HOD VHFUH]I
OD UHDOWj ILVLRORJLFD GHL SDJLHQWL VRWWRSRVWL D E\SD
DGHIJXDWDPHQWH OD FRPSOHVVD GLQDPLFD GHOOD VHFUH]L
LQIOXHQ]DWD GD SURIRQGH DOWHUD]LRQL PHWDEROLFKH FKIH
FD SRVWSUDQGLDOH GHWHUPLQDQGR XQUDSLGR FDOR GHOUC
IHQRPHQR FRPSURPHWWH OYDIILGDELOLWj] GHO PRGHOOR IR
JOLFHPLFL SUHYDOHQWHPHQWH VXSHULRUL DO EDVDOH 'L FF
QRQDFFXUDWRVLD L SLFFKLLQL]LDOL FKHOD IDVHILQDOH Gt
VXUDWD LQ VHIXLWR D XQ FDULFRRUDOH GLJOXFRVLR

/I TRELHWWLYRGLTXHVWRVWXGLRgDGDWWDUHLO PRGHOORH
GXH VWUDWHJILH SULQFLSDOL /D SULPD SUHYHGH XRQWLULAIGHI
]JDWR SHU GHVFULYHUH OD VHQVLELOLWj GHOOD VHFUH]LRQH
VHFRQGD FRQVLVWHLQ XQDUHYLVLRQHGHO PRGHOOR GL VHF
UHWUD VHFUH]LRQH HJOXFRVLR FRVuGD PRGHOODUH GLUH\
HYLWDUHOHDSSURVVLPD]LRQLLPSRVWHGDO PRGHOOR RULJ
DOORVYLOXSSRGLWUHQXRYLPRGHOOL FKHPLUDQRDPLJOL
HDRINTULUH XQD UDSSUHVHQWD]LRQHHO® X®& D ®H QW IL FSD GLHHOD.
E\SDVVJDVWULFR ,ULVXOWDWL RWWHQXWL GDL GLYHUVL PR
UH OD FDSDFLWj GL GHVFULYHUH DFFXUDWQ FXE WW D 5 RISR/GR
LGHQWLILFDUHLO PRGHOOR SLeHIILFDFH






SEVWUDFW

7KHDVVHVVPHQW RILQVXOLQ VHFUHWLRQ LYV D NH\DVSHFW L¢
FHOOVDQG GHWHUPLQLQJWKHDPRXQWRILQVXOLQ SURGXFH
2UDO OLQLPDO ORGHO RI & SHSWLGH 2&00 FXUUHQWO\FRQV
& SHSWLGHNLQHWLFVDQG VHFUHWLRQ GRHV QRW DFFXUDW
XQGHUJRLQJJDVWULF E\SDVV VXUJHU\ ,Q SDUWLFXODU LW I
PLFVRILQVXOLQ VHFUHWLRQDIWHUVXUJHU\ ZKLFKDUHLQIO
FDQ OHDG WR SRVWSUDQGLDO K\SHULQVXOLQHPLF K\SRJO\FH
OHYHOV EHORZ EDVDO 7KLV SKHQRPHQRQ FRPSURPLVHV WKF
QDOO\GHVLJQHG IRULQGLYLGXDOV ZLWK JOXFRVH OHYHOV P
WHQGV WR LQDFFXUDWHO\SUHGLFWERWK WKHLQLWLDO SHD!
FXUYHPHDVXUHG DIWHUDQ RUDO JOXFRVH FKDOOHQJH

7KHDLPRIWKLY VWXG\LVWRDGDSWWKHH[LVWLQJPRGHO WR
WHJLHV 7KHILUVWLQYROYHYV D P DS\CKIHPIDHMWLHF D OZ B H B K LIVOXU WAL
WKH VHQVLWLYLW\RILQVXOLQ VHFUHWLRQ WR JOXFRVH FRQ
VHFUHWLRQ PRGHO LWVHOIE\LQWURGXFLQJD QRQOLQHDU G\
IRUD PRUH SK\WVLRORJLFDOO\DFFXUDWH UHSUHVHQWDWLRQ :
WKH RULJLQDO PRGHO 7KHLPSOHPHQWDWLRQ RI WKHVH VWU
PRGHOV GHVLJQHG WRLPSURYHWKHSUHGLFWLRQ RILQVXOL
SUHVHQW P DRAROPFWLRQ LQ SDWLHQWYV ZKR KDYH XQGHUJRQ
REWDLQHG IURP WKH GLIIHUHQW PRGHOV ZLOO EH FRPSDUHG
FHOO UHVSRQVLYHQHVV LQ WKLY SRSXODWLRQDQGLGHQWL






'QGLFH

[ OWURGX]LRQH
[ OHWDEROLVPRGHO JOXFRVLRHUHJROD]JLRQHRUPRQDO
[ SOWHUDJLRQL GHOOD JOLFHPLD HSDWRORJLHFRUUHOD
[ &KLUXUJLD EDULDWULFD E\SDVVJDVWULFR

[ 6WDWR GHOOTDUWH GHL PRGHIOOL SHU OD VWLPD GHOOTL
| 2ELHWWILYR GHOOD WHVL
[ &ROWHQXWL GHOOD WHVL

[ DWLHSURWRFROOR
| 'DWDEDVH

| 'DWDEDVH
[ 'DWDEDVH
[ 'DWDEDVH

[ ORGHOOL
[ _ ORGHOORGDOOD OHWWHUDWXUD
[ BHFUHJLROH LQVXOLQLFD
| GLOHWLFD GHO & SHSWLGH

[ ORGHOOR PRGHOORD GXH OIFMHHIDIDNODHMHOD UHVSRQVL
[ ORGHOOR PRGHOOR +LOPHIHDOIDWHYSRQVLYLW|j
[ ORGHOOR PRGHOORQRQOLQHDUHGHOOD UHOD]JLRQH

[ ,.GHQWLILFDJLRQH HVYWLPD SDUDPHWULFD
| GHOWLILFD]LRQH
| BWLPD SDUDPHWULFD
[ 9DOLGDJLROHHVHOH]LRQH GHO PRGHOOR

[ SLVXIOWDWL
[ ORGHOORGHOOD OHWWHUDWXUD



I ORGHIOOR
I ORGHIOOR
I ORGHIOOR

[ &&RQFOXVLRQL
[ELEOLRIUDILD



(OHQFR GHOOH ILJXUH

| SDSSUHVHQWDIJLRQH GHOOD|SURLQVXOLQD DGDWWDWL

[ 6FKHPDWL]]D]LRQH GHO SURFHVVR GL URJRODJLRQH GH
| COVXOLODHJOXFDJRQH DGDWWDWD GD > @

[ ERQITURQWR GHOWUDWWRGLJHVWLYRSULPDHGRSR OfL
| GD* @

| &&ROQFHQWUDJLRQL SODVPDWLFKHPHGLH GL JOXFRVLR L

| GDWDEDVH OHEDUUHYHUWLFDOL UDSSUHVHQWDQR O

| &ROQFHQWUDJLRQL SODVPDWLFKHPHGLH GL JOXFRVLR L

| GDWDEDVH OHEDUUHYHUWLFDOL UDSSUHVHQWDQR O

| &RQFHQWUDJLRQL SODVPDWLFKHPHGLH GL JOXFRVLR L

| GDWDEDVH OHEDUUHYHUWLFDOL UDSSUHVHQWDQR O

| &RQFHQWUDJLRQL SODVPDWLFKH PHGLH GL JOXFRVLR |
| OHEDUUHYHUWLFDOLUDSSUHVHQWDQR OfTHUURUH VW|

| ORGHOORGL VHFUHJLRQHHFLQHWLFD GHO & SHSWLGH
| 6HFUHJLRQH VWDWLFD GLLQVXOLQD DPHQR GHO ULWD
[ 9DULD|LROH GHD $BPUROPEWGRO OLYHOOR JOLFHPLFR

| 6HFUHJLRQH VWDWLFD GLLQVXOLQD DPHQR GHQ ULWD!
| SHOGHOTHIGLITHUHQWL

| PRGHOODTMWHIDPGWHTO PBFRGHOORGL +LOO

| GHFUHJLRGORL VIWSODWUWHE LO ULWDUGR LQITXQJLRQH GHO J¢
17100




[ 5LVXOWDWL RWWHOXWLFROLO PRGHOORGL ULTHULPHQW

YD FROWLOXDLOQ D UDSSUHVHOWD OD PHGLD GL]& SHSWL

VSHULPHOWDOL HLOQO E CLOYHFHVRORSUHVHOWI L ULVSH

FOOROYHUURUHVWDOGDUG *TDOOR GDWDEDVH YHUGFE

DIXUUR_GDWDEDVH

| SLVXOWDWL RWWHQXWL FRQ LO PRGHOOR GL ULTHULPHQ

g VWLPDWD FROLO %DVHVLDOR /D FXUYD FROWLQXD LQ I

SHSWLGH GHO GDWDEDVH ULVSHWWR DL GDWL VEHULPHC

UCLVSHWWLYL UHVLGXL SHVDWL 7THEDUUHTLOGLFDPQR OfH

YHUGH GDWDEDVH YLCROHWWR |IGDWDEDVH DI]IXUUR G

| SLVXOWDWL RWWHQXWL FRQLOORGHOOR CLQFXL OD UHYV

DOOLYHOORGHOOD JOLFHPLD VRSUDRVRWWRTPD YDORU

FXUYD FROWLOXD LOQO D UDSSUHVHOWD OD PHGLD GL & St

GDWL VSHULPHOWDOL HLQO E TOYHFHVRORSUHVHQWL L

LOGLFDOROYHUURUHVWDOGDUG *LDOOR GDWDEDVH Y |

DIIXUUR GDWDEDVH

[ SLVXOWDWL RWWHQXWLFRQLOORGHOOR LQFXLODUHYVS

OLYHOORGHOODJOLFHPLD VRSUDRVRWWRLOYDORUHEL

033 /D FXUYD FROWLOXD LO D UDSSUHVHOWD OD PHGLD

ULVSHWWR DL GDWL VSHULPHOWDOL HLO E CLOYHFH VRQ

/HEDUUHLOGLFDOROYHUURUHVWDOQGDUG *LDOOR GDWI

GDWDEDVH DIIXUUR GDWDEDVH

RIGA D BIV

PRGRFROWLOXR /DFXUYDFROWLOXDLO D UDSSUHVHQW

WDEDVH ULVSHWWRDL GDWL VSHULPHOWDOL HIOQ E LQY

SHVDWL /THEDUUHLOGLCFDOR OYHUURUHVWDOGDUG *LDC

YLCROHWWR GDWDEDVH D]]JXUUR GDWDEDVH

| SLVXOWDWL RWWHOXWL FROLOORGHOOR LO FXL VL PRG

VWDWLFD 7D FXUYD FROWLOXD LO D UDSSUHVHQWD OD F

UCLVSHWWRDLC GDWL VSHULPHOWDOL HLOQO E TOYHFH VRQ

/HEDUUHLQGLFDOQROYHUURUHVWDOGDUG *TDOOR GDWI

GDWDEDVH DITXUUR GDWDEDVH




&DSLWROR

'QWURGX]LRQH

OHWDEROLVPR GHO JOXFRVLR HUHJROL

,O VLVWHPD GL UHJROD]LRQH GHO JOXFRVLR VYROJH XQ UXRC
FRPSUHQGH OfLQVLHPH GL WXWWH OH UHD]LRQL FKLPLFKH FK
SULQFLSDOH q JDUDQWLUH XQ HTXLOLEULR WUD OfDVVXQ]LRC
1HO FRUSR XPDQR LO PHWDEROLVPR VL VXGGLYLGH LQ GXH V
DQDEROLFR VL YHULILFD GRSR XQ SDVWR TXDQGRL SURGRWW
HDFFXPXODWL ,Q TXHVWDIDVH OfHQHUJLD ULFDYDWD GDOO
DGDOWDHQHUJLDRDFFXPXODWD QHL OHJDPL FKLPLFL GL DO\
ULVSRQGH DO SHULRGR GL SRVW DVVRUELPHQWR R GL GLJLXC
VRQR SLs SUHVHQWL LQ FLUFRORHQRQ VRQR SLe GLVSRQLELQ
OHYHQJRQR GHJUDGDWH LQ PROHFROH SLe SLFFROH ULODVF
FKLPLFL

/H SULQFLSDOL ELRPROHFROH LQJHULWH VRQR SURWHLQH O
UH VRQR DVVRUELWL SULQFLSDOPHQWH VRWWR IRUPD GL JO
HQHUJHWLFD SHUODYRURPHFFDQLFRR SHUOD VLQWHVL GLF
FRVLR YLHQH DFFXPXODWR VRWWR IRUPD GL JOLFRJHQR XQ S
PROHFROH GL JOXFRVLR ,0 JOLFRJHQR g SUHVHQWH LQ WXW
PDJJLRUL VL WURYDQR QHO IHJDWR FLUFD JUDPPL H QHL I
1HL PXVFROL LO JOLFRJHQR UDSSUHVHQWD OD SULQFLSDOH
PHQWUH QHO IHIDWR IXQJH GD ULVHUYD GLJOXFRVLR SHU OYF
8QDVSHWWR LPSRUWDQWH GHOOD UHJROD]LRQH GHO PHWDEF
]JDUHOHUHD]LRQLPHWDEROLFKH ODFXLPRGXOD]LRQHgFRQ!
OD]JLRQH JOLFHPLFD RYYHUR GHO OLYHOOR GL JOXFRVLR QH{¢
WUD LQVXOLQD HJOXFDJRQH GXHRUPRQL DQWDJRQLVWL FK



ILVLRORJLFR 4XHVWLRUPRQLVRQRVHPSUHSUHVHQWL QHO FL
TXDOH RUPRQH VLD GRPLQDQWH (QWUDPEL KDQQR XQfHPLYLW
HVVHUH VHFUHWL LQ PRGR FRQWLQXR SHU HVHUFLWDUH XQYD]L
,QVXOLQD H JOXFDJRQH YHQJRQR SURGRWWL GDOOH LVROH GL
FRVWLWXLVFRQR FLUFDLO GHOOD PDVVD SDQFUHDWLFD WRYV
VWLWXLWR GLOIVSREVDKIOH. GHOOD SURGX]LRQH GL LQVXOLQLE
GDOOH FRAIKMXBHHUQRQR JOXFDJRQH /H UHVWDGWG IVRIQRHSIDQ (
SURGX]LRQH GL VRPDWRVWDWLQD XQ RUPRQHLQLELWRUH GHC
/TLQVXOLQD YLHQH SURGRWWD D SDUWLUH GDOOD SUHSURLQV)
4XHVWR YLHQH SURFHVVDWR QHO UHWLHMRQR HQERYOPWPD WQ F
VXOLQD OD TXDOH YLHQH VXFFHVVLYDPHQWH VFLVVD SHU GD!
/TLQVXOLQD q FRVWLWXLWD GD GXHFDWHQH $H% FROOHJDWH
& YLHQHULODVFLDWD FRPH& SHSWLGH (QWUDPELYHQJRQR SU
HTXLPRODUL FRPHPRNVWUDWR QHOOD )LJXUD

C-peptide

Proinsulin

Insulin

)LIXUD 5DSSUHVHQWD]LRQH GHOOD SURLQVXOLQTL

S$OWHUD]JLRQL GHOOD JOLFHPLD HSDWRC(

/IDUHOD]LRQHWUD JOXFRVLRHLQVXOLQD gLQWHUGLSHQGHQW
SHULOULODVFLRGLLQVXOLQD OD TXDOHD VXD YROWD UHJRO
Of{DVVXQ]LRQHGLFLER LOJOXFRVLRGHULYDWR GDOOD GLJHYV
ODJOLFHPLD 4XHVWR DXPHQWR VWLPROD LOULODVFLRGLLQYV
ODWUDVIRUPD]JLRQHGLJOXFRVLRLQJOLFRJHQR HLQLELVFHO
LQJOXFRVLR 'LFRQVHJIJXHQ]D LOIHIJDWRULGXFHOD SURGX]LI
QHOOHFHOOXOHULVXOWD IDFLOLWDWR

"'XUDQWHLO GLIJLXQR ODULGX]LRQHGHOODJOLFHPLD FDXVD X



OYDWWLYD]LRQHGLRUPRQLFRQWURUHJRODWRUL FRPHLO JC
,OJOXFDIJRQH LPSHGLVFH XQ FDOR HFFHVVLYR GHOOD JOLFH
ODJOLFRIJHQRVLQWHVL FRQVHQWHQGR DO IHIJIDWR GL ULOD\V\
4XHVWR HTXLOLEULR GLQDPLFR WUD GHSRVLWR HULODVFLR
DOOH YDULD]JLRQL QHOOYDSSRUWR QXWUL]JLRQDOHH QHOOD
HITLFDFH GHOOD JOLFHPLD HGHOOD GLVSRQLELOLW)]GLIRQW
/D )LIXUD PRVWUD LQ PRGRVHPSOLILFDWROYLQWHUD]JLRQ
GHOJOXFRVLR QHOOTYRUJDQLVPR

promuove il
Raises blood High blood ritascio
sugar sugar i irescking

iGluca,g_gE‘ e

3 Stimola la degradazione
del glicogeno

Pancreas

Stimola la formazione
di glicogeno

Insulina

Stimola l'assoibimento
del glucosio dal sangue

‘..’a Cellule dei tessuti

. (muscoli, reni, grasso) | pomuoveil
rilascio

Lowers blood diglucagone

sugar .
Basso livello

di zucchero
nel sangue

)LIXUD 6FKHPDWL]]D]JLRQHGHO SURFHVVR GLUHJROD]JLRQ
OLQDHJOXFDJRQH DGDWWDWD GD > @

8QIDOWHUD]LRQH GHL OLYHOOL GLJOXFRVLR QHO VDQJXH \
ORULQRUPDOL FDXVDQGR LSHUJOLFHPLD TXDQGR VRQR WUR
EDVVL /YLSRJOLFHPLD VLPDQLIHVWD TXDQGR OD JOLFHPLD V
FDUHVLQWRPLFRPHYHUWLIJLQL FRQIXVLRQHHSHUGLWD GL |
SHULO FHUYHOOR $O0 FRQWUDULR OfYLSHUJOLFHPLD VL YHUI
PJ G/ DGLIJLXQR R L PJ G/ PPRO / GRSR L SDVWL DXPHQ
PDODWWLH FDUGLRYDVFRODUL UHQPpOLHGDQQLDL QHUYL >
FRQFHQWUD]LRQLGLJOXFRVLR LQVXOLQDH & SHSWLGH FKH

8QD GHOOH FDXVH SL* FRPXQL GHOOH DOWHUD]LRQL JOLFH
FURQLFD FKHVLYHULILFDTXDQGRLOSDQFUHDV QRQ SURGXFI
OfRUJDQLVPR QRQ ULHVFH D XWLOL]]DUOD LQ PRGR HIILFDFH
GL PLOLRQLGLGHFHVVL GLFXLLO VLqQYHULILFDWR SULF



*OXFRVLR ,QVXOLQD & SHSWLGH

$GLILXQR PJ G/ —8 P/ SPRO /

KGRSR SDVWHRI G/ —8 P/

KGRSR SDVWHRI G/ —8 P/ SPRO

7TDEHOOD 9DORULGLULIHULPHQWR SHU *OXFRVLR ,

FKHILQR DO GHJOLDGXOWL GLHWjSDULR VXSHULRUHD DQ
(VLVWRQR GXHIRUPH SULQFLSDOL GL GLDEHWH

I1'"LDEHWHGL WIMVARQGH'D LQVRUJHUH GXUDQWH O OTLQIDQ]JLD R
PDQLIHVWDUVLDQFKHLQHW]DGXOWD HG qgFDUDWWHUL]]D
GHOOD GLVWUX]LRQH DXWRHLAP 8RB @ AWGHDOWOSH ®HO O XOH

$1'LDEHWH GL WIGS9RQDPDODWWLD PXOWLIDWWRULDOH FKH VL

DQQLHSXzHVVHUHFDXVDWD GD SUHGLVSRVL]LRQHJHQHW
QHHFFHVVLYDPHQWH ULFFD GL JUDVVL H]XFFKHULH VRYUD
IDWWRUL qOTLQVXOLQR UHVLVWHQ]D XQDFRQGL]JLRQHLQF
DOOJLOVXOLQD > @

3HULO WUDWWDPHQWR GHO GLDEHWH GL WLSR OTXQLFD Wt
OLQD WUDPLWHLQLH]JLRQL VRWWRFXWDQHH 1HO FDVR GHO GLI
VWUDWHILH WHUDSHXWLFKH 8QD GLHWD HTXLOLEUDWD DVVF
DPDQWHQHUH LO SHVR FRUSRUHR HQWRR ¥ PQRUILRQURUADIOQ FR
JOLFHPLFR 7XWWDYLD QHL FDVL FRQFODPDWL GL GLDEHWH S
FRORJLFD SHUVRQDOL]]IDWD SRLFKp QRQ HVLVWH XQ IDUPDEFR
5| @
6RYUDSSHVR HREHVLWjVRQR VWUHWWDPHQWH FRUUHODWL DC
WD LO SULQFLSDOH IDWWRUH GL ULVFKLR SHU ORVYLOXSSR Gl
FHOOXOH QRQ ULVSRQGRQR HIILFDFHPHQWH DOOTLQVXOLQD L
DFFXPXODQHOVDQJXHHSURYRFD XQDXPHQWR GHOOD JOLFHPI
OD VXD DJLRQH VXJOL RUJDQL EHUVDJOLR FRPHLOIHIJDWR FKI
PHQWUHL PXVFROLIDWLFDQR D XWLOL]]JDUOR FRUUHWWDPHQW
FURQLFDPHQWH HOHYDWL GL JOXFRVLR QHO VDQJXH 3HU FRP
TXDQWLWj)VHPSUHPDJJLRULGLLQVXOLQD GDQGRRULJLQHD X
WHXOWHULRUPHQWHLO FRQWUROOR JOLFHPLFRHDJJUDYD LO
1HL SDJLHQWL FRQ REHVLWjJUDYHR SDWRORJLFD OHVWUDWH
FLHOQWL SHURWWHQHUH XQ FRQWUROOR HIILFDFH GHOOD PDOL

%RG\ODVV ,QGH]



SUHVHQWD OfRS]LRQH WHUDSHXWLFD SLe HIILFDFH FRQVHQV
JOLRUDPHQWR GHO PHWDEROLVPRGHOJOXFRVLR FRQFRQVH
TXDOLWjGHOOD YLWD GHOOfYLQGLYLGXR

&KLUXUJLD EDULDWULFD E\SDVVJDVW

/D FKLUXUJLD EDULDWULFD LQFOXGH XQD VHULH GL LQWHUYF
WHVVXWR DGLSRVR H GL FRQVHJXHQ]D D SUHYHQLUH R WUD
LQWHUYHQWL EDULDWULFL ULFRQRVFLXWL D OLYHBORHOWH
*DVWUHFBERPDVYV *DUBNSIEBRVHQWDQR ROWUHOY GHOOH SUR
,O E\SDVV JDVWULFR QRWR DQFKHQFR®B SERFHGXU [ €Kh UXU
SULQFLSDOPHQWH SHU SHUVRQH DIIHWWH GD REHVLWj JUDY!
ULGXFHQGR OD FDSDFLWj GHOOR VWRPDFR GL FLUFDLO HD
SDUWLFRODUH ORVWRPDFR YLHQH GLYLVRLQ GXHVH]JLRQL
FKHUDSSUHVHQWD OfXQLFD SRUJLRQHDWWLYD QHOOD GLJH\

P/ OLPLWDQGR VLJQLILEFDWLYDPHQWH O OYJDVVXQ]JLRQH GL FL
3DUDOOHODPHQWH YLHQH UHDOL]]DWD XQD GHYLD]JLRQH LQ\
GXRGHQR 4XHVWRULRUJDQL]]D OTLQWHK\VGDLERR.\VBHEARIE HQ ® Q
WHFQLFD FROOHJDQGR GLUHWWDPHQWH LO WUDWWR SLe GL"

)LIXTD

BEFORE AFTER
GASTRIC BYPASS GASTRIC BYPASS
SURGERY SURGERY
4 /
v 2
&
\Y

A
N\ /

=
R

—

)LIXUD &RQIURQWR GHO WUDWWR GLIJIHVWLYR SULPD H GRS
> @

5RX[ HQ <*DVWULF %\SDVV



$G RJJL LOE\SDVVIJDVWULFRFRVWLWXLVFHFLUFDLO GL W
SBHUDFFHGHUH D TXHVWD SURFHGXUD g QHFHVVDULR VRGGLVIL

t 2EHVLWjGL FODVVH,,, FRQ XQ %G, SDULR VXSHULRUHD N

1 2EHVLWj GL FODVVH,, FRQ XQHOMDGUWBUHRARPIRG LNDIOPHQR X C
FRUUHODWD DOOYREHVLW,|

t+ "LDEHWHGLWLSR DVVRFLDWRDREHVLW}? RARHQOOQSHW SOR 1L
QRQqIDFLOPHQWH JHVWLELOHFRQDOWUL WUDWWDPHQWL

*OL HIITHWWL SRVW RSHUDWRUL GL XQ E\SDVV JDVWULFR VRC
PHWDEROLVPR 8QR GHL SULQFLSDOL EHQHILFL q OD VLJQLILFI
GDOOD IRUPD]LRQH GHOOD WDVFD JDVWULFD FKH OLPLWD OD 1
JLRQHGHOOYDVVRUELPHQWRLQWHVWLQDOH GHL QXWULHQWL F
5| @ 7UD TXHVWH XQ UXROR FKLDYH qQVYROWR GDOOD ULGX]LI
FRQWULEXLVFHD GLPLQXLUH OfDSSHWLWR HDIDYRULUH XQD J
8Q DOWUR HIIHWWR ULOHYDQWH ULJXDUGD LO PLIJOLRUDPHQW
GLWLSR 4XHVWRIHQRPHQR q OHJDWR D XQ LQFUHPHQWR GH
DOOH FHOOXOH GL ULVSRQGHUH LQ PRGR SLe HIILEFDFH DOOYD]L
JOXFRVLR GDO VDQJXH YHUVR OH FHOOXOH /D SHUGLWD GL St
SURFHVVR PD DOWUHWWDQWR LPSRUWDQWL VRQR OH PRGLIL
OYDXPHQWR GHOOD VHRQHURREBKEKHVWLPROD OD SURGX]LRC
OD VHFUH]LRQH GLJOXFDJRQH H PLJSDRED ©DWIHTKMHWLYA W | GH
7XWWDYLD TXHVWL FDPELDPHQWL LQIOXHQ]DQR SURIRQGDPH
OTLQWHUYHQWR SUHVHQWD GLQDPLFKH GLYHUVH ULVSHWWR I
FHPLD LSHULQVXOLQHPLFFERWVWSHDQGIFDOH) 3HOHUH GRSR
JDVWULFR 6L WUDWWD GL XQD FRQGL]JLRQH SHU FXL GRSR LO
GHL QXWULHQWL FKH VL WUDGXFH LQ XQ LPSURYYLVR DXPHQW
ULODVFLR GLJUDQGL TXDQWLWjGLLQVXOLQD VSHVVRVXSHUL
UDSLGDPHQWH L OLYHOOL GL ] XFFKHUR QHO VDQJXH FDXVDQG
GLVRWWR GHO OLYHOOREDVDOH > @

/HFDXVH GL TXHVWR IHQRPHQR QRQ VRQR DQFRUD GHO WXWWHR
QHVLGLREODVWRVL XQD FRQGL]LRQH FDUDWWHUL]]DWD GDOO
LQ SDUWLFROD UHFRHOFRQNHORMOWH HFFHVVLYD SURGX]LRQH
KDQQR HYLGHQ]LDWR XQ DXPHQWR GHO GXPHW R @K K@M D W
VHEUHWRULD LQWHQVLILFDWD ,QROWUH VL g RVVHUYDWD X

*OXFDJRQ /LNH3HSWLGH
BRVWSUDQGLDO +\SHULQVXOLQHPLF +\SRJO\FHPLD



SRWUHEEH SURPXRYHUH OD S UHRPR QWWWLU E R QUHGHOO@H- EHOO® @
8QIbDOWUD LSRWHVL VXJJHULVFH FKH OTHVFOXVLRQH GHO G
DOORVYLOXSSR GHOOD 3++ 'RSROTLQWHUYHQWR LO WUDW:!
SL- EUHYH ULVSHWWR DOOD FRQGL]JLRQH SUHRSHUDWRULD C
UDSLGRHFRQFHQWUDWR 4XHVWRSRWUHEEHVSLHIJDUH SHUF
VHIXLWRDLQWHUYHQWL GLE\SDVVJDVWULFRHDGDOWUH SU
SURVVLPDOH

8Q XOWHULRUH HOHPHQWR FKH SRWUHEEH FRQWULEXLUHD T
HSDWLFD IDYRULWD GDOOD GLHWD LSRFDORULFD VHIXLWD L
GL]LRQH SRUWD D XQD GLPLQX]LRQH GHOOD SURGX]JLRQH GL J
LQFUHPHQWR GHOOD VHFUH]LRQH GL */3 IDWWRUL FKH QHC
LSRIJOUFHPLD > @

I TLOQWHUYHQWR GL E\SDVVIJDVWULFR GXQTXH QRQ VRORDLX
SURIRQGH PRGLILFKH QHO PHWDEROLVPR GHO JOXFRVLR Qt
LSRIOLFHPLD LSHULQVXOLQHPLFD SRVWSUDQGLDOH DQFKH (
> @

6WDWR GHOOYDUWH GHLPRGHOOL SHU

/D PRGHOOD]LRQH GHOOD VHFUH]LRQH GL LQVXOLQD KD DYXYV
QH GHOOD ILVLRORJLD GHO SDQFUHDV HQGRFULQR H QHOOD |
LQ FRQGL]JLRQL SDWRORJLFKH FRPH LO GLDEHWH PHOOLWR

JOXFRVLRHLQVXOLQD ODVHFUH]JLRQHHODFRQFHQWUD]LRQ
LQGLFDWRULLQGLUHWWL GHOOD VHFUH]LRQH LQVXOLQLED

/IDVHFUH]LRQH GHOOJLQVXOLQD QRQ SXzZHVVHUHPLVXUDWD
JLRQH SODVPDWLFD GLSHQGH VLD GDO SURFHVVR GL VHFUH]LTF
JDWR 3HUTXHVWD UDJLRQH SHUVWLPDUHODVHFUH]LRQH GI
VHEUHWR LQ TXDQWLW] HTXLPRODUL DOOJLQVXOLQD $ GLIIHI
HVWUDWWR GDO IHJDWR SHUFLz OD VXD FRQFHQWUD]JLRQH S¢
QHLQVXOLQLFD GL TXDQWR QRQ VLD OD FRQFHQWUD]LRQH Gl
SL. OXQJD GHOOJLQVXOLQD PLQXWL LO & SHSWLGH UDS
OD GLQDPLFD GHOOD VHFUH]LRQH LQVXOLQLFDLQ GLYHUVHF
SDUWLFRODUPHQWH XWLOH SHULO PRQLWRUDJJLR GHL SD]JLH
> @

1HJOLDQQLVRQRVWDWLVYLOXSSDWL GLYHUVLPRGHOOL PD\



]JLDOL FRQOLYHOOLGLFRPSOHVVLW]YDULDELOLD VHFRQGD G
LOORGHOOROLQLPR 2UDOH GHXE SHSMH\GW H2EGD¥WLPDUH OD V
GHOOH FHQ OX®HRQH GHOOD FRQFHQWUD]JLRQH SODVPDWLFD G
WR VYLOXSSDWR SHU VWXGLDUH OD VHFUHJLRQH LQVXOLQLFD
2*77 HFRPELQD XQ PRGHOOR D GXH FRPSDUWLPHQWL SHU OD F
FKH GHVFULYH OD VHFUH]LRQH GHOOYTLQVXOLQD /D VHFUH]JLRC
SRUJLRQDOHDOODFRQFHQWUD]JLRQHGLJOXFRVLR HVHFUH]LR
JOLFHPLD QHO WHPSR > @> @

8QR GHL SULQFLSDOL OLPLWL GHO ORGHOOR OLQLPR 2UDOH GH(
QRVFHUH FRQ SUHFLVLRQH OD FLQHWLFD GHO & SHSWLGH LOF
TXHVWL XQR GHL SL*DFFXUDWL FRQVLVWH QHOOD VRPPLQLVW!
GHOOD VHFUH]JLRQH HQGRJHQD PHGLDQWH VRPDWRVWDWLQD
FLOLGDDSSOLFDUH VX ODUJD VFDOD 3HU TXHVWR PRWLYR qH
SHUPHWWDQR GL VWLPDUH L SDUDPHWUL FLQHWLFLLQ PRGR DF
8QIXOWHULRUH FULWLFLWjULJXDUGD OD YDULDELOLWj GHL UL
SHU OD VWLPD GHL SDUDPHWUL 4XHVWR DVSHWWR UHQGH FUXI
SHU JDUDQWLUH XQYLQWHUSUHWD]LRQHDIILGDELOH GHL GDWL
,QROWUH O72&00 SRWUHEEHQRQHVVHUHDSSOLFDELOHLQ WXV
QLVFHVWLPHRWWLPDOLLQSD]LHQWLVRWWRSRVWLDE\SDVVJ
JOLFHPLFR SRVWSUDQGLDOH VHJXLWR GD XQ FDOR GUDVWLFR
FRQFHQWUD]JLRQHGHO & SHSWLGH FRQ XQD VRWWRVWLPD GHO
ULVSRVWD > @

2ELHWWLYR GHOOD WHVL

/I TRELHWWLYR GL TXHVWD WHVL q VXSHUDUH OH OLPLWDI]LRQL
24800 FKHDWWXDOPHQWHQRQULHVFHDUDSSUHVHQWDUHLQ
DOOHYDULD]LRQLJOLFHPLFKH FRPHTXHOOHGHVFULWWH SHI
QRQFDWWXUD DGHIJXDWDPHQWH OD VHRU OHLWD $\jGHO D X W BAX I/
JOLFHPLD FKHVLYHULILFDQRGRSROTLQWHUYHQWR ULGXFHQ
UHWWDPHQWH OD VHFUH]LRQHLQVXOLQLFDLQ TXHVWLVRJJHW
, QROWUH QHL VRIIJHWWL DIITHWWL GD LSRJOLFHPLD SRVWSUDC
FR GRSR LO SDVWR SXz PDQWHQHUH L OLYHOOL GLJOXFRVLR D
SUROXQJDWR /Y2&00 HVVHQGR VWDWR VYLOXSSDWR SHU SD]L
OHQWHPHQWH VRSUD LO EDVDOH SRWUHEEH QRQ GHVFULYHUF

2UDO & SHSWLGHOLQLPDO ORGHO
2UDO *OXFRVH 7ROHUDQFH 7THVW



IDVLGLLSRJOLFHPLD OLPLWDQGRQHFRVUOYDSSOLFDELOLW
3HU ULVSRQGHUH DWDOL SUREOHPDWLFKH TXHVWD WHVL VL
EDVDWRVX0O09Y2&00 PDFRQODFDSDFLWjGLGHVFULYHUHLQF
DQFKHLQ FRQGL]J]LRQLGLIRUWH YDULDELOLWjJOLFHPLFD /I
FUHILRQHLQVXOLQLFD QRQ VRORQHOOD IDVHVRSUD OD VRJC
FRVuXQD UDSSUHVHQWD]LRQH SL* FRPSOHWD HDIILGDELOH C

&RQWHQXWL GHOOD WHVL

/IRVWXGLR VLDUWLFROD LQ FERQBXMWROWHRQIRIWUHDISQW R /L L1
OL]]DWLHLULVSHWWLYLPHWRGL GLDFTXLVL]LRQH GHL GDWL
EDVDLO ODYRUR 6XRMDHSWROR HROWRHG BUPULWWL L YDUL PRGF
LO PRGHOOR FODVVLFR JLj YDOLGDWR LQ OHWWHUDWXUD St
SUHYHGH GXH SQUWPHBUXQR VROR FRPH QHOOYRULJLQDOH
+LOO DSSOLFDWD VHPH UHDIOQ$D ¥ DFPHRGBIM OR GHULYDWR GD
FXUYD GL VHFUH]L&DSLWWRIDMLFIDU RIRA GLVFH FRPH YLHQH HVH
UDPHWUL FLQHWLFL FRQIURQWDQGR GXH DSSURFFL OD FLQ
VWLPDWRUH %D\HVLDQR FRQLOILQHGL GHWHUPLQDUH T TXDO
HDIILGDELOLW,] &D\SH WRHOMRI RIHROD QDO L]]DWL L ULVXOWDWL RV
SURSRVWL $WDOHVFRSR qVWDWR XWLOL]]DWRLO VRIWZDUH
GLYHUVH UDSSUHVHQWD]LRQL PDWHPDWLFKH SHIDPHWARBAG
g GHGLFDWR DOOD GLVFXVVLRQH GHL ULVXOWDWL HDOOH FRC
SULQFLSDOL ULVXOWDWLH YDOXWDWH OHFDSDFLWj GHL QXR
TXHOOR FODVVLFR






&DSLWROR

'DWLHSURWRFROOR

IRVWXGLRgVWDWRFRQGRWWRVXTXDWWURGDWDEDVHGLVW
JDVWULFR $OFXQL SDJLHQWLVRQRVWDWLHVFOXVLGDOOYDC
FRPSURPHVVRODVWLPD ,QROWUH DLILQLGHOOYDQDOLVL c
VFHQGDQR DO GL VRWWR GL XQD VRJOLD SUHVWDELOLWD FKH
VXGGHWWL GDWDEDVH VRQR VWDWL VHOH]LRQDWL HVFOXVL
SRUWDPHQWR

, GDWDEDVH H GHULYDQR GDOOR VWXGLR FRQGRWWR GD 6F
GHULYDQR GD VWXGL VHFRQGDUL

, SULPLWUH GDWDEDVHLQFOXGRQR OHFRQFBQWHR]|ERQWGGH
SPRO/ OHQWUH SHULO TXDUWR GDWDEDVH VRQR GLVSRQLE

'‘DWDEDVH

,OGDWDEDVH gFRPSRVWR RULJLQDUL DRHQRWHFHHFVR WRIIJIHWYV
DOWH]]D FP %O, NJ2P WXWWDYLD SHUOTDQDOLVL
VROR SDUWHFLSDQWL

, VRIJHWWL VRQR VWDWL VRWWRSRVWLDO 7THVW GL 7ROOHUD!
VHQWH GL YDOXWDUH OD FDSDFLWjGHOOYRUJDQLVPR GL PHW
OL]]DUOR HG HOLPLQDUOR GDO IOXVVR VDQJXLJQR ,0 WHVW
FRQWHQHQWH JUDPPLGLJOXFRVLR GRSR XQ SHULRGR GL G
WHUYDOOL UHJRODUL SHUPRQLWRUDUHOD ULVSRVWD PHWDE
SULQFLSDOL SHUOD GLDJQRVLGHO GLDEHWH > @

, FDPSLRQLGLVDQJXHVRQRVWDWLUDFFROWLVLD SULPD FKH
SHUTXDQWR ULJXDUGD LOJOXFRVLR g VWDWRHIITHWWXDWR X
VWUD]LRQH RUDOH PHQWUHL UHVWDQWL VRQR VWDWL HVHJ’



PRQLWRUDJJLR 3HUOfLQVXOLQDHLO & SHSWLGH LQYHFH qV
PHQWH H PLQXWL SULPD GHOOD VRPPLQLVWUD]LRQHRUDOH

LQWHUYDOOL YDULDELOLDL WHPSL H
(a) Glucosio (b) Insulina (c) C-peptide
JLIXUD &RQFHQWUD]LRQL SODVPDWLFKH PHGLH GL JOXFRYV

GDWDEDVH OHEDUUHYHUWLFDOLUDSSUHVHQWDQR OfHUURL

'‘DWDEDVH

4XHVWR GDWDEDVH q FRVWLWXLWRQ@ILL SDVRHQWLDIOWIH]]D
FP %O, NJ2P PD SHUOTYDQDOLVLVRQRVWDWL XW
, SD]JLHQWL DSSDUWHQJRQRD XQJUXSSRGLFRQWUROOR FKH KD
VRWWRSRVWL DO 7HVW GL 7TROOHMXBQWDDOLSRWOWRLOD. GW R VOPH
YDOXWDUH OD ULVSRVWD GHO VRIJHWWR D XQ SDVWR PLVWR FF
JUDPPL SURWHLQHHJUDVVL /Y077 q FRQVLGHUDWR LO JROG
GRIJHQD GLLQVXOLQD VSHFLDOPHQWHLQ SDJLHQWL FRQ GLDE'
, FDPSLRQL GL VDQJXH VRQR VWDWL SUHOHYDWL XQD VROD YRC
PHQWH VRQR VWDWL UDFFROWL D LQWHUYDOOL GL PLOQXWL St

FRQFHQWUD]LRQL GLJOXFRVLR LQVXOLQD H & SHSWLGH VRQR
WHPSR

OHDO TROHUDQFH 7HVW



(a) Glucosio (b) Insulina (c) C-peptide
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YLIXUD

&RQFHQWUD]LRQL SODVPDWLFKH PHGLH GL JOXFF
GDWDEDVH

OHEDUUH YHUWLFDOLUDSSUHVHQWDQR OfHUUIT

'‘DWDEDVH

,OGDWDEDVH

g FRVWLWXLWR ®MQVRIKHWUR/WL NWjDOWH]]D
FP %0,

NJ2P GL FXL VRQRVWDWL XWLOL]]DWL
/INMLQWHUYDOOR GL RVVHUYD]LRQH FRQVLGHUDWR VL HVWHQ(C
RUDOH , FDPSLRQL GLLQVXOLQD H & SHSWLGH VRQR VWDWL

PLOQXWL PHQWUHL FDPSLRQL GL JOXFRVLR VRQR
H PLQXWL

(a) Glucosio (b) Insulina (c) C-peptide
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40
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0
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)LIXUD

&RQFHQWUD]LRQL SODVPDWLFKH PHGLH GL JOXFF
GDWDEDVH

OHEDUUH YHUWLFDOLUDSSUHVHQWDQR OfHUUI

'‘DWDEDVH

,OGDWDEDVH UDSSUHVHQWDVLOJUXSSRSLQXPHURVR FRQ:
LVRIJHWWL VRQR VWDWL VRWWRSRVWL DO PHGHVLPR HVDPH

JUXSSLD VHFRQGD GLFRQGL]JLRQLPHWDEROLFKHGLVWLQWH

¥ *OXFRVLR D 'LIJLXQR $QWHHWWRBHQOLWR '0
VRIJHWWL HWQQL SHVR

,PSDUHG )DVWLQJ *OXFRVH

AXHVWR JUX
NJ DOWH]]D FP %0,




NJ2P /9,)*qg XQD FRQGL]LRQH SUH GLDEHWLFD LQ F
g FRPSUHVD WUD H PJ G/ XQ YDORUH VXSHULRUH DOO
OD GLDJQRVL GL GLDEHWH > @ /D FRQGL]JLRQH SXz SURJU
DGHIXDWDPHQWH HG qVSHVVR XQLQGLFDWRUH GL ULVEFKL

$+ *OXFRVLR D 'LJLXQR $DRVGHAUHDWDR) |D*D O *O X FR VIQFE © ® B/ U D W
VRIJJHWWL HBQQL SHVR NJ DOWH]]D FP %0,

NJ2P /§,*7 VL ULIHULVFH DG XQD FRQGL]JLRQH LQ |
QHO VDQJXH VRQR SL DOWL GHO QRUPDOH GRSR XQ SDVWR
GLDJQRVWLFDWL FRPH GLDEHWH > @ , VRJJHWWL FRQ ,)* H
VLD GHOOD JOLFHPLD D GLIJLXQR FKH GHOOD ULVSRVWD JOL
DOWR ULVFKLR GLVYLOXSSDUHLO GLDEHWH GL WLSR

+ *OXFRVLR D 'LIJLXQR $OWHUDWR ,)* 7ROOHERP®SR\WERRID
VRIJJHWWL HBMQL SHVR NJ DOWH]]D FP %0,

NJ2P 4XHVWR JUXSSR q FDUDWWHUL]]DWR GD XQ Y

GLIJLXQR PDQRQ SUHVHQWD DOWHUD]LRQLVLJQLILFDWLYH

¥ *OXFRVLRD'LILXQR1RRODEBHDIQID DO *OXFRVLR $SOWHUDWI

VRIJHWWL HMW)QL SHVR NJ DOWH]]D FP %O,
NJ2P 6L WUDWWD GL XQD FRQGL]JLRQHLQFXLODJOLF
PHOQWUHPDQWLHQH YDORUL QRUPDOL D GLJLXQR

¥ *OXFRVLR D 'LJLXQR 1RUPDOH 1)* 7TROOHUDQ]D 1RUPDOH
VRIJHWWL HW®QL SHVR NJ DOWHI]]D FP %O,

NJ2P 4XHVWR JUXSSRUDSSUHVHQWD OD FRQGL]LRQ
JOLFHPLFL QRUPDOL VLD D GLILXQRFKHGRSRLOWHVW GL W

$O0O0ODILQH VROR VRJIJHWWL VRQR VWDWLLQFOXVLQHOOTD

GHOWHVW ULVSHWWLYDPHQWH D H PLQXWLGDOOYLQL]LR
ILQRD PLQXWL FRQLVHIJXHQWLLQWHUYDOOL GL FDPSLRQD]
PLQXWL

,PSDUHG )DVWLQJ*OXFRVH
,PSDUHG *OXFRVH 7ROHUDQFH
1RUPDO *OXFRVH 7TROHUDQFH
1RUPDO )DVWLQJ *OXFRVH



(a) Glucosio

(b) C-peptide
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&RQFHQWUD]LRQL SODVPDWLFKH PHGLH GL JOXFR
EDUUH YHUWLFDOLUDSSUHVHQWDQR OfHUURUH VWDQGDUG






&DSLWROR

ORGHOOL

,QTXHVWR FDSLWROR VLGHVFULYRQR LPRGHOOL FUGBIWL St
SDJLHQWL VRWWRSRVWLDE\SDVVJDVWULFR $SDUWLUHGDO
QHRMWSLWROBUHVHQWDQR LPRGHOOL FKH SHUPHWWRQR GL V>
UDWXUD ,Q SDUWLFRODUH GXHGLTXHVWLQXRYLPRGHOOL S
RULJLQDOH PHQWUH OYXOWLPR SURSRQH XQD UHYLVLRQH GF

ORGHOORGDOOD OHWWHUDWXUD

,OPRGHOORGLULIHULPHQWR SHUTXHVWD DQDOLVLqQLOORGH
yLIXUD PRVWUD FRPH g VWUXWWXUDWR LO PRGHOOR FKH T
GHOOH FHQ@MX 8B RVWD DOJOXFRVLR HGHVFULYH SRL OD FLQ!

C-PEPTIDE SECRETION C-PEPTIDE KINETICS
Glucose

|

[ ‘IV o SR, \ . C-peptide
ﬁ Del T
elay (1/a) ,
—
Ky
Central Peripheral
Compartment Compartment

A

\ 1 g SRy /

1
Glucose
rate of increase

)LIXUD ORGHOOR GL VHFUH]LRQHHFLQHWLFD GHO &



6HFUH]LRQHLQVXOLQLFD

/IDVHFUH]LRQHSEDQFRE DWILED g GHWHUPLQDWD GDOOD VRPPD !
VWDEBRLHFBXQD GLERPLFD

SR(t) = SRs(t) + SRy(t)

6L LQGLND $SRRO / PLQ OD IRUQLWXUD GL QXRYD LQVXOLQD
FRQWUROODWD GDOOD FRQFHQW UD]ISRQWLG IQ HOPFERNQ R DD D/ AR

SRs(t) = Y(1)
(= fy() I[SRe+ (G(t) h)g Y(0)=0

/IDVHFUH]LRQH VWDWLFD YDULD GLQDPLFDPHQWHFRQ OD JOL
FRQ XQD FRVWDQWH GL WHPB&GL]LRQL VWD]LRQDULH OD VHFU|
GLSHQGHQWH GDOOD FRQFHQWUD]hRIQM\GIHOD Q K DPRO\RLRW RS IURD
EDVGOBWWUDYHUVR L/® $BIODXHOWMWBD QFUHDWLFKH VHFHUQRQR
OLYHOOREDVDOH LQGLSHQGHQWHGDOODJOLFHPLD HDXPHQ\
DOOD FRQFHQWUD]JLRQH GLJOXFRVLR QHO VDQJXH
,O SDUDPGHWWHRUPLQD LO WDVVR GL ULODVFLR GHOOfLQVXOLQD
FHOOSD@FUHDWLFKHDOOD JOLFHPLDH GD XQ SXQWR GL YLVW
GHO VLVWHPD RYYHURLO UDSSRUWR WUD LO VHIJQDOH LQ XVFL
FRQFHQWUD]LRQH JOXFRVLR 'LFRQVHJXHQ]D QHOOD UHOD]
ULWDUGR LO JXDGDJQR FRUULVSRQGH DOOD SHQGHQ]D GHOOI
LOOXVWUDWR]QHOOD )LJXUD

3HU YDORULHOHYDWDGHNO SD UDPHAMBR SL ULSLGD LQGLFDQ
DXPHQWR GHO JOXFRVLR QHO VDQJXH OH FHOOXOH SDQFUHDW
SHU FRQWUDVWDUH OD YDULD]JLRQH JOLFHPLFD 7XWWDYLD TX
GL VRWWR GHO YDORUH (BD \Gp GHQ IRYD'W URDT X DRRGHOOR SRWU I
VHFUH]LRQH QHJDWLYD SULYD GL VLJQLILFDWR ILVLRORJLFR
IHQRPHQR VL VSRD DRQLYRWWXEBVVXPHUH YDORUL QHJDWLYL LI
WDOL FRQGL]LRQL

/DVHFUH]LRQIRG LQNPEMD GHVFULYHLO ULODVFLR GHOOfLQVXC
OD FRQFHQWUD]LRQH GL JOXARR\WIR'BXPAQWD SQ B FROQ@WA H TLQ
FRQ XQD TXDQWLWj VHFUHWD SURSRU]JLRQDOH DO WDVVR GL YD
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)LIXUD 6HFUH]LRQH VWDWLFD GLLQVXOLQD DPHQR Gt

8
SK G(t) if G(t)>0

SRy(t) =
0= if G(t) O

,O SDUBP®WURHQVLRQDOH FRQWUROOD GLQDPLFDPHQWH
UHDWWLYLWj GHOSDHWAMR OXJDSLGH YDULD]JLRQL FUHVFHQWL C
ULPDQH VWDELOHR GLPLQXLVFH LOULODVFLR GLQDPLFR QR
'DO PRGHOOR LQROWUH g SRVVLELOH VWLPDUH WUH LQGLFL
,O SDUDPHAWHBRIDSSUHVHQWD LO FRQWUROOR VWDWLFR UHJR
OLYHOOR GLJOXFRVLRHG HTXLYB3OB® R & WY RIJFRRGERH DO/E R O
4§ GHVFULYHOD YHORFLWjGL YDULD]LRQH G HO JONRRNLIR. R U
GLFHGL UHVSROWXAOMWJH EDVDOH RVVLDLOUDSSRUWR WUD O
EDVDOH GL JOXFRVLR

&LQHWLFD GHO & SHSWLGH

3HU TXDQWR ULJXDUGD OD FLQHWLFD GHO & SHSWLGH HVVD ¢
FKHFRPSUHQGH

* XQFRPSDUWLPHQWR FHQWUDOH DFFHVVLELOH FKHUDSS
EULR /D VHFUH]LRQH SDQFUHDWLFD VLDFFXPXOD GLUHW
g SRVVLELOH PLVXUDUHOD FRQFHQWUD]LRQH SODVPDWLF
GLGLVWULEX]LRQH GHO FRPSDUWLPHQWR

¥ XQ FRPSDUWLPHQWR SHULIHULFR FKH UDSSUHVHQWD L
GHVFULYHQGR OD GLVWULEX]LRQHGHO & SHSWLGH QHL W



ODWHPDWLFDPHQWH LOPRGHOORgQGHVFULWWR GDOOH VHJ>

8
< C-Pl(t) = (k01 + k21) Cpl(t) + k12 sz(t) + SR(t) CP]_(O) = CPb

* CPy(t) = ko1 CPi(t) ki» CPy(t) CP,(0)= CP, &

k12

GREM HCP, LQGLFDQR ULVSHWWLYDPHQWH OHFRQFHQWUD]L
FRQGR FRPSDUWLPHQWR HQWUDPEH KY SdiHPVE GBIVERRDRQR
LO WDVVR GL VFDPELR WUD L &X H E'R RJIDIBLSW HRHHQWID PO @MDYV M R
PHWDEROLFD IUD]JLRQDOH GHO & SHSWLGH RYYHUR OD SRU]JLR:
JDQLVPR
1HO SULPR FRPSDUWLPHQWR OD VBRUISRRQH EDYDS®Xz GLVVE
TXDQWLILFDWD FRPH

SRb = k01 CPb

GREP, SPRO / LQGLFD OD FRQFHQWUD]LRQHEDVDOH GL & SH:
3HU VWLPDUH L SDUDPHWUL FLQHWLFL GHO PRGHOOR VL XWLO
&DXWHU 6L WUDWWD GL XQ PHWRGR EDVDWR VX XQ PRGHOOR
EDVHDO ORURJUXSSRPHWDEROLFRGLDSSDUWHQHQ]D VRJJH\
GLSHQGHQWH 1,"'0 ,Q SDUWLFRODUH SHUKHW W GL VWLPDUH
,O SULPR SDVVDJJLR FRQVLVWH QHOOJLGHQWLILFDUH OD FDW|
QH qIRQGDPHQWDOH SHU OYDVVHJQD]LRQH GHL SDUDPHWUL ,
(@@ PLQ RYYHURLO WHPSR QHFHVVDULRDIILQFKp OD FRQFHQW
FHQWUDOH VL ULGXFD GHOOD PHWj GXUD QW @ LPHOVQR|QDOF
FKHUDSSUHVHQWD OD SRUJLRQH GL & SHSWLGH VRJJHWWD D X¢
ULIHULPHQWR SHU TXHVWL SDUDPAWUL VRQR ULSRUWDWL QHO

(PLYLWD EUHYH D )UDJLRQH )

PLQ DGLP
1RUPDOH
2EHVR
1,"'0
7TDEHOOD 3SDUDPHWUL GL HPLYLWD EUHYHHIUD]JLRQH VHFR!

> @



6XFFHVVLYDPHQWH VL F@OPRQD PHHRIDSSNHOXQWD LO WH
ILQFKp OD FRQFHQWUD]LRQH GL & SHSWLGH QHO FRPSDUWLP
IDVH WDUGLYD GL GHFOLQR 4XHVWR SDUDPHWUR GLSHQGH G
SXzLQIOXHQ]DUH FDPELDPHQWL QHOOD FOHDUDQFH UHQDOH

b=0:14 (HW29:2)

,QILQH L SDUDPHWUL FLQHWLFLYHQJRQR FDOFRODWL FRPI

_ azn azn
kion=F b +(1 F)T
k01:@+£
a K12
k21:¥+¥ Kor Kio
ORGHOOR PRGHOOR D GXH OLYHO(

FHOOXODUH

,OPRGHOORFRQVLGHUDWR ILQRUD q LGHDOH SHU TXDQWLILF
VXSHUD GP VRIWONDYLD TXDQGRLOOLYHOORGLJOXFRVLR VFH
GHOOR DVVXPH FKH OD VHQVYPPIQJDW QYOO B \WB O OXKHVR SRW
OD FDSDFLWjGHO PRGHOOR GL SUHGLUH OD VHFUH]LRQH SRL
JOXFRVLR SXz UHVWDUH DO GLVRWWR GHO YDORUH EDVDOH S
3HU VXSHUDUH TXHVWD OLPLWD]JLRQH g SRVVLELOH GLVWLQ
VXSHULRUL DO OLYHOOR EDVDOH H XQR SHU YDORUL LQIHULR
SDQFUHDWLFKHDOOD FRQFHQWUD]JLRQH GLJOXFRVLR QRQ qF
JOLFHPLFR 6LLQWURGXFRQR TXLQIXD®XGH S DUIDPH\R B /S & I\ K |
H, TXDQGRLQYHFH qLQIHULRUH FRPHPRVWUDWR LQ)LJXUD
$ VHFRQGD GHOOYLQWHUYDOOR JOLFHPLFR FRQVLGHUDWR O
SHUPHWWHQGR XQD GHVFUL]JLRQH SL* DFFXUDWD GHOOD ULV S

/IDVHFUH]LRQH VWDWLFD SXzZHVVHUH TXLQGL FDOFRODWD F

8
< SRy(t) = fSRs(t) [SRy+ 18GiGp)lg G>Gy

- SR(t) = fSRs(t) [SRo+ 2£GiGp)g G Gp
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)LIXUD ODULD]LRQHOGHFBRGDRFHMVURLYHOOR JOLFHP

6H VL FRQVLGHUD OD VHFUH]LRQH VWDWLFD D PHQR GHO UL\
LQ IXQ]JLRQH GHOOD FRQFHQWUD]LRQH GL JOXFRVLR SUHVHQW |
TXDQWLILFDFRQPDJJLRUHSUHFLVLRQHOYLQVXOLQDULODVFL
VLVXSSRQH FKH TXDQGR LO JOXFRVLR VXSHUD LO YDORUH EDVI
GLLQVXOLQD SHU FRQWUDVWDUH OfJHFFHVVR GL [XFFKHUL JL)
FRQWUDULR SHU YDORUL GL JOXFRVLR LQIHULRUL DOOD VRJO|
DVVXPH FKH OD VHQVLEVDDW,LGROWOH FBEWXORLQDQGR XQD St
FXUYD 4XHVWR FRPSRUWDPHQWR qLOOXVWUDWR QHOOD )LJXL
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YLIXUD 6HFUH]LRQH VWDWLFD GL LQVXOLQD D PHQR GHO U
SHQGHQ]H GLIITHUHQWL

ORGHOOR PRGHOOR +LO OFHHDOMX®DHWS

8QD SRVVLELOH VWUDWHJILD SHU DIILQDUH LO PRGHOOR FRQVL
UHVSRQWHQ@W¥ODUH LQ PRGR FKH QRQ VLD SL* GHILQLWD GD X



FXUYD FRQWLQXD HOLPLQDQGR FRVUOD GLVFRGWLQXLW|LQ
,Q SDUWLFRODUH TXHVWR QXRYR DSSURFFLR VL EDVDH/XO OF
», WUDPLWH XQD WUDQVL]LRQH SURJUHVVLYD ,Q TXHVWR PRC
YHQJD UDSSUHVHQWDWD LQ PRGR SL* DFFXUDWR SRLFKp QF
FKH FDXVD XQ FDPELDPHQWR EUXVFR QHOOD GLQDPLFD VHFU
PRGR JUDGXDOH ULIOHWWHQGR XQD ULVSRVWD FRQWLQXD H
/D)LIJIXUD PRVWUDLOFRPSRUWDPHQWR GHO PRGHOOR SUR!

R1

min-1

R2

N

0 50 Gb 100 150 200 250 300
mg/dL

)LIXUD (VHPSLR GL YDULD]JLRQHGROAWLERBD GHO SLYER DR

LOQXRYR SDEROWWQRR VHIXH OTDQGDPHQWR GL XQD VLJPR
H, FKHUDSSUHVHQWDQRULVSHWWLYDPHQWHODVHQVLELOL
VLPD VHQVLELOLWj SHUJOLFHPLH HOHYDWH ,0 YDORUH EDVE
VHJQD XQ FDPELR GL FRQYHVVLWj FKH ULIOHWWH XQD YDULD]
FKH ,Q TXHVWR PRGR LO QXRYRPRGHOOR gqFRHUHQWH FRO 0
HOLPLQDQGR SHUz OH GLVFRQWLQXLWjLQWURGRWWH GDOOD
,OULTXDGURJLDOORHYLGHQ]LD OfLQWHUYDOOR ILVLRORJLF
XQD SRUJLRQH GHOOD FXUYD VLJPRLGDOH ,QIDWWL D FDXVD
YDOOR QRQ q SRVVLELOH YLVXDOL]]JDUQH OfDQGDPHQWR FRP
QRUPDOL SHUOJRUJDQLVPR
3HU PR G HIODIXQHLRQH GHO JOXFRVLR VL SURSRQH OfXWLOL]]I
RITUH GLYHUVL YDQWDJJL SRLFKp SHUPHWWH GL GHVFULYHU
WDQGR EUXVFKH YDULD]J]LRQLR GLVFRQWLQXLW] ,QROWUH JI
+LO0O SXzZDGDWWDUVL D GLYHUVL VFHQDUL ILVLRORJLFL UHQ
RSSRUWXQDPHQWH WDOL SDUDPHWUL g SRVVLELOH RWWHQH



VHQVLELOLWjGHOOD ULVSRVWD DO JOXFRVLR
ODWHPDWLFDPHQWH ODIXQ]JLRQH GL+LOO qgGHILQLWD FRPH

Bnax  G(1)"

4XHVWD IRUPXOD]LRQHLQWURGXFH WUH SDUDPHWUL IRQGDPH!

thwex PLY UDSSUHVHQWDLO YSRRDW\PDPHWUR® FROPFHQWUD]L
JOXFRVLR IXQJHQGR GD OLPLWH VXSHULRUH GHOOD IXQ]LR
tky PJ G/ LQGLFD OD FRQFHQW UD LLIRIJH XGQ JFHOX B PHIWR] SHHLD FV/X
PDVVLPRbMax’2 4XHVWR SDUDPHWUR GHWHUPLQD OD SRVL]
YDORUL SlLk;EPBWOIL BERQR XQD ULVSRVWD SL+ UDSLGD DOOYD
YDORUL SL* DOWL LQGLFDQR XQD WUDQVL]LRQHPHQR SURQ'
tn VL WUDWWD GHOOJHVSRQHQWH FKH FRQWUROOD OD SHQ
GHOOD WUDQVL]LRQH $IILQFKp LO FRPSRUW BRHHGWR GHOD |
PDJJLRUHGL 3HUHYLWDUH XOWHULRUHFRPSOHVVLW] QH

7TDOHPRGLFREDVEIQWH GLPRGHOODUHDQFKHOD VHFUH]JLRQH L
WUDQVL]LRQHJUDGXDOHWUD LO UHJLPH VR WRDHLWQRI X @D LERIMD
JOXFRVLR SHUPHWWHQGR GLUDSSUHVHQWDUH LQ PRGR SLe-IL
ODQHFHVVLWjGLLQWURGXUUHGLVWLQ]JLRQLQHWWH WUDPLW
q PRVWUDWDILQ )LIJXUD 6LRVVHUYD LOULVXOWDWR GHOOD F
XQD VSH]]IDWD PDGD XQD FUHVFLWD FRQWLQXD HJUDGXDOH
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GLWUDPLWHLO PRGHOOR GL +LOO



ORGHOOR PRGHOOR QRQ OLQHDUH
VHFUH]LRQH VWDWLFD HJOLFHPLD

4XHVWIXOWLPR PRGHOOR LQYHFH GL FRGRBOWUB IGQ LSHDW B
VHFUH]LRQH VWDWLFD

,OPRGHOOR 2&00DVVXPHFKHODVHFUH]LRQH VWDWLFD D PH(
ULVSHWWR DOOD FRQFHQWUD]LRQH GLJOXFRVLR 6L WUDWWI
DFFXUDWD QHL SDJLHQWL FRQ 3++ PDQPDQRFKHODJOLFHPLLI
GHOOHFHOOXOH SDQFUHDWLFKH SRWUHEEH YDULDUH
SHUDIITURQWDUH TXHVWD FULWLFLW] LPRGHOOL SUHFHGHQ\
VLELOLWjFHOOXODUH SHUDGDWWDUOD DOOH FRQGL]JLRQL DC
FKHOIYDQGDPHQWR GHOOD VHFUH]LRQH VWDWLFD GHOOfLQV>
GDOOD JOLFHPLD

$ EDVVLOLYHOOL GL JSRBRREVIHD WIHKHO/BRXQRHVFDUVDPHQWH V
ULODVFLR PLQLPR GL LQVXOLQD O6ROR TXDQGR LO JOXFRVLEF
VXIILFLHQWH VL DWWLYD XQ PHFFDQLVPR GL VHFUH]JLRQH S
ULODVFLR GL LQVXOLQD FRQWLQXD DG DXPHQWDUH ILQR D V
FRPSRUWDPHQWR GHVFULWWR gLOOXVWUDWR QHOOD )LJXUD
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JLIXUD 6HFUHIRR QS DWWWILEODULWDUGR LQ IXQ]JLRQH GHO ¢

/IDULVSRVWD LQVXOLQLFD VHIXHXQDQGDPHQWR VLJPRLGI
GLRWWHQHUH XQD YLVLRQH SL-DSSURIRQGLWD HDFFXUDWD
SOLILFDJLRQHGL XQDUHOD]JLRQHOLQHDUHFRQLOJOXFRVLR
JOLFHPLFLDO GLIXRUL GHOOYLQWHUYDOOR ILVLRORJLFR IR
FXUYD GLVHFUH]JLRQH LQFDVLLQFXLODJOLFHPLDHVFD GDGO



DITHWWL GD GLDEHWH R GD 3++
3HUPRGHOODUH OD VHFUH]LRQH VWDWLFD VLULFRUUHDOO¢YX

n
SR(t) = SR(1) %

,O SDUBRHVBBRO / PLQ LQGLFD LO PDVK,LPR G H QQIDVF-RQRH OF
WUD]JLRQH GL JOXFRVLR SHU FXL OD V HIEG:He}L R Hh VUMD WQ BDOWD J
SHQGHQ]D GHOOD VLJPRLGH
*UD]LH DO OLPLWH VXSHULRUH GHOOD VLJPRLGH ODVHFUH]LRG
SL+ UHDOLVWLFR SRLFKp D FRQFHQWUD]LRQL PROWR HOHYDW|
ELOL]]DUVL $O FRQWUDULR QHL PRGHOOL SUHVHQWDWL SUHF
LQGHILQLWDPHQWH FRQ OfDXPHQWR GHOOD JOLFHPLD D PHQR
7XWWDYLD QHOOfLQWHUYDOOR JOLFHPLFR RVVHUYDWR q GL
& SHSWLGH YHQJD UDJJLXQWD SRLFKp VL PDQLIHVWD WLSLFDP



&DSLWROR

,GHQWLILFD]JLRQHHVWLPD S

8QD YROWD GHILQLWD OD VWUXWWXUD GHO PRGHOOR XWLOL]
HODVWLPD SDUDPHWULFD RYYHUR OYDVVHPQRHRHMWWVGUL B
FRPSOHWDUH LO VLVWHPD GL HTXD]JLRQL FKH GHILQLVFH LO |
HVVHUH VRWWRSRVWR D XQ SURFHVVR GL YDOLGD]JLRQH SHLU
DFFXUDWDPHQWHLO VLVWHPD UHDOHHJDUDQWLUH FKH L VXF

,GHQWLILFD]JLRQH

I NYLGHQWLILFDELOLW)]D SULRUL g XQTDQDOLVL SUHSDUDWRUL
WD D YHULILFDUH VH WXWWL L SDUDPHWUL GHO PRGHOOR SR\
GLVSRQLELOL 6H LQ FRQGL]JLRQLLGHDOL GL PRGHOOR SULY
SDUDPHWUL WHQWDUH XQD VWLPD QXPHULFD EDVDWD VXL GLC
4 XHVWR SURFHVVR q IRQGDPHQWDOH SHU GHILQLUH OH FRQG
PRGHOORULVXOWD SRFRLQIRUPDWLYR SRWUHEEHHVVHUH C
PLVXUD]LRQL SHURWWHQHUH SL-GDWL $O FRQWUDULR VHLC
QRQ SRVVRQRHVVHUHVWLPDWLFRQFHUWH]]D VLSXzVHPSOL
WLHSDUDPHWUL DO PLQLPR HVVHQ]LDOH /YRELHWWLYR q WL
DFFXUDWD GHO VLVWHPD ILVLRORJLFR HOD SRVVLELOLWjGL I
B8QPHWRGR XWLOL]]JDELOHSHU YHULILFDUHD SULRULOYLGHQ\
OfDQDOLVLGHOODIXQJLRQHGLWUDVIHULPHQWR 4XHVW{XO
SRUWR GL SROLQRPLLFXLFRHIILFLHQWL GLSHQGRQR GDL SD!
GL/DSODFH SHUFDOFRODUHOD PDWW(§§H GHOOD IXQ]JLRQH GL



H(s) = Y(s) _ ns"t+ o ogs" 24+ s+
T U(S) ST+ oS L+ it s+ g

GRY() HJ(s) UDSSUHVHQWDQR ULVSHWWLYDPHQWH OD WUDVIRL
SXW GHO VLVWHPPH, MRHIRLEHH@WWL SDUDPHWUL RVVHUYDELO
LQFRIQLWL GHBVPBEHOMHQGR FRVU XQD UHOD]LRQH DOJHEULFL
QRWR DQFKH FRPH VRPPDULR HVDXVWLYR SXzHVVHUH ULVROW
SHU OH L QFHJ@OMHRUD LO PRGHOOR qLGHQWLILFDELOH D SULR
,Q EDVHDOOYLGHQWLILFDELOLW]j GHL SDUDPHWUL XQ PRGHOO

¥ XQLYRFDPHQWHLGHQWLILFDEL®WRE@RVWGHWY WL SICADER IOW B E
VROX]LRQH SRVVLELOH

I LGHQWLILFDELOL PD QRQ XQLYRFDPHQWH VH WXWWL L SDU
DGHFFH]LRQH GL XQR R SL SDUDPHWUL FKHDPPHWWRQR SL

+ QRQLGHQWLILFDELOL VHDOPHQR XQ SDUDPHWUR QRQ LG

8QIXOWHULRUHWHFQLFD SHUVWXGLDUHOJLGHQWLILFDELO
LQFXLQRQSXzZHVVHUHDSSOLFDWRLOPHWRGR GHOOD IXQ]JLRC
7D\ORU ,Q TXHVWR FDVR OD GLQDPLFD GHOOJRXWSXW YLHQH |

(t to)°
3!

(t to)?

o1 y(p;to) +

y(p;t) = y(p;to) + (t to)y 05to) + y(p;to) + i

/H GHUYYAWWRQR SDUDPHWUL RVVHUYDELOL 6H TXHWIWL YHQ
RWWLHQH XQ VLVWHPD GLHTXD]LRQL QRWR FRPH VRPPDULR HV

y<(pito) = " k=0:12::

/IDULVROX]LRQHGLTXHVWR VLVWHPD IRUQLVFH XQD FRQGL]L
OfLGHQWLILFDELOLWjGHO PRGHOOR 7XWWDYLD QHL PRGHOQO
QDUHLO QXPHUR HVDWWR GLHTXD]JLRQL
1HO FDVR VSHFLILFR GHO ORGHOOR 2UDOHOLQLPR GHO & SHSWI
LGDWL GL & SHSWLGH PLVXUDWL YHQJRQR FRQVLGHUDWL FRPI
JOXFRVLR FRPH LQSXW



6WLPD SDUDPHWULFD

/D VWLPD GHL SDUDPHWUL q VWDWD RWWHQXWD DWWUDYHUV|
JUD]JLRQH GL LQIRUPD]LRQL D SRVWHULRUL GHULYDWH GDL G
SDUDPHWUL DVVXQWH LQGLSHQGHQWL GDL GDWL ,Q SDUWLF
3RVWHULRUL 0%$3

,O YHWWRUH GHEBQUDEBHWWR XQD YDULDELOH FDVXDOH LQC
GD XQD GLVWULEX]LRQH ) SUREDIEU® D W FIDBIGE RILFEDTKIH VW D ¢
EX]JLRQH GHILQHQGR OD GHQV IfW{E@L 8XR¥WDLELWW LRV MWRHQU
SHUPHWWH GL GHWHUPLQDUH OJLQWHUYDOOR GL FRQILGHQ]L
JTRELHWWLYR GHOOR VWLPDWRUHpPOBRH RRQG\LIYRIG XD 01D ISO RE
SRVWHULRUL

Puap = argmaxf ,(pjz)
p

$SSOLFDQGRLO WHRUHPD GL %D\HV VL SXzHVSULPHUH OD

F2ip(zip) fp(P)
f2(2)

/D IXQILRQH GL Y HfyRzpL AVBWILFPG]OD SUREDELOLWj GL RVVHU
ZGDWR XQ GHWHUPLQDWR ¥PO\RW B &WR BSHEIDPLHW GLSHQGH GD
GLPLVXWDPMMXOWR FRPH XQD YDULDELOH FDVXDOH QRUPDO
YDULBQHEB q LQGLSHQGHQWH GDL GDWL R Viy(H)WHNCBWIL P/HD GGHL ¥ /¢
VFHQ]H FKH VL KDQQR VXL SDUDPHWUL GHO PRGHOOR SULPD |
f,(2) UDSSUHVHQWD OD SUREDELOLW,j FRP SO HY \BIX¢2HEMH G B W.1C
UDWD QHO SURFHVVR GL PDVVLPL]]D]JLRQH
1HO FDVR LQ FXL VLD LO ¥ NWDVEA PHUWHRLY SIBEILRBIRKYIDD G LV WU
JDXVVLDQD VIip DE¥XPHROHMHGIMPDWULFH GL FRY /WIS D
FRQVLGHUDQR KM PH®MWIULFH GL ARYDRE DB D LPAS X0z SHW/LVRHULHC
RWWHQXWD GD

fpjz(pjz) =

1 1
fp(p): [(2 )M det( p)]llz eXp( E(p p)T pl(p p))

OD[LPXP $3RVWHULRUL



HODIXQ]JLRQHGL YHURVLPLJOLDQ]D

Fan(@P) = e ™™ 52 GOIT ' G(p)

&RPELQDQGR OHGXHHVSUHVVLRQLQHOOD IRUPXOD GL %D\H

. 1 1
0elbi) = (3 yvaer (e e S 2 GO iz GO

+(p ) LP W)Y

SRLFKp PDVVLPL]]DUHTXHVWD IXQ]JLRQHHTXLYDOHDPLQLPL]
ULGXFHD

ﬁMAp=af9;ninf[Z GEI" iz GMI+(p ' P p

/IDIXQ]JLRQH FRVWR ULVXOWDQWH q FRPSRVWD GD GXH WHUPL
GHOORHOHRVVHUYD]LRQLVSHULPHQWDOL UDSSUHVHQWDQG!
GDOPRGHOOR SRQGHUDWD ULVSHWWRDOOD GHYLD]JLRQH VWD
PLQH LQYHFH LQFRUSRUDOYLQIRUPD]LRQHD SULRUL VXL SDUL
FHQW UPRMRIIFDWULFH G} BRMNQDWIDMRGR VROX]LRQL FKH VL GLV
VWLPHLQL]LDOL
1HOOR VWXGLR SHU T TXDQWR ULJXDUGD L SDUDPHWUL GL VHFU
VROR VX0 SDBRQHWWRR YDORUHH OD VXD YDULD@]D GHULQLWL
TXDQWR ULJXDUGD L SDUDPHWUL FLQHWLFL VL GLVWLQJXRQR
PRGHOOR GL SRSROD]JLRQH GL 9DQ &DXWHU 8H ki,FiXd. GOYAD YRO)
SDUDPHWUL DQWURSRPHWULFL GHO SDJLHQWH TXHVWL UHVWD
D SU,®RUEHL SDUDPHWUL FLQHWLFL QRQqLQIRUPDWLYD LQGLFI
YDULDQ]H 1HO VHFRQGR FDWQRLVBRRGRHQIRUPD]LRQL VXL SDUD
YDORUL D SULRUL GL TXHVWL XOWLPL GHULYDWL GDP PRGHOOR



1RUPDOH 2EHVR

kny PLB
kip PL®

kg PL®

7TDEHOOD IODCGRYLPH®OQH VWDQGDUG FRQFRHIILFLHQWL G
WXDOH WUD SDUHQWHVL GHL SDUDPHWUL FLQHWLFL DGDWW

ODOLGD]LRQHHVHOH]LRQH GHO PRGHO

'RSRDYHU GHILQLWR OD VWUXWWXUD GHO PRGHOOR H VWLPD
TXDOLWjHGHOOYJDFFXUDWH]]D GHL ULVXOWDWL
8QDVSHWWRFUXFLDOHqQODFDSDFLWjGHOPRGHOORGLDGDW
WD]JLRQH IHGHOH GHO VLVWHPD 4XHVWD YDOXWD]JLRQH VL ED
WUD L YDORUH R W\DHWRYULWEL H G i WAR IO ERODPVRIG XKW DRL]]DQGR L
RWWLPDOL

r=z vy

ODJJLRUHgOD YLFLQDQM®@RGHUBHYLGXEFXUDWD ULVXOWD O
SRLFKpLQGLFD XQDEXRQDDGHUHQ]DDLGDWLVSHULPHQWDO
GHYHULVSHWWDUHOH SURSUQOHW p@HQ@®ROHRUMHWER. PR R M U B F
GHYHDYHUHPHGLD QXOOD YDULDQ]D QRWD HG HVVHUH QRQ F
DQDOL]]DQR L WY LKEBWWHRXMUIQRUPDOL]IDQGR LUHVUKEGXL FR
v /IDYDULDQ]D GHO N HwMésPqR FDPSLRQH GL

=1

x|\>|7-|\>

1 1
var(wresy) = var(r—k) = — var(rg) = — var(w) =
k k k
4XLQGL LQ EDVH DOOH DVVXQ]LRQL IDWWH L UHVLGXL SH
XQMDPSLH]]D FRPSUHY¥ID QHO UDQJH
8Q XOWHULRUHFULWHULR SHUYDOXWDUHOH SHUIRUPDQFH G
GHLS5HVLGXL 3HVDWL :566

WRSS=1r"T _%r

\

"HLIKWHG 5HVLGXDO 6XP RI6TXDUHYV



AXHVWD PLVXUD WLHQHFRQWR GHOOH GLYHUVH YDULDQ]H GF
DLUHVLGXLLQPRGRGD ULIOHWWHUHOYLQFHUWH]]DUHODWLY
20WUH DOOD TXDOLWjGHO PRGHOOR qLPSRUWDQWHDQFKH YL
LSDUDPHWUL SRLFKp FLZGHWHUPLQD OYDIILGDELOLWjFRPSO
SRVWHULRUL ODPDWULFH Gl, FRH IR QI DD BREAHH SDUDPHWUL

p:(ST vlS+ p1)1

GRYH6 qOD PDWULFHGLVHQVLELOLW] FKHFRQWLHQH WXWMW
SbubpPHWUL 1HOFDVRGLSHVLDVVROXWL LQFXLFLRgqVLDVVRI
LQGLSHQGHQWHPHQWH GDJOLDOWUL ODPDWULFH SXzZHVVHULE

ﬁ:(JTJ‘l' pl)l

GRYH OD -DFRELDQD GHOOD IXQ]JLRQH FRVWR RYYHUR OD GH!
VXRLSDUDPHWUL /D-DFRELDQD SHUPHWWHGL T TXDQWLILFDUH
SDUDPHWULFD /YLQIRUPD]JLRQHD SULRUL LQYHFH quQWURGR
SHUSHQDOL]]DUHL YDORUL GHL SDUDPHWUL ORQWDQL GDOOD ¢
'DOOD POOWUURKFDYD ODYDULDQ]D GHLSDUDPHWUL VWLPDWL Gl
/IDGHYLD]LRQFDWWN D RB/DNWHDR) XWD FRPHODUDGLFHTXDGUDWD GH
OXWDUHOD SUHFLVLRQHGHOOD VWLPD 4XHVWD SUHFLVLRQHGQq
&9 FDOFRODWR FRPH

SD(f)
(0

,QILQH LO SULQFLSLR GL SDUVLPRQLD SXzHVVHUH XWLOL]]D
EXRQDDGHUHQ]D GHOPRGHOORDLGDWLFRQOITDFFXUDWH]]D G
GHO PRGHOOR SXZULGXUUHLUHVLGXL PDDOFRVWRGL XQD PLC
7TURYDUH XQ FRPSURPHVVR WUD TXHVWHGXHHVLIJHQ]HULVXOW
,QTXHVWR VWXGLR OTLQGLFH GL SDUVLPRQLD DGRWWDWR SHL
JOLRUDPHQWLR SHJJLRUDPHQWL g VIWDODAFD VR IBULSMHWV U IDR/G R XD
FKH OD PDWULFH GVIFR®BWIDD HODUPHWWHQGR FRVuUu GL SHVDUH
FDOFROR GHO :566 XWLOL]IDWR SHUYDOXWDUH OD SDUVLPRQL

CV(p) = i=1;2;::N

$NDLNH ,QIRUPDWLRQ &ULWHULRQ



AIC = WRSS+2 M

GRMHUDSSUHVHQWD LO QXPHUR GL SDUDPHWUL VWLPDWL Q
GL SDUDPHWUL GD VWLPDUH DXPHQWD OD FRPSOHVVLW)] GHO
8QPRGHOORqQWDQWR PLIOLRUH TXDQWR SL*ULHVFH D PDQW'
ELODQFLDPHQWR WUD OfDGHUHQ]D DL GDWL VSHULPHQWDOL






&DSLWROR

SLVXOWDWL

3HU FLDVFXQ PRGHOOR OfDQDOLVL GHL ULVXOWDWL VL FRQF
VXOOYDGHUHQ]D GHOOD SUHGL]JLRQHGHOPRGHOORULVSHWW
,QROWUH VL HVDPLQDQR OD VRPPD GHL TXDGUDWL GHL UHVL(
FRPHLQGLFDWRUL SHUOD VHOH]LRQH GHO PRGHOOR RWWLPR
/TDQDOLVL g VWDWD FRQGRWWD LQ @77 % SOATD U L] DRGR] DPJ
EOHPL GL RWWLPL]]D]JLRQH QRQ OLQHDUH 4XHVWR DSSURFFL
ULDELOL FKH PLQLPL]]DQR OD IXREHHRDOIYHRAHV B VMDDIWOQ]LRRIH
ULVROX]LRQH GL HTXD]JLRQL GLIIHUHQ]LDOL RUGLQDULH 2'(
5XQJH .XWWD GL RUGLQH 7DOH IXQ]LRQH g VWDWD XWLOL]
FRQVHQWHQGR GL TXDQWLILFDUH OH FRQFHQWUD]LRQL GL &
VWDWLFD

ORGHOORGHOOD OHWWHUDWXUD

,OPRGHOORGLULIHULPHQWR q VWDWR WHVWDWR VXL GDWDE
LQDGHJXDWH]]ID ,Q SDUWLFRODUH VLVRQRFRQIURQWDWHO
FXLODFLQHWLFD qILVVDWD DYDORUL SUHGHWWL GDO PRGHC
LO %D\HVLDQR
IHOFDVRLQFXLODFLQHWLFDqILVVDWD LSDUDPHWULFLQHYV
GHVFU LWD\W HVQRIRD E H|O O D LOQYHFH ULSRUWDLYDORUL VWI
LQVLHPHDLULVSHWWLYL FRHIILFLHQWL GL YDULD]JLRQH &9
$QDOL]]DQGRL&9 VLRVVHUYD FKHWXWWLHWUHLSDUDPH\
FRQ YDORUL GL &9 LQIHULRULDO
IHFXUYHPHGLHGHOOHFRQFHQWUD]LRQLGL& SHSWLGH SUHC
VRQRULSRUWDWHLQ)LIXUD DVVLHPHDL UHVLGXL SHVDWI
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7TDEHOOD 6WLPH SDUDPHWULFKH PHGLH SHU FLDVFXQ GDWI

FLQHWLFD ILVVDWD
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(a) C-peptide (b) Residui Pesati
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YLIXUD 5LVXOWDWL RWWHQXWL FRQ LO PRGHOOR GL ULIH!L
FRQWLQXDLQ D UDSSUHVHQWD ODPHGLD GL & SHSWLGH GHO
LQYHFHVRQR SUHVHQWLLULVSHWWLYLUHVLGXL SHVDWL /H |

YHUGH GDWDEDVH YLROHWWR GDWDEDVH D]]XUUR GD)

,OPRGHOORIDWLFDDUDSSUHVHQWDUHFRUUHWWDPHQWH \
VWUDQGR XQDVFDUVDDGHUHQ]DDLGDWLVSHULPHQWDOL 3F
GHOOH FHOOXOH SDQFUHDWLFKH LOPRGHOORDWWXDOH QR
e SRVVLELOH FKHTXHVWR VLD GRYXWR DO IDWWR FKHL SDUDP
VRWWRSRVWHD E\SDVVJDVWULFRHQRQ VLDQRDSSOLFDELO
VHFUH]LRQH VLD LQDGHJXDWR LQTXDQWR QRQULIOHWWD FR
4XDQGRODFLQHWLFDYLHQHVWLPDWD XWLOL]]JDQGRLO %D\H®
VRQRULSRUWDWL QHO|JOD 7TDEHOOD VHIJXHQWH
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7DEHOOD 6WLPH SDUDPHWULFKHPHGLH SHUFLDVFXQ GDW

FLQHWLFD GHO & SHSWLGHVWLPDWD FRQ 0%$3

$QFKHLQ TXHVWR FDVR L SDUDPHWUL VRQR VWLPDWL FRQ
SHUL SDUDPHWUL GL VHFUH]LRQHHLQIHULRUHD®K; HSHUL
ko VRQR VWLPDWL FRQYDORULPDJJLRULULVSHWWRDTXHOOL
FKHLO WDVVR GL VFDPELR GL & SHSWLGH H OD FOHDUDQFH VF



DOOD SRSROD]LRQH XVDWD QHO PRGHODOR GL 9DQ &DXWHU

PHGLH GLFRQFHQWUD]JLRQH RWWHQXWH
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SLVXOWDWLRWWHQXWLFRQLOPRGHOORGLULIHULP
FRQLO %D\HVLDQR /DFXUYDFRQWLQXDLQ D UDSSUHVHQWD O
GDWLVSHULPHQWDOL HLQ E LQYHFHVRQR SUHVHQWL L ULVSH
YHUGH GDWDEDVH

*LDOOR GDWDEDVH

YLROH\



I NXVRGHOORVWLPDWRUH %D\HVLDQR O0O$3FRQVHQWHDO PR
UDWH]]D JUDJLHDOODVXDFDSDFLWjGLULVSRQGHUHSL.UDS
PLIJOLRUDPHQWR g SUREDELOPHQWH GRYXWR DOOD VXD DELO
YDORULUHDOLHDOODPDJJLRUHIOHVVLELOLWjQHOOYLQWHJ
GHLUHVLGXL SHVDWLHYLGHQ]LD YDORUL SLe YLFLQLDOOSYLQ
VSRQGHQ]D DLGDWL RVVHUYDWL
/D 7TDEHDOD FRQIURQWD JOL LQGLFL GL :566 H$,& SHUL GL
YDOXWD]JLRQH SLe FKLDUD VX TXDOH PHWRGR IRUQLVFD OH Pl
QHVWLPDWD DQJLFKp ILVVDWD LYDORULULSRUWDWL VRQR C
PLIJOLRU FRPSURPHVVR WUD OD FDSDFLWj GHO PRGHOOR GL L
GRYXWD DO QXPHUR GL SDUDPHWUL
/I NTLQFOXVLRQH GHOOD VWLPD GHL SDUDPHWUL FLQHWLFL FRC
DFFXUDWR OD GLQDPLFD GHOOD VHFUH]LRQH GL & SHSWLGH
UHVSRQVLYLWjGHOOHFHOOXOH

:566 $,.&
9& % 9& %
‘DWDEDVH
‘DWDEDVH
‘DWDEDVH
‘DWDEDVH
7TDEHOOD , YDORULGL :566 H$, &8 GHOPRGHOORGLULIHULPH

IDGLFLWXUD9& LQGLFDFKHODFLQHWLFDqgVWDWDILVVDWD V
SDUL D /ID GLFLWXUD % LQYHFH LQGLFD FKH OD FLQHWLFD !
QXPHUR GL SDUDPHWUL SDUL D

ORGHOOR

$QFKHFRQ TXHVWR PRGHOOR VLFRQIURQWDQRLULVXOWDW!I
&DXWHU H GL VWLPD FRQLO %D\HVLDQR 0$3 /YTRELHWWLYR q C
FHOOXQDYHLWPWEDVH DO UHJLPH VRSUD RVRWWR LO YDORUH EL
DGHJXDWRD ULIOHWWHUH ODUDSLGD UHVSRQVLYLWj GHL VR.
HVVHUH PLJOLRUH QHOOD SUHGL]LRQH GHL GDWL
,ULVXOWDWL GHOOD VWLPD SDUDPHWULFD QHO FDVR GL FLQH
, ULVXOWDWL GHO VRJJHWWR GHO GDWDEDVH QRQ VRQR
PHWUL VRQR VWDWL VWLPDWL FRQ XQ &9 LQILQLWR &Lz LQGL]
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7TDEHOOD 6WLPH SDUDPHWULFKHPHGLH SHUFLDVFXQ GDWD
OXODUHqgGLVWLQWD LQEDVHDOOLYHOORGHOOD JOLFHPLD V

LQIOXHQ]DQRLQ PRGR VLIJQLILFDWLYRODIXQ]JLRQHFRVWR UH
SLVSHWWR DO PRGHOOR GL ULIHKLPHQWR XOHWONLRP § L GHLVRE-K P
,QSDUWLPRQMIHQH OR VWHVVR VLIQLILFDWR ILVLRORJLFR GL
WR HUD LQGLRDDMBBRVHQWDQGR OD VHQVLELOLWj FHOOXODU!
EDVDOH ,0 $DLUDAHWURKHUDSSUHVHQWD ODVHQVLELOLWjFHC
SUHFLVLRQH PROWR EDVVD HYLGHQ]LDWD GDL &9 VLIJQLILFDWI
XQDIRUWHYDULDELOLWjWUDLGLYHUVLGDWDEDVH FRPHQHO
YDORYHAXHVWR VLIQLILFKHUHEEH FKH OD UHVSRQVLYLWjFHOC
EDVVD

'LVHIXLWR VRQRULSRUWDWL LULVXOWDWLGHOOD SUHGL]LRQ

(a) C-peptide (b) Residui Pesati
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J)LIXUD SLVXOWDWL RWWHQXWL FRQLOORGHOOR LQ FXL
OLYHOOR GHOODJOLFHPLD VRSUDRVRWWRLOYDORUHEDVD
D UDSSUHVHQWD ODPHGLD GL & SHSWLGHGHO GDWDEDVH U
SUHVHQWL LULVSHWWLYL UHVLGXL SHVDWL /HEDUUHLQGLF
GDWDEDVH YLROHWWR GDWDEDVH D]]XUUR GDWDEDVH

, QWHUPLQLGLDGDWWDPHQWR DL GDWL VSHULPHQWDOL L
WURGX]LRQHGHOOD GRSSLD VHQVLELOLWjULVSHWWRDO PRG
VSHFLDOPHQWH SHU TXDQWR ULJXDUGD ODILQH GHOOD FXUY
WDQGR LUHVLGXL SHVDWL FKHULVXOWDQR SLe YLFLQL DOO
GLIILFROWj]QHO FDWWXUDUHDFFXUDWDPHQWHLO SLFFRGHO
/IHVWLPH SDUDPHWULFKH TXDQGR VL XWLOL]]D OR VWLPDWI
7DEHQOD

/IHVWLPH GHO VRJJHWWR GHO GDWDEDVH QRQ VRQR VWD
LQILQLWR FKHDYUHEEH FRPSURPHVVR OD SUHFLVLRQH GHOO
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7TDEHOOD 6WLPHSDUDPHWULFKHPHGLHSHUFLDVFXQ GDWDE
qgGLVWLQWD LQ EDVHDO OLYHOORGHOOD JOLFHPLD VRSUDR YV

/ID SUHFLVLRQH GHOOH VWLPH q JHQHUD O PRH € KMHH LELXAVRXDDN WV G DIQ
GD VWLPDUH FRQ SUHFLVLRQH 4XHVWR SUREOHPD TXLQGL VL
XWLOL]]DWR SHULGHQWLILFDUHOD FLQHWLFD VXJJHUHQGR Ft
OD VHQVIFH@AXDUH DO GL VRWWR GHO OLYHOOR EDVDOH

/D )LIXUD PRVWUD OIDGDWWDPHQWR DL GDWL VSHULPHQWDC



)LIXUD SLVXOWDWL RWWHQXWL FRQLO ORGHOOR LQ FXL
DOOLYHOORGHOOD JOLFHPLD VRSUDR VRWWR LO YDORUH E
FXUYD FRQWLQXD LQ D UDSSUHVHQWD OD PHGLD GL & SHSWL
HLQ E LQYHFHVRQR SUHVHQWL LULVSHWWLYLUHVLGXL SHV
GDWDEDVH YHUGH GDWDEDVH YLROHWWR GDWDEDVH D

L OFRQIURQWR WUD LO PRGHOOR GLULIHULPHQWRHLOORGHF
VWLPDWD FRQ 083 QRQ HYLGHQ]LD GLIIHUHQ]H VLJQLILFDWL"
VL GHL UHVLGXL SHVDWL ,QGLSHQGHQWHPHXW®B GH 9H DR WWR
FRQGLJLRQL VRSUD H VRWWR LO EDVDOH OD VWLPD FRQ 0$3 \
RVVHUYDWL UHQGHQGR OH GXH FRQILJXUD]JLRQL PROWR VLPL
/HRVVHUYD]LRQL IDWWHILQRUD VLULIOHWWRQRDQFKHD OL\
GRODFLQHWLFD qILVVDWD LYDORULGL :566H $,& ULSRUWDV
TXHOOL GHOOD 7DEHOOD LQGLFDQGR FKH LQ TXHVWR EDVI
OfDSSURFFLR %D\HVLDQR L ULVXOWDWL VRQR SDUDJRQDELO

ORGHOOR

O ORGHOOR PDQWLHQH OD FLQHWLFD ILVVDWD VHFRQGR LO
FHOOXODUH UDSSUHVH®MWOMHDGDW B D QDPRIGRURR QW LQ XR D W
+LOO0 /THWSFHOHODANKMQ]LRQH g VWDWR ILVVDWRD GHWHUPLQ
FUHVFHLQ ULVSRVWD DO OLYHOOR JOLFHPLFR BXHNKMHR@H GIL



:566 $,&
9& % 9& %
‘DWDEDVH
'‘DWDEDVH
‘DWDEDVH
‘DWDEDVH
7TDEHOOD , YDORUL GL :566 H$%, 8 GHOORGHOOR VRQRULSRU\

9&4LQGLFD FKHOD FLQHWLFD q VWDWD ILVVDWD VHFRQGR 9DQ &
/IDGLFLWXUD % LQYHFH LQGLFDFKHODFLQHWLFD qgVWDWD VW
QXPHUR GL SDUDPHWUL SDUL D

GHWHUPLQD LO OLPLWH Vs HDWMXPHD BBIORHYILWDREFKBOWL H Q
PLQLGLVHQVLELOLWjFHOOXODUH KL XWERQWRGR GWRRJ WVRWE
FXUYD FKHYLHQHLQL]JLDOL]]|BBWHFRGYDRUDQDODYDHORUH ERNDW
SHUPHWWH GLPDQWHQHUH HOQOWH I G N B U IDYH BI MV MWD FED P E LAORDGH
PRGRDQDORJRDOORGHOOR

, ULVXOWDWL GHOOD VWLPD SDUDPHWULFD RWWHQXWL VRQR U]
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7DEHOOD 6WLPH SDUDPHWULFKH PHGLH SHU FLDV¥@EDR GDW|

IXQ]JLRQH FRQWLQXD

, SDUDPHWUL VRQR VWLPDWL DFFXUDWDPHQWK{ JEIPQL&IDD G
SULRUVLPDQWLHQHLQ SURVVLPLW,j Bk &IDYYHIDAORUADAHDGOLL FaRHAOH
TXHOOD FKH GRYUHEEHHVVHUH OD VHQVLELOLWjPDVVLPD

BHIJXRQR SRLQHOOD )LIJXUD OHSUHGL]LRQLGHOODFRQFHQV



)LIXUD SLVXOWDWL RWWHQXWL FR QFIHID@REHDAMR] P REG HXIO(C
FROQWLQXR /DFXUYD FRQWLQXDLQ D UDSSUHVHQWD OD PHG
VSHULPHQWDOL HLQ E LQYHFH VRQR SUHVHQWL L ULVSHW)
vwbQGbuGgG *LDOOR GDWDEDVH YHUGH GDWDEDVH YLRO

&RQ TXHVWR PRGHOOR OHFRGHGHOOD FXUYD VL DGDWWDC
FKL DG HFFH]LRQH GHO GDWDEDVH LQ FXL OD SDUWH ILQDC



VRQRDEEDVWDQ]D FRQWHQXWL YLFLQRDOOR]JHUR

, YDORUL GL :566 H$%$,& ULSRUWDWL QHOOD 7TDEHOOD LQGLFDQ
JLRQHPLIJIOLRUHULVSHWWRDO PRGHOORGLULIHULPHQWR PD
FRQWUDULR TXDQGR OD FLQHWLFD YLHQH VWLPDWD LOORGHO

:566 $,&
‘DWDEDVH
'‘DWDEDVH
'‘DWDEDVH
'‘DWDEDVH

7TDEHOOD , YDORUL GL :566 H$%$,& GHOORGHOOR VRQRULSRU
GLSDUDPHWUL GD VWLPDUH qSDUL D

ORGHOOR

$QFKH QHO ORGHOOR ODFLQHWLFDqILVVDWD VHFRQGRLO PR
GL SDUDPHWUL GD VWLPDUH H SUHYHQLUH XQD FRPSOHVVLW,j I
PHQMW®RGHILQLWR VXOOD EDVH GLDVVXQ]JLRQLUHODWLYH DOOT
GL VHFUH]LRQH LQ IXQ]JLRQH GHOOD FRQFHQWUD]JLRQH GL JOX
JOXFRVLR OD VHFUH]LRQH VLD QXOODHFKHDXPHQWIGJUDGXDO
$ TXHVWR SXQWR OD VHFUH]LRQH V§VSDULIE D O B /@IS REHH]Q RIQ M/ E
SHUSRLFUHVFHUH SL*UDSLGDPHQW Kbl QORVWEW WU B D P HD@WH C
FRUULVSRQGH D

Smax GB

SR, = —2
VT Kt

'DTXHVWD HTXD]LRQH g SRVVEKE RMHNHEGBYOBBH LO YDORUH GL

r

S
ka=Gp " Sm;); 1

*UDJLHD TXHVWD UHOK]QRQ H H PHS/D/W WHHAMURVVHUH VWLPDWF
PLQDWR VHSDUDWDPHQWH D SDUWLUH GDJOL DOWUL SDUDPHW
PHWUL GL VHFUH]LRRH @Bs\uWLPDUH VRQR
3HU RWWHQHUH XQD VWLPD SDUDPHWULFD SL DFFXUDWD HG H
QH VWRbWD¥BXPD YDORUL HFFHVVLYDPHQWH DOWL HQRQ ILVLR



VXOOD SHQGHQ]D GHOOD FXUYD GHOOD VHFUH]JLRQH VWDWLFE
FROR ODVFLDQ@ROLEIWR BPYWURDUH OD FXUYD SRWUHEEH
GHWHUPLQDQGR YD OR UshaP R RM&HIHLUY PRAQAWUW R GBINUH TXHV W I
FRQVLGHUDWD OD SH®GBE]D@EROmPRPH YD LQ

'HULYDQGR OD IXQ]JLRQHULVSHWWR DOOD FRQFHQWUD]JLRQH

dSRs(G(t)) _ NnSmaxkiG(t)" * _

dG(t) [ka + G(H)")?

9DOXWDQGR TXHVW®E HKSBRQWRMHAEEBYDWR GDOOJHTXD
RWWLHQH

IDIXQ]JLRQHFRVWR qVWDWD TXLQGL PRGLILFDWD SHULQFO
DXQYDORUHLQL]J]LDOHILVVDWRD SULRUL SHVDWDDO GHO
/ID 7TDEHOOD ULSRUWD OHVWLPHRWWLPL]]DWHKsHL SDUDPH
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7TDEHOOD 6WLPH SDUDPHWULFKHPHGLH SHU FLDVF X(

1RQRVWDQWH OfLQWURGX]LRQH GHOOD QstR WL ¥RQWD]DR®
LPSUHFLVD FRQ &9 VXSHULRUH DO QHOOD PDJJLRKky; SDUW
YLHQHORFDOL]]DWRDOGLIXRULGHOOJLQWHUYDOORILVLRO
L YDORUL RWWHQXWILLYISH W IV R DQTXHH@]OL GHO PRGHOOR GL UL
RVVHUYD FKH HVVL ULVXOWLQR PROWR VLPLOL
/ID)LIXUD PRVWUDLQYHFHOYDGHUHQ]D GHO PRGHOORDL G



)LIXUD SLVXOWDWLRWWHQXWLFRQLOORGHOOR LQFXLVL
IDFXUYDFRQWLQXDLQ D UDSSUHVHQWD ODPHGLD GL& SHSWL
HLQ E LQYHFHVRQR SUHVHQWL LULVSHWWLYL UHVLGXL SHVD
GDWDEDVH YHUGH GDWDEDVH YLROHWWR GDWDEDVH D]1]

,OPRGHOORKD GLIILFROWjQHO SUHGLUHL SLFFKLFRQDFFXL
ODSDUWHILQDOH GHOOD FRGD WHQGHD HVVHUH VRWWRVWLPELC



/IDYDOXWD]LRQH GHOOD SDUVLPRQLD SHULO ORGHOOR PRVYV
PRGHOOL /HVXHSUHVWD]LRQLVRQR SHUzDEEDVWDQ]D VLPL
GDWDEDVH LQFXLVLQRWD XQ SHIJIJLRUDPHQWR

1566 $,.&
‘DWDEDVH
'‘DWDEDVH
'‘DWDEDVH
'‘DWDEDVH

7TDEHOOD , YDORUL GL :566 H$,& GHOORGHOOR VRQRULSR
GLSDUDPHWUL GD VWLPDUH qSDUL D






&DSLWROR

&RQFOXVLROQL

, SDJLHQWL VRWWRSRVWL D E\SDVV JDVWULFR PDQLIHVWDQR
VRQR FDXVDUHLSRJOLFHPLD LSHULQVXOLQHPLFD SRVWSUDQ
LQVXOLQD GLSHQGH GDOOD SBQFREDMWLAKHG REPHFRIGOROB
FHSLUH OH YDULD]JLRQL JOLFHPLFKHHPRGXODUHFRQVHJXHQ
SUHGLWWLYR GHOOD VHFUH]LRQH GLLQVXOLQD ULVXOWD SHL
UHJRODWRULHLQ TXHVWD SRSROD]JLRQH GL SD]JLHQWL

/IR VWDWR GHOOJDUWH GD FXL SDUWH OR VWXGLR q LO ORGHC
PRGHOORPDWHPDWLFR XWLOL]]JDWR SHU SUHGLUH OD VHFUH]
VPDWLFD GL & SHSWLGH /YfRELHWWLYRqQVWDWRTXHOORGLP
SDJLHQWL FRQ XQ UDSLGR FDOR JOLFHPLFR SRVWSUDQGLDOH
QH ,QIDWWL VL YXROHVRVWLWXLUH OT2&00 SRLFKp HVVHQC
SUHYDOHQWHPHQWHVXSHULRUHDO EDVDOH SRWUHEEH QRQ
OLQLFDGXUDQWHOHIDVLGLLSRJOLFHPLD $WDOILQH VRQR
LQO0$7/$% HWHVWDWL VX TXDWWUR GDWDEDVH GL SDJLHQWL \
FXUYHJOLFHPLFKHFKHVFHQGRQRDO GL VRWWR GHO EDVDOH
,O PRGHOOR GL ULIHULPHQWR YDOXWDWR QHO FDVR LQ FXL C
OD]JLRQH SURSRVWR GD 9DQ &DXWHU HW DO > @ KD PRVWUD
QRQ ULXVFHQGR D UDSSUHVHQWDUH DFFXUDWDPHQWH LO SLF
& SHSWLGH 'L FRQVHJXHQ]D LYDORUL GHJOLLQGLFL GL SDU
A4XDQGR OD FLQHWLFD q VWDWD VWLPDWD FRQ XQR VWLPDWR L
GHL GDWL , SDUDPHWUL VRQR VWDWL VWLPDWL FRQ HOHYDW
GHOOD FLQHWLFD

,O0ORGHOOR SURSRQH T TXLQGL XQ PLJOLRUDPHQWR GHO PRG
GHVFULYHUH FRQ PDJJLRUH DFFXUDWH]]D OD UHVSRQVLYLW|]
GL JOLFHPLD $WDOILQH LQWURGXFH XQD GRSSLD VHQVLEL



1 SHU YDORUL JOLFHPLFENRSXYBQOIEDUBQHW RWWR 4XDQGR OD
qILVVDWD VL RVVHUYD XQD PLJOLRUH DGHUHQ]D DL GDWL VSH
FXUYD GHOOD FRQFHQWUD]LRQH GL & SHSWLGH VHEEHQH SHU\
LO SLFFR 4XHVWR VL ULIOHWWH LQ YDORUL SL* EDVVL GL SDUV
GRSSLD VHQVLELOLWjDSSRUWL XQ EHQHILFLR $0 FRQWUDULR
GLIIHUHQ]H VLJQLILFDWLYHULVSHWWRDOPRGHOORGLULIHUL
XQLPSDWWR PLQLPRLQ TXHVWR FRQWHVWR ,QROWUH VHEEHC
VLRQH LO S,DSUHPHVQWRD XQTHOHYDWD LQFHUWH]]D FRQ FRHIIL]
HXQDVLJQLILFDWLYD YDULDELOLWjWUDLGDWDEDVHDQDOL]]L
SHUOD FLQHWLFD ,QDOFXQLFDVL FRPH QEOX®MWDISEH-DUAM. QFRRIC
GL VXJJHUHQGR XQD PDJJLRUHUHVSRQVLYLW]FHOOXODUH D E
FKH SRWUHEEH QRQ HVVHUH ILVLRORJLFDPHQWH SODXVLELOH
,O0ORGHOOR VLSRQHGLPLJOLRUDUHLOORGHOOR LPSLHJDQC
VHQVLEE®WQWXODUHLQPRGRFRQWLQXR HOLPLQDQGR OD GLVFE
XQD WUDQVL]LRQH JUDGXDOH WUD OD EDVVD VHQVLELOLW;j ULV
UH VHQVLELOLWj] SURSULD GHL YDORUL JOLFHPLFL HOHYDWL ¢
SL* ILVLRORJLFD QRQ KD DSSRUWDWR PLJOLRUDPHQWL VLJQLI
ILQDOH GHOOD FXUYD GHOOD FRQFHQWUD]LRQH GL & SHSWLGH
SDUVLPRQLD DVVXPRQR YDORUL SL+ HOHYDWL ULVSHWWR DL PR
QRQRVWDQWHLO PLQRU QXPHUR GL SDUDPHWUL 4XHVWR VXJJ
FRPSOHVVLWj ULGRWWD OD TXDOLWj GHO ILW ULVXOWD LQIHUI
SUHFLVD g VWDWR QHFHV VDU L RKp S\SHOQ JFEDLUH XD DHLR D DIOHFD VL
LQVXIILFLHQWH

,O0ORGHOOR VLFRQFHQWUD VXOOD GLQDPLFD GHOOD VHFUH]L
+LOO LQWURGXFHQGR XQD UHOD]JLRQH QRQ OLQHDUH FRQ OD J
SL UHDOLVWLFDPHQWH OD UHVSRQVLYLWjFHOOXODUH ULIOH
ULGRWWLHXQDVDWXUD]J]LRQHD YDORULHOHYDWL VXSHUDQGF
XWLOL]]JDWD QHLPRGHOOL SUHFHGHQWL 6HEEHQH T TXHVWD PRC
OH DOWHUD]LRQL PHWDEROLFKH QHL SDJLHQWL FRQ E\SDVV JD
ULRUH VRWWRVWLPDQGR L SLFFKLH ODIDVH GL GHFDGLPHQW!|
BRSUDWWXWWR QHO GDWDEDVH LOPRGHOORKDGLPRVWUDWI|
WDOL ,QROWUH ODsVWVYP B GIHCHDDWDP SWREROHPDWLFD FRPSUF
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