Univerzita Palackého v Olomouci

Lékaiska fakulta

Ustav fyziologie

MUDr. Karolina Peterson
Stanoveni glykemického indexu potravin pomoci

kontinualniho monitorovani glykemie

DISERTACNI PRACE

Podporovano grantem IGA NR 7825-3 (DEGIF)
Soucast projektu IGA MZCR NS 10283-3 VES 2009 (DITAGI)

Obor: Fyziologie a patologicka fyziologie

Skolitel: doc. MUDr. Rudolf Chlup, CSc.
Olomouc 2010






Prohlasuji, Ze jsem tuto disertani praci vypracovala samostatné pod vedenim Skolitele
doc. MUDr. Rudolfa Chlupa, CSc., opirajic se o tymovy vyzkum probihajici na Ustavu
fyziologie, na II. Interni klinice, na Ustavu lékaiské chemie a biochemie a na Klinice
pracovniho Iékaistvi LF UP v Olomouci 1 FNOL a rovnéz v Diabetologickém institutu
“Gerhardt Katsch” v Karlsburgu, SRN. Uvedla jsem veskerou literaturu a ostatni informacni

zdroje, které jsem pouZila, a dodrzovala zésady védecké etiky.

Olomouc, 1. 7. 2010 Karolina Peterson oo



Podékovani

Dovoluji si podékovat doc. MUDr. Josefu Bartkovi, CSc., za edukaci tymu a odbornou
pomoc pfi zpracovani krevnich vzorki, MUDr. RNDr. Klausovi Kohnertovi, PhD., za
trpélivost a profesionalni pfistup pii feSeni otdzek vyzkumného ukolu v Karlsburgu
v Némecku, prof. MUDr. Stanislavua Komendovi, DrSc., in memoriam, za pomoc pii
sestavovani designu nas$i studie, Mgr. Bc. Pavle Kudlové, PhD., za edukaci
probandt a volontérti, MVDr. Galiné Kuzminé za peclivé zpracovani laboratornich vzorki,
Mgr. Katefiné Langové, PhD., za pomoc pii grafickém zpracovani publikaci,
posterti a prednasek, doc. MUDr. Jifimu LuZovi, CSc., za cenné¢ rady a konzultace, doc.
MUDr. Marii Nakladalové PhD., za organizacni pomoc pfi studii na osobach s DM2, doc.
MUDr. Jifimu Neéasovi, PhD., za podporu vyzkumného plénu a vytvoteni vyborné pracovni
atmosféry na Ustavu fyziologie, doc. MUDr. Iloné Rjasanowski za pratelskou
pomoc a cenné rady pii feSeni otdzek vyzkumného ukolu v Karlsburgu v Némecku, Mgr.
Pavlu Seckaiovi za profesiondlni technické vedeni a zpracovani dat, pani Sarce Somolové
za technickou pomoc pfi piipravé publikaci, prof. MUDr. Jaroslavu Veselému, CSc., za
praktické rady a dulezité konzultace, Mgr. Jané Zapletalové, PhD., za peclivé statitistické

zpracovani dat.

Dik sméfuje 1 vSem na tomto mist¢ nejmenovanym spoluautorim odbornych
publikaci a vSem clenim vyzkumného tymu vcetné volontéri. Podékovéani patii také

ucastnikiim studie za dobrou spolupraci v ramci studijniho protokolu.
V neposledni fad¢é dékuji mé rodin€ za aktivni podporu a trpélivost.

Zvlastni dik patii mému Skoliteli doc. MUDr. Rudolfu Chlupovi, CSc., za otcovské
vedeni pfi zpracovavani této prace a za jeho nadSeni pro védu, vyzkum a péci o pacienty, jez

mi vzdy bude ptikladem.

Dékuji.

Karolina Peterson

1



> ProhlaSeni QULOTKY ......c.cccuiiiiiiiiiiiieieeteettete ettt ettt sae et e sbe e s e ennas i
P POACKOVANI. ..ottt ettt ettt ettt b ettt ettt il
) © 1 Y | 1 RS USRRSRUSPSRPRRI il
P Prehled ODIAZKU ....oc.ooeiieeee et v
P Prehled tabulek ......coooiiiiiieeee e v
»  Prehled prezentaci @ publiKacT .......c.ccccveeiieiiiiniiiiieciecteeee e vi- X
»  Vyznam zKratek a SYMDOIT .......c.coveiiiiiiiiiiieie ettt xi
1 UV ODuuciiiiineinnnsinsisssissesssisssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssas 1
2 SOUCASNY STAV POZNANI cocccuuneueersernsenssesssenssesssssssssssssssssssssssssssssssssssssssasass 2
2.1 Ukazatele hyperglykemizujici sily pOtravin .........ccoeceerieeiiienieeieeiie e 2
2.2 Faktory ovliviiujici hodnotu glykemického indexu.........cccovieviiiiiniiniiiiniiniceieee 4
2.3 Doporuc¢eni FAO/WHO (1998) pro stanoveni glykemického indexu potravin.............. 11
2.4 Skupiny potravin podle velikosti glykemického indeXu.........cccceeerieniinieniiniencniicnene 11
2.5 Vyznam glykemického indexu u riznych onemocnéni a pii fyzické zatézi................... 12
2.6 METENT IYKEMIC ....eeiiuiiiiiiie ettt e et s e et e et eeesnseeesseeennee s 15
2.7 Laboratorni ukazatele kompenzace diabetU..........ccccvieviieriieriieniieieeieeee e 18
B CHLE eeeceeceecnsetnsetnsenssessssessssessssessssssssssssssssssesssssssssessssessssssssssssssssssassssassssesssss 19
4 METODY ..uuuiuiiiiiniiiisuicssinesssecssnssssssecssissasssesssssssssssssssssasssesssssssssssssssssasssssssssssssssssssss 20
4.1 TeStOVANE POIIAVINY ....veeeereeeirieeireeeieeesteeesteeeseseeessraeesreesssseessseesssseeessseesssseesnssesssseeenns 21
4.2 TESLOVANE OSODY ...eeeiiiieiiiieeiiieeiieeeieeeeteeesteeessteeesereeesseeasseesssseessseeessseeessseeensseesnsseenns 22
4.3  Vypocet glykemického indexu ve skupiné zdravych a ve skupiné osobs DM 2........... 26
4.4 StatistiCKa ANalYZa......c.cooiiiiiiiiiiiiii e 29
5 VYSLEDKY wouueuncunecenscusneenssessssessssessssssssssssssssssssssssssssessssesssssssssssssssssssssssssssssssssassass 30
5.1 Zdravi Probandi..........c.cooeeiiieiiiiiiee et st 34
5.2 Porovnéni hodnot GI u zdravych a u 0sob s diabetem 2. typu .........cccveeviveeniieenreeenee. 36
RN T O 1101 o) A B 10V BB 4 0 BRI 37
5.4 Novy pristup ke stanoveni glykemického indeXu............cceoveviiieniieiiienieeieeiecieees 39
6 DISKIUSE ....ouiiiuiininensninsnnssasssssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssssas 40
T ZAVER tcrrcsssssssssssssssssssssssssnssssssassssssmsssssssssssssmsssssssssssssmsssssssssssssssssssssss 46
8 SOUHRN ...uucuiitiinicstisesssisssissnsssnsssisssssstsssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 48
9 LITERATURAL.....cuuiiiriininensuicstisesssisssissssssssssissssssesssssssssssssstsssssssssssssssssssssssssssssssass 54
10  PREZENTACE A PUBLIKACE ....cuiouiiriininsnisenssesssissessacsssnsssssssssssssssssssssssssssssssans 60
10.1 Abstrakta postert publikovand v casopisech ..........cccoeevevieniiinnennnne. (A1 - A20)

10.2 Abstrakta ptfednasek, publikovana v Casopisech nebo sbornicich ......... (A21- A25)

10.3 Abstrakta ,,published only* publikovana v Casopise Diabetes ............ (A26 — A32)

JO.4 POSEETY cooeiieeiiieeiee ettt ettt te e et e e e tae e e e e e e e e raeeenaaeen (Poster 1 — Poster 20)

10.5 Publikace ,,in eXtENSO™ .....c.ccoiieiiieeiieiieeie ettt ettt (P1—-P15)

Rejstiik autorii abstrakt (A) a publikaci (P) ..c.ceeveeviineinsinnseinsinssennsnecssencsncsssncssesssssesnees xii
CURRICULUM VITAE ...ucuuiiricenrensnicsnisesssecsssssnsssessssssessssssssssssssssssssssssssssssssssssssssess xiii-xiv
»  Anotace dizertacni prace (Cesky, anglicky, n€mecKky)........cccceeevireciieniincieeniieenn, XV-XVii

i1



Obrazek 1

Obrazek 2

Obrazek 3

Obrazek 4

Obrazek 5

Obrazek 6

Obrazek 7

Obrazek 8

Obrazek 9

Obrazek 10

Obrazek 11

Obrazek 12

Obrazek 13

Obrazek 14

Prehled obrazku

CGMS Gold monitor napojeny spojovacim kabelem na senzor.
Senzor CGMS a mince (pro srovnani velikosti)

Komunikacni stanice Com-Station s napojenym monitorem CGMS Gold, pro

ilustraci je take zachycen kabel a senzor
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Uspotadani studie u osob s DM2

Vypocet inkrementalni plochy pod kiivkou (IAUC)

Ukézka softwarového programu (Spread sheet) DEGIF XL; vypocet
GI u jable¢né pfesnidavky

Vyvoj glykemie vobdobi 120 minut po poziti jednotlivych potravin pfi

vySetfeni glukometrem Advance a pomoci CGMS

Boxgrafy srovnavajici GI jednotlivych potravin pii testu 1 — 4 u osob s DM2
(test 4 pti plné 1é€bé PAD) a u zdravych osob

Boxgrafy srovnavajici IAUC [mmol/l-h] jednotlivych potravin pfi testu 1 — 4
u osob s DM2 (test 4 pfi plné 1é€bé PAD) a u zdravych osob
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Publikované vysledky — piehled publikaci ,,in extenso* v chronologickém

potadi

Glykemické indexy jednotlivych potravin stanovenych konvenéni metodou
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Glykemické indexy potravin vysetiené na Ustavu fyziologie LFUP v Olomouci
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Vyznam zkratek a symboli, vysvétlivky

ADA ............ American Diabetes Association (Americké diabetologicka asociace)

ANOVA ... Analysis of Variance (analyza rozptylu)
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BMI .............. Body Mass Index [kg/m’] (index t&lesné hmotnosti)
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glykemie)
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v letech 1983-1993 sledujici vliv intenzivni 1écby diabetu 1. typu na progresi
jeho komplikaci)

DEGIF .......... nazev studie NR IGA 7825-3 (DEtermination of Glycemic Index of Foods)

DegifXL ....... software vyvinuty na LFUP v Olomouci

DM1.............. Diabetes Mellitus 1. typu

DM2 .......... Diabetes Mellitus 2. typu

FAO ............ Food and Agriculture Organization

FNOL ........... Fakultni nemocnice Olomouc

GGE ........... Glycemic Glucose Equivalent (Glykemicky gluk6zovy ekvivalent)

GI ... Glykemicky index

GL ................ Glycemic Load (Glykemické néaloz)

HbAlc .......... glykovany hemoglobin Alc

HDL .............. (cholesterol) = High Density Lipoprotein Cholesterol

IAUC ........... Incremental Area Under the Curve
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v intersticiu)

JDST ............ Journal of Diabetes Science and Technology
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LFUP .......... Lékarska fakulta Univerzity Palackého v Olomouci

MMT ............ Mixed Meal Test (test se smiSenou stravou)
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PAD ............. Peroralni antidiabetika
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— SENsor)
RGI ............. Relative Glycemic Impact (Relativni glykemicky ucinek)
SUGIRS ........ Sydney University Glycaemic index Research Service
WHO ............ World Health Organization (Svétova zdravotnicka organizace)
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1 UVOD

Problematika glykemického indexu (GI) patii k aktudlnim tématiim na poli fyziologie
vyzivy. Databaze Pubmed uvadi vice nez 600 publikaci s klicovym slovem glycemic ¢i
glycaemic index v nazvu publikace. Vedle odbornikl zduraznujicich vyznam glykemického
indexu pii optimalizaci stravy a jeho tlohu v prevenci a 1ébé civilizacnich chorob existuje
fada autort zaujimajicich kontroverzni stanovisko. Ve svété byl GI stanoven jiz u nékolika set
potravin. PfestoZe byla metodika jeho vysetieni standardizovana, vyskytuji se v jednotlivych
laboratofich specifické metodické zvlastnosti. V Ceské republice neni GI potravin rutinng

vySetfovan a neni soucasti nutri¢nich tabulek potravinovych vyrobkd.

Tato prace vznikla s cilem zjistit, zda ke stanoveni glykemického indexu potravin lze
s piinosem vyuzivat kontinualniho monitorovani glykemie. K dal$im ciliim patfilo stanoveni
GI pomoci této nové metody u vybranych druhli potravin, porovnani GI téchto potravin
u zdravych a u osob s diabetem 2. typu (DM2) a v neposledni fad€ urceni vlivu perordlnich

antidiabetik na GI testovanych potravin.

Vyzkum probihal od roku 2004 na Ustavu fyziologie Lékaiské fakulty Univerzity
Palackého v Olomouci, na II. Interni klinice Fakultni nemocnice Olomouc,
v Diabetologickém institutu ,,Gerhardt Katsch* v Karlsburgu v Némecku i1 na dalSich
pracovistich. Prace byla podporovina grantem Ministerstva zdravotnictvi Ceské republiky
IGA NR 7825-3 a je jednim z vystupli tohoto grantu. V Némecku se opirala o grant
Spolkového Ministerstva pro vzdélani a vyzkum, Projekt Inno Regio 03i270. Stanovovani
glykemického indexu potravin bylo realizovano v Sesti na sebe navazujicich studiich DEGIF1
az DEGIF6. Soubézn€ stémito studiemi byla vramci projektu PARASEN sledovana

spolehlivost systému CGMS pro kontinualni monitorovani glykemie.

Autorka disertacni prace se podilela na formulacich cili jednotlivych studii, na vybéru
testujicich osob a testovanych potravin, hodnoceni vysledkl a formulacich zavér. Provadéla
vySetfeni a edukaci probandd, byla zodpovédna za zavadéni a obsluhu CGMS, vedeni
protokoll a zpracovavani dat. Hlavnim ukolem autorky bylo vySetiovani glykemickych

indexti u zdravych a u osob s DM2 a hodnoceni ptinosu CGMS.

Po formalni strance jsou jadrem této disertacni prace abstrakta prezentaci i postery na
vyznamnych konferencich a publikace v recenzovanych casopisech, které jsou doplnény

struénym prehledovym textem.



2 SOUCASNY STAV POZNANI

Jiz v roce 1973 oteviel otazku hyperglykemizujici sily potravin Otto (69), ktery provadél
meéteni u osob se snizenou toleranci glukdzy a u osob s diabetem 2. typu. Pojem glykemicky

index potravin zavedl Jenkins (44) v roce 1981.

V poslednich desetiletich se glykemickym indexem potravin a jeho pifinosem pro
sestavovani raciondlnich stravovacich doporuceni zabyvala fada autorti a v databazi Pubmed

1ze nalézt ptes 600 publikaci s terminem glycemic ¢i glycaemic index v nazvu prace.

Existuji 1 prace s odmitavym ¢i negativnim postojem k tomuto ukazateli (28, 29, 49).

2.1 Ukazatele hyperglykemizujici sily potravin

2.1.1 Glykemicky index (GI)

je ukazatelem hyperglykemizujici sily urcité potraviny ve srovnani s potravinou
standardni. Vypocita se jako procentudlni podil plochy pod glykemickou kiivkou (IAUC -
incremental area under the curve) po poziti testované potraviny obsahujici 50 g vstiebatelnych
sacharidd a plochy pod glykemickou kiivkou po poziti standardni potraviny stejnou osobou
(26). Jako standardni potravinu lze zvolit glukézu nebo bily chléb. PouZije-li se jako standard
bily chléb, je vyslednd hodnota GI testované potraviny 1,4x vyS$i nez pii pouZziti Cisté
glukozy.

Nevyhodou glykemického indexu je jeho cCasto diskutovana vysokd interindividualni

a také intraindividudlni variabilita zptisobovana fadou faktort.

Vedle glykemického indexu se hyperglykemizujici sila potravin charakterizuje pomoci
glykemické naloze, glykemickych glukézovych ekvivalenti a relativniho glykemického

ucinku.

2.1.2 Glykemicka naloz (GL - glycemic load)
Glykemické naloz je ukazatel, ktery vyjadiuje, jak rizné mnozstvi potraviny se znamym
glykemickym indexem ovliviiuje prubéh glykemie. Lze ji vypocitat dle vzorce:

Gl
GL[g] = obsah stravitelngch sacharidd v jedné porel [g] - %

Glykemicka naloz se v literatuie bézn¢ uvadi bez jednotek (14, 27, 63).



Potraviny s podobnym GI se mohou vyrazné 1iSit svym obsahem sacharidi, coz se odrazi

na hodnoté glykemické naloze.

Piiklad: Cerstvé meruiiky a boravkovy muffin

e Cerstvé meruiky:
V porci o hmotnosti 115 g je obsazeno 9 g vstiebatelnych sacharid, GI =57 %.
GL =9 [g] x 57[%] / 100 = 5,13 [g]

e Bortuvkovy muffin:
V porci o hmotnosti 100 g je obsazeno 47 g vstiebatelnych sacharidi, GI = 59 %.
GL =47 [g] x 59[%] / 100 = 28,32 [g]

Teorie glykemické ndloze (79, 80), jez byla vypracovana na Harvardské univerzité v 90.
letech ukazuje, ze glykemicky index jako samostatny ukazatel neni dostacujici k popisu

sacharidid v potraving.

2.1.3 Glykemicky glukézovy ekvivalent (GGE - glycemic glucose

equivalent)
GGE odpovidda mnozstvi glukézy, jejiz hyperglykemizujici ucinek je ekvivalentni
k hyperglykemizujicimu G¢inku ur¢eného mnozstvi testované potraviny. Vypocita se podle
vzorce:

[AUC potraviny hmotnest glukdzy

GGElg] = [AUC glukézy hmotnost potraving .

1g

Terminy glykemicky glukézovy ekvivalent a relativni glykemicky efekt navrhnul Monro
et al. jako reakci na pozadavek potravindiského primyslu najit ukazatel, ktery by
hyperglykemizujici silu potravin popsal dokonaleji, nez tak €ini ukazatelé glykemicky index
a glykemicka néloz (63, 89).

2.1.4 Relativni glykemicky tacinek (RGI - relative glycemic impact)

Relativni glykemicky uc¢inek, v anglickém jazyce oznaCovan jako relative glycemic
impact — (RGI) je ukazatel, ktery popisuje schopnost potraviny vyvolat postprandidlni
glykemickou odpovéd’ vztahujici se na mnozstvi sacharidi obsazenych v aktudlné
konzumované porci (3, 63). Tento ukazatel je méfen piimym urenim mnozstvi

glukozy v gramech, které vyvola stejnou postprandialni hyperglykemickou odpovéd’ jako

3



konzumovana potravina. Na rozdil od GI spociva na stejné hyperglykemické odpovédi na
glukézu a na testovanou potravinu, nikoliv na stejném obsahu sacharidi v sledované
potraviné a ve standardu. Jeho hodnota se udava vtzv. glykemickych glukézovych
ekvivalentech (GGE - glycemic glucose equivalent).

IAUC potravinyg  hmotnost glukdzy
[AUC glukdzy " hmomeost potraving '

GGE[g] = 1g

kdyz

IAUC potraviny
IAUC glukbzy

pak

RGI = GGE[g] - hmotnost nasledné konzumované potraving

2.2 Faktory ovliviiujici hodnotu glykemického indexu

Na hodnotu glykemického indexu maji vliv zejména ndasledujici faktory: slozeni

potraviny, jeji zpracovani a skladovani a metodika stanoveni glykemického indexu.

2.2.1 SlozZeni potraviny
Ptehled zakladnich slozek a vlastnosti potravin, které maji vliv na hodnotu GI uvadi podle

Arvidsonnové (2) tabulka 1 (viz. strana 6).

2.2.1.1 Obsah a typ jednoduchych sacharidi

cvwr

obsahem fruktozy lze vysvétlit nizky GI u nékterych potravin s celkové vysokym obsahem
vstiebatelnych sacharidii, napt. Corn flakes s cukrovou polevou (Kellog’s, Australie) maji GI

55 a obsah vstiebatelnych sacharidi v porci o 30 g odpovida 26 g (27).

2.2.1.2 Obsah a typ komplexnich sacharidu - Skrob

Jsou znamy dva zékladni druhy Skrobu — amyléza a amylopektin. Amyléza, ktera je
tvofena linearnim fetézcem molekul se obtizné Zelatinizuje a travi. Naopak amylopektin je
slozen z rozvétvenych fetdzct glukozovych jednotek, takze je snadngji §tépen. Cim vyssi je

pomér amylozy k amylopektinu, tim pomalejsi je traveni potraviny a niz$i GI.



Zpracovani, skladovani (viz dale) a zrani potraviny mé vliv na obsah Skrobu v potraving,
napt. nezraly (zeleny) bandn mé vysoky obsah resistentniho Skrobu, ktery vSak zracim

procesem klesa téméf k nule u zralého bananu.

Resistentni Skrob je definovan jako Skrob, ktery projde tenkym stfevem a bez jakékoliv
digesce dosahne tra¢niku. Teoreticky by mnozstvi resistentniho Skrobu nemélo mit vliv na GI,
protoze kalkulace GI je zaloZena na obsahu stravitelnych sacharidii v potraving. V praxi vsak
neexistovala spolehlivd metoda, kterd by urcila piesné mnozstvi resistentniho Skrobu
v potraviné, coZ je vyznamné piedev§im u potravin s vysokym obsahem Skrobu. Je tedy
mozné, ze u fady potravin byl GI vypocitdn na zdkladé nepfesného mnozstvi stravitelnych

sacharidt. Dnes se k ur¢eni obsahu resistentniho $krobu pouziva metody podle Englysta (33).

2.2.1.3 Obsah tuku

Bohat¢ obsazené tuky v potraviné zpomaluji evakuaci zaludku, coz vede k pomalejsi
absorpci sacharidi, ktera vede k plossi glykemické kiivce (20, 91). Proto ma fada potravin

s vysokym obsahem téchto nutrientii nizky GI, napt. ¢okolada.

Nizky GI lusténin se vysvétluje vysokym obsahem amyldzy a relativné vy$§im obsahem

tuku.

2.2.1.4 Obsah a typ bilkovin

Po jidle s hojnym obsahem bilkovin dochazi ke stimulaci sekrece inzulinu (67). Za tuto
stimulaci jsou zodpovédny aminokyseliny. Sila stimulace je zavislda nejen na typu
aminokyseliny a mnozstvi aminokyseliny v potraviné, ale také na postprandidlni glykemii

(48, 66, 68).

2.2.1.5 Pritomnost dalSich latek

e VlIiknina

Obsah vldkniny v potraviné ovlivituje GI v zavislosti na typu a viskozit¢ vlakniny.
V ptipadech, ve kterych je v potraviné obsazena intaktni nebo vysoce viskézni vlaknina, je
vysledny GI niz8i. Je-li vldknina intaktni, plni funkci fyzikalni bariéry, a tak zpomaluje
traveni sacharidt. Je-li vSak struktura vlakniny poSkozena pfi zpracovani potraviny, napt. pfi
jemném mleti celozrnné mouky, kterd mé vysoky obsah vldkniny, nevede jeji pfitomnost
k niz8imu GI. Viskozni vldknina plsobi jako zahust'ovadlo travené potraviny, ¢imz zpomaluje

prichod zazivacim traktem a umoziuje pozvolngjsi vstiebavani sacharidi (33).



e Organické kyseliny
Bylo prokazéano, ze podani octa nebo citrénové $tavy spolecné s testovanou potravinou
vede ke snizeni glykemické odpovédi prostiednictvim zpomaleni evakuace zaludku. GI se

snizuje v zdvislosti na typu a mnozstvi kyseliny obsazené v nebo podané s potravinou

(53, 54).

Tabulka 1 Slozky a viastnosti potraviny ovliviwjici GI, tabulka adaptovand podle

Arvidsonnové (2)

Moznost ovlivnéni faktoru /

Faktor Vliv na GI
princip
Struktura matrix potraviny Mleti Cim mensi ¢astice, tim vys§i GI
Bunééna sténa a struktura skrobu : Stupei zralosti plodu Cim zralejsi plod, tim vyssi GI

Struktura Skrobovych granuli

Tepelné zpracovani

Vyssi GI pfi zelatinizaci skrobu

Obsah amylozy a amylopektinu

Vétvena struktura amylopektinu

umoziuje jeho rychlejsi digesci

Cim vys§i je pomér amylozy

k amylopektinu, tim nizsi je GI

Viskozni vlaknina Pridani do potraviny Nizsi GI
Organické kyseliny Pridani do potraviny Nizsi GI
Inhibitor amylazy Pridani do potraviny Nizsi GI

Obsah monosacharidi

Pomér fruktozy ke glukoze

Cim vys§i je pomér fruktozy ke

v

Molekularni struktura sacharidu

Typ glykosidické vazby

Cim vice vazeb jinych nez a-(1—4)

a a-(1—6), napt. p-(1—-4)*, tim nizsi GI

Obsabh resistentniho Skrobu

Tepelné zpracovani a skladovani

GI neovlivnén v piipadé zachovani

v chladu stejného mnozstvi stravitelnych
sacharida
Obsah bilkovin Pridani do potraviny Nizsi GI
Obsah tuki Pridani do potraviny Nizsi GI

* B-(1—>4) vazby jsou pritomny v celuloze, absenci endoglukosidazy stepici vazby [(-(1—4)
v lidském organismu lze vysveétlit nestravitelnost celulozy (17)




2.2.2 Zpracovani potraviny

Nové technologie potravinarského primyslu jako napf. procesy vyuzivajici vysokych
teplot a tlakti vedou ke zvysené zelatinizaci Skrobu potraviny. Dal$im faktorem, ktery ma vliv
na zelatinizaci je velikost Castic v potravin€, napf. velmi jemné mleti obilovin, t.j. malé
velikost ¢astic po kontaktu potraviny s vodou Zelatinizaci zvy3uje. Zelatinizace usnadiiuje
pristup amyldzy ke Skrobu, coz ma za nasledek rychlejsi absorpci sacharidii a zvySeny GI
(7, 77). Z praktického hlediska Ize uvést priklad téstovin, téstoviny varené ,,al dente* maji
niz$i glykemicky index nez rozvarené téstoviny, u nichz doslo k Zelatinizaci Skrobu ve vétSim

mnozstvi.

2.2.3 Skladovani potraviny
Bylo prokazano, ze zpisob skladovani potravin mize mit vliv na vysledny GI. Napftiklad

skladovéni vafenych brambor za nizké teploty vede k ndrustu mnozstvi resistentniho skrobu,

coz vede k niz§imu GI (53).

2.2.4 Metodika stanoveni glykemického indexu

Z metodologického hlediska je pii stanovovani GI tieba brat v tivahu nésledujici faktory:
testované osoby (pocet, zdravotni stav, pohlavi, lacnéni, koufeni a konzumace alkoholu,
fyzické aktivita), druh standardu, obsah sacharidi v testované potraving, pocet testli, denni
dobu provedeni testu a vliv piedchozich jidel, testované vzorky, intervaly jejich

odbéru a zptisob vypoctu AUC.

2.2.4.1 Testované osoby

e Pocet

Pocet testovanych osob v jednotlivych studiich je odliSny, v mezinarodni tabulce hodnot
glykemického indexu a glykemické naloze Fosterové-Powellové (27) z roku 2002, se pocet
probandi pohybuje od 3 do 52. Vysledky GI stanovené u 10 a vice osob poskytuji
uspokojivou vypovédni hodnotu a piesnost (14).
e Zdravotni stav

Teoreticky lze nejspolehlivéjsi vysledky ocekavat, je-li minimalizovana intraindividudlni
variabilita glykemické odpovédi. Rada studii prokéazala, e pramémy glykemicky index
stanoveny u zdravych, u osob s diabetem 1. typu a u osob s diabetem 2. typu je bez statisticky

signifikantnich rozdili, avSak variabilita hodnot je nejmensi u zdravych (43, 55, 95).



e Pohlavi

Na vzorku 311 probandd (127 muzt, 184 Zzen) nebyl pifi stanovovani GI nalezen
signifikantni rozdil v glykemické odpovédi mezi zenami a muzi (93).
e Lacnéni

Pted testem se doporucuje la¢nit pies noc a je vhodné probandiim doporudit, aby den pied

kazdym testem jedli podobnou vecefi.

e Koufeni a konzumace alkoholu

Protoze koufeni mutze vést k akutni inzulinové resistenci, doporucuje se v den testu
nekoufit (30). Konzumace alkoholu zasadné ovliviiuje metabolismus sacharidi (8, 82), nejsou
vSak znamy studie, které by zkoumaly vliv poziti alkoholu v den ptedchazejici testu na

metabolismus nésledujici den.
e Fyzicka aktivita

Fyzicky trénink miize vést ke zvySenému vychytavani glukézy svaly nasledujici den
(59) a zlepsuje citlivost na inzulin az po dobu 48 hodin (61).

Brouns (14) doporucuje, aby se testovand osoba den pied testem vyvarovala nezvykle

tézké fyzické aktivité, bézné cvieni neni nutno omezovat.

2.2.4.2 Standardni potravina

Dosud byly riznymi laboratofemi pouzity rizné standardni potraviny jako napft. glukoza,
rizné druhy chleba, brambory, ryze a dalsi. Nejcastéji uzivanymi standardy jsou glukéza
a bily chléb. Zastanci bilého chleba zdiiraznuji, Ze tato standardni potravina umoziuje urceni
GI fyziologictéjSim zpusobem, nebot’ jde o béznou soucast jidelnicku. Narozdil od glukozy
jeho konzumace nema vedlejsi uc€inky. Glukéza totiz v nékterych ptipadech po
predchozim dvanactihodinovém laénéni zpusobuje nauzeu. Z divodu omezeni variability

vysledki mezi jednotlivymi laboratofemi se presto jako nejvhodnéjsi standard jevi glukoza.

2.2.4.3 Obsah sacharidi v testované potraviné

V zésad¢ se testuje porce potraviny obsahujici 50 g vstiebatelnych sacharidi. U potravin,
které maji velmi nizky obsah sacharidd, je mozné testovat porci s25 g vstiebatelnych

sacharidu, ¢imz se predejde nutnosti konzumace nezvykle velkého mnozstvi potraviny.

2.2.4.4 Pocet testu

Za Ucelem sniZeni intraindividuélni variability GI, doporucuje FAO/WHO opakovat test

se standardni potravinou tiikrat. Wolever (94) ukdzal na matematickém modelu dtlezitost
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opakovani testu se standardni potravinou, které vede ke zmenSeni variacniho koeficientu.
Toto je dalezité zejména u populaci s vétsim asymetrickym rozloZzenim hodnot, napt. u osob
s DM1. Testovana potravina u jednoho probanda se podle doporu¢eni FAO/WHO testuje

jednou.

2.2.4.5 Denni doba testu a vliv pfedchozich jidel

Podle dopru¢eni FAO/WHO se GI stanovuje po 10 az 12 hodinach la¢néni u jidel
konzumovanych ke snidani. Wolever et al. (93) ve studii, ktera porovnavala hodnoty GI dvou
riznych potravin ze stejného zdroje, stanovenych u celkem 311 probandlt ve 28 centrech,
zjistil, ze rtiznéd délka lacénéni, kterd se pohybovala od 8 do 14 hodin nema signifikantni vliv
na GI. V jiné studii na 8 zdravych probandech sledoval Wolever (92) glykemickou odpovéd’
na kukufi¢né a ovesné ceredlie, obsahujici 50 g stravitelnych sacharidi podavanych nala¢no
ke snidani nebo na obéd po standardni snidani a zjistil, ze u kukuficnych cerealii je
glykemicka odpovéd’ signifikantné vys$i u snidané nez u obéda po standardni snidani
(103 £ 13 versus 52 = 6 mmol-min/l, p<0,01). Jenkins (45) se zabyval vlivem 4 riznych
snidani na glykemickou odpovéd po standardnim obéd€¢ ve studii na 7 zdravych osobach
a zjistil, ze glykemicka odpovéd’, respektive AUC byla mensi po obéd¢, ktery nasledoval po

snidani s nizSim GI.

2.2.4.6 Testované vzorky a intervaly odbéru vzorki

Arterialni krev by byla idedlnim zdrojem odbéru vzorki, protoze koncetrace glukdzy zde
odpovida koncentraci, které jsou vystaveny tkané. Pro potifebu stanoveni GI by vsak odbér

arterialni krve byl neprakticky z diivodu vétsi invazivity.

Venodzni krev se odebira nejcastéji pomoci intravendzni flexily umisténé ve fossa cubiti
nebo na predlokti. Koncentrace glukdzy ve venozni krvi je nizsi nez v krvi arteridlni. Tento
rozdil miiZze byt zna¢ny zejména po poziti glukézy, kdy je vychytavani glukézy stimulovano
inzulinem (31). Arterio-venozni rozdil v koncentraci glukézy neni konzistentni, je ovlivnén
napt. vngjsi teplotou, ktera ma vliv na rychlost prutoku krve (31). V tivahu také piipada odbér
arterializované vendzni krve, ktery se provadi ze Zily na ruce. Ruka je pfitom zahtivana tak,

aby doslo k otevieni arterio-ven6znich anastomoz.

Kapilarni krev se odebira bud’ z prstu, nebo z usniho lalicku. Koncentrace glukozy se
v kapilarni krvi blizi koncentraci v arteridlni krvi. Pfi srovnani hodnot GI stanovenych

z vendzni a kapilarni krve, vykazuji hodnoty kapilarni metody niz$i variabilitu (93).



Intersticidlni tekutina je na koncentraci glukdzy testovana pomoci kontinuédlnich
glukoézovych senzord. Systém je kalibrovan prostfednictvim osobnich glukometr a hodnoty
tedy odpovidaji koncetraci glukézy v kapilarni krvi.

FAO/WHO (26) doporucuje u zdravych odebirat vzorky kapildrni krve v prib&hu prvni
hodiny (tj. do 60. minuty) od poc¢atku konzumace testované potraviny v patnactiminutovych
intervalech (0, 15, 30, 45, 60 min) a ve druhé hodin¢ ve tficetiminutovych intervalech

(90 a 120 min). U osob s DM2 se ma s odbéry pokracovat 180 minut.

2.2.4.77 Vypocet AUC

Wolever et al. (93) porovnaval hodnoty GI dvou riznych potravin, které byly stanoveny
celkem u celkem 311 probandii ve 28 centrech. Po vlastnim vypoétu IAUC v centralni
laboratofi zjistil, Ze vice nez polovina laboratoii uvedla chybnou IAUC (chyby byly
zpisobeny bud’ nespravnou kalkulaci, nebo chybnou interpretaci vysledku).

Teoreticky lze uvazovat o 5 zptsobech vypoctu plochy pod ktivkou:
1. Celkové plocha pod kiivkou
2. Inkrementalni plocha pod kiivkou pouze v €ase do navratu k vychozi hodnoté
3. Inkrementalni plocha pod kitivkou, kterd zahrnuje celkovou plochu nad nejmensi hodnotou

4. ,Net* inkrementdlni plocha pod kifivkou, kde se plocha pod vychozi hodnotou odecte od
plochy nad vychozi hodnotou

5. Inkrementalni plocha pod kfivkou, kterd zahrnuje pouze plochu nad vychozi hodnotou

Z téchto vySe uvedenych mozZnosti FAO/WHO doporucuje postup podle bodu 5.

2.2.4.8 Odlehlé a extrémni hodnoty

Nejcastéjsi pfi¢inou odlehlych hodnot byvd metodickd chyba (analyticka chyba,
nedodrzeni studijniho protokolu probandem, apod). V ptipadé, Ze se nepodafi identifikovat
metodickou chybu, je nutno myslet na vyjimec¢nou odchylku od bézného vyvoje
glykemie u daného jedince (tzv. nereprezentativni odpovéd’), ktera je zplsobena
pfechodnymi, blize nespecifikovanymi vlivy nebo na idiosynkrastickou odpovéd’. V ptipadé
nereprezentativni hodnoty GI u standardni potraviny, Ize odlehlé¢ hodnoty stejnym smérem
pozorovat i u GI testované potraviny (94). K posuzovani odlehlych a extrémnich hodnot

dosud nebyl vypracovan jednotny ptistup.
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2.3 Doporuceni FAO/WHO (1998) pro stanoveni glykemického
indexu potravin

Renomované organizace FAO a WHO doporucuji pii stanovovani glykemického indexu

potravin postupovat podle nasledujicich zasad (26):

e Lacnéni: 10-12 hod

e Standardni potravina: glukéza nebo bily chléb. Pfi pouziti bilého chleba je hodnota GI
1,4x vyssi nez pii pouziti Cisté glukozy.

e Mnozstvi sacharidii: 50 g stravitelnych sacharidl v testované porci

e Pocet osob (probandi): nespecifikovan

e Pocet testil u jednoho probanda: 3x standardni potravina, 1x testovana potravina

e Testované vzorky: kapilarni krev v intervalech 0, 15, 30, 45, 60, 90, 120 minut

e Vypocet TAUC: Inkrementalni plocha pod ktivkou, kterd zahrnuje pouze plochu nad

hodnotou nala¢no

Vysetieni se obvykle provadi pod dohledem zkuseného specialisty v laboratofi v rannich

hodinach. V jednom dni se testuje pouze jedna potravina.

Mezi uznavana pracovisté, kterd se zabyvaji stanovovanim glykemického indexu potravin,
patii v Australii ,,Sydney University Glycaemic Index Research Service - SUGIRS*
(Brandova-Millerova, Colagiuri, Fosterova-Powellova), v Kanadé pracovist¢ na univerzité
v Torontu (Jenkins, Wolever), v Némecku pracovist¢ na univerzit¢ v Duesseldorfu

(Chantelau) a dalsi pracoviste .

2.4 Skupiny potravin podle velikosti glykemického indexu

Podle velikosti glykemického indexu rozdéluje Brandova-Millerova (SUGIRS) potraviny
do tti skupin (40):

1. Potraviny s vysokym glykemickym indexem (GI > 70%)
2. Potraviny se stitednim glykemickym indexem (GI 56 - 69%)

3. Potraviny s nizkym glykemickym indexem (GI 0 - 55%)

Toto rdmcové rozdéleni je vSeobecné piijmano. S ohledem na praktické vyuziti se

vzhledem k variabilit¢ GI jevi jako velmi ucelné. Stanovené hodnoty GI plati pouze pro

11



potravinu stejného puvodu, kterd je uchovavéana a zpracovavana za stejnych podminek jako

potravina, u které byl GI vySetfen (Tabulka 2).

Tabulka 2 Glykemické indexy vybranych
glykemického indexu a glykemické naloze (27)

potravin z mezinarodni tabulky hodnot

Potravina Glz;«:l;l;;lz&()iex Velikost stll'\z/l[\lfli(:zlsltl;lch Glyk?mickzi
[%] porce sacharidu v porci [g] naloz

Jablko 3842 120 g 15 6
Banan 5244 120 g 24 12
Pomeranc 42+3 120 g 11 5
Dzus jable¢ny neslazeny Ciry 44+2 250 ml 30 13
Brambory bilé vafené 50+9 150 g 28 14
Cocka 29+1 150 g 18

Hrasek zeleny 48+5 80¢g 7

Zitny chléb 58+6 30g 14

Bily chléb 7010 30g 14 10
Ryze hnéda 5545 150 g 33 18
Ryze bila dlouhozrnna 5617 150 g 43 24
Spagety bilé 3843 180 g 48 18
MIéko plnotuéné 27+4 250 ml 12 3
Jogurt nizkotu¢ny ovocny 3317 200 g 31 10
Cokolada mlééna 4343 50g 31 13
Bebe susenky Dobré rano 5749 50g 33 19
¢okoladové

Ty¢inka Twix 44+6 60 g 39 17

Poznamka: Glykemicka naloz = GI x obsah stravitelnych sacharidu v jedné porci [g] : 100,

viz str.2-3.

2.5 Vyznam glykemického indexu u riznych onemocnéni a pri

fyzické zatézi

V soucasné dobé€ se intenzivné studuje vztah glykemického indexu a diabetu, obezity,

onemocnéni kardiovaskuldrniho systému a nadorovych onemocnéni. Pro uplnost je v této

kapitole také zminén vyznam glykemického indexu pro sportovce a pii zvySené fyzické

ZatéZl.

2.5.1 Glykemicky index a diabetes mellitus

Potraviny s vysokym GI vedou k rychlému narustu postprandidlni glykemie s nasledkem

vys$si inzulinemie. Dlouhodoba konzumace téchto potravin by tedy logicky mohla pfispivat

k rozvoji diabetu, piipadné ke zhorSeni jeho kompenzace.
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Nekteré studie podporuji hypotézu, ze strava bohatd na potraviny s vysokym GI,
respektive vysokou glykemickou ndloZi podporuje rozvoj diabetu a naopak, Ze dieta s hojnym
mnozstvim potravin s nizkym GI jeho kompenzaci zlepSuje (6, 15, 42, 58, 75). Salmeron (80)
v kohortové studii, ktera sledovala glykemickou néloz stravy u vice nez 65 tisic Zen ve véku
od 40 do 65 let, zjistil, ze pti srovnani nejmensiho kvintilu s nejveétsim, bylo relativni riziko
DM2 rovno 1,37. Ke stejnému zjiSténi Salmeron dosel 1 v kohortové studii u vice nez 40 tisic
muzil ve véku od 40 do 75 let (79). K podobnému zavéru dospéla i Hodgeova (38), kterd
sledovala vztahy mezi GI, GL, vlakninou a DM2. Existuji i studie, kterym se tuto hypotézu
nepodafilo prokazat (60, 84). V randomizované studii na 20 osobach s DM2 Jirviova
sledovala pfiznivy efekt diety snizkym GI na kompenzaci diabetu, LDL-
cholesterol a fibrinolytickou aktivitu (viz kapitola Glykemicky index a onemocnéni

kardiovaskularniho systému).

Z meta-analyzy 14 randomizovanych kontrolovanych studii u osob s DM1 nebo DM2,
kterou provedla Brandova-Millerova v roce 2003 vyplyva, Ze dieta zalozend na nizkém GI

prispiva k redukci HbAlc (9).

2.5.2 Glykemicky index, obezita a redukéni diety

Redukéni diety zalozené na principu glykemického indexu maji nékolik rtznych
mechanismi plisobeni. Potraviny s nizkym GI se na redukci hmotnosti podileji zveétSenim
pocitu sytosti a podporou metabolizace lipidi na ukor metabolického vyuziti sacharidu.
Naopak potraviny svysokym GI vedou krychlému vzestupu a naslednému poklesu
postprandialni glykemie. Mohou tak prohlubovat pocit hladu a tim stimulovat chut’ k jidlu,
urychlovat uvolnéni adrenalinu a kortisolu (8, 56). Potraviny s nizkym GI maji Casto nizsi
energetickou hodnotu neZ potraviny s vysokym GI. Ludwig (57) na skupiné¢ 12 obéznich
chlapcti teenagerti zjistil, ze konzumace snidané a obéda s vysokym GI vede ke konzumaci
potravin s vétsi energetickou hodnotou v ¢ase 5 hodin po obédé ve srovnani se snidani
a obédem s nizkym nebo stiednim GI, pii cemz snidané a obédy s riznymi GI mély stejnou
energetickou hodnotu.

Clapp (19) nahodné rozdélil 12 zdravych gravidnich Zen v 8. tydnu tehotenstvi
do 2 skupin: prvni skupina po zbytek gravidity konzumovala stravu zaloZzenou na nizkém
GI a druha na vysokém GI. Na konci té¢hotenstvi byl nartist hmotnosti ve skupin¢ se stravou

s vysokym GI signifikantné vétsi nez ve skupiné s nizkym GI (19,7 kg vs. 11,8 kg, P< 0,05).
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Pereira (72), ktery sledoval skupinu 39 dospélych s nadvédhou nebo obezitou 1é¢enych bud’
nizkotu¢nou dietou, nebo dietou s nizkou glykemickou néloZzi, pozoroval nizsi vyskyt pocitu
hladu (P=0,04), zlepSenou sensitivitu na inzulin (P=0,01), nizsi koncentraci triacylglycerola
(P=0,01) a nizsi krevni tlak (P=0,07) a CRP (P=0,03) u osob lécenych dietou s nizkou
glykemickou néloZzi po ubytku 10% hmotnosti.

Prifezova studie EURODIAB IDDM Complications Study (88), kterd zkoumala témér
3000 osob s DM1 dosla k zavéru, Ze strava s nizkym GI je prediktorem mensSiho obvodu pasu

a niz§itho poméru obvodu pasu k bokiim nezavisle na pfijmu sacharidi, tuki a vldkniny.

2.5.3 Glykemicky index a onemocnéni kardiovaskularniho systému
V souvislosti s vlivem glykemického indexu stravy na choroby kardiovaskularniho
systému se pozornost zaméiuje na sledovani BMI, lipidového spektra, inzulinoresistence,

fibrinolytické aktivity apod.

Jarviova (42) v randomizované cross-over studii na 20 osobach s DM2 sledovala po dobu
24 dni vliv dvou diet s riznym GI. Diety se neliily v obsahu makronutrientd a vlakniny,
pricemz cilem bylo zachovat hmotnost probandl. V této studii za 24 dni dosSlo u obou
diet k signifikantnimu sniZeni glykemie nalacno a ke zlepSeni senzitivity na inzulin. Pii dieté
s nizkym GI byla plocha pod glykemickou a inzulinemickou kiivkou o 30% mensi. U diety
s nizkym GI rovnéz doslo k vyraznéjsimu poklesu koncentrace LDL-cholesterolu. Rovnéz
doslo k normalizaci aktivity inhibitoru aktivatoru plazminogenu PAI, kterd poklesla o 54%,

(P<0,001). U diety s vysokym GI ztstala aktivita PAI nezménéna.

V randomizované kontrolni studii se45 obéznimi probandy sDM2 sledovala
Heilbronnova (36) rozdily ve vysledcich redukéni diety s vysokym nebo nizkym GI
trvajici 8 tydni. Redukce hmotnosti se mezi dietou s nizkym a vysokym GI nelisila. Redukce
HbA 1c byla nesignifikantné vétsi pii dieté s nizkym GI, avSak redukce LDL-cholesterolu byla
signifikantné vétsi (P=0,02) nez pti dieté s vysokym GI.

Pfestoze se touto problematikou zabyvali i dalsi autofi (4, 24, 76), k definitivnim zavérim

je zapotiebi dalSich randomizovanych studii s vétsim poctem probandii a kvalitnim designem.

2.5.4 Glykemicky index a nadorova onemocnéni

V soucasnosti se pozornost zaméfuje na piipadnou souvislost GI a glykemické naloze
s fadou neoplasmat. K dispozici jsou vysledky studii zabyvajicich se vztahem glykemického

indexu a novotvary zazivaciho traktu (46, 65, 78), ledvin (32), délohy (64, 73), vajecnikil
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(64), prsu (52, 81), stitné zlazy (74). Zavéry zatim nejsou zcela piesveédEivé, podle nékterych

autoril strava bohat4 na potraviny s vysokym GI zvySuje incidenci nadorovych onemocnéni.

2.5.5 Glykemicky index a fyzicka zatéz

Studie, které se zabyvaly vlivem glykemického indexu jidla pozitého pied tréninkem na
podany vykon, se 1i§i ve svych zaveérech. Vroce 1991 popsal Thomas et al
(87) u 8 trénovanych cyklisti zlepSenou fyzickou vydrz po poziti ocky (nizky GI) 1 hodinu
pred tréninkem ve srovnani s brambory (vysoky GI), glukézou a vodou. DeMarco et al. (22)
rovnéz popsal kladny efekt potraviny s nizkym GI pozité 30 minut pted zat¢zi na maximalni
vykon u skupiny 10 cyklisti. Na druhé strané, Febbraio (25) ve studii u 8 trénovanych
cyklistli zjistil podobné jako Thomas a DeMarco, Ze konzumace jidla s vysokym GI vedla
k vétSimu poklesu glykemie po zahdjeni tréninku, k vyssi koncentraci inzulinu po celou dobu
tréninku a k nizsi koncentraci volnych mastnych kyselin ve srovnani s jidlem s nizkym

GI a placebem, avSak v této studii nebyl tréninkovy vykon signifikantné odlisny.

Studovan byl také piijem sacharidi ve formé jidel s riznym GI po fyzické zatézi za
ucelem rychlé obnovy zasob svalového glykogenu. Kiens et al. (50) sledoval svalovy
glykogen 44 hodin po zatézi se zaveérem, ze piijem potravin s vysokym GI vedl k vétSimu
mnozstvi svalového glykogenu a vyssi inzulinemii 6 hodin po tréninku, ale 20, 32 a 44 hodin
po tréninku se tyto hodnoty neliSily. Jozsi (47), stejn¢ jako Burkeova (16) pii zkoumani
cyklisth zjistil, Ze konzumace potravin s vysokym GI vede k vétSimu mnoZstvi svalového

glykogenu a k jeho rychlej§imu nartistu béhem 24 hodin po tréninku.

Zkouma se nejen vliv potravin s riznym GI, ale také frekvence pifijmu a velikost porci
(83).

K definitivnim zavérim o vyznamu glykemického indexu jsou zddouci dalsi studie
s vétsim poctem probandu, na zakladé dosavadnich poznatkl (23) se jevi, Ze pied tréninkem

je vhodné konzumovat potraviny s nizkym GI a béhem a po tréninku potraviny s vysokym GI.

2.6 Meéreni glykemie

2.6.1 Konven¢ni metody (glukometry a laboratorni analyzatory)

V dosavadni praxi se postprandialni glykemie bézné stanovuje odbérem kapilarni nebo
plné krve. V takto ziskaném vzorku se pak méti koncentrace glukoézy na glukometru nebo na
laboratornim analyzatoru. Od roku 2000 je dostupnd novd metoda — tzv. kontinualni

monitorovani glykemie, méfici koncentraci glukdzy pomoci senzoru zavedené¢ho do podkozi
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(5, 34, 51, 71, 90). Tato metoda vSak nebyla pfed zacatkem naSich studii vyuZzivana ke

stanovovani GI.

2.6.2 Kontinualni méreni glykemie

Kontinualni monitory pro zjiStovani koncentrace glukdzy jsou piistroje, které méii
koncentraci glukdzy v redlném case. Aktudlni hodnota glykemie se proto ihned zobrazuje na
displeji monitoru. Monitor dostava informaci o koncentraci glukdézy v intersticialni tekutiné,
ktera koreluje s koncentraci glukézy v plazmé. Hodnota koncentrace v intersticialni tekuting
se vSak ve srovnani s koncentraci glukézy v plazmé miize o nckolik minut opozdovat
(tzv. lag faze). Délka tohoto zpozdéni je ovliviiovana rychlosti vzestupu nebo poklesu

koncentrace glukdzy v plazmé (86).

Transkutanni senzory dosahuji v soucasné dobé dostatecné spolehlivosti. Proto je lze
vyuzivat v rutinnim provozu, nicméné jejich vysledky musi byt pravidelné kontrolovany
glukometrem. Stanovuji koncentraci glukézy pomoci glukozooxidazy. Jejich funkce je
obvykle zachovana po dobu 5-7 dni [P2]. Komplikace v misté inzerce senzoru jsou pfitom

zanedbatelné [A12, A14].

Pti hodnoceni kompenzace glykemie vysledky kontinualniho monitoringu koreluji
s hodnotami HbAlc. Také klinicky stav diabetikii se vjeho pribéhu obvykle zlepsSuje.
Predpokladem pro racionalni nasazeni kontinualniho monitoringu je ale intenzivni edukace

pracovniho tymu a probandt.

Mezi schvalené a ve svété bézné dostupné kontinualni monitory v soucasné dobé patii:
CGMS Gold (Medtronic Minimed, Northridge, CA), Guardian® RT (Medtronic Minimed,
Northridge, CA), Paradigm X22 (Medtronic Minimed, Northridge, CA), Guardian Real Time
(Medtronic Minimed, Northridge, CA), Seven (DexCom DST, Dexcom, San Diego,
CA) a Navigator (Abbott, Alameda, CA).

V Ceské republice jsou registrovany pouze systémy Medtronic Minimed a nové senzor
Seven (DexCom DST, Dexcom, San Diego, CA), ktery distribuje firma A Import. Novinkou
firmy Medtronic Minimed je systém iPro pro kontinudlni monitororovani glykemie, ktery se
vyznacuje malou velikosti a hmotnosti a absenci kabelu. Detailnéji jsou souc¢asné moznosti
kontinudlniho monitoringu koncentrace glukdzy popsany v ptehledovych ¢lancich v praktické
casti této prace [P14, P15]. V této kapitole se pozornost soustfedi na ptistroj CGMS Gold
(Medtronic Minimed, Northridge, CA) - systém pro kontinudlni monitorovani koncentrace

glukoézy v intersticiu, ktery byl pouzit v nasi studii.
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Systém CGMS Gold (Medtronic Minimed, Northridge, CA) (Obrazek 1)

Tento systém od roku 2003 vytlacil CGMS prvni generace. Dnes je jiz nahrazovan
dokonalejSim syst¢émem Guardian, ktery ma podobné prvky a pouziva stejné senzory.

U systému Gold Ize hodnoty glykemie zjiSt'ovat pouze retrospektivné pomoci pocitace.

Syst¢ém CGMS Gold se skladd z vlastni
métici elektrody (senzoru), spojovaciho kabelu,
monitoru a komunika¢ni stanice, kterd se
pouziva k prenosu dat z monitoru do pocitace.
Zde spolupracuje se softwarem pro tvorbu
podrobnych grafi i tabulek slouzicich

k vyhodnoceni pribéhu glykemie.

Obrazek 1 Monitor Gold, kabel, senzor
1. Senzor

Senzor pro stanoveni koncentrace glukozy (Obrazek 2) je tenka jehlova elektroda, ktera se
jednoduchym vpichem zavadi do podkozi bficha nebo hyzdé (obvykle na dobu tii az sedmi
dntl). Senzor se mize ,nastrelit specidlnim automatickym zatizenim (Sen-serter®). Poté se
spojovacim kabelem pfipoji k monitoru. Po dvouhodinové inicializaci senzor generuje
elektricky proud, tzv. ISIG (Input Signal of Interstitial Glucose). Jeho hodnota se pohybuje
v rozsahu 10— 100 nA a je imérnd koncentraci glukézy v intersticiu. Kazdych 10 sekund
vysila senzor hodnotu generovaného proudu do monitoru. Zde se kazdych 5 minut uklada do
paméti pramér ze 30 hodnot. Za 24 hodin se ulozi 288 hodnot koncentrace glukozy. Stejny

senzor 1ze napojit také k systémim Paradigm® X22, Guardian a Guardian Real Time.

Obrazek 2 Senzor CGMS a mince Obrazek 3 Komunikacni stanice Com-Station
s vlozenym monitorem CGMS Gold, pro
ilustraci je také zachycen kabel a senzor
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2. Monitor

Monitor Gold hodnoty glykemie zaznamenéava, ale na displeji je nezobrazuje. Do
monitoru lze zadat doplikové udaje (o jidle, o aplikaci inzulinu, o télesné zatézi apod.). Pii
vysoké nebo nizké glykemii dava monitor alarm (zvukovy signal nebo vibrace). Systém je
tteba 2x denné kalibrovat pomoci spolehlivého osobniho glukometru. Pii kalibraci se do
monitoru zadava aktudlni hodnota glykemie naméfena na glukometru. Interval mezi
kalibracemi nesmi byt delsi nez 12 hodin. Monitor nesmi pfijit do kontaktu s vodou, pouziti

specialniho ochranného obalu v§ak umoznuje osobam, které systém uzivaji, sprchovani.

3. Com-Station™ (komunikac¢ni stanice) a CGMS® Solutions™ Software
Prostiednictvim komunikacni stanice (tzv. Com-Station) lze ptfevadét data z monitoru do
pocitace k vyhodnoceni ziskanych informaci (Obrazek 3). K tomu je urcen specialni software
(CGMS® Solutions™ Software), ktery umozinuje hodnoceni jednotlivych tdaji 1 celkovych
trendll prostiednictvim grafii a tabulek. Z jednotlivych vystupii pak lze sledovat vliv riznych

faktorti (napft. jidla, fyzické zatéze, podani inzulinu, apod.) na zmény glykemie.

2.7 Laboratorni ukazatele kompenzace diabetu

2.7.1 Kratkodoba kompenzace
Kratkodoba kompenzace se hodnoti pomoci glykemického profilu vySetfovaného

zpravidla glukometrem anebo pomoci kontinualniho senzoru glukézy.

Aktualni je téz kvalitativni, resp. kvantitativni métfeni koncentrace ketolatek v moci a/nebo

plazmég. VySetfovani glukdzy v moci je v poslednich letech na ustupu.

2.7.2 Dlouhodoba kompenzace

Dlouhodoba kompenzace diabetu se hodnoti pfedevsim pomoci HbAlc. Dnes se hodnoty
HbAlc uvadéji podle kalibrace NGSP (DCCT) nebo IFCC. V Ceské republice jsou od
1. 1. 2004 piipustné pouze jednotky IFCC. Teprve podle konsensu ADA, EASD, IFCC a IDF
zroku 2010 (21) je tfeba uvadét vSechny vysledky podle IFCC a kazdé odborné sdéleni je

tteba doplnit o pfevodni vztah mezi obéma stupnicemi, ktery zni
IFCC = (NGSP-2,15)/0,915.

Mezi alternativni metody pro hodnoceni dlouhodobé kompenzace patii vySetieni

fruktosaminu a 1,5-anhydroglucitolu (39, 70).
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3 CILE

Hlavni cile

1. Vypracovat metodu stanoveni GI pomoci kontinualniho monitorovani glykemie

2. Zjistit GI u vybranych druhti potravin u zdravych a u osob s diabetem 2. typu

3. Porovnat hodnoty GI stanovené pomoci kontinudlniho  monitorovani
glykemie a pomoci glukometru

4. Porovnat hodnoty GI u zdravych osob a u osob s diabetem 2. typu

5. Zjistit vliv perordlnich antidiabetik na hodnotu glykemického indexu u osob
s diabetem 2. typu

Vedlejsi cile:

6. Porovnat hodnoty GI stanovenych u zdravych osob v rliznou denni dobu

7. Zjistit postprandialni vyvoj glykemie a vyvoj ,rozsiteného glykemického indexu‘
v intervalu 120, 150, 180 a 210 minut po konzumaci potraviny u zdravych osob

8. Posoudit bezpecnost testovani GI u osob s diabetem 1. typu

9. Posoudit hyperglykemizujici silu rGznych perordlnich ptipravki glukézy (bukalni
sprej, tablety, gel) za ucelem snizeni rizika hypoglykemie

10. Posoudit spolehlivost senzorii CGMS pii dlouhodobém pouzivani a piesnost

kalibra¢nich glukometrii
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4 METODY

V této

¢asti

jsou  strucné

rekapitulovany  metody

stanoveni

glykemického

indexu u zdravych osob a u osob s diabetem 1. a 2. typu, které byly pouzity k dosazeni

hlavnich cilti. Podrobnosti a metody k dosazeni cili vedlejSich jsou uvedeny v pfislusnych

abstraktech, na posterech a v publikacich ,,in extenso*.

Tabulka 3 uvadi ptehled studii zaméfenych na vySetiovani glykemického indexu

potravin, na nichz se autorka této disertacni prace podilela.

Tabulka 3 Prehled studii zamérenych na stanoveni GI potravin, které byly provedeny na
Ustavu fyziologie a na II. Interni klinice LEUP v Olomouci od roku 2004

Studie

Rok

Testované potraviny

Osoby

N

Metoda

Publikace

DEGIF1

2004

Jable¢na presnidavka Hami, Ryzové
chlebicky Racio, Jogurt Revital jahoda
Olma, Horka cokolada ,,Studentska
pecet™

Zdravi

20

Advance,
CGMS

P1, P3, P35,
P7

DEGIF2

2005

Jable¢na presnidavka Hami, Ryzové
chlebicky Racio, Jogurt Revital jahoda
Olma, Horka cokolada ,,Studentska

%¢

pecet

DM 1

20

CGMS

P5, P8

DEGIF3

2005

Jable¢na presnidavka Hami, Ryzové
chlebicky Racio, Jogurt Revital jahoda
Olma, Horka cokolada ,,Studentska
pecet™

DM 2

16

CGMS

PS5, P13

DEGIF4

(Rozsitené
GI)

2007

Pseni¢né chlebicky Racio s ¢oko-
laddovou polevou, Hotka cokolada
(70% kakao), Bramb. kaSe, rybi prsty,
maslo, Oplatky Kolonada, Ryzové
chlebicky Racio s cokoladovou
polevou, Rohliky Penam 2ks (100 g),
Merunkové knedliky s méslem, Rajska
polévka, Med lipovy

Zdravi

20

CGMS

P12

DEGIF5

2008

tukem
Florian
Sunkou,
Revital

Zitny  chléb s rostlinnym
Ryzové chlebicky, Jogurt
jahoda Olma, Rohliky se
Pseni¢né chlebicky, Napoj
active aloe vera Olma

Zdravi

20

CGMS

DEGIF6

2010

Raciolky  syrové, Pravé hotické
trubicky c¢oko, Hotické bezlepkové
susenky, Jogurt Revital vanilka Olma,
Pravé hotické trubicky dialife, Hotické
suSenky dialife

Zdravi

19

CGMS

V dalsi

casti této kapitoly jsou pro ilustraci uvedeny zékladni charakteristiky vybranych

testovanych potravin (Tabulka 4) a osob (Tabulka 5 a 7), o nichz je pojedndno v hlavnich

studiich [P1, P3, P5, P7, P8, P13].
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4.1 Testované potraviny

Pfi vybéru potravin byly brany v potaz nasledujici faktory: sloZeni a vyzivova hodnota,
chutové vlastnosti a bézna dostupnost na trhu. Testované potraviny pochazely z riznych
skupin (ovocny vyrobek, obilny vyrobek, mléény vyrobek, pochutina). V zékladnich studiich
DEGIF1, DEGIF2, DEGIF3 byly se standardem (gluk6zou) testovany ctyii potraviny.
Obrazek 4 az 8 ukazuje velikost originalniho baleni 1 velikost testované porce s obsahem 50g

sacharidt. Testovana osoba konzumovala tuto porci béhem péti az deseti minut.

v

1. Standardni potravina — roztok ¢isté glukozy (Obrazek 4)

v

2. Jable¢na presnidavka Hami (Obrazek 5)

v

3. Ryzové chlebicky Racio (Obrazek 6)

|
o i A
"s—\jﬁ!“" J ii.‘\{l«i%’
4. Jahodovy jogurt Revital (Obrazek 7) > :,, -

v

5. Hotka ¢okolada Studentské pecet’ (Obrazek 8)

21



Tabulka 4 Charakteristika testovanych potravin (hodnoty v testované porci) [P1, P3, P5, P7,
P13]

. ; . Energie
Potravina Porce Sacharidy Bilkoviny Tuky celkeg;n
(2] [gl [kJ] (2] [kJ] (2] [kJ] [kJ]

Glukoéza (20%) 250,0 50,0 850,0 0,0 0,0 0,0 0,0 850,0
Jable¢na presnidavka Hami 277,8 5,0 850,0 0,6 10,2 0,6 23,4 883,6
Ryzové chlebicky Racio 60,3 50,0 850,0 4,8 81,6 0,7 27,3 958.,9
Jogurt Revital jahoda Olma 312,5 50,0 850,0 10,6 | 180,2 6,6 | 2574 1287,6
Hoftka ¢okolada Studentska pecet’ 91,9 50,0 850,0 5,9 | 100,3 24,3 | 9477 1898,0

4.2 Testované osoby

4.2.1 Zdravi probandi

K testovani potravin se hldsili studenti Lékarské fakulty Univerzity Palackého
v Olomouci, z nichz bylo vybrano 20 dobrovolnikd. Po piedstaveni studie vSichni Gcastnici
podepsali informovany souhlas schvaleny etickou komisi. Kazdy proband prod¢lal vstupni

1ékatskou prohlidku véetné laboratorniho vysetfeni metabolickych parametri (Tabulka 5).

Tabulka 5 Charakteristika zdravych probandii [P1, P3, P5, P7, P13]

Parametr Primér + SE Referenéni rozmezi

N 20 n/a
Muzi/zeny 6/14 n/a
Vék (min. — max.) [roky] 20-31 n/a
BMI [kg/m2] 22+3,1 <25
Puls [pocet tepl/min] 74,0157 60-90
Systolicky krevni tlak [torr] 117,0+14,6 <130
Diastolicky krevni tlak [torr] 76,0£7,9 <85
HbAlc [%] * 2,940,2 <4,0
C-peptid [ug/1] 1,440,5 1,1-5,0
Inzulin [mIU/1] 8,5+2,7 8,0-34,5
Celkovy cholesterol [mmol/1] 4,5+0,8 <5
LDL- cholesterol [mmol/1] 2,340,7 1,2-2,6
HDL- cholesterol [mmol/1] 1,7+0,5 1,0-1,6
Triacylglyceroly [mmol/1] 1,0£0,6 0,8-1,6

* Poznamka: HbAIc je uveden dle kalibrace IFCC, prevodni vztah ze Skaly NGSP zni:
IFCC=(NGSP-2,15)/0,915.

Pro prevod koncentrace C-peptidu do jednotek SI plati vzorec:
C-peptid [ug/l] - 0,333 = C-peptid [umol/l].
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Usporadani studie u zdravych probandi

Na zacatku studie probéhla edukace probandi v obsluze glukometri Advance,
Hypoguard, a CGMS monitort. Probandi si nacviCili uzivani glukometri a zadéavani
glykemickych hodnot do monitoru CGMS a byla simulovana situace, kdy monitor hlasi

alarm. Probandi byli pouceni jak pecovat o misto inzerce senzoru.

S ohledem na omezeny pocet CGMS monitorli, probéhla studie u zdravych
probandu v 5 skupinach po 4 clenech. V kazdé skupin€¢ byl dvéma probandim zaveden
CGMS prvni generace a dvéma probandim CGMS Gold. CGMS senzor byl zaveden do
oblasti hyzd¢ a po inicializaci byl ponechan v podkozi po dobu 8 dni.

Probandiim byl predstaven studijni protokol a rezim nasledujicho tydne a byli vyzvani:

- aby co nejrychleji zkonzumovali testovanou potravinu spolu s 300 ml vody nebo
neslazeného Caje na snidani (v dob€ od 5 do 9 hodin rdno) nebo veceti (v dobé od 17
do 20 hodin) podle stanovené¢ho planu (viz tabulka). Poziti dalSiho jidla nebylo
dovoleno v ¢asovém intervalu dvou hodin od poc¢atku konzumace.

- aby pred zahajenim konzumace zadali do monitoru funkci ,,food*

- aby si zméfili, zaznamenali do protokolu a zadali do monitoru CGMS glykemii
v ¢ase 0 (zacatek konzumace), 15, 30, 45, 60, 75, 90, 105, 120 minut a zapsali ¢as
dokonceni konzumace do protokolu.

- aby pfes noc (od veceie do snidan¢) a 4 hodiny pred veceti lacnéli; pfijem neslazenych
tekutin byl povolen podle pfani probanda kromé posledni hodiny pied konzumaci
testované potraviny a dvé hodiny po konzumaci.

- aby nepili alkohol a nekouftili

- aby zaznamenavali fyzickou aktivitu do protokolu

- aby zapsali jakékoliv odchylky od studijniho planu do protokolu

Kazdy proband obdrzel 15 porci potravin (to jest kazdou potravinu véetné glukozy tiikrat)

a schéma, které¢ urcovalo potadi kozumace potravin (Tabulka 6)

Tabulka 6 Poradi testovanych potravin u zdravych [P1, P3, P5, P7, P13]

Den 1 2 3 4 5 6 7 8
PR . Ryzové | . Jable¢na | Jahodovy . RyZové
Snidané Glukoza chlebicky Cokoldda presnidavka | jogurt Glukoza chlebicky
Veteie | Cokolada VJabl,ec’n a Jah odovy Glukoza Ryzgye Cokolada vJabl,ec,na Ja.h odovy
presnidavka | jogurt chlebicky presnidavka | jogurt
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Po konzumaci posledni potraviny byl probandiim odstranén senzor a pomoci Com Station
a Minimed Medtronic Solutions Software MMT 7310 v.3.0B (Northridge, USA) byla
prevedena data z CGMS monitoru do pocitace. K pfevodu dat z glukometri Advance byl
pouzit Glucobalance software (Hypoguard, Woodbridge, VB). Pfed dalSim zpracovanim byla
vSechna data ptekontrolovana a doplnéna o ptipadné chybéjici udaje.

Na konci studie probandi vyplnili dotaznik, jehoz cilem bylo zjistit, kterd metoda pro né

byla pohodlnéjsi a které by v budoucnu dali ptednost.

4.2.2 Probandi s diabetem 2. typu

Z 35 oslovenych osob s DM2 lé€enych perordlnimi antidiabetiky souhlasilo s ucasti ve
studii 21 osob. Studii ale ukoncilo jen 19 probandil, nebot’ jedna probandka ucast z osobnich
divodt prerusila a jeden proband onemocnél. Dalsi 3 probandi byli vylouceni pro vypadek
nekterych dat. Do statistické analyzy tak mohlo byt zafazeno pouze 16 probandt (Tabulka 7).
V této hodnocené skupiné bylo 7 probandl léCeno stimulatory B-bunék, 3 metforminem,
3 kombinaci metforminu a stimulatord B-bunék a 3 byli 1é€eni kombinaci metforminu
a inzulinu. Davky inzulinu zGstaly v pribéhu studie nezménény.

Probandi byli podrobné sezndmeni s prubéhem studie a pied jejim zahdjenim podepsali
informovany souhlas schvaleny etickou komisi. Kazdy proband prod¢€lal vstupni 1€ékarskou

prohlidku vcetné laboratorniho vysetieni metabolickych parametra.

Tabulka 7 Charakteristika probandit s DM2 [P13]

Parametr Primér + SE Referen¢ni rozmezi

N 16 n/a
Muzi/zeny 4/12 n/a
Vek [roky] 56,7+£2,3 n/a
Trvani diabetu [roky] 6,2+0,9 n/a
BMI [kg/m2] 31,9+1,2 <25
Puls [pocet tept/min] 75423 60-90
Systolicky krevni tlak [torr] 141+2,6 <130
Diastolicky krevni tlak [torr] 87+8,7 <85
HbAlc [%] * den 1 5,3+0,48 <40
HbAlc [%] * den 38 5,3+0,49 <4,0
C-peptid [ug/1] 3,55+0,4 1,1-5,0
Celkovy cholesterol [mmol/1] 5,00+0,38 <5
LDL- cholesterol [mmol/l] 2,50+0,26 1,2-2,6
HDL- cholesterol [mmol/1] 1,25+0,09 1,0-1,6
Triacylglyceroly [mmol/1] 2,84+0,58 0,8-1,6

* Viz poznamka pod tabulkou 5
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Usporadani studie u osob s diabetem 2. typu

Podobné jako u zdravych probandi, probéhla na zacatku studie edukace v obsluze
glukometri Advance a CGMS monitorti a ve vedeni studijniho protokolu. Probandiim s DM2
byly dany stejné instrukce ke konzumaci potravin jako zdravym. Probandi si nacvi€ili uzivani
glukometrt a zadavani glykemickych hodnot do monitoru CGMS a byla simulovana situace,

kdy monitor hlasi alarm. Probandi byli pouceni jak peCovat o misto inzerce senzoru.

U osob s DM2 studie trvala asi 40 dni (Obrazek 9). Na zacatku a na konci této doby
probéhly faze testovani potravin, béhem kterych probandi testovali stejné potraviny jako

skupina zdravych. Kromé toho byl tfikrat proveden test se smiSenou stravou.

Placebo PAD

Hf

Test 4
Den 1 9 38

Obrazek 9 Usporddani studie u osob s DM2; den 1 — 9 odpovida prvni fazi testovani potravin,
dnem 38 byla zahdjena druha faze[P13]

Mixed Meal Test (test se smiSenou stravou)

U osob s DM2 byl rovnéz proveden tzv. Mixed Meal Test (MMT), ktery pozustaval
z konzumace 500 ml napoje nasledujiciho slozeni: 75 g sacharidi, 58 g tuki a 30 g
bilkovin o celkové energetické hodnoté cca 4100 kJ. Tento test byl proveden nalacno celkem
ttikrat (den 2, den 9 a den 39) a jeho ucelem bylo detailni posouzeni dysfunkce 3 - bun¢k
prostiednictvim stanoveni koncentraci glukozy, c-peptidu, inzulinu v zilni krvi béhem
120 minut po konzumaci MMT. Podrobné jsou vysledky tohoto testu zpracovany
v ptiloZenych publikacich [P4, P10].
Prvni faze testovani potravin (Den 1-9)

Probandi testovali potraviny podobné¢ jako skupina zdravych vzdy na snidani a na vecefi

podle ur¢eného schématu (Tabulka 8)
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Tabulka 8 Poradi testovanych potravin u osob s DM2

Den 1 2 3 4 5 6 7 8 9
Snidané MMT | Glukoza | RVZOV€ | tokolada | J3DIeCRA JJahodovil ey | pvir
chlebicky presnidavka | jogurt
Test 1 1 2 3 2 3
"« Jablecna | , Jable¢na | Jahodovy A Ryzové - . Ryzové Jahodovy
Vecere presnidavka Cokoldda presnidavka | jogurt Glukéza chlebicky Cokoldda chlebicky jogurt
Test 1 1 2 1 2 2 2 3 3

MMT — Mixed Meal Test

Den 1 — zavedeni senzoru a inicializace CGMS, probandim byly pfedany testované
potraviny v porcich obsahujicich 50 g vstiebatelnych sacharidii (celkem 15 porci vcetné

standardni potraviny) a piesny pocet placebo tablet.
Den 2 — zacatek placebo faze (vSechny tablety PAD byly nahrazeny tabletami placeba)
Den 9 — konec placebo fadze a odstranéni senzoru a obnova uzivani PAD v plivodnich
davkach
Druha faze testovani potravin (Den 38-40)

Druhd faze testovani potravin zacfala piiblizné za 5 — 6 tydni po zahajeni
studie a trvala 3 dny. Na tyto 3 dny byl probandim opét zaveden senzor CGMS a kazda

potravina byla testovana jednou (test 4). Behem této faze probandi uzivali PAD jako obvykle.
Vstupni a vystupni vySetieni probandii

Ve skupiné zdravych bylo provedeno kompletni vySetteni, které sestavalo z laboratorniho
vySetfeni krve a moci a fyzikéalniho vysetieni, jehoz soucasti bylo métfeni antropometrickych
parametra pied zaCatkem testovani potravin.

Ve skupiné osob s DM2 bylo stejné jako u zdravych provedeno vstupni vySetieni a navic

vystupni vySetfeni na konci studie.

4.3 Vypocet glykemického indexu ve skupiné zdravych a ve
skupiné osob s DM 2

Glykemicky index se vypocita jako pomér plochy pod glykemickou kiivkou (IAUC-

Incremental Area Under the Curve) testované potraviny a plochy pod kfivkou potraviny

standardni v obdobi 120 minut od zac¢atku konzumace (Obrazek 10). U zdravych probandu se

GI pocital vzdy z primeéru 3 testl testované i1 standardni potraviny.
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ol — Primeérna IAUC testované potraving 100 1%
Primeérna IAUC standardnd potravingy (%]

Pro G, < G, plati S=0

30 45 60 75 90 105 120
' ¢as [min]

Konzumace 50 g sacharidu

Obrazek 10 Vypocet inkrementdlni plochy pod kifivkou (IAUC). IAUC = 3S;i=1, ..., 24,
G, = koncentrace glukozy v case i; Gy = vychozi koncentrace glukozy; At = 5 min [P7, P13]

Stanoveni GI z hodnot méfenych na glukometrech

Z 9 hodnot koncentrace glukézy v kapilarni plazmé v case 0, 15, 30, 45, 60, 75, 90,
105 a 120 minut méfenych na glukometru Advance byly sestrojeny kiivky TAUC. Testy, které
nebyly kompletni, t.j. neobsahovaly 9 hodnot, byly vylou¢eny. Rovnéz byly vylouceny testy,

u kterych byla koncentrace glukézy v ¢ase 0 vyssi nez 7,0 mmol/I.
Stanoveni GI z hodnot mérenych CGMS

Ke kalkulaci GI bylo po stazeni dat z monitoru CGMS pomoci Com Station do pocitace
pouzito programu DEGIF XL [A7, A8, P7]. Obrazek 11 ukazuje jeden spreadsheet programu
DEGIF XL, kde je zachycen pribéh glykemie po poziti glukozy (Cervena kiivka) a plocha
pod kiivkou po poziti jable¢né ptesnidavky (modrozelené plocha) u probanda cislo 20. Vlevo
nahofe jsou numerické hodnoty skupinovych GI pro jednotlivé testované potraviny
(G — glukéza, A — jable¢na ptesnidavka, R — ryzové chlebicky, Y — jogurt jahoda,
C — ¢okolada), pod tim jsou hodnoty individualnich GI probanda ¢islo 20. Misto probanda 20
lze kliknutim mySi zvolit kteréhokoliv jiného probanda a tak rychle ziskat piehled

o individualnich glykemickych indexech.
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Statistical results DegifAL
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Obrazek 11 Ukdzka softwarového programu (Spread sheet) programu DEGIF XL; vypocet GI
u jablecné presnidavky [P5]

Z 25 hodnot koncentrace glukdzy v kapilarni plazmé v ¢ase 0, 5, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115 a 120 minut métenych pristrojem
CGMS byly sestrojeny glykemické kiivky, podle nichz byla vypoctena inkrementélni plocha
pod kiivkou (IAUC). Vylouceny byly testy s méné nez 20 hodnotami a testy, u nichz hodnoty
ISIG byly mensi nez 10nA.
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Plochy pod glykemickou kiivkou byly obéma metodami sestaveny u kazdého probanda
pro kazdé testované jidlo — u zdravych probandl pro kaZzdou potravinu tfi kiivky - IAUC,,
IAUC,, TAUC; a c¢tyii kiivky pro kazdou potravinu - TAUC,, TAUC,, IAUCs;,
IAUC4 u probandii s DM2.

4.4 Statisticka analyza

Ke zpracovani vysledkl byly pouzity MS Excel, softwarovy program DEGIFXL, ktery je
podrobné popsan v publikovanych pracech [A7, A8, P7] a statisticky program SPSS v. 15.0.
(SPSS Inc., Chicago, IL, USA).

4.4.1 Zdravi probandi

K porovnani glykemickych indexti jednotlivych potravin stanovenych stejnou metodou
bylo pfi normalnim rozlozeni dat pouzito analyzy rozptylu (ANOVA) a pii nenormalnim
rozlozeni Mann-Whitneyho testu. K porovnani glykemickych indext stanovenych u stejné
potraviny dvéma riiznymi nezavislymi metodami (metodou konvencéni a metodou CGMS)
bylo pfi normdlnim rozloZeni pouZito Studentova parového t-testu a pfi nenormalnim
rozlozeni neparametrického testu dle Wilcoxona. P< 0,05 bylo povazovano za statisticky

signifikantni.

4.4.2 Osoby s diabetem 2. typu
V ptipadech, kde Shapiro-Wilkiv test prokdzal nenormalni rozloZeni hodnot, byly
ke statistickému porovnani pouzity neparametrické testy (Friedmanniiv test, Wilcoxoniv test,

Mann-Whitneiv test).

Po kalkulaci GI u Testu 1, 2, 3, 4 bylo k porovnani GI pouzito Friedmannova
testu a nasledné¢ Wilcoxonova testu. K ur¢eni P byla provedana korekce dle Bonferroniho.

Srovnani GI testu 4 a GI u zdravych bylo provedeno pomoci Mann-Whitneyova testu.
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5 VYSLEDKY

Vysledky jednotlivych dil¢ich ukola (cilit) byly od roku 2005 priibézné prezentovany na
odbornych konferencich Ceské diabetologické spole¢nosti, Slovenské diabetologické
spolecnosti, Némecké diabetologické spolecnosti, Rumunské diabetologické spolecnosti,
Evropské spolecnosti pro studium diabetu, Americké diabetologické asociace a na dalSich
narodnich a mezindrodnich konferencich. Abstrakta sdéleni byla publikovana v odbornych
casopisech nebo ve sbornicich nebo v elektronické podobé (viz ptiloha A1 — A32). Prezentace
probéhla bud’ formou posterti (abstrakt A1 — A20 a Poster 1 — Poster 20), nebo prednasek
(abstrakt A21 - A25), nebo formou publikace ,,published only* (abtrakt A26 - A32).

V navaznosti na zminéna kongresova a konferencni sdéleni bylo ptipraveno 13 ptivodnich
védeckych publikaci, které tvori jadro této prace a jsou uvedeny ,,in extenso* pod oznac¢enim
P1 — P13. Tyto prace obsahuji podrobny popis metod a vysledki, které jsou v tomto

privodnim textu popsany v kapitole 4 a 5 jen v zékladnich rysech.

Tabulka 9 a tabulka 10 shrnuji dosud publikované vysledky k jednotlivym cilim
1. Vypracovat metodu stanoveni GI pomoci kontinualniho monitorovani glykemie
2. Zjistit GI u vybranych druhii potravin u zdravych a u osob s diabetem 2. typu

3. Porovnat hodnoty GI stanovené pomoci kontinualniho  monitorovani

glykemie a pomoci glukometru
4. Porovnat hodnoty GI u zdravych osob a u osob s diabetem 2. typu

5. Zjistit vliv perordlnich antidiabetik na hodnotu glykemického indexu u osob

s diabetem 2. typu
6. Porovnat hodnoty GI stanovenych u zdravych osob v riznou denni dobu

7. Zjistit postprandialni vyvoj glykemie a vyvoj ,rozsifeného glykemického indexu*

v intervalu 120, 150, 180 a 210 minut po konzumaci potraviny u zdravych osob
8. Posoudit bezpe€nost testovani GI u osob s diabetem 1. typu

9. Posoudit hyperglykemizujici silu raznych peroralnich ptipravka glukézy (bukalni

sprej, tablety, gel) za ucelem snizeni rizika hypoglykemie

10. Posoudit spolehlivost senzori CGMS pii dlouhodobém pouzivani a piesnost

kalibra¢nich glukometri
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Tabulka 9 Publikované vysledky — abstrakta v chronologickém poradi a prislusné cile

A

AutoFi, nazev, asopis

Cil

Al

Jelenova D, Chlup R, Chlupova K, Studentova H, Bartek J, Seckat P, Zapletalova J.
Stanoveni glykemického indexu cokolady a jogurtu. Diabet Metabol Endokrin Vyz. 2005;
8(Suppl 1):2(Abstrakt P33). http://www.tigis.cz/dmev/DMEV

1,2

A2

Chlup R, Jelenova D, Chlupova K, Studentova H, Bartek J, Seckat P, Zapletalové J.
Bestimmung des glykédmischen Indexes verschiedener Nahrungsmittel (Schokolade,
Yoghurt) bei stoffwechselgesunden Probanden mittels Continuous Glucose Monitoring
System (CGMS). Diabetes und Stoffwechsel. 2005; 14(Suppl 1):59, (Abstrakt P129)
http://www.deutsche-diabetes-gesellschaft.de/jahrestagung2005/

1,2

A3

Chlup R, Jelenova D, Chlupova K, Zapletalova J, Bartek J. Function and accuracy of
glucose sensors beyond their expiry date. Diabetes, 2005, 54 (Supp!l 1): A138 (Abstrakt
P560).

1,10

A4

Chlupova K, Kohnert KD, Heinke P, Augstein P, Chlup R, Salzsieder E. Resultate
kontinuierlicher Glukosemessungen (CGMS) unter ambulanten Bedingungen zur
Beurteilung der Stoffwechseleinstellung bei T2DM. Diabetologie und Stoffwechsel.
2006,1:895(AbstraktP231).

hitp://'www.deutsche-diabetes gesellschaft.de/jahrestagung2006/

AS

Chlup R, Jelenova D, Kudlova P, Bartek J, Nakladalova M, Seckar P, Zapletalova J,
Langova K, Pukowietz L, Chlupova K. Konventionelle Bestimmung des glykdmischen
Indexes verschiedener Nahrungsmittel (Schokolade, ApfelmuB3, Reisbrot, Yoghurt) bei
pumpenbehandelten Typ 1 Diabetikern. Diabetologie und Stoffwechsel. 2006, 1(Supp! 1):
S154 (AbstractP421).http.//www.deutsche-diabetes-gesellschaft.de/jahrestagung2006/

A6

Chlup R, Jelenova D, Chlupova K, Bartek J, Studentova H, Zapletalova J, Langova K,
Chlupova L. Continuous Glucose Monitoring — A new effective approach to determine
the glycemic index od foods (DEGIF1). J Diabetes Sci Technol. 2007, 1(2):334(Abstract
21); www.journalofdst.org/March2007

1,2

A7

Chlup R, Seckat P, Kudlova P, Peterson K, Langova K, Bartek J. Demonstrace nového
softwarového programu DEGIFXL ke stanoveni skupinového a individualniho
glykemického indexu potravin pomoci CGMS. Diab Metabol Endokrin Vyz. 2007;
10/1:57(Abstrakt). www.tigis.cz/dmev

1,2

A21

Chlup R, Seckat P, Zapletalova J, Langova K , Kudlova P, Peterson K, Bartek J,
Hucikova J. DegifXL - a new software program for determination pf group-related and

person-related glycemic indexes of foods by means of continuous glucose monitoring
system CGMS. Acta Diab Romana. 2007,;33/1: 351 (Abstract)

1,2

A8

Fajkusova Z, Seckat P, Kudlova P, Hucikova J, Peterson K, Pfibylova H, Matuskova H,
Fajkosova L, Langova K, Chlup R. Demostration of new software program DegifXL4 for
the determination of the glycaemic indices of foodstuffs. (Abstract);
www.aidpit.org/abstracts/Abstracts2008.pdf

1,2

A9

Ptibylova H, MatuSkova V, Fajkusova Z, Langova K, Peterson K, Kudlova P, Chlup R.
Acceptance of long-lasting continuous glucose monitoring system (CGMS™) in persons
with diabetes on insulin pumps. (4bstract);

www.aidpit.org/abstracts/Abstracts2008.pdf

10

Al0

Chlup R, Peterson K, Langova K, Zapletalova J, Pribylova H, Matuskova V, Hucikova J,
Kudlova P, Pallayova M. High correlation between hemoglobin Alc and average 1- to 3-
month interstitial fluid glucose concentrations. J Diabetes Sci Technol.
2008 ;2(2):328(Abstract 26); http://www.journalofdst.org/March2008/

10

All

Peterson K, Chlup R, Langova K, Zapletalova J, Pfibylova H, Huc¢ikova J, Jadvis¢okova
T, Kudlova P, Pallayova M. Reduction of hemoglobin Alc resulting from 1 month of
continuous glucose monitoring in persons with type 1 diabetes on Paradigm 722. J
Diabetes Sci Technol. 2008, 2(2):328(Abstract 144).
http://www.journalofdst.org/March2008/
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Autofi, nazev, ¢asopis

Cil

Al2

Chlup R, Matuskova V, Fajkusova Z, Jadviscokova T, Pallayova M, Kudlova P,
Peterson K, Langova K. Riziko lokalnich komplikaci pii dlouhodobém pouzivani
senzoru CGMS. Diab Metabol Endokrin Vyz. 2008; 11(Suppl 1):44(Abstract).
WWW.Ligis.cz/dmey

10

Al3

Peterson K, Lippaiova N, Chlup R, Pallayova M, Langova K. Efficiency of simple
algorithms for premeal boluses in high glycemic index meals in persons with type 1
diabetes mellitus using insulin pumps and transcutaneous sensors. Diabetes.
2008; 57(Suppl 1): A471(Abstract 1695-P).

Al4

Chlup R, Matuskova V, Jadvis¢okova V, Ptibylova H, Kudlova P, Pallayova M, Langova
K, Lippaiova N, Peterson K. Is prolonged insertion of transcutaneous sensors safe? /st
International |Conference on Advanced Technologies and Treatments for Diabetes,
Prague, Czech Republic, February 27 - March 1, 2008 Program &Abstracts:75(Abstract)
www.kenes.com/attd2008

1,10

Al5

Chlup R, Fajkusova Z, Matuskova V, Fajkosova L, Hucikova J, Pallayova M, Kudlova P,
Zapletalova J, Luza J, Peterson K. Glycaemic index development in the course of 210
minutes after food intake in healthy volunteers. Ist International |Conference on
Advanced Technologies and Treatments for Diabetes, Prague, Czech Republic, February
27 - March 1, 2008 Program & Abstracts:75 (Abstract); www.kenes.com/attd2008

Al6

Chlup R, Peterson K, Zapletalova J, Langova K, Seckar P, Kudlova P. Relation between
glycemic index of ingested foods and mean plasma glucose concentration measured by
CGMS in healthy persons. 2nd International Conference on Advanced Technologies and
Treatments for Diabetes, Athens, Greece, February 25 - 28, 2009 Abstracts:204(Abstract
204),; www.kenes.com/attd2009

10

Al7

Chlup R, Doubravova B, Zapletalova J, Peterson K, Langova K, Bartek J. Accuracy of
wawesense technology glucometer Linus in daily routine. 2nd International Conference
on Advanced Technologies and Treatments for Diabetes, Athens, Greece, February 25-28,
2009 Abstracts: 126(Abstract 126); www.kenes.com/attd2009

10

Al9

Chlup R, Zapletalova J, Peterson K, Perera R, Langova K, Tancred A, Smital J,
Pribylova H, Poljakova 1. Impact of buccal glucose spray, liquid sugars and dextrose
tablets on the evolution of plasma glucose concentration in healthy persons. Diabetologia.
2009; 52(Suppl 1):5319-320(Abstract 813).

A25

Chlup R, Pribylova H, Zapletalova J, Posker J, Hradilova Z, Kudlova P, Peterson K,
Nakladalova M. Pokles koncentrace HbAlc pii dlouhodobém kontinudlnim monitoringu
glykémie u osob s diabetem 1éCenych inzulinovou pumpou nepietrvava po jeho skonceni.
Diab Metabol Endokrin Vyz. 2010; 13(Suppl 1): 28(Abstrakt).

10

A20

Peterson K, Chlup R, Zapletalova J, Kudlova P, Ptibylova H, Bartek J: Weak relation
between daily energy intake and mean plasma glucose concentration in healthy persons as
assessed by continuous glucose monitoring. Diabetes. 2010; 59(Suppl 1): A467-A468
(Abstract 1787-P).

10
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Tabulka 10 Publikované vysledky — publikace v chronologickém poradi a prislusné cile

P

Autofi, nazev prace, ¢asopis

Cil

P1

Chlup R, Jelenova D, Kudlova P, Chlupova K, Bartek J, Zapletalova J, Langova K, Chlupov4
L. Continuous glucose monitoring - A novel approach to the determination of the glycaemic
index of foods (DEGIF1). Exp Clin Endocrinol Diabetes. 2006, 114:68-74.

1,2,3

P2

Chlup R, Jelenova D, Chlupova K, Zapletalova J, Chlupova L, Bartek J. Function and
accuracy of glucose sensors beyond their stated expiry date. Diabetes Technol Ther. 2006,
8(4):495-504.

1,10

P3

Chlup R, Zapletalova J, Jelenova D, Chlupova K, Bartek J, Rehofova J. Glykemicky
index hotké cokolady, ovocného jogurtu, jable¢né ptesnidavky a ryzovych chlebickt
u zdravych osob. Diabetes a obezita. 2006, 6(11): 103-112.

1,2

P4

Kohnert KD, Augstein P, Heinke P, Zander E, Peterson K, Freyse EJ, Salzsieder E.
Chronic hyperglycemia but not glucose variability determines HbAlc levels in well-
controlled patients with type 2 diabetes. Diabetes Res Clin Pract. 2007;77(3):420-426

10

P5

Chlup R, Kudlova P, Peterson K, Slezdkova L, Bartek J, Nakladalova M, Seckai P,
Zapletalova J, Langova K, Tancosova S, Doubravova B. Glykemicky index potravin
u osob s diabetem 1. a 2. typu a u zdravych. Diabetes a obezita. 2007, 13:78-89.

P6

Chlup R, Peterson K, Kudlova P, Matuskova V, Huéikova J, Zapletalova J, Novotny D. Vliv
konvenéniho a kontinualniho selfmonitoringu glykemie na koncentrace HbAlc u osob
s diabetem lécenych inzulinovou pumpou. Diabetes a obezita. 2008, 8(16):55-64.

P7

Chlup R, Seckat P, Zapletalova J, Langova K, Kudlova P, Chlupova K, Bartek J, Jelenova D.
Automated computation of glycemic index for foodstuffs using continuous glucose mo-nitoring.
J Diabetes Sci Technol. 2008; 2(1):67-75. http://www.journalofdst.org/January2008/

1,6

P8

Lippaiové N, Pallayovd, Kuzmina G, Peterson K, FajkoSova L, Luza J. Safety Of New
Algorithms for Premeal Insulin Boluses in High Glycaemic Index Meals in Persons with
Type 1 Diabetes Mellitus Using Insulin Pumps. Biomed Pap Med Fac Univ Palacky
Olomouc Czech Repub. 2008, 152(1):73-77.

P9

Peterson K, Zapletalova J, Kudlova P, Matuskova V, Bartek J, Novotny D, Chlup R.
Benefits of three-month continuous glucose monitoring for persons with diabetes using
insulin pumps and sensors. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub.
2009, 153(1):47-51.

10

P10

Kohnert KD, Augstein P, Zander E, Heinke P, Peterson K, Freyse EJ, Hovorka R,
Salzsieder E. Glycemic variability correlates strongly with postprandial beta-cell
dysfunction in a segment of type 2 diabetic patients using oral hypoglycemic agents.
Diabetes Care. 2009; 32(6):1058-1062.

P11

Chlup R, Zapletalova J, Peterson K, Poljakova I, Lenhartova E, Tancred A, Perera R,
Smital J. Impact of buccal glucose spray, liquid sugars and dextrose tablets on the
evolution of plasma glucose concentration in healhy persons. Biomed Pap Med Fac Univ
Palacky Olomouc Czech Repub. 2009; 153(3):205-209.

P12

Chlup R, Peterson K, Zapletalova J, Kudlova P, Seckat P. Extended prandial glycemic
profiles of foods as assessed using continuous glucose monitoring enhance the power of
the 120-Minute glycemic index. J Diabetes Sci Technol. 2010; 4(3):615-624
http://www.journalofdst.org/May2010 .

P13

Peterson K, Chlup R, Zapletalova J, Kohnert KD, Kudlova P, Bartek J, Nakladalova M,
Doubravova B, Seckat P. Influence of oral antidiabetic drugs on hyperglycemic response
to foods as assessed by continuous glucose monitoring system — a pilot study. J Diabetes

Sci Technol 2010, 4(4) 983-992http.//www journalofdst.org/July2010/

4,5
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5.1 Zdravi probandi

Ve studii Degif 1 bylo celkem provedeno 300 testti, tedy 60 testti pro kazdou z 5 potravin,

pfi sou€asné aplikaci metody konvencni a CGMS metody ke stanoveni GI [P1].

U konvencni metody bylo kompletnich 285 testlh (95%) a u metody CGMS splnilo
pozadavky k dal$imu zpracovani 290 kompletnich testti (97%).

Porovnani hodnot GI stanovenych novou a klasickou metodou u zdravych probandu

U vSech potravin byly za pouZiti obou metod sestrojeny glykemické kiivky, popisujici

vyvoj postprandidlni glykemie 120 minut po poziti potraviny (Obréazek 12).
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Z kiivek na Obrazku 12 byly vypocteny glykemické indexy. Hodnoty téchto
glykemickych indexti (stanovenych pii vyuziti konvenéni a CGMS metody) jsou shrnuty

v tabulce 11.

Tabulka 11 Glykemické indexy [%)] jednotlivych potravin stanovenych konvencni metodou
(glukometrem Advance) a pomoci CGMS u zdravych osob [Pl]

Potravina Veli¢ina Glukometr Advance CGMS P
Median 100 100
Glukéza Primér 100 L
SE 0 0
N 20 20
Median 40 47
Jableéné Prﬁmér 46 54 07356
presnidavka SE 43 24
N 20 20
Median 76 77
Ryzové Primér 77 77 0,955
chlebicky SE 46 63
N 20 20
Median 40 32
Jahodovy Primér 43 38 0,395
jogurt SE 45 48
N 20 20
Median 37 39
Hotka dokolada | Framer 44 44 0,944
SE 5,0 4,9
N 20 20

Vyhodnoceni preferen¢nich dotazniki

Z odpovédi probandli na dotazy v preferenénim dotazniku vyplynulo, Ze 11 (55%) by
v budoucnu upiednostnilo metodu CGMS z divodu vétsiho pohodli a mensi bolestivosti
béhem jednotlivych testd, 7 (35%) probandi dalo ptfednost metodé¢ konvenéni kvili
nepfitomnosti pfistroje s kabelem na téle a 2 (10%) nepocitovali velky rozdil mezi obéma

metodami [P1].
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5.2 Porovnani hodnot GI u zdravych a u osob s diabetem 2. typu

Nebyly nalezeny statisticky signifikantni rozdily mezi GI potravin u zdravych a u osob

s diabetem 2. typu (Obrazek 13, Tabulka 12) [P1, P13]. Jedinou vyjimkou byla jablecna

presnidavka, u které byla hodnota GI u testu 4 u diabetikt signifikantné niz$i nez hodnota GI

u zdravych (28 £ 6,4% vs. 54 £ §,4%, p=0,002).
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Obrazek 13 Boxgrafy srovnavajici GI jednotlivych potravin pii testu 1 — 4 u osob s DM2 (test
4 pri plné lecbé PAD) a u zdravych osob; o...odlehla hodnota, *..extrémni hodnota. U Hami
u testu 3 neni zachycena 1 extrémni hodnota > 700%, u ryzovych chlebickii u testu 3 neni
zachycena 1 extrémni hodnota > 1800%; u jogurtu neni zachycena [ extréemni hodnota

>400% [P13]
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5.3 Osoby s DM 2. typu

Tabulka 12 shrnuje skupinové glykemické indexy u osob s DM2 u testu 1, testu 2, testu 3

a testu 4 a GI (primeér 3 testll) u zdravych osob.

Tabulka 12 Glykemické indexy [%] potravin u osob s DM2 a u zdravych [P13]

. oy DM2 | DM2 DM2 Signifikance® | Zdravi | Signifikance”
Potravina | Veli¢ina Test 1 | Test 2 Test 3 DM2 Test 4 P probandi P
Podet dni b 38-50 dni po
ocet ani bez wi 7

0-2 2-5 5-8 opétném | | __________
PAD nasazeni
PAD
Median 100 100 100 100 100
Glukéza |Promér 100 100 100 100
SE
N 16 16 16 15
Median 48 41 48 21 0,012¢ 47 0,002
VJablreé,né Primér 70 47 96 28 54
presnidavka |gp 159 | 66 | 456 6.4 8.4
N 16 16 16 15 20
Median 77 88 91 63 0,154 77 0,615
Ryzové |Primer 91 87 201 76 77
chlebicky |gp 9.0 92 | 1133 11,7 6.3
N 16 16 16 15 19
Median 42 59 47 46 0,428 32 0,089
Jahodovy |Primer 47 63 78 51 38
Jogurt g 55 8.8 25,8 7.8 48
N 16 16 16 15 20
Medidn 41 49 45 44 0,098 39 0,790
Cokolada |Primér 48 58 58 56 44
SE 7,0 7,2 16,4 14,5 49
N 16 16 16 15 20

*Friedmannilv test srovnavajici GI testu 1, testu 2, testu 3 a testu 4, © test 3 versus test 4 (Test podle Wilcoxona)

®Mann-Whitneyiiv test srovnavajici GI zdravych vs. test 4 u osob s DM2

Preprandiilni hodnoty glykemie a priimérna denni glykemie

Analyza variability (ANOVA) neodhalila Zadné statisticky signifikantni rozdily mezi

preprandidlnimi hodnotami glykemie (t.j. hodnotami na zacatku konzumace v Case 0) u testu

1, 2, 3, 4 ani mezi prumérnymi dennimi hodnotami glykemie ve dnech 2, 8 a 39 (11,0 £ 0,77

mmol/l vs. 11,8 £ 0,83 mmol/l vs. 10,7 £ 1,02 mmol/l, primér + SE).
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Hodnoty HbA1c na zacatku a na Konci studie

Srovnani vstupnich (den 1) a vystupnich (den 38) hodnot HbAlc testem podle Wilcoxona
neukazalo statisticky signifikantni rozdil (5,3 £ 0,48% vs. 5,3 + 0,49%, pramér + SE).

Vliv peroralnich antidiabetik na hodnotu glykemického indexu a velikost plochy pod

krivkou u osob s diabetem 2. typu

Srovnani skupinovych hodnot GI u jednotlivych potravin testu 1, testu 2, testu 3 a testu 4

pomoci testu podle Wilcoxona neukazalo statisticky signifikantni rozdily (obrazek 13).

Na druh¢ stran¢ vSak hodnoceni vysledkli GI u jednotlivych osob s DM 2. typu odhalilo
osoby, u kterych se hodnota GI béhem placebo faze (test 1, test 2, test 3) zvySovala a pii testu

4, tedy po opétném nasazeni PAD, se vratila k ptivodni hodnot¢.

U 15 osob s DM 2. typu bylo porovnano 60 parti hodnot GI stanovenych u ¢tyf potravin
(test 3 versus test 4). SniZzeni GI u testu 4 se objevilo u 36 z 60 pard (36/60): u 4 osob
k tomuto snizeni doslo u vsech potravin (16/16), u 3 osob doslo ke snizeni u tfi potravin
(9/12 t.j. u 3 osob bylo srovndno 12 pard, z cehoz u 9 parti doslo ke snizeni GI), u 4 osob

u dvou potravin (8/16) a u 3 osob toto snizeni nastalo u jedné potraviny (3/12).

U kazdé potraviny bylo porovnano 15 parti hodnot GI. Pocet osob, u kterych doslo ke
snizeni glykemického indexu u testu 4 ve srovnani stestem 3 pro jednotlivé
potraviny: u jable¢né ptresnidavky doSlo ke snizeni u 12 osob, tedy u 12 z 15 pard
(12/15), u ryzovych chlebickti u 10 osob (10/15), u jahodového jogurtu u 8 osob (8/15)
a u 6 osob u hotké ¢okolady (6/15).

Srovnani ploch pod glykemickou kiivkou testi 1, 2, 3, 4 pro kazdou potravinu
(obrazek 14) pomoci testu dle Wilcoxona ukdzalo statisticky signifikantni rozdil pouze
u jable¢né presnidavky. V tomto piipadé byla IAUC pfi testu 3 (tedy pii 1écbé placebem) vétsi
nez TAUC pifi testu 4 (tedy pii 1écbeé plnou davkou perordlnich antidiabetik),
a sice 4,4 mmol/l-h versus 2,2 mmol/l-h, P = 0,012.
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Obrazek 14 Boxgrafy srovnavajici IAUC [mmol/l-h] jednotlivych potravin pri testu 1 — 4
u osob s DM?2 (test 4 pri plné lecbé PAD) a u zdravych osob [P13]

5.4 Novy pristup ke stanoveni glykemického indexu

Spolehlivost a bezpe¢nost systému CGMS pro kontinudlni monitoring pomoci podkozniho
senzoru byla v prubéhu stanovovani glykemickych indexu u zdravych osob neustile

ovetovana. Systém CGMS se ukazal jako spolehlivy [P2].

Rovnéz byl hodnocen ptinos CGMS pro zajisténi kompenzace osob s diabetem 1. a 2.
typu pfi testovani potravin, zejména s ohledem na nutnost poziti 50 glukézy jako standardu.
Vysledky naSich studii jsou ptiznivé [P4 P6, P9, P10 ]. Pfi pouziti vhodného jednoduchého
algoriotmu davkovani inzulinu pfi kontinudlni podkozni aplikaci k dekompenzaci diabetu

nedochazi [P8]

Nezavisle na vySetiovani glykemickych indexti byly testovany potravinové piipravky
s obsahem glukézy urcené pro zvladani hypoglykemie. Jako nejucinnéjsi se ukazal gel

s obsahem glukozy, fruktozy a sacharozy [P11].
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6 DISKUSE

Znalost glykemického indexu potravin patii k modernim trendim pii sestavovani

optimalni stravy jak u diabetikd, tak u zdravych.

Jiz v roce 1973 oteviel otazku hyperglykemizujici sily potravin Otto (69), ktery provadél
métfeni na osobach se sniZzenou toleranci glukoézy a u osob s diabetem 2. typu. Pojem
glykemicky index potravin zavedl Jenkins (44) v roce 1981 za ucelem lepsi charakterisktiky

potravin s vysokym obsahem sacharidi.

V poslednich desetiletich se glykemickym indexem potravin a jeho pifinosem pro
sestavovani racionalnich stravovacich doporuceni zabyvala fada autora (5 - 13, 43 - 45,

92 - 96). Vyuziti glykemického indexu zlistava predmétem odbornych diskusi (35, 37).

V roce 1999 doporucily renomované organizace (WHO, FAO, ADA), aby se glykemicky
index potravin stal soucasti nutricnich tabulek a aby byly preferovany potraviny s nizkym
glykemickym indexem. Dietni doporuceni ADA z roku 2008 (1) uvadi, Ze v ptipad¢ primarni
prevence DM2 neni dostatek diikazii dokladajici vyhody potravin s nizkym GI, avSak v ramci
sekundarni prevence DM2 se doporucuje zohlednit nejen celkové mnoZzstvi sacharidii ve
strave, ale také GI potravin, a to s preferenci potravin s nizkym GI. I pfes tato doporuceni
zustava glykemicky index u drtivé vétSiny potravinovych vyrobkd na c¢eském trhu bez
povsimnuti.

Popularizace redukcnich diet zalozenych na konzumaci potravin s nizkym GI (12) nabizi
mySlenku zafadit glykemicky index do nutri¢nich tabulek uvadénych na potravinovych
vyrobcich. Spottebitel by tak byl kompletnéji informovan o vlastnostech potraviny a mohl tak
podle potieby pfizplisobovat svij jidelni¢ek. Skutecnou otdzkou ziistava, jaky by byl piinos
plosného uvadéni hodnoty GI na obalech potravin. V roce 2008 provedla spole¢nost Nielsen
(41) prizkum vetejného minéni u 28 253 uzivatelll internetu v Evropé, tichomoiské Asii,
Severni Americe a na Blizkém vychodé. Ukazalo se, Ze 24% spotiebiteld ¢te nutri¢ni tabulky
pii kazdém nakupu a 37% spotiebiteld se o né zajima pred koupi nového vyrobku. Nejcastéji
hledanou polozkou je obsah tuku, néasledovan celkovou energetickou hodnotou, obsahem
konzervac¢nich latek a obsahem cukru. Vice neZ polovina (55%) respondentil této studie
uvedla, Ze obsah nutri¢nich tabulek zcela nechape. V Ceské republice se v soudasné dobé
redln¢ jevi varianta uvadét GI na pouze vyrobcich, jejichz vyrobce o to projevi zajem.
Ptikladem by mohl byt australsky trh, kde existuje symbol nizkého glykemického indexu (62)

ktery je vydavan pod zastitou Univerzity v Sydney. Oznaleni vyrobku timto symbolem
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zarucuje nejen nizky GI stanoveny spolehlivou metodou, ale také malé mnozstvi tuku, soli,
nizkou energetickou hodnotu a uspokojivy obsah vldkniny. Takto oznafeny vyrobek lze

povazovat za ,,zdravou* variantu ve své kategorii.

Ze soucasnych doporuceni vyplyva, Ze znalost glykemického indexu potravin méa smysl
zejména pro osoby s diabetem. Potraviny s vysokym GI je vhodné pouzit k potlaceni akutni
hypoglykemie, naopak pti kazdodennim stravovani je vhodné preferovat potraviny s nizkym
glykemickym indexem. Edukace osob s diabetem je prioritni, chceme-li docilit jisté
samostatnosti diabetika a naucit ho €init spravna stravovaci rozhodnuti. Lecktery diabetik by
se mohl domnivat, ze diky pfiznivym G¢inklim dlouhodobé konzumace potravin s nizkym GI
na kompenzaci diabetu, Ize takovou potravinu jist v neomezeném mnozstvi. Na tomto misté je
tedy nutné zdiraznit, ze znalost glykemického indexu potraviny nemé smysl, paklize nejsou
zohlednény jeji zbyvajici nutricni vlastnosti. VSechny benefity glykemického indexu jsou
pfinosné jen pifi dbsledném pouzivani ,selského rozumu®, napi. pii volbé€ mezi
¢okoladou a miisli ty¢inkou: ob¢ tyto potraviny maji nizky GI, avSak obsah tukl a dalSich
latek mluvi ve prospéch miisli ty¢inky.

V Ceské republice se vyzkumem glykemického indexu potravin zabyva Ustav fyziologie
Leékarské fakulty Univerzity Palackého v Olomouci, kde tato prace vznikla. Od roku 2004 zde
byl stanoven glykemicky index u 28 potravin. U dvou z nich byla pouzita pouze konvenéni
metoda, t.j. stanoveni postprandialni glykemie glukometrem, u ¢tyf potravin byla pouzita
metoda konvenéni a metoda pomoci CGMS. U zbyvajicich 22 potravin byl glykemicky index
stanoven pouze pomoci metody CGMS (Tabulka 13). Problematice glykemického indexu se

dlouhodobé¢ vénuje Fakultni nemocnice v Plzni - Lochotiné (88) a dalsi pracoviste.

Tabulka 13 Glykemické indexy potravin vysetiené na Ustavu fyziologie LEFUP v Olomouci
a na Il interni klinice FNOL u zdravych osob v letech 2004 — 2010

y GI[%] | GI[%] | Denni

C. Potravina doba Publikace
Pramér+SE | Median testu®

1 |[Bily chléb (veka) Penam 72+6,8 66 |R,V (18)

2 |Cerealni $tavnaté tyCinky FIT 100+10,6 87 R,V (18)

3 |Hoika ¢okolada ,,Studentska pecet™ 44+49 39 R,V P1

4 |Jable¢na ptresnidavka Hami 544+8.4 47 R,V P1

5 [Ryzové chlebicky Racio 77+6,3 77 R,V P1

6 |Jogurt Revital jahoda Olma 38+4,8 32 R,V P1

7 |Ravioli se syrem 43+6,8 33 P P12

8 |[PSeni¢né chlebicky Racio s ¢okoladovou polevou 64+8,1 54 |0 P12

9 |Hotka ¢okolada (70% kakao) 354+5.8 28 R,V P12

10 |Bramborova kase, rybi prsty, maslo 94+13,7 85 P P12
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9 GI [%] GI [%] Denni
C. Potravina doba Publikace
Priumér+SE | Median testu®

11 |Oplatky Kolonada 78+13,2 56 |0 P12

12 |Ryzové chlebi¢ky Racio s cokoladovou polevou 105+17,5 80 |R,V P12

13 |Rohliky Penam 2ks (100 g) 93+7.4 9 RV P12

14 |Merunkové knedliky s maslem 75+12,8 47 |P P12

15 |Rajska polévka 39+12,1 30 |O P12

16 |Med lipovy 77+8,4 77 RV P12

17 Zitny chléb Racio s rostlinnym tukem Olivia 50+6,5 46 R,P,O,V  |nepublikovano
18 |Ryzové chlebi¢ky (dongara) 100+7,7 95 R,P,0,V  |nepublikovano
19 |Jogurt Florian jahoda Olma 31+4,1 26 |R,P,O,V  |nepublikovano
20 |Rohliky Penam (2 x 50 g) se Sunkou (120 g) 66+4,5 60 |R,P,O,V |nepublikovano
21 |PSeni¢né chlebi¢ky Racio 58+6,4 51 R,P,0,V  |nepublikovano
22 |Napoj Revital active aloe vera Olma 500 ml 4445,1 43 R,P,O,V  |nepublikovano
23 |Raciolky syrové 90 g 80+8,3 75 R,P,0,V  |nepublikovano
24 |Pravé hotické trubicky coko 51/2 ks 66+8.4 66 R,P,O,V  |nepublikovano
25 |Hoftické bezlepkové suSenky 12 ks 69+9,2 63 R,P,0,V  |nepublikovano
26 |Jogurt Revital vanilka Olma 400 ml 45450 43 R,P,O,V  |nepublikovano
27 |Pravé hotické trubicky Dialife 6 ks 42+4.9 44 R,P,0,V  |nepublikovano
28 |Hoftické suSenky Dialife 11 ks 63+8.7 58 R,P,O,V  |nepublikovano

“ GI vypocten z hodnot vysetienych v uvedenou dobu: R — rdano, P — poledne, O — odpoledne,
V - vecer

Soucasnd metodika stanoveni glykemického indexu na olomouckém pracovisti se od
doporu¢eni WHO z roku 1998 lisi predev§im (1) vyuzivanim kontinudlniho monitorovani
glykemie, (2) po¢tem testii u jedné osoby a poctem testovanych osob, (3) konzumaci potravin

v riznozu denni dobu (ke snidani, obédu, svacin¢ a vecefi).
1. VyuZziti kontinualniho monitorovani glykemie

Dle doporuc¢eni WHO se k uréeni glykemického indexu odebiraji vzorky kapilarni krve
vintervalu 120 minut po konzumaci potraviny u zdravych a 180 minut u osob
s DM a koncentrace glukézy se urcuje v plazmé. Systém CGMS firmy Minimed Medtronic
prostiednictvim senzoru zavedeného do podkozi testuje intersticidlni tekutinu. Hodnota
koncentrace glukozy v intersticidlni tekutin€ se ve srovnani s koncentraci glukézy v plazmé
muze o nékolik minut opozd’ovat - tzv. lag faze (85). CGMS je minimalné¢ 2x denné
kalibrovan hodnotou naméfenou na osobnim glukometru. V pfipad€, Ze glukometr méfi
koncentraci glukozy v plazmé (jako glukometry Advance pouzité v nasi studii), odpovidaji
potom i hodnoty CGMS koncentraci v plazmé. Kitivky na Obrdzku 12 ukazuji na shodny
vyvoj glykemie méfené na glukometru Advance a registrované v monitoru CGMS. Témét

shodny prib¢h téchto kiivek sv&dei o kvalitni kalibraci systému CGMS, nikoliv o shodé
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koncentrace glukozy v intersticiu a v plazmé. Jinymi slovy, CGMS nevydavd hodnoty
koncentrace glukozy v intersticiu, nebot registruje elektricky proud (ISIG), jehoZ intenzitu pfi

kalibraci glukometrem ptevadi pfimo na hodnoty koncentrace glukézy v plazmé.

V ranych studiich jsme GI pocitali u zdravych 1 u osob s DM2 v intervalu 120 minut po
konzumaci potraviny, abychom zachovali stejny protokol pro srovnani GI mezi témito
skupinami. S nabyvajicimi zkuSenostmi jsme prodlouzili sledovany interval u zdravych ze
120 minut na 150, 180 a 210 minut a vypocetli tzv. ,,rozsifeny glykemicky index*, coz se jevi
jako pfinosné [P12].

ZkuSenosti se senzory CGMS jsme ziskavali vfadé studii od roku 2004 [Al - A25,
P1 — P13]. Do roku 2010 bylo na nasem pracovisti (m.j. i diky spolupraci s Diabetologickym
institutem ,,Gerhardt Katsch* v Karlsburgu) zavedeno vice nez 400 senzort. Vyuziti CGMS
umoziuje probandiim testovat potraviny v domacim prostedi a nevyzaduje personal, ktery by
musel byt pfitomen v laboratofi. Tato skutecnost mize mit i negativni dopad na vysledky
testovani, protoze v pfipadé technickych a jinych problém neni na misté¢ zkuSeny
pracovnik a mize snaze dojit k chybam pii dodrzovani protokolu. Tyto piipadné problémy
jsme omezili peclivou nékolikahodinovou systematickou edukaci a reedukaci probandd.
Kazdy proband mél moznost ve kteroukoliv denni i no¢ni dobu telefonicky konzultovat
vSechny nejasnosti i1 technické problémy s edukatorkou, slékaifem nebo s technickym

asistentem.
2. Pocet testii a pocet testovanych osob

Dle doporu¢eni WHO se standardni potravina konzumuje tfikrat a testovand potravina
pouze jednou. Dle naSeho postupu se i testovana potravina konzumuje tiikrat a k vypoctu GI
se pouziva prumer téchto tii testi.

WHO se konkrétné¢ nevyjadiuje k poétu testovanych osob. Renomovand skupina
zabyvajici se stanovovanim GI — pracovisté pii Univerzité v Sydney (Human Nutrition Unit,
School of Molecular and Microbial Biosciences, University of Sydney) testuje glykemicky

index na 10 osobach.

Na naSem pracovisti jsme testovani potravin v jednotlivych studiich zac¢inali se skupinou
24 — 26 osob (zdravé osoby nebo osoby s diabetem 2. typu), které konzumovaly potraviny po
dobu jednoho tydne podle piredem stanoveného jidelnicku. Z riznych davodi odpadlo

v kazdé skupiné asi 20 % osob a studii dokonc¢ilo 16 az 20 osob.

43



3. Konzumace potravin ke snidani obédu, svac¢iné a veceri

WHO doporucuje stanovovat glykemicky index po 10 — 12 hodindch laénéni (26).
Abychom zjistili, jak se bude GI ménit v riznou denni dobu, testovali jsme potraviny v dobé
snidan¢ (po minimaln¢ 8 hodinach noc¢niho la¢néni) a na veceti (po 4 hodinach la¢néni).
Statisticka analyza GI dvou raznych potravin, které jsme stanovili pomoci glukometru u 10
zdravych osob neukazala signifikantni rozdily v GI pfisluSné potraviny v dobé snidané
a v dob¢ vecete (18). Ani analyza GI Ctyf riiznych potravin stanovenych u 20 zdravych osob
pomoci CGMS vsak neukdzala signifikantni rozdily v GI v zavislosti na denni dobé& [P7].
Tyto nase vysledky se lis$i od pozorovani Wolevera a Jenkinse. Wolever (93) ve zminéné
studii sledoval glykemickou odpovéd na 2 potraviny (kukuficné a ovesné ceredlie) testované
ke snidani nebo k obédu po standardizované snidani u 8 zdravych probandi a zjistil, Ze
glykemicka odpovéd’ byla u obou jidel vétsi u snidané nez u obéda. Jenkins (45) se zabyval
vlivem 4 riznych snidani na glykemickou odpovéd’ po standardnim ob&dé ve studii na
7 zdravych osobach a zjistil, Ze snidané s nizkym glykemickym indexem snizuje glykemickou
odpovéd’ obéda. Na misté je tedy otdzka, do jaké miry funguje teorie glykemického indexu,
ktery se v experimentu urcuje nalacno, v kazdodennim Zzivoté, tedy pii konzumaci potravin

v prubehu celého dne.

V dostupné literatufe se GI uvadi v procentech jako primér + SD, respektive SE (27).
V této praci se GI uvadi podle tohoto zvyku, nicméné s ohledem na nenormalni rozlozeni
hodnot v nasem souboru se pracuje i s mediany a kvartily [P1, P12, P13]. Piehled hodnot

mediant je uveden v Tabulce 14.

Problém, kterému je nutno vénovat pozornost jsou odlehl¢ a extrémni hodnoty GI. Dosud
neexistuje jednotny ptistup k tomu, jak s témito hodnotami nakléddat. My jsme ze statistického
zpracovani (pifi vypoctech skupinovych GI) nejprve empiricky vyloucili hodnoty
individudlnich GI ptesahujici 500% [P12] a v poslednich pracech jiz i hodnoty ptesahujici
200 % [P13]. Jejich frekvence je ojedinéla, obvykle neptekracuje 3%. Domnivame se, Ze tyto
extrémni hodnoty neodpovidaji béZnym fyziologickym procesiim a mohou tak neodiivodnéné

zkreslit vysledek. Presvédcivé vysvétleni tohoto postupu vSak zatim neni uzavieno.

Pfi hodnoceni skupinovych glykemickych indexti se nepodafilo prokazat vliv PAD na
hodnotu GI ani na velikost plochy pod kiivkou [P13]. K tomuto nalezu mohla ptispét piilis
kratka placebo faze a velkd heterogenita souboru, ve kterém lécba probihala riznymi
antidiabetiky. Predpokladali jsme moznost, ze se hodnoty GI béhem placebo faze nezméni,
jelikoz GI odpovida poméru plochy pod kifivkou standardni potraviny k potraving testované

a pokud by se obé plochy zménily stejnou mérou, vysledny pomér by zstal stejny.
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Porovnavali jsme tedy 1 jednotlivé IAUC, kde se signifikantn¢ vétSi plocha pod kiivkou na
konci placebo faze objevila pouze u jableéné presnidavky. Na druhé strané, pii individudlnim
vyhodnoceni vysledkii testli u jednotlivych osob se podafilo odhalit osoby, které zietelné
reagovaly na nahrazeni PAD placebem. Srovnani primérnych dennich glykemii pted, na
konci placebo faze a 5 — 6 tydni po opétném nasazeni PAD bylo bez signifikantnich zmén,
coz navozuje otazku mozného selhani 1écby PAD. Prezentované vysledky odpovidaji trovni
pilotni studie dané problematiky. K dalSimu zkoumani vztahu GI a 1é€by PAD je zapotiebi
vétsiho souboru, ve kterém bude 1é¢ba PAD homogenni. Za zvéazeni rovnéz stoji prodlouzeni
doby vysazeni PAD, respektive zména usporadani studie, a to ve smyslu zacatku testovani GI
az po urCité dobé od vysazeni antidiabetické 1€cby, napt. po 7 — 10 dnech. Pokud by se
podafilo zdokonalit tuto metodu, dalo by se do budoucna uvaZzovat o mozném vyuZiti
kontinudlniho monitorovani glykemie v kombinaci s vySetfovanim glykemického indexu

potravin jako o metod¢ hodnotici ¢innost 1écby PAD.

Je zfejmé, ze glykemicky index ma své misto v moderni dietologii. Za soucasného stavu
poznani nejvice ze znalosti glykemického indexu potravin mohou tézit osoby s diabetem
a sportovci. Do budoucna je zddouci vyjasnit vliv glykemického indexu konzumovanych
potravin na incidenci civilizacnich chorob. Ke zvySeni vyznamu a praktické pouzitelnosti
glykemického indexu by nepochybné mohlo piispét i sjednoceni metodiky jeho stanoveni.
Perspektivné 1ze predpokladat, ze tento ukazatel hyperglykemizujici sily potravin najde misto

v nutri¢nich tabulkdch na obalech vétsiho mnozZstvi potravinovych vyrobkd.
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7 ZAVER

Hlavni cile této prace byly splnény a publikovany v recenzovanych ¢asopisech.

1.

Byla vypracovéana nova metoda stanoveni glykemického indexu potravin zaloZzena na
kontinudlnim monitorovani glykemie. Touto metodou byl na olomouckém pracovisti

dosud stanoven GI u zdravych osob u 26 potravin.

Tato nova metoda kontinudlniho monitorovani glykemie byla vyuzita ke stanoveni GI
1 u osob s DM2 u nasledujicich potravin: jable¢né piesnidavky Hami, ryzovych
chlebickt Racio, jahodového jogurtu Revital a hotké ¢okolady Studentska pecet’.
Hodnoty GI  stanovené paralelné pomoci kontinudlniho  monitorovani
glykemie a pomoci glukometru se signifikantné nelisi (jablecna presnidavka: 54 + 8,4
vs. 46 £ 4,8; ryzové chlebicky: 77 £ 6,3 vs. 77 + 4,6; jogurt: 38 £ 4,8 vs. 43 £+ 4.5;
cokolada: 44 £ 4,9 vs. 46 + 4,8; pramér £ SE, [%]).

Hodnoty GI se u zdravych a u osob s DM2 signifikantné neliSi (ryzové chlebicky:
77 £6,3 vs. 76 £ 11,7; jogurt: 38 £ 4,8 vs. 51 + 7,8; ¢okolada: 44 £ 4,9 vs. 56 + 14,5).
GI jablecné presnidavky Hami je signifikantné vyssi u zdravych ve srovnani s DM2
(54 £ 8,4 vs. 28 £ 6,4; P=0,02).

Hodnoty GI jmenovanych potravin se bcéhem vysazeni PAD u osob s DM2

signifikantné nezménily.

Bylo dosazeno rovnéz cilt vedlejSich:

6.

7.

Nebyl zjistén Zadny signifikantni rozdil mezi GI stanoveném pii konzumaci potraviny
ke snidani a GI stanoveném pii konzumaci potraviny k vecefi.

Nové byl zaveden pojem rozsiteny glykemicky index, ktery hodnoti vyvoj glykemie
v obdobi 150, 180 a 210 minut po konzumaci potraviny. Podle vyvoje glykemie
vpribéhu 210 minut po jidle Ize potraviny rozdélit do 3 skupin:
(1) potraviny, u kterych se glykemie vrati k vychozi hodnot¢ do 120 minut,
(2) potraviny, u kterych se glykemie vrati k vychozi hodnot¢ béhem 210 minut
a (3) potraviny, u kterych se glykemie do 210 minut, jesté nevraci k vychozi hodnotg,
napt. nékteré vyrobky s obsahem Cokolady. U potravin, u kterych se glykemie vraci
k vychozi hodnoté¢ az po 210 minutach byl zjistén relativni vzestup ,,rozsifen¢ho
glykemického indexu® (t.j. indexu za 150, 180 a 210 minut).
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8. Bylo ovéteno, Ze pii pouziti vhodnych algoritmii davkovani inzulinu lze glykemicky
index bezpeéné urCovat i u osob sDMI, aniz by bylo mimofaddné riziko

dekompenzace po vypiti 50 g glukdzy.

9. Sohledem na zvySeni bezpecnosti osob sdiabetem pii testovani GI, byl
vySetien 1 hyperglykemizujici efekt u tii peroralnich piipravki glukézy (bukélni spre;j,
tablety, gel), které jsou bézné dostupné. Nejlépe se osvédcil gel s obsahem glukozy,

fruktozy a sacharozy.

10. Bylo ovéfeno, ze senzory CGMS spolehlivé funguji obvykle déle nez
7 dni, atoiv ptipadech, kdy jejich deklarované datum expirace bylo piekroceno
o vice nez 1 rok. Lokalni komplikace se vyskytly jen ojedin¢le. Rovnéz byla
provétfena presnost a spolehlivost glukometrit Advance, Hypoguard, Woodbridge, UK
a Linus, Agametrix, Salem, CA, USA, které se osvédcCily pfi kalibraci CGMS.

Tato prace otevird moznost vyuziti kontinudlniho monitorovani glykemie pfi stanoveni
glykemického indexu potravin. CGMS usnadnuje vySetteni GI v riznou denni dobu, zapojuje
vEtsi pocet probandil a umozituje provedeni vétsiho mnozstvi testi béhem jedné testovaci faze
jak u zdravych osob, tak u osob s DM1 nebo DM2.

K otevienym otdzkam zatim patii vySetfovani tzv. ,,rozSifeného glykemického indexu®,
pii némz je sledovan vyvoj postprandidlni glykemie 210 minut po konzumaci potraviny,
arovnéz perspektiva vyuziti zmén ploch pod glykemickou kiivkou (IAUC) a GI pfi

hodnoceni ucinnosti perordlnich antidiabetik.
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8 SOUHRN

Glykemicky index je ukazatel, ktery srovndva hyperglykemizujici schopnost urcité
potraviny a potraviny standardni. Konvencné se k jeho stanoveni pouzivd metod, které
k ur€eni vyvoje glykemie po konzumaci potraviny vyuzivaji kapilarni nebo vendzni krve nebo

plazmy.

Cilem predkladané prace bylo vypracovat novou metodu stanoveni glykemického indexu
potravin pomoci kontinualniho monitorovani glykemie (CGMS), porovnat hodnoty
glykemického indexu stanovené konvencni metodou s hodnotami GI stanovemymi metodou
CGMS a zjistit vliv denni doby, ve kterou byla potravina testovana na hodnotu GI. Déle urcit
GI vybranych potravin u zdravych osob a u osob s diabetem 2. typu (DM2), zjistit rozdily
mezi GI téchto potravin u zdravych osob a u osob s DM2 a posoudit vliv perordlnich

antidiabetik na hodnoty GI a na postprandialni vyvoj glykemie u osob s DM2.

Metoda: U 20 zdravych osob byly béhem tydne paralelné dvéma metodami (pomoci
CGMS, Medtronic, Minimed a pomoci glukometru Advance, Hypoguard) testovany 4
potraviny (jablecnad piesnidavka Hami hotka, ryzové chlebicky Racio a jahodovy jogurt
Revital, hotkd ¢okoldda Studentska pecet’) ke snidani a vecefi, u kazdého kazda potravina
ttikrat, pfi cemz 1 porce obsahovala 50 g vstiebatelnych sacharidii. U 16 osob s DM2 byla
kazda potravina testovana ve dvou fazich, celkem cCtyfikrat. Prvni faze trvala 9 dni, v této
dob¢ dostavali probandi misto perordlnich antidiabetik (PAD) placebo a s kazdou potravinou
byly provedeny 3 testy (test 1, test 2, test 3). Po testu 3 byla 1écba PAD obnovena
v pivodnich davkach. Druha faze probéhla za 35 - 42 dni a trvala 3 dny. Druhy den této faze
byl proveden test 4. Jako standardni potravina byla pouzita glukéza. Pro kazdou potravinu
byla vypoctena plocha pod glykemickou kiivkou (IAUC) v obdobi 120 minut po poziti
potraviny. U konven¢ni metody byla IAUC vypoctena z9 hodnot koncentrace glukozy
v kapilarni plazmé vySetfenych v patnactiminutovych intervalech na glukometru Advance. U
nové metody vyuZzivajici kontinudlni monitorovani glykemie byla IAUC vypoctena z 25
hodnot stanovenych v pétiminutovych intervalech od pocatku konzumace. U metody CGMS
bylo k vypoctu GI vyuzito softwarového programu DEGIF XL. Ve skupin¢ zdravych byl u
obou metod vypocitan primérny GI pro kazdou potravinu a vysledky byly srovnany Mann-
Whitney testem. Za signifikantni byl povazovan rozdil P < 0,05. Primérny GI u osob s DM2
pii plné 1écbé PAD byl srovnan s GI u zdravych osob.
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Vysledky: Ke stanoveni GI bylo ve skupiné 20 zdravych osob s kazdou potravinou
vyhodnoceno celkem 60 testd. Ve skupiné 16 osob s DM2 byly skazdou potravinou
provedeny 4 testy a kazdy byl hodnocen samostatné, jelikoz byly, s ohledem na vynechani
PAD, provadény za rtiznych podminek. Rozdily mezi vysledky GI u zdravych u konvencni
metody a CGMS nebyly signifikantni: jable¢na presnidavka: 54 + 8,4 vs. 46 + 4,8; ryzové
chlebicky: 77 £ 6,3 vs. 77 £ 4,6; jogurt: 38 £ 4,8 vs. 43 + 4,5; Cokolada: 44 + 4,9 vs. 46 £ 4.8;
primér = SE, [%]. Primérmy GI potravin u zdravych byl srovnan s GI testu 4 (t.j. pii plné
davce PAD) u osob sDM2. Jediny signifikantni rozdil mezi hodnotami
GI u zdravych a u osob s DM2 byl u jable¢né presnidavky: 54 + 8,4 vs. 28 + 6,4; P=0,02. Ke
stanoveni vlivu PAD na GI u osob s DM2 bylo s kazdou potravinou vyhodnoceno 64 testt.
Rozdily GI u jednotlivych potravin u testu 1, testu 2, testu 3 a testu 4 nebyly statisticky
signifikantni. Srovnani IAUC testu 1, testu 2, testu 3 a testu 4 pro kazdou potravinu ukazalo
statisticky signifikantni rozdil pouze u jablecné presnidavky, kde IAUC testu 3 byla vétsi nez
IAUC testu 4 (4,38 vs. 2,20 mmol/l:h, P = 0,012). Rozdily mezi primérnymi dennimi
hodnotami glykemie dnti 2, 8 a 39 nebyly signifikantni.

Zavér: Nova metoda stanovovani GI potravin pomoci CGMS se osvédcila u zdravych
osob a u osob s DM2. Hodnoty GI stanovené pomoci kontinualniho monitorovani
glukozy a pomoci glukometru se neli§i. Hodnoty GI u zdravych a u osob s DM2 se
lisily u jedné ze Ctyt testovanych potravin. Nebyl prokdzan signifikantni vliv PAD na hodnoty
GI a IAUC. Nepodafilo se prokazat rozdily v GI pfi testovani potravin pii snidani a pii vecefi.
Bylo zavedeno vysetieni ,,rozsifeného glykemického indexu® potravin pro intervaly 150, 180

a 210 minut, které se jevi jako pfinosné.
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Summary

Glycemic index (GI) is a measure describing the hyperglycemic ability of a foodstuff in
comparison to a standard food. Conventional determination of glycemic index is based on

methods using capillary or venous blood for the measurements of glucose concentration.

The aim of this thesis was to develop a new method of glycemic index determination
using continous glucose monitoring system (CGMS) and to compare the GI results of this
new method to the results of the conventional method. Furthermore, to determine the GI of
selected foodstuffs in healthy persons and in persons with type 2 diabetes (T2DM), to assess
the differences between the values of GI in healthy persons and in persons with T2DM and to
assess the influence of oral antidiabetic drugs on the GI values and on the evolution of

postprandial glycemia in persons with T2DM.

Methods: Portions of four different tested foods (apple baby food, puffed rice cookies,
strawberry yogurt and dark chocolate with nuts and raisins) containing 50 g of available
carbohydrates were eaten for breakfast and dinner in three replicates in each of 20 healthy
volunteers. In 16 persons with T2DM each foodstuff was tested in four replicates in two
periods. The first period lasted 9 days, during which were the OADs replaced by placebo
pills, each foodstuff was tested three times in this period (test 1, test 2, test 3). The OADs
were reintroduced in original dosage after test 3. The second test period followed 35 — 42
days later and lasted 3 days. During this period test 4 was performed with each foodstuff.
Glucose was used as standard. The incremental area under the curve (IAUC) was calculated
for each foodstuff 120 minutes after food consumption. Using the conventional method,
plasma glucose (PG) curves were constructed from 9 PG values obtained by Glucometer
Advance, Hypoguard, in 15-min intervals and, using CGMS, from 25 PG values determined
in 5-min intervals. Software program DEGIF XL was used to calculate the GI from the
CGMS values. Mann-Whitney test was applied to compare the GI values determined in
healthy persons using the new and conventional method. P < 0,05 was considered significant.
The average GI in healthy persons was compared to the GI in OAD treated persons with
T2DM (test 4).

Results: A total of 60 tests were evaluated in 20 healthy persons. In the group of 16
persons with T2DM each foodstuff was tested four times and each test evaluated separately
because the conditions were not steady with the regard to the OAD replacement. The

differences in GI values in healthy persons between the new and the conventional method
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were not significant: apple baby food: 54 + 8,4 vs. 46 *+ 4,8; puffed rice cookies: 77 + 6,3 vs.
77 £ 4,6; yogurt: 38 £ 4,8 vs. 43 £4,5; chocolate: 44 £ 4,9 vs. 46 £ 4,8; mean * SE, [%].

The average GI of foods in healthy persons was compared to the GI value of test 4
(i.e. under full OAD dose) in persons with T2DM. The only significant difference was in
apple baby food: 54 + 8,4 vs. 28 *+ 6,4; P=0,02. To determine the influence of OAD on the GI
value, a total of 64 tests were evaluated. The differences in the GI values of test 1, test 2, test
3 and test 4 were not significant. The comparison of IAUC of test 1, test 2, test 3 and test 4
showed a significant difference only in apple baby food, were the IAUC of test 3 was larger
than the IAUC of test 4 (4,38 vs. 2,20 mmol/I-h, P = 0,012). The differences between average
daily glycemia of days 2, 8 and 39 were not significant.

Conclusions: The new method of glycemic index determination has proven to work in
healthy as well as in persons with T2DM. There is no difference in the GI values determined
using CGMS and the GI values using glucometer. Out of four tested foodstuffs, only one had
a significantly different GI value between healthy and persons with T2DM. No significant
influence of OAD on GI and IAUC was demonstrated. The GI values resulting tests at
breakfast and dinner did not differ significantly. The determination of ,, extended glycemic

index“ in 150, 180 and 210 intervals was introduced and it appears to be useful.
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Zusammenfassung

Der glykdmische Index (GI) beschreibt die hyperglykdmisierende Auswirkung von
bestimmten Nahrungsmitteln im Vergleich zum Standardnahrungsmittel. Konvetionelle
Bestimmung des glykdmischen Indexes beruht auf Methoden, die zur Bestimmung der
postprandialen Glykédmie die Glukosekonzentration im kapillaren oder vendsen Blut oder

Plasma messen.

Ziel dieser Arbeit war es, eine neue Methode, die auf kontinuierlichen Glukosemessungen
(CGMS) liegt, fiir die Bestimmung des glykédmischen Indexes zu entwickeln, die Werte des
mit der CGMS bestimmten GI mit den Werten der konventionellen Methode zu vergleichen
und den Einfluss der Tageszeit auf den GI Wert zu bestimmen. Weiter, den GI verschiedener
Nahrungsmittel bei gesunden und bei Typ 2 Diabetikern (T2DM) zu berechnen und die
Auswirkung von oralen Antidiabetika (OAD) auf den glykdmischen Index und auf den

Verlauf von postprandialen Glykdmie bei T2DM zu bestimmen.

Methodik: Bei 20 stoffwechselgesunden Probanden wurden parallel mit beiden Methoden
(mittels CGMS Medtronic, Minimed und mit Glukometer Advance, Hypoguard) im Laufe
einer Woche jeweils dreimal 4 je 50 g Kohlenhydrate enthaltende Nahrungsmittel zum
Frithstick und zum Abendbrot gegessen (Apfelmul, Reisbrot, Erdbeer-Yoghurt,
Bitterschokolade). Bei 16 T2DM wurden die Nahrungsmitelln insgesamt viermal in 2 Phasen
getestet. Die erste Phase hat 9 Tage gedauert, und die OAD wurden mit Placebo ersetzt, mit
jedem Nahrungsmittel wurden 3 Tests (Test 1, Test 2, Test 3) durchgefiihrt. Nach Test 3
wurde die OAD Therapie erneut. Die zweite Phase hat nach 35-42 Tagen statt gefunden. Am
zweiten Tag dieser Phase wurde Test 4 durchgefiihrt. Glukoselosung wurde als
Standardnahrungsmittel benutzt. Fiir jede Mahlzeit wurde die Fliche unter der
Glykdmiekurve (IAUC) 120 Minuten nach dem Essen berechnet. Bei der konventionellen
Methode war die IAUC aus 9 der in 15-min Intervalen mit Glukometer Advance gemessenen
Glukosewerte berechnet. Bei der CGMS Methode wurde die IAUC von 25 der in 5-min
Intervalen gespeicherten CGMS-Glukosekonzentrationen ausgerechnet. Das
Softwareprogramm DEGIF XL wurde zur Berechnung des GI bei der CGMS Methode
genutzt. In der Gruppe der gesunden Probanden wurde bei beiden Methoden der Durchschnitt
von 3 Tests berechnet und die Ergebnisse wurden mit Mann-Whitney Test verglichen. P <
0,05 wurde als signifikant betrachtet. Der durchshnittliche GI bei gesunden Probanden wurde
mit dem unter vollen OAD Therapie getesten GI bei T2DM verglichen.
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Ergebnisse: Zur Bestimmung des GI wurden bei 20 Gesunden mit jedem Nahrungsmittel
60 Tests ausgewertet. Bei T2DM wurden Test 1, Test 2, Test 3 und Test 4 einzeln beurteilt,
da die Bedingungen durch den OAD Ersatz nicht gleich waren.

Die Unterschiede in den GI Ergebnissen zwischen der konventionellen und CGMS
Methode waren nicht signifikant: ApfelmuB3: 54 + 8,4% vs. 46 + 4,8%; Reisbrot: 77 + 6,3%
vs. 77 £ 4,6%; Yoghurt: 38 + 4,8% vs. 43 + 4,5%; Bitterschokolade: 44 + 4,9% vs. 46 *
4,8%; (Mittelwert = SE). Der einzige signifikanter Unterschied zwischen Gesuden und T2DM
war bei ApfelmuB3: 54 + 8,4% vs. 28 £ 6,4%; P=0,02. Zur Beurteilung der OAD Auswirkung
bei T2DM wurden 64 Tests ausgewertet. Die Unterschiede in GI bei Test 1, Test 2, Test 3 und
Test 4 waren nicht signifikant. Der Vergleich von IAUC bei Test 1, Test 2, Test 3 und Test 4
fiir jedes Nahrungsmittel war signifikant nur bei Apfelmufl, wo die IAUC von Test 3
signifikant groBer als die IUAC von Test 4 war (4,38 vs. 2,20 mmol/l-h, P = 0,012). Die
Unterschiede zwischen den durschnittlichen Tagesglykdmiewerten am Tag 2, 8 und 39 waren

nicht signifikant.

SchluBfolgerungen: Die neue Methode von GI Bestimmung mittels CGMS hat sie bei
Gesunden so wie bei T2DM erwiesen. Die mit der CGMS erhaltene GI Werte unterscheiden
sich nicht von den mit der konvetionellen Methode erhaltenen Werten. Die GI Werte
zwischen Gesunden und T2DM unterscheiden sich bei einem von vier getesten
Nahrungsmitteln unterschieden. Es wurden keine Unterschiede zwischen dem GI bei
Friihstiick vs. Abendbrot gefunden. Die Auswirkung von OAD auf den GI und IAUC wurde
nicht bewiesen. Die Untersuchung vom so gennanten ,,erweiterten glykdmischen Index* im

Interval von 150, 180 und 210 Minuten wurde eingefiihrt und scheint férderlich zu sein.
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A1

stanovené spektrofluorimetricky (Perkin Elmer LS-3, USA) ako
AGE-8pecificka fluorescencia (excitacia pri vinovej dizke 346
nm a emisia pri vinovej dizke 418nm). Hodnoty cholesterolu,
lipidov a lipoproteinov boli stanovené enzymovymi metédami,
pricom LDL bolo vypoé&itané podla Friedewaldovho vzorca. AER
bolo stanovené radioimunochemicky.

Vysledky: U diabetickych deti so zlou metabolickou kom-
penzaciou a bez mikrovaskularnych komplikacii (bez priznakov
nefropatie, retinopatie a neuropatie) signifikantne korelovali
hodnoty HbA,_s hladinami cholesterolu (r=0,61; p=9.10%), LDL
(r=0,46; p=0,005)a TG (r=0,41; p=0,013). Namerané zvysené
hodnoty fluoreskujtcich s-AGEs (bol zisteny signifikantny roz-
diel v porovnani so zdravou kontrolou) signifikantne korelovali
len s hodnotami TG (r=0,35; p=0,038).

Zaver: Strednodoba az dlhodoba nedostatocna metabolicka
kompenzacia u diabetickych deti sa prejavuje vo zvySenych
hodnotach tukového metabolizmu, najma cholesterolu, LDL
a TG, ktoré koreluju s hodnotami HbA, . Okrem toho zvySené
hodnoty TG koreluju aj s fluoreskujucimi s-AGEs.

30.

SKUSENOSTI S LIECBOU DETi A ADOLESCENTOV S DIA-
BETES MELLITUS TYP 1 BAZALNYM INZULINOVYM
ANALOGOM

J. Javorkova', V. Sandrikové?, K. Javorka®

'Klinika deti a dorastu JLF UK, MFN. Martin

Nestdtne zdravotnicke zariadenie, endokrinologicksd ambu-
lancia, Prievidza

$Ustav fyzioldgie JLF UK Martin

Uvod: Na dosiahnutie efektivnej$ej kontroly glykemie, meta-
bolickej kompenzacie a tym prevencie, alebo oddialeniu kom-
plikéacii sa zacal pouzivat bazalny inzulinovy analdg glargin.

Ciel'om prace bolo zistit 4€innost a compliance liechy
intenzifikagnym inzulinovym rezimom u deti a adolescentov
s diabetom typu 1 dlhodobo tcinkujtcim inzulinom glarginom
v kombinacii s kratkodobo Gé&inkujicimi inzulinmi - analégmi.

Metodika: Lie¢ba Lantusom (Aventis) v kombinécii s krat-
kodobo Gé&inkujicimi analégmi bola zacatéd u 26 pacientov
(12 chlapcov a 14 dievéat), priemerného veku 13,6+0,7 roka,
s priemernym trvanim ochorenia 5,3+0,6 roka. Pacienti boli
nedostato¢ne metabolicky kompenzovani. Pri prechode z rezimu
Humulin (NPH) 2x denne, alebo Insulatard HM bola celkova den-
na davka bazalneho inzulinu znizena o 20-30 %. K dosiahnutiu te-
rapeutického ciela sme pouzili titraciu Lantusu podla doméaceho
selfmonitoringu. Humalog lispro a NovoRapid HM boli podéavané
v bolusovych davkach 3x denne pred hlavnymi jedlami.

Uginnost liegby sme stanovovali po 2 a 3 mesiacoch liecby.
Subjektivna spokojnost s lie€bou bola hodnotena dotaznikmi.
Hodnoty st uvadzané ako aritmeticky priemer a stredna chy-
ba priemeru (X£SEM), vyznamnost rozdielov vysledkov bola
vypo&itavana parovym Studentovym t-testom. Statisticka
vyznamnost pri P< 0,05.

Vysledky: Pacienti mali na zaciatku Stdie HbA, v priemere
11,28 +£ 0,59 %, po 2 mesiacoch lieéby 9,97+2,32% (P<0,02)
a po 3 mesiacoch lieéby 9,2410,63% (P< 0,001). Glykémie
nalaéno boli na zaéiatku sledovania 12,4+0,6 mmol/l, po 2
mesiacoch lieéby 8,940,6 mmol/| (P<0,001) a po 3 mesiacoch
7.91+1,01 mmol/1 (P<0,001). Postprandialna glykémia bola na
zaciatku 11,5+£0,8 mmol/l po 2 mesiacoch 10,0+£0,7 mmol/|
(P>0,05) a po 3 mesiacoch lieéby 8,1+0,6 mmol/I (P< 0,05).
Celkova davka inzulinu sa nezmenila signifikantne, pred liec-
bou bola 39,3 + 2,9, po 2 mesiacoch lie¢by 36,6 + 2,7 a po
3 mesiacoch lieéby 38,9 + 3,5 jednotiek denne.

Deti a adolescenti vel'mi dobre subjektivne chodnotili lieébu Lan-
tusom. Az 36 % dalo najvy§siu znamku ,vel'mi spokojni, 55% bolo
.spokojni” a len 9% hodnotenych deti bolo ,mierne nespokojni”.

Zaver: Aplikacia inzulinového analégu Lantusu s kontinual-
nym uvolfiovanim inzulinu zlepSilo glykemie i hladiny HbA  _ uz
po 2 a 3mesacnej aplikacii aj u deti a adolescentov s diabetom
typ 1. Lieéba tymto analégom bola dobre zn&sana a 91 % paci-
entov bolo s touto liebou spokojna a vel'mi spokojna.

31.

STANOVENI GLYKEMICKEHO INDEXU COKOLADY
A JOGURTU

D. Jelenova’, R. Chlup?, K. Chlupova?, H, Studentova?,
J. Bartek?, P. Seékar*, J. Zapletalova®

"Ustav patologické fyziologie, Lékarska fakulta Univerzity Pa-
lackého v Olomouci

2Jstav fyziologie a I, interni kiinika FNO a Lékafska fakulta
Univerzity Palackého v Olomouci

3Ustav lékaFské chemie a biochemie, Lékarskd fakulta Univer-
zity Palackého v Olomouci

40dbor zdravotnich pojistoven, Fakultni nemocnice Olomouc
50ddéleni biometrie a statistiky, Lékarskd fakulta Univerzity
Palackého v Olomouci

Uvod: Glykemicky index (GI) je ukazatel, kter} srovnava
hyperglykemizujici schopnost uréitého druhu jidla a standardni
potraviny (glukézy). Poznatky vyzkumu o vyznamu Gl uvadé-
ji. Ze potraviny s nizkym nebo stfednim Gl mohou pfiznivé
ovliviiovat latkovou pfeménu u diabetik(i, zpomalovat rozvoj
makroangiopatie, obezity, metabolického syndromu, apod.
Cilem této studie je stanoveni Gl cokolady a jogurtu s ohledem
na moznost jejich vyuzivani ve stravé diabetikd.

Metodika: 20 zdravych osob (bez zjisténé metabolické
choroby) ve véku 21-31 let, 6 muzl a 14 Zen, bylo edukovano
v pouzivani glukometru Glukometer Advance ™ (Hypoguard) a ve
vedeni protokolu schvaleného etickou komisi. Jednotliva davka
testované potraviny (hotkd okolada s rozinkami, arasidy a Zelé,
ochuceny jogurt a roztok glukézy jako standard) obsahovala
50g vstiebatelnych sacharid(. Kazda potravina byla testovana
v pribéhu jednoho tydne celkem 3krat, vidy ve dvoudennich
odstupech. Probandi si méfili glykémii v ¢ase O, 15, 30,45, 60, 75,
90, 105 a 120 min od zacatku konzumace testované potraviny.
Z téchto hodnot byly sestaveny glykemické kfivky a vypogitany
inkrementaln( plochy pod kfivkami (IAUC - incremental area un-
der the curve). Glykemicky index byl vypocitan zvlast pro kazdou
potravinu u kazdého probanda jako procentualni podil IAUC po
poziti zkoumané potraviny a primérné IAUC daného probanda po
poziti glukozy. Statisticka analyza dat byla provedena pomoci pro-
gramu SPSS v. 10; bylo vyuzito ANOVA a Multiple Comparisons
(LSD); za signifikantni byl povaZovan rozdil, kde p<0,05.

Vysledky: Ke stanoveni glykemického indexu bylo vyhod-
noceno 171 testli u celkem 20 probandd: 55 s glukdzou, 59
s ¢okoladou a 57 s jogurtem. Viz nize tabulka 1.

Zavér: Glykemicky index testované hoiké éokolady ma
hodnotu 43,6 22,13 % a glykemicky index testovaného ochu-
ceného jogurtu hodnotu 43,2 + 20,17 %. Mezi glykemickym
indexem ¢okolady a jogurtu nebyl zjistén signifikantni rozdil.
Glykemické indexy ¢okolady a jogurtu jsou vyznamné nizsi
nez glykemicky index glukozy. Vysoka hodnota SD prokazuje
velkou variabilitu glykemického indexu, pfiginy této variability
je nutné dale analyzovat.

Podporovéno grantem IGA MZCR NR7825-3.

Tabulka 1 - Hodnoty glykemického indexu sledovanych potravin [%]

DMEV SUPPLEMENTUM 1/2005

Min Max | Median | Pramér sD
Glukéza 100 100 100 100 0,00
Cokolada 15,8 104.6 37.1 43,6 22,13
Jogurt 16.8 96.4 40,0 43,2 20,17
23
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Einunddreiffig Teilnehmer (Alter 5113 Jahre, BMI33,9=
2,7 kg/m?, N-BZ 116 + 5 mg/dl; Mittelwert = SD) beendeten die
Studie. Sowohl nach der Didt mit B als auch nach Diit mit ME
kam es zu einem signifikanten (ANOVA) Abfall von Kérperge-
wicht (-2,5+2,0vs.-3,2+1,6kg), N-BZ (-8x9vs.-9=
14 mg/dl), Cholesterin (-20 26 vs.—21+25 mg/dl), LDL-Cho-
lesterin (—17+22vs.~17+19mg/dl) und Triglyceriden (29
17vs.-25+13mg/dl) mit einhergehender Verbesserung des
HOMA-IR Wertes (~0,7 +1,2vs.~1,122,3).

Unter Beriicksichtigung der Gewichtsabnahme (CO-ANOVA),
war der Abfall des NBZ und der Anstieg des HOMA-IR-Wertes
lediglich fiir B, nicht jedoch fiir ME statistisch signifikant. Die-
ses Ergebnis belegt eine Wirkung von B auf den N-BZ und die
IR, die unabhingig von der erzielten Gewichtsabnahme ist.
Aufgrund dieser Ergebnisse schliefen wir, dass eine Didt mit B
die metabolischen Risikofaktoren fiir einen Typ-2-Diabetes giin-
stig beeinflusst und dazu beitragen kann, das Risiko einer Mani-
festation von Diabetes zu verringern.

P-129

Bestimmung des glykdmischen Indexes verschiedener
Nahrungsmittel (Schokolade, Yoghurt) bei
stoffwechselgesunden Probanden mittels Continuous
Glukose Monitoring System (CGMS™)

*Chlup R(", Jelenova D.%), Chiupova KS"), Sudentovd H.¢, Bartek J.%), Seckaf P4),
Zapletalova 1.5

() Palacky Universitat, Institut fdr Physiologie, Olomouc, ) Palacky Universitat, Institut
fiir Pathophysiologie, Olomouc, ! Palacky Universitat, Institut filr medizinische Bio-
chemie, Olomouc, ©!Universititskrankenhaus, Abteilung fiir Gesundheitsversiche-
rung, Olomouc, ! Palacky Universitét, Abteilung fir Biometrie und Statistik, Olomouc

Die hyperglykimisierende Auswirkung von Nahrungsmitteln im
Vergleich zu Glukose wurde durch Bestimmung des glykimi-
schen Indexes (GI) charakeerisiert. Der GI wird konventionell
aus den Fldchen unter der von 7 Werten (niichtern und 15, 30,
45, 60, 90, 120 min nach dem Essen) der kapillaren P-Glukose
dargestellten Kurve und den Ausgangswerten ausgerechnet. Ziel
dieser Studie war es, eine zur GI-Bestimmung bisher noch nicht
beschriebene Methode auf ihre praktische Anwendbarkeit zu
iiberpriifen.

Fragestellung: Wie grof§ sind die Werte und die Variabilitdt des
mit dem CGMS™ bestimmten GI fiir Glukose, Bitterschokola-
de und Yoghurt?

Methodik: Bei 20 stoffwechselgesunden Probanden (Alter
21-31 Jahre, 6 Minner, 14 Frauen, geschult in der Bedienung des
CGMS™ (Medtronic MiniMed), Glukometer Advance™ (Hy-
poguard) und in der Fithrung des von der Ethikkommission be-
stitigten Protokols) wurde der CGMS™-Sensor subkutan in das
Gesif insertiert. Im Laufe einer Woche wurden jeweils 3mal in
zweitdgigen Abstinden die obigen je 50 g Kohlenhydrate enthal-
tenden Nahrungsmittel getestet. Fiir jede Mahlzeit wurde die
Fliche unter der Glykdmiekurve (IAUC) von 25 der in 5-min.-
Intervalen gespeicherten CGMS-Glukosekonzentrationen ausge-
rechnet und fiir jede Person ein mittlerer Nahrungsmittel bezo-
gener GI bestimmt. Die Unterschiede zwischen den getesteten
Nahrungsmittelgruppen wurden per Multiple Comparisons
(LSD Tests) und ANOVA bestimmt.

Ergebnisse: Zur Bestimmung des GI wurden insgesamt 173 Te-
ste ausgewertet: mit Glukose 59 Teste, mit Schokolade 58 Teste

Poster

und mit Yoghurt 57 Teste, je in 20 Probanden. S.
Min/Max/Median/Mean/SD

Glukose 100/100/100/100 /.00

Schoko 8,8/80,7/38,7/44,0*/21,7

Yoghurt 12,8/94,5/32,3/38,1%/21,2

* p<0,05 gegeniiber Glukose

Schlussfolgerungen: Mit dem CGMS™ kann der Gl einfacher als
mit konventionellen Methoden bestimmt werden. Weitere Studi-
en sind notwendig.

P-130

Postprandialer Anstieg der Triglyceriden bei Patienten
mit Typ-2-Diabetes und Mikroalbuminurie ohne
Niereninsuffizienz

*Stylianou A", Tentolouris N.(", Perrea D.{"), Tselepis A. D.%), Lourida E.?),

Kitsou E{", Katsilambros N.("

) 1st Department of Propaedeutic Medicine, Athens University Medical School,
Intemal Medicine, Ag.Thoma 17, Athens, Greece, @ University of loannina,
Laboratory of Biochemistry, Department of Chemistry, loannina, Greece

Fragestellung: Die Mikroalbuminurie (MA) ist bei Diabetikern
ein unabhingiger Risikofaktor fiir Atherosklerose. Die post-
prandiale (pp) Hypertriglyceridimie ist auch mit Atherosklero-
seentwicklung sowohl bei Diabetikern als auch bei Nichtdiabe-
tikern assoziiert. Der Effekt jedoch von MA auf pp Triglycerid-
dmie ist bisher nicht so weit studiert. In dieser Studie untersuch-
ten wir die pp Triglycerididmie bei Patienten mit Typ-2-Diabetes-
Mellitus (T2DM) und MA im Vergleich zu Diabetikern ohne
MA.

Material und Methoden: Untersucht wurden insgesamt 64 Pati-
enten (Alter 62.2 +7.2 Jahre) mit T2DM, 30 mit und 34 ohne
MA. Nach 12-14 Stunden Fasten wurde bei den Probanden ein
standardisierter oraler Fettbelastungstest entsprechend einer ge-
mischten fettreichen Mahlzeit (783 kcal: 51,6 % Fett, 27,5 %
Kohlenhydrate, 20 % Eiweif) durchgefiihrt. Es wurden niichtern
und zu den Zeitpunkten 2 h, 4 h und 6 h postprandial Triglyceri-
de (TG), Glukose, Insulin, Fibrinogen, Cholesterol, HDL, LDL
und freie Fettsidure (FFS) gemessen. Diese wurden als die Fliche
unter den entsprechenden Kurven (area under the curve, AUC)
quantifiziert. Die Insulinresistenz (IR) wurde nach dem HOMA-
Modell berechnet. Mikroalbuminurie (2 von 3 Messungen iiber
30mg Albuminurie/24 h) wurde mit RIA bestimmt. Patienten
mit Niereninsuffizienz wurden ausgeschlossen.

Ergebnisse: Patienten mit MA zeigten fast 3.5fache héhere
pp Steigerung der Triglyceriden verglichen mit Patienten oh-
ne MA (Mittelwert = SD): 232.4 +28.3 vs. 69.3 = 12.7 mgXh/dl,
p < 0.0001. Weiterhin trat die pp Triglyceridesteigerung friih auf
und blieb wihrend der ganzen Studie hoch. Es wurden keine sig-
nifikante Unterschiede in den anderen Plasmalipiden und Glu-
kose zwischen den beiden Gruppen bemerkt. Erwartungsgemifl
war die IR bei Diabetikern mit MA signifikant héhere (M-Wert:
6.1vs 2.5, p<0.001).

Schluffolgerung: Patienten mit T2DM und MA weisen eine
frithzeitige und prolongierte Steigerung der totalen Tryglyceri-
den auf. Diese Beobachtung wird zum ersten Mal beschrieben
und kann zum Teil das hohe kardiovaskulire Risiko bei diesen
Patienten erkliren.

DIABETES UND STOFFWECHSEL 14 / 2005
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Results: The sensor of the Continuous Glucose Monitoring System (CGMS, Minimed-
Medtronic, California) is declared to expire 6 months following its production and to measure
the glucose concentration in interstitial fluid up to 3 days after its insertion. In this study, 20
sensors, each to be 3 to 18 months after the expiry date, were assessed for the prolonged
function and accuracy in a 7-day period after the insertion. Twenty healthy volunteers (5
groups, 4 volunteers each), aged 23.4+2.92 (mean+SD) years were trained in handling with the
CGMS and glucometer Advance (Hypoguard). Sensors were inserted into the subcutaneous
tissue of the hip on the day 0 and kept in use up to 8 days. The sensor function was estimated
according to the number of sensor results per day, the accuracy according to the mean absolute
difference (MAD) between glucometer and sensor. There were no local complications. One
sensor died on day 5. There was no difference between the accuracy of sensors 3 and 18
months beyond the expiry date. See Table and Figure for details.

Hence, neither the expiry date nor the recommended 3 day period of use limit the reliable
function of a CGMS sensor. Having been properly stored, sensors were found to function as

long as 18 months after the expiry date for at least 7 days after their insertion.

Data from CGMS sensor (means)

Day No 1 2 3 4 5 6 7

N 287.4 284.8 287.9 287.7 277.2 277.2 252.8
Glucose max 9.9 9.3 10.2 9.4 8.9 10.6 9.5
Glucose min 3.1 3.8 3.7 3.6 3.8 3.9 33
Glucose 6.1£0.65 |[6.2+0.41 [|6.2+0.52 [6.2£0.67 ||6.0+0.58 [6.5+0.78 ||6.2+0.70
mean+SD

No of

glucometer- 14.5 15.4 14.6 14.5 14.9 14.8 13.7
Sensor pairs

MAD+SD 13.3+4.86|[13.64+4.15|12.2+2.84(|13.4+4.06]{14.0+7.40||12.5+4.50(|13.8+4.66
Correlation r 0.8 0.6 0.8 0.9 0.7 0.9 0.7
[figurel]

Category: Clinical Therapeutics/New Technology - Pharmacologic Treatment of Diabetes or
its Complications
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tive Difference (MARD) between sensor and blood glucose (total
sensor life and by day), Pearson’s correlation coefficient (r) and
Clarke Error Grid analysis. Clinical observations at the sensor inser-
tion site were documented after sensor removal. Results: In total,
data from 75 sensors with 4597 blood glucose reference values were
evaluable with the following results: MARD =14.4%, r=0.90, Clarke
Error Grid zone A: 81.7%, zone B: 17.3%, zone CDE: 1.0%. MARD
values by day: day 1: 16.8%, day 2: 15.7%, day 3: 14.8%, day 4:
13.2%, day 5: 12.7%. Conclusions: The stability of the FreeStyle
Navigator continuous glucose monitoring system allows accurate
sensor use over a measurement period of 5 days.

230

INCA: Mobil- und Internettechnologie zur Sensor-gestiitzten
Insulinpumpentherapie - Ein neuer Weg zur Closed-Loop
Applikation

Kaupper T', Rauch H', Bott 0% Hernando E>, Hoffmann I°, Standl E',
Pretschner D?, Gomez E>, Schnell O'

TInstitut fiir Diabetesforschung, Miinchen, Germany, “Institut fiir
Medizinische Informatik, Universitdt, Braunschweig, Germany,
3Polytechnische Universitdt, Madrid, Spain

Fragestellung: Ziel des europdischen Projekts INCA (Intelligent Clo-
sed-Loop Application) ist die Vernetzung der Sensor-gestiitzten In-
sulinpumpentherapie (CSII) via Mobilfunk- und Internettechnologie.
Dabei steht die Optimierung der Insulinpumpentherapie bei Typ-
1-Diabetes im Vordergrund. Methodik: 10 Typ-1-Diabetiker mit
CSII wurden eingeschlossen: Alter 34+12], Diabetesdauer 1719],
CSII 5+3], HbA1c 7,7 £0,5 %, BMI 25,0+ 2,6 kg/m2, keine diabet. Se-
kunddrveranderungen bekannt. Die Patienten wurden in zwei Grup-
pen iiber 4 Monate in einem Cross-over Design untersucht: 2 Mo.
konventionelle CSII (D-TRONplus,=Kontrollphase) gefolgt von 2 Mo.
CSII, intermittierender Glukose-Sensor (CGMS), Datentransfer iiber
Smart Phone und Internet (=INCA-Phase). Ergebnisse: In beiden
Gruppen kam es wdhrend der INCA-Phase zu einer signifikanten
Verbesserung der HbAlc-Werte: 7,6 £0,6% vs. 7,3+0,6% (p< 0,05)
und 7,9+0,3vs. 7,5+0,5% (p< 0,05). Triglyceride, Cholsterin, HDL,
LDL verdnderten sich nicht signifikant. Schwere Hypoglykdmien tra-
ten nicht auf. Die Akzeptanz des INCA-Konzepts bei Insulinpumpen-
tragern war gut: 9 von 10 Typ-1-Diabetikern sahen die INCA-Phase
als vorteilhaft an und wiinschten eine Fortsetzung. Schlussfolge-
rung: INCA zeigt auf, dass Schritte der Vernetzung mit Blick auf
eine Closed-Loop-Applikation erfolgreich die Behandlung bei Typ-
1-Diabetikern mit Insulinpumpentherapie unterstiitzen kdnnen. Die
Testung und Validierung einzelner Komponenten einer Server-ba-
sierten Applikation ist fiir Erfolge bei zukiinftigen Closed-Loop-Ap-
plikationen unerldRlich.
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Resultate kontinuierlicher Glukosemessungen(CGMS™)
unter ambulanten Bedingungen zur Beurteilung der
Stoffwechseleinstellung bei T2DM

Chlupova K, Kohnert KD', Heinke P', Augstein P', Chlup R, Salzsieder E’
UInstitut fiir Diabetes ,Gerhardt Katsch*, Karlsburg, Germany, “Palacky
Universitdt, Institut fir Physiologie, Olomouc, Czech Republic

Gelegentliche  Blutzuckermessung und Bestimmung  des
HbA1c-Wertes bei T2DM ergeben kein vollstandiges Bild iiber die
Giite der Stoffwechseleinstellung. Es ist bekannt, dass trotz hinrei-
chender HbAlc-Werte starke Glykdmieschwankungen registriert
werden konnen. Fragestellung: (1) Welcher Zusammenhang be-
steht zwischen dem HbA1c und den mittels CGMS™ erfassten pra-
und postprandialen Glukosewerten (pp GW) und (2) unter welcher
Therapie treten postprandiale (120 min) GW >8,0 mmol/l am hdu-
figsten auf? Methodik: Bei 80 T2DM Patienten aus Allgemeinarzt-
praxen, behandelt mit Didt (D, N=19), Sulfonylharnstoffen (SH,
N=15), Metformin (Met, N=13), einer Kombination von SH+Met
(N=22) und Insulin (Ins, N=11), geschult im Umgang mit CGMS™

und in Fiithrung eines Tagebuches, wurde der CGMS™ Sensor (zwei-
mal fiir 3 Tage im Abstand von 3 Monaten) subkutan in das Abdo-
men insertiert. In der statistischen Analyse wurden die von insge-
samt 521 Mahlzeiten (Friihstiick, Mittagessen und Abendbrot) pra-
(Omin) und postprandialen (60, 120, 180 min) GW ausgewertet. Er-
gebnisse: Die NBG und HbAlc waren signifikant hoher in der
SH+Met behandelten Gruppe. Der HbA1c-Wert korrelierte mit dem
Mean-Sensor GW der CGMS™ Messung (r=0,50; p< 0,001), dessen
wichtigsten Determinanten waren die 0 min-GW (r=0,89; p=0,004)
und die 180min-GW (r=0,89; p=0,011) des Mittagessens. Die
HbA1c-Werte korrelierten (p< 0,001) mit den pra- und pp GW der
Mabhlzeiten. In der multiplen Regressionsanalyse erwiesen sich die
NBG (r=0,70; p<0,001) und die pp GW 60min (p=0,025),
120 min(p=0,035) und 180 min(p=0,049) des Mittagessens als die
wichtigsten Determinanten der HbAlc-Werte. Insgesamt waren
50% der postprandial (120min) gemessenen GW >8,0 mmol/l
(D=35%; SH=66%; Met=37%, SH+Met=66%; Ins=48 %). Schluss-
folgerungen: (1) Zwischen dem HbAlc und den mittels CGMS™
erfassten praprandialen und pp GW bestehen signifikante Korrela-
tionen, (2) die pp GW >8,0mmol/l sind am hdufigsten unter Thera-
pie SH+Met (66 %), bzw. SH (66 %). Durch das CGMS™ kénnen Defi-
zite in der Stoffwechselfiihrung friihzeitig erkannt und fiir die Op-
timierung der Therapie genutzt werden.
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Kennwerte der kontinuierlichen Glukosemessung bei Typ 1
Diabetes

Haak T', Scheff C', Kulzer B!, Hermanns N’

"Forschungsinstitut der Diabetes Akademie Mergentheim, Diabetes Zentrum
Mergentheim, Bad Mergentheim, Germany

Ziele: Die kontinuierliche Glukosemessung liefert sowohl fiir den
Patienten als auch den Behandler eine Fiille von Informationen.
Die Interpretierbarkeit der so gewonnenen Daten wird durch das
Fehlen von Normwerten erschwert. Ziel dieser Untersuchung war
die Bestimmung der Dauer von hypo- (Glukose < 70 mg/d), eu-(Glu-
kose 70-180mg/dl) und hyperglykdmischen Phasen (Glukose
>180mg/dl) zur Gewinnung von Normdaten an einer deutschen
Stichprobe. Methodik: An dieser Studie nahmen 41 stationar behan-
delte Typ 1 Diabetiker (Alter: 31,6 +10,5].; HbAlc: 8,1 %+ 1,8%; Dia-
betesdauer: 14,7 +7,5].) teil. Die kontinuierliche Glukosemessung
erfolgte fiir die Patienten verblindet mit dem CGMS®-System der
Firma Medtronic/Minimed (CGMS). Die mittlere Tragedauer betrug
46,3 +23,1 Std.. Ergebnisse: Die Korrelation zwischen der Referenz-
messung der Blutglukose (Hexokinasemethode) und dem CGMS be-
trug r=.91, die absolute relative Abweichung (ARA) 13,95+15,5%. In
den hypo- (15,1+16,7 %), eu- (14,5+15,9%) und hyperglykdmischen
Bereichen (10,5+ 11,1 %) zeigte die ARA keinen signifikanten Unter-
schied (p=.104). Die Band Altmann Analyse zeigte eine mittlere Ab-
weichung von 1.2 +23,4 mg/dl. Die Dauer der hypo-, eu- und hyper-
glykdmischen Glukosephasen pro Tag betrugen (jeweils im Ver-
gleich mit Daten einer amerikanischen Normstichprobe von 60
Typ 1 Diabetikern [Bode et al, Diabetes Care, 2005, 28,
2361 -2366]): hypoglykdmische Phase=2,5+2.6 vs. 2.3+1.5 Std.,
(t=-0.48, p=ns), euglykdmische Phase=18,0+£3,8 vs. 14.5+3,1 Std.
(t=-5,0, p<.01); hyperglykdmische Phase 3,5+3,5 vs. 7.2+3.9 Std.
(t=4.8, p<.01). Schlussfolgerung: Die CGMS hat iiber alle Glukose-
bereiche eine befriedigende Messgenauigkeit. Bemerkenswert ist im
Hinblick auf mégliche Hypoglykdamieprobleme besonders die Dauer
der hypoglykdmischen Phase. Im Vergleich zur amerikanischen
Stichprobe dauerte die euglykdmische Phase signifikant langer, die
hyperglykdmische Phase signifikant kiirzer. Die Entwicklung von
Normwerten des kontinuierlichen Glukoseverlaufs ist eine unab-
dingbare Voraussetzung zur Interpretation dieser Ergebnisse.
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haben im mehrjdhrigen Verlauf der Modulerprobung zu 95% die
Vorgaben des DVGS bzw. LSB erfiillt. Die Modularbeit ist den gegen-
wartigen soziookonomischen Bedingungen mehrerer Bundeslinder
angepasst und garantiert somit die spdtere regionale Arbeit der Ab-
solventen. Die kiinftige praktische Tadtigkeit ist orientiert auf Fach-
kliniken mit hohem Praventions - und Rehabilitationsanteil von DM
2 - Patienten unter GefdRkomplikationen. Zusatzlich ist die Leitung
ambulanter DM Sportgruppen wie auch weiterer Patienten mit
Sportaktivititen in lokalen Sportvereinen bzw. Fitness- oder Well-
nessstudios vorgesehen. Die praktische Umsetzung | Uberleitung
des “Disko - Projektes* setzt eine groBere Zahl von Lizenztragern
“Sport und Diabetes” in den ndchsten Jahren voraus. Die Absolven-
ten stellen aktuell und in Zukunft ein enormes Potential dar fiir die
interdisziplindre Teamarbeit. Die weitere nationale Umsetzung von
Bewegung und Diabetes sollte die Potenzen der gezeigten univer-
sitdiren Modularbeit mit Lehrkliniken breiter nutzen.
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Konventionelle Bestimmung des glykdamischen Indexes
verschiedener Nahrungsmittel (Schokolade, Apfelmuss,
Reisbrot, Yoghurt) bei pumpenbehandelten Typ-1
Diabetikern

Chlup R', Jelenovd D', Kudlovd P, Bartek J', Naklddalovd M’, Seékaa P,
Zapletalovd |', Langovd K', Pukowietz L',Chlupova K’

"Medizinische Fakultdt, Palacky Universitdt, Olomouc, Czech Republic,
2Universitdtskrankenhaus, Olomouc, Czech Republic

Einleitung: Die hyperglykdmisierende Auswirkung von Nahrungs-
mitteln im Vergleich zur Glukose wurde durch den glykdamischen
Index (GI) charakterisiert. Der GI wird konventionell bei stoffwech-
selgesunden Probanden (SWGP) aus den Flachen unter den je von 9
Werten (niichtern und 15, 30, 45, 60, 75, 90, 105, 120 min nach dem
Essen) der kapillaren P-Glukose dargestellten Kurven und deren
Ausgangswerten (IAUC) ausgerechnet. Ziele: zu iiberpriifen, ob die
bei SWGP konventionell bestimmten GI Werte fiir Glukose, Bitter-
schokolade, Apfelmuss, Reisbrot und Yoghurt auch fiir pumpenbe-
handelten Typ-1 Diabetiker (PB-DM1) giiltig sind. Methodik: Bei 20
SWGP/und bei 20 PB-DM1 (Alter 24,4+0,7/45,5 + 3,6 Jahre, p< 0,05;
BMI 22,3+0,7/25, 4*1,0, p<0,05; HbAlc nach IFCC
2,91+0,05/6,37 £0,57 %, p< 0,05; Insulindosis 0,0/34,6 +1,74 IE pro
24 h, Mittelwerte + SE), geschult in der Bedienung des Glukometers
Advance™ Hypoguard, und in der Fithrung des von der Ethikkomis-
sion bestdtigten Protokols) wurden im Laufe einer Woche jeweils
3mal in zweitdgigen Abstdnden die obigen je 50g Kohlenhydrate
enthaltenden Nahrungsmittel getestet. Fiir jede Mahlzeit wurde
die IAUC ausgerechnet und fiir jede Person (und nachfolgend fiir
beide jeweiligen Gruppen) ein mittlerer Nahrungsmittel-bezogener
GI bestimmt. Die Unterschiede zwischen den Gruppen (SWGP und
PB-DM1) wurden mittels t-Test und Mann-Whitney Test verglichen,
p< 0,05 wurde als signifikant betrachtet. Ergebnis: In SWGP/PB-
DM1 Gruppen wurden 282/285 Teste (d.h. bis 60 Teste pro Nah-
rungsmittel) ausgewertet. Bei SWGP/PB-DM1 wurden folgende GI
bestimmt: Glukose 100,00/100,00% Schokolade 43,61+4,95/
42,70+3,98% (p=0,888); Apfelmuss 46,11+4,78/31,27+3,47%
(p=0,016); Reisbrot 76,42+4,41/74,49+5,74% (p=0,791); Yoghurt
4319+4,51/51,74+4,72% (p=0,198). Schlussfolgerungen: Beim
Vergleich der GI fiir Schokolade, Reisbrot und Yoghurt zwischen
SWGP und PB-DM1 wurden keine signifikante Unterschiede gefun-
den. Nur der GI fiir Apfelmuss war bei PB-DM1 signifikant niedriger.
Dazu bleiben u.a. noch die Algorithmen der Insulinierung aus-
zuwerten. Projekt IGAMZCR NR7825 - 3.
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Einfluss verschiedener Zwischenmahlzeiten am Nachmittag
auf den postprandialen Blutzuckerwert bei Menschen mit
Typ 2 Diabetes

Schéne S', Biirkert A%, Tombek A, Kohlenberg-Miiller k°, Haak T
"Diabetes-Zentrum Bad Mergentheim, Bad Mergentheim, Germany, 2Justus-
Liebig-Universitdt GieRen, GieRen, Germany, Fachhochschule Fulda, Fulda,
Germany

Fragestellung: In beiden randomisierten Studien wurde untersucht,
welchen Einfluss verschiedene BE-Mengen zur Zwischenmahlzeit
ZMZ auf den postprandialen pp Blutzucker ausiiben. In der Studie
A wurde der Einfluss von Kuchen untersucht, in der Studie B (glei-
ches Studiendesign) wurde Obst als ZMZ verwendet. Es wurden u. a.
folgende Fragestellungen untersucht: 1) In wie weit fithren die ver-
zehrten ZMZ, ohne zusdtzliche Medikamente, zu einem Anstieg des
Blutzuckers pp? 2) Ldsst eine fettreiche ZMZ den Blutzucker pp
starker ansteigen als eine fettarme ZMZ? Methodik: An der Studie
A nahmen 40 Probanden teil, in der Studie B 20 (Probanden sozio-
demographisch abgeglichen). Die Studien hatten 2 Durchgidnge und
dauerten 6 Tage. Die Probanden bekamen 0,2,4 BE zur ZMZ, in zufal-
liger Abfolge. Der Blutzucker wurde 15 Uhr (vor der ZMZ), 16 Uhr
und 17 Uhr bestimmt. Die Ergebnisse wurden mithilfe von His-
togrammen und geschichteten Kreuztabellen dargestellt. Die Sig-
nifikanz wurde mit dem X2-Test tiberpriift. Ergebnisse: In Studie
A waren 95% der Probanden adipds, in Studie B 100%. In beiden
Studien wies kein Proband einen HbA1C Werte < 6,5% auf. Bei Stu-
die A erreichten um 16 Uhr und um 17 Uhr weniger Probanden den
Zielwert als bei Studie B. (Studie A: 16 Uhr 0 BE 47,5%, 2 BE 22,5%, 4
BE 10% unter 120 mg/dl, 2. Durchgang 0 BE 55%, 2 BE 30%, 4 BE
12,5% unter 120 mg/dl; 17 Uhr 0 BE 32,5%, 2 BE 15%, 4 BE 5% unter
100mg/dl, 2. Durchgang 0 BE 40%, 2 BE 17,5%, 4 BE 5% unter
100 mg/dl - Studie B:16 Uhr: 0 BE 75%, 2 BE 30%, 4 BE 40% unter
120mg/dl, im 2. Durchgang O BE 80%, 2 BE 30%, 4 BE 40% unter
120 mg/dl; 17 Uhr 0 BE 60%, 2 BE 35%, 4 BE 15 % unter 100 mg/dl, 2.
Durchgang 0 BE 45%, 2 BE 20%, 4 BE 20% unter 100 mg/dl). Bei
Studie B lagen max. 15% (min.5%) iiber 180 mg/dl, bei Studie A
hingegen max.35% (min.2,5%). Schlussfolgerung: Beim Verzehr
fettarmer ZMZ ist der Anstieg vom Blutzucker pp deutlich geringer
als bei der fettreichen ZMZ. Somit ist der Verzehr von mehreren BE
zur ZMZ bei Menschen mit Typ 2 Diabetes deutlich unproblemati-
scher, wenn fettarme Produkte bevorzugt werden.
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Nahrungs-AGE (Advanced Glycation Endproducts)-induzierte
Endotheldysfunktion und oxidativer Stress bei Patienten mit
Typ-2 Diabetes mellitus (T2DM)

Negrean M', Stirban A', Stratmann B', Gawlowski T', Horstmann T,
Gétting C2, Kleesiek K, Miiller-Résel M', Koschinsky T°, Uribarri |*,

Viassara H*, Tschépe D'

"Herz- und Diabeteszentrum NRW, Ruhr-Universitit, Diabetesklinik, Bad
Oeynhausen, Germany, *Herz- und Diabeteszentrum NRW, Ruhr-Universitdit,
Institut fir Laboratoriums- und Transfusionsmedizin, Bad Oeynhausen,
Germany, >Heinrich-Heine Universitdt, Diisseldorf, Germany, *“Mount Sinai
School of Medicine, Experimetal Diabetes and Aging, New York, United States
of America

Fragestellung: Eine AGE-reiche Mahlzeit fiihrt bei Patienten mit
T2DM zu einer voriibergehenden GefaRdysfunktion. Die Akuteffekte
von Nahrungs-AGE auf den oxidativen Stress und Plasma Marker der
Endotheldysfunktion bei diesen Patienten wurden bis jetzt nicht
untersucht. Methodik: Wir haben 19 stationdre Patienten mit T2DM
iiber 6 Tage untersucht (Alter: 55.4 2.2, HbAlc: 8.8 0.5%, 13 oral-/4
oral+Insulin/2 mit Insulin behandelt). Am 4. und 6. Tag wurden die
Effekte einer AGE-reichen (HAGE) bzw. AGE-armen (LAGE) Mahlzeit
(15.100 vs. 2.750 AGE kU) auf die Serummarker der Endotheldys-
funktion, oxidativen Stress und Serum-AGE in einem randomisier-
ten, cross-over Design untersucht. Die Parameter wurden niichtern
und 2, 4 und 6 Std nach der HAGE bzw. LAGE Mahlzeit bestimmt.

Diabetologie 2006; 1: S23-S172 Georg Thieme Verlag KG Stuttgart - New York - ISSN 1861-9002
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Continuous Glucose Monitoring - A New
Effective Approach to Determine the
Glycemic Index of Foods (DEGIF 1)

Rudolf Chlup, M.D.; Daniela Jelenova, M.D.; Karolina Chlupova, M.D.; Josef Bartek, M.D.;
Hana Studentova, M.D.; Jana Zapletalova, Ph.D.; Katerina Langova, M.A.; Ludmila Chlupova

Palack University, Olomouc
Olomouc, Czech Republic
rudolf.chlup@fnol.cz

Introduction

The glycaemic index (GI) is a measure of the food power to raise plasma glucose (PG) concentration after a meal.
The aim of this prospective study was to assess the possibilities of the Continuous Glucose Monitoring System
(CGMSTM), Minimed-Medtronic, to determine the GI, i.e., to compare the GI estimated for selected foods by a
conventional method using the Glucometer AdvanceTM system (GAS), Hypoguard, and by means of the CGMS.

Methods

Portions of food containing 50 g of carbohydrates were eaten after 4 to 10 h fast by 20 healthy volunteers. Using
GAS, P-glucose curves were constructed from 9 PG values at time 0, 15, 30, 45, 60, 75, 90, 105, 120 min after the
meal; using CGMS, from 25 values of interstitial fluid glucose concentration stored in the CGMS memory. In each
method, the GI was calculated by dividing the incremental area under the curve for the tested food by the area for
the standard glucose. In each volunteer each food was tested 3 times. The GI for each food was calculated as the
mean from the average GI's of 20 volunteers. MS Excel and SPSS v. 10.1 were used to analyze the data.

Results

The GI values (mean+SD) measured by GAS/CGMS were for dark chocolate 43.6+22.13 %/44.0+21.71%; for
apple baby food 46.1+£21.38%/53.8+37.69%; for puffed rice squares 76.4+£19.70%/92.7+75.58 %; for yogurt
43.2420.17%/37.7421.55 %. No significant difference was seen between the GI's determined by GAS vs. CG

Conclusions
The determination of GI's by a conventional method (GAS) and by the CGMS resulted in similar results.
The CGMS is comfortable for tested persons and appears to become a sophisticated approach to determine the GI.

Acknowledgements IGAMZCR7825-3
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58.
UHRADA DIABETOLOGICKE PECE POJISTOVNOU, POROV-
NANi PLAN - SKUTECNOST

D. Kéveslygetyova, T. Pelikanova
Centrum diabetologie IKEM, Praha

Uvod: Diabetologie patfi mezi obory, které se z hlediska
thrad pojistoven fadi k hife ohodnocenym. Od 1. 1. 2006
je platny novy sazebnik vykona, ktery zahrnuje zvySeni ceny
za lékarskou praci. Sazebnik by mél vést ke zlepSeni finanéni
situace diabetologickych ambulanci a nemocnic, které pecuji
o pacienty s diabetem.

Cilem prace je: porovnani mnozstvi ziskanych financ¢nich
prostfedkd v roce 2005 a 2006 s nariistem navstév v ambu-
lantni péc¢i a mirnym poklesem pacientt pfi hospitalizaci.

Metodika: K vyhodnoceni jsme pouzili vSechny vykony
vykazované pojistovnam v roce 2005 a 2006 v ambulanci
a béhem hospitalizace diabetik(i. Hodnoceno bylo:

a) LaZkové oddéleni - méa 28 lizZek (z toho 4 TISSova). V roce
2005 bylo obsazeno z 92 % (TISS z 100 %). V roce 2006 byla
obloznost ltzek 90 % (z toho TISS 93 %). Celkovy pocet hospi-
talizovanych pacientt byl v roce 2005 - 1016 a v roce 2006
- 959 (o 57 méné). Skladba pacienti se téméf nezmeénila:
nemocni se syndromem diabetické nohy 2005 - 32 %, 2006
- 31,6 %; predtransplantacni vysetfeni 2005 - 11 %, 2006
- 7.5 %; transplantace 2005 - 4 %, 2006 - 6,9 % o cca 37 %,
komplikace po transplantaci 2005 - 17 %, 2006 - 19,3 %;
kontrola po transplantaci 2005 - 1 % a 2006 - 0,4 %; pacienti
k edukaci 2005 - 2 %, 2006 - 1,8 %, jind onemocnéni diabetu
2005 - 10 %, 2006 - 8,3 % a nemocni s ostatnimi diagnézami
2005 -4 % a 2006 - 5,1 %.

b) Ambulance - v roce 2005 ¢inil pocet navstév 25 755,
z toho 90 % nemocnych bylo Ié¢enych inzulinem a cca 60 %
byli nemocni s komplikacemi diabetu. Dale na podiatrické
ambulanci byl pocet navstév 6768. V roce 2006 byl narust
navstév o cca 2200 (pfesné 27 959 navstév); skladba pacientt
stejnéa jako v roce 2005; pocet navstév na podiatrii se zvysil
0929, celkem na 7697 navstév.

Vysledky: Pocéty bodti v roce 2005 a vypocteny pocet bod
v roce 2006 za predpokladu zachovani absolutniho poctu
vykazanych vykon( znazornuje tabulka.

Tabulka 1 k 58

Celkovy nartist vykazané péce ¢ini 19,6 % - 4 837 476 bodu,
coz odpovida 4 305 354 K¢ (pfi hodnoceni 0,89 Ké/bod).
Body ziskané ambulantni ¢innosti v roce 2006 ¢ini cca 1/3
vykazanych bod(, stejné jako v roce 2005. Objem vykazané
péce na ambulanci se zvysil 0 30,7 % (pfedpokladany nardst).
Uhrada IGzkové péce je o 11,1 % vysSinez v roce 2005 a zaro-
ven o cca 6 % vice nez plan. Viz obé tabulky.

Zavér: Naklady na lé¢bu pacient( stoupaji Umérné s pfiby-
vajicim poétem nemocnych a poétem chronickych komplikaci
diabetu. Zvyseni bodového hodnoceni jednotlivych vykont se
projevilo kladné jak v ambulantni péci, tak v péci hospitalizo-
vanych pacient(. Nové ohodnocené lékaiské i oSetfovatelské
vykony tak prispély ke kvalitnéjsi 1éCbé pacientd s cukrovkou.

Podporovano MZO 00023001.

R.Chlup'?, P. Se¢kar®, P. Kudlova? K. Peterson? K. Langova®,
J. Bartek*

Fakultni nemocnice a Lékarska fakulta Univerzity Palackého
v Olomouci

I interni klinka Lékarské fakulty Univerzity Palackého v Olo-
mouci

2Ustav fyziologie Lékarské fakulty Univerzity Palackého v Olo-
mouci

3Ustav oSetfovatelstvi a porodni asistence Lékarské fakulty
Univerzity Palackého v Olomouci

4Ustav lékar'ské chemie a biochemie Lékarské fakulty Univerzity
Palackého v Olomouci

SOdbor zdravotnich pojistoven, Fakultni nemocnice Olomouc
80ddéleni biometrie a statistiky Lékarské fakulty Univerzity
Palackého v Olomouci

Uvod: Glykemicky index (Gl) je ukazatel hyperglykemizujici
schopnosti potravin. Stanoveni Gl je ¢asové naro¢né a dosud
nebylo standardizovano. Inter- i intraindividudlni variabilita Gl
je vSeobecné znama, v praxi se ale vyuziva pouze primérnych
hodnot GI méfenych ve skupiné probandd.

Cilem sdéleni je 1) demonstrovat funkéni jednoduchy
softwarovy program ke stanoveni Gl na zakladé kontinualniho
monitorovani koncentrace glukézy v intersticialni tekutiné
pomoci CGMS® a Solutions Software® 7310 v.3.0C, Medtronic

skuteénost body 2005 body 2006 narust bodu cena %
celkem 19 888 514 24 725990 4837 476 4 305 354 K¢ 19,6
lGzkové odd. 13 180 742 15 057 850 1877 108 1670626 K¢ 111
ambulance 6707 772 9 668 140 2 960 368 2634 728 K¢ 30,7
Pro srovnani (tabulka z roku 2006)
Tabulka 2 k 58

plan body 2005 nové hodnoceni 2006 narast bodt cena %
celkem 19 888 514 23208370 3319 856 2 954 672 Ké 14,5
lazkové odd. 13 180 742 13 747 119 566 377 504 076 K¢ 4.1
ambulance 6707 772 9461 251 2753479 2 450 596 K& 29,0
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Minimed, 2) ukazat vyhody tohoto nového softwaru vyvinutého
v Microsoft Excel 2000 pod pracovnim nazvem DegifXL.

Metodika: K testovani programu DegifXL bylo vyuZito dat
20 zdravych dobrovolnik(, ktera byla uloZzena v paméti
CGMS®. Predpokladem k vyuzivani softwarového programu
DegifXL je vySkoleny pracovni tym, zaskolené testované osoby,
porce potravin obsahujici vzdy 50 g sacharidu a dalsi pfislusny
software a hardware. Za i¢elem zhodnoceni pfinosu nového
programu byl sledovan ¢as nutny ke stanovenii GI pomoci
CGMS® s Degif XL, ktery byl porovnan s asem pfi vyuzivani
konvenéni metody.

Vysledky: DegifXL umoziuje provedeni dvou testl za den
(snidang, vecefe) u jedné osoby. Celkovy pocet osob a/nebo

testl a/nebo nacasovani testu v prabéhu dne Ize upravit podle
potfeby. Jsou demonstrovany skupinové i individudlni glyke-
mické indexy péti testovanych potravin. Z celkového poctu
300 testd provedenych u 20 osob (u kazdého 15 test() splnilo
277 (92 %) pozadovana kritéria pro dalsi zpracovani. Cas nutny
k ziskani vysledkd byl dvanactkrat kratsi nez u konvencnich
metod (160 minut vs. 2000 minut).

Zavér: DegifXL umoziiuje nejen stanoveni primérného Gl
ve skupiné testovanych osob, ale také stanoveni individualniho
Gl pro kazdou testovanou osobu zvlast. DegifXL a CGMS® jsou
vhodnym prostfedkem k rutinnimu stanoveni GI.

Podporovano grantem IGA NR 7825-3.

58

DMEV SUPPLEMENTUM 1/2007



¥
S
27th Workshop of the AIDPIT Study Group
2nd European Diabetes Technology and Transplantation Meeting (EuDDT)

S19
DEMONSTRATION OF NEW SOFTWARE PROGRAM DEGIFXL4 FOR THE
DETERMINATION OF THE GLYCAEMIC INDICES OF FOODSTUFFS

Z Fajkusova!, P Seckar?, P Kudlova?, JHucikovat, K Peterson?, H Pribylova!, V Matuskova?,
L FajkoSova!, K Langova*, R Chlup'®

! Dept. of Physiology, Faculty of Medicine, Palacky University, Olomouc, Czech Republic

2 Dept. of Health Insurance, Teaching Hospital Olomouc, Czech Republic

3 Dept. of Biophysics, Faculty of Medicine, Palacky University, Olomouc, Czech Republic

4 Dept. of Nursing and Birth Assistance, Faculty of Medicine, Palacky University, Olomouc,
Czech Republic

> II" Dept. of Medicine, Teaching Hospital Olomouc, Olomouc, Czech Republic

Introduction: The glycaemic index (GI) is conventionelly defined as the ratio of the area
under glycaemic curve (AUC) of the tested food to the AUC of the standard (glucose).
Both areas are calculated for a 120 min-interval after ingestion. The program DegifXL4
was developped at the Faculty of Medicine, Palacky University, Olomouc, Czech Republic,
to be used together with Solutions™ and Continous Glucose Monitoring System (CGMS™,
Medtronic Minimed, Northridge, CA, USA). This new software enables the determination of
the GI at breakfast, lunch, snack and dinner to enhance the capacity of the investigating
centre. The aim of this presentation is to carry out a live-demonstration of the various
functions of DegifXL4.

Materials and methods: The glucose levels of 26 volunteers were monitored after they
consumed either 50g of glucose or one of ten alternative foodstuffs for breakfast, dinner,
lunch or snack. Having accomplished the 9-day meal plan, the data were downloaded
from the CGMS monitors into the PC to calculate the GIs using the Software DegifXL4,
revised, manually corrected and completed according to protocols. A total of 640 tests
with 11 meals were performed in healthy persons and 491 (77%) of these were suitable
for further evaluation.

Results: The current version of DegifXL4 consists of four spreadsheets, named SETUP,
DATA, LIST OF PROBANDS, and STATISTICS. In the course of this presentation, various
functions of the software are demonstrated. The strenght of this new protocol is automated
GI calculation for four meals a day taken in a group of subjects in a test period of several
days. The program enables to choose filters defined by the user (e.g. sex, diabetes type
etc.) to calculate either conventional "group-averaged GI" or "subject-related GI", which
is obtained from an individual. Further processing of data for statistical analysis is possible
with the statistical programs, e.g. SPSS v. 14.0 (SPSS Inc., Chicago, IL, USA).

Conclusions: The software Degif XL4 is helpful for easy determination of subject-related
GIs which may be quickly compared with the respective group-related GI. Use of DegifXL4
is quite simple, so an educated person might be able to determine his/her subject-related
GIs at home. However, the routine determination of a group-related GI should be carried
out in a specialized centre staffed by qualified professionals who have been properly
trained.

January, 27-29, 2008 - Igls, Austria
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ACCEPTANCE OF LONG-LASTING CONTINUOUS GLUCOSE MONITORING
SYSTEM (CGMS™) IN PERSONS WITH DIABETES ON INSULIN PUMPS
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Introduction:

Continuous Glucose Monitoring System CGMS™ (Medtronic Minimed, Northridge, CA, USA)
is becoming a useful tool for diabetes control. However, detailed data focused on CGM
sensors are missing. The aim of this prospective study was to assess the attractiveness of
the CGM and demands for sensors in persons with diabetes (PWD) on insulin pumps.

Methods:

Thirty-seven PWD aged 19 to 83 years, duration of diabetes 1 to 44 years, using insulin
pump Paradigm X22, Medtronic Minimed, Northridge, CA, USA, and performing intensive
selfmonitoring on glucometer Linus, Wellion, Austria, were given a concise 30-min lecture
on CGM and offered transcutaneous sensors for a 3-month period free of charge. The
education of PWD was performed individually or in small groups by an experienced
educator. The number of PWD who accepted this offer and who completed the study was
registered. Several months later the same offer was repeated. The diabetes control at
start and end of the study was compared.

Results:

Twenty of 37 PWD (54%) accepted the challenge and entered the sensor study.
In the course of 3 weeks, 5 of them interrupted CGM due to technical problems with
the transmitter (n = 1) or due to personal reasons (n = 4). The reasons for a primary
sensor refusal (n = 17, i.e., 46%) were (a) insufficient educational capacity of the center
(n =9) or (b) PWD had not enough time due to work (n = 5) or family, and, (c) (n = 2)
and blindness (n = 1).

Five to nine months later, 12 of 15 PWDs were offered the sensor s again and 10 of them
accepted it. The values of HbAlc at the end of the 3-month sensor use decreased by
about 1%.

Conclusions:

The sensors were accepted for repeated long-lasting use by about 30% of PWDs on insulin
pumps. The main reason for the CGM denial was the insufficient educational capacity of
the diabetes centre.

January, 27-29, 2008 - Igls, Austria
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High Correlation between Hemoglobin Alc
and Average 1- to 3-Month Interstitial
Fluid Glucose Concentrations

Rudolf Chlup, M.D., C.Sc.; Karolina Peterson, M.D.; Katefina Langova, M.A.;
Jana Zapletalova, Ph.D.; Helena P¥ibylova; Veronika Matuskova; Jarmila Hucikova;
Pavla Kudlova, M.A.; Maria Pallayova, M.D.

Palacky University Olomouc,
Olomouc, Czech Republic
rudolf.chlup@fnol.cz

Introduction:

Hemoglobin Alc (HbAIc) reflects the mean plasma glucose concentration (PG) over the previous 8 to 10 weeks.
PG is closely related to the glucose concentration in interstitial fluid. This study compares the HbAlc with the
mean interstitial fluid glucose concentration (ISFG) measured continuously (up to 288 values per day) over the
preceding 4-, 8- and 12-week periods.

Methods:

The sensor was inserted subcutaneously into the gluteal or abdominal region. Signals were transmitted wirelessly
into the Paradigm® 722 insulin pump (Medtronic MiniMed, Northridge, CA). Individual sensors were functioning
for 4 to 9 days. Sensor calibration was performed twice daily by means of the Hypoguard Advance glucometer.

Ten people with type 1 diabetes (PWDI) aged 23-69 years, with a diabetes duration of 21.5 + 3.5 years (mean + SE),
and treated with the Paradigm 722 insulin pump (insulin aspart) were provided with sensors over 12 weeks (three
1-month periods). Medtronic MiniMed Solutions pumps and meters software 7311 v.7.0 were used to download
data from the pump into a personal computer. Mean ISFG from the first, second, and third months and HbAlc at
the end of each period were analyzed by means of the statistical program SPSS v.14.0.

Results:

There was no difference in the mean number of ISFG values per person in individual months (8187 vs 7537 vs 7456).
Pearson’s correlations (r) were found between HbAlc and mean ISFG from each previous month (approximately

0.9 each). There was also a strong correlation (r > 0.9) between the final HbAlc and the mean ISFG determined for
2 and 3 previous months (p < 0.05).

Conclusions:

Continuous glucose monitoring appears to be a helpful tool in establishing precise relationships between HbAlc
and mean ISFG. Assessment that is more detailed is in progress.

A26
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Reduction of Hemoglobin Alc Resulting from
1 Month of Continuous Glucose Monitoring in
Persons with Type 1 Diabetes on Paradigm® 722

Karolina Peterson, M.D.; Rudolf Chlup, M.D., Ph.D.; Kateiina Langova, M.A.;
Jana Zapletalova, Ph.D.; Helena Pfibylova; Jarmila Hucikova;
Tereza Jadvisc¢okova; Pavla Kudlova, M.A.; Maria Pallayova, M.D.

Palacky University Olomouc,
Olomouc, Czech Republic
karolinapeterson@yahoo.com

Introduction:

The insulin pump Paradigm® 722 (Medtronic MiniMed, Northridge, CA) enables daily reading of 288 glucose
concentrations determined by a subcutaneously inserted sensor. Sensor signals are transmitted wirelessly into the
pump, enabling one to see the glucose concentration on the display and adapting treatment. This study assessed the
changes in hemoglobin Alc (HbAlc) concentrations in the course of a 12-week period with a nearly continuous use
of glucose sensors in persons with type 1 diabetes on Paradigm 722.

Methods:

Ten previously educated type 1 diabetics 23 to 69 years old, diabetes duration 21.5 + 3.5 years (mean * SE), and
insulin pump therapy 3.88 + 1.19 years, underwent real-time continuous glucose monitoring (RT-CGM) over

the 12-week period using the Paradigm 722 (insulin aspart) and enough consecutive continuous glucose sensors.
All subjects performed intensive self-management according to their actual real-time glycemic trends and self-
monitored glucose values. No special Bolus Wizard training was provided. HbAlc was determined at baseline and
at 4-, 8-, and 12-weeks follow-up.

Results:

All patients actively used real-time values and alerts to control their glycemic fluctuations. HbAlc IFCC, normal
range 2.4-4.0%) decreased from 7.5 £ 0.75% at baseline to 6.3 + 1.81% at the end of the 4th week (p = 0.034) and
remained stable at 8-week (6.03 + 0.52%) and 12-week (6.08 + 0.52%) follow-up. Differences in HbAlc among the
4th, 8th, and 12th weeks were not significant. Thanks to early detection of developing hypoglycemia in real time
with immediate appropriate treatment, we did not observe any serious hypoglycemia.

Conclusions:

Paradigm 722 with RT-CGM used over the 12-week period resulted in a significant improvement of HbAlc
occurring as early as within the first month. However, these benefits remain limited by constant care for sensors
and the transmitter.

Al44
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17.
RIZIKO LOKALNiCH KOMPLIKACi PRI DLOHODOBEM

POUZiVANi SENZORU CGMS
R. Chlup2, V. MatuskovaZ?, Z. Fajkusovaz?, T. Jadviséokovaz2,

M. Pallayova3, P. Kudlova?, K. PetersonZ, K. Langovas
'II. interni klinika LékaFské fakulty Univerzity Palackého
v Olomouci

2(stav fyziologie Lékarské fakulty Univerzity Palackého
v Olomouci

3Ustav fyziologie Lekdrskej fakulty Univerzity PJ Safarika,
KoSice, Slovensko

4Ustav oSetfovatelstvi a porodni asistence Lékarské fakulty
Univerzity Palackého v Olomouci

50ddéleni biometrie a statistiky LékaFské fakulty Univerzity
Palackého v Olomouci

Cil: Cilem prace bylo zjistit, jaké lokalni komplikace vznikaji
v misté zavedeni transkutanniho senzoru pfi kontinualnim
monitoringu koncentrace glukézy. Metoda: Od r. 2003 do
konce r. 2007 byl senzor (Medtronic-MiniMed, Northridge,
CA, USA) nasazen u zdravych osob a u osob s diabetem
1. typu v 9 nezavislych studiich (Olomouc, KosSice). Celkem
bylo nasazeno 420 senzor(. Po¢et senzorl nasazenych u jedné
osoby v uvedeném obdobi byl minimalné jeden, maximalné az
30 senzort. Senzory byly zavadény do podkoZi hyzdé, bficha
nebo paze. Pfed zavedenim bylo misto vpichu 3 dezinfikovano
sprejem Cutasept F (Bode Chemie, Hamburk, Némecko).

Vysledky: VétSina senzort byla zavedena po dobu 5-8 dnu.
PrestozZe vyrobce deklaruje pouze tfidenni Zivotnost senzord,
vétsina jich fungovala bez zavad 7 dni. V pribéhu 2537 dnu
se senzorem vznikla pouze jedna zavazna komplikace: absces
na hyzdi u osoby s diabetem 1. typu, ktery byl drénovan (vypus-
téno 10-20 ml purulentni tekutiny, kultivacné Streptococcus
pyogenes) a chirurgicky l1é¢en po dobu 14 dnt. Rozvoj tohoto
abscesu zacal 3. den po zavedeni senzoru. Ostatni drobné kom-
plikace jako svédéni, bolest, paleni a zarudnuti mista vpichu
se objevovaly asi u 10 % proband(. U 5 % proband( doslo po
zavedeni senzoru k lehkému subkutannimu krvaceni v misté
vpichu, které vsak jen ojedinéle vedlo k poruse senzoru.

Zavér: Sedmidenni zavedeni senzoru nevedlo ke vzniku
zavaznych lokalnich komplikaci. Doporuc¢enou tfidenni dobu
pro zavedeni senzoru do podkoZzi je proto vhodné peclivé
prehodnotit.

18.

PRVNIi ZKUSENOSTI S VYUZITiM KONTINUALNi MONITO-
RACE GLYKEMIE NA JEDNOTCE INTENZIVNI PECE

M. Mraz1, P. Kopecky?, J. Blaha2, M. Bartlova?, J. Kiemen?,
L. Bosanska?, T. Roubiéek?, §. Svaéinal, M. Haluzik1

13. interni klinika 1. LF Univerzity Karlovy a VFN, Praha
2Klinika anesteziologie, resuscitace a intenzivni mediciny 1. LF
Univerzity Karlovy a VFN, Praha

Uvod: Kontinualni monitoring glykemie pfedstavuje novy,
slibné se rozvijejici pfistup k optimalizaci intenzivni inzulinové
terapie u kriticky nemocnych pacient(. V nasi pilotni studii jsme
se proto zaméfili na posouzeni vykonu nového on-line kontinual-
niho systému monitorace glykemie v podminkach postoperacni
kardiochirurgické jednotky intenzivni péce (JIP).

Metodika: Do studie bylo zafazeno 15 pacientd (10 muzd,
5 zen, primérny vék 67,8 £ 12,2 roku), ktefi podstoupili plano-
vanou kardiochirurgickou operaci. Glykemie v postoperacnim
obdobi byla kontinualné sledovana pomoci subkutanniho
on-line kontinualniho systému (Guardian Real-Time CGMS,
MiniMed Medtronic) a porovnavana s hodnotami glukozy
v arterialni krvi. Vykon kontinualniho systému byl posuzovan
pomoci nékolika metod - Clarkova analyza chybové mfizky

(Clarke error-grid analysis - EGA), vypocet absolutni diference
(AD) a relativni absolutni diference (RAD). K analyze korelace
mezi parovymi glykemiemi byl pouZzit Spearmanuv korelacni
koeficient. Ziskané Udaje byly rovnéz hodnoceny podle kritérii
ISO (International Standardisation Organisation) pro presnost
glukézovych senzor.

Vysledky: V pribéhu celého monitoringu, ktery trval u jed-
noho pacienta v priméru 2,3 dne, bylo ziskdno 495 parovych
hodnot glykemie. Z téchto hodnot se 97,2 % nachéazelo v kli-
nicky akceptovatelnych zénach Clarke EGA (60,8 % v zéné A
a 36,4 % v zéné B) a jenom 2,8 % v neakceptovatelnych zo6-
nach C a D. Kritéria ISO (rozdil mezi referen¢ni a kontinualni
glykemii do 0,8 mmol/I pfi hodnotach do 4,2 mmol/l a do 20
% pfi vyssich hladinach) splfovalo 59,2 % (do 4,2 mmol/I) resp.
60,8 % (nad 4,2 mmol/I) glykemii. Absolutni diference dosaho-
vala 1,3 mmol/I(SD 1,5 mmol/I, median 0,9 mmol/I) a relativni
absolutni diference byla 20,2 % (SD 16,1 %, median 15,9 %).
Mezi kontinualni a arterialni glykemii existovala vyznamna
vzajemna korelace (r 0,578, p <0,001).

Zavér: Kontinualni glukdézovy monitorovaci systém Guardian
Real-Time CGMS vykazoval v nasi pilotni studii u kardiochirur-
gickych pacientl na JIP vykon do zna¢né miry srovnatelny
s vysledky u pacient( bez kritického onemocnéni. Jsou v8ak
potfebné rozsahlejsi studie, které by tuto problematiku daklad-
néji prozkoumaly a umoznily by otestovat predpokladany
pozitivni vliv zkoumaného pristupu na glykemickou kompenzaci
u kriticky nemocnych pacientd.

Podporovano grantem MISM 00216208 14.

19.
PSYCHOLOGICKA PECE PRO PACIENTY S DIABETEM.
INFORMACE O PROBIHAJICiM PROJEKTU

S. Lacigova
Diabetologické centrum Plzen, I. interni klinika LF UK Plzeri

Uvod: Diabetes mellitus je typické psychosomatické
onemocnéni. Psychické poruchy a psychosocialni vlivy jsou
u nevylécitelné nemoci pravidelné pritomné a maji tésny vliv na
kompenzaci. Nemusi se vzdy jednat o depresi nebo suicidium.
Casto jsou pfitomné jen poruchy chovani, které jsou mylné
povazovany za nespolupraci nebo ignoraci. Cilem prace je
informovat o pokracovani projektu ,Psychologickd péce pro
pacienty s diabetem”.

Probéhlé aktivity od ledna 2007:

1. Dotaznikova akce , Jaka je soucasna psychologicka péce
v diabetologii?” (poster v Luhacovicich 2007).

2.1. spole¢ny workshop diabetologut, psychiatr(i a psycholog
(Praha, hotel Populus 16.-17. 11. 2007). Hlavni diskutované
body:

¢ Lze poznat hranici, kdy uz je nezbytna odborna psycho-
logicka nebo psychiatricka péce?

» Uhrada poskytnuté psychiatrické a psychologické
péce.

¢ Jak nastavit spolupraci mezi diabetologem, psycholo-
gem a psychiatrem.

¢ Meéreni efektivity psychologické péce a jejiho pozitivhiho
vlivu na zdravotni stav pacienta s diabetem.

3.Pevny bod - vytvareni kontaktu z fad psychiatrd, psychologl
a psychoterapeutu, ktefi se aktivné zajimaji o problematiku
léCby diabetu a jsou ochotni spolupracovat s diabetology
(jejich kontakty jsou uverejnény na www.diab.cz).

4.Psychologicky rozbor spolupracujiciho a nespolupracujici-
ho pacienta s diabetem (s a bez komplikaci). Pilotni studie
(PhDr. E. HilSer).

5.Vytvoreni webové rubriky jiz existujici sekce ,,Psychologické
aspekty diabetu”.
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Efficiency of Simple Algorithms for Premeal Boluses in High Glycemic Index
Meals in Persons with Type 1 Diabetes mellitus using Insulin Pumps and
Transcutaneous Sensors

Year: 2008

Abstract Number: 1695-P

Authors: KAROLINA PETERSON, NATALIA LIPPAIOVA, RUDOLF CHLUP, MARIA
PALLAYOVA, KATEFfINA LANGOVA, Olomouc, Czech Republic, Kosice, Slovakia
Institutions: Kosice, Slovakia; Olomouc, Czech Republic

Results: The consumption of glucose or foods with high glycemic index (GI) in persons with
type 1 diabetes (PWD1) is a hot topic. The aim of this pilot prospective trial was to assess the
efficiency of empirically suggested algorithms for premeal insulin boluses in PWD1 using
insulin pumps Paradigm X22 with CGMS sensors, Medtronic MiniMed, Northridge, CA. Six
PWDI1 (aged 46.2 + 15.09 y, diabetes duration 14.5 + 9.65 y, HbA1c¢/IFCC 6.3 + 1.59%, BMI
23.6 +£1.67 kg/mz, mean + SD) were followed for 3 weeks with stable daily nutrients- and
energy intake. During the 2" week, subjects consumed 11 alternative meals in 3 replicates,
each containing 50g of carbohydrates (GI>75%: glucose, chocolate rice squares, white bread,
honey, ravioli with meat and cheese, mashed potatoes with fish, buttered apricot dumplings,
waffles) eaten according to a defined meal plan in order to recalculate their GI. The insulin
boluses were adjusted according to tested algorithms (Table 1), hypos (n = 5) were treated by
glucose tabs. Individual average glucose levels and daily insulin doses over 3 sequential one-
week periods see Table 2. In the whole group, one-week consumption of high GI foods had
only a negligeable impact on average glucose levels (9.1 £2.33 vs. 9.2 +2.30 vs. 9.0 £ 2.43
mmol/l) and daily insulin aspart doses (39.1 £ 8.14 vs. 39.7 = 10.7 vs. 38.6 + 9.97 IU/d). So,
the suggested algorithms for premeal insulin boluses appear to limit the risk of hyperglycemia
resulting from intake of high GI foods.

Table 1. Algorithms for adjustment of insulin boluses (IG - interstitial glucose)[tablel]

Table 2. Influence of high GI foods on daily insulin doses and average glucose levels when
using the tested algorithms

[table2]

Category: Nutrition - Clinical

Related Content: (%] rosters |
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IS PROLONGED INSERTION OF TRANSCUTANEOUS SENSORS SAFE?

R. Chlup'?, V. Matuskova', T. JadvisGokova', H. Pibylova’, P. Kudlova®, M. Pallayova®®, K. Langova®, N. Lippaiova',
K. Peterson’

" Institute Of Physiology, Faculty Of Medicine, Palacky University, Olomouc, Czech Republic;

2 2nd Deptartment Of Medicine, Faculty Of Medicine, Palacky University, Olomouc, Czech Republic;

3 Institute Of Nursing And Birth Assistance, Faculty Of Medicine, Palacky University, Olomouc, Czech Republic;

4 Department Of Physiology, Faculty Of Medicine, P.J. Safarik University, KoSice, Slovak Republic;

5 1st Department Of Medicine, Faculty Of Medicine, P.J. Safarik University, Kosice, Slovak Republic;
6 Institute Of Biophysics, Faculty Of Medicine, Palacky University, Olomouc, Czech Republic

Background and aims: To assess the serious adverse events (SAE) related to prolonged transcutaneous glucose
sensor insertion.

Methods: During last three years weve used sensors in 8 independent studies, totally there were 364 sensors
(Minimed-Medtronic) used in 209 patients: 169 persons with diabetes (PWD), 40 healthy persons (HP). Sensors
were inserted subcutaneously. The skin was sprayed with an antiseptic (Cutasept F, Bode Chemie, Hamburg,
Germany) before sensor insertion.

Results: In the course of 2117 sensor-days there was only one serious complication: abscess in gluteal region in a
PWD 1. The pain started on day 3; sensor removal followed on day 4, however the intensive surgical care including
the abscess drainage lasted 14 days.

Conclusions: Only one SAE occured in the observational period and this appeared within the FDA approved period
for sensor use. There were no SAE in sensors used for up to 9 days. Hence, prolonged insertion of sensors
appears to be safe.

1z1 13.6.2010 15:28
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GLYCAEMIC INDEX DEVELOPMENT IN THE COURSE OF 210 MINUTES
AFTER FOOD INTAKE IN HEALTHY VOLUNTEERS

R. Chlup'?, Z. Fajkusova', V. Matugkova', L. Fajkoova', J. Hugikova', M. Pallayova®?, P. Kudlova®, J. Zapletalova®, J. Luza’,
K. Peterson

" Institute Of Physiology, Faculty Of Medicine, Palacky University, Olomouc, Czech Republic;

2 2nd Deptartment Of Medicine, Faculty Of Medicine, Palacky University, Olomouc, Czech Republic;

3 Department Of Physiology, Faculty Of Medicine, P.J. Safarik University, Ko$ic, Slovak Republic;

4 1st Department Of Medicine, Faculty Of Medicine, P.J. Safarik University, KoSic, Slovak Republic;

5 Institute Of Nursing And Birth Assistance, Faculty Of Medicine, Palacky University, Olomouc, Czech Republic;

6 Institute Of Biophysics, Faculty Of Medicine, Palacky University, Olomouc, Czech Republic

The glycaemic index (Gl) is a measure of the food power to raise plasma glucose concentration after a meal.

The aim of this prospective trial was to compare the Gls of foodstuffs determined for the intervals of 120, 150, 180
and 210 min.

Methods: Portions of tested foods containing 50 g of carbohydrates were eaten for breakfast, lunch, snack and
dinner by 20 healthy volunteers. Glucose concentrations were measured by means of the CGMS and processed by
Solutions Software (Medtronic Minimed) and Degif XL4 (Palacky University, Olomouc, CZ).

Results: see table.

Conclusions: Continuous but variable increase of Gl from 120min to 210min in all tested meals (except honey) may
be due to specific pathways and metabolic rates of foodstuffs related to pure glucose.

1z1 13.6.2010 15:3¢
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RELATION BETWEEN GLYCEMIC INDEX OF INGESTED FOODS AND MEAN
PLASMA GLUCOS CONCENTRATION MEASURED BY CGMS IN HEALTHY
PERSONS

R. Chlup', K. Peterson? J. Zapletalova®, K. Langova®, P. Seckar’, P. Kudlova®

’Faculty of Medicine, Palacky University Olomouc, Department of Physiology and lind Department of Medicine, 2Faculty of
Medicine, Palacky University Olomouc, Department of Physiology, 3Faculty of Medicine, Palacky University Olomouc,
Department of Biophysics, “Teaching Hospital, Department of Health Insuratnce, °Faculty of Medicine, Palacky University
Olomouc, Department of Nursing, Olomouc, Czech Republic

Introduction: Low glycemic index foods supress the development of diabetes, obesity, etc. The question arises whether the
mean value of the Gl influences the mean plasma glucose concentration (MPG).

Objectives: To assess the relation:

1. between the mean subject-related glycemic index (Gl) of all meals consumed per day and the daily MPG measured
by Continuous Glucose Monitoring System (CGMS), Medtronic-Minimed, Northridge, CA;
2. between the energy intake and MPG of the respective day.

Methods: Four of 10 different mixed meals/glucose with known content of nutrients and Gl were consumed daily by twenty
healthy subjects (age 21.9+1.39 y, BMI 23.6+ 0.63 kg/m?, 7 men) in the course of 7 days. No other foods were eaten. Mean Gl
and MPG were determined every day using the CGMS. MS Excel 2000 and SPSS v. 15.0 were used to analyze the data.

Results:
Subject-related mean Gl in individual dayss
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Conclusion: Neither the Gl of foods nor the energy intake appear to have a substantial influence on the MPG in healthy
persons.
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ACCURACY OF WAWESENSE TECHNOLOGY GLUCOMETER LINUS IN DAILY
ROUTINE

R. Chlup’, B. Doubravova’®, J. Zapletalova®, K. Peterson’, K. Langova®, J. Bartek®

"Palacky University Olomouc, Faculty of Medicine, Department of Physiolo%y and lind Dept of Medicine, Olomouc, ZInstitute of

Neurology and Geriatrics, Department of Biochemistry, Moravsky Beroun, “Palacky University Olomouc, Faculty of Medicine,

Department of Biophysics, Olomouc, *Palacky University Olomouc, Department of Physiology, °Palacky University, Faculty of
Medicine, Department of Medical Chemistry and Biochemistry, Olomouc, Czech Republic

Introduction: Conventional glucometer systems for plasma glucose monitoring are based on static electrochemistry using a
fixed input signal (voltage). The recent systems based on wavesense dynamic electrochemistry (glucometer Linus, Wellion) use
a time-varying input signal inducing an output signal processed by digital algorithms to give a more accurate glucose reading.

Objectives: To compare the plasma glucose (PG) readings from glucometer Linus and PG values obtained by means of an
approved analyser Daytona.

Methods: In the course of 5 weeks 221 fingerprick capillary blood samples were taken from various out- and in-persons with
diabetes at different times of the day and investigated using glucometer Linus (teststrips Charge 197). Within two following
miutes blood was collected in a capillary tube and centrifuged; the plasma was investigated on the analyser Daytona. Statistical
analysis was performed using the software SPSS v. 15.0, SPSS, Inc., Chicago, USA.

Results: A total of 221 paired values are plotted on the Error Grid Diagram indicating that 98.6% of the glucose readings (Linus
vs. Daytone) are within the clinically accurate zone A and 1.4% within the acceptable zone B. See Figure 1 for details.

Conclusions: Glucometer Linus based on the wawesense technology appears to be accurate and reliable device for PG-
selfmonitoring.

Supported by IGA NR 7825-3, MZCR.
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p<0,0001). Auch die Verbesserung des ADDQoL-Score im Verlauf war
ausgepragter unter IDET (Diff. 0,07; p=0,0053), wahrend sich im EQ-5D
kein signifikanter Unterschied ergab (Score und VAS). Im Verlauf der
Beobachtung sank das HbA1c um 1,13/1,01 %-Punkte auf 7,3/7,3% (Diff.
n.s.) und der NBZ um 44,8/38,5 auf 130,6/132,1 mg/dl (Diff. -2,5 mg/dl;
p=0,004). Das Korpergewicht sank unter IDET um 1,16 kg auf 88,3 kg
(p=0,00032), wihrend es unter NPH zu einer nicht signifikanten Abnah-
me von 04kg auf 88,4kg kam (Diff. Abnahme IDET/NPH 0,62 kg;
p=0,005). Die durchschnittliche Insulindosis bei Abschluss betrug 22,6
(IDET) bzw. 22,8 (NPH) Einheiten pro Tag. Hypoglykdmien traten unter
IDET seltener auf als unter NPH (Abschluss/jeweils Ereignisse pro Patien-
tenjahr IDET vs. NPH): Gesamt 0,58 vs. 0,80 (p < 0,0001), ndchtliche Er-
eignisse 0,09 vs. 0,21 (p< 0,0001). Auch schwere Hypoglykdmien ereig-
neten sich seltener unter IDET (Ereignisse pro 1000 Patientenjahre: 3,6 vs.
7,6; p=0,0006). 81,8% der Patienten mit IDET und 69,2% mit NPH been-
deten die Studie mit einer einmal tdglichen Insulingabe (zu Beginn
87,0/74,6%). Schlussfolgerungen: Nach Einleitung einer Insulintherapie
in Kombination mit OAD kommt es unter IDET und NPH im Verlauf von
6 Monaten zu Verbesserungen von TZ und diabetesspezifischer LQ, diese
Verdnderungen sind unter IDET jedoch signifikant stdrker als unter NPH.
Bei vergleichbarem Insulinbedarf stellen sich auch die Gewichtsentwick-
lung und Haufigkeit hypoglykdmischer Ereignisse unter IDET signifikant
glinstiger dar.

Therapiezufriedenheit und Lebensqualitdt von
P 231 Patienten mit Typ 2 Diabetes nach Einstellung
auf Insulin: LIGHT GERMANY
Hermanns N', Kaiser M?, Reuter HM?, Wilhelm B,
Grundner M*
!Forschungsinstitut der Diabetes Akademie Mergentheim
(FIDAM), Bad Mergentheim, Germany, *Diabetologische
Schwerpunktpraxis Frankfurt Bergen-Enkheim, Frankfurt/M,
Germany, 3Diabetologische Schwerpunktpraxis, Jena,
Germany, “Novo Nordisk, Abteilung Medizin, Mainz,
Germany

Fragestellung: LIGHT ist eine nationale Beobachtungsstudie, die Thera-
piezufriedenheit (TZ) und Lebensqualitdt (LQ) nach Einleitung einer In-
sulintherapie bei Patienten mit Typ 2 Diabetes untersuchte. Neben einem
Vergleich von Insulindetemir (IDET) mit NPH-Insulin (NPH) sollten unter
Anwendung validierter Instrumente allgemeine Aussagen zur Abhdngig-
keit von TZ und LQ von weiteren Parametern getroffen werden. Metho-
dik: Bei Patienten, die im Rahmen der Ersteinstellung auf Insulin entwe-
der IDET oder NPH in Kombination mit oralen Antidiabetika (OAD) er-
hielten, wurden zu Beginn der Dokumentation, sowie nach ca. 3 und
6 Monaten mittels DTSQ Daten zur TZ erhoben. Als sekundirer Ziel-
parameter wurde neben der Erhebung diabetologischer Routineparame-
ter die LQ diabetesspezifisch (ADDQoL) und generisch (EQ-5D: Score und
visuelle Analogskala (VAS)) erfasst. Ergebnisse: Insgesamt konnten die
Daten von 8125 Patienten ausgewertet werden. Die TZ, sowie die dia-
betesspezifische und generische LQ waren 6 Monate nach Therapie-
beginn fiir beide Insuline signifikant besser als zu Beginn der Dokumen-
tation. Die Angabe der Differenzen (,Diff.“) erfolgt jeweils um die Fak-
toren Baseline, Alter, HbA1c und BMI im ANCOVA-Modell korrigiert. Im
direkten Vergleich der Prdparate war die Entwicklung der TZ (DTSQc
nach 6 Monaten/als Treatment Satisfaction Scale Total) mit +10,7 vs.
+9,0 unter IDET signifikant besser als unter NPH (Diff. 1,44; p< 0,0001),
die im DTSQs erfasste TZ war zu Beginn mit 22,8 vs. 22,1 (Diff. 0,76;
p<0,0001) und nach 3 Monaten mit 272 vs. 259 (Diff. 1,12;
p< 0,0001) héher unter IDET als unter NPH. Nach 6 Monaten Insulinthe-
rapie konnte hinsichtlich der diabetesspezifischen LQ sowohl fiir IDET als
auch NPH eine signifikante Verbesserung gezeigt werden (ADDQoL Score,
jeweils Baseline und Abschluss: -1,89 und -1,55 fiir IDET/-1,85 und -1,61
fiir NPH), diese war mit 0,35 vs. 0,25 unter IDET ausgeprégter (Diff. 0,07;
p=0,0053). Im generischen LQ-Instrument EQ-5D ergaben sich keine
signifikanten Unterschiede zwischen IDET und NPH (Score und VAS).
Auswertungen der Gesamtpopulation ergaben folgende Zusammenhdnge
der TZ-Entwicklung im Verlauf (DTSQc): negativ mit Alter, BMI, HbAlc
und Niichtern-BZ (NBZ) bei Abschluss, positiv mit HbAlc und BMI bei
Therapiebeginn, kein Zusammenhang mit Geschlecht oder Bildungs-
stand. Fiir den ADDQoL ergab sich ein negativer Zusammenhang mit BMI,
HbA1c und NBZ bei Abschluss. Ein positiver Zusammenhang bestand mit
weiblichem Geschlecht, kein Zusammenhang hingegen mit dem Alter.
Wihrend der EQ-5D (Score) einen negativen Zusammenhang mit Alter,
BMI und NBZ bei Abschluss aufwies, bestand kein Zusammenhang mit
HbAT1c, Geschlecht und Bildungsstand. Schlussfolgerungen: In der Kom-
bination mit OAD fiihren beide lang wirksamen Insuline ca. ein halbes

Jahr nach Therapiebeginn zu einer Verbesserung von TZ und LQ, die
Effekte beziiglich TZ und diabetesspezifischer LQ sind unter IDET jedoch
signifikant starker als unter NPH.

Langfristige Behandlung mit Insulinpumpe bei
P 232 Typ-2 Diabetikern hat meistens eine
Verminderung des Insulinbedarfs und eine
verbesserte Stoffwechsellage und Zufriedenheit
zur Folge
Chlup R™, Peterson K, Kudlova P®, Pribylova H'?,
Tomcalova J', Kolcava P*, Langova K°
Tpalacky Universitit Olomouc, Institut f. Physiologie,
Olomouc, Czech Republic, 2Universititskrankenhaus, Il
Klinik f. innere Medizin, Olomouc, Czech Republic, *Palacky
Universitdt Olomouc, Fakultdt der
Gesundheitswissenschaften, Olomouc, Czech Republic,
“Institut f. Neurologie und Geriatrie, Moravsky Beroun,
Czech Republic, *Palacky Universitét Olomouc, Institut f.
Biophysik, Olomouc, Czech Republic

Einleitung: Die kontinuierliche subkutane Insulininfusion (CSIl) wird
nicht routinemdssig, trotzdem aber, auch bei Typ-2 Diabetikern einge-
setzt. Unter Indikationen sind hier insbesondere unausreichende Stoff-
wechselqualitit mit Dimmerungsphenomdn und Entwicklung von Spat-
komplikationen zu nennen. Eine vorstehende Motivation und ausfiihr-
liche Schulung des Diabetikers und seiner Familie sind Grundvorausset-
zungen. Ziele: Uberpriifung des Einflusses einer langfristig durchgefiihr-
ten Pumpenbehandlung auf Koérpergewicht (BMI), HbAlc-Werte und
Insulinbedarf bei schwer kompensierbaren Typ-2 Diabetikern. Metho-
de: In den Jahren 2003 -2007 wurde bei 22 Typ-2 Diabetikern (Alter
62,9 +2,34 Jahre, Diabetesdauer 17,0 £ 1,59 Jahre, 13 Mdnner, 9 Frauen),
welche in einer vorherigen Zeitperiode mit intensiver komplementdren
Insulintherapie (1-10 E eines kurzwirkenden Prdparates - meistens
Insulin Aspart - zu jeder Mahlzeit) behandelt worden waren, eine Insu-
linpumpe (Minimed 508 oder Paradigm, Medtronic, CA, USA, bzw. Ani-
mas 1200, Animas, USA) eingesetzt. Die Diabetiker wurden zur intensi-
ven Selbstkontrolle mit Glukometer Advance, Hypoguard oder Linus,
Agamatrix, USA (5-10 mal pro Tag) und zur Selbstentscheidung iiber
die anschlieBende Therapieintensitdt (dhnlich wie vor der Pumpenein-
fiihrung) weiterhin trainiert. Die Parameter werden als Mittelwerte + SE
angegeben. HbA1c IFCC Referenzbereich ist 2,3 - 4,0%. Statistische Aus-
wertung wurde mittels Paarvergleich (t-Test) durchgefiihrt, p< 0,05
wurde als signifikant betrachtet. Ergebnisse: Die komplete Datensdtze
zum Paarvergleich (Anfangswerte vs. Werte bei der letzten Kontrolle im
Jahr 2008) standen bei allen 22 Diabetiker zur Verfiigung. Die mittlere
Betreuungsdauer mit Insulinpumpe betrug 3,6 +0,33 Jahre, wobei nur
ein Diabetiker wegen seiner Unzufriedeheit mit dieser Therapieart wei-
tere Pumpenbehandlung trotz seiner Stoffwechselverbesserung ablehn-
te. Die 21 Diabetiker fiihlten sich mit der Pumpe besser als bevor (nach
Fragebogen und Gesprach). Davon sind 3 im Jahr 2008 verstorben (ko-
ronare Herzkrankheit, Schlaganfall, M. Alzheimer). BMI hat sich in der
ganzen Gruppe nicht geindert (32,4 +0,94 kg/m? vs. 31,6 + 0,82 kg/m?,
p=0,168), der mittlere HbAlc-Wert auch nicht (74+0,50% vs.
7,3+0,46%, p=0,893), obwohl er verminderte sich bei 11 Diabetikern
(83+0,70% vs. 6,5+0,47%). Der tagliche Insulinbedarf nahm ab
(50,8 +3,19 E/d vs. 37,8 +3,09 E/d, p=0,001). Schlussfolgerungen: Be-
handlung mit Insulinpumpe kann auch bei Typ-2 Diabetikern zur Stoff-
wechselverbesserung und zur Reduzierung des Insulinbedarfs im Ver-
gleich zur konventionellen komplementdren Insulintherapie wesentlich
beitragen und wird von der Mehrzahl der untersuchten 22 Diabetikern
akzeptiert. Unterstiitzt von IGA NR 7825 -3, Ministerium f. Gesund-
heitswesen und MSM 6198959216, Ministerium f. Schulwesen, Tsche-
chische Republik.

Diabetologie & Stoffwechsel 2009; 4: S1-5110 Georg Thieme Verlag KG Stuttgart - New York - ISSN 1861-9002
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Abstract: Background: In order to combat hypoglycaemia in persons with diabetes,
oral glucose spray was believed to offer a sophisticated solution of this
complication. However, clear references to the effects of oral glucose spray
on plasma glucose concentration (PG) are missing.

Aims: The purpose of this prospective controlled trial was to assess the
efficacy of three commercially available glucose products on the evolution of
PG: (1) the oral glucose spray, (2) liquid sugar jelly, (3) dextrose tablet.
Methods: Sixteen healthy volunteers aged 21.8 £ 0.78 y (mean + SE), BMI

23.5 + (.84 kg/m?, tested their PG over the course of three sets of 4 sessions
(S) each: Sp-control fasting, S; with oral administration of 10 glucose spray-
doses (5 doses on the mucosa of each cheek, as indicated by the manufacturer,
without swallowing), i.e., 0.84 g of glucose at time 0; S, with consumption of
1 sachet (13 ml) of the liquid sugar (ca. 5.2 g glucose, 5.2 g fructose, 5.2 g
sucrose); S3 with chewing and consumption of 1 dextrose tablet (6 g). Each S
was performed between 6 and 9 h a. m., after fasting for the previous 6 hours.
PG was tested in finger-prick capillary blood using personal glucometer
Linus, Wellion, Agamatrix, Inc., Salem, NH, at start, at 5, 10, 15, 20 and 30
min. During all tests, the subjects remained seated, and did not engage in any
physical activity. Statistical software SPSS v. 15, SPSS, Inc, Chicago, IL, was
used. Means of 3 sessions in each of 16 subjects were analyzed.

Results: Wilcoxon-signed-rank-test revealed no differences between the
change of the mean PG at start vs. 5-minute intervals neither in control- nor in
intervention sessions. For the 30-minute time period after ingestion, analysis
of regression coefficients demonstrated increase of PG after consumption of a
sachet of liquid sugar (0.068 mmol/l/min, p = 0.001) which prevails over a
single dextrose tablet (0.052 mmol/l/min, p = 0.002) but does not appear after
oral glucose spray (0.005 mmol/l/min, p = 0.215), as compared to control
session (see boxgraphs in Figure for details).

Conclusion: Liquid sugar jelly and dextrose tablets are effective means to
increase PG within 10 minutes after ingestion. Oral glucose spray resulted in
no increase of PG in the course of 30 minutes after its use. So, oral glucose

http://www.abstractsonline.com/Plan/AbstractPrintView.aspx?mID=2372&sKey=8cb6a... 15.6.2010
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spray cannot be recommended to combat hypoglycaemia.
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Abstract Body:

Increased mean plasma glucose concentration (MPG) may support the development

of obesity and diabetes. There is a question whether an increase of MPG may result from enhanced
energy intake and/or from thehigh glycemic index (GI) of consumed foods. The purpose of this study
was to assess the relation 1) between the subject-related energy intake and MPG on the respective day,
and, 2) between the mean bodymass related GI of all meals consumed per day and the respective
daily MPG. Four of 11 different mixedmeals with known content of nutrients, energy and GI were

consumed daily by 20 healthy subjects (aged 21.9 = 1.39 y, BMI 23.6 £ 0.63 kg/mz, 7 men, 13 women)
in the course of 7 days. There was 50 g of carbohydrates and variable amounts of proteins and fat

in each meal in order to cover energy expenditure. No other foods were eaten during this study period.
Mean GI and MPG were determined every day using theContinuous Glucose Monitoring System

(CGMS) with monitor Guardian and transmitter, Medtronic-Minimed, Northridge, CA. MS Excel 2000

and SPSS v. 15.0, SPSS Inc, Chicago, IL, were used to analyze the data.Pearson correlation revealed
only weak relationship between the body mass related daily energy intake and MPG

(p = 0.003, Figure 1), and between body mass related mean GI and MPG (p = 0.078, Figure 2).
Nevertheless, even these weak correlations suggest that long-lasting consumption of high energy

and high GI foods may result in an increase of MPG with further consequences.

Figure 1[figurel]Figure 2[figure2]
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DegifXL — a new software program for determination of group-related and
person-related glycemic indexes of foods by means of continuous glucose
monitoring system CGMS™

Rudolf Chlup 12 Pavel Seckai’, Jana Zapletalové4, Katefina Langové4, Pavla
Kudlové®, Karolina Peterson'’, Josef Bartek®, Jarmila Huéikova'
! Dept. of Physiology, Faculty of Medicine, Palacky University, Olomouc, Czech
Republic;
211" Dept. of Medicine, Teaching Hospital and Faculty of Medicine, Palacky
University, Olomouc, Czech Republic;
? Dept. of Health Insurance, Teaching Hospital Olomouc, Czech Republic;
4 Dept. of Biophysics, Faculty of Medicine, Palacky University, Olomouc, Czech
Republic;
5 Dept. of Nursing and Birth Assistance, Faculty of Medicine, Palacky University,
Olomouc, Czech Republic;
* Dept. of Medical Chemistry and Biochemistry, Faculty of Medicine, Palacky
University, Olomouc, Czech Republic;
" Institute of Diabetes ,,Gerhardt Katsch*, Karlsburg, Germany

Introduction: Glycemic index (GI) is a measure of hyperglycemic power of
food related to glucose. Its determination is time-consuming and has not been
standardized. There is a known interpersonal variability of GI.

The aims of the study were (1) to create a simple software program to
determine the GI, using the CGMS™ data, including the Solutions Software™
7310 v. 3.0C, Medtronic-Minimed; (2) to assess the benefits of this new software
developed in Microsoft Excel 2000 under the descriptive name DegifXL. A
demontration of this software is the core of this presentation.

Methods: Data of 20 healthy volunteers stored in CGMS™ memory were
used for testing. A trained team of investigators and test persons, portions of foods
each containing 50 g of carbohydrates and the respective hardware and software,
were the prerequisites. Time needed for the data processing by means of CGMS™
with DegifXL and by a conventional method was registered.

Results: In one person DegifXL enables to perform two tests per day
(breakfast and dinner). The total number of persons and/or tests and/or timing may
be adapted. From a total of 300 tests performed in 20 persons (15 tests each) in
order to evaluate the function of DegifXL, 277 (92 %) tests reached the evaluation
criteria and the data processing was 12 times shorter (160 min versus 2000 min)
than by conventional methods.

Conclusions: Not only does DegifXL offer an averaged GI related to the
selected group of test persons but also an ,,individual” person-related GI separately
for every test person. So, the DegifXL and CGMS Solutions Software™ were
shown to be efficient tools for routine determination of GI.

Supported by IGA NR 7825-3, Ministry of Health, Czech Republic.
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Novinky ve stravovani osob s diabetem 1. a 2. typu 2009
R.Chlup, K. Peterson ,G. Kuzmina, K. Langova
II. internf klinika, Ustav fyziologie a Ustav biofyziky LF UP v Olomouc

Literatura: Interni medicina pro praxi, 2009, 11 Suppl B.

Prehledové sdéleni o tradi¢nich diabetickych dietach a moderni liberalizované stravé osob
s diabetem. Zvlastni pozornost je vénovana glykemickému indexu potravin, Uloze vldkniny,
pfiznivym Gcinkdim omega 3 mastnych kyselin, aterogennim dcinkiim kyselin transmastnych,
redukénim dietam, alternativnim formam vyZivy a vlivu etylalkoholu.

Zasady pro pfipravu stravy diabetik(i jsou stejné jako u zdravych. Pfi sestavovdni jidelni¢ku je
viak tfeba vénovat pozornost aktualnimu vyvoji glykemie.

Liberalizovana strava (zce souvisl s intenzifikaci |é€by inzulinem. Optimainim pfedpokladem
pro jeji uplatnéni je kontinualni monitoring glykemie pomoci transkutanniho senzoru CGMS pfi
soucasném vyuZivani inzulinové pumpy a kalkuldtoru pro preprandidini bolusy inzulinu.
V b&iné praxi je ale zatim stéle pouZzivan klasicky intenzivni selfmonitoring glykemie osobnimi
glukometry. Je Zadouci kontrolovat glykemii alespori 5x denné. Je nezbytné znat energetickou
potfebu pfi rlznych &innostech, sloZeni a konzumované potravy a jeji glykemicky index.
Koncentrované sacharidy nejsou zakazovény. Diabetik miZe jist vechno, musi viak védét kdy
a kolik. U diabetikl 1. typu usilujeme o rovnovdhu mezi pfijmem a vydejem energie pomoci
individualnich algoritmi pro déavkovani inzulinu. U obéznich diabetikd 2 typu plati, Ze pfi
glykemii nad 10 mmol/l nezvyiujeme davku inzulinu, aviak omezujeme pfisun sacharidi
pfipadné i lipid( a proteind.

Glykemicky index (Gl) udévd hyperglykemizujici silu potraviny. Vypocitava se jako pomér
plochy pod kfivkou po konzumaci 50 g &isté glukézy a testované potraviny obsahujici 50
sacharidl v ¢ase 0 aZ 120 min. po zagatku konzumace. Rozlisujeme potraviny s vysokym Gl, tj.
70% a vice (glukéza, ryzové chlebicky, pecené brambory), se stfednim GI, tj. 56% aZ 69%
(zmrzlina, dZus, med) a s nizkym GI, tj. 55% a méné (Cokolada, ovoce, jogurty). Gl ma velkou
variabilitu. Je stanovovan pomoci CGMS. Mél by byt soudasti nutri¢nich tabulek. Potraviny
s nizkym Gl jsou pfinosem pro prevenci diabetu, obezity, aterosklerézy a nadord.

Vldknina mad pfiznivy vliv na funkce traviciho traktu, pokles LDL- a vzestup HDL cholesterolu.
Vlaknina je nevstfebatelny polysacharid, jehoZ denni potfeba ¢ini 20 g - 40 g.

Pfiznivé ucinky omega 3 mastnych kyselin. Tyto kyseliny se vyskytuji pfedeviim v rybim tuku.
Mohou pisobit proti rozvoji diabetu, atopického ekzému a aterosklerézy. Maji vyznam pro vyvoj
novorozenct, pro kognitivni funkce a pamét’ (kyselina dokohexaenova).

Aterogenni uginky transmastnych kyselin (TFA - transfatty acids) jsou vétsi nez aterogenni
Gcinky nasycenych mastnych kyselin. Vedou ke zvy3eni LDL cholesterolu. Obsah TFA zatim neni
b&Zné uvadén v nutricnich tabulkdch. Mezi potraviny s vysokym obsahem TFA patfi kokosovy
olej, linecké pecivo, kakaové fezy, kavénky, koblihy a zmrzliny.

Atkinsonova nizkosacharidovd redukéni dieta (LCD-low carbohydrate diet) miZe najit
uplatnéni pii snizovani hmotnosti obéznich diabetik 2. typu. Sacharidy zde tvofiasi 5% pfijmu
energie, bilkoviny a tuky jsou neomezeny. Navozena ketdza sniZuje pocit hladu.

Alternativni formy vyZzivy (,vegetarianska strava”). Znamé je strava ovo-lakto-vegetarianska,
pfi které je niZsi riziko rozvoje diabetu, aterosklerdzy i karcinomu a lehéi pribéh revmatické
polyartritidy. Absolutni vylouceni viech Zivocisnych bilkovin véetné mléénych vyrobkd
(.veganska strava”) viak mize byt nebezpeéné.

Etylalkohol. Energie vdzand v etylalkoholu (30 klig) je biologicky dostupna v 75%. Z 1 g
alkoholu je tedy k dispozici 21 kl. Alkohol je alkoholdehydrogenazou oxidovéan na acetaldehyd,
ze kterého vznika acetat. Acetdt vstupuje do Krebsova cyklu. Alkohol dilatuje cévy, omezuje
rozvoj aterosklerézy, plsobi analgeticky, zlepSuje komunikaci, ale vede ke snizeni pozornosti
a kriticnosti, mGZe indukovat hypoglykemii i hyperglykemii.

Podporovano grantem IGA NR7825-3.

diabetes mellitus | oéni komplikace
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Soucasné moznosti intenzivniho

monitoringu glykemie
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kych véd, Univerzita Palackého v Olomouci

Jsou uvedeny informace o klasickém monito-
ringu pomoci glukometrd a 0 metodach kontinual-
niho méfeni koncentrace glukdzy v plazmé pomoci
invazivnich systémU (CGMS, Medtronic, Minimed,
USA; Seven, DexCom, STS, USA; Navigator, Abbott,
USA).| kdyz spolehlivost nékterych systém jiz byla
opakované ovéfena, nepodafilo se je zatim zafadit
mezi standardni vybaveni odbornych pracovist.
Toto prehledové sdéleni se pokousi usnadnit za-
kladni orientaci v dané problematice.

Selfmonitoring u osob s diabetem zacal se-
mikvantitativnim stanovovanim ztrat cukru do
moci pomoci Benediktova ¢inidla v roce 1912

Era glukometr( za¢ala aZ v roce 1976, kdy
spole¢nost AMES uvedla glukometr Eytone.

Dnes se presnost glukometr( blizf atestova-
nym analyzatorm v akreditovanych laboratofich.
V moderni diabetologické ambulanci se glukome-
try stavaji béZznou pomdckou nejen pro diabetiky
1.typu lécené inzulinem, ale i pro nékteré diabeti-

I1l. KONFERENCE SESTRA V PRAXI | 16.4.2010

ky 2. typu. Prakticky se prestava vyuzivat vysetfo-
vani glukézy v moci. Zakladnim prostfedkem pro
kontrolu diabetu je glykemicky profil.

Experimentaln{ vyvoj senzoru zacal v roce
1970. Prvni v praxi pouzitelny implantabilni sen-
zor pro kontinudlni monitorovani glukozy v in-
tersticialni tekutiné se viak objevil az pocatkem
devadesatych let (MiniMed, CA, USA). O nékolik
let pozdéji nasledoval senzor DexCom (STS, San
Diego, USA) a Navigator (Abbott, Alameda, USA)
a rovnéz minimalné invazivni metody vyuzivaji-
ci mikrodialyzy intersticialni tekutiny (GlucoDay,
A. Menarini Diagnostics).

Vyvijeji se i neinvazivni senzory jako
Glucowatch Biographer, Animas Corporation,
USA a Pendra Watch (Pendragon Medical Ltd,
Svycarsko), které viak nejsou spolehlivé.

Pfi kontinualnim méfeni glykemie se na dis-
pleji monitoru ukazuje nejen posledni aktualni
hodnota glykemie, ale i trend jejiho vyvoje za
nékolik poslednich hodin. Na rozdil od klasického
selfmonitoringu Ize priibézné upravovat lécbu,
aniz by musel byt provadén odbér kapilarni nebo
Zilni krve. Kontinualni monitory glukozy slouzi pfi
lécbé diabetu ke Etyfem Uceldm: (1) k rozpoznani
a k predpovidani hyperglykemie, (2) k rozpoznani
a k pfedpovidani hypoglykemie, (3) k vypoctu
prameérné glykemie a (4) k posouzeni variability
glykemie.

Pouze implantabilni podkozni senzory dosa-
huji v soucasné dobé dostatecné spolehlivosti.
Proto je |ze vyuzivat v rutinnim provozu, nicméne
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jejich vysledky musi byt pravidelné kontrolova-
ny glukometrem. Stanovuji koncentraci glukdzy
pomoci glukozooxidazy. Jejich funkce je obvyk-
le zachovana po dobu 5-7 dni. Senzory CGMS
(Medtronic, Northridge, USA) fungovaly i 18 mési-
cl po uplynuti data exspirace. Komplikace v misté
inzerce senzoru jsou pfitom zanedbatelné.

Vysledky kontinualniho monitoringu ko-
reluji s hodnotami HbATlc. Také klinicky stav
diabetikl se v jeho pribéhu obvykle zlepsuje.
Pfedpokladem pro racionalni nasazeni konti-
nualnfho monitoringu do lé¢by je ale intenzivni
edukace |ékar, sester i diabetik.

Mezi schvalené a dostupné kontinudlni mo-
nitory v soucasné dobé patfi: CGMS, Guardian®
RT, inzulinové pumpy Paradigm X22 a Paradigm
X54 Veo (Medtronic Minimed, Northridge, CA),
Seven (DexCom DST, Dexcom, San Diego, CA)
a Navigator (Abbott, Alameda, CA).

V Ceské republice jsou zatim registrovany
pouze systéemy Medtronic Minimed a Dexcom.
Zatim neexistuji Zzadné standardy ani zavazna do-
poruceni pro pouzivani kontinualnich monitord.

Literatura: www.abbott.com, www.dexcom.
com, www.minimed.com

Aktualni moznosti

intenzivni lécby inzulinem

Bc. Helena Pribylova'?,
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Univerzita Palackého v Olomouci

2 Ustav osetfovatelstvi, Fakulta zdravotnic-
kych véd, Univerzita Palackého v Olomouci

Hlavnim cilem intenzivni lé¢by diabetu (DM)

inzulinem je zajistit rovnovahu mezi pfijmem

Abstrakta

a vydejem energie a uchovat normoglykemii,
coz vede k omezeni rozvoje pozdnich kom-
plikaci. U osob s diabetem 1. typu jde o lécbu
substitucni a u osob s diabetem 2. typu o lécbu
komplementarni (doplikovou).

Substitucni léCba pozlstava z nahrady ba-
zalni a prandialni sekrece inzulinu v zavislosti na
fyzické aktivité a pfijmu potravy. Cilové hodnoty
glykemie jsou individuélni, obvykle 4-8 mmol/I
pfi dobré fyzické i dusevni kondici. Cilem terapie
je umoznit co nejlepsi latkovou pfeménu pfi
soucasné volnosti Zivotniho stylu. Substitu¢nf
léCba se provadi dvema zpusoby:

1) Kontinudlni podkozZni infuze inzulinu
pumpou (IP), kterd patfi v soucasnosti
k nejpokrokovéjsim metodam lécby osob
s diabetem a napomaha k co nejtésnéjsimu
pfiblizeni se fyziologické produkci inzulinu
zdravou slinivkou bfisni.

Tab. 1: Prepardty inzulinu pouZivané v CR

Humanni inzuliny

Actrapid, Humulin R,

Kratce plsobici Insuman Rapid

Insulatard, Humulin N,

Depotni (dlouhopdsobic) Insuman Basal

Premixované smési HumulinM3, Mixtard 30

Kratce plsobici inzulinova analoga
(pouzivana do inzulinovych pump)

Aspart NovoRapid
Lispro Humalog
Glulisin Apidra
BiAsp30 NovoMix

Inzulinova analoga s prodlouzenym ucinkem

Glargin Lantus

Detemir Levemir
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Abstrakta

2) Konvenéné pomociinzulinového pera péti
az Sesti preprandialnimi podkoznimi davkami
krdtkodobého inzulinu/analoga denné podle
aktualnisituace. K Uhradé bazalni sekrece Ize
pfitom pouzit depotniho analcga (Lantus
nebo Levemir).

Komplementarni |é¢ba pozUstava z dopli-
kovych neboli komplementarnich davek inzulinu
(1-10 m,j.), inzulinového analoga, pfipadné krat-
kodobého inzulinu pfed kazdym jidlem.

Tam, kde nelze v praxi provadét pravidelnou
substituci, respektive komplementaci inzulino-
vé sekrece fyziologickym zplsobem, Ize pouzit
inzulinovych smési, dvoufazovych analog, pfi-
padné depotnich inzulin( aplikovanych rano
a vecer.

Priprava diabetiki

k invazivnim vykonim

Zdenka Vachutkova, MUDr. Véra Loykova
Il. interni klinika FN Olomouc

Diabetes mellitus je skupinou chronickych
etiopatogeneticky heterogennich onemocné-
ni. Vznika v dUsledku nedostate¢ného Ucinku
inzulinu, pfi jeho absolutnim nebo relativnim
nedostatku a je provazena poruchou metabo-
lizmu cukrd, tukd a bilkovin. Diagndza vychazi
z prlkazu hyperglykemie a klinickych znamek
nemaoci.
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Klasifikace DM dle nejnovéjsiho déleni — eti-
ologicka klasifikace

A. Diabetes mellitus
Diabetes mellitus 1. typu:
« autoimunitni
- idiopaticky
Diabetes mellitus 2. typu:
« pfevazneé inzulinorezistentni
- prevazné inzulinodeficitni
Ostatni specifické typy (MODY)
Gestacni diabetes mellitus
B. Dalsi poruchy homeostazy glukézy
« Hrani¢ni glykemie nala¢no
- Poru$ena glukdzova tolerance

Na diabetologickém oddeéleni Il. interni kli-
niky hospitalizujeme pacienty s rdznymi dia-
gndzami, ale pfevaznou ast pacientl tvoff di-
abetici s rdznymi stupni komplikaci. Jedna se
vétdinou o polymorbidni pacienty, u kterych je
naroCna pfiprava pfed jakymkoliv vy3etfenim Ci
invazivnim vykonem.

Cilem nasi prezentace je seznamit Vas s pfi-
pravou pacientl pred vykony:

« endoskopickymi — ERCP, kolonoskopie
« radiologickymi - CT, PET CT
«  predopera¢nimi

Spravné provedend pfiprava pred plano-
vanym chirurgickym ¢&i jinym vykonem snizuje
riziko akutnich, ale i pozdnich komplikaci.
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24,
RETROSPEKTIVNi ANALYZA POSTPRANDIALNi GLYKE-
MIE VE VZTAHU K METABOLICKE KOMPENZACI A DAL-
SiM SLEDOVANYM PARAMETRUM U AMBULANTNICH
PACIENTU S DIABETEM MELLITEM

D. Janitkova Zdarska, M. Kvapil

Diabetologické centrum, FN v Motole, Praha

Uvod: DM je progresivni chorobou, ktera po letech svého
trvani vede ke vzniku organovych komplikaci. Dfive bylo jejich
riziko spojovano pouze s glykovanym hemoglobinem (HbA1c)
dnes jiz jsou k dispozici data, ukazujici tésny vztah mezi roz-
vojem pozdnich komplikaci a postprandialni glykémie (PPG),
ktera je nezavislym rizikovym faktorem.

Cil: Cilem retrospektivni analyzy ambulantnich diabetickych
pacientl bylo ziskat informaci o metabolické kompenzaci
vyjadiené HbA1c glykémii nalacno (FPG) a PPG stanovenou
po standardizované snidani. Dale pak vyhodnotit vzajemné
vztahy mezi sledovanymi parametry (metabolicka kompenzace,
demograficka data, druh antidiabetické l1é¢by, trvani a typ DM,
pfitomnost orgdnovych komplikaci) a hladinou PPG.

Soubor a metodika: Do analyzy bylo zafazeno 1125 nemoc-
nych (568 muzl - 50,5 %), u kterych byla zmérena glykémie na
lacno a glykémie postprandialni po standardizované snidani (bage-
ta Crocodile). Demograficka data, druh antidiabetické Iécby, typ
a délka trvani DM, posledni zndma hodnota HbA 1¢, pfitomnost
organovych komplikaci a dotaz na vyznam PPG pro dalSi 1écbu vy-
pInili oSettujici diabetologové do formuléare jednotného dotazniku.
Zakladni charakteristika souboru je uvedena v tabulce.

Typ DM HbATc PPG FPG BMI Trvéni DM
muzi D'\f‘ 1_‘;);”“ 69+34 | 97+34 | 70422 | 258+79 | 107+10,1
PM2.typu | 63418 | 106436 | 80446 | 309+58 | 105+113

n=>529
seny D'\f] L;’;p“ 6631 | 102+44 | 72423 | 287+57 | 146+104
D':‘j;%’g“ 60+16 | 103+37 | 83+83 | 302+48 | 141£79

Hodnoty v tabulce jsou uvedeny jako priimér + smérodatna odchylka

Vztahy mezi pohlavim typem diabetu a ukazateli kompenzace
byly hodnoceny 2faktorovou analyzou ANOVA s faktory pohlavi,
typ diabetu a mezifaktorovou interakci. ANOVA byla nasledovana
testy vicenasobného porovnavani (test nejmensiho vyznamného
rozdilu). Simultanni hodnoceni vztah(i mezi ukazateli kompenzace
diabetu a sledovanych parametrt bylo provedeno s vyuZitim vice-
rozmérné regrese s redukci dimenzionality. Zavislosti mezi dicho-
tomickymi daty byly testovany Fisherovym exaktnim testem.

Vysledky: Pfi hodnoceni metabolické kompenzace dosahlo
HbA1c < 5,3% 377 (34,7 %) osob, PPG < 7,5 mmol/I 229
(20,4 %) osob, FPG <6 mmol/I 269 (239 %) osob. Vybornou
metabolickou kompenzaci vyjadienou souc¢asné uvedenymi
hodnotami HbA1c, PPG a FPG splnilo pouze 75 (6,9 %) ne-
mocnych. Relevance PPG ke zméné IéCby byla dle dotazanych
lékaf vyznamna v 825 pripadech (73,3 %). PPG srovnatelné
s FPG koreluji s hladinou HbA1c statisticky vyznamné (p <
0,0001), av8ak bez rozdilu pfi rizné vysi HbA1c, stejné tak
vzhledem k ostatnim sledovanym parametriim.

Zavér: PPG v rozmezi cilovych hodnot kompenzace dosahlo
pouze 20,4 % osob. V 73,3 % pfipadd byla hodnota PPG po-
pudem ke zméné terapie.

Projekt vznikl za podpory EDS a grantu spoleénosti Eli
Lilly.

25.

POROVNANi DYNAMIKY ZMEN GLYKEMIi MOZKU A POD-
KOZi POUZITIM CGMS PRI CLAMPU U LABORATORNIHO
POTKANA - PILOTNi PROJEKT

M. Zourek', M. Jandova’', P. Kyselova2, D. Cechurova’,
Z. Rusavy'’

!Diabetologické centrum, 1. interni klinika FN a LF UK, Plzeo
2DIEKO, Plzed

Uvod: Kontinualni monitorace glykémie se stava metodou volby
prilécbé diabetu a je pouzitelna i v clampovych studiich u lidi i labo-
ratornich zvifat. Nejsou vSak Zadné informace o dynamice glykémii
v mozkové tkani ve srovnani s podkozim a arterialni krvi.

Cil: Cilem pilotni studie bylo porovnat zmény glykémii v moz-
ku a podkozZnich tkani za pouziti CGMS (Continuous Glucose
Monitoring System) béhem rychlého poklesu glykémie.

Metodika: Do studie bylo zafazeno 6 potkant kmene
hHTG (hereditarni hypertrygliceridemicky potkan). VSechny
experimenty byly provadény v souladu s § 17 péce o labora-
torni zvitata. Po uvedeni do celkové anestézie byla potkantim
zavedena kanyla do vena jugularis a arteria carotis, dale jim
byl zaveden senzor CGMS do podkozi a mozku. Clampova
vySetfeni navazovala na provedené operacni Ukony. BE€hem
pokracovani anestézie byl proveden hyperglykemicky clamp
s cilovou glykémii 12 mmol/I a po 30minutovém vyrovnaném
stavu byl aplikovan bolus inzulinu Actrapid 5 j/kg hmotnosti
a glykémie byla monitorovana dalSich 120 minut. Po ukoncéeni
experimentu byla zvitata usmrcena.

Mérenym parametrem byly arterialni glykémie a déale glykémie
ziskané pomoci CGMS. Dynamika zmén glykémii byla hodnocena
korela¢ni analyzou pomoci identifikace korela¢ni funkce.

Vysledky: Senzor CGMS z podkozZi vykazoval 15-30minu-
tové zpozdéni za glykémiemi z arteridlni krve. Zmény glykémii
v mozku byly zaznamenany senzorem CGMS s 20-30minuto-
vym predstihem oproti hodnotam z podkozi.

Zaveér: Tato pilotni studie ukazuje dosud nepublikovana data o
zménach glykémie mozku a podkozi mérenych senzorem CGMS.
Ukazuje se, Ze glykémie se v mozkové tkan méni rychleji nez v pod-
kozi, a to az s 30minutovym predstihem. Zjisténé vysledky mohou
mit vyznamny klinicky dopad na pacienty v intenzivni péci.

000000I000000000C000l00b00OboOlooOboOn ooooeomon
Karlovy, MSM 0021620814.

26.

POKLES KONCENTRACE HBA1C PRI DLOUHODOBEM
KONTINUALNiM MONITORINGU GLYKEMIE U OSOB
SDIABETEM LECENYCH INZULINOVOU PUMPOU NEPRE-
TRVAVA PO JEHO SKONCENI

R. Chlup'?, H. Pfibylova', J. Zapletalova?®, J. Posker’, Z. Hra-
dilova®, P. Kudlova*, K. Peterson’, M. Nakladalova®
1Ustav fyziologie LF UP, Olomouc

22. interni klinika FN Olomouc

3Ustav biofyziky LF UP, Olomouc

40000010000000000I000000 000000000

SKlinika pracovniho lékagstvi FN Olomouc a LF UP, Olomouc

Uvod: Cilem této prospektivni studie bylo zjistit, zda pokles
koncentrace HbA1c v pribéhu tfimésiéniho kontinualniho
monitoringu glykémie (CGM) pretrvava i po jeho skonceni.

Metodika: V letech 2007-2009 vstoupilo do studie
32 osob s diabetem. Median véku byl 36,5 (18-68, min.-max.)
let, BMI 24,1 (21,2-34,6) kg/m?, trvani diabetu 21 (1-44) let,
Ié¢ba pomoci pumpy (aktualné Paradigm X22, Medtronic-Mi-
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nimed, Northridge, CA, USA, a inzulin aspart) trvala 4 (0O-16)
roky, 17 muz( a 15 Zen. Probandi byli sledovani po dobu 12 mé-
sicll ve tfech periodach: 1. vychozi perioda s konvenénim
selfmonitoringem (SMPG) na glukometru Linus, Agamatrix,
USA (trvani 6 mésicu, frekvence 3-10krat/d), 2. intervencéni
perioda s CGM pomoci transkutannich senzoru (trvani 3
meésice), 3. zavérecna perioda opét jen s SMPG (6 mésicl).
Ve vychozi periodé byl tfikrat vySetren HbA1c a probandi
edukovani v CGM. V intervenéni periodé byl HbA1c vySet-
fen kazdy mésic, tj. 30., 60. a 90. den od zavedeni prvniho
senzoru, a v zavérecné periodé kazdé 2 mésice (kontrola 1, 2
a 3). Algoritmus davkovani inzulinu i dal$i medikace zGstaly
po dobu studie nezménény. K analyze byl pouzit Wilcoxonav
parovy test a hodnoty parametrl vyjadfovany jako median,
min.—max.

Vysledky: Béhem vychozi periody s SMPG se HbA1c ne-
meénil. Pfi CGM doSlo jiz za 30 dni k poklesu HbA1c z 6,50 %
na 5,95 % (p = 0,004), za 60 dni na 5,80 % (p = 0,014), za
90 dni na 5,60 % (p = 0,001). BEhem 2 mésict po skonceni
CGM se vsak zlepsena koncentrace HbA 1c signifikantné zvysila
a dosahla puvodnich méné p¥iznivych hodnot (6,40 %), které
se neliSily od hodnot vychozich a pretrvavaly i za 4 mésice
(6,50 %) a za 6 mésicu (6,40 %) - viz obr. 1.
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Obr. 1: Vyvoj HbA1c v pribéhu CGM a SMPG. P vyjadfuje signifikanci
<5 %vs. 1. den.

Zavér: Priznivy vliv CGM na koncentraci HbA1c byl pozoro-
van jen v obdobi souvislého vyuzivani senzord.

27.

SUBJEKTIVNi A OBJEKTIVNi POHLED NA HYPOGLYKE-
Mil

S. Lacigova', P. Mullerova?, M. Jandova?, V. Legersky?

Uvod: Morbidita i mortalita nemocnych s diabetem
souvisi s Urovni kompenzace diabetu. Tésna kompenzace
v8ak Castéji vede k akutni komplikaci, hypoglykémii. V&as
nezaléCena hypoglykémie muize zplsobit smrt. Uvadi se, Ze
2-4% amrti nemocnych s diabetem 1. typu (DM 1) je na vrub
hypoglykémii.

Cil: Jak velkd je obava z hypoglykémie u nemocnych? Je
pfi¢inou nedostatecné kompenzace? Je hypoglykémie ¢astou
pfi¢inou umrti nemocnych s DM 1?

Metodika: Subjektivni pohled na hypoglykémie byl zis-
kan zpracovanim dotaznikd. Informace o imrti nemocnych
s DM1 byly ziskany z pitevnich protokolt zemfelych v letech
1995-2005 v Plzeriském kraji. Soubor zemrelych byl omezen
vékem 50 let.

Vysledky dotazniku: Celkem bylo vyhodnoceno 95 dotazni-
ku (62 muza, 33 zen; s primeérnym vékem 39 let, s trvani DM 1
17 let). Hypoglykémie ma u Zen i muzli zhruba stejné projevy,
lisi se na individualni Grovni. Tyto projevy 92 % souboru dobie
registruje, zbytek hypoglykémii nepozna. Muzi se domnivaji,
Ze obavy z hypoglykémie lze odstranit poucenim, u Zen takto
jednoznacény nazor neni. Jen 55 % muzl a 48 % zen si mysli,
Ze maiji diabetes pod kontrolou. Osvédceny postup, ktery by
pomahal p¥i zvladnuti diabetu, nema 22 % Zzen a 37 % muzu.
Zeny obvykle pIné informuji své blizké o diabetu, muzi ne vzdy.
Pacienti nejcastéji uvadi, Ze je hypoglykémie zatézuji jen obcas.
VSeobecné maji nemocni vice obav z komplikaci diabetu nez
z hypoglykémie.

Analyza 20 000 pitevnich protokolt: Dané kritéria splfiovalo
jen 35 osob. Hypoglykémie byla uvedena jako bezprostredni
pfic¢ina smrti u 7 zemftelych (20 %).

Zaveér: Hypoglykémie je akutni komplikaci diabetu. Jen vzac-
né konc&i umrtim. VétSina nemocnych s DM 1 umira stejné jako
nediabeticka populace na kardiovaskularni onemocnéni. Nami
zjisténé vysoké procento Umrti na hypoglykémii (20 %) oproti
uvadénému v literature (2-4 %) je ddno vékovym vymezenim
souboru. Se stoupajicim vékem v dobé umrti stoupa pocet
umrti na KVO a klesa na hypoglykémii.

Dotaznik nepotvrdil vysokou obavu z hypoglykémie. VSeo-
becné se nemocni vice obavaji chronickych komplikaci, ale to
je stéle slabym motivem k zlepS$eni kompenzace.

28.

VEDENIE MOTOROVYCH VOZIDIEL A DIABETES NA SLO-
VENSKU, VYSLEDKY DOTAZNIKOVEJ STUDIE SO ZAME-
RANIM NA EDUKACIU

V. Donigova’, J. Bro#2, M. Bab&aks, A. Philipiova®, V. Zovi-
nova®, M. Mokarié, B. Shahniéanova®, |. Dravecka’, A. Zse-
lenakova®

Uvod: Hypoglykémia ovplyviiuje sustredenie a vykon pri
vedeni motorového vozidla a diabeticki pacienti by mali do-
drziavat preventivne opatrenia zamerané na znizenie vyskytu
a zavaznosti neziadlceho poklesu glykémii pri Soférovani. Ciel’
Sledovanie sme vykonavali s cielom zistit si¢asné zauzivané
zvyklosti vedenia motorového vozidla u diabetickych pacientov
lie¢enych inzulinom, ich Uroven vedomosti a edukacie.

Metodika: Sledovania sa ztcastnilo 111 pacientov (27 zZien
a 84 muzov) lie¢enych inzulinom ( priemerny vek 48,562 + 3,44 r;
trvanie inzulinovej liecby 9,01 = 0,7 r) v obdobi od r. 2007-2009.

DMEV + ROCNIK 13 « 2010 * SUPPLEMENTUM 1
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Glycaemic Index of Foods in Healthy Persons vs Persons with Type 1 Diabetes
Mellitus

Abstract Number: 2562-PO

Authors: RUDOLF CHLUP, PAVLA KUDLOV[Aacute], PAVEL SECKAR, JANA
ZAPLETALOV[Aacute], JOSEF BARTEK, KAROLINA CHLUPOV/[Aacute], JIR[Iacute]
LUZA.

Institutions: Olomouc, Czech Republic; Karlsburg, Germany.

Results: The glycaemic index (GI) is a measure of the food power to raise plasma glucose
(PG) concentration after meal. The aim of this prospective open-label trial was to compare the
GI of 4 selected foods in 20 healthy persons (HP) and in 20 persons with type 1 diabetes
(PWD1) on insulin aspart administered of pumps (Medtronic-Minimed) using their previously
optimized algorithms for insulin substitution. Portions of tested foods containing 50 g of
carbohydrates were eaten for breakfast and for dinner after 10 and 4 h fast, respectively. PG-
curves were constructed from 25 glucose values obtained by means of the Continuous Glucose
Monitoring System (CGMS™), Medtronic-Minimed, within 120 min after the meal in 5-
minute intervals. In each person, each food was tested 3 times within 8 days and its GI was
calculated as the mean from the averaged GI's of 20 HP and separately from GI's of 20
PWDI1. MS Excel, software DegifXL and the statistical program SPSS v. 10.1 were used to
analyze the data from a total of 251 successful tests. In both HP and PWD1, the GI's of dark
chocolate, apple baby food, yogurt were significantly lower than the GI of puffed rice squares
and glucose (p<0.05). In PWD1, GI of yogurt and apple baby food was different (p<0.05).
When comparing HP and PWD1, no significant difference was seen between the respective
GI’s of tested foods except yogurt (Table 1). Hence, the hyperglycaemic effect appears to be
mostly identical.

Table 1: GI of tested foods in HP and in PWD1 (mean £SE)

Food Healthy persons PWDI1 p

n 20 20 -
Age [y] 21-32 22 - 63 -
BMI [kg/m2) 18.5-26.5 18.0 -29.0 -
Glucose [%] 100 100

Dark chocolate [%] 44.0+4.85 55.4+8.34 0.236
Apple baby food [%] 53.8+8.43 37.9+£3.89 0.09
Puffed Rice squares [%] 76.9+6.34 87.9+8.88 0.307
Flavoured Yogurt[%] 37.7+4.82 66.2+8.96 0.007

Category: Nutrition - Clinical

11.6.2010
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Influence of Oral Antidiabetic Drugs on Hyperglycemic Power of Foods In Persons
with Type 2 Diabetes Mellitus (DEGIF 4)

Abstract Number: 2720-PO

Authors: KAROLINA PETERSON, RUDOLF CHLUP, PAVLA KUDLOV[Aacute],
LENKA SLEZ[Aacute]KOV[Aacute], JANA ZAPLETALOV[Aacute], KATERINA
LANGOV[Aacute], BLANKA DOUBRAVOVJ[Aacute], JOSEF BARTEK, PAVEL
SECKAR, MARIE NAKL[Aacute]DALOV[Aacute], Olomouc, Czech Republic, Moravsk
[vacute] Beroun, Czech Republic

Results: The hyperglycemic power of food is determined by its glycemic index (GI). The
purpose of this prospective open-label trial was 1) to compare the GI's of 4 selected foods in
persons with type 2 diabetes (PWD?2) treated with B-cell stimulators (BS) and/or metformin
(M) with the respective GI's in healthy persons (HP) (Table 1), 2) to assess the influence of
BS/M a) on the GI and b) on the hyperglycemic effect of the mixed meal test (MMT). To
determine the GI, portions of tested foods containing 50 g of carbohydrates (CH) and portions
of MMT (75 g CH) were eaten for breakfast or for dinner after 10 and 4 h fast, respectively.
PG-curves were constructed from 25 glucose values obtained by the CGMS™, Medtronic-
Minimed, within 120 min after the meal in 5-min intervals and from 9 glucometer Advance,
Hypoguard, values in 15-min intervals. Each food was tested 3 times within 9 days. In HP’s
(n=20) the GI was calculated as the mean from 20 GI's averaged from Test 1, 2, 3; in PWD2,
individual GI's from Test 1, 2, 3, 4 were compared (Wilcoxon). BS/M were stopped on day 2
and re-started on day 9. Test 4 was performed 6 weeks later and compared to HP (Mann-
Whitney). MS Excel, software DegifXL and the statistical program SPSS v. 10.1 were used to
analyze the data. There was no significant difference between the GI of respective foods in HP
and PWD2 (p > 0.05) except apple baby food. In PWD2, no influence of BS/M on the GI and
on the hyperglycemic power of MMT could be statistically demonstrated.

Table 1: Characteristics of PWD2 and HP at baseline (mean+SE; ***
p<0.001)

Group PWD2 (n=17)|HP (n=20) |[Reference range
Age [years] 57.764+2.45 24.440.71*%**|n/a

Duration of diabetes [years]|[6.35+0.83 0 n/a

BMI [kg/m?] 32.09+1.08 22.30+0.73 |<25
HbA1c/IFCC [%] 5.57+0.45 2.914+0.05%**|12.1 - 4.0

Total cholesterol [mmol/l] ||5.10+0.36 4.45+0.19 |<5

HDL cholesterol [mmol/l] |[1.29+0.09 1.740.11%%* |11 - 1.6

[LHE’ nLlOCJII(]’leSteml 2.56+025  [2.28+0.16 [<2.6
[T;:;C(Eﬁlycemls 2.83£0.54  [|1.02+0.13%%4|< 1.7
C-peptide[ug/1] 3.64+0.39 1.4£0.11%** |I1.1-5.0

11.6.2010
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Table 2: GI [%] at baseline (Test 1), after withdrawal and restart of BS/M (Test 2-4);

mean+SE
HP
Group PWD2 PWD2 PWD2 PWD2 Test 1.2.3
Test Test 1 Test 2 Test 3 Test 4 (mean,) >~ |[p<0.05
(n=17) n=17) |(n=17) (n=17) (n = 20)
No of days 40-50 days
without 0-2 2-5 5-8 after restart of |n/a
BS/M BS/M
Glucose 100 100 100 100 100
Testd vs
Apple bab HP;
PP Y 168.18£15.04  [[47.94+6.35(92.59+42.91 [30.29+6.15 53.8+8.43 | Test4 vs
food
1; Test4
vs 3
Dark
48.18+6.59 58.94+6.7855.82+15.46  ||54.29+12.99 |44.0+4.85
chocolate
Putfed rice i) o718 50 [47.94+6.35195.47+106.59(82.71:15.72  [76.9+6.34
squares
Flavoured 40 531534 [62.4748.3577.00024.24  |51.94:8.41  [37.7:44.82
yogurt
Mixed meal
tost 46.65+13.71 |- 103.24+49.68 ||36.18+6.38 -
Metformin
mg/24 h (in |[500 - 2550 0 0 500 - 2550 0
9 PWD2)
B-cell glimepirid 2- glimepirid 2-
stimulators ||3/repaglinid 0 0 3/repaglinid 0
mg/24 h (in |[1.5/ gliclazid 1.5/ gliclazid
10 PWD2) |30-160 30-160

Category: Nutrition - Clinical
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Effects of Two-month Consumption of Selected Foods with Low/High Glycemic
Index on Metabolic and Anthropometric Parameters in Healthy Persons (DEGIF
5)

Abstract Number: 2719-PO

Authors: RUDOLF CHLUP, JARMILA REHOROV[Aacute], KATERINA LANGOV
[Aacute], JANA ZAPLETALOV[Aacute], PAVLA KUDLOV[Aacute], HELENA
PRIBYLOV[Aacute], KAROLINA PETERSON, JOSEF BARTEK, LENKA SLEZ[Aacute]
KOVT[Aacute], Olomouc, Czech Republic

Results: Foods with low glycemic index (GI) are recommended in a healthy diet. This
prospective randomized open-label trial compares the effect of a 2-month consumption of food
with low and high GI, respectively, (Table 1) on surrogate markers as BMI, TAG, LDL-CH,
HDL-CH and HbA Ic. Four test- and one control group, each of 15 healthy persons aged 20 to
50 y were investigated over 4 months: in the 2-month active period (A) all persons in test
groups included one of 4 test foods into their daily meal plan and the remaining 3 foods were
excluded from their diet; in the course of the previous/sequential 2-month passive period (P)
no tested foods were eaten. Other eating habits remained unchanged within both periods in all
of the groups. Data were collected at the start and at the end of each period. Differences were
calculated by subtracting the values (start minus end). The statistical program SPSS v. 14.0
was used to analyze the results. There was only a little effect of the 2-month consumption of
dark chocolate, apple baby food, strawbery flavoured yogurt and puffed rice squares on
respective parameters (Table 2) which were at start within normal range. There was no
significant difference neither between changes in the active and passive period in four test
groups nor in comparison with the control group. Hence, this study has not brought any
evidence that foods with low GI should be preferred for a healthy diet.

Table 1: Glycemic index and composition of tested foods

GI |[Minimum daily portion||Carbohydrates|(Proteins|Fat ||Total energy
fostedfood  Joalg] [g] [ gl )
Dark chocolate  |[44 |92 50 5.9 24.3|[1898
Apple baby food |[54 |[278 50 0.6 0.6 ||883
Puffed rice sqares ||77 (|60 50 4.8 0.7 [958
Flavoured yougurt|[38 |[313 50 10.6 6.6 ||1287

Table 2: Differences in parameters (start - end of active period) in individual groups;
mean+SE

ron BMI |TAG |LDL-CH|HDL-CH|[Apo Al [Apo B |[HbAlc
P [kg/m2]|[[mmol/1]|[[mmol/1] |[mmol/1] ||[mmol/1]|[mmol/1]{|[ %]

Dark chocolate  |-0.147 [0.026 [0.079 [-0.078 ;%%%70 0.001  [0.240

(n=15) 20212 [+0.123 20076 (0047 | FO0 :0.026 40,115
20241

Apple baby food |-0.031 [%%] l0.195 [0.088  |0.014 [0.005  [0.006

(n=15) 0132 [FO092 o141 (20148 [£0.058 [£0.060 [[-0.058
=0.020

Flavoured yogurt [-0.021 0260 0280 o015 [ o032 J0.073

(n=15) 0.108 0,145 | 005 feo0ss | 000 0085|0142

Puffed rice squares|-0.020 |-0.178 |0.181 _[0.079 [0.014 |0.051 |-0.078

(n=15) 0,148 ||:0.101 [+0.098 [£0.063 |+0.145 [0.028 [+0.134

Category: Nutrition - Clinical
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Relation between HbA1lc and Average one-month Interstitial Fluid Glucose
Concentration (ISFG) Determined by Continuous Glucose Monitoring -

Preliminary Results of an Ongoing Study

Donate Now

Abstract Number: 2083-PO

Authors: RUDOLF CHLUP, KAROLINA PETERSON, JANA ZAPLETALOV[Aacute],
KATERINA LANGOV[Aacute], PAVLA KUDLOV[Aacute], HELENA PRIBYLOV
[Aacute], VERONIKA MATUsKOV[Aacute], Olomouc, Czech Republic

Results: HbA 1c reflects the mean plasma glucose concentration (PG) over the preceding 8 to
10 weeks. PG is closely related to the glucose concentration in interstitial fluid (ISFG). The
present study compares the HbA 1¢ with the mean ISFG measured continuously (up to 288
values per day) over the preceding 4-week period. The sensor was inserted into subcutaneous
tissue of the gluteal region or abdomen. Signals were transmitted wirelessly into the insulin
pump Paradigm 722, Medtronic MiniMed, Northridge. Individual sensors were functioning for
4 to 9 days. Sensor calibration was performed twice daily by means of glucometer Advance,
Hypoguard. Six persons with type 1 diabetes (PWD1) aged 47.3 £ 7.97 y (mean + SE),
diabetes duration 22.0 £ 5.10y, treated with insulin aspart administered by means of the pump
Paradigm 722 (43.2 + 5.97 IU/d) were equipped with sensors over 8 weeks (two 4-week
periods). Medtronic Minimed Solutions pumps and meters software 7311 v.7.0 was used to
download the data from pumps into a PC. Mean ISFG from the first and second 4-week period
and HbA1c at start and at the end of each period were analysed by means of the statistical
program SPSS v.14.0 (Table 1). Pearsons Correlations were found between HbAlc 2 (day 30)
and the mean ISFG1 from the first 4-week period (r = 0.892, p = 0.017) and between HbAlc 3
(day 60) and the mean ISFG2 from the second 4-week period (r = 0.702, p = 0.120). The
relation between the difference HbAlc 3 - HbAlc 2 and difference of mean ISFG 2 - mean
ISFG 1 was nearly zero (r=-0.199, p = 0.705). Hence, continuous glucose monitoring appears
to be helpful in establishing precise relations between the concentration of HbAlc in blood
and mean ISFG over several preceding weeks.

Tab. 1: HbAlc and ISFG in PWDI on Paradigm 722 and sensor

barameter (}gt’j;tl)c NisEG 1 [[HbAlc 2(Day 30)[ISFG 2 [HbATc 3 (Day 60)
[%] [mmol/L]||[%] [mmol/L]||[%]

N 6 6 6 6 6

Minimum 47 |58 4.6 6.0 42

Maximum 10.2 16.3 9.3 15.8 8.4

Median 65 |30 5.8 78 52

Mean 68 |01 6.3 9.1 5.9

Std. Error of Mean (SE)|(|0.76 1.52 0.71 1.46 0.66

Category: Clinical Therapeutics/New Technology - Glucose Monitoring and Sensing
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Benefits of continuous glucose monitoring transmitted to Paradigm 722

Abstract Number: 2099-PO

Authors: KAROLINA PETERSON, RUDOLF CHLUP, KATERINA LANGOV[Aacute],
JANA ZAPLETALOV[Aacute], PAVLA KUDLOV[Aacute], HELENA PRIBYLOV
[Aacute], Olomouc, Czech Republic

Results: The recent insulin pump Paradigm 722, Medtronic MiniMed, Northridge, enables
daily reading of 288 interstitial fluid glucose concentrations determined by a sensor inserted
into subcutaneous tissue; sensor signals are transmitted wirelessly into the insulin pump in 5
min. intervals, enabling the person to see his/her actual glucose concentration on the pump
display and adapt further treatment. This study assess the development of HbAlc
concentrations in the course of a 2-month period with nearly continuous use of glucose sensors
in 6 persons with type 1 diabetes (PWD1) on Paradigm 722 (Table 1). For comparison, HbAlc
in 6 PWDI on Paradigm 712 performing intensive selfimonitoring (3 to 5 times/d) on
glucometer Advance, Hypoguard, (Table 2) was evaluated. All previously educated and good
compliant PWD1 were on continuous subcutaneous insulin infusion (insulin aspart) for at least
5 previous months. The statistical program SPSS v.14.0 was used to analyze the data. Between
both groups, there was no difference in age (p=0.815), in diabetes duration (p=0.441) and in
daily insulin dose (p=0.469). In each PWD1, the regression coefficient (r) from 3 values of
HbA1c was calculated. In PWD1 on Paradigm 722, the negative r demonstrates the decrease
of HbA lc which is not seen in PWD1 on Paradigm 712. Independent samples test revealed
difference between regression coefficients obtained from PWD1 on Paradigm 722 and on
Paradigm 712 (p=0.003). So, the use of insulin pump Paradigm 722 with continuous glucose
monitoring resulted in significant improvement of HbAlc. However, these benefits are limited
by increased discomfort for PWD1 due to the necessity of constant care of the sensor and
transmitter.

Table 1:HbAc in the course of 2 months in 6 PWD1 on Paradigm 722 (continuous glucose

monitoring)
PWDI [Ayg]ge gl]abetes duration| El{sjt;ill]n E/IE]AIC 1 g/lz]Alc 2 E/IE]AIC 3 Regression coeficient 1
1 56 |43 582 [4.7 4.6 4.2 -0.25
2 31 |23 48.0 |l6.5 6.2 5.1 -0.70
3 18 |7 612 [6.9 7.1 7.4 0.25
4 68 |21 268 [[102  [9.3 8.4 -0.90
5 64 |12 323 |[5.7 5 5.1 -0.30
6 47 |6 327 6.5 5.4 5.2 -0.65
mean [47.3 [22.0 432 6.7 6.2 5.9 -0.43
+ SE |l£7.97|+5.11 +£597[£0.76 |£0.71 [£0.66 |£0.17
Table 2: HbAlc in the course of 6 months in PWD1on Paradigm 712 (selfmonitoring 3-5
times/d
PWDI Age g&?:;;? Insulin I;IbAlc 2HbAlc é—lelc Regression coefficient
BT iy el OB CON CON
c1 |23 |21 38.1 [11.0 10.8 108 0.50
2 |59 |35 252 6.3 5.9 5.9 0.45
c3 |58 |4 324 6.3 4.8 4.8 0.05
c4 |29 20 547 6.5 6.0 6.0 J0.15
cs Jao |7 477 5.3 4.7 4.7 [0.70
c6 |60 260 3.8 3.6 3.6 [0.20
mean |11 163 374 (54 |65 o1 |o.34
= SE |0, [[£4.87 +4.84]£0.83 [£0.98 |£1.00 [+0.10

Category: Clinical Therapeutics/New Technology - Insulin Delivery Systems
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Demands for Continuous Glucose Monitoring (CGMSR®) in Persons with Diabetes
on Insulin Pumps Paradigm X22

Year: 2008

Abstract Number: 1978-PO

Authors: RUDOLF CHLUP, HELENA PfIBYLOVA, KAROLINA PETERSON, KATEfINA
LANGOVA, VERONIKA MATUSKOVA, PAVLA KUDLOVA, SVATAVA
TANCOSOVA, JIif LUZA, Olomouc, Czech Republic, Moravsky Beroun, Czech Republic
Institutions: Moravsky Beroun, Czech Republic; Olomouc, Czech Republic

Results: Continuous Glucose Monitoring is becoming a useful tool for diabetes control.
However, exact data about patient’s interest in transcutaneous sensors are missing. The aim of
this prospective study was to asses the demands for long-lasting use of sensors in persons with
diabetes (PWD) on insulin pumps. Forty PWD aged 19 to 83 years, duration of diabetes 1 to
44 years, using insulin pump Paradigm X22 were given a concise 30-min lecture on CGM and
offered transcutaneous sensors for a 3-month period free of charge. The education of PWD
was performed individually or in small groups by an experienced educator. Several months
later the same offer was repeated. The diabetes control at start and end of the study was
compared.

Twenty two of 40 PWD (55%) accepted the suggestion and entered the 3-month sensor study.
The reasons for a primary sensor refusal (n=18, 45%) were insufficient educational capacity of
the center (n=9), lack of time due to occupation (n=>5) or family (n=2) and blindness (n=1),
nevertheless, 13 of them (33% of 40) would be interested in a short use of sensor (up to one
week) without being involved in the study. In the course of 3 study-weeks, 5 persons (12%)
interrupted CGM due to technical problems with the transmitter (n=1) or due to personal
reasons (n=4); To date, 17 PWD (43%) are using the sensor continuously, all of them are
showing interest in long-lasting use in the future.

Hence, the sensors (free of charge) are demanded for long-lasting use by about 43% of PWDs
on insulin pumps Paradigm X22. The main reason for the CGM denial was the insufficient
educational capacity of the diabetes center.

Category: Clinical Therapeutics/New Technology - Glucose Monitoring and Sensing
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Impact of Continuous Subcutaneous Insulin Infusion on Metabolic Parameters and
Well-Being in Persons with Type 2 Diabetes

Year: 2010

Abstract Number: 2096-PO

Authors: RUDOLF CHLUP, KAROLINA PETERSON, JANA ZAPLETALOVA, PAVLA
KUDLOVA, VERONIKA MATUSKOVA, EMILIA DURAJKOVA, KATERINA
LANGOVA

Institutions: Olomouc, Czech Republic, Moravsky Beroun, Czech Republic

Results: In persons with type 2 diabetes mellitus (PWD2), therapeutic potential of insulin
pumps (IP) is yet to be specified. The purpose of this open prospective uncontrolled study was
to compare development of HbAlc concentration, daily insulin dose, BMI and well-being in
PWD?2 using IP. Data are presented as medians with minimum and maximum values. A total
of 44 poorly controlled PWD2 previously on intensive plasma glucose selfmonitoring (up to
10 measurements/d) and supplementary insulin therapy, aged 58.5 (27 - 75) y, diabetes
duration 13 (0 - 36) y, C-peptide 534.5 (101 - 4038) nmol/l, 33 men, 11 women, were put on
IP (various models; short-acting insulins or insulin aspart were used) and checked in 1- to 3-
month intervals as before. Well-being incl. satisfaction with the IP therapy was assessed
according to the routine questionnaire and interviews. Wilcoxon Signed Ranks Test was
applied to compare the results (Table 1).

Table 1: Comparison of investigated parameters before IP (at start) and at the last check-up of
the period on IP (n = 44)

Before IP | Last check-up on IP P
Parameter median median Difference (Wil )
(min - max) (min - max) ticoxon
a 7.3 6.8 0.4
HbA e (IFCCY) [%] (3.9- 14.1) (2.9 - 12.0) (:3.9-9.6) 0.560
. 48.0 37.9 11.0
Insulin aspart [TU/d] (16 - 138) (12-87) (45 - 101) 0.0003
2 30.9 30.7 0.3
BMI [kg/m’] 012-425) | (245-41.8) (-53-6.7) 0.763
(Well-being improved
(satisfaction with therapy) | unsatisfactory satisfactory (in 43/44PWD2) N/A

* Conversion of HbA ¢ values: NGSP = (0.915 * IFCC) + 2.15 [%]

The treatment period on IP lasted 3.0 (0.1-8) y. One PWD2 gave up using the pump 2 y after
the start due to discomfort. Eight PWD2 died (coronary heart disease 3, stroke 2, Alzheimer
disease 2, renal failure 1) at the age of 68 (66-78) y and diabetes duration of 23.5 (15-34) y
having used the pump for 4 (2-6) y. In this trial, IP therapy contributed to a significant
reduction of insulin dose/d, and, in approximately 50 % of PWD 2 to a better metabolic
control in comparison to conventional therapy. There was no change in BMI. IP was well

accepted in the majority of educated PWD2.

Category: Insulin Delivery Systems

http://professional.diabetes.org/Abstracts Display.aspx?TYP=1&CID=81004

25.6.2010




Poster 1

“3, STANOVENI GLYKEMICKEHO INDEXU g"
A\ 4 COKOLADY A JOGURTU < NE L

21 22 2 v v 2
D. Jelenova ', R. Chlup’, K. Chlupova’, H. Studentova’, J. Bartek’, P. Se¢kai’, J. Zapletalova’
! Ustav patologické ﬁzzologze Lékarskd fakulta Univerzity Palackého v Olomouu

*Ustav fyziologie a Il. interni klinika FNO a Lékarskd fakulta Univerzity Palackého v Olomouci, e-mail: rudolf.chlup@fnol.cz

*Ustav lékaiské chemie a biochemie, Lékarskd fakulta Univerzity Palackého v Olomouci

Odbor ich pojist , Fakultni ice Olomouc

*0ddeélent biometrie a .vratistiky, Lékarskd fakulta Univerzity Palackého v Olomouci

Uvod

Glykemicky index (GI) je ukazatel hyperglykemizujici schopnosti potravin. Jeho vyznam uznala
Svétova zdravotnickd organizace v roce 1998. Konzumace potravin s nizkym GI piiznivé
ovliviiuje latkovou pfeménu: zpomaluje rozvoj obezity, metabolického syndromu i cévnich
komplikaci a zlepSuje t&lesny i dusevni vykon. V Ceské republice u fady potravinaiskych
vyrobkl GI dosud nebyl stanoven.

Zavér

Byly stanoveny tyto hodnoty
glykemického indexu:

a) horka ¢okolada 43,6 £22,13 %
b) ochuceny jogurt 43,2 + 20,17 %.

Metodika
Dvacet zdravych osob (6 muz, plocha-pod glykemickou kfivkou
14 7Zen) ve véku 20-31 let si méfilo (3] — R.RoZili zkoumané potraviny
glykémii pomoci glukometru primérna plocha pod glykemickou
Advance™, Hypoguard (obr.1) kiivkou po poziti glukézy

v 15-min intervalech po dobu 2 h
od konzumace testované potraviny.
Jedna porce (obr.2-4) obsahovala
50 g vstiebatelnych sacharidu
(tab.1). Kazda potravina byla

v prubéhu jednoho tydne testovana
tiikrat (tab.2).

Tab.1: SloZenf testovanych potravin

100 [%]

Obr. 1: Glukometr

Obr. 2: Glukéza Obr. 3: Horkd ¢okoldda

(1§

Tab.2: Konzumace testovanych potravin Obr. 4: Jogurty
Po Ct Po

Cokolada -

Snidané

Vedere [ELECELE

Cokolada

.
Vysledky
Graf 1: Pramérné hodnoty P-glykémie po konzumaci glukozy, Graf 2: Glykemické indexy
Cokolady a jogurtu ve skupiné 20 probandd % Max: 104.6
Max: 100.0 Primér
10 A : 100, .
1004 NTeTOUO 100.0 Max; 96,4
9+ 575 q
Glukéza 20 % 80
g e
% 60
§
£ 071
s 40
6
20
s Min; 15,8 Min; 16,8
0 15 30 45 60 75 90 105 120 0 T T
¢as [min] Glukéza 20 % Horka ¢okolada Jogurt

Podporovano grantem IGA MZCR NR 7825-3
Prezentovino na 41.Diabetologickych dnech v Luhacovicich 21.-23.4.2005, poster P33
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Bestimmung des glykimischen Indexes verschiedener Nahrungsmitteln (Schokolade, Yoghurt)
bei stoffwechselgesunden Probanden mittels Continuous Glucose Monitoring System (CGMS™)

Chlup R.', Jelenova D.’, Chlupovi K.', Studentova H.', Bartek J.’, Se¢ka¥ P.!, Zapletalova J.’

Palackv Universitiit, Institut fiir Physiologie, Olomouc, Palackv Umversltat, Institut fiir Pathoph) siologie, Olomouc, Palackv Universitit, Institut fiir medizinische Biochemie, Olomouc,
dh sicherung, Olomouc, ~ Palackv Universitiit, Abteilung fiir Biometrie und Statistik, Olomouc

Universitiitskr g fiir G

Einfiihrung

Die hyperglykimisierende Auswirkung von Nahrungsmitteln im Vergleich zu Glukose wurde durch Besti

des glykimischen Indexes (GI) charakterisiert. Der GI wird konventionell aus den Fliichen unter

der von 7 Werten (niichtern und 15, 30, 45, 60, 90, 120 min nach dem Esscn) der kapillaren P-Glukose dargestellten Kurve und den Ausgangswerten ausgerechnet. Bei mehreren Lebensmitteln in Europa ist der

glykimische Indexin den Ernihrungstabellen noch nicht routi Auch seine Besti

hoden sind bis jetztnicht standardisiert worden.

Ziel
Ziel dieser Studie war es, eine zur GI-Bestimmung bisher noch nicht beschriebene Methode (mittels
CGMS™) aufihre praktische Anwendbarkeit zu iiberpriifen.
Fragestellung

Wie gross sind die Werte und die Variabilitit des mit dem CGMS™ bestimmten GI
e fiir Glukose

Zusammenfassung

Mitdem CGMS™ kannder GI zuverlissigund einfachbestimmt werden.

Die mittlere mit dem CGMS™ bestimmten Werte des glykimischen Indexes sind

Abb. 2: Bittersachokolade mit Niissen, Gelee und Rasinen

—

Energic

Abb. 3: Yoghurt Revital mit Erdbeerenzusatz, gesiisst
Mahrungsmittel | Menge | KH | Protein| Fett | Energic
1 1
Yoghurt nzs|  s] e8] 6s| 1z
2)Proband und technische Ausriistung

Bei 20 stoffwechselgesunden Probanden (Alter 21-31 Jahre, 6 Manner, 14 Frauen, geschult in
der Bedienung des CGMS™, Medtronic MiniMed (Abb. 4), Glukometer Advance™  Hypoguard
(Abb. 5), und in der Fiihrung des von der Ethikkomission bestitigten Protokols) wurde der

CGMS™.-Sensor subkutan in das Ge:

insertiert.

Abb. 4: CGMS (Continuous Glucose Monitoring System): Monitor (links)
Kurven mit 7-tagigen Ergebnissen (rechts)

Abb. 5: Glukometer Advance

ks g . ;

3)Anlage der Studie
Im Laufe einer Woche wurden jeweils 3mal in zweitidgigen Abstinden die obigen je 50 g
Kohlenhydrate enthaltenden Nahrungsmittel getestet (Tab. 1).

Tab. 1:

4)Ausrechnungdes glykimischenIndexes
Fiir jede Mahlzeit wurde die Fliche unter der Glykdmiekurve (IAUC) von 25 der in 5-min. Intervalen
ten CGMS-GI k erechnet (Abb.6und 7)

ationenaus

Abb 6: Ausrechnung der IAUC Abb 7: Hyperglykiimisierende Auswirkung der Glukose und

» | o fiir Gl

e fiir Bitterschokolade mit Zutat =

e fiir Yoghurt >

Methodik

1) Getestete Nahrungsmittel Studiensind notwendig.

Abb. 1: Glukoseldsung
Nahrungsmitiel | Menge | KH | Protein| Fett Energie
i L T Ergebnisse

100%
e fiir Bitterschokolade 44 + 21,7%%
e fir Yoghurt 38,1 + 21,2%

Die relativ grosse Variabilitit ist durch die Standardabweich

(SD) ersichtlict

Schlussfolgerungen

Schokolade und Yoghurt (g

) sind zur einer Hypoglykimie ungiinstig. Weitere

Zur Bestimmung des GI wurden 180 Teste durchgeiihrt. Sieben Teste wurden wegen
inkompleter Datensiitze nicht in Betracht 173 Teste
wurden ausgewertet:

e mit Glukose 59 Teste,

e mit Schokolade 58 Teste,

e mit Yoghurt 57 Teste,

je in 20 Probanden.

so dass i

Die CGMS-Glyki ven der Nahr sind in der Abb. 8 und 9
dargestellt. Abb. 10 zeigt die Glykidmiekurven mittels Glukometer Advance zum

Vergleich. Die CGMS glykimiesche Indexe siche Abb. 11.

Abb. 8: Glukosekonzentrationen (mittels CGMS)
nach Bitterschokolade

Gl=44,0+4,85%

L Bitterschokalade
5

o 15 % 45 0 75 90 05 120

Zalt [min]
Abb. 9: k I Is CGMS)
nach Yoghurt
"
n=29 GI=381+482%

"

Abb. Abb. 11 Glykiimische Indexe ausgerechnet
% von CGMS Werten
1000
1007 —— Max 94,5

Max 80,7

Glukose 20 %

Yoghurt

glykamie [mmol/l]

Bitterschokolade

Wnss Min 12,8

Glukose 20 %  Bitterschokolade Yoghurt

Zeit [min]

(Incremental Area Under the Curve) der getesteten Nahrung

l(-ll-lnﬁhtillbm!lulm_u _ "
! uuc-Es. s-EoGaa,

] Fr G, 4 G, wind grrecinss 8, =

n

o (Y

T T R T

1 qoo el

80 g Kablenhydrate

Fiir jede Person ein mittlerer Nahrungsmittel b GlInach der fi

Formel bestimmt:

x 100 [%

Glukose

5)Statistische Auswertung

DicU hiedezwischen den uppen wurden per ANOVA, einschlieslich Multiple
Comparisons (LSD Tests), bestimmt. p<0,05 wurde als signifikantbetrachtet.

Nahr 1

Grafische Darstellung: KateFinaLangovi

Prisentierender Autor: Dr: Rudolf Chlup/ Palacky Univesitit, Medizinische Fakultit/ 77900 Olomouc /Hnévotinskd 3 /Czech Republic /+420585632367 / rudolf.chlup@fnol.cz

Unterstiitzung: 1GA, MfGe, Tehechische Republik NR7825-3
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Resultate kontinuierlicher Glukosemessungen

(CGMS™) unter ambulanten Bedingungen zur Beurteilung der
Stoffwechseleinstellung bei T2DM

Chlupova K. 12, Heinke P. 1, Augstein P. 1, Chlup R. 2, Kohnert KD. 1, Salzsieder E. 1
Institut fir Diabetes ,.Gerhard Katsch* Karlsburg, Palacky Universitét, Institut fiir Physiologie, Olomouc

Einfiihrung Fragestellung

(1) Welcher Z hang besteht zwischen dem HbA,. und den mittels CGMS™
erfassten pra- und postprandialen Glukosewerten (pp GW)?

(2) Unter welcher Therapie treten postprandiale (120 min) GW >8.0 mmoll am
haufigsten auf?

Gelegentliche Blutzuckermessung und Bestimmung des HbA, -Wertes bei Personen
mit Typ 2 Diabetes mellitus (T2DM) ergeben kein vollstindiges Bild iiber die Giite der
Stoffwechseleinstellung. Es ist bekannt, dass trotz hinreichender HbA, -Werte starke
Glykamieschwankungen registriert werden konnen.

Methodik

In der statistischen Analyse wurden die von insgesamt 521 Mahlzeiten (Frithstiick,
Mittagessen und Abendbrot) pra- (0 min) und postprandialen (60, 120, 180 min) GW

ot tet Der Gluko ieg wurde als Differenz zwischen dem groften
postprandialen und dem préprandialen Glukosewert berechnet.

Bei 80 T2DM Patienten (Tab.1) aus Allgemeinarzipraxen, behandelt mit Diat (D,
N=19), Sulfonylhamstoffen (SH, N=15), Metformin (Met, N=13), einer Kombination
von Sulfonylhamstoffen und Metformin (SH+Met, N=22) und Insulin (Ins, N=11),
geschult im Umgang mit CGMS™ und in der Fithrung eines Tagebuches, wurde der
CGMS™ Sensor (zweimal fiir 3 Tage im Abstand von 3 Monaten) subkutan in das

Abdomen insertiert.
Tabelle 1 CGMS-Profil eines mit SH+Met behandelten Patienten
Patienten o .
Diat SH Met SH+Met Ins
N 19 15 13 22 ik
Gesclecht W/M 8/11 5/10 9/4 913 Sle
Alter [J] 643+21 66+1.9 60.2+29 62.1+14 63+2.6
Diabetesdauer{J] 49411 6741  5.6+1.6 94412  134433%f
BMI [kg/m?] 29.9+0.9 30.6£1 30.2+0.6 32.2+1 30.2+1.2
Bauchumfang [cm] 10343 108+3  106+2 113+3 109+4
Syst. Blutdruck[mm Hg] 13342 14746 1335 136+4 13446 |
Diast. Blutdruck [mm Hg] 81+1 8442 T9+2 82+1 TTEL
NBG [mmol/l] 66504  7.8+0.5 6.7+04 84%0.3*F  7.3:0.5 | Tegt —Teg2——Tagd  Tag4  mmmmm Durchschaitt
HbA,_[%] 6.1£0.1 6.9+0.2 6.6+0.3 7.3+£0.2% 7.1+03 s i 08:30 Frohstick 13:30 Mitiagesse 18:30 Abendbrot
Mittetwert+ SEM, * p<0.05 vs. Diat, T p<0.05 vs. Met
Ergebnisse
S . Gluko: i h de; Anteil der Gluk rte >8.0 11
Die NBG und HbA, waren am hochsten in der SH+Met el & At LR
behandelten Gruppe. Frithstiick 120 min nach dem Frithstiick
Der HbA, -Wert der Studienkohorte korrelierte mit dem _5 400
Mean—Sensor GW der CGMS™ Messung (1=0.50; Sg 4 * % 80
p<0.001). Dessen wichtigsten Determinanten waren der 0 E 5 = 60
min-GW (1=0.89; p=0.004) und der 180 min-GW (1=0.89; H £
p=0.011) des Mittagessens. == 40
9 20
Die HbA, -Werte korrelierten (Tab.2) mit den pra- und 21
postprandialen GW der Mahlzeiten. In der multiplen i Dit s et A 9 it sH Vet SHevet |
Regressionsanalyse erwiesen sich der NBG (r=0.70; ! ns ! e s
p<0.001) und die pp GW 60 min (p=0.025), 120 min * p<0.05 vs. Diiit
(plZO.(.)35) und 180 min (p=0.049) des Mittagessens als die e IOt e e
wichtigsten Determinanten der HbA, -Werte. 0
5
Der Blutzuckeranstieg war am stirksten nach dem 5. 80
Frithstiick. Im Vergleich zu der Diit Gruppe war er = &
signifikant héher in der SH und SH+Met Gruppe. Insgesamt . 3 g
waren 50% der postprandial (120 min) gemessenen GW £ 2 40
groBer als 8.0 mmol/l (D=35%;, SH=66%; Met=37%, A 20
SHMet=66%; Ins=18%). . . [ ]
Diat SH Met  SHHViet Ins Didt  SH  Met SHHvet Ins
Tabelle 2
Spearmansche Korrelation zwischen HbA;_und den Glukosewerten
Glukosewerte Abendbrot 120 min nach dem Abendbrot
Omin  60min 120min 180 min 5 100
Frithstiick =
S 4 80
I 047 044 053 0.50 £
P <0.001 <0.001 <0.001  <0.001 2 3 F o0
Mittagessen f; 2 40
r 044 049 047 043 91 20 ﬂ
P <0.001 <0.001 <0.001 <0.001 0 0
Abendbrot Diat SH Met  SHMiet Ins Dist  SH  Met SHMet Ins
r 02 034 033 0.28
P 0.029  0.0039 0.0047 0.019
Schlussfolgerungen
(1) Zwischen dem HbA, und den mittels CGMS™ erfassten priiprandialen
und pp GW bestehen signifikante Korrelationen.
(2) Die pp GW >8.0 mmol/l sind am héaufigsten unter den Therapien von
SH+Met (66%) bzw. SH (66 %).
Durch das CGMS™ kénnen Defizite in der Stoffwechselfiihrung friihzeitig
e USSESNUAMIE N erkannt und fiir die Optimierung der Therapie genutzt werden. -
UNTERNEHMEN'E® U!)dlSCO
R R RE G LON L
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Konventionelle Bestimmung des glykimischen Indexes verschiedener Nahrungsmittel
(Schokolade, Apfelmuss, Reisbrot, Yoghurt) bei pumpenbehandelten Typ-1 Diabetikern

Chlup R."?, Jelenova D.}, Kudlova P, Bartek J.", Naklidalova M."?, Se¢ka¥ P.,
Zapletalova J."’, Langova K.", Pukowietz L.’, Chlupova K.**

! Universitiitsk kent und *Medizinische Fakultiit, Palacky Universitiit, Olomouc, Tschechien,
*Institut fiir Diabetes "Gerhardt Katsch", Deutschland

Einfiihrung

Die hyperglykdmisierende Auswirkung von Nahrungsmitteln im Vergleich zu
Glukose (Abb. 1) wurde durch Bestimmung des glykédmischen Indexes (GI)
charakterisiert. Der GI wird konventionell bei stoffwechselgesunden
Probanden (SWGP) aus den Flachen unter der von 9 Werten (niichternund 15,
30, 45, 60, 75, 90, 105, 120 min nach dem Essen) der kapillaren P-Glukose
dargestellten Kurve und den Ausgangswerten ausgerechnet (Abb. 2).

L] -
Rk de o g et |-
IAUC gestetes Essen. o,
Gl= IAUCS x 100 [%] Abb. 1 Hyperglykiimisierende Auswirkung von Abb. 2 Ausrechnung der IAUC (Incremental Area
Glukoe Nahrungsmittel im Vergleich zu Glukose Under the Curve)

Methodik

Bei 20 SWGP und bei 20 DM1 (Tab. 1), geschult in der Bedienung des Glukometers
‘Advance™, Hypoguard (Abb. 3) und in der Fiihrung des von der Ethikkomission bestitigten
Protokols wurden im Laufe einer Woche jeweils 3mal in zweitdgigen Abstinden (Tab. 2) die

obigen je 50 g K haltenden Nahr ittel (Tab. 3, Abb. 4 - 7) getestet. Fiir Gl [%]
jede Mahlzeitwurde die IAUC ausgerechnet (Abb. 2) und fiir jede Person und nachfolgend fiir
beide jeweiligen Gruppen mi Nahr ittel b GI besti Die 150 Schokolade  Apfelmuss Reisbrot Yoghurt
Unterschiede zwischen den Gruppen (SWGP und DM1) wurden mittels t-Test und Mann-
Whitney test ichen.p<0,05 deals signifikantbetrachtet. 125 <
Tab 1. Charakterisierung der Testgruppen Abb. 3 Glukometer GIUK?ss e} —|— ©
Gruppe SWGP |  bm1 Advance, (5]
n E] E Hypoguard 3 .
Tespaiode T 2
Alter [Jahre] SR =
Diabetesdauer [] T N
Jahre]
IR0 Tab. 3 Getestete Nahrungsmittel; jede Portion é ©
Tiaees| oy ‘wurde innerhalb von 5 min gegessen -
! Tarn | KN | Encin] Feit | Energe
Tab. 2 Anlage der Studic =018
M= 19 20 20 20 20 20 20 20
DM1 SWGP DM1 SWGP DM1 SWGP DM1 SWGP

Abb. 4 Bittersachokolade mit Niisse,
Gelé und Rasinen

Gl=43,6+4,95

[mmoln]

Glukose

Schokolade
Glukose

Mittelwert + SEM

Schokolade
60
Zeit [min]

30 45 60

Zeit [min]

Abb. 5 Apfelmuss

Gl=46,1+4,78

Glukose

Apfelmuss Glukose

Apfelmuss

Mittelwert + SEM [mmol]

45 60

Zeit [min]

a5

60
Zeit [min]

Abb. 6 Reisbrot

Gl =76,4+4,41

Mittelwert + SEM [mmol/]
Mittelwert + SEM [mmoli]

Abb. 7 Yoghurt

Gl =51,7+4,72 Gl =43,2+4,51

Mittelwert + SEM [mmoll]
Mittelwert + SEM [mmoll]

60
Zeit [min]

75 90

60
Zeit [min]

Unterstiitzung IGA MZCR NR 7825-3 Vorgestellt am 41. Jahrestagung, Deutsche Diabetes Geselschaft, Leipzig, 24. - 27. Mai 2006, Poster 421, Presentierender Autor R. Chlup, e-mail: rudolf.chlup@fnol.cz
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Continuous glucose monitoring
- a new effective approach to determine the Glycaemic Index of Foods (DEGIF 1)

” :_n MEA;

Rudolf Chlup'*, Daniela Jelenova', Karolina Chlupova', Josef Bartek’, Hana Stud vi', Jana Zapletalova’, Katefina Langov4’, Ludmila Chlupova®

'Institute of Physiology, * Institute of Medical Chemistry and Biochemistry, 'Institute of Biophysics, Faculty of Medicine, ‘Dept. of Special Education, Pedagogical Faculty, Palacky University, Olomouc,
“II" Dept. of Medicine, Teaching Hospital Olomouc, Czech Republic; ‘Institute of Diabetes "Gerhardt Katsch", Karlsburg, Germany; European Union

Introduction =
The glycaemic index (GI) is a measure of the food power to raise plasma glucose (PG) concentration after a meal. For its determination, classical
hods register the devel of gl ation in capillary plasma or blood. The Continuous Glucose Monitoring System (CGMS™),
Minimed Med ic, which itorsthe gluco ation ininterstitial fluid (ISFG), hasnot beenapplied for this purpose until now.

Conclusions

1. The determination of GI's by a. ional method (GAS) andby CGMS resulted inidentical outcomes,
both showing a similar variability of the GI. The GI's for dark chocolate, apple baby food, puffed rice
squares and fruity yogurt were determined.

2.The method with CGMS is reliableand preferred from both tested persons and investigators comfortable
forbothtested personsand i i Adetailed ionaleducation i Y-

Methods Conventional method (GAS) Actual method (CGMS)

Portions oftested foods containing 50 g of carbohydrates (Fig. 6,10, 14,
18) were eaten for breakfast and for dinner after 10 and 4 h fast,
respectively, by 20 healthy volunteers (Fig. 22). Using GAS (Fig. 1),
PG-curves were constructed from 9 PG values at time 0, 15, 30, 45, 60,
75,90, 105 and 120 min after the meal, and, using CGMS (Fig. 2), from
25 values of interstitial fluid glucose concentration (ISFG) stored
within 120 min in 5-minute intervals in CGMS memory. The GI was
calculated (for GAS and CGMS separately) by dividing the incremental
area under th? curve for the tested ff)od by the average arela of 3 tgsts Fig. 1 Glucometer Advance, Hypoguard :3;_25‘2&“:%?;:‘:";;:;2:.0;::;?g:‘::ﬁgg?i:;g';-onv
performed with the standard. Having excluded tests with missing leader case for monitor
glucose values, there remained 285 GAS- and 290 CGMS tests for

further analysis (Fig. 3). Ineach volunteer, each food was tested 3 times
within one week (Fig. 23) so that 1 to 3 GI's were obtained and
averaged. The GI for each tested food was calculated as the mean from
the respective average GI's of 20 volunteers. The Gl-variability was
assessed accordingto therespective SD, histograms and box graph.

Glucose

mCows (n=59)
WGA n

‘number of observ. %]
cndal8R88

The preference of GAS vs. CGMS in the persons tested was explored by
means ofa questionnaire.

MS Exceland the statistical program SPSS v. 10.1 were used to analyze Clycaemic index [
the data. p <0.05 was considered to be significant. Fig. 3 Number of succsessful tests

Chocolate

mCGMS (1=58)
mGA n

number of observ. [%]

Fig. 5 Composition of tested foods Glycaemic index [%]

Fig. 22 Characeristic of ~ [ Ty
tested healthy _
persons wid
Age [yeans] -3
A
BAIL [leior'] 1287 Ghacoss vahms (Glicometer Advance] pple baby food
35

e GI= 461 = 478 % 30 BCGMS (n=59)

®GA n

number of observ. [%]

Glycaemic index [%]

Fig. 23 Study design

Glycaemic index
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1= 9274 169 % i mosus (=58
Gl glucose. cas o H
100 H
s
CGMS GAS cems H
s cous :
50
25 N I
0
chocolate apple baby puffed rice yogurt
food. squares

‘Glucone values |Ghicometer Advance) Ghucots values (CGMS)

mCGMS (n=57)
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aein GI= 432 2 451 % Gl=3Ts452 %

‘number of observ. %]
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DEMONSTRACE NOVEHO SOFTWAROVEHO PROGRAMU DegifXL
KE STANOVENi SKUPINOVEHO A INDIVIDUALNIHO GLYKEMICKEHO INDEXU POTRAVIN POMOCi CGMS

R. Chlup R."””, P. Sec¢kai*

ovop

Glykemicky index (GI) je uk hypergly

pnosti potravin. GI se

vypolitava jako pomér plochy pod ki'ivkou po konzumaci testované potraviny a standardu

(glukézy) vintervalu 120 min po za¢atku

(Obr. 1).S

i GI je ¢asové naroéné

a dosud nebylo standardizovano. Inter- i intraindividualni variabilita je v§eobecné znama,

vpraxise ale vyu iva pouze primérnych hodnot GI méFenych ve skupiné probandi.

, P. Kudlova’

Obr. 1 Hyperglykemizujici sila glukozy a testované potraviny

, K. Peterson’, K. Langova °, J. Bartek'

'II. intern{ klinika, *Ustav fyziologie, *Ustav osetfovatelstvi a porodni asistence, “Ustav lékafské chemie a biochemie, “Ustav 1¢katské biofyziky LF UP v Olomouci
*Odbor zdravotnich pojis oven, Fakultni nemocnice Olomouc, e-mail: rudolf.chlup@fnol.cz

IAUCS GLUKOZA

x 100 [%]

METODIKA

K testovani programu DegifXL bylo vyu ito dat 20 zdravych
dobrovolnikii, kterd byla ulo ena v paméti CGMS (Obr. 2).
TAUC je pocitana jako soucet lichob& nikd pod kiivkou
(Obr.3).

Piedpoklady k vyu ivanisoftwarovéhoprogramu DegifXL:

. tym specialisti (Obr. 4),
zaskolené testované osoby (Obr. 5),

porce potravin obsahujiciv dy 50 g sacharidi,

R

prislusny softwarea hardware.

Obr. 2 Vystup ze softwaru CGMS za 7 dni

{iy

Obr. 4 Pracovni tym

Fig. 5 Testované
osoby

. A » “
]
50 g sacharidi pos.

Obr. 3 Vypocet IAUC (soucet lichobé nikd pod kfivkou)
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Demonstration of new software program DegifXL4 for the determination

of the glycaemic indices of foodstuffs

Z. Fajkusova', P. Se¢kai’, P. Kudlova', J. Hutikova', K. Peterson', H. P¥ibylova', V. Matuskova',

L. FajkoSova', K. Langova', R. Chlup "

'Dept. of Physiology, 'Dept. of Biophysics, ‘Dept. of Nursing and Birth Assistance, Faculty of Medicine, Palacky University, Olomouc, Czech Republic;

*Dept. of Health Insurance, ‘I[I" Dept. of Medicine, Teaching Hospital Olomouc, Czech Republic; e-mail: zuzana.fajkusova@seznam.cz

Introduction

™

capacity of the investigating centre.

The glycaemic index (GI) is defined as the ratio of area under the
glycaemic curve (AUC) of the tested food to the AUC of the standard
(glucose). Both areas are calculated for a 120 min-interval after the
food ingestion (Fig. 1). The program Degif XL4 has been developed at
the Faculty of Medicine, Palacky University, Olomouc, Czech
Republic to be used together with Solutions™ software and Continous
Glucose Monitoring System (CGMS'™, Medtronic Minimed,
Northridge, CA, USA). This new software enables the determination of
the GI at breakfast, lunch, snack and dinner in order to enhance the

time rmin]

" . " " w o
power of glucose (standard) and tested food

IAI‘TC TESTED FOOD X 100 [OA)]

IAUCS GLUCOSE

Aims

to demonstrate the present version of the new
and simple software program DegifXL4 and
comfortable and quick data processing obtained
by means of CGMS with the monitor Gold and
PC.

Conclusions

The demonstrated new software Degif XL4 offers:

o determination of subject-related GIs, which are obtained from individual persons

e facultative determination of the group-averaged Gl fora quick comparison with subject-related GIs
o determination of GIsnotonly in the 120", butalsoin the150", 180" and 210" minute

o automated Gl calculation for4 meals a day taken ina group of subjectsinatest period of several days

® choosing filters defined by the user (e.g. sex, diabetes type etc.)

o further processing of data for statistical analysis with the statistical programes.
Use of DegifXLis quite simple, however further studies are necessary to confirm its reliability and relation between the GIs

determined at different times of the day.

Methods

The software program was developed using the Microsoft Excel
2000. The basic data of Intestitial Fluid Glucose (ISFG) are
taken from CGMS Solutions Software (Fig. 3,4, 5). The AUC is
calculated by numerical method of integral calculus as the sum of
trapezoid areas (Fig. 6 ); At=Smin, G=glucose concentration at
respective time, G,=glucose concentration at start. For G <G, is
considered S=0.

Prerequisities: "

Fig. 3 Output from CGMS Solution
software - Daily Details in the
period of 7 days

s,-E!.-_‘-'\.!!'.L‘E..:E.Lm

o trained team of investigators (physician, educator, IT support)

For 0= G, b swmbered =

o trained healthy persons ready to keep to the study protocol

o exact portions of tested foods (containing 50g CHO each)
(Fig.2,7-16) G,

o hardware (PC, CGMS Gold, glucometer Advance, Elekta

s.r.o.,CzechRep.) (Fig.17)

P R R

o software (MS Excel 2000; CGMS Solutions software 7310
o Vv.3.0C;DegifXL4)

Fig. 6 Counting of the AUC

Fig. 4 Subject showing increase of ISFG

Fig. 5 Subject with minor changes of ISFG

< Py’

CGMS Gold

Fig. 7, 8, 9, 10 Foodstuffs for breakfast and dinner

Fig. 11, 12, 13 Foodstuffs for lunch

Fig. 14, 15, 16 Foodstuffs for snack

Fig. 17 Hardware

Results

Fig. 18 Spreadsheet SETUP

Fig. 20 a Spreadsheet PROBAND LIST

The following procedures mustbe carried out to get the final results:

1. Usermustfillin the data into the spreadsheet SETUP (Fig. 18).

2. Thespreadsheet DATA (Fig. 19) enables the import from .fst file. The missing times of meal intake are to be completed. By clicking on the button
RESULTINGAUC, the final values are calculated. The data of individual tested persons are then added.

3. Thespreadsheet PROBAND LIST (Fig. 20 a,b) brings the overview oftested persons and tests and enables arandomization ifnecessary.

4. The final results may be found in the spreadsheet STATISTICS (Fig. 21a,b).

PROBAND LIST

miaimanAad

STATISTICS

Fig. 21b

Fig.20b

Supported by IGA NR 7825-3, Ministry of Health, Czech Republic

Presented at 27" Workshop of the AIDPIT Study Group, 2" European Diabetes Technology and

., January 27'-29", 2008, Poster S19

Meeting (EuDDT), I
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Acceptance of long-lasting Continuous Glucose Monitoring System (CGMS"")

in persons with diabetes on insulin pumps

H. P¥ibylova', V. Matudkova', Z. Fajkusova',

'Dept. of Physiology, “Dept. of Biophysics, *Dept. of Nursing and Birth Assistance, Faculty of Medicine, Palacky University, Olomouc, Czech Republic;

K. Langov4’, K. Peterson', P. Kudlova’, R. Chlup"

“II" Dept. of Medicine, Teaching Hospital Olomouc, Czech Republic; E-mail: HelenaPribylova@centrum.cz

Introduction

diabetes control. However, detailed data focused

missing.

Continuous Glucose Monitoring System (CGMS) is becoming a useful tool in

on CGM sensors are

Team of investigators

Aims

Conclusions

1) To asses the attractiveness of the CGM and demands for
a 3-month use of sensors in persons with diabetes (P WD)
oninsulin pumps.

2) To evaluate reasons of primary and secondary denial of

» 1) The sensors were accepted for repeated long-lasting use

byabout30% of PWDson insulin pumps.

Sensors.

> 2) The main reason for the CGM denial was the insufficient
educational capacity of the diabetes centre and no

motivation.

Methods

Thirty-seven PWD aged 19 to 83 years,
duration of diabetes 1 to 44 years, using
insulin pump Paradigm X22, Medtronic
Minimed, Northridge, CA, USA, were
given a concise 30-min lecture on CGMS

CGMS

and offered transcutaneous sensors fora SMPG iLinus

3-month period free of charge (Fig. 1). The 1° ofter of

CGMS
Wellion Linus glukometer (Agamatrix)

Results

Twenty of 37 PWD (54%) accepted the
challenge and entered the sensor study.
In the course of 3 weeks, 5 of them
interrupted CGM (Fig. 5). Reasons of a

primary sensor denial (n=17) see Fig. 6.
SMPG/ Linus

2 offer of
coMs Five to nine months later, 12 of 15 PWDs

n= 37

were offered the sensors again and 10 of

was used to calibrate the CGMS (Fig. 2).
Design of the study see Fig. 3. The

Fig. 3: Study design and results|

them accepted it. In addition to it, 3 new

individually or in small groups by an
. Secondary deni;
experienced educator. The number of
PWD who accepted this offer and who

completed the study was registered.

Several months later the same offer was Complested the study

education of PWD was performed Persons using the pump Paradigm x22 and offered the CGMS PWD entered the study.
(n=37)

ial

q Eurary denial The value of HbAIcattheend of
Q‘ the 3-month sensor use decreased by

about 1%.

repeated. The diabetes control at start and - -
Fig. 4 : Overview of the results

end ofthe study was compared (Fig.4).

Fig. 1: Sensor, insulin pump and transmitter

.. ¥
Fig. 2: Glucometer Wellion Linus

Reasons of primary denlal

Low education  No time Family Blindness
reasons

Fig. 6: Reasons of primary denial

Reasons for leaving the study (secondary denial)

Transmitter failure Personal reasons

Fig. 5: Reasons for leaving the study (secondary denial)

Supported by IGA NR 7825-3, Ministry of Health, Czech Republic Presented at 27" Workshop of the AIDPIT Study Group, 2" European Diabetes Technology and Transplantation Meeting (EuDDT), Innsbruck-Igls/Austria, January 27'-29", 2008, Poster S18
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High correlation between HbA1c
and average one- to three-month interstitial fluid glucose concentration (ISFG)

Rudolf Chlup, Karolina Peterson, Katefina Langova, Jana Zapletalova, Helena Pfibylova, Veronika Matuskova, Jarmila Huéikova, Pavla Kudlova, Maria Pallayova

Palacky University Olomouc, Czech Republic; E-mail: rudois. c:
PJ Safarik University Kosice, Slovakia

Introduction

HbA Ic reflects the mean plasma glucose concentration (PG) over the previous 8 to 10 weeks. PG is closely related to the glucose
concentration in interstitial fluid (ISFG). In previous studies the mean PG was calculated from up to ten PG estimations per day.
Continuous glucose monitoring performed by means of sensor, transmitter, insulin pump Paradigm 722 and Solutions Software,
Medtronic MiniMed, Northridge, CA, enables to obtain 288 values of ISFG perday.

Aims Conclusions
To assess the correlations between the concentration of HbAlc and Correlations (r) were found between HbAlc and mean ISFG from each previous
the mean ISFG measured continuously (up to 288 values per day) month.
over the preceding four-, eight- and twelve-week period. Astrong correlation between the final HbA 1c and mean ISFG determined for 2 and
3 previousmonths.
Continuous glucose monitoring appears to be a helpful tool in establishing precise
Methods relations between the HbAlc and mean ISFG. However, the Solutions Software
allows to calculate the average ISFG for a maximum 7 day-period so that longer
Study design periods hadto be calculated manually.

The sensor was inserted subcutaneously in the gluteal or abdominal region
(Figure 1) and kept inserted as long as it was functioning (i.e. 4 to 9 days). Signals
were transmitted wirelessly into the insulin pump Paradigm 722 (Figure 2). Results

Sensor calibration was performed twice daily by means of glucometer Advance, There was no difference in the mean number of ISFG values per person in
Hypoguard (Figure 3). individual months (Figure5).

Pearsons Correlations (r) were found between HbAlc and mean ISFG from each
previous month (Figure 6 and 8). There was also a strong correlation between the
final HbAlc and mean ISFG determined for 2 and 3 previous months
(Figure 7, 9 nad 11). A strong correlation was found between differences of
HbA 1canddifferences of meanISFG (Figure 10).

_ 10000
% 9000
§ 8000
5 7000
£ oo 8187
H 7537
§ so00 7456
g 4000
5 3000
H 2000
i E
Fig. 1 2 1o
0+
Fig. 5
2 12
1SFG1 vs HbATct 1SFG3 vs HbATC3
1SFG2 vs HbATc2 ‘mean ISFG2+3 vs HbATC3

ISFG3 vs HbA1c3 mean ISFG1+2+3 vs HbATc3

g g
: g : s
Fig. 3 s .
There were four visits (at baseline and at T s n o w e w S
. r— an 15FG (e
the end of each one-month period) e sremmel
focused on clinical and laboratory Fig. 6 Fig. 7
investigations. See Figure 4 for details.
Correlations between HbA1c and mean IFSG over period of the Correlations between HbA1c and mean IFSG over period
previous month of the previous 2 months
PG1 PG: PG3
2HbA1c  Pearson Correlation ,84; mean mean
Sig. (2-tailed) 002 PG1P PG2 PG3
N o 3HbATC  Pearson Correlation 854
3HbATc Pearson Correlation ,820*] Sig. (2-tailed) ,002
Sig. (2-tailed) ,004 N 10
. N 10
Flg. 4 4HbAc Pearson Correlation 979" doAte :Iegar(szu-r;‘(ll;r;elahon <0 0;)90515“
Subjects and materials S (rated) - N "
Ten persons with type 1 diabetes (PWD1) treated by means of insulin pump ** Correlation is significant at the 0.01 level (2-ailed). *". Correlation is significant at the 0.01 level
Paradigm 722 with insulin aspart were provided with sensors over 12 weeks (three Fig. 8 Fig. 9
1-month periods). Medtronic MiniMed Solutions pumps and meters software 7311
v.7.0 was used to download the data from pumps intoa PC. Microsoft Excelv. 4 was Correlations between diferences of HbA1c and differences Correlations between HbAtG and mean IFSG over period of
. ! of mean IFSG over period of the previous month e previous 3 months
applied to perform the necessary calculations. — mean PG1
PG2 PG3
9 q diference PG Pearson Correlation ,833" JHBATC Pearson Correlation 19467
Statistical analysis Sig. (2-tailed) 1003 Sig. (2-ailed) 00003
- . N 10 N
Mean ISFG from the first, second and third month and HbAlc at the end of each - — - = -
. . . - Correlation is significant at the 0.01 level (2-tailed). Correlation is significant at the 0.01 level (2-tailed).
period were analyzed by means of the statistical program SPSSv.14.0. . ’
Fig. 10 Fig. 11

Supported by grant IGA NR 7825-3, Mionistry of Health, Czech Republic Presented at 7th Diabetes Technology Meeting, San Francisco, October 25th-27th, 2007
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Reduction of HbA1c resulting from one-month continuous glucose monitoring

ﬁi“ﬂ Karolina Peterson, Rudolf Chlup, Katerina Langova, Jana Zapletalovd, Helena Pribylova,

S Jarmila Hucikova, Tereza Jadvis¢éokovd, Pavia Kudlovd, Maria Pallayova

v Palacky University Olomouc, Czech Republic; E-mail: rudoif.chlup@fnol.cz  PJ Safirik University KoSice, Slovakia
Introduction

The insulin pump Paradigm 722 (Medtronic MiniMed, Northridge, CA) enables daily reading of 288 glucose concentrations
determined by a subcutancously inserted sensor. Sensor signals are transmitted wirelessly into the pump enabling to see the

glucose concentration on the display and adapting treatment.

in persons with type 1 diabetes on Paradigm 722

Olmons e Republ Kotie Stetis

Aims

To assesses the changes in HbAlc concentrations in the course of a 12-week period
with nearly continuous use of glucose sensors in persons with type 1 diabetes (PWD1)
on Paradigm 722.

Conclusions

Paradigm 722 with RT-CGM used over the 12-week period resulted in a significant
improvement of HbAlc occurring as early as within the first month. However,
these benefits remain limited by constant care for sensors and transmitter.

Methods

Subjects

Ten previously educated (PWDI1) 23-69 y old, diabetes duration 21.5+3.5 y
(mean+SE), insulin pump therapy 3.9+£1.19 y, underwent continuous glucose
monitoring (RT-CGM) over the 12-week period using the Paradigm 722,
Medtronic-Minimed, Northridge, CA, with insulin aspart and enough consecutive
transcutaneous glucose sensors (12- 15 sensors perperson).

Each sensor was inserted into subcutaneous tissue of gluteal region and kept
inserted aslong as it was functioning (Fig.1).

The number of glucose estimation per month per person exceded 7 000 (Fig. 2). The
differences were notsignificant.

Study design

All subjects performed intensive self-management according to their actual real-
time glycemic trends (Fig. 2) and self-monitored glucose values. No special Bolus
Wizard training was provided. HbAlc (IFCC, reference range 2.4 - 4.0 %) was
determined at 4 visits: at baseline (visit 0)and at 4-week (visit 1), 8-week (visit 2),
and 12-week (visit 3) follow up.

Fig. 1 Sensor insertion into gluteal region by
means of senserter

Fig. 2 Real-time glucose values displayed at screen
of insulin pump Paradigm 722

10000
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Fig. 3 Mean number of glucose estimation in intersticial fluid per month per person

Statistical analysis

Mean ISFG from the first, second and third month and HbA1c at the end of each
period were analyzed by means of the statistical program SPSS v.14.0.

Results

All patients actively used real-time values and alerts to control their
glycemic fluctuations. HbAlc (IFCC, reference range 2.4-4.0%)
decreased from baseline to the end of the 4* week (p=0.034) and remained
stable at 8-week and 12-week follow-up (Fig. 4, Fig. 5). The differences
in HbA Icbetween the 4", 8" and 12" week were not significant.

Thanks to early detection of developing hypoglycemia in real-time with
immediate appropriate treatment we did not observe any serious
hypoglycemia.

HbA1c and PG (sensor) in 10 PWD1 on Paradigm
722 (mean +SE) - results of a pilot study

Maonth L] 1

Visit baseline

HBATC/IFCC (%)

@ PG per manth
(mimal ]

@ PG par month
1.42. (mmali)

@ PG per month
2.43. (mmol)
B PG per 3

et al, 2007

Fig. 4 HbA1c and mean ISFG at baseline and visit 1, 2, 3. Means + SE

12,04

10,0 * °

HbA1c [%]
=
=3
1

basé\ine P
visit

Fig. 5 Box graph HbA1c at baseline, visit 1, 2 and 3
(medins, quartils, circles are outliers, stars show extreme values)
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RIZIKO LOKALNICH KOMPLIKACI PRI DLOUHODOBEM POUZiVANiI SENZORU CGMS

R. Chlup", V. Matuskov4’, Z. Fajkusova’, T. Jadvi§¢okova’, M. Pallayova’, P. Kudlova’, K. Peterson’, K. Langova'

'II. interni klinika, *Ustav fyziologie, 'Ustav oSetfovatelstvi a porodni asistence, ‘Ustav l¢katské biofyziky LF UP v Olomouci
*Ustav fyziologie Lekarskej fakulty Univerzity PJ Safarika, Kogice, Slovensko
e-mail: rudolf.chlup@fnol.cz

ZAVER

e Dlouhodobé zavedeni senzoru (7 dni) obvykle
nevedlo ke vzniku zavaznych lokalnich
komplikaci. Jediny absces vznikl p¥i atypické
lokalité senzoru na hyzdi.

e Doporucovanou tiidenni dobu pro zavedeni
senzoru do podkoZi je proto vhodné peclivé
piehodnotit.

Tab. 1 Prezentace z let 2003 - 2008 pojedavajici o senzoru CGMS (O - originalni prace; Ab - abstrakta)

METODA

e o e
= ° ; % % 3 B e nr AR e
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e Odr. 20Q3 do k.oyce r. 2007 by} senzor ot el g i b 1oL BT
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(obr.1) nasazen u zdravych osob a u osob et o o g o -
s dlabetem.l. typu v 9 nezavislych studiich -
v Olomouci a v KoSicich (tab.1). o0 | 2 2y | Sk Tl rrrietme: e e e oy I
® Celkem bylo zavedeno 420 senzoru (obr. 2). oot | 2 -
® Pocet senzoru nasazenych u jedné osoby B » O b i
v uvedeneom obdobi byl mmm{alju jeden, max az “w&&m,\ ) g B ot 00 Gk
30 senzori. Senzory byly zavadény do podkoZi bl |2 el v ank.
hyzd¢, biicha nebo paZe. os | 3 Jsos |
2 r r 0 2006 2 ° iy
® Pied zavedenim bylo misto vpichu 3x P e e
dezinfikovano sprejem Cutasept F (Bode 2007 (3.4.5 o 'hw Mmswmmmn-mma:mu—l 2 bpmanadich
Chemie, Hamburk, Némecko). T T T o
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technology Society. Foster City, California: AL44 (Abstract).

Fajlkusova Z, Jadviscokova T, Pallayova M, Matuskova V, Luza J, Kuzmina G. (2007) Glycaemic Index of

Gl O | selected Foodstufs in Healthy Persons. Biomed Papers 151 (2): 257-262.
2007 | 1-8 o |Jadviscokova T, Fajlcusova Z, Pallayova M, Luza J, Kuzmnina G. (2007) Occurence of Adverse Events due to
Continous Clucose Biomed Papers 151 (2): 263-266.
Clilwp R, Seckai P, Zapletalova J, Langova K, Kudlova P, Chlupova Ic, Bartek: J, Jelenova D. (2008) Automated
2008 | 2 0 | Computation of Clycemic Index for Foodstufs Using Continous Clucose Monitoring. J Diabetes Sci Technol 2
) 6175,
Lippaiova I, Pallayova M, Kuzmina G, Petexson K, Fajlosova L, Luza J. (2008) Safety of novel algorithmns for
2008 | 7 0 |premeal insulin boluses in high glyeaemic index meals in persons with type 1 diabetes mellitus using insulin

pumps. Biomed Papers 152(1): in press.
Piibylova H, Pallayova M, Hutikova J, Luza J. (2008) Evaluation of the new software program degifXL4 in the
determination of the glycaemic indicies of foodstufs. Biomed Papers 152 (1): in
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Obr. 2 Zavadéni senzoru pomoci Sen-Serteru
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IS PROLONGED INSERTION OF TRANSCUTANEOUS SENSORS SAFE?

R. Chlup", V. Matuskova', T. Jadvis¢okova', H. P¥ibylova', P. Kudlov4’, M. Pallayova*’, K. Langova’, N. Lippaiova', K. Peterson'

' Dept. of Physiology, * 2nd Dept. of Medicine,' Dept. of Nursing and Birth Assi and * Dept. of Biophysics, Faculty Of Medicine, Palacky University, Olomouc, Czech Republic;

“ Dept. of Physiology and st Dept. of Medicine, Faculty of Medicine, P.J. Safarik University, KoSice, Slovakia
e-mail: rudolf.chlup@fnol.cz.

Medtronic

Introduction

Continuous glucose monitoring CGM (Fig. 1) using transcutaneous
sensors (Fig.2)isbecomingsophisticated method to control and regulate
glucose metabolism. The transcutaneous sensor of the CGMS system,
Minimed, CA, USA, is labeled to measure glucose
concentration in interstitial fluid up to three days after insertion even
though its function remains stable for a longer period. Which factors
really limit the period of sensor insertion? Thorough evaluation of eight
studies where transcutaneous sensors were used was carried out.

Fig. 1 CGMS sensor, transmitter and pump Paradigm 722 Fig. 2 CGMS sensor and 5-cent coin for comparison

Aims
To assess the risk of serious adverse events eOnly one SAE occuredin the observational period of 2117 sensor days.

(SAE) related to prolonged insertion of oThis SAE (abscess) appeared within the FDA approved 3-day period for sensor use.
transcutaneous glucose sensors.

Conclusions

eTherewereno SAE due to othersensors used for up to9 days (2116 sensor -days).

eHence, prolongedinsertion of transcutaneous CGMS-sensors appears tobesafe.

Methods

During last fiveyears wehave used sensorsin8 independent studies (Table 1and Table2).
Totally, there were used 364 sensors (Minimed-Medtronic) in 209 patients:
® 169 persons with diabetes (PWD) treated by means of an insulin pump,

® 40healthypersons (HP). including the abscess drainage lasted 14 days. Complete
Sensors were inserted subcutaneously (Fig. 3) and connected to CGMS monitor (Fig4). The skin was sprayed recovery occured 2 months later (Fig. 6).
3times with an antiseptic (CutaseptF, Bode Chemie, Hamburg, Germany) before sensor insertion. Approx. Nowof
" 0. of
Study No.of | No.of | duratiomof | Approx. | . L o
Year " sensor No. of
No. patients | sensors [ SO0 | Cays | Adverse
! ¥$ | events
(days)
1 [ 2003 [10PWD1 | 10 5 50 0
2 | 2004 | 20HP 20 7 140 0
3 | 2005 [20 PWD1 | 20 7 140 0
4 | 2006 |21 PWD2 | 21 4 84 0
5 | 2007 | 20HP 20 9 180 0
6 | 2007 |12 PWD1 | 167* 7 1169 | 1-abscess
7 | 2007 | 6PWD1 6 9 54 0
8 2%(;2' 100PWD | 100 25 300 0
Total 209 364 2117 1

Fig. 3 Sensor insertion using Sen-serter Fig. 4 Sensor inserted into subcutaneous tissue of the abdomen

Results

There was only one serious complication in the course of 2117
sensor-days (Table 2): abscess in gluteal region in a PWD 1
(Fig.5). The pain started on day 3 after sensor insertion; sensor
removal followed on day 4, however the intensive surgical care

Table 2 Oveview of studies focused on duration of sensor insertion
HP - healthy persons, PWD - persons with diabetes

and connected to CGMS monitor

Study
No.

Tmpact
factor

Type

Reference

1

(‘l\lnp R I\Elmk P, Boudova E, Fialova J Bartek .J (2003) Kontinualui mo: mtnmvuu knntentnte glukozy
telcuting - nage prvni zkugenosti. Klin Biochem Metab 11[32] (1): 3

MIak P, Chlup R, Boudova E, Baxtek J, Zapletalova J (2003) Vyve J“h.zy v
tekutiné u nediabetiki s ohledem na detekci fenomenu svitani - pilotni studie. Klin Biochem Metab 11[32] (1):

44

2004

Miéak P, Fialova J, Trukova K, Chlup R (2004) A continuons ghicose monitoring system (CCMS) — a promising
aproach for improving metabolic control in pexsens with type 1 diabetes mellitus reated by insulin puinps.
Biomed Papers 143 (1): 33-38

Ab

Chlup B, Jelenova D, Chlupova K, Studentowi H, Baxtek . Se prlemlnnJ(’l)uﬂ) Bestimmung des

: art) bei
Probanden mittels Continuous Glucose Monitoring System (c‘cvms) Dnl\etsc nd Stoffwechsel 14 (Suppl 1): 59
(Abstract)

Ab

Chlup R, Jelenova D, Chlupova K, Zapletalova J, Bartek J (2005) F 560 Function and Accuracy of Glucose
Sensons beyend their stated Expiry Date. Diabetes 54 (Suppl 1): AL3S (Abstract).

Ab

Chlup R, Jelenova D, Chlupova K, Studentova H, Bartek J, Se . Zapletalova J (2005) Bestunmung des
alykamischen Indexes verschiedener Nahrungsmittel (Schokolade, Yoghurt) bei stoffwechselgesumden
Probanden mittels Continuous Glucose Monitoring System (C'GMS). Diabetes und Stoffwechsel 14 (Suppl 1): 59
(Abstract)

2006

Chlup R, Zapletalova J, Jelenova D, Chlupova K, Bartek J, Rehoiova J (2006) Glykemicky index Lorke
‘okolady, ovocného jogurtu, jableéné piesnidavky a 1vzovych chlebicki u zdravych asob. Diabetes a obezita 6
(11): 103-112

2006

Chlup R, Kudlova P, Seckai P, Zapletalova J, Bartek J, Chlupova K, Luza J (2006) Glycaemic mndex of foods i
healthy persons vs persons with ype 1 diabetes mellitus. Diabetes 55 (Supp] 1): AS93 (Abstract).

2006

Chlup R, Jelenova D, Chlupova K, Zapletalova J, Chlupova L, Bartek J (2005) Function and Accuracy of
Glucose Sensors beyond their stated Expiry Date. Diabetes Technology & Therapeutics § (4) 495-50.

2007

Chlup R, Kudlova P, Peterson K., S| T, Bartek J, Nakladalovi M, Setkai P, Zapletalova J, Langova K,
Téncosova §, Doubravova B (2007) Glykemicky index potravin u osob 5 diabetem L. a 2. typu a u zdravych.
Diabetes a obezita 7 (13): 75-89

Year

Study
No

Tropact
factor

Type

Reference

2007

4

8,028

Ab

Petersou .. CLIwp K., Kudlova P.. Slezakova L., Zapletalova J., Langova K., Doubravova B., Bartek J.,
Seclcar P, Naldadalova M. (2007) Influence of Oral Antidinbetic Drugs on Hyperglycemic Power of Foods In
Persons with Type 2 Dinbetes Mellitus (DECGIF4). Diabetes 56 (Suppl L): AG88 (Abstract)

2007

8.028

Ab

Chlup R Peterson K, Zapletalovi J, Langov K, Kudlova P. Pribylovcs H nmmkm—‘ \ (*nu )Rehunn
between HbAlc and Average O Fluid Glucose C

Continous Glucose Monitoring — Preliminary Results of an Oneoing study. l]lnl\eles 55 (Snm)l 1 AS2
(Abstract)

2007

8.028

Ab

Feterson K, (1.1“1; . Langova K, Zapletalova 3, Kudlova F, Fiibylova H (2007) Benefits of Contimous Clucose

to Paradigin 722 Dinbetes 56 (SuppL L): A $31 (Absaact) Fig. 6 Scar 9 months after the abscess drainage

2007

Chlp R, Seckai P. . Eapletalova J., Langova K., Kudlova P., Peterson K., Bartel: J., Hutikiova J (007) Mostly no complications have been found at site of sensor insertion
Degif YL 2 new software program for ds of Tated and p Inted glycemic indexes of 3

foods by means of i glucose ito1ing system C LM? Acta Diab. Rownana 35/1:351. 27).

2007

Chip R, Peterson K, Langova K, Zapletalova J, Piibylova H, Matuflova V, Hutiliova J, Kudlova P, Pallyova
ML (2007) High Correlation between Hetnoglobin Alc and Average 1- to 3- Month Interstitial Fluid Glucose
Concentrations. Seventh Abnual Diabetes Technology meeting. Diabetes teclmology Saciety, Foster City.
California: 436 (Abstract).

2007

Petersou K. Chilup R, Langova K, Zapletalova J., Pribylova H, Hutikova J, Jadvistokova T, Kudlova P,
Pallayova M. (2007) Reduction of Hemoglobin Alc Resulting from L-month of Continous Clucose Monitoring in
Persons with Type 1 Diabetes onparadigin 722, Seventh Abnual Diabetes Techmology meeting, Diabetes
techuology Society. Foster City. Californin: AL44 (Abstract).

2007

Fajlkuseva Z, Jadviscokova T, Pallayova M, Matuskova V, Luza J, h\ulnum ©. (2007) Clycaemic Index of
selected Foodstufs in Healthy Persons. Biomed Papers 151 (2): 28

2007

Jadviscokova T, Fajlusova Z, Pallayova M, Luza J, Kuzmina
Continous Glucose Monitoring. Biomed Papers 151 (2): 263-266.

@007 Occurence of Adverse Events due 10

2008

Chiup R, Seclai P Zapletalova J, Langova K. Kudlova P. Chlupova K. Bartels J. Jelenova D. (2008) Automated]
Computation of Glycenic Index for Foodstufs Using Continous Glucose Monitoring. J Dinbetes Sci Technol 2
Ly 6775

2008

Lippaiova N, Pallayova M, Kuzmina G, Peterson K, Fajkosova L. Luza J. (2008) Safety of novel algoritluns for
premeal insulin boluses in Ligh glycaernic index meals in persons with type 1 diabetes mellitus using insulin
pums Biomed Papers 152(1): inpms

2008

H, Pallayova M, Hufilcova J, Luza J. (2008) Evaluation of (he new software program degifXLd in the

Pribylovi
determnination of the glycnemic ulll.ltl?s of foodstufs. Biomed Papers 152 (1): inpress.

Table 1 List of references 2003 - 2008 dealing with 8 studies on CGMS sensor (O - original paper, Ab - Abstract)

Fig. 7 Sensor removed day 8. No adverse events found

Supported by IGA NR 7825-3, Ministry of Health, Czech Republic
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GLYCAEMIC INDEX DEVELOPMENT IN THE COURSE OF 210 MINUTES
AFTER FOOD INTAKE IN HEALTHY VOLUNTEERS

434
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Introduotion

The glycaemic index (GI) is ameasure of the food powerto raise plasma
glucose concentration after a meal. It is defined as the ratio of area
under the glycaemic curve (AUC) of the tested food to the AUC of the |
standard (glucose). Conventionally, both areas are calculated for . IAUC TESTED FOOD
a 120-min interval after the food intake (Rig- T). What is the P
development of the Gl in the course of a longer time interval? The new < L 8 TAUCE
software DegifXL4 (Palacky University, CZ) together with Solutions
software (Medtronic, Minimed, CA, USA) enables the determination
ofthe Gl atbreakfast, lunch, snack and dinner.

x 100 [*

Aims Conclusions

The sim of this prospective trisl was
1. to demonstrate the changes of plasme —» | ‘1. After ingestion of Jifferent foods the PG changes appear to be food spesific, even though the
—glucose (PG) concentrations in the course content of carbohydrates is identical (50 g).

of 210 min eafter intske of tested foods.
2. to compare the Gls of foodstuffs — | 2. Continuous but varisble increase of GI from 120 min to 210 min in all tested meels (except in
determined for the intervals of 120, 150, honey and tometo soup) wes demonstreted.

180 end 210 min.

Theso findings may be due to digestion and absorption rates and various metabolic
pathweys of foodstuffs related to pure glucose.

Methods Results

Preroquisites: Portions of tested foods PG - changes after food intake GI'120;150, 180, 210 min
etrained team of investigators (physician, educator, 1T e
support) " [y —

etrained healthy persons ready to keep to the study protocol t

-
ecxact portions of tested foods (containing 50g CHO each) % E :

H — =
ehardware PC, CGMS (Fig. 2), glucometer Advance, Elekta Lo SR

s.r.0.,CzechRep. (Fig3) w
) ) e g oesnemmmmamm o
esoftware (MS Excel 2000; CGMS Solutions software 7310 v. e il
3.0C; DegifXL4,SPSS 14.0,SPSS Inc. Chicago, IL, USA)

“.---nnnum-ummam -
Fig 10 Fig 11 Fig 12 S

Breakfasts and dinners
s fEL ot
; =
| i
m-
-

Fig. 2 CGMS - sensor and monitor Fig-3 Glucometer Advance Limo-blossom honey
-
Tested persons i ~
Twenty healthy volunteers (age 21.9 + 1.39 y., mean + SE), Wi = I E—
BMI23.6+0.63) keptto the 9-day study protocol. D i H = $ =
prrpripos 1

=~ © 1620 45 @ 78 90 108 120 138 180 186 180 105 2% L
Study design Fig 18 Fig. 14 e il Fig 15 il
Portions of tested foods cach containing 50 g of car _—
wereeaten (eachwithin30min)in 3 replicates i ot

(1) for breakfastand dinner (Fig.7 <18),
(2)for lunch (Rig19-27).

(3)for snack (Fig.28--36)

according tothe defined meal plan (Fig. 4).

@ 75 50 05 1018 190 105 10 18 20

Fig. 16 g 18 ——

Fig. 4 Defined meal plan for the whole 9-day test period

Glucose concentrations were measured by means of the
CGMS using the Gold monitor and processed by Solutions
Software (Medtronic, Minimed, Northridge, CA, USA) and
software Degif XL4 (Palacky University, Olomouc, CZ)
The software program was developed using the Microsoft
Excel 2000. The basic data of Interstitial Fluid Glucose
(ISFG) are taken from CGMS Solutions Software (Fig. 5).
The AUC is calculated by numerical method of integral Raviol pasts yith mest, edam chesse
calculus as the sum of trapezoid areas (Rig. 6); At=5min,
G=glucose concentration at respective time, G,=glucose
concentration atstart. For G<G, is considered S=0.

Apricot dumpiings, butar

Fig. 5 Output from CGMS solution software - daily details in the period
of 7days

[ove-fs] [-ESEEE |

: P 0,1 b romhersd = Pt pat square i chocols

iy
R U PR R NG A R

Fig. 6 Counting of the Area Under the Curve (AUC)

Supported by IGA NR 7825-3, Ministry of Health, Czech Republic Presented at I" International Conference on Advanced Technologies & Treatments for Diabetes, Prague, February 27- March 1, 2008
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RELATION BETWEEN GLYCEMIC INDEX OF INGESTED FOODS AND MEAN PLASMA GLUCOSE

CONCENTRATION MEASURED BY CGMS IN HEALTHY PERSONS
R. Chlup, K. Peterson, J. Zapletalova, K. Langova, P.Seckar, P. Kudlova

Teaching Hospital and Faculty of Medicine, Palacky University, Olomouc, Czech Republic; EU

e-mail: rudolf.chlup@fnol.cz.

Introduction

Low glycemic index foods supress the
development of diabetes, obesity, etc. The
question arises whether the mean value of the GI
influences the mean plasma glucose

Minimed, Northridge, CA;

concentl‘aﬁon (MPG) . Fig. 1 CGMS Gold, Medtronic Minimed, Northridge, Fig. 2 Glucometer Advance, Hypoguard, Woodtbridge, UK
CA, USA; sensor connecting cable and monitor
.
)
Aims —-)L Conclusions
To assess the relation

1)between the mean subject-related glycemic index (GI) of all
meals consumed per day and the daily MPG measured by
Continuous Glucose Monitoring System (CGMS), Medtronic-

2)between the energy intake and MPG of the respective day.

Neither the glycemic index of foods nor the energy intake appear to
have a substantial influence on the mean plasma glucose in healthy
persons. (Fig.4 and Fig.5)

Methods

Four of 10 different mixed meals/glucose with known content of nutrients and glycemic
index (GI) were consumed daily by twenty healthy subjects (age 21.9+1.39 y, BMI

Results

23.6+0.0.63 kg/m2, 7 men) in the course of 7 days (Fig. 3). No other foods were eaten. Subject-related mean Gl in Individual days
Mean GI and MPG were determined every day using the CGMS. MS Excel 2000 and % o R
r= *
SPSSv.15.0 were used to analyze the data. 175% 1 =15 »
-
150%% g
Fig. 3 Standardized meal plan for 7 day-test period (above) and evoluation of postprandial plasma glucose concentration in the course - 1259
of 210 min after food intake. =
B 100%
Day1 Day?2 Day 4 Day5 Day6 Day7 E N
E 75% 4
Puffed rice s 50%
Breakfast| Glucese |White bread blossom Glucose |White bread T |
squares
honey 25%
i
Mashed | o W00 Mashed | b 4ieored Mashed 30 35 40 45 50 55 60 65 70
Lunch potatoes, apricot potatoes, apricot potatoes, MPG [mmoll]
fried fish, du:'l s fried fish, dur’; s fried fish,
butter pling butter piing butter Fig. 2 Relation between mean glycemic index (GI) and mean plasma glucose

(MPG) in 7 induvidual days

Relation of energy intake per day and MPG
8
r=00789
n=133 7d »
. 5
Ty B e
6 * . 1
£ 3
E S
2 : R A
@ s " P
; % . 3 8
4 H H e
H : O 3
4 4 b4 * b .
.
3
1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
energy intake [keal/d]

Puffed spelt Puffed spelt
Snack P P
squares squares
. Lime- . Lime-
Dinner [P ] il blossom Glucose |White bread (PG 33 blossoem
squares squares
honey
I
Breakfast Glucose 50 g i Glucose 50 g
Lunch
Snack
Dinner Glucose 50 g | ( S

Fig. 3 Relation of mean plasma glucose (MPG) and energy intake per day in
seven individuals days.

This poster is dedicated to the memory of Prof. RNDr. Stanislav Komenda, DrSc.
(7.5.1936 - 17.2.2009)

Supported by IGA NR 7825-3, Ministry of Health, Czech Republic
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ACCURACY OF WAWESENSE TECHNOLOGY GLUCOMETER LINUS IN DAILY ROUTINE

c‘q ) 1-'- R. Chlup, B. Doubravova, J. Zapletalova, K. Peterson, K. Langova, J. Bartek
l' Teaching Hospital and Faculty of Medicine, Palacky University, Olomouc, Czech Republic; EU
v e-mail: rudolf.chlup@fnol.cz.

Introduction

reading.

Conventional glucometer systems for plasma glucose monitoring are based on static
electrochemistry using a fixed input signal (voltage). The recent systems based on wawesense
dynamic electrochemistry (glucometer Linus, Wellion, Fig. 1) use a time-varying input signal
inducing an output signal processed by digital algorithms to give a more accurate glucose

Fig. 1 Glucometer Linus,Wellion,
Agamatrix, USA Linus

Aims

To compare the plasma glucose (PG) reading from glucometer
Linus and PG values obtained by means of an approved
analyser Daytona.

Conclusions

Glucometer Linus based on the wawesense technology appears

to be accurate and reliable device for PG-selfm
(Fig. 5).

onitoring

Methods

In the course of 5 weeks 221 fingerprick capillary blood samples
were taken from various out- and in-persons with diabetes at
different times of the day and investigated using glucometer Linus
(teststrips Charge 197) - Fig. 2. Within two following minutes blood
was collected in a capillary tube - Fig. 3 and Fig. 4 - and centrifuged;

the plasma was investigated on the analyser Daytona.

Statistical analysis was performed using the software SPSSv. 15.0,
SPSS, Inc., Chicago, USA.

Fig. 2 Capillary blood taking from a finger
to be investigated using glucometer

Linus.

Fig 3 Capillary blood collected in a tube to
be centrifuged and investigated using|

an approved analyzer Daytona.

Fig 4 Capillary blood collected in a tube to
be centrifuged and investigated using
an approved analyzer Daytona - the

elasped time up to 2 minutes.

Results

A total of 221 paired values are plotted on the Error Grid

indicating that 98.6% of the glucose readings (Linus vs. Daytone) are within

the clinically accurate zone A and 1.4% within the acceptable zone B. See

Diagram (Fig. 5)

Figure 1 for details.
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Fig 5 Error Grid diagram: relation between plasma glucose concentration investigated by means of glucometer

Linus and plasma glucose concentration investigated by means of an approved analyzer Daytona.

LAB - DAYTONA TM {Randox) [mmolll]
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Langfristige Behandlung mit Insulinpumpe bei Typ-2 Diabetikern hat meistens eine Verminderung
des Insulinbedarfs und eine verbesserte Stoffwechsellage und Zufriedenheit zur Folge.

Chlup R/, Peterson K', Kudlova P’, Pribylova H', Tomcalova J', Kolcava P°, Langova K'

'Institut fiir Physiologie, * II. Klinik fiir Innere Medizin, ‘Institut fiir Krankenpflege, ‘Institut fiir Biophysik, Medizinische Fakultit, Palacky Universitit, Olomouc
*Institut fiir Neurologie und Geriatrie Moravsky Beroun, E-mail: rudolf.chlup@fnol.cz
Tschechische Republik, EU

Einfiihrung

Die kontinuierliche subkutane Insulininfusion (CSII) wird nicht
routinemaissig, trotzdem aber, auch bei Typ-2 Diabetikern eingesetzt.
Unter Indikationen sind hier insbesondere unausreichende
Stoffwechselqualitdt mit Dammerungsphenomén und Entwicklung
von Spatkomplikationen zu nennen. Eine vorstehende Motivation
und ausfithrliche Schulung des Diabetikers und seiner Familie sind

Grundvoraussetzungen.

Abb. 1 Insulinpumpe Paradigm 722 mit CGMS

Abb. 2 Paradigm 722 - Ablesung der Plasmaglukosewerte.

Ziel

o Uberpriifung des Einflusses einer langfristig durchgefiihrten
Pumpenbehandlung auf

1.HbAlc

Schlussfolgerungen

Behandlung mitInsulinpumpe kannbei Typ-2 Diabetikernzur

2. Insulinbedarf

» 1. ReduzierungdesHbAlc (bei 11 von22 Diabetikern).

3. Body MassIndex

» 2. Reduzierung desInsulinbedarfs (bei 18 von 22 Diabetikern), wobeisich

» 3. Body Mass Index inder ganzen Gruppe nichtgeédndert hat.
A Ziinig S el DIl e » 4.21von22Diabetikern waren mitder Pumpentherapie sehrzufrieden.
Insulinpumpentherapie kann zur Verbesserung der therapeutischen
Ergebnisse wesentlich beitragenund wird gut akzeptiert.
Methodik Ergebnisse

In den Jahren 2003 bis 2007 wurde bei 22 Typ-2 Diabetikern (13 Maénner,
9 Frauen), welche in einer vorherigen Zeitperiode mit intensiver
komplementiren Insulintherapie (1 bis 10 E eines kurzwirkenden Praparates
meistens insulin Aspart - zu jeder Mahlzeit) behandelt worden waren, eine
Insulinpumpe (Minimed 508 oder ParadigmX22, Medtronic-Minimed, CA,
USA, bzw. Animas 1200, Animas, USA) eingesetzt (Tabelle 1).

Tabelle 1: Gruppe der mit CSII behandelten Typ 2 Diabetiker

Alter [J.] Diabetesdauer [J.] Dauer der CSII [J.]
N 22 22 22
Mittelwert 62,91 16,95 3,59
SD 10,98 7,46 1,56
SE 2,34 1,59 0,33
Min 35 5 1
Max 80 34 6

Die Diabetiker wurden zur intensiven
Selbstkontrolle mit Glukometer
Advance,
Agamatrix, USA (Abb. 3), 5 bis 10 mal

Hypoguard oder Linus,

pro Tag und zur Selbstentscheidung tiber
die anschliessende Therapieintensitit
(dhnlich wie vor der Pumpeneinfiihrung)
weiterhin trainiert.

Die Parameter sind als Mittelwerte + SE

angegeben. Statistische Auswertung

wurde mittels Paarvergleich (t-Test)
Abb. 3 Glukometer Wellion-Linus, Agamatrix, CA, USA

durchgefiithrt. p < 0,05 wurde als
signifikant betrachtet.

Die kompletten Datensétze zum Paarvergleich (Anfangswerte vs. Werte bei
der letzten Kontrolle im Jahre 2008) standen bei allen 22 Diabetikern zur
Verfigung (Tabelle 2). Die mittlere Betreuungsdauer mit Insulinpumpe
betrug 3,6 + 0,33 Jahre, wobei nur ein Diabetiker wegen seiner
Unzufriedenheit mit dieser Therapieart weitere Pumpenbehandlung trotz
Stoffwechselverbesserung ablehnte. Die 21 Diabetiker fithlten sich mit der
Pumpe besser als bevor (nach Fragebogen und Gesprich). Davon sind 3 im
Jahre 2008 verstorben (koronare Herzkrankheit, Schlaganfall, M.

Alzheimer).
Tabelle 2: Gruppe der mit CSII behandelten Typ 2 Diabetiker
Nr [ After |DM selt| CS8l Hbatc %] B oir.
sait Vor | Bel | D ot | Vor Bel CSI Vor | Bel | B
csHl | c8ll |HbAtc|insulin] BR | Sum | BR | Bol | csil | csi
WP 5
W 7] [ iC i 33 3ai] so] 604
W 1 7. T I 21| 30
W & 1 5 D 206] -1,
M4 £ 1 1 [ T TN I
™ 71 [ 18 A2
D 18] 29 324f -
1 ¥ 4 21 13 il 2aof 24
W 4 508 5. 1, i 5.5 34
F &7 2 1 08 228/ 78| ®s2| el 30| 3i8) el -1,
Gl 38| i EE] 40) 1 | 4245] 41.8] 08
L] ] T ] I ) B 29.7] 26,
Ml 1 80| 7 -2y 35| 2. 8 18| 4] 29,
(7] N I 2! IT] T T 18] 20| 30.2] 305] .03
M| 14 [ 24 &5] 1 =2 1 59| 2 [ X2,
M1 54 1 -1 3| 3| ¥ A
1 86 1 - 51 75| 03] 24
1 [T - ¥ I 58| 18] Bl -1,
M1 Bs o 5] -2 3 70| 18] 33.43] 30.1] 3,31
(D 50 1 ,2 L. - 46] 48 2] 5] 28] -1
E; 3] | 4 ) | o0 7] 328 338
21 (2 1 5 4 4] 08 1 4z s 1 7l 5 |
[ 38| 1 10, 1.7 123 3| 2 11, 1] 40.8] 40.3] o
7. F7] I 7

F7] 22
[Mittel werte 62.91] 169 1,59) 737] T.30| 006 13.02]50.82] 37.80) 10.05]17.30] 3242]|31.64] 0.78|
50 10.93| T4l 1.56) 233] 214] 18] 16.66] 14.95] 14.47] 7. 9.33] 4.45] 3.89] 2.56)
mibn 33 3 1 4.20] 4.10] -190| -18.50] 25.00| 1.204 1. 0.00 24.50| 26.00] -3.40|
i | 80| | 6] 12.10] 11.70] 4.90] 5080 7R.00) 56.00 38.00] 36.00] 4245[41.80] 6.70]

In der ganzen Gruppe hat sich BMI nicht geéndert (32,4 +0,94kg/m’vs 31,6

+0,82 kg/mz, p=0,168), der mittlere HbAlc-Wert auch nicht (7,4 + 0,50%
vs. 7,3+ 0,46%, p =0,893), obwohl er sich bei 11 Diabetikern verminderte
(8,3 +£0,70% vs 6,5 +0,47%). Der tigliche Insulinbedarf nahm ab (50,8 +
3,19E/dvs.37,8+3,09E/d,p=0,001).

Unterstiitzt von IGA MZCR NR 7825-3 und MSM 6198959216.

an der 44. D, he Diabetes aft 20. - 23. Mai 2009 in Leipzig, Poster Nr P232
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Continuous Glucose Monitoring -

A Novel Approach to the Determination of the

Glycaemic Index of Foods (DEGIF 1)

Determination of the Glycaemic Index of Foods by Means of the CGMS

R. Chlup'?

D. Jelenova®
P. Kudlova?
K.Chlupova's
J. Bartek®

J. Zapletalova’
K. Langova’

L. Chlupova®

Abstract

The glycaemic index (GI) is a measure of the food power to raise
plasma glucose (PG) concentration after a meal. For its determi-
nation, classical methods register the development of glucose
concentration in capillary plasma or whole blood. The aim of this
prospective open-label trial was to compare the GI of selected
foods obtained by means of the Continuous Glucose Monitoring
System (CGMS™) (Minimed Medtronic, Northridge, USA) which
has not been applied for this purpose until now, with the respec-
tive Gl determined by a conventional method using the Glucom-
eter Advance™ System (GAS) (Hypoguard, Woodbridge, United
Kingdom), and to assess the advantages of each approach. Meth-
ods: Portions of tested foods containing 50 g of carbohydrates
were eaten for breakfast and for dinner after 10 and 4 h fast, re-
spectively, by 20 healthy volunteers. Using GAS, PG-curves were
constructed from 9 PG values at time 0, 15, 30, 45, 60, 75, 90, 105
and 120 min after the meal, and, using CGMS, from 25 values of
interstitial fluid glucose concentration (ISFG) stored within
120 min in 5-minute intervals in CGMS memory. The GI was cal-
culated (for GAS and CGMS separately) by dividing the incre-
mental area under the curve for the tested food by the average
area of 3 tests performed with the standard. Having excluded
tests with missing glucose values, there remained 285 GAS- and
290 CGMS tests for further analysis. In each volunteer, each food

was tested 3 times within one week so that 1 to 3 GI's were ob-
tained and averaged. The GI for each tested food was calculated
as the mean from the respective average GI's of 20 volunteers.
The Gl-variability was assessed according to the respective SD.
The preference of GAS vs. CGMS in the persons tested was ex-
plored by means of a questionnaire. MS Excel and the statistical
program SPSS v. 10.1 were used to analyze the data. Results: The
GI values (mean+SD) measured by GAS/CGMS were for dark
chocolate 43.6 £+22.13%/44.0+21.71% (p>0.01); for apple baby
food 46.1+21.38%/53.8+37.69% (p>0.01); for puffed rice
squares 76.5+20.24%/76.9+£27.62% (p>0.01); for yogurt 43.2
+20.17%/37.7 £21.55% (p>0.01). The GI's of dark chocolate, ap-
ple baby food and yogurt, determined by either method, were
significantly lower than the GI of puffed rice squares (p <0.01).
CGMS was preferred by 12 of 20 volunteers (60%). Conclusions:
No significant difference could be seen between the GI's deter-
mined by conventional method (GAS) and by CGMS (p>0.01).
The method with CGMS is reliable and comfortable for both test-
ed persons and investigators. Hence, it appears to become a so-
phisticated approach to determine the GL

Key words
Glycaemic index - continuous glucose monitoring - glucometer -
nutrition - therapeutic education
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Table 1 Composition of one serving of tested foods

Food Portion Carbohydrates Proteins Fat Total energy
[a] [a] (K] [9] [d] [9] K] ]
Glucose 20% 250.0 50 850.0 0.0 0.0 0.0 0.0 850.0
Dark chocolate 91.9 50 850.0 5.9 100.3 24.3 947.7 1898.0
Apple baby food 277.8 50 850.0 0.6 10.2 0.6 234 883.6
Puffed rice squares 60.3 50 850.0 4.8 81.6 0.7 273 958.9
Strawberry flavoured yogurt 3125 50 850.0 106 1802 6.6 257.4 1287.6
Introduction capillary blood or plasma in the course of 120 min after ingestion

The glycaemic index (GI) is a measure of the food power to raise
plasma glucose (PG) concentration after a meal. For a healthy di-
et, particularly in persons with diabetes (Bornet et al., 1987, Kabir
et al., 2002), obesity (Brand-Miller et al., 2002; Ludwig, 2002)
and insulin resistance (Sievpiper et al., 2002), foods with low GI
are recommended by a number of influential bodies, e.g., the
Food and Agriculture Organization of the WHO, as they may help
keeping the euglycaemia and the normal spectrum of
lipoproteins (Heilbrann et al., 2002), which may result in pre-
vention of vascular diseases, cancer etc (Augustin et al., 2003;
Jenkins et al., 2002 a; Jenkins et al., 2002 b; Jenkins et al., 2002c;
Ludwig, 2002).

The Gl is defined as the relation of the incremental area under
the P-glucose response curve (IAUC) of a test food containing
50 g of digestible carbohydrates and the incremental area under
the P-glucose response curve of the standard food, i.e., 50 g pure
glucose (IAUCS), taken by the same person. The methods for GI-
determination have not been standardized. The classical ap-
proach follows the development of glucose concentration in
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Table 2 Characteristics of healthy volunteers in the study

Parameter Mean £ SE Reference range
N 20

Men/women 6/14

Age [years] 20-31

BMI [kg/m?] 22+3.1 <25
Puls rate [min-T] 743457 60-90
Blood pressure systolic [torr] 117.3£14.6 <130
Blood pressur diastolic [torr] 75.5£7.9 <85
HbATc (IFCC) [%] 29+0.2 <4.,0
C-peptid [ug/l] 1.4£05 1.1-5.0
Insulin [miUfi] 8.5+27 8.0-345
Cholesterol [mmol/l] 45+0.8 0-5.0
LDL-cholesterol [mmolfl] 2.3+0.7 1.2-2.6
HDl-cholesterol [mmalfi] 1.7+£05 1.0-1.6
Triacylglycerols [mmol/I] 1.0£0.6 0.8-1.7

of tested food,

In the European Union, the nutritional tables on food products
rarely contain the Gl values. For many foods, the glycaemic index
has not been defined yet. Therefore, the present efforts to enable
an easy determination of GI's and their practical use may support
establishing optimum dietary recommendations and good eat-
ing habits. The aims of this prospective open-label clinical trial
were: 1) to compare the GI of selected foods obtained by means
of the Continuous Glucose Monitoring System (CGMS™) (Mini-
med Medtronic), which monitors the glucose concentration in
interstitial fluid (ISFG) and has not been applied for this purpose
until now, with the respective GI determined by a conventional
method using the Glucometer Advance™ System (GAS), Hypo-
guard, and 2) to assess the overall preference of each approach
from the point of view of the tested persons.

Materials and Methods

Tested foods

Five different foods with a known content of nutrients (Table 1)
were tested (three times each) at breakfast and dinner times in
the course of eight days:

1. dark chocolate with raisins, peanuts and jelly

2. solution of pure glucose (standard food)

3. apple baby food

4. puffed rice squares (cakes)

5. strawberry flavoured yogurt with low lipid content

The test meals were chosen from 4 different compartments of
food: chocolate, fruits, rice, milk products. The choice was also
influenced by the amount of carbohydrates in one labeled mar-
keted food package which should easily yield servings with 50 g
of carbohydrates each. So, the portions were professionally pre-
pared in the expected quality and quantity.

Volunteers

Twenty volunteers recruited from students of the Faculty of
Medicine, Palacky University, Olomouc, completed the study. In-
formed consent approved by the ethical committee was obtained
from all of them. They were investigated in the time period from
24.10. to 1.12.2004 in 5 consequent groups of four persons each.
Thorough clinical and laboratory investigations were performed
to establish that the volunteers were healthy (Table 2).
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Table 3 The 8-day standard meal plan for breakfasts and dinners with tested foods. Each food was tested 3 times

Day 1 2 3 4 5 6 7 8
Breakfast Glucose Puffed rice Dark Apple Yogurt Glucose Puffed
squares chocolate baby food rice squares
Dinner Dark Apple Yogurt Glucose Puffed Dark Apple Yogurt
chocolate baby food rice squares chocolate baby food
Study design tions Software MMT 7310 v. 3.0B (Northridge, USA) was used

1. Each volunteer received a glucometer Advance™ (Hypo-
guard), and 150 Microdraw strips, batch No 6147, expiry date
22.3,2006. There were four glucometers Advance (serial No's
049001345, 049001346, 049001347, 049001361 ) used in each
group.

2. Everyone was trained in self-monitoring on the Glucometer
Advance System (GAS) and in handling with CGMS, incl. how
to enter the PG values and event markers into CGMS monitor
and how to check the input signal and voltage counter screens
several times a day to be aware of the function of the sensor.

3. A sensor of CGMS (expiry date 11/2003 or 7/2004) was in-
serted into the gluteal region of everyone on day 1, initialized
and remained inserted for 8 days. In each group, two volun-
teers received monitors of the 1st generation (serial No's
16537-1E5 and 16546-IE5) and two volunteers received the
Gold monitors (No's 21579-1A6 and 21580-1A6).

4. Each volunteer was instructed how to keep to the principles of
the study protocol:
~ to consume the test and the standard food (together with

300 ml of tea or water) daily for breakfast (start between
5:00-9:00h) and for dinner (start between 17:00-
21:00 h) according to the given schedule; no other food or
drinks were allowed for breakfast and dinner;

- to investigate his/her fingerprick blood samples during the
next two hours after the meal (at times 0, 15, 30, 45, 60, 75,
90, 105, 120 min; the beginning of the food intake was time
0) and to put all obtained PG values into the CGMS monitor
and into the protocol;

- to consume no food over night (from dinner to breakfast)
and from lunch to dinner (at least 4 h before the dinner);
drinking water, mineral water, tea and coffee without sugar
was allowed except during the last hour before the test;

- to consume no alcohol and not to smoke;

- to keep to his/her standard load of physical exercise;

- to register all deviations from the scheduled programme.

5. Each volunteer received 15 servings of the standard and test-
ed foods (3 servings of each) and the 8-day standard meal
plan for breakfasts and dinners (Table 3).

6. In the course of eight test days, each volunteer kept a protocol

and diary on food intake, exercise, results of PG self-monitor-

ing and function of CGMS. At least two check-ups were per-
formed by a physician.

At the end of the 8-day period everyone was given a question-

naire in order to express his/her satisfaction with GAS and

CGMS and the respective preference.

8. Finally, the Glucobalance™ software, (Hypoguard, Wood-
bridge, United Kingdom), enabled the transfer of data from
glucometer Advance to a PC. The Minimed Medtronic Solu-

N

to download the data from the CGMS monitors into a PC. All
transferred data were revised, manually corrected and/or
completed according to the protocol and diary of individual
volunteers.

Determination of the glycaemic index

Construction of glucose curves and exclusion criteria

- Using GAS, glucose curves were constructed from 9 PG values
attime 0,15, 30, 45, 60, 75, 90, 105 and 120 min after the meal.
Only complete tests with 9 PG values, where the PG value at
time 0 was lower than 7.0 mmol/l, were considered for further
analysis.

- Using CGMS, glucose curves were constructed from 25 values
of ISFG stored within 120 min in 5 minute intervals in CGMS
memory. All tests containing less than 20 ISFG values were ex-
cluded from further analysis. Only ISFG values with ISIG
> 10 nA were taken into consideration.

Calculation of the Incremental Area Under the Curve (IAUC)
IAUC was calculated for each meal in every volunteer separately
as the sum of the trapezoids between the PG or ISFG curve, re-
spectively, and horizontal baseline going parallel to x-axis from
the beginning of PG/ISFG curve at time O to the point at time
120 min to reflect the total rise in PG or IFSG concentrations after
eating the tested food. Whenever the glucose curve dropped
under the baseline, the area below the baseline was not taken in-
to consideration. The IAUC for the standard food (IAUCS) was ob-
tained similarly as the mean from three independent IAUCS,,
IAUCS,, and IAUCS; in the same volunteer. B

Calculation of the GI

1. Calculations of Gl values in individual volunteers was per-
formed for each test separately according to the following for-
mula:

B 1AUC
= JIAUGS; + IAUCS; + IAUCS;)

% 100(%]

IAUC: Incremental Area Under the glucose response Curve for
the tested meal; IAUCS: Incremental Area Under the glucose re-
sponse Curve for the Standard meal (50g of pure glucose in
250 ml of water solution).

2. Working out the average of GI's for the tested food in individ-
ual volunteers: in each volunteer each food item was tested 3
times so that 3 GI's were obtained and (after the exclusion of
disturbed tests) the average was calculated.

3. Finally, the GI for each tested food was calculated as the mean
from the respective averaged GI's of the 20 volunteers.

Chlup R et al. Continuous Glucose Monitoring... Exp Clin Endocrinol Diabetes 2006; 114: 68-74
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Fig.1 The mean 2-hour PG curves for pure glucose, dark chocolate,
apple baby food, puffed rice squares and yogurt obtained by means
of Glucometer Advance System (GAS).

Statistical analysis

MS Excel and the statistical program SPSS v. 10.1 (SPSS Inc., Chi-
cago, USA) were used to analyze the data: ANOVA and Mann-
Whitney test to compare the GI's of tested foods, paired t-test
and Wilcoxon test to compare the respective GI's determined by
GAS and by CGMS; p <0.01 were considered statistically signifi-
cant.

The variability of Gl for each tested food was assessed according
to the standard deviation of the mean and by medians and quar-
tiles.

Results

Glucose curves

A total of 300 tests (sixty tests with each food) were performed
using simultaneously GAS and CGMS for the investigation of glu-
cose concentrations. Using GAS, 285 tests (95%) were complete
and good for further evaluation. Using CGMS, 290 tests (97%)
reached the criteria to be taken into the statistical analysis.

The mean 2-hour glucose curves for pure glucose, dark chocolate,
apple baby food, puffed rice squares and for yogurt obtained by
means of GAS and by means of CGMS are drawn in Fig.1 and 2,
respectively.

Glucose values (CGMS)
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Fig.2 The mean 2-hour ISFG curves for pure glucose, dark chocolate,
apple baby food, puffed rice squares and yogurt obtained by means of
Continuous Glucose Monitoring Systemn (CGMS).

Comparison of two methods to determine the GI:

GAS vs. CGMS

The values of the GI for individual tested foods determined by
means of GAS vs. CGMS are summarized in Table 4 The respec-
tive medians and quartiles are demonstrated in Fig.3. There was
no significant difference between the respective GI's determined
by means of GAS and by means of CGMS (p > 0.01).

The final questionnaire revealed the preference of each method
for a potential future testing from the point of view of tested per-
sons: 11 (55%) volunteers would prefere CGMS due to a better
comfort in individual tests; 7 volunteers (35%) would prefere
GAS (due to absence of sensor, connecting cable and monitor)
and 2 volunteers (10%) -expressed no preference. Some volun-
teers felt it would certainly be more comfortable to use only one
method instead of two and could hardly decide which one they
prefer.

Statistical evaluation of GI values for tested foods

In both methods, there was a significant difference of GI when
comparing dark chocolate, apple baby food, yogurt and puffed
rice squares with pure glucose (p<0.01). Despite this finding,
the GI of the puffed rice squares was significantly higher than
the GI's of dark chocolate, apple baby food and yogurt (p <0.01).
In all individual tested foods, there was no significant difference
between the GI's determined by GAS and by CGMS (p > 0,01). Var-

]
Table 4 The glycaemic indexes for individual tested foods determined by means of GAS vs. CGMS - means of data

Food N Min Max Median Mean SE SD p*
Glucose 20 100.0 100.0 100.0 100.0 0.00 0.00 -
Dark chocolate - GAS 20 15.8 104.6 37.1 43.6 4,95 22.13 0.944
Dark chocolate - CGMS 20 8.8 80.7 38.7 44.0 4.85 21.71 0.944
Apple baby foad - GAS 20 17.2 94.1 40.0 46.1 4.78 21.38 0.356
Apple baby food ~ CGMS 20 20.0 198.0 46.6 53.8 843 37.69 0.356
Puffed rice square ~ GAS 19 36.6 122.9 75.9 76.5 4.64 20.24 0.955
Puffed rice square - CGMS 19 246 133.6 77.3 76.9 6.34 27.62 0.955
Yogurt - GAS 20 16.8 96.4 40.0 43.2 4.51 20.17 0.395
Yogurt - CGMS 20 12.8 94.5 323 37.7 4.82 21.55 0.395

* tail probability computed; paired sample test to compare GAS and CGMS values of Gl for individual foods

Chlup R et al. Continuous Glucose Monitoring... Exp Clin Endocrinol Diabetes 2006; 114: 68-74
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Fig.3 Medians and quartiles of the Gl for individual tested foods de-
termined in 20 volunteers by means of CAS and CGMS; in each volun-
teer, the mean of three tests (exceptionally of two tests) was plotted;
Box and whisker plot show the distance between the quartiles, with
the median marked as a horizontal line, and the “whiskers" showing
the minimum and maximum of Gl. Two extreme CGMS values (one of
198% for apple baby food, one of 393 % for puffed rice squares) and six
“outliers™ are not shown in this box plot. ** p<0.01 (for either meth-
od).

iability of GI's is shown by their standard deviations (Table 4)
and by medians and quartiles in box graphs (Fig. 3).

Discussion

Since the seventies, the concept of the glycaemic index of foods
has been described and discussed elsewhere and, until today,
has not reached its final version (Rasmussen, 1993 a; Riccardi et
al., 2003; Zemlin et al., 1989).

In 1999, the World Health Organization (WHO) and Food and
Agriculture Organization (FAO) recommended to include the GI
values into the nutrition tables and to base diets on low-GI foods
in order to prevent vessel and metabolic disorders (FAO and
WHO, 1998; Gannon et al., 1986; Liu et al.,, 2002; Berger, 1995;
Sheard et al., 2004).

International tables containing the glycaemic indexes of about
600 different foods were published (Foster-Powel et al., 2002).
According to the GI, foods may be divided into three groups:
foods with low GI (GI=55% or less), foods with medium GI
(Gl =56-69%) and foods with high GI (Gl=70% or more). So, as
it may be seen from this study, dark chocolate, apple baby food,
and fruity yogurt belong to foods with low GI and, on the other
hand, the puffed rice squares which have always been recom-
mended for healthy eating, surprisingly showed high GI.

For the determination of new methods, the choice of already
known Gl-standardized food compartments would certainly
make more sense. However, the nutritional labels of foods in the
Czech Republic do not contain the GI. That's why the choice was
oriented on popular foods, and the in-pairs determined GI of

these products may be considered as an important by-outcome
of this study.

The accuracy of the conventional measurements of the Gl is in-
fluenced particularly by the methed for calculating the JAUC, by
the method for measuring the P-glucose concentrations, by de-
fining the amount of the tested food which contains 50 g of ab-
sorbable carbohydrates, by the standard food (glucose or white
bread), by tested individuals and also by PG variability from day
to day and by time of the day when the tests are carried out (Ras-
mussen, 1993 b).

In this study, in order to simplify the calculation of the IAUC, the
PG curve was constructed from 9 PG points (instead of classical 7
points) due to addditional PG estimations at 75 and 105 min.
From Fig. 2 and 3, it may be recognized that these two additional
estimations had no substantial impact on the value of the IAUC.
The ISFG curve was constructed from 25 points. It is known that
glucose determination by means of CGMS, reflecting measure-
ments of another body compartment (i.e., interstitial fluid), com-
pared to whole blood or plasma glucose samples are character-
ized by a lag time in direct glucose comparison (Stout et al.,
2001). Nevertheless, in this trial, preliminary statistical assess-
ment of lag time between maximum glucose concentration in
plasma and in interstitial fluid did not reveal any significant dif-
ference.

The other important feature of this study was that the PG con-
centrations were not estimated on an approved laboratory ana-
lyzer; the Glucometer Advance Systemn was used instead, to en-
able PG measurements in daily routine, Due to repeated thor-
ough calibrations of the GAS against standard performed in this
study, and based on some previous comparisons with YSI refer-
ence analyzer (Payne, 2004) and several other preliminary trials
(Chlup et al., 2004a; Chlup et al., 2005b), the Glucometer Ad-
vance System was considered to be a reliable means to estimate
the PG, including exact times of measurements.

The accuracy and precision of the CGMS and high correlation be-
tween the ISFG and PG values was described as well. We did not
find it necessary to keep to the declared 3-day limit for sensor in-
sertion period as the excellent quality of CGMS sensors being
used up to 18 months beyond their expiry date and yielding data
for 8 days after their insertion has been demonstrated in another
study to be published in extenso (Chlup et al., 2005 a).

In this trial, the number of volunteers and number of tests car-
ried out with the standard and tested foods (sixty tests, i.e., three
tests with each food in each of twenty volunteers) in order to in-
vestigate the average Gl exceeds the usual numbers referred by
other working groups (usually 10 tests with the standard and 10
tests with the tested food, i.e., one test with each food in each of
ten volunteers). Even though it was not possible to keep an eye
on the performance of each test in individual volunteers, the
identical results reached independently by CGMS and by GAS en-
able us to conclude that such an aproach is acceptable. The tests
were performed not only in the morning but also in the evening
hours which does not correspond to the recommended method
for GI investigation, Nevertheless, in our previous study (Chlup
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et al., 2004b), no significant GI difference between breakfast and
dinner was found.

Defining the amount of the tested food could be a potential
source of mistakes. We have used the content of carbohydrates
declared in the nutritional fact's label in each food to calculate
the amount of food for the tests. However, except for the pure
glucose, we were not able to check the accuracy and precision of
these, in nutritional label declared, data. The values of the GI for
dark chocolate determined in this study (40-50%) corresponded
to the values of other kinds of chocolate found in published nu-
tritional tables. We were not able to find any data to compare the
Gl of yogurt, apple baby food and puffed rice squares, the latter
being surprisingly high. According to some recent observations
(Hodge et al., 2004), a regular consumption of foods with a high
GI may deteriorate the life prognosis. Nevertheless, further stud-
ies are necessary to assess the effects of longlasting consumption
of foods with various GI on parameters of carbohydrate and lipo-
protein metabolism (Wolever and Mehling, 2002; Raben, 2002;
Ball et al. 2003; Bornet et al., 1987).

In addition to the GI, the glucose load (GL) should be considered.
The GL s the product of food's Gl and its total digestible carbohy-
drate content in the serving consumed: GL= GI x amount of car-
bohydrates in grams/100. It provides a summary measure of the
relative hyperglycaemic impact of a serving of the food (Barclay
et al., 2004; Brand-Miller et al., 2003; Salmeron et al., 1997). The
assessment of the GL has not been performed in this study be-
cause the amount of carbohydrates in each serving was identical.

The Gl is known to have a large variability. A wide range of GI val-
ues for individual tested foods, demonstrated in this trial by the
respective standard deviations and box graphs, corresponds to
the experience of others (Rasmussen et al., 1990; Rasmussen,
1993 b; Tews et al., 1985).

The final assessment of advantages of individual methods (CGMS
vs. GAS) was complicated by the fact that both methods were
used simultaneously. A cross-over study could enable a more
convincing judgement. From the point of view of investigators,
the ISFG data processing seems to be more comfortable and
cheaper. However, professional therapeutic education of volun-
teers is the main prerequisite for obtaining reliable results, Eight
hours of structured group training of tested persons was neces-
sary to minimize the number of mistakes (Kudlova and Stanisla-
vov4, 2005).

Attention should be paid to the comparison of our results with
the findings of other laboratories. In the Sydney University GI Re-
search Service (SUGIRS), foods are tested in healthy volunteers
according to standardized methods that have been validated
against laboratories overseas. Foods that meet nutrition guide-
lines and have been GI tested can carry the GI label. It would be
certainly worthwhile to compare the GI values obtained by this
simple Australian method with the methods used in this study.

In conclusion, it may be said that the determination of GI's by a
conventional method (GAS) and by CGMS resulted in statistically
non-different outcomes (p>0.01). The GI's for dark chocolate,
apple baby food, puffed rice squares and fruity yogurt were de-

termined. The method with CGMS is reliable and comfortable
for both tested persons and investigators. Hence, even though a
detailed professional education is necessary, CGMS appears to
become a preferred sophisticated approach to determine the GI.

Parts of this paper were presented at the Workshop on Project
KADIS®-Type-2-Diabetes, Karlsburg, Germany, 25.-26.2.2005,
at the Meeting of Slovak Diabetes Association, TopolCianky, Slo-
vakia, 1.4.2005, at the 41st Meeting of the Czech Diabetes Asso-
ciation, Luha€ovice, 21.-23.4.2005, at the 40th Meeting of the
German Diabetes Association, Berlin, Germany, 4.-7.5.2005,
and at the 5th Diabetes Technology Meeting, San Francisco, CA,
USA, 10.-12.11.2005.
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ABSTRACT

Background: The sensor of the Continuous Glucose Monitoring System (CGMS™, Medtronic
Minimed, Northridge, CA) is labeled to expire 6 months following its production and to mea-
sure the glucose concentration in interstitial fluid up to 3 days after insertion. The purpose of
this study was to demonstrate potential possibilities of sensors when used beyond their expiry
date.

Methods: Twenty sensors, each between 3 to 18 months after the expiry date, were assessed
in a 7-day period after insertion. Twenty healthy volunteers 23.4 + 2.92 (mean * SD) years old
were trained in handling the CGMS and the Hypoguard (Woodbridge, UK) Advance™ glu-
cometer system to measure their capillary plasma glucose concentration 18 times a day. Sensor
function was estimated according to the number of readings per day, the accuracy according to
the mean absolute difference (MAD), and correlation coefficient (r) between glucometer and sen-
sor resulting from paired values.

Results: Uninterrupted sensor function was found in 117 of 140 sensor-days (83.6%). A re-
duction of readings in 23 sensor-days (16.4%) was caused by user error (5 sensor-days, 3.6%),
connecting cable (7 sensor-days, 5%), sensor failure (8 sensor-days, 5.7%), or uncertain factors
(3 sensor-days, 2.1%). MAD was always <28%, and r = 0.79.

Conclusions: Neither the expiry date nor the 3-day period of use limits the reliable function
of a CGMS sensor. Sensors were found to function as long as 18 months after the expiry date,
mostly for at least 7 days. There were no serious local adverse reactions. Prolongation of shelf-
life label and insertion time appears to be reasonable. Further studies are in progress.

INTRODUCTION

THE SENSOR OF THE Continuous Glucose Mon-
itoring System (CGMS™, Medtronic Min-
imed, Northridge, CA)!~” is labeled to expire 6
months following its production and to mea-

sure the glucose concentration in interstitial
fluid (ISF) up to 3 days after its insertion. On
the other hand, occassional use of a sensor be-
yond these stated dates has resulted in no se-
rious problems.® The purpose of this study was
to demonstrate potential possibilities and risks

Institutes of 'Physiology, *Pathophysiology, SBiophysics, and “Medical Chemistry and Biochemistry and ?IInd De-
partment of Medicine, Faculty of Medicine; and ®Department of Special Education, Pedagogical Faculty, Palacky Uni-
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of sensors when used beyond their expiry date:
(1) to evaluate their function and accuracy
when used 3 and 18 months beyond the expiry
date, (2) to find out whether the recommended
3-day period of use really limits the sensor
function, and (3) to assess the local adverse re-
actions. A preliminary report of some of these
findings has been published.’

MATERIALS AND METHODS

Volunteers

Twenty healthy volunteers 23.4 + 2.92
(mean * SD) years old, recruited from students
of the Faculty of Medicine, Palacky University,
Olomouc, Czech Republic, entered and com-
pleted the study. Informed consent approved
by the ethics committee was obtained from all
of them.

The investigations were carried out in the
time period from October 24 to December 1,
2004 in five sequential groups of four subjects
each.

CGMS monitors

In each group, two volunteers received Gold
monitors (study/serial numbers 1/21579-1A6
and 2/21580-1A6), and two received monitors
of the first generation (study/serial numbers
3/16546-1E5 and 4/16537-1E5).

Sensors

Twenty sensors each between 3 to 18 months
after the expiry date (Table 1) were stored since
delivery in the original package in a cool place
(5-8°C) and assessed for the prolonged func-
tion and accuracy in a 7-day period after the
day of insertion. There were eight sensors with
expiry date 7/2004 and 12 sensors with expiry
date 5/2003 inserted into the gluteal region of
20 healthy volunteers.

Before insertion, the site was sprayed three
times in 1-min intervals with an antiseptic so-
lution (Cutasept F, Bode Chemie, Hamburg,
Germany), twice swabbed, and finally allowed
to air-dry alone. After insertion, each sensor
was fixed by adhesive tape (Transpore™, 3M,
Minneapolis, MN), and retained in the subcu-
taneous tissue for up to 12 days.

CHLUP ET AL.

The sensor function was estimated accord-
ing to the number of glucose readings in the
glucose monitor in the course of days 1-7;
the optimal number of readings (288/24 h)
evidenced the uninterrupted function of the
sensor.

The estimation of sensor accuracy was based
on paired sensor-meter glucose readings. Their
number, >3/24 h, enabled the calculation of
the mean absolute difference (MAD) and the
correlation coefficient. The MAD is calculated
as the average of differences between sensor
and meter glucose values; it represents the ac-
curacy of sensor signals versus meter values in
percentage. For optimum accuracy, the MAD
should be <28%, as it is stated in the CGMS
manual. The correlation coefficient » measures
the degree of linear relationship between sen-
sor and glucometer readings. The optimum r
should be greater than 0.79. MAD and r were
taken daily (i.e., in the period from 0:00 h to
24:00 h) from the output of Medtronic Minimed
Solutions Software™ for each volunteer sepa-
rately, and averaged. The development of
mean glucose concentration in the course of the
7-day test period completed the image of both
sensor function and accuracy.

Advance™ glucometer system

In each group, one of four Advance glucome-
ters (Hypoguard, Woodbridge, UK) (study/
serial numbers 1/049001347, 2/049001361,
3/049001345, 4/049001346) and 150 Microdraw
strips (batch No 6147, expiry date March 22,
2006) were provided for each subject.!” The glu-
cometers were paired with CGMS monitors ac-
cording to their study numbers.

Study design

Every volunteer was trained in handling
with the CGMS and instructed how to investi-
gate his or her fingerprick blood samples by
means of the Advance glucometer system be-
fore and every 15 min during the next 2 h af-
ter breakfast and dinner and to enter all ob-
tained glucose values into the monitor.

A sensor was inserted into the gluteal region
of each volunteer on day 0.

In the course of test days (days 1-7), each vol-
unteer kept a protocol and diary on food in-
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take, exercise, results of self-monitoring, and
function of the CGMS. At least two checkups
were performed by a physician. On days 8-12
the sensor was withdrawn. Sensor insertion
sites were inspected for traces of infection, al-
lergy, and/or other irritation, and a photo-
graph of the site of insertion was made.

Medtronic MiniMed Solutions Software and
Hypoguard Glucobalance™ software were
used to download the data from the CGMS
monitors (Fig. 1) and Advance glucometers, re-
spectively, into a PC. All transferred data were
revised, manually corrected, and /or completed
according to protocols and diaries. Data anal-
ysis (days 1-7) was performed by means of
Medtronic MiniMed Solutions Software and
Microsoft (Redmond, WA) Excel®.

RESULTS

A total of 140 sensor-days were evaluated
(Table 1).

The uninterrupted sensor function (288
readings/24 h) was found in 117 sensor-days
(83.6%). A reduction of readings appeared in
23 sensor-days (16.4%) as a result of CGMS
mishandling by subjects (5 sensor-days,
3.6%), damaged connecting cable (7 sensor-
days, 5%), sensor failure documented by in-
put signal of glucose drop (8 sensor-days,
5.7%), or uncertain factors (3 sensor-days,
2.1%). In three last cases, unexplained shift of
timing could be seen in the Solutions Soft-
ware Report (Fig. 2). In 1 day 289 readings
were registered.

The MAD was always <28% (Fig. 3). The cor-
relation coefficient for all pairs was r = 0.79
(see Fig. 4 for details).

Neither the mean sensor glucose concentra-
tions nor their standard deviations showed any
substantial change during the 7—day period of
observation (Figs. 5 and 6). There was no dif-
ference between the MAD of sensors inserted
3 and 18 months beyond the expiry date (Fig.
7).

There were three local adverse reactions:
itching (subject 4) since day 3 without skin
eruptions resulting in unwilling sensor re-
moval, slight pain initiating with the sensor in-
sertion (subject 13), and redness in subject 20

CHLUP ET AL.

assessed as allergy due to adhesive tape. No
traces of infection could be seen after the sen-
sor removal (Figs. 8-13).

DISCUSSION

Experience with the CGMS under various
circumstances has been described by many au-
thors.!!~15 However, in accuracy-oriented stud-
ies, 1022 little attention was paid to the core
questions of this paper.

The surprisingly good results in this trial are
comparable with observations of others: the
sensor was successfully used for several days
in 10 children?® and for 5 days in 10 adults
with type 1 diabetes, 38 + 12 years old, show-
ing their ISF glucose concentrations up to 21.0
mmol/L (mean plasma glucose 7.4 * 1.8
mmol/L).8

In June 2006, subsequent to the trial reported
here, we have inserted two sensors with expiry
date in November 2003, and, using a trans-
mitter and Paradigm® 722 insulin pump
(Medtronic Minimed), one sensor was func-
tioning for 6 days, and the other functioned for
only 1 day (hemorrhage).

As a result of these encouraging outcomes
two questions arise, targeting the Medtronic
MiniMed device: (1) Why is the product labeled
as having a 6-month shelf life? (2) Why is the
product labeled for a 3-day usage?

Dr. John Mastrototaro, the head of the Sensor
Business, and Andy Hayes, Director of Market-
ing, Medtronic MiniMed, gave the following
comments (personal communication, June 2005):

Why 6-month shelf-life?

The 6 month shelf-life was based upon
testing we conducted to verify no loss of
sensor sensitivity over time when stored
in a controlled environment, either refrig-
erated or room temperature.

We are required by the regulatory bod-
ies to provide a specific shelf-life. We con-
duct proper testing that validates to the
minimum level we believe is proper to in-
troduce the product. If we want to extend
the time length, we then begin additional
testing that allows us to validate longer pe-
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D
Sensor Data ID: 005 Legend

Meter Sensor
Value Value System
Date/Time ISAG VCTR (mmol/L) Slope Offset Value Isig | (mmol/L) |User Events| Events Alarms

31 X 2004 16:40 27.50 —0.765 4.4 3 27.40 5.9
31 X 2004 16:45 27.00 —0.750 4.4 3 26.60 5.7
31 X 2004 16:50 27.40 —0.754 4.4 3 26.50 5.7
31 X 2004 16:56 26.50 —0.839 4.4 3 27.30 5.9
31 X 2004 17:00 26.50 —0.814 4.4 3 26.40 5.7
31 X 2004 17:05 27.30 —0.745 4.4 3 26.70 5.7
31 X 2004 17:10 26.40 —0.782 4.4 3 26.60 5.7

# 31 X 2004 17:15 26.70 -0.734 4.4 3 26.50 5.7

# 31 X 2004 17:19 4.4 3 27.20 5.8

—» 31 X 2004 17:20 26.60 —0.739 3

# 31 X 2004 17:24 4.3 3 27.20 5.8

—— 31 X 2004 17:25|  26.50 -0.775

—> 31 X 2004 17:29 27.20 —0.750 4.3 3 27.00 5.8
31 X 2004 17:34 27.20 —0.787 4.3 3 27.10 5.8
31 X 2004 17:39| 27.00 —0.045 4.3 3 26.60 5.8
31 X 2004 17:44 27.10 —0.905 4.3 3 26.50 5.7
31 X 2004 17:49 26.50 —0.535 4.3 3 25.00 5.3
31 X 2004 17:54 26.50 -0.774 4.3 3 25.40 5.4

FIG. 2. Data report from Medtronic Minimed Solutions Software (subject 5). Arrows show the unexplained shift of
timing (a possible cause of reduction of number of readings). ISIG, input signal of glucose (electrical current that the
sensor sends to the monitor measured in nanoamperes); VCTR, voltage counter transfer ratio (electrical voltage char-
acteristic associated with the sensor, measured in volts).

riods. Once all the proper steps are taken, completed nor the potential new shelf-life
we can introduce the changed label to the label that we may obtain.

market. We want to extend shelf-life label

and are in the process of collecting data to ~ Why 3-day use?

allow us to validate this. I do not have an

expected time frame for this testing to be The 3 day life was determined based upon

our prior art from infusion sets and the
like. We recognize sensors may work
longer than 3 days in vivo, and we will be

[%] conducting controlled studies in the fu-

a0 o 1 sensor died on day 5 ture to demonstrate this. We will also need

to show that the risk of infection/irritation

30 4 . . at the insertion site does not increase to an
20 i . - . T . unacceptab%e level with prolonged use.

l | Dr. Buckingham, at Stanford Hospital,

101 l l I ' i s | conducted a trial of 7-day sensor use. The

a . , . , . . , . results were presented at the EASD in the

1t 2 3 4 § 6 7 Bday past 2 years. The end-points of that trial

¢ the MAD Ad | were focused on product longevity and ob-
FIG. 3. Percentage of the MAD vance glucome- : ; :
ter-CGMS sensor over the course of days 1-7 in a group servation of possible side effects. However

of 20 volunteers. The horizontal line shows the limit for the Study was not powered with enough
the MAD (18%) as it is defined in the CGMS manual. patients to provide definitive results that
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FIG. 4. Correlation between Advance glucometer and
CGMS sensor over the course of days 1-7.

would put to rest the issue of site infection
and/or irritation. That is work that will
need to be done in the future.

Our baseline for the time a product can
be left in the subcutaneous space is the
infusion sets. That work was originally
based on guideline by the U.S. Centers
for Disease Control [and Prevention]
(CDC); they published recommendations
for i.v. [intravenous] catheters. Since we
cannot find any other authoritative rec-
ommendations, we accepted this and use
this as documentation for our product la-
bel. If we choose to pursue labeling for
longer periods, we will need to perform
the research and document to the regu-
latory authorities that this change is clin-
ically proven.

The performance and accuracy of commer-
cial continuous glucose monitors exhibit sig-
nificant discrepancy, especially in the hypo-
glycemic range (see Fig. 1 in Klonoff?* and Fig.
1 in Buckingham?!). If the sensors are stored
beyond the shelf lifetime or used longer than
the operational lifetime, the degradation of en-
zyme layer might be accelerated to be unable
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FIG. 5. CGMS mean glucose values over the course of
days 1-7 in a group of 20 volunteers.
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FIG. 6. CGMS standard deviations of mean glucose val-
ues over the course of days 1-7 in a group of 20 volunteers.

to respond properly (i.e., not enough sensitiv-
ity). This could become a serious risk leading
to the higher possibility of false alarms to con-
trol the hypoglycemic conditions and to lower
the possibility of detecting the hyperglycemic
conditions.

In this study, the experiments were done only
with healthy volunteers who do not have no-
ticeable hypo- or hyperglycemia. Most of the sen-
sor readings were found in the reference range
(below 10 mmol/L) so that the consumption of
enzyme in the sensor did not need to be so high
as it would be with higher glucose concentra-
tions. To address this, we have started similar in-
vestigations in persons with diabetes.

However, from the statements above, one
may recognize that the key factor for the sen-
sor insertion period is not the sensor function
but the potential danger of local complications,
particularly of infection. Nevertheless, there is
no evidence-based proof supporting an oblig-
atory withdrawal of a functioning sensor after

o up to 110 days O > 500 days
[%]
0
12_ o 4 g @ e o O
5.
0 . . . . . . :

FIG.7. Mean MAD Advance glucometer—sensor CGMS
over the course of 7 days in a group of eight sensors in-
serted 111-119 days and in a group of 12 sensors inserted
554-574 days beyond their expiry date.
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FIG. 8. Sensor immediately after being withdrawn on
day 8. There are remnants of adhesive tape but no traces
of infection at the site of insertion.

72 h of its use. In this study, no traces of infec-
tion at insertion sites could be recognized in
any of 20 healthy volunteers, probably because
of careful skin disinfection before insertion.
Two slight allergic reactions from adhesive
tape were recognized. The main complaints of
volunteers were some difficulties in showering.

On the other hand, it is known from other
independent observations that a sensor had to
be withdrawn and replaced immediately after
insertion because of various reasons as hemor-
rhage, pain, etc. In this study, sensors failed on
11 days (of 140 days), including unrecognized
reasons on 3 days (which always appeared
with monitor number 4). It is difficult to decide
whether the source of these failures (and simi-

FIG.9. Sensor removed on day 8. No traces of infection.

FIG. 10. Sensor removed on day 9. Slight redness of the
skin.

larly of 289 readings per day in subject 5) was
the monitor, the Solutions Software, the con-
necting cable, or the sensor.

It seems to be difficult to define an exact rec-
ommended insertion period. A careful aware-
ness of sensor function checked by means of in-
put signal of glucose and by means of the
Minimed Solutions Software and routine daily
inspections of the insertion site could result in
an appropriate approach.

Hence, neither the expiry date nor the rec-
ommended 3-day period of use limits the reli-
able function of a CGMS sensor. Having been
properly stored, sensors were found to func-
tion as long as 18 months after the expiry date

FIG. 11. Sensor removed on day 9. Remnants of adhe-
sive tape removed.
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FIG. 12. Sensor removed on day 8. Slight traces of al-
lergy due to adhesive tape.

and mostly for at least 7 days after their inser-
tion. There were no serious complications at the
site of insertion, except two slight allergic re-
actions due to adhesive tape and one complaint
of slight pain. So, prolongation of shelf-life la-
bel and insertion time of CGMS sensors beyond
6 months and 3 days, respectively, appears to
be reasonable.

The practical information here can be useful
for clinicians and research teams® with some
confidence, for instance, in case of having to
rely on the expired sensors or to keep the sen-
sors with the patients longer than their labeled
operation lifetime. Further similar studies are
in progress to assess the present recommenda-
tions in persons with diabetes with extreme
plasma glucose concentrations.

FIG.13. Sensor removed on day 9. Slight redness of the
skin.
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SOUHRN

Glykemicky index (GI) je ukazatel, ktery srovnava hyperglykemizujici schopnost ur€ité potraviny
a Gisté glukézy. Cilem této studie bylo zjistit GI u 4 nahodile vybranych tuzemskych druhi potravin.
Ve skupiné 20 dobrovolnikd byly u kazdého s kazdou potravinou provedeny 3 testy ke stanoveni GI,
vypoéten primér a vysledny GI testované potraviny byl uréen jako primér ze 20 glykemickych indext
jednotlivych dobrovolnikii: GI horké ¢okolady Studentska pecet’ (43,6 + 4,95 %), détské jable¢ne
presnidavky HAMI (46,1 + 4,78 %), ryZzovych chlebickii Racio (76,4 + 4,41 %) a ochuceného jogurtu
Revital jahoda (43,2 £ 4,51 %). Jsou zadouci dal3i studie.

KLicov4 sLova: glykemicky index potravin, terapeuticka edukace, glikometr, nutrice, CGMS.

GLYCAEMIC INDEX OF DARK CHOCOLATE, STRAWBERRY YOGHURT, APPLE BABY FOOD AND PUFFED
RICE SQUARES IN HEALTHY PERSONS

SUMMARY

Glycaemic index (GI) is a measure of the food power to raise plasma glucose in comparison to
pure glucose. The aim of this study was to determine the GI of four by chance selected domestic food
products. In a group of 20 volunteers every food was tested three times in each person - the mean GI
for each person was calculated and the final GI of each food was calculated as an average of 20
volunteer's GI's: GI of dark chocolate "Studentska pecet" (43,6 + 4,95 %), apple baby food "HAMI"
(46,1 + 4,78 %), puffed rice squares "Racio” (76,4 + 4.41 %) and strawberry yogurt "Revital" (43,2 +
4,51 %). Further studies are necessary.

KEY WORDS: Glycaemic index of foods, therapeutic education, glucometer, nutrition, CGMS.

Uvop

Glykemicky index (GI) je ukazatel, ktery srovnava hyperglykemizujici schopnost urcité potraviny
a ¢isté glukozy (2, 14). Podle zasad spravné vyzivy jsou obecné doporucovany potraviny s nizkym
glykemickym indexem, nebot’ napomahaji udrzovani euglykemie a normalniho spektra lipoproteini
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(3, 11, 13, 19, 25), ovliviiuji inzulinovou rezistenci (24) a snizuji koronarni riziko (18). Kromé toho
prodluzuji pocit nasycenosti (1).

U mnoha tuzemskych i zahrani¢nich potravin viak dosud neni glykemicky index stanoven a
nemiZe byt proto soucésti nutri¢nich tabulek. Ani metodika stanoveni GI neni ve svété vzdy jednotna.
Zjistované hodnoty GI maji velkou inter - i intraindividudlni variabilitu. Z téchto divodd je za
podpory Interni grantové agentury Ministerstva zdravotnictvi CR fe$en projekt DEGIF (Determination
of Glycaemic Index of Foods, IGA NR 7825 - 3). Pfedklidané vysledky jsou jednim z jeho vystupt.

CiL
Cilem této studie bylo zjistit glykemicky index vybranych tuzemskych druhii potravin (hoiké

Cokolady s rozinkami, araSidy a Zelé Studentskd pecet’, ovocného jogurtu Revital jahoda, jableéné
presnidavky Hami a ryzovych chlebic¢ki Racio) u zdravych osob.

METODA

TESTOVANE POTRAVINY

K testovani byly nahodile vybrany potraviny ze ¢ty riznych skupin: ¢okolada, ovoce, ryzové
vyrobky a mlééné produkty (Tab. 1). Jako standard byl pouzit 20 % roztok glukézy ve vodé.
Jednotlivé porce byly profesiondlné ptipraveny tak, aby kazdé obsahovala 50 g sacharidii s chybou
nepiesahujici 10 %.

Tab. 1
OBSAH ZIVIN A ENERGIE V TESTOVANYCH POTRAVINACH
Potravina Porce | Sach | Proteiny | Tuky | Energie
[g] Ig ] 2] [lJ]

Glukoza 20% 250,0 S 1] { 850,40
Hoika ¢okolida 91,9 30 5.9 24,3 1898,0
Jablecni 2778 a0 0.6 0.6 883.6
presnidiavia

Ryzové chlebitlky 60,3 S0 4.8 0,7 Y58.9
Ovoceny jogurt 312,5 0 1.6 6,6 1287.6

TESTOVANE 0SOBY

Do studie bylo zapojeno 20 zdravych dobrovolnikd z fad studentti Lékaiské fakulty Univerzity
Palackého v Olomouci ve véku 20 - 30 let, BMI 22 + 3,1, kteii byli testovéni ve skupinach v obdobi
od 24.10. do 1. 12. 2004.

USPORADANI STUDIE

1. Kazdy dobrovolnik byl vybaven glukometrem Advance, Hypoguard, dostal 150 prouzki
Microdraw a byl zacvi¢en v selfmonitorinku a ve vedeni protokolu.

2. Kazdému byl do podkozi hyzdé zaveden senzor CGMS (Medtronic - Minimed), ktery byl
ponechan po celou dobu testovani (8 dni).
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3. Kazdy obdrzel 3 porce glukézy a kazdé testované potraviny (15 porci celkem) a osmidenni
standardni plan jejich konzumace, vzdy ke snidani a k veéefi (Tab. 2).

Tab. 2
CASOVY PLAN TESTU S JEDNOTLIVYMI POTRAVINAMI. IKAZDA POTRAVINA TESTOVANA 3X
Den 1 2 3 4 3 6 7 8
RyZ | & Jabl Ry

Snidané Gl > (6 Ji 't G N

mcane " chleb. 0.!“) pres. Fobe A chleb.

5 Jabl Vi n abl.
Vedeie Coko : ’ Jogurt | Glu R‘“' Cloko th Jogurt
pi'es. ' chleb. pres. ¢

4. Edukace dobrovolnikii (17) probihala ve skupinéch a byla zaméfena na nésledujici zésady:
=  pied zaCatkem testu zméfit glykémii (Sas 0) a dal$i méteni provadét v case 15 - 30 -
45 - 60 - 75 - 90 - 105 - 120 min po zadatku konzumace; viechny hodnoty P -
glukozy ihned zadat do monitoru CGMS a zapsat do protokolu; ke snidani a
k vecel1 jist pouze testovanou potravinu, kterou moZno zapit 300 ml tekutiny;
®  bé€hem noci a 4 hodiny pred zatatkem vedefe nic nejist, hodinu pred testem nic
nepit a 2 hodiny po jidle (b&hem méfeni) nic nejist a nepit, hodinu pied testem nic
nepit;
®  po cely tyden neménit dobu snidané a vecefe ani pohybovy rezim;
® odchylky od stanovenych zasad poznaéit do protokolu;
5. Po skoncenf stanoveného planu byla data z glukometri a zmonitort CGMS (Obr. 1)
pievedena do pocitace k dal§imu zpracovani.

Obr. |
VysTup z MONITORU CGMS: GLYKEMIE V PRUBEHU 7 DNi U JEDNOHO PROBANDA (REGISTROVANO 288 HODNOT / 24 H)
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VYPOCET GI

GI se vypotita jako procentudlni podil plochy pod glykemickou kiivkou po poziti zkoumané
potraviny (Incremental Area Under the Curve - IAUC) a plochy pod glykemickou kiivkou po poziti
standardni potraviny (IAUCS). V kazdé potraviné musi byt obsazeno 50 g vstiebatelnych (hyperglyke-
mizujicich) sacharidii. Hodnota GI se vyjadfuje v procentech.

V nasi studii jsme ke stanoveni glykemickych indexii potravin pouZili soub&’né dvou metod,
Jejichz spolehlivost a srovnatelnost byla prokazana (7).

= KLASICKA METODA. IAUC byla stanovena geometricky pomoci deviti hodnot koncentrace
glukoézy v kapilarni plasmé zjidténé na glukometru Advance v &ase 0, 15, 30, 45, 60, 75, 90, 105 a
120 min. Zacatek konzumace jidla je ¢as 0 (Obr. 2).

QObr. 2
HYPERGLYKEMIZUJICI UCINEK TESTOVANE POTRAVINY VS HYPERGLYKEMIZUJICI UCINEK GLUKOZY. GLYKEMICKY
INDEX POTRAVINY SE VYPOCITA JAKO POMER PLOCHY POD KRIVKOU POTRAVINY A PLOCHY POD KRIVKOU GLUKOZY

10
9
=
(-}
g 81
=
o _,/ S
g 71— 3%
S s Iy,
E 6 " TAUC — testovana potravina
5 — e - e —
0 15 30 45 60 75 90 105 120

¢as [min]

50 g sacharida v potravé

= NOVA METODA. IAUC byla vypottena jako plocha pod kiivkou koncentrace glukézy v in-
tersticialni tekutiné (ISF - glukéza) v ¢ase 0 - 120 min. pomoci CGMS (Continuous Glucose
Monitoring System). CGMS registruje kazdych 5 minut jednu hodnotu ISF glukézy, t. j. béhem
120 min 24 hodnot ISF - glukozy (Obr. 3).

Obr. 3
METODIKA VYPOCTU PLOCHY POD KRIVKOU (PLOCHA JE VYPOCTENA JAKO SOUCET PLOCH LICHOBEZNIKU)

24 I ) ; - B
JAUC=ZXS, 5= (G~ Gy) -; (G = Gy) At

Jestlize G, < G, pak pokladime 5,= 0

S,08,
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Glykemicky index zkoumané potraviny se u obou metod vypoéte podle vzorce:

Gl = i x100[%]
1(IAUCS, +1AUCS, +1AUCS,)

IAUC - Incremental Area Under the glucose response Curve - oblast mezi
glykemickou kfivkou po poziti testované potraviny a rovnobé&zkou s osou x jdouci
vychozim bodem kiivky;

TAUCS obdobna oblast po poZiti standardu (glukdzy) - byla vypo&itdvana jako primér
ze tif méfeni v rliznych dnech.

U kazdého dobrovolnika byla kaZda potravina testovéna tikrat. Z kazdého méfeni byl vypodten
Jeji glykemicky index a z té&chto ti hodnot GI byl u kazdého jednotlivce vypo&itin prameér. Zavérem
byl glykemicky index testované potraviny uréen jako primér ze 20 primérnych glykemickych indexfi
jednotlivych dobrovolnikii. Glykemické indexy jednotlivych testovanych potravin byly porovnany
pomoci statistického programu SPSS v. 10. 1.

VYSLEDKY

Ve skupiné 20 dobrovolniki bylo s kazdou potravinou provedeno 60 testt, tedy celkem 300 testti.
Pri hodnoceni vysledkii klasické metody bylo nutno pro netiplnost vyfadit 15 testi. Vysledky ze
zbyvajicich 285 testli ukazuje Obr. 4 (hoika okoldda), Obr. 5 (détska jable¢na presnidavka Hami),
Obr. 6 (ryzové chlebitky Racio) a Obr. 7 (ochuceny jogurt Revital jahoda).

QObr. 4
HYPERGLYKEMIZUJICI UCINEK A GLYKEMICKY INDEX HORKE COKOLADY STUDENTSKA PECET

11
= n=120 - GI=43,6 £ 4,95 %
3 10
E -
.E. 9 Glukéza
B 8-
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57
E
2 & Hoika éokolada
2
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Obr. 5
HYPERGLYKEMIZUJICI UCINEK A GLYKEMICKY INDEX DETSKE JABLECNE PRESNIDAVKY HAMI
11
n=20 - GI=46,1+4,78 %
— 10
E 9 Glukaza
= N
w ] -
ul 8
+|
aE 7 s /
5 Jable¢na piresnidivka 3
B 87 ;
5 1) 1 1 1] 1 1) L]
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cas [min]
QObr. 6
HYPERGLYKEMIZUJICi UCINEK A GLYKEMICKY INDEX RYZOVYCH CHLEBICKU RACIO
11
i n=20 T GI=76,4+ 4,41 %
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Obr. 7
HYPERGLYKEMIZUJICI UCINEK A GLYKEMICKY INDEX OCHUCENEHO JOGURTU REVITAL JAHODA
11 -
= n=20 GI=43,2+ 4,51 %
5 10 T
2
E P Glucose \I\
® 8- T
+1
s 7
E .
g__ 6 1 Jogurt jahodovy Revital :
5 L} 1 1 T 1} 1 L} 1
0 15 30 45 60 75 20 105 120
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Mezi glykemickym indexem glukézy a ryzovych chlebickii Racio nebyl signifikantni rozdil (p >
0,01). Ani pii vzdjemném porovnani glykemickych indexd horké okolady, jable¢né piesnidivky a
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ochuceného jogurtu nebyly zjistény Zzadné rozdily (p > 0,01). Naproti tomu glykemicky index kazdé
z téchto tif potravin byl signifikantné men3i nez glykemicky index glukézy a nez glykemicky index
ryzovych chlebicku (p < 0,01).

Priibéh koncentrace glukozy v kapildrni plasmé a intersticialni tekutin€ u vybranych potravin
ukazuje Obr. 8 az 11.

Obr. §
PRUBEH KONCENTRACE GLUKOZY V KAPILARNi PLASME A V INTERSTICIALNI TEKUTINE
PO KONZUMACI GLUKOZY
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Obr. 9
PRUBEH KONCENTRACE GLUKOZY V KAPILARNI PLASME A V INTERSTICIALNI TEKUTINE
PO KONZUMACI COKOLADY
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Obr. 10
PRUBEH KONCENTRACE GLUKOZY V KAPILARNI PLASME A V INTERSTICIALNI TEKUTINE
PO KONZUMACT JABLECNE PRESNIDAVKY HaMI
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Obr. 11
PRUBEH KONCENTRACE GLUKOZY V KAPILARNI PLASME A V INTERSTICIALNI TEKUTINE
PO KONZUMACI JOGURTU REVITAL JAHODA
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DISKUSE

V poslednich desetiletich se glykemickym indexem potravin a jeho piinosem pro sestavovani
racionalnich dietologickych doporuéeni zabyvala fada autori (3, 5, 12, 14, 15, 16, 23, 26). Odmitavy
¢i rezervovany postoj k tomuto ukazateli je spiSe vyjimkou (22).

V roce 1999 doporuéily renomované organizace (Svétova zdravotnicka organizace, FAO, ADA),
aby se glykemicky index potravin stal soucasti nutri¢nich tabulek a aby byly preferovany potraviny
s nizkym glykemickym indexem (8). Byly publikovany tabulky s glykemickymi indexy vice nez 600
riznych potravin (9).

Podle téchto indexti mohou byt potraviny rozdéleny do tifi skupin:

n potraviny s nizkym glykemickym indexem (GI <55 %),

" potraviny se stiednim glykemickym indexem (GI = 56 % - 69 %),

u potraviny s vysokym glykemickym indexem (GI > 70 %).

Pies tato doporuceni se dosud u vétsiny potravin v evropskych zemich véetné Ceské republiky a
Slovenské republiky nutriéni tabulky soustfed’uji pouze na obsah jednotlivych Zivin a glykemicky
index potraviny ponechéavaji zcela bez povSimnuti.

S ohledem na faktory, které variabilitu glykemickych indexd ovliviiuji (napi. metoda vypoctu
IAUC, metoda stanoveni koncentrace glukézy, mnozstvi testované potraviny, ve které je obsaZeno
50g hyperglykemizujicich sacharidii, technologie vyroby potraviny, testované osoby, denni doba, ve
které se test provadi apod.), je ziejmé, Ze index neplati pro skupinu potravin obecné, ale Ze musi byt
vySetien pro kazdou konkrétni potravinu zvIast’.

Nasge studie je motivovéna snahou poukazat na diilezitost glykemického indexu a na jeho vyznam
pro raciondlni vyzivu. Uspotadani studie vychazi z nasledujicich doporuceni:

. aby GI byl testovan na skupinach osob, u kterych se po¢ita s vyuZzitim testované potraviny
(nediabetici, diabetici 1. typu, diabetici 2. typu apod.),

= aby byly testovany potraviny v takové formeé, v jaké jsou nebo budou dostupne,

= aby byl perspektivné sledovan 1 pfinos dlouhodobé dlouhodobé konzumace testované
potraviny.

Zjisténé hodnoty glykemickych indext radi hoikou ¢okoladu Studentska pecet’, détskou jableCnou
piesnidavku Hami a ochuceny jogurt Revital jahoda mezi potraviny s nizkym glykemickym indexem.
Tyto potraviny tedy nejsou optimalnim zdrojem pro rychlou obnovu vycerpanych energetickych zasob
u sportoveit ani ke zvladnuti hypoglykémie, ani k uspokojeni akutnich energetickych narokd
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v pracovnim procesu u diabetikl (20). K tomu tcelu jsou viak vedle Cisté glukézy dobie pouzitelné
ryzové chlebic¢ky Racio, jejichz glykemicky index je piekvapivé vysoky.

Naproti tomu vznika otazka, pro¢ jsou chlebi¢ky Racio pies svilj vysoky glykemicky index
obecné doporucovany jako soucast racionalni vyzivy. O kladech a nevyhodéch jejich zafazovani do
jidelni¢ku zdravych osob i diabetikit bude mozno dat presnéjsi vyjadieni aZ po ukonceni dalsi Casti
této studie zaméiené na disledky jejich dlouhodobé konzumace. Rozhodné nelze poznatky o
glykemickém indexu ryZovych chlebickii Racio pfenaset na jiné druhy chlebi¢ki Racio nebo ryZovych
produktii jinych vyrobeii. V této souvislosti je tfeba rovnéz pfipomenout, Ze ryZové chlebicky Racio
neobsahuji lepek a mohou tedy byt vyznamnou soucasti bezlepkové diety.

V na$i praci jsou hodnoty glykemickych indexii stanovovény klasickou metodou z kapilarni
plasmy. Glukometr Advance jsme zvolili proto, Ze jeho spolehlivost byla ovéfena v nezavislych
studiich (4, 21). Tyto studie ukazaly dobrou korelaci vysledki s atestovanymi laboratornimi analy-
zatory. Nepochybné by se k tomuto icelu dalo pouzit i jiného typu glukometru.

Lze také konstatovat, Ze se osvédéilo vyuziti nové metody pomoci CGMS. Vysledky této metody
jsou stejné jako u klasické metody a do budoucna déavaji perspektivu Sirokého vyuZiti (7). Problémy
nedini ani deldi pouzivani senzoru CGMS piekraéujici doporuc¢ovany tiidenni limit (6).

Hodnoty glykemického indexu byly v této studii vySetfovany u zdravych osob. Dalsi pozornost
chceme vénovat stanoveni glykemického indexu ve skupinach diabetiki.

ZAVER

Byl stanoven glykemicky index hofké ¢okolady Studentska pecet (43,6 + 4,95 %), détské jableéné
presnidavky HAMI (46,1 + 4,78 %), ryzovych chlebiki Racio (76,4 + 4,41 %) a ochucencho jogurtu
Revital jahoda (43,2 & 4,51 %). Jsou Zadouci dal3i studie zaméfené na glykemické indexy potravin u
diabetiki a rovnéZ na metabolické diisledky dlouhodobé konzumace potravin.
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Abstract

To determine the relationships between HbAlc, characteristics of hyperglycemia and glycemic variability in well-controlled
type 2 diabetes (HbAlc < 7.0%), we studied 63 primary-care patients (36 men and 27 women), aged 3475 years, with type 2
diabetes for 2-32 years using a continuous glucose monitoring system (CGMS) and standardized meal test (MMT).

Duration of hyperglycemia (>8.0 mmol/l), standard deviation score (S.D.-score) and mean amplitude of glycemic excursions
(MAGE) were analyzed from CGMS data and postprandial glucose during MMT (PPGypmr)-

Patients were hyperglycemic for 5.7 h/day (median), experienced 4.1 hyperglycemic episodes/day, and 78% exceeded PPG
levels of 8.0 mmol/l. HbAlc, though associated with the extent of hyperglycemia (r = 0.40, p < 0.001), failed to correlate with
S.D.-score and MAGE. Multiple regression analysis demonstrated that HbA lc was predicted only by fasting glucose (R® = 0.24,
p < 0.001) but neither by PPGypvr, duration of hyperglycemia, S.D.-score nor MAGE.

CGMS and meal test provide the tools for complete characterization of glycemia in type 2 diabetes.

In well-controlled type 2 diabetes, HbAlc correlates with chronic hyperglycemia but not with glucose variability. Our data
suggest that chronic sustained hyperglycemia and glucose fluctuations are two independent components of dysglycemia in diabetes.

© 2007 Elsevier Ireland Ltd. All rights reserved.

Keywords: Extent of hyperglycemia; Glycemic instability; Postprandial glucose response; HbAlc; Continuous glucose monitoring

1. Introduction

Cardiovascular diseases (CVDs) are the major cause
of morbidity and cardiovascular death in type 2 diabetes
[1,2]. The DCCT/EDIC study has recently demon-
strated that intensive diabetes therapy reduced the risk
of any cardiovascular event in patients with type 1

* Corresponding author. Tel.: +49 38355 68406;
fax: +49 38355 68444.
E-mail address: kohnert@diabetes-karlsburg.de (K.-D. Kohnert).

diabetes [3]. These data suggest that also in type 2
diabetes therapy, aimed at achieving near-normal daily
glucose profiles, may reduce or prevent macrovascular
disease. In this regard, postprandial glucose (PPG) has
been shown to be an independent risk factor [4] and a
better predictor for cardiovascular mortality than fasting
blood glucose (FBG) [5,6]. Apart from its contribution
to overall glycemic control, postchallenge glucose and
glycemic spikes are more closely associated with
cardiovascular disease than HbAlc [7], and hypergly-
cemic spikes have been reported to induce oxidative
stress and subsequent endothelial dysfunction [8],

0168-8227/$ — see front matter © 2007 Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.diabres.2007.01.021
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probably triggering cardiovascular complications.
Recent studies by Monnier et al. [9] demonstrated that
glucose fluctuations during postprandial periods acti-
vated oxidative stress even more specifically than
sustained chronic hyperglycemia.

Current approaches to assessing glycemia rely on
self-monitoring of blood glucose (SMBG) and mea-
surement of HbAlc. Since HbAlc is a measure of
average glycemia [10], it does not reflect acute glucose
fluctuations and is poorly correlated with PPG excur-
sions [11]. In a great proportion of traditionally
managed outpatients with type 2 diabetes, SMBG is
infrequently performed and PPG as well as glucose
variability are usually neglected. Indeed, it has been
reported that even in well-controlled patients with type
2 diabetes exaggerated postprandial glucose excursions
occur [12], and PPG contributes to nearly 70% to
overall diurnal hyperglycemia [13].

Current recommendations of the International
Diabetes Federation for targets in diabetes manage-
ment include a PPG target of <8.0 mmol/l [14]. The
continuous glucose monitoring system (CGMS) meets
the demands of intensive diabetes control with a period
of intensive glucose monitoring and seems to be suited
to accomplish these recommendations.

It might be assumed that at target HbAlc levels, as
defined by the American Diabetes Association [15],
glucose variability should be minimal and the incidence
of hyperglycemia throughout the day low. However, there
have been no CGMS measurements presented so far that
specifically evaluated the extent of hyperglycemia and
the glucose variability at HbAlc lower than 7.0%.

Using CGMS and a mixed-meal test (MMT), the aim
of our study was therefore to determine the extent of
hyperglycemic excursions and glucose variability, as
well as the glucose response to a standard meal load in
controlled conditions, and to examine associations of
these markers of glycemic control with HbAlc in type 2
diabetic outpatients with HbAlc levels below 7.0%.

2. Patients and methods

This multi-center, prospective, open-label, non-interven-
tional study enrolled consecutively 63 outpatients, 34-74 years
of age with known type 2 diabetes for 2-32 years. All patients
were Caucasians, residing in the north-eastern region of Ger-
many, and were recruited from the clientele of patients of seven
general practitioners/diabetologists. Patients were excluded if
their actual HbAlc value was >7.0%. The anti-hyperglycemic
therapy consisted of diet, glibenclamide (1.75-15.0 mg/day),
glimiperide (1.0-3.0 mg/day), metformin (850-3000 mg/day)
or insulin (8.0-64 IU/day). No change in any medication

occurred over study period and patients were advised to con-
tinue their regular lifestyle. All patients gave written informed
consent to participate in the study.

The study protocol was approved by the ethical review
board at the University Greifswald, Germany, and was con-
ducted in accordance with the rules governing medical pro-
cedures in the European Community and the Declaration of
Helsinki. The mean observation period was 4 days. At entry, a
CGMS (Medtronic MiniMed, Northridge, CA) sensor was
inserted into the subcutaneous abdominal fat tissue, calibrated
according to the standard Medtronic MiniMed operating
guidelines, and glucose monitoring was performed for one
period of 64 = 11 h (mean). A standardized liquid mixed-
meal test (MMT), containing 75 g carbohydrate, 58 g fat, 30 g
protein [16], was performed at day 2 of the study, following a
12 h overnight fast. Before meal ingestion, patients were
required to take their oral anti-diabetic drugs or usual insulin
injection and consume the meal within 10-15 min. Blood
samples were taken via an indwelling intravenous cannula,
which was inserted into an arm vein, at —15, 0, 30, 60, 90, 120,
and 150 min relative to the meal ingestion for measurements
of glucose. Most patients used home blood glucose monitors.
Those who did not were provided monitors and strips (Accu-
Chek Sensor Complete, Roche Diagnostics GmbH Man-
nheim, Germany). Home monitors were calibrated against
Accu-Chek monitors, which were weekly calibrated with
Accu-Chek glucose standards. Patients were asked to enter
at least four glucometer readings per day into the CGMS
monitor for calibration, and to make logbook entries of any
particular event (oral agent intake, insulin administration,
food intake, physical exercise, hypoglycemia symptoms and
other matters potentially affecting glucose control). Patients
were encouraged to call the investigator around the clock if
there were any malfunctions of the CGMS or any other
questions. BMI was calculated by dividing body weight
(kg) by the square of the height (m?). Waist and hip circum-
ference were measured using a plastic tape meter at the level
of the umbilicus and of the greater trochanters, and waist-to-
hip ratio (WHR) was calculated. At each patient visit (3 total),
blood pressure was measured with a mercury sphygmoman-
ometer in a sitting position after 5 min rest, and an average was
used in statistical analysis. Blood drawn for measurement of
standard laboratory values was shipped to a central laboratory,
where HbAlc was analyzed by the Bio-Rad-Diamat analyzer
system using ion-exchange high-performance liquid chroma-
tography (normal range 4.6-6.0%) and triglycerides by the
GOD-PAP enzymatic method on Hitachi 911 chemistry ana-
lyzer. Blood glucose analyses were performed by the glucose
oxidase enzymatic method on a DiaSys Super G Analyzer
(Hitado Diagnostic Systems, Moehnesee-Delecke, Germany).
The Medical Diagnostic Laboratory at the University Greifs-
wald performed serum C-peptide analyses (HCP Enzyme
Immunoassay, DPC Biermann, Germany). The C-peptide
antibody cross-reacted 17% with human proinsulin.

The data from each CGMS unit were downloaded using the
MiniMed Solution Software (MiniMed, Northridge, CA). The
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glucose profiles were analyzed and the data obtained were
used for statistical analysis. Mean sensor glucose, sensor
glucose minimum and maximum values were calculated from
the 64 + 11 h-CGMS measurement period; meter glucose as
the means from glucometer readings. Profiles with less than
three glucometer entries were disregarded. The time patients
were hyperglycemic (>8.0 mmol/l) and euglycemic (3.3—
8.0 mmol/l) were determined from the CGMS data, the total
number of hyperglycemic episodes was adjusted to 24 h, and
the mean area under the glucose curve (AUC) was calculated
by the trapezoidal method. The value 8.0 mmol/l was chosen
because this threshold has been recommended as the upper
limit of normal glucose at postprandial times by the Interna-
tional Diabetes Federation [14]. Peak PPGypvr is the peak
blood glucose concentrations during the MMT. Two indices of
glucose variability were determined: the standard deviation
score (S.D.-score) and the mean amplitude of glycemic excur-
sions (MAGE). S.D.-score was obtained by calculating the
standard deviation of the individual CGMS glucose values for
each day. These S.D.s were averaged for each patient and
taken to be the patient’s S.D.-score [17]. MAGE was calcu-
lated as described by Service et al. [18] from the glucose
excursions of the CGMS profiles that exceeded one S.D.
The variables presented were summarized as the
means + S.D. or as medians (ranges) as indicated. Gender
differences in baseline clinical and biochemical characteris-
tics were tested using unpaired #-test and X -test. A Spearman
correlation analysis was used to assess relationships between

the dependent HbAlc and duration of hyperglycemia and
explanatory variables of clinical measures of glucose control.
Step-wise multiple regression analysis was used to explore the
contribution of measures of glucose control to the extent of
hyperglycemia and HbAlc. The variables were tested for
normal distribution and, where appropriate, were logarithmi-
cally transformed. A p-value <0.01 defined the level of
statistical significance.

3. Results
3.1. Clinical and biochemical characteristics

A total of 112 patients were screened. Of these 112
patients, 73 (65%) had HbAlc values below 7.0% and
were found eligible for this study. CGMS measurements
were missing or incomplete because of erroneous
handling of the monitor in four patients, three patients
refused mixed-meal test and three patients tested
positive for glutamic acid decarboxylase antibodies
and were excluded. For the remaining 63 patients,
baseline clinical and biochemical characteristics are
presented in Table 1. While diabetes duration was
longer and waist-to-hip ratio were higher for men than
for women, there were no significant gender differences
for the other characteristics.

Table 1
Selected characteristics in the study population by gender
Characteristics All subjects (n = 63) Gender
Women (n =27) Men (n = 36)

Age (years) 62.9 + 8.5% 62.7+£79 63.0£9.0
Diabetes duration (years) 73+64 47+3.3 93 +74"
First degree relatives with diabetes (%) 30 (48)h 13 (48) 17 (47)
Anti-hyperglycemic therapy

Diet (%) 23 (37) 9 (33) 14 (39)

OAD (%) 29 (46) 14 (52) 15 (24)

Insulin (%) 11 (17) 4 (15) 7 (19)
Smoking (%) 7 (11) 3(11) 4(17)
Body mass index (kg/m?) 30.8 £3.7 304 +39 31.1 £3.7
Waist-to-hip ratio 0.93 +0.08 0.90 +0.10 0.97 +0.04™
Systolic BP (mmHg) 136.0 £ 17.0 135.9 + 16.6 136.1 £ 17.5
Diastolic BP (mmHg) 81.0 £ 6.6 81.9+6.5 80.3 £ 6.6
HbAlc (%)° 6.1 £0.5 6.1 £04 6.1 £0.6
FBG (mmol/l) 6.5+ 1.0 6.6 £1.0 64+ 1.0
Fasting C-peptide (nmol/1) 0.96 +0.39 1.00 £+ 0.45 0.93 +0.34
Triglyceride (mmol/l) 1.8+0.9 1.5£05 21+1.0
HDL-cholesterol (mmol/l) 1.44+0.5 1.44+0.2 1.34+0.6

OAD, oral anti-diabetic drug; BP, blood pressure; HbAlc, glycated hemoglobin; HDL, high-density lipoprotein. Significance level p < 0.01.

* Mean & S.D.

® N (%).

¢ Normal range (4.6-6.0%).

* p < 0.01 (men vs. women).
* p < 0.001 (men vs. women).
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Table 2
Glycemic characteristics overall and by gender of the study population
Glycemic characteristic All subjects Gender

Women Men

Duration of hyperglycemia® (h/day) 5.7 (2.6-10.8)° 4.9 (3.1-8.5) 6.2 (2.1-11.3)
Duration of euglycemia® (h/day) 17.9 (14.5-21.1) 19.8 (14.8-22.0) 16.8 (14.0-20.9)
Hyperglycemic episodes (numbers/day) 4.1 +35¢ 39+£35 42435
Sensor glucose max (mmol/l) 120+23 122+26 11.9+20
Sensor glucose min (mmol/l) 40+ 1.0 40+1.2 40+ 1.0
Mean sensor glucose (mmol/l) 7.1+1.0 6.9 +1.1 72+1.0
Mean meter glucose (mmol/l) 7.5+£1.0 75+£1.2 7.5+£09
Peak PPGyvr (mmol/l) 95+19 92+19 9.7+1.9
Mean AUCcgums (mmol 24 h/l) 169 + 24 167 £ 28 171 £ 21
Standard deviation score (mmol/l) 1.6 (1.1-2.0) 1.8 (1.2-2.1) 1.5 (1.1-1.9)
Mean amplitude of glycemic excursions (mmol/l) 39+14 40+1.6 3814

Max/min, maximal/minimal glucose concentration; PPGypy, postprandial glucose after meal test; AUC, area under the curve. Significance level

p < 0.0l
# Hyperglycemia (>8.0 mmol/l).
® Median (25-75 percentile).
¢ Euglycemia (3.3-8.0 mmol/l).
¢ Mean + S.E.

3.2. CGMS measurements

During home use, patients successfully used the
CGMS for one period of 64 + 11 h and entered a total

3.4. Relationships between the duration of
hyperglycemia and other markers of the patient’s

metabolic status

of 13 &+ 3 of fingerstick blood glucose measurements
for calibration of the sensor with no significant gender
difference. Over the CGMS period, patients reported
three calibration errors (5%) and one disconnected
sensor (2%). In these cases, CGMS measurements were
repeated. Significant hypoglycemic excursions were not
observed.

3.3. Measures of glycemic status

The results of various measurements of glycemic
status overall and by gender are provided in Table 2. On
average, patients remained in the hyperglycemic range
for 24% of the total day, and in the euglycemic range for
75%. Notably, male patients tended to stay for a longer
duration in the hyperglycemic range than female patients
(6.2 h versus 4.9 h, respectively), but the difference did
not achieve statistical significance (p = 0.13). Similarly,
the number of hyperglycemic episodes per day did not
significantly differ between male and female patients.
Overall mean meter glucose values were found to be
slightly higher but not significantly different from mean
sensor glucose values. The frequent sampling provided
by the CGMS also allowed determination of indices of
glycemic variability, including S.D.-score and MAGE.
As shown in Table 2, both of these indices did not reveal
any gender differences.

The results of Spearman correlation analysis
between duration of hyperglycemia and other markers
of glycemic control are given in Table 3. With the
exception of sensor glucose minimum, the duration of
hyperglycemia was strongly correlated with all other
markers of chronic hyperglycemia and with the indices

Table 3
Simple correlation between the duration of hyperglycemia and mar-
kers of the patient’s glycemic status

Marker of glycemic control All subjects

r p-Value
Hyperglycemic episodes” (numbers/day) 0.82 <0.001
Sensor glucose max (mmol/l) 0.77 <0.001
Sensor glucose min (mmol/l) 0.18 0.17
Mean sensor glucose (mmol/l) 0.92 <0.001
Mean meter glucose (mmol/l) 0.83 <0.001
Fasting glucose (mmol/l) 0.66 <0.001
Peak PPGypyr (mmol/l) 0.60 <0.001
Mean AUCcgms (mmol 24h/1) 0.86 <0.001
Standard deviation score (mmol/l) 0.57 <0.001
Mean amplitude of glycemic 0.59 <0.001

excursions (mmol/l)

Max/min, maximal/minimal glucose concentration; PPGyy, post-
prandial glucose after meal test; AUC, area under the curve. Sig-
nificance level p < 0.01.

# Hyperglycemia (>8.0 mmol/l).
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Table 4
Simple correlation between HbAlc and other markers of glycemic
control

Marker of glycemic control All subjects

r p-Value
Duration of hyperglycemia® (h/day) 0.40 0.001
Duration of euglycemia® (h/day) —0.41 0.001
Hyperglycemic episodes (numbers/day) 0.37 0.003
Sensor glucose max (mmol/l) 0.30 0.021
Sensor glucose min (mmol/l) 0.14 0.30
Mean sensor glucose (mmol/l) 0.42 <0.001
Mean meter glucose (mmol/l) 0.51 <0.001
Fasting glucose (mmol/l) 0.46 <0.001
Peak PPGypyr (mmol/l) 0.39 0.001
Mean AUCcgpms (mmol 24 h/l) 0.44 <0.001
Standard deviation score (mmol/l) 0.25 0.05
Mean amplitude of glycemic 0.17 0.20

excursions (mmol/l)

Max/min, maximal/minimal glucose concentration; PPGyvrr, post-
prandial glucose after meal test; AUC, area under the curve. Sig-
nificance level p < 0.01.

* Hyperglycemia (>8.0 mmol/l).

® Euglycemia (3.3-8.0 mmol/l).

of glucose variability S.D.-score and MAGE. The latter
associations indicate that poorer glycemic control, i.e.
longer hyperglycemia, correlates with wider fluctua-
tions of glucose.

Comparisons (not shown) of the duration of hyper-
glycemia with basic patient characteristics resulted in
significant positive correlations only between the
duration of hyperglycemia and duration of diabetes
(r=0.36, p < 0.005).

3.5. Relationships between HbAlc and other
markers of glycemic control

Bivariate comparisons between HbAlc and mea-
sures of glycemic control (Table 4) yielded significant
correlations with the duration of hyperglycemia and

Table 5
Results of step-wise forward multiple regression analysis

euglycemia, with mean sensor glucose, mean meter
glucose and modest correlations with the number of
hyperglycemic episodes, sensor glucose maximum
values, and peak PPGyyr There was no such
relationship with the S.D.-score and MAGE, sensor
glucose maximum or sensor glucose minimum values.

3.6. Multiple linear regression analysis of the
major variables of glycemic control

The results of step-wise multiple linear regression
analysis are shown in Table 5. When analyzing the
contribution of the major variables of glycemic control
to HbAlc it was found that only FBG (variable log
transformed to assure normality) but neither the
duration of hyperglycemia, number of hyperglycemic
episodes, peak PPGypt nor the indices of glucose
variability S.D.-score and MAGE contributed addition-
ally to HbAlc. FBG explained 24% of the variance in
HbAlc values in this regression model.

The number of hours per day in the hyperglycemic
range was found to be predicted mainly by the number
of hyperglycemic episodes, while for S.D.-score and
FBG, the significance level of p < 0.01 was not
achieved. The variable number of hyperglycemic
episodes explained 54% of the duration of hypergly-
cemia, whereas HbAlc, peak PPGypr, and MAGE
did not enter the regression model. Among the patient
background characteristics, BMI was the only factor
which was significantly associated with the time of
hyperglycemia (R’ =0.11, p < 0.01). The other inde-
pendent variables did not reach statistical significance
in this multivariate model of hyperglycemia.

4. Discussion

Since there is increasing evidence that postprandial
hyperglycemia is an important contributing factor in

Dependent variable Explanatory variable Regression Standard error p-Value Coefficient of
coefficient (B) (S.E.) determination (R%)
HbAlc? Fasting glucose” 3.405 0.797 <0.001 0.24
Duration of hyperglycemia™® Hyperglycemic episodes 0.066 0.021 0.003 0.54
Fasting glucose® 1.860 0.756 0.017 0.57
S.D.-score” 0.829 0.387 0.037 0.60

Significance level p < 0.01.

% The independent variables duration of hyperglycemia, postprandial glucose after meal test (PPGypyr), hyperglycemic episodes, standard
deviation score (S.D.-score) and mean amplitude of glycemic excursions (MAGE) did not enter the regression.

® Variable log transformed to assure normality.
¢ HbAlc, PPGyyr, and MAGE did not enter the regression formula.
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cardiovascular disease, the present study was performed
to investigate whether relevant hyperglycemic excur-
sions or glucose fluctuations occur at target levels of
HbAlc below 7.0%. Our current results show that in a
carefully investigated but small cohort of primary-care
patients with type 2 diabetes glycemia is characterized
by unexpected hyperglycemic excursions, marked
glucose variability and higher-than-recommended glu-
cose levels after a standard meal [14] with peak glucose
levels that are close to the daily PPG values reported by
Bonora et al. [19].

The percentage of hyperglycemia in our study is
consistent with previous studies, which reported that
diabetic patients overall stayed ~29% of the day in the
hyperglycemic range (>10 mmol/l) [20] and even in
those well-controlled on oral drugs, PPG values
exceeded 8.0 mmol/l after 57% of the meals [12].
Our values determined for S.D.-score and MAGE are
slightly lower than those recently reported for patients
with type 1 diabetes [17]. As indicated by the number of
hours patients spent in the hyperglycemic range, the
number of hyperglycemic episodes and the values for
MAGE, consistent euglycemia is often not achieved by
therapeutic adjustment relying primarily on routine
SMBG despite HbAlc values within the target range.
Thus, complete characterization of glycemia is best
accomplished by CGMS [21] to identify distinct
postmeal periods of hyperglycemia and intraday
glucose variability.

We found the number of hyperglycemic episodes or
the peak PPGypr concentrations to be weakly
associated with HbAlc, accounting for only a small
proportion of variability in these glycemic measures at
target HbAlc. As expected, HbAlc was stronger
correlated with characteristics of chronic hyperglyce-
mia, such as AUCcgms, sensor glucose and meter
glucose. However, the total duration of hyperglycemia
was neither predicted by HbAlc, nor did PPGypyr and
the indices of glucose variability significantly con-
tribute to HbAlc.

Even though we found S.D.-score to be strongly
correlated with MAGE (r = 0.83, p < 0.001), the latter
index is the appropriate parameter to assess glycemic
instability [18] from CGMS glucose profile sets. S.D.-
score gives the S.D. around the mean glucose levels and
cannot discriminate between major and minor excur-
sions, whereas MAGE is a measure of within-day
glucose variability and represents the major swings in
the glucose profiles that exceed one S.D.

Although not the primary aim of this study, we also
examined relationships of some basic patient para-
meters with characteristics of chronic hyperglycemia,

but associations were weak, e.g. for BMI and diabetes
duration, or did not exist, suggesting that the individual
B-cell function plays an important role in PPG
regulation [22].

Our results further indicate that marked PPG
excursions and glucose fluctuations that occur despite
HbAlc levels <7.0%, are not sufficiently reflected by
changes in HbAlc, supporting arguments that current
practice of relying mainly on HbAlc at a target level of
7.0% [15] is inadequate for timely therapeutic adjust-
ments and reducing the risk of cardiovascular compli-
cations [23]. To accomplish this goal, the CGMS
appears to be a very useful tool in primary care and its
use should be expanded for effective management of
type 2 diabetes.

In conclusion, the present study shows that in well-
controlled type 2 diabetes, HbAlc correlates strongly
with all markers of sustained chronic hyperglycemia but
not with glucose variability. Our data suggest that
chronic sustained hyperglycemia and glucose fluctua-
tions are two independent components of dysglycemia
in diabetes.
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SouHRN

CiL: Zjistit rozdily mezi glykemickym indexem (GI) vybranych potravin u nediabetiki (Z) a u osob
s diabetem 1. typu (DM1) a diabetem 2. typu (DM2).

MEeTopa: U 20 nediabetik( a u 20 DM1 1é¢enych pomoci inzulinové pumpy (pram. vék 24,4 / 45,5
let, edukovanych) byly v priibéhu tydne paralelné dvéma metodami (pomoci CGMS, Medtronic,
Minimed a pomoci Glukometru Advance) testovany 4 potraviny (u kazdého kazda 3x), kde 1 porce
obsahovala 50 g sacharidi. Pro kazdé jidlo byla vypoétena IAUC (plocha pod glykemickou kiivkou
v obdobi 0 — 120 min. po poZziti potraviny; u klasické metody poéitano s 9 hodnotami vysetfenymi
v 15 min. intervalech, pfi CGMS s 25 hodnotami ziskanymi v 5 min. intervalech od pocatku konzu-
mace), srovndna s plochou po 50 g glukézy. Pro kazdou osobu byl vypoéten priimérny GI potraviny.
Rozdily mezi metodami a skupinami Z a DM1 byly srovnéany t-testem, resp. Mann-Whitney testem,
za signifikantny byl povazovan rozdil pii p < 0,01.

VysLepky: Ve skupiné nediabetikl a diabetikt 1. typu bylo s kaZdou potravinou hodnoceno 60 test,
ve skupiné diabetikii 2. typu 17 testi. Rozdily mezi vysledky u obou metod nebyly signifikantni: ¢o-
kolada 42,7 % - 55,4 %, jable¢ny protlak 30,3 % - 53,8 %, ryzové chlebicky 74,7 % - 87,9 %, jogurt
Revital 37,7 % - 66,2 %. '

ZAvEr: Hodnoty GI stanovené pomoci CGMS a klasicky se u nediabetikii, u DM1 léenych inzulinovou
pumpou a u DM2 lé¢enych perordlnimi antidiabetiky vétSinou nelisi (p > 0,01). Jediny signifikantni
rozdil byl zjistén mezi GI jable¢né presnidavky u nediabetikii a diabetiki 2. typu, kdy bylo vyuzito
pouze metody CGMS.

Kricovid sLova: glykemicky index potravin, glukometr;, CGMS, diabeters mellitus, terapeuticka
edukace.

SumMARY

The aim of this study was to assess the differences between the glycaemic index (GI) of four by chance

selected domestic food products in healthy persons (HP), in persons with type 1 diabetes mellitus on
insulin pumps (DM1) and in persons with type 2 diabetes mellitus on oral antidiabetic drugs (DM2). In
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each group, twenty persons entered the study. Two methods were simultaneously applied to determine
the GI: conventional method using the glucometer Advance, Hypoguard, and continuous glucose mo-
nitoring by means of CGMS, Medtronic, Minimem, Solutions Software, Medtronic, Minimed, together
with our recently developed software programe DegifXL and the statistical programm SPSSv.10.1
were used to analyze the results. There were no significant differences between the respective GI's
of foods in HP, DM1 and DM2, except apple baby food in DM 2 vs HP.

KEy worps: glycaemic index of foods, glucometer, CGMS, diabetes mellitus, therapeutic patient edu-
cation.

Uvobn

Glykemicky index (GI) je ukazatel, ktery srovnava hyperglykemizujici schopnost uréité potraviny
a Gisté gluk6zy. Na uréovéani GI potravin se zaméfuje studie DEGIF (IGA MZ CR NR 7825-3), kter4
byla feSena v letech 2004 - 2006. V r. 2006 byly zpracovany vysledky méfeni GI hotké &okolady,
jable¢né presnidavky, ryZovych chlebickil a ovocného jogurtu ve skupiné 20 zdravych osob (9, 12).
V této préci se pozornost soustfed’uje na stanoveni GI stejnych potravin u osob s diabetem 1. typu
lIécenych pomoci inzulinové pumpy a u osob s diabetem 2. typu 1é&enych peroralnimi antidiabetiky.

METODA

TESTOVANE 0SOBY
Bylo sledovano 20 nediabetikii, 20 osob s diabetem 1.typu a 17 osob s diabetem 2.typu (Tab.1).

Tab. 1
CHARAKTERISTIKY TESTOVANYCH 0S0B (PRUMERY % SE)

Skupina Nediabetici DM 1. typu DM 2. typu

N 20 20 17

Obdobi sledovini 2004 2005 2005/6

Vek [roky] 244+0,71 455+3,6 57,8 £2,45

Trvéni diabetu [roky] 0 2-30 let 6.4+ 0,83

BMI [kg/m’] 223+0,73 254+1,0 32,1+ 1,08

HbAlc [ %] 2,9+ 0,05 6,4 +£0,57 5,6 0,45

Inzulin [m.j./d] 0 34,6+ 1,74 n=4

Perorilni antidiabetika 0 0 repaglinid/glimepirid/ metformin

USPORADANI STUDIE

Studie méla obdobné uspoiadani jako pii vySetfovani GI u nediabetiki (12):

1. Kazdy dobrovolnik byl vybaven glukometrem Advance Hypoguard.

2. Kazdému byl do podkozi hyzdé zaveden senzor CGMS Medtronic, MiniMed, ktery byl po-
nechan po celou dobu testovani (8 dni).

3. Kazdy obdrZel 3 porce glukézy, 3 porce kaZzdé testované potraviny a osmidenni standardni
plan jejich konzumace — vzdy ke snidani a k vedefi.

4. Po skonceni stanoveného pléanu byla data z glukometri a z monitori CGMS pievedena do
pocitace k dal§imu zpracovéni. P¥i zpracovani dat bylo vyuZito programu Solutions Software,
Medtronic, Minimed a vlastniho softwarového programu DegifXL.

5. Pro kazdé jidlo byla vypo¢itana plocha pod kiivkou (Incremental Area Under the Curve
—IAUC) pro kazdou osobu. Nasledné byl pro celou testovanou skupinu vypo¢itan primérny
GI kazdé potraviny.
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U osob s diabetem 1.typu (13, 14) bylo postupovano podle nasledujicich zasad:
1. Hodinu pi'ed planovanym zacatkem testu zméfit glykémii. Pii hodnoté nad 10 mmol/l aplikovat
korekéni bolus: pii glykemii 10 - 11,9 mmol/l aplikovat 1j., pfi glykemii 12,0 - 13,9 aplikovat
2j., pii glykemii 14,0 a vice aplikovat 3j.
2. V dobé planovaného za¢atku konzumace zméfit glykemii a zadat ji do monitoru CGMS.
3. Aplikovat prandialni bolus (doporuéena davka ke kazdému jidlu byla 5j.); pfi glykemii 10 -
11,9 aplikovat 6j., pti glykemii 12,0 - 13,9 aplikovat 7j., pii glykemii 14,0 a vice test odloZit.
Zapsat bolus do protokolu.
4. Zadat do monitoru kod pro zahajeni jidla.

Lh

. Snist testovanou potravinu béhem 5 min.

Test s kazdou potravinou byl proveden celkem tiikrat (Tab. 2).

Tab, 2

CASOVY PLAN TESTU § JEDNOTLIVYMI POTRAVINAMI U ZDRAVYCH A U OSOB S DIABETEM 1,TYPU

Den 1 2 ] -4 5 6 7 8

Snidané glukoza RyzZovy chléb Cokolada J]:'-zlsﬁ‘:;‘vka jogurt glukdza ryZzovy chléb
G 5 jableéna ryzovy jableéna .

Vecere cokoldda presniddvka Jogurt Glukoéza chléb cokolada plesnidévka Jjogurt

U osob s diabetem 2. typu byl s kazdou potravinou hodnocen pouze jeden test. Tento test byl

proveden pfi 1é¢bé peroralnimi antidiabetiky, ktera trvala souvisle alespori pfedchozich 6 tydni.

VYSLEDKY

Priimérné hodnoty GI u nediabetiki, DM1 a DM2 uvadi tab. 3.

Srovnani hyperglykemizujiciho G¢inku jednotlivych testovanych potravin u zdravych osob
a u diabetikti 1. typu ukazuji grafy na obr. 1 — 4. Tyto obrazky jsou vystupem softwarového programu
DegifXL, ktery byl k tomuto uéelu sestaven. V horni ¢asti kazdého obrazku jsou numerické tdaje
o primémych hodnotach GI vy3etfované dvaceti¢lenné skupiny a poétu hodnocenych testii pro kaz-
dou potravinu. Degif XL umoziiuje vypocitat a znazornit individudlni glykemicky index testované

potraviny pro kazdého probanda samostatné.

Tab. 3

PrOMERNE HODNOTY GI [%] VE SKUPINE ZDRAVYCH (Z), DIABETIKU 1. TYPU (DM1) A DIABETIKD 2. TYPU (DM2);
SKUPINA Z A DM1 BYLA SOUBEZNE VYSETRENA DVEMA NEZAVISLYMI METODAMI (KONV - POMOCI GLUKOMETRU,
CGMS - KONTINUALNI MONITOROVANI); SKUPINA DM2 BYLA VYSETRENA POUZE METODOU CGMS

Skupina z Z DM1 DM1 DM2 signifikance

Metoda CGMS Konv CGMS Konv CGMS

N 20 20 20 20 17 p>0,01

Horka cokolida 440 43,6 554 427 54,3 p>0,01

Jablegny protlak 538 46,1 37.9 313 303 F;:;[g“fs_ .
RyZové chlebitky 769 76,4 87,9 745 82,7 p>0,01

Jogurt Revital 37,7 432 66,2 51,7 51,9 p=0,01
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Obr. la

DIABETES A OBEZITA

HyPERGLYKEMIZUJICI SILA POTRAVINY HORKA COKOLADA U ZDRAVYCH
G - glukéza, A - jableénd presnidavka, R - ryZzové chlebi¢ky (Racio), Y - ochuceny jogurt Revital, C - hotka ¢okolada Stu-

dentski pedef’

Statistical results DegifXL
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Obr. 1b

HyPERGLYKEMIZUJICI SiLA POTRAVINY HORKA ¢okoLApA U DM1
G - glukodza, A - jable¢na piesniddvka, R - ryZzové chlebicky (Racio), Y - ochuceny jogurt Revital, C - hofka ¢okoldda Stu-

dentska pecet’
Statistical results Degif>XL
[FrFmseiection. Dol 1
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Obr. 2a
HYPERGLYKEMIZUJICI SILA POTRAVINY JABLECNA PRESNIDAVKA HAMI U ZDRAVYCH
G - glukéza, A - jableéna presnidavka, R - ryZové chlebi¢ky (Racio), Y - ochuceny jogurt Revital, C - hotka ¢okolada Stu-
dentska pecet’

Statistical resulis DegifxL
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Obr. 2b
HYPERGLYKEMIZUJICI SILA POTRAVINY JABLECNA PRESNiDAVKA Hami u DM1
G - gluké6za, A - jabledna piesniddvka, R - ryZové chlebitky (Racio), Y - ochuceny jogurt Revital, C - hofka cokolada Stu-
dentska pedet’

Statistical resulis DegifAL
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Obr. 3a

DIABETES A OBEZITA

HYPERGLYKEMIZUJICI SiLA POTRAVINY RYZOVE CHLEBICKY RACIO U ZDRAVYCH
G - glukoza, A - jableéna piesnidavka, R - ryzové chlebitky (Racio), Y - ochuceny jogurt Revital, C - hofké ¢okoldda Stu-

dentské pecet’
Statistical results DegifxL
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Obr. 3b

HyrERGLYKEMIZUJICI SiLA POTRAVINY RYZOVE CHLEBICKY RAcio u DM1

G - glukoza, A - jableéna presnidivka, R - ryZové chlebi¢ky (Racio), Y - ochuceny jogurt Revital, C

dentska pecef

Statistical results Degif><L
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Obr. 4a
HYPERGLYKEMIZUJICI SiLA POTRAVINY OVOCNY JOGURT JAHODA REVITAL U ZDRAVYCH
G - glukoza, A - jablegna pfesnidavka, R - ryzové chlebi¢ky (Racio), Y - ochuceny jogurt Revital, C - hofka ¢okolada Stu-
dentska pecet’

Statistical results DegitXL
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HYPERGLYKEMIZUJICI SiLA POTRAVINY OVOCNY JOGURT JAHODA REVITAL U DM1
G - glukéza, A - jable&na presnidavka, R - ryZové chlebicky (Racio), Y - ochuceny jogurt Revital, C - hoiké ¢okolada Stu-
dentska pecet'

Statistical results Degi XL
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DisKUSE

Glykemicky index (GI) je definovén jako postprandialni vzestup glykemie po poziti testované
potraviny ve vztahu k hyperglykemizujici sile potraviny referenéni. Podle glykemického indexu rozdé-
lujeme potraviny do skupin s nizkym (do 55 %), stfednim (56 - 69 %) a s vysokym (70 % a vice) GL
GI je vysetfovan ve specializovanych laboratofich (1 - 3). Vybrané vysledky nezavislych pozorovani
jinych pracovnich skupin uvadi Tab. 4 (7).

Tab. 4
GLYKEMICKY INDEX VYBRANYCH POTRAVIN} JAKO STANDARD POUZITA GLUKOZA (7)

. Glykemicky index [%
s (medifn dlgr&zny'c% s]tudii)
Glukoza 100
Peéené brambory 100
Coca-Colla 97
Cornflakes 89
Bily chléb 73
Odtuénéné mléko 71
Pernik 69
Med 66
Pomerancovy dzus 60
Zmrzlina 60
Piskot 54
Varené brambory 54
Banany 48
Pomerance 47
Hroznové vino 47
Ryze 47
Jableény dZus 43
Broskve 43
Svestky 43
Jablka 34
Spagety 33
Cotka 32
Cokolada 29
Ananas 29
Plnotuéné mléko 27
Fruktoza 27

| Jogurt 27
Grapefruit 26
Jahody 26
Tredné 23
Hrasek 23
Fazole 21

METODIKA STANOVEN{ KONCENTRACE GLUKOZY A VYPOCTU GLYKEMICKEHO INDEXU

GI je vypotitan jako pomér plochy pod kfivkou testované potraviny a plochy pod kiivkou stan-
dardu v obdobi 120 min. od za¢atku konzumace potraviny.

Metodika stanoveni GI neni vZdy jednotna (33). Jsou rozdily v poétu testovanych osob, v poétu
testi u jednotlivych probandi i ve stanovovani glykemie.

V nasi studii jsme pouZivali soubézné dvou metod: (1) klasické vySetfeni koncentrace glukézy
v kapilarni plazmé (na glukometru Advance, Hypoguard) v patnactiminutovych intervalech po dobu
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120 min od zadatku konzumace potraviny a (2) kontinualniho monitorovani koncentrace glukézy
v intersticialni tekuting pomoci CGMS. Senzor CGMS zpravidla fungoval 7 dnti (10). Pfi stanovovani
GI metodou CGMS se osved¢il softwarovy program Degif XL.

TESTOVANE 0SOBY

Otézku hyperglykemizujici sily potraviny oteviel v roce 1973 Otto (26, 27), ktery provadél méfeni
u 0sob se sniZenou toleranci glukézy nebo u lehkych diabetik 2. typu. Na diabetiky 2. typu se zaméfil
i Tonescu-Tirgoviste (19, 20) i dalsi (23, 31). Jini autofi provadéli méfeni na zdravych osobach nebo
dokonce u diabetickd lé&enych inzulinem (8, 32). Pojem glykemicky index potravin zavedl Jenkins
v roce 1981 (21).

Hodnoty GI maji velkou interindividuélni variabilitu. Z toho dfivodu je nezbytné, aby hypergly-
kemizujici G&inek testované potraviny a standardu byl vZdy zkoumén parovymi testy na stejné skupiné
osob. V této studii byly nezavisle na sobé testovany 3 skupiny po 20 osobéch, tedy nediabetici, diabetici
1. typu a diabetici 2. typu (Tab. 1) a jejich vysledky porovnavany. Ve skupiné diabetikii 2. typu 3 osoby
studii nedokong&ili vzhledem k piidruzenym komplikacim, takze bylo hodnoceno jen 17 osob.

DAVKA SACHARIDU PRO VYPOCET GLYKEMICKEHO INDEXU

Byl zkouman vliv glukézy v dévee 50, 100 nebo 200 g, pricemz bylo zjisténo, Ze ve viech uva-
dénych piipadech dochazelo u zdravych osob ke vzestupu glykémie asi 4 mmol/l, zatimco vzestup
inzulinémie byl vyrazné rozdilny. Je vidét, Ze u zdravych osob nestoupéd glykemie linedrné (16).
Naproti tomu u diabetikdi 1. i 2. typu byla zji§téna zavislost hyperglykemizujiciho G¢inku glukézy na
velikosti sacharidové zatéze (29, 30).

Soudi se, Ze optimalni ddvka sacharidit pii vySetfovani GI je pravdépodobné 50g. Poziti 50g
sacharidi miize zvysit hodnotu glykémie az o 11 mmol/l i vice. I kdyZ hyperglykemizujici test zaéne
u diabetik®i p¥i normélnich hodnotéch glykemie, davka sacharidii vétsi nez 50g by vedla ke vzestupu
glykémie nad renalni prah. Diisledkem toho by pak mohly byt falesné nizs$i hodnoty GI u diabetiki
(25, 28). Z uvedenych ditvodii byl v této studii obsah sacharidii v jedné porci testované potraviny vzdy
50 g s povolenou odchylkou do 10 % (v zévislosti na velikosti a formé baleni potraviny). VétSinou
byla porce konzumovéna béhem 5 minut. Ojedinéle (zvl. u starSich osob) se tato doba prodlouzila,
nepiekrocila vsak 20 minut.

VYCHOZI GLYKEMIE

Rovnéz se ukazalo, Ze hyperglykemizujici G¢inek potraviny miiZze byt ovlivnén vychozi hodnotou
glykémie. Pfi vysgich hodnotach glykémie je totiz East podané dévky sacharidi vylou¢ena do moci
v zavislosti na vy§i renalniho prahu. V diisledku toho miize byt hyperglykemizujici sila sacharidové
stravy nepfimo iméma vychozi hodnoté glykemie. Jinymi slovy: GI by mél byt zji§tovan pouze teh-
dy, kdyz vychozi hodnota nepfesahuje renalni prah, t.j. 10 mmol/l. Z toho divodu jsme v nasi studii
usilovali o tipravu vychozi glykemie pomoci korekénich bolusti aplikovanych hodinu pted zatatkem
konzumace potraviny.

U osob s diabetem 1. typu je neméné diilezité, aby bylo pii testu zajisténo bazalni davkovani
inzulinu. Pfi konvenéni aplikaci bolusti inzulinu nebyva pfiméfena rovnovaha mezi injekei inzulinu
(5, 17) a postprandidlnim vzestupem glykémie. Tento poZadavek byl v této studii &asteCné splnén
tim, Ze v8ichni diabetici 1. typu méli svoji (osvédenou) bazalni davku aplikovénu pomoci inzulinové

pumpy.

REFERENCN] POTRAVINA

Jako referenéni potraviny se obvykle pouziva Eisté glukézy nebo bilého chieba. Hyperglyke-
mizujici &inek bilého chleba (obsah sacharidii 50 - 60%) odpovida 70 - 74% hyperglykemizujiciho
a¢inku &isté glukézy. V nasi studii jsme jako standardu vzdy pouzivali Cisté glukézy.

KvLiNnickA ApLIKACE GI

Podle nékterych autorii miiZe byt pro zdravé osoby znalost GI potravin pfinosem. Potraviny
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s nizkym GI ziejmé vedou ke zlepSeni lipidového spektra (15, 22). Dlouhodobéa konzumace potravin
s nizkym glykemickym indexem pravdépodobné zpomaluje rozvoj aterosklerézy. U mladistvych bylo
zjisténo, ze piijem energie pfi konzumaci potravin s vysokym GI je o 81 % vétsi nez pfi konzumaci
potravin s nizkym GI (24).

U diabetiki 1. typu se zda, Ze GI potravin nema pfi konvenéni 1é¢bé inzulinem zdsadni vyznam
(32). Vysledky jsou vsak jiné pii intenzivni 1é¢b& inzulinem. Davkovani inzulinu by mélo byt upra-
vovano nejen podle mnoZstvi sacharid v potravé, ale také podle GI pozivanych sacharidi (8, 30).
Capani a spol. (6) ukazali, ze velikost preprandialni davky inzulinu u diabetiki 1. typu zévisi na Gl
potraviny. Buyken (4) zjistil, Ze u diabetik 1. typu konzumace potravin s nizkym GI vede k poklesu
HbAlc.

U osob s diabetem 2. typu vedla jednodenni konzumace potravin s nizkym GI k poklesu post-
prandialni glykemie a ke zlepSeni litkové premény (18). Rada dalsich praci ale neméla tak presvédéivé
vysledky. Ve 2 — 5 tydennich studiich u diabetiki 2. typu nebyl zjistén zadny vliv dlouhodobé konzu-
mace na télesnou hmotnost ani na HbA Ic, av8ak hodnoty glykémie a koncentrace lipidii ukazovaly
i pfi snizené endogenni produkci inzulinu pfiznivé trendy. Vliv dlouhodobé konzumace potravin
testovanych v této studii bude pfedmétem samostatného sdéleni.

CENA STANOVENI GLYKEMICKEHO INDEXU POTRAVINY

Cena je ovlivnéna fadou faktorl (rozsah testované skupiny, zvolené metody apod.). Pohybuje se
okolo 50 000,- K¢ za jednu potravinu. Pfi vyuziti CGMS a programového softwaru Solutions Software
a DegifXL je cena mensi a provedeni jednodussi (11).

ZAVER

Hodnoty GI vybranych potravin stanovené pomoci CGMS a klasicky se u nediabetikii, u DM1
lé¢enych inzulinovou pumpou a u DM2 lé€enych peroralnimi antidiabetiky vét§inou nelisi (p > 0,01).
Jediny signifikantni rozdil byl zjistén mezi GI jable¢né piesnidavky u nediabetikii a diabetik 2. typu,
kdy byly srovnavany pouze vysledky metody CGMS.

Lze soudit, ze glykemicky index potravin je dulezitym nutricnim ukazatelem, ktery by mél byt
systematicky vySetfovan a uvadén v nutriénich tabulkach kazdé potraviny. Upfesiiuje pohled na kvalitu
potravinarského vyrobku a mtize byt pfinosem pfi sestavovéni jidelnicku nediabetiki i diabetikd.

Podporovdno grantem IGA NR 7825-3 MZ CR.

Vénovdano Prof. MUDr. Rudolfut Korecovi, DrSc., in memorian.
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SOUHRN

Jde o prospektivni kontrolovanou nerandomizovanou studii, jejimz ucelem je prispét
k upfesnéni vztahu mezi primérnou glykemii a glykovanym hemoglobinem Alc u osob
s diabetem lécenych pomoci inzulinové pumpy. Cilem bylo zjistit, jak se v obdobi tff mésict
vyviji koncentrace HbAlc (1) v kontrolni skupiné osob s diabetem pii konvenénim selfmoni-
toringu a (2) v intervenované skupiné€ osob pii kontinualnim selfmonitoringu pomoci CGMS,
Medtronic-Minimed, Northridge, CA, USA. V kontrolni skupin€é (n = 13), ktera pfi studii
pokracovala v obvyklych kontrolach glykemie selfmonitoringem na glukometru Wellion Li-
nus (3,3 - 4,0 méfeni za den), nedoslo v pritbéhu 3 mésicti k podstatné zméné hodnot HbA lc.
V intervenované skupiné byl na po¢atku sledovani zahdjen kontinualni selfmonitoring, ktery
byl hodnocen u 16 osob ve 25 tfimési¢nich obdobich; koncentrace HbAlc poklesla v priibé-
hu prvniho mésice asi o 1 % a toto zlepSeni zistalo zachovano po celou dobu tfimési¢niho
sledovani. Studie ukazuje, Ze kontinualni selfmonitoring transkutannimi senzory pfispél ke
zlepSeni kompenzace osob s diabetem 1. typu. Pfi pokracovani v konvenénim selfmonitoringu
pomoci glukometri se Zadné zlepSeni HbA lc¢ neprojevilo.

KLICOVA SLOVA: selfmonitoring, inzulinovd pumpa, kontinudlni monitorovani koncentrace
glukozy, diabetes mellitus

SUMMARY

The purpose of this prospective controlled nonrandomized study is to describe the re-
lationship between average glycaemia and glycosylated hemoglobin Alc in persons with
diabetes using insulin pumps. The objective was to find out how concentration of hemo-
globin Alc develops (1) in a control group using conventional selfmonitoring, and (2) in
the intervention group using continuous glucose selfmonitoring by means of CGMS, Med-
tronic-Minimed, Northridge, CA, USA. In the control group (n = 13) continuing in usual
selfmonitoring on a Wellion Linus glucometer (3,3 — 4,0 measurements per day) there was
no significant change of HbAlc during the period of 3 months. In the intervention group
continuous glucose monitoring was initiated and assessed in 16 individuals in 25 three-month

n
n
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periods; concentration of HbA1c decreased during the first month by approximately 1 % and
this improvement remained during the whole three-month period of monitoring. The study
shows that continuous glucose selfmonitoring by means of transcutaneous sensors contributed
to improved compensation in persons with type 1 diabetes. Under continuing conventional
selfmonitoring with glucometers no improvement of HbAlc was demonstrated.

KEY WORDS: selfmonitoring, insulin pump, continuous glucose monitoring, diabetes
mellitus

UVOD

U osob s diabetem 1. typu patii selfmonitoring koncentrace glukézy v plazmé (SMPG)
k zékladnim prostfedkiim uchovéavani kompenzace (24, 37). Vyvoj testovacich prouzki
a glukometril v poslednich tiiceti letech umoznil rozsiieni selfmonitoringu koncetrace glukozy
v plazmé mezi osoby s diabetem 1. i 2. typu a postupné vytlacil nepohodIné a relativné nepiesné
vysetfovani glukozy v mogi (1,4, 5, 8, 9, 10, 12, 13, 33, 39, 41). Velké pozornost je vénovana
frekvenci selfmonitoringu a jeho efektivité (27, 34, 38). Nékolikaletd studie DCCT (Diabe-
tes Control and Complications Trial) jiz v roce 1993 ukézala, Z¢ SMPG je u osob s diabetem
1. typu piinosem tehdy, je-li glykemie kontrolovéna alespoii 4x denné a nasledné korigovana
intenzivni 1é¢bou inzulinem (6, 40). V soudasné dobé se doporucuje, aby osoby s diabetem
1. typu kontrolovali glykemii 5 x aZ 8 x denné a diabetici 2. typu alesponi 3 x denné€. Intenzivni
selfmonitoring je Zadouci zv1asté pii 1é¢bé inzulinovou pumpou. Ukazuje se, Ze selfmonitoring
glykemie patfi k nejdrazs§im soudastem lé¢by diabetu a pfedpokladem pro jeho vyuZivani je
proto dobré ekonomické zazemi.

Nové moznosti nabizi od roku 2000 kontinualni monitorovani koncentrace glukozy (CGM)
v intersticidlni tekuting transkutdnnimi senzory (16). Na naem pracovisti mame zkuSenosti se
senzory Medtronic-Minimed, Northridge, CA, USA (32). Kazdy senzor registruje 288 hodnot
PG za den. Je uréen pro jednorazové pouZiti a dobfe funguje zpravidla po dobu sedmi i vice
dnt od zavedeni (19). Koncentrace glukdzy v intersticiu (ISFG) vysoce koreluje s P-glukozou
(PG). Ze senzoru lze tdaje o koncentraci glukézy pomoci transmiteru bezdréatové prenaset do
samostatného monitoru nebo do inzulinové pumpy Paradigm X22.

V roce 2007 jsme pii tfimési¢nim CGM v souladu s jinymi studiemi (33) prokézali vysokou
korelaci mezi priimé&mou ISFG a HbAlc (20). Dosud viak neni jednoznacné, jaky je skuteny
piinos CGM pro vyvoj koncentrace HbAlc, ani do jaké miry je HbAlc ovliviiovan variabilitou
glykemie a dal§imi faktory. Uelem nasi studie bylo pfispét k upresnéni nastinénych otazek.

CiL
U osob s diabetem lé¢enych pomoci inzulinové pumpy zjistit, jak se v obdobi tif mésici

vyviji HbAlc (1) ve skuping osob pii konven¢nim selfmonitoringu a (2) v samostatné skupiné
osob pfi kontinualnim selfmonitoringu.

METODIKA

Uspordaddni studie

Tato prospektivni nerandomizovand pilotni studie probihala v roce 2007 a 2008 na Lékaiské
fakulté Univerzity Palackého v Olomouci a ve Fakultni nemocnici Olomouc. Kazdy proband
byl ambulantné sledovan po dobu 3 mésici (Obr. 1). Na zac¢atku studie a na konci kazdého
mésice bylo provedeno klinické i laboratorni vy3eteni (HbAlc) a edukace piipadné reedukace
probandi.

56



DIABETES A OBEZITA

Edukace a reedukace probandl byla zaméfena na zavadéni senzort CGMS, na obsluhu
transmiteru a pumpy a rovnéz na adaptaci prandidlnich bolust podle hodnot glykemie a ak-

tualni situace.

Obr. 1
OSNOVA STUDIE

Start Visit 1 Visit 2 Visit 3

K SMPG resp. ke kalibraci senzoru byl u v8ech vyuzivan glukometr Linus, Wellion,
AgaMatrix, Salem, NH, USA (Obr. 2). Frekvence SMPG byla hodnocena pomoci software

Diabass 4 (Obr. 3).

Obr. 2
GLUKOMETR LINUS, WELLION, AGAMATRIX, SALEM, NH, USA

Obr. 3
VYSTUP ZE SOFTWAROVEHO PROGRAMU DIABASS 4, POMOCI KTEREHO BYLA
ZJISTOVANA FREKVENCE SELFMONITORINGU NA GLUKOMETRU LINUS
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Pii CGMS byla frekvence registrovanych hodnot koncentrace glukézy v intersticialni
tekuting zjisfovana pomoci Solutions software, Medtronic Minimed, Northridge, CA, USA
(Obr. 5). Presné vyhodnoceni bylo provedeno u 10 nahodile vybranych probandii. Kalibrace
senzoril byla podle doporugeni vyrobce provadéna 2x denné ve 12-hodinovych intervalech
na glukometru Linus.

Koncentrace glykovaného hemoglobinu (HbA 1¢) byla zjistovéana etablovanou metodou
vysokotlakové kapalinové chromatografie na iontoménici. Podle stupnice IFCC je referencni
rozmezi této metody pro zdravou populaci 2,8 - 4,0 %. Reprodukovatelnost vysledki v sérii
i ze dne na den se pohybuje v rozmezi +1,4 % naméfené hodnoty.

Obr.4
INZULINOVA PUMPA PARADIGM 722 (DOLE) AuTRAN SMITER GL NAPOJENY K SENZORU
(NAHORE)

Obr. 5
SOLUTIONS SOFTWARE, MEDTRONIC MINIMED, NORTHRIDGE, CA, USA., POMOCI

KTEREHO BYL ZJISTOVAN POCET MERENi KONCENTRACE GLUKOZY ZA 24 HODIN
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Sledované osoby

Byly sledovany 2 nezavislé skupiny osob s diabetem:

1.  Kontrolni skupina 13 osob s diabetem (5 muzi, 8 Zzen; vék 19 - 64 let; trvani diabetu
5 - 26 let) Ié¢enych inzulinovym analogem Novorapid pomoci inzulinové pumpy Mini-
Med 508 nebo Paradigm 712 nebo Paradigm X22 bez senzoru, Medtronic Minimed, které
provad€ly SMPG obdobné jako dfive a nikdy nevyuzivaly kontinualni monitoring.

2. Intervenovana skupina 16 osob s diabetem (10 muzi, 6 Zen; vék 18 - 68 let; trvani diabetu
1 - 44 let) 1éCenych inzulinovym analogem Novorapid aplikovanym inzulinovou pumpou
Paradigm 722, Medtronic Minimed, Northridge, CA, USA, u kterych byl po dobu 3 mésicli
provadén CGM pomoci transkutannich senzort (Obr. 4). Tento monitoring pomoci senzori
navazal na pfedchozi SMPG provadény pred zacatkem studie. Prvni senzor byl zaveden
pod odbornym dohledem na zacatku studie. Dal$i senzory zavadél proband doma nebo
na svém pracovi§ti samostatné. Kazdy senzor byl ponechan v podkozi aZz do skonéeni
své funkce (obvykle 7 - 10 dni). Ojedinéle do$lo k ndhodnému pfedéasnému vytaZeni
senzoru. Z uvadéného poctu 16 osob bylo po uplynuti 6 mésicti 9 osob vySetteno podruhé
podle stejné osnovy, takZe na konci studie mohl byt hodnocen vyvoj priimérné glykemie
a hemoglobinu Alc ve 25 tfimési¢nich obdobich s trvalym vyuzivanim CGM.

V3sechny osoby podepsaly informovany souhlas. Studie probihala v souladu se zdsadami Hel-

sinské deklarace z roku 1975 v upravé z roku 2000 a byla schvalena mistni etickou komisi.

Statisticka analyza

Pfi statistické analyze byl pouzit program SPSS v.15,0, SPSS, Inc., Chicago, IL, USA.
Podle povahy analyzovanych dat byly vyuzity nasledujici testy: chi-kvadrat test (zastoupeni
pohlavi v jednotlivych skupinach), Mann-Whitney U-test (rozdily véku pfi rozpoznani diabetu,
rozdily trvani diabetu a délky 1é€by pumpou, rozdily hodnot BMI a rozdily hodnot HbA lc
mezi kontrolni a intervenovanou skupinou na za¢atku studie a pfi kontrolach), dvouvybérovy
t-test (rozdily ve véku na zacatku studie a rozdily v davce inzulinu mezi kontrolni a interveno-
vanou skupinou), Friedmannliv neparametricky parovy test (vyvoj hodnot HbA I¢ u kontrolni
a intervenované skupiny) a nasledné Wilcoxontiv parovy test u intervenované skupiny (srovnéni
HbAlc pfi 1., 2. a 3. odbéru s odbérem vychozim) a analyza rozptylu ANOVA (rozdil mezi
davkami inzulinu v dobé 1., 2. a 3. odbé&ru). Za signifikantni byl povazovan takovy rozdil, kde
pravdépodobnost P neopravnéného zamitnuti nulové hypotézy byla mensi nez 5 % (P < 0,05).

VYSLEDKY
Nebyly zjistény signifikantni rozdily mezi charakteristikami kontrolni a intervenované

skupiny: v&k pfi rozpoznani diabetu a pfi nastupu do studie, zastoupeni v jednotlivych sku-
pinach u jednotlivych pohlavi a délka 1é¢by pumpou byly stejné (Tabulka 1).

Tab. |
CHARAKTERISTIKY KONTROLNI (SMPG) A INTERVENOVANE (CGMS) SKUPINY OSOB
S DIABETEM
Skupina SMPG CGMS Signifikance |P]
N 13 25

VEk (roky) 432%35 42.6+3.2 0,915

Trvini diabetu (roky) 14,027 18.9+£23 0,161

Lé&ba pumpou (roky) 6.0+ 1,13 6.3 + 0,69 0.700
Paradigm X22 bez senzoru (mésice) 0 8.0£1.2 0.001
BMI (kg/m*) 258+13 24206 0.442

HbAle (%) 6.3 £0.51 7.2+ 0.38 0.223
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Obr. 6 ukazuje, ze zmény koncentrace HbAlc v pribéhu tfimési¢niho sledovani nebyly
u kontrolni skupiny vyznamné (P = 0,001); naproti tomu v intervenované skuping, ktera po-
uzivala kontinualni selfmonitoring, se HbAlc do konce 1. mésice sniZil (P = 0,0001) a toto
snizeni (vii¢i vychozi hodnot&) pretrvavalo i pti kontrole na konci 2. a 3. mésice (P =0,001).
Mezi vychozimi hodnotami HbA 1¢ ve skuping kontrolni a intervenované nebyl Zadny rozdil
(P = 0,223). Rozdily HbA1c nebyly zjistény ani pti odbérech na konci 1. mésice (P=0,73 LE
na konci 2. m&sice (P = 0,259) ani na konci 3. mé&sice (P = 0,269) (Tabulka 2).

Qbr. 6
VYVOJ KONCENTRACE HbA1C V PRUBEHU 3 MESICU VE SKUPINE PROVADEJICI
SELFMONITORING NA GLUKOMETRU (SMPG) A VE SKUPINE S KONTINUALNIM
SELFMONITORINGEM (CGMS) - P VYJADRUJE SIGNIFIKANCI ROZDiLU VZHLEDEM
K VYCHOZi HODNOTE (START)

Vyvoj HhA1c v pribéhu 3 m ésich

SMFPG CGMS
(glukom etr Linusg) (Paradigm ¥22)
n=13 n=2%
8 —
5,63
6 0

§.86 -5r1 T 5,89 6,04 6.20
T =

+SE P&

D

e
0
=
o
= dl
W

start 1 2
»<0,001 p<=0,001 p=0.,001

N\

Tab. 2
HbAIC, DAVKY INZULINU, BMI A FREKVENCE MONITORINGU V KONTROLNI

AV INTERVENOVANE SKUPINE (PRUMERZSE)

Skupina SMPG (n=13) CGM (n=23)
Mésic Start I 2 3 Start | 2 3
HbA1¢/IFCC [Y0] 63+051[59+055[65+£045] 6.6+0.5 |7.2+038[6.0£0.27] 6.0£3.2 | 6.2+0.3]
Inzulin Novorapid [j/d] - 402+45(400£4.5 (429452 - 4214+221404£221412+£23
BMI [kg/m?] 258+ 1.3 - - 26,1 £14|242£1.6 - - 24,4+ 0.6
Frekvence SMPG/més. - 4 3.6 33 - - - -
Frekvence CGM/més. - - - 5 - 7720 7063 7004
Vyuziti CGM [%] - - - - - 90 88 87

V z4dné skupiné nedoslo k signifikantni zméné denni davky inzulinu (Obr. 7) ani BMI
(Tabulka 2).
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Obr, 7
PRUMERNA DENNi DAVKA INZULINU V PRUBEHU 1. - 3. MESICE VE SKUPINE SMPG A CGMS
(NS — Zadny sidgnifikantni rozdil oproti pryvnimu mésici)

Primérnd dévka inzulinu aspart v pribéhu 3 mésicl
SMPG CGMS
(glukometr Linus) (Paradigm X22)
n= 13 n=25
50 — 42 9
40,2 40,0 T 42,1 40,4 412
T = =k s e B
— 40 - - i 1
= = —
w 30 -1
o
H
ab 2]3 -1
g. 10+
.
g 1 2 3 1 2 3
NS NS NS NS NS NS
DISKUSE

Kontinualni podkozni infuze inzulinu pomoci inzulinové pumpy patii k nejaéinnéj§im me-
todam 1écby u osob s diabetem (7, 37). Inzulinova pumpa vede nejen ke zlepSeni glykemického
profilu, ale ve srovnani s konvenéni 1é¢bou, omezuje i mnozstvi hypoglykemii. V nasi nedavné
studii jsme se piesvéddili, Ze pii tomto zpiisobu 1é¢by je vyhodné dat prednost kratkodobému
inzulinovému analogu (insulin aspart, Novorapid) pfed humannim inzulinem Actrapid (18).
Toto zjisténi je v souladu s pozorovéanim jinych autord, ktefi zaznamenali ptiznivy efekt analoga
lispro (Humalog) (31).

Vyuzivani kontinualniho monitorovani glukozy pfi 1é€bé inzulinovou pumpou se jevi jako
dobra perspektiva dal§iho zlepSovani kompenzace latkové premény (15, 21, 23, 25, 26, 35, 36).
Velké tsili je vénovano vypracovani zasad pro vyuZivani CGMS. Piednosti tohoto zptisobu
kontroly kompenzace je, Ze umoziiuje zachytit nejen primérnou glykemii za 24 h, ale také vari-
abilitu glykemie. Hledaji se souvislosti mezi vyvojem glykemie a hodnotami glykovaného he-
moglobinu Alc (2, 14, 17). Pro racionalni vyuzivani CGMS je tieba uvést do souladu finanéni
zdroje a edukaéni kapacity diabetologickych center takovym zptisobem, aby osoby s diabetem
mohly zvladnout obsluhu monitori CGMS a pfiméfenym zpiisobem reagovat na ménici se
glykemii (11, 16, 30).

Presnost kontinudlniho monitorovani glykemie u zdravych i u osob s diabetem 1. typu
zpravidla dostacuje k adaptaci davek inzulinu. Kontinudlni monitoring je dnes jiZ bezpetnou
a dobfe tolerovanou metodou, jejiz vysledky se shoduji s hodnotami zjisténymi pomoci
glukometrti jako Linus, Optium, One Touch Ultra a dalsi (3,19, 28, 29).

Vysledky naSich pozorovéani se shoduji se zavéry studii jinych autort. V nasi studii doslo
pii provadéni kontinudlniho monitoringu k poklesu glykovaného hemoglobinu jiZz na konci
prvniho mésice studie. V ramci studie nebyly pozorovany Zadné zavazné lokalni ani celkové
komplikace v diisledku vyuzivani senzoru po celou dobu jeho funkce, t.j. zpravidla 7 - 14 dni.
Tato skutecnost je v souladu s pfedchozim pozorovanim (19, 22).

Dosavadni zavéry této studie jsou pouze pfedbézné. Zatim nebyly feSeny dulleZité otéz-
ky tykajici se variability glykemie a frekvence hypoglykemii a hyperglykemii v priibéhu dne
a jejtho vlivu na hodnoty glykovaného hemoglobinu Alc. Studie zaméfené na tuto problema-
tiku v8ak jiz probihaji.
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ZAVER

Pii obvyklé frekvenci konvenéniho selfmonitoringu (3,3 - 4,0 méfeni za den) nedo-
$lo v priibéhu 3 mésichi k podstatné zmén& hodnot HbA Ic. Naproti tomu pfi kontinudlnim
selfmonitoringu vyuzivaného asi v 90 % celkového ¢asu poklesla v pribéhu prvniho mésice
koncentrace HbA lc asi o 1 % a toto zlep$eni ziistalo zachovano po celou dobu tfimési¢niho
sledovani. Kontinualni selfmonitoring transkutdnnimi senzory se tedy jevi jako vyznamny
prostfedek ke zlepSeni kompenzace osob s diabetem 1. typu. Jeho piiznivé vysledky kon-
trastuji s vysledky SMPG. Lze tedy soudit, Ze kontinudlni selfmonitoring by se mohl a mél
stat pravidelnou sougésti racionalni 1é¢by vybranych diabetikii 1. i 2. typu. Za tim ucelem
viak bude t¥eba vénovat nalezitou pozornost odborné piipravé zdravotnikii i osob s diabetem
a ekonomickému zajisténi dodavek senzort.

Vénovdno Prof. MUDr. Rudolfu Korecovi, DrSc. in memoriam.
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Abstract

Background:

The glycemic index (GI) is a measure of the ability of a food to raise glucose levels after it is eaten. Continuous
glucose monitoring (CGM) has been shown to give identical values of GI when compared to traditional
methods. However, there has been no standardized protocol for measuring GI that takes into account
interindividual variability and chronophysiological glycemic response to food. Our aim was (1) to create and
describe software based on a Microsoft Excel 2000 spreadsheet to facilitate rapid, automated, accurate, and
standardized processing of data obtained using recent CGM methodology to measure GI and its variability
and (2) to assess the benefits of this new approach.

Method:
Twenty healthy subjects consumed 50 grams of glucose or four alternative foodstuffs (chocolate, apple baby
food, rice squares, or yogurt) at breakfast and dinner during 1 week, resulting in 300 CGMS glucose profiles;

92% of meal tests were satisfactory for evaluation. Application and functions of the software DegifXL are
described.

Results:

Using the new spreadsheet software DegifXL, time required for data processing for the 15 data sets for each
subject was reduced from 2000 to 160 minutes relative to previously used manual methods. We characterized
the GI for four foodstuffs with three replicate measurements in each of 20 subjects and evaluated between
person, between time period, and between replicate GI variabilities.

Conclusion:
DegifXL, combined with CGM, was an efficient and effective tool for routine measurement of group- and
subject-related GI.
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Chlup

Introduction

The glycemic index (GI) of a food is defined by the
incremental area under the blood glucose curve (IAUC)
after the ingestion of 50 grams of carbohydrates in a test
food, expressed as a percentage of the IAUC of an equal
amount of a reference food (glucose).! Conventionally,
capillary plasma/blood was used to calculate the IAUC
and GI. In 2006, we showed that there was no significant
difference between GI determined using the continuous
glucose monitoring system (CGMS; Medtronic MiniMed,
Northridge, CA) and traditional, more time-consuming
conventional methods.? The aims of this forthcoming
study were (1) to describe a spreadsheet-based software
program created to facilitate the rapid, automated,
accurate, and standardized processing of CGM data
to measure GI and its variability and (2) to assess the
benefits of this new software and methodology.

Material and Methods

Twenty nondiabetic volunteers (6 males and 14 females)
aged 24.4+0.71 years (mean + SE) provided written
informed consent with participation in this study
performed in accordance with the Helsinki Declaration
and approved by the local ethics committee.

The software program DegifXL was developed using the
Microsoft Excel 2000 spreadsheet (Microsoft Corporation,
Redmond, WA). Data from CGMS Solutions™ software
were processed following a standardized protocol,
requiring (1) a team of trained investigators (physicians,
educators, dietitians, laboratory workers, information
technology support workers); (2) trained subjects with
anticipated ability to cooperate with the study protocol;
(3) portions of test foods, each containing 50 grams of
carbohydrates; (4) hardware—personal computer (PC),
CGMS™, and glucometers; and (5) software—MS Excel
2000, CGMS Solutions software, and DegifXL.

Test Period Design

Subjects consumed 50 grams of glucose or four alternative
foodstuffs for breakfast and dinner (Table 1) beginning
in the evening of the first day and continuing testing
for the following 7 days, resulting in 15 tests (3 tests per
food) performed in each of 20 participants.

At the beginning of the study, the participants were
given clearly marked packages containing individual
portions of tested foodstuffs. These tested portions
were consumed at home according to the protocol. The
consumption of all foods was documented in a diary.

Participants were asked to fast for 10 or 4 hours before
breakfast and dinner, respectively, and to eat each
portion of test food within 5 minutes; simultaneous
drinking of 300 milliliters of fluids (water, tea, or coffee)
was recommended. During the day (except breakfast,
dinner, and respective postprandial 120-minute period),
they were free to eat any meal provided that the total
daily energy intake remained steady (£10%).

Continuous Glucose Monitoring System Operation

The CGMS sensor was inserted before the first test.
The subjects were asked to always enter the event
“FOOD” into the monitor before eating the tested food.

Transfer of Data to the DegifXL Spreadsheet

At the end of the test period, CGMS data were
downloaded to a PC and exported from CGMS Solutions
software 7310 v. 3.0C (Medtronic, MiniMed) to a
spreadsheet. CGMS Solutions software stores the values
of interstitial fluid glucose concentration (ISFG) in a
special directory containing “mmg” files, which can be
transferred from CGMS Solutions software by selecting
“File Export” into a separate “.fst” file.

Table 1.
The 8-Day Standard Meal Plan for Five Different Foods Tested through Breakfasts and Dinners*

Day 1 2 & 4 5 6 7 8
Puffed rice Dark Apple baby Flavored Glucose Puffed rice
Breakfast Glucose (2) squares (4) | chocolate (6) | food (8) yogurt (10) (12) squares (14)
. Dark Apple baby | Flavored Puffed rice Dark Apple baby Flavored
Dinner chocolate (1) food (3) yogurt (5) Glucose (7) squares (9) | chocolate (11) | food (13) yogurt (15)
@The number of each meal test is given in parentheses.
J Diabetes Sci Technol Vol 2, Issue 1, January 2008 68 www.journalofdst.org
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Mathematical Principles and Formulas

The IAUC (Figure 1) was determined using calculus
(integration, as the sum of all 24 trapezoid areas)
according to the formula: JAUC =%S;i=1,..., 24,

4 (G, -Gy)+ (G, _G")-At,
2
where G; is glucose concentration at a particular time,

Gy is starting glucose concentration, and At =5 minutes.
For Gi < Go, Si =0.

5,

DegifXL offers two ways of defining G,. First, G, can
equal the ISFG value at the beginning of the meal,
with the resulting values described as IAUC 1 and GI 1.
Second, Gy can be an average of the five ISFG values
preceding (25 minutes) the start of the meal, enabling
the calculation of IAUC 2 and GI 2. In order to exclude
the potential influence of ISFG outliers, the average G,
is computed in two steps: (1) the average of five ISFG
values is calculated and (2) ISFG values exceeding the
empirically defined interval (avgISFG + 0.3 mmol/liter)
are excluded, and the final G, is reaveraged from the
resting values.

Next, the subject-related GI for a particular test food is
calculated in every individual separately according to
the formula:

[ - average TAUC test food
average IAUCqiucose

.100[%]

Finally, the group-averaged GI is calculated from all the
individuals’ calculated Gls.

Data processing in DegifXL
DegifXL consists of four spreadsheets, labeled setup, data,
list of probands, and statistics.

mmol/liter
10

G4

e s:
Gy
o

Portion of tested food
with 50 g Carbohydrates

30 45 60

time [min]

75 80 105 120

15 %

Figure 1. Calculation of the incremental area under the curve. IAUC
is calculated as the sum of areas of 24 individual trapezoids. Go,
glucose concentration before meal intake; G;, glucose concentration at a
particular time; At, time interval between estimations (in CGMS, always
5 minutes); S;, area of the respective trapezoid.

In the setup spreadsheet (Figure 2), the user has to fill in
the following data:

e The total number of tests planned for one individual
into [Planned number of meal tests in one person].

The exact path to the directory “fst” into [Directory
containing exported data from CGMS Solutions
Software (.fst)].

The limits for ISIG (Input Signal of Glucose registered
in the CGMS). If the ISIG is out of range (usually 10—
100 nA), DegifXL will exclude the ISFG from further
processing.

The limit for missing ISFG values in one test [Upper
limit for No. of invalid values]. If the real number of
missing values is higher than the limit set by the user,
DegifXL will exclude the test from further processing.
Five or less missing ISFG values were accepted in this
study.

¢ The list of tested foods (Table 1) and their abbreviations
(Marks) into [Order of tested foods as they were
consumed during the CGMS measurement].

Test meal times for morning and evening tests into a
separate table [Test meal time]. Tests starting outside
this defined period were not processed.

The empirically defined interval (avgISFG + 0.3 mmol/
liter) enabling the precise calculation of ISFG 2 and GI 2
into [ISFG glucose tolerance for IAUC 2].

e The number of the test meal in the test schedule must
be input into [Order of meal in test]. This function
allows calculating average GI for specific foods. If the
test meal number is input into the raw [Filter values],
the resulting GI will appear in the statistics spreadsheet
(Figure 2).

e The mark of the morning (M) or evening (E) tests into
[Morning/Evening] allows calculation of the GI for
either breakfasts or dinners.

* Optional marks into [Other rank] when needed to select
meals according to specific criteria (e.g., GI for fresh
meals).

The data spreadsheet (Figure 3) imports data from an
“fst” file when the user clicks on the button [Import
CGMS]. The missing start times must be filled in
manually. By clicking on the button [Resulting IAUC] the
values of JAUC 1 and IAUC 2 will appear on the screen.
Then, data of the next person can be added. The table in
the upper part of the data spreadsheet shows the number
of successful tests with each food, the number of persons
who successfully completed all planned tests (in this
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Upper ISF
Planned limit for | glucose
number of |Directory containing exported Lower | Mo of | tolerance
meal tests in |data from CGMS Solutions ISIG invalid | for IAUC2 | Test meal
one person |Software (*.fst) fimit | values | [mmol/l] time From Till
15 d:\degif2\ 10 5 0.3 Morning 3:00 10:00
Evening]  16:00 22:00
Order of tested foods as they were consumed
during the CGMS measurement Filter
Test Orderof Morning/ | Other
Mark Tested food number Parameter |mealintest Evening rank
c Chocolate 1 1 E
G Glucose 2 1 M
A Apple baby food 3 s 1 E
R Puffed rice squares 4 1 M
Y Yogurt 5 . 1 E
¢ Chocolate 6 ! 2 A :
G Glucose 7 e 2 E
A Apple baby food 8 c 2 M
R Puffed rice squares 9 t 2 E
Y Yogurt 10 2 M
c Chocolate 1 I 3 E |
G Glucose 12 o 3 M
A Apple baby food 13 n 3 E
R Puffed rice squares 14 3 M
Y Yogurt 15 3 E
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Meal filter text[ALL ]

Figure 2. Setup spreadsheet to be completed at the beginning of the analysis. ISIG shows electrical current from the glucose sensor proportional to

the glucose concentration.

study, three tests with each food), and the number of
people completing one or two tests.

The spreadsheet proband list shows the number of
successful tests carried out with particular foods. It also
allows performing the selection of probands by entering
the particular filter parameter.

After opening the spreadsheet statistics (Figure 4), it takes
about 30 seconds to recalculate the results according to
selection criteria. The following data are shown:

¢ The group-averaged GI1 and GI 2, the number of test
subjects, the number of successful tests performed with
individual foods, and the average IAUC 1 and IAUC 2
for the entire group of all subjects tested.

The individual subject-related GI 1 and GI 2, the average
IAUC 1 and TAUC 2, and the number of successfully
processed tests performed with tested foods in
one individual selected by clicking on the personal
identification number in the yellow field [Prob. No].

The correction factor [Corr. factor], which is the
difference between the G, of IAUC1 and the G,
of TAUC 2. It is calculated from [Offs] in the data
spreadsheet.

Average ISFG values after the particular food from all
5-minute intervals in the whole group, as well as for a
selected individual (top right area of the spreadsheet).
IAUCs are calculated from these values.

The chart showing the TAUC of glucose (the area
below the red curve) and the IAUC of the selected
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Tested food Number of Number of selected probands

tests 3 tests| 2 tests| 1 test notest| ¥
G |Glucose | 14 0 0 14 | 0 14
A |Apple baby food 27( 0 13 1 ; 0 14
R |Puffed rice squares 14| 0 0 14 0 |4
Y |Yogurt 24/ 0 10 4 0 |14
C |Chocolate 24 0 10 4 0 14

Total number of tests 103]
[ Import CGMS | Resulting IAUC Time after meal start
Test Start ! offs : |
Proband Name No | Testdate | time |IAUC1/IAUC2 Food | 2 | 0| 5 | 10|15 20|25 30|35 40 45 50 |55| 60,65 70 75! 80 85 90| 95 100|105 110/ 115! 120Use this symbol

7 |DemoPerson7 | 1 | 27.10.2004, 18:46] 0,37, 0024, C | 01 .65 65|6765|65 6816762 65 72|69 7,063 6261 59 58 61|67 67|66 67,69 72 71,C
7 |DemoPerson7 | 2 | 28.10.2004] 4:26] 4,27 501, G |-04/49]53(59|67(72/76/80/82/82]84(83/83/80/75/7,1/68 6869/68/63/62/6362/63]6,1
7 |DemoPerson7 | 3 | 28.10.2004] 18:01 048] 018/ A 0267|6568 69|70 7169 69 69 67 69|73|70 70 72 71.68/72|73|7,0/68 6768|6769 A
7 |DemoPerson7 | 4 | 29.10.2004] 4:31] 3,48 407, R 1-03152|52|57|57|57/5862 6567 68]6972/75/78/78/79/84 79|77]75|74(71173/74/7,7
7 |DemoPerson7 | 5 | 29.10.2004| 18:01. 053] 0,68 Y -0,1161]66|63|63|61/69/68 65 64 69/68]65/6362 676262 59 58 5858585962 64
7 DemoPerson7 6 30.10.2004 4:31 0,25 1,04 C -0,5156(56|56|55|57157157158!54155/53/59/58 58565861 59[58|56|54/53153/58(65
7 DemoPerson7 7 30.10.2004/ 18:01 6,52 7,50 G -05160(66(72|79|841881949710,4{10,7/10,9/11,0110,7:11,0:110,7/110,3:10,6/10,2| 9,7 | 95861811781 7,417,2 |G
7 DemoPerson7 8 31.10.2004 4:31 2,54 3,52, A -0,5/61/64(67|72|76178179/81/82/82/78/77/77:77:76/74/73/72/71/70/7,017,0169|7,06,7
7 |DemoPerson7 | 9 | 31.10.2004] 1831, 1,98/ 1,53] R |03 |57/57(60 60|58 5960 62 67|67 68 66 7579 77 7776 79|70/7,0(66 67 58 6275/R
7 |DemoPerson7 | 10 | 1.11.2004] 4:31 263/ 2,83 Y -0,15359(63(67(70/73/75 75 76!72(70/69/69 65 62 60 60 65 66|65636262 62 63
7 |DemoPerson7 | 11 | 1.11.2004] 18:01 3,19] 4,600 C |-07/52|54|54 57|62/65]66 64 69 68 74|76|76 7469 69 6867|7374 7472/70/71/77/C
7 |DemoPerson7 | 12 | 2.11.2004] 4:31] 6,99 7,25 G 1-0,1/51|58]66)75/79/83190/9319395(99/93/98/9811021009,7 93/91]88/85/80737469
7 |DemoPerson7 | 13 | 2.11.2004| 18:01. 053] 0,5 A 103 !58/60|63|65/65/64/61 61 61 63]62[61]62/6161/62/59 59 58 5249147484950 A
7 DemoPerson7 14 3.11.2004 4:31 2,72 3,11 R -0,2148(48|53|55/5815916,116216869|65 67 676669 68 65/61/59|57 616216216261
7 |DemoPerson7 | 15 | 3.11.2004 18:01, 0,28/ 043/ Y 1-0,2/56/61|596,1(5762157 5459 53|54 60|55 5853 5354 51|54 59/5653150/5342]Y
8 |DemoPerson8 | 1 | 27.10.2004, 18:37, 0,75 1,21, C |-0,2|46 46 47|47/48]47 48 48,46 44 47|47 48471525959 57|54/5351/48/48|49 59/C
8 |DemoPerson8 | 2 | 28.10.2004 5:12] 3,290 329 G | 0 6354]56|57|657.4/79 7477 79/79/78(7.8/78:80 85 94 108/105/9,1891837,7|76/75
8 |DemoPerson8 | 3 | 28.10.2004] 18:32] 3,05 305 A | O |46/48|53|56|61 65 66 7,0 70 68 64|63|61 61 62 60 61 61 62 63 64|61,61 57 59 A
8 |DemoPerson8 | 4 | 29.10.2004] 5:27] 2,35 1,491 R | 06 46/46|42(37|37.37.37 59 6467|67/6769,69 72 68 64]62|57|57|54 54 58 55/49
8 |DemoPerson8 | 5 | 29.10.2004/ 18:27 09162/73]68]676774:80 78/6969|6459/56 5752 51 49 51|51]48/48 48484848
8 |DemoPerson8 | 6 | 30.10.2004/ 5:32 0,1140/40]40(40(4074,0/4,0/40140/40[40[40]40740 4040140 40]40[40[40758/ 616261
8 DemoPerson8 7 30.10.2004/ 18:32 8,89 9,12 G -0,1156(59/65|73|8019010,0/10,6/10,4110,8/11,5/11,9/11,7112,0:112,4/12,0:112,0 11,5[11,5/11,1/10,5/ 99 1 94 1 84179 |G
8 |DemoPerson8 | 8 | 31.10.2004, 517/ 253] 222 A 102 50|56/62/6569170/72/74:7269/68/67/65 63 626116160 58|56 5454 555856
8 |DemoPerson8 | 9 | 31.10.2004 18:32] 7,55 7,94 R [-02/55(55/63 /667583190 90]92 94(99 98 99 10,01105/106/10410,3[10510510,4109/107/10,0192 R
8 |DemoPerson8 | 10 | 1.11.2004] 512 231 309 Y |-04149/49(52|568/65 7072 73 7366 62[61 60 61 59 59 59 59| 58|58 55 65 56 59 69
8 |DemoPerson8 | 11 | 1.11.2004] 18:27. 264! 284 C |-01!53/56/60|61|64 6661 64 67 68 70686969 69 70 68 68 70 7372|7065 63 63/C
8 |DemoPerson8 | 12 | 2.11.2004 512/ 7,80 8,19 G [-0,2/50/57|67|72|79!87 93/10,1103/105/10,7/10,7/10,8/109 11,0108/ 99104100/ 9,2 8373625951
8 |DemoPerson8 | 13 | 2.11.2004 18:32] 3,75 4,30, A 1-03151|57|66|72[77/77/82(85185/82/80(79(76/75 74 72167]67/66/62/59/56/545352A
8 |DemoPerson8 | 14 | 3.11.2004] 5112 445! 4220 R | 041144|51]60[70[74]72/83/83/73/79/87/83/74/70/63 5758 57/59|59/60 53 54161156
8 DemoPerson8 i 15 3.11.2004; 18:17 3,78 3,32 Y 03141(41(5854(59166!17,6/83172171(64 62 72777878 67|57 48|44 4114114141153

Figure 3. Data spreadsheet, which is generated by clicking on [Import CGMS]. Offs: the difference between G, for IAUC 1 and G, for IAUC 2. G, for
TAUC 2 is calculated as the mean of five glucose concentration measurements prior to the meal.

[Proband filter:ALL / Meal filter:ALL |

Test Glyc. Glyc. Name of the Number| Avg. | Avg. | Corr. Average ISF glucose of tested person bold numbers = minutes after meal start
food index 1 index 2 selected proband | of tests | IAUC1 | IAUC2 |factor| 0 | 5 | 10| 15[ 20| 25|30 | 35| 40| 45|50 | 55| 60| 65| 70| 75| 80 | 85 | 90 | 95 [100| 105|110 115] 120]
G 100,0% 100,0% 57 4,040| 4,440] -0,21] 60| 66| 7,1| 77| 82| 87| 89| 91| 90| 89| 89| 87| 85| 83| 82| 80| 7.9] 7.8 7.6 75| 73| 71| 69| 68| 65
A 50,9% 46,7% 58 1,807| 1,952 -0,08| 61| 62| 66| 7,0| 74| 76| 77| 7.7| 7.6 7.4| 7.3| 7.2| 7,0 7,0| 69| 68 67| 66 64| 64| 64| 63| 63| 63| 62|
R 99,9% 89,3% 56 3,093| 3,287| -0,09| 57| 58| 60| 64| 67 7.0{ 7.3| 7.5 76| 7.7| 78] 78| 77| 76| 7.6 7.5| 7.5| 7.5 7.3| 72| 7.1| 71| 70 7,0 69
Y 47,3% 40,9% 52 1,608| 1,649 -0,01| 60| 62| 67| 7.1| 74| 75| 75| 74| 7.2| 7.0 68| 6.7| 6,6 66| 65| 64 64 64| 63| 63| 63| 62| 62| 62| 62|
C 53,1% 47,2% 54 1,751| 1,812 -0,05| 55| 56| 59| 6,1] 63] 64| 64| 64| 64| 64| 64| 64| 64| 65| 65| 65| 64 64 64] 64| 63] 62| 62| 63| 64
Prob.| G 100,0% 100,0% 3 10,674| 7,179 1,78| 38| 7.2| 79| 87| 94[102]10,9]11,1[11,2[11,3[109[10,6{10,1] 95| 91| 91| 91| 86| 83 81| 7.9 78] 80| 7.7| 7.7
No [ A 29,7% 41,4% 3 3,167| 2,975| 0,10] 52| 55| 59| 64| 66| 69| 7.2| 74| 7.5 75| 7,5 75| 74| 73| 7.0 7.0 68| 67| 65| 65| 64| 63| 63| 60| 62
5 R 32,8% 49,2%| DemoPerson5 3 3,506| 3,535| -0,01| 57| 57| 6,1 66| 71| 7.7| 80| 80| 77| 79| 84| 84| 81| 7.8 7.7| 76| 7.7| 75| 74| 74| 72| 73| 72| 7.2 74
Y 14,4% 19,7% 3 1,539 1,411| 0,19] 59| 6.2| 63| 66| 70| 72| 72| 73| 7.3| 7.0 65| 6.7| 68| 67| 66| 66| 64 65| 66| 6.7 65 65| 64| 62| 62|
C 19,6% 24,4% 3 2,094| 1,748 0,22] 48| 48| 49| 51| 52| 53| 53| 55| 57| 57| 59| 60| 60 62 61 62| 65 63| 61| 63| 62| 61| 61 63] 64

\Clicken IAUC Curve points (after ion of ISF glucose at start) bold numbers = minutes after meal start
B Chocolate avg. ALL, n=54 Probands  testfood] 0 | 5 | 10| 15| 20| 25 30 | 35| 40| 45| 50 | 55 | 60 ] 65| 70 | 75| 80 | 85| 90 | 95 | 100] 105]110] 115] 120
mmol/l D Glucose avg. ALL, n=57 G | 00] 06| 11] 17| 22 27| 29| 31| 30| 29| 29| 27| 25| 23| 22| 20| 1.9] 1.8 1,6 15| 13| 11| 09] 08| 0.5
3,5 ALL A | 00| 02| 05] 09 13 16] 1.6 1.6 1.5 1,3| 12| 1.1] 1,0] 09 08| 08] 06 05 04| 0,3 03] 02| 02 02] 02
avg. R | 00] 02| 04| 07| 1.0 1.4 16| 18] 20| 21| 21| 21| 20| 20| 1.9] 1.8 18] 18] 17| 16| 15| 14] 13| 1.3] 1.2
3,0 P (AUCH |y 1 00] 03] 07 11| 14| 16] 15] 14| 13 1.0] 08 07| 06 06] 06| 05| 05] 04| 04] 04| 03] 02[ 02| 03] 03
C | 00] 01] 03] 05 0,7] 03[ 09] 0,9] 0,8] 0,8] 0,9] 0,9] 0,9] 1,0] 0,9 1,0[ 0,9 0,9 0,9] 0,9] 0,8] 0,7] 0,7 0,8] 0,9
25 / \ G2 | 00| 08 14| 1.9] 24| 29| 32| 33| 32| 32| 31| 29| 27| 25/ 24| 22| 21| 20| 1,9 17| 15| 1,3] 11| 1,0] 08
A2 | 00| 03| 06| 10 14| 16] 17) 17| 1.6 1.4] 1.3] 1.2| 10| 10| 09| 08 07| 06] 05 04| 04| 03] 03| 03| 02|
204 R2 | 00| 03] 05| 08] 11| 14] 1.7 1.9] 21| 22| 22| 22| 21| 20 20| 1.9] 1.9] 1.9] 1.8 16| 15| 15| 14| 14 13
! Y2 | 00| 03] 07 11 14| 1.6/ 1.5/ 1,5 1,3| 10| 09| 07| 06| 06] 06] 05 05 04| 04| 04| 03| 02| 02 03] 03
15 C2 | 00] 02] 04| 06| 08| 09| 09| 09 09] 09] 09] 1,0 1,0] 10] 10/ 1,0/ 1,0/ 09] 09] 09] 08] 07| 08| 08| 09]
' GP | 00| 34 42| 49| 56| 64| 71| 73| 74| 75| 72| 69| 63| 57| 53| 53| 53| 48| 46| 43| 41| 40 42| 40| 40
1,0 AP | 00 03] 08] 12| 15 1,7] 20| 23| 23| 23| 23| 23| 23| 21| 1.9 1.8 17| 16| 14| 13| 12| 12| 11] 09] 11
RP | 00] 01] 04] 09] 14| 20| 23| 23| 20| 23| 27| 28| 25| 21| 20| 20| 20| 18] 17| 1.8 1.5 1,6 16| 15| 15|
YP | 00 03] 04] 07| 11| 13| 13| 14| 14| 11| 06| 08| 09| 08| 07| 07| 05| 06] 0.7 0.8] 06| 06| 05| 03| 03]
051 CP | 00 00] 01] 03] 05 05] 05] 07/ 09] 10/ 12| 13 12| 14] 1.3 1.4 17| 15| 13| 16] 15] 13] 14] 1,5 1,7]
00 G2P | 00| 16| 24| 31| 38| 46| 53| 55| 56| 57| 54| 51) 45| 39| 35| 35 35 30| 28| 25| 23| 22| 24| 22| 22
, e L A s e e e e LS e me p pe e e

A2 P | 00 02 o] 1.1 14] 16 19] 22| 22 22] 22] 22] 22] 20] 18] 17] 16] 15] 1.3[ 1.2[ 1,1] 11] 10] 08] 19
S T A A R S ',\\9 R2P | 00| 01] 04] 09] 14] 20] 23] 23] 20] 23] 27] 28] 25 21] 20] 20] 20] 18] 1.7] 18] 15] 16] 16] 15] 14

Y2 P | 0] 01] 02] 05] 09] 11] 11] 12| 1.2 0.9] 04] 0] 07] 06| 05 05 03] 04] 5] 06| 04] 04] 03] 01] 01
C2P | 00 00] 00] 0.1 02| 03] 03] 05 0.7] 07| 09] 1,0] 10| 12| 14| 12] 18] 18] 14| 13] 12| 14| 14| 13] 14

Meal filter: ALL minutes

Figure 4. Statistics spreadsheet: group-averaged GIs and IAUCs of the whole group and subject-related GIs of the selected volunteer (No. 5), the
TAUC of glucose, and the IAUC of chocolate in ALL tested persons (1 = 20) resulting from all tests (57 tests with glucose, 54 tests with chocolate); the
GI for glucose is 100% and the GI for dark chocolate is 53.1%.
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food (the blue area); numerical values of the glucose
concentration increments from the IAUC curve points
(after subtraction of G, at start) appear in colored
boxes on the right part of the sheet. Each curve
begins when the meal starts and ends 120 minutes
later. G,, the type of food, and the type of GI (group-
or subject-related GI) are defined by clicking on the
corresponding button in the [Test food] column. The
actual selection is always shown in the right upper
corner of the chart, and the field containing the GI
appears in yellow.

e Switching from one spreadsheet to another and
printing are possible at any time. The user may
immediately access the group- and individual subject-
related GI, the GI from morning and evening tests,
from men and women, and so on.

Assessment of DegifXL

The efficiency of using the CGMS/DegifXL software was
considered to be a percentage of successfully processed
tests from the total number of tests in 20 volunteers.
Next, extreme values of GI (over 500%) were excluded
and the final statistical analysis was performed using the
program SPSS v. 14.0 (SPSS Inc., Chicago, IL). The time
needed to determine the GI using DegifXL was
compared with the conventional method.?

Results

The GI values are shown in Table 2. No significant
difference neither between replicate measurements in
tests 1, 2, and 3 nor breakfast and dinner tests can be
seen.

Using the CGMS/DegifXL system, there were 277
successful tests (92.3%) from the 300 tests performed
in the group of 20 healthy volunteers. For each of five
tested foods, 60 tests were performed. The number of
successfully processed tests for the individual foods
ranged from 52 (86.7%) to 58 (96.7%). The test failures
were tester related (n =8) or CGMS related (n = 15).
The time-saving effect of using the CGMS/DegifXL
system is shown in Table 3. Processing data from the
20 volunteers using DegifXL was about 12 times faster
than using conventional methods.

There were no technical problems while obtaining either
group-averaged or subject-related GIs for five different
foods in the 20 test subjects using DegifXL. The DegifXL
demo version can be obtained from the authors.

Discussion

In 1973, Otto and colleagues® introduced the concept of
GL other groups demonstrated how dietary carbohydrates
affect blood glucose levels'** and applied the GI in
clinical practice, emphasizing its relevance for glycemic
control in persons with diabetes.” In 1998, the World
Health Organization and the Food and Agriculture
Organization recommended including GI values in
nutrition tables and promoting low GI foods as a part of
a healthy diet,""? In the present study, the terms “group-
averaged GI” and “subject-related GI” were introduced.
Published GI tables®® show group-averaged GIs only,
and the large variability in the GIs is ascribed to various
factors."*'7 However, the determination of individual
subject-related GIs has improved our understanding of
metabolic processes dealing with carbohydrates.’22 It is
also a useful concept in relation to glycogen storage
and release in the course of physical exercise?®?> and
to occupational activities.?® The software DegifXL is
particularly helpful for easy determination of subject-
related GIs, which may be compared quickly with the
respective group-related GI.

Conventional methods for calculating GI have been
widely used.??® However, such methods are time-
consuming and still not fully standardized. In our
study, the glucometer Advance system (Hypoguard,
Woodbridge, UK)® was used to calibrate the CGMS.
The CGMS sensor was kept inserted for 8 days and no
adverse events appeared.’*® Because the CGMS stores
ISFG values, it is not necessary to record the exact timing
of finger pricks. All ISFG measurements are performed
in the same way, and the same algorithm is used for
data processing. DegifXL calculates the initial baseline
glucose in two different ways, using either the zero
time value or the average of five glucose readings 25
minutes prior to mealtime. Further trials are necessary
to determine whether the optional TAUC 2 calculation
by DegifXL would give better results.

In this trial, GIs were investigated in healthy volunteers.
The preliminary results of other studies show that the
values of respective GIs in persons with type 1 and
type 2 diabetes are not statistically different.* DegifXL
enables one to also perform detailed data processing in
persons with diabetes and/or to determine the GI values
for breakfast and for dinner times, for men and women,
and so on. Consumption of high glycemic index food
does not seem to result in worsening of glycemic control
in type 1 diabetes. Further studies are in progress to
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Table 2.

Glycemic Index in Particular Tests (1-3) and Times (Breakfast and Dinner) Obtained by DEGIF XL and, after
Exclusion of Extreme Values (GI >500%), Analyzed by SPSS v. 14.0 (Means + SE)

Gl (%) (mean + SE) Significance of difference (p)
Meal Breakfast
Test 1 Test 2 Test 3 Breakfast Dinner All TesZAjN\gvz A;/s e vs dinner
(paired t test)
43.7+£19.6 | 521 £13.3 | 50.9+6.7 | 521 +13.3 | 46.9+75 | 50.6+7.4
Dark chocolate n=14 n=17 n=19 =17 " =20 " =20 0.898 0.615
Apple baby 629+129 | 71.9+128 | 424+99 | 71.9+128 | 50.5+71 60.5+7.2 0.206 0.353
food n=17 n=19 n=18 n=19 n=19 n=20 ’ ’
. 98.6 +23.0129.3+249|68.9+10.2 | 81.3+9.8 | 129.3+24.9 | 100.3 +9.1
Rice squares n=16 n=19 n=17 n=19 n=19 n =20 0.124 0174
68.7+245| 66.2+13.0 | 33.4+79 |66.2+13.0| 56.1 +14.8 | 56.2 +9.0
Flavored yogurt n=16 n=17 n=15 n=17 n =20 n =20 0.277 0.787

Table 3.

Mean Duration of Data Processing to Determine the GI Using CGMS Solutions Software/DegifXL Compared to
Nine-Point Meal Tests Performed with Glucometer Advance System (GAS) for Five Different Foods

Duration of procedure
Procedure No. of tests p,;l?s.o?:s (minutes)

CGMS GAS
Checking CGMS protocol 15 1 1 -
Checking GAS protocol 15 1 - 30
Data transfer from CGMS into the .mmg file using Solutions software 15 1 3 -
Input of data from protocols into MS Excel file 15 1 - 60
Data export from CGMS .mm(g file to .fst file 15 1 1 -
Preparing calculation in MS Excel 15 1 - 5
Data import from .fst file into DegifXL and calculation of Gls 15 1 3 -
Construction of diagram for one person 15 1 - 5
Total (1 person) 15 1 8 100
Total (20 persons) 300 20 160 2000

verify the procedure with type 1 and type 2 diabetes
and to validate that GI interstitial fluid glucose is the
same as the manual method using plasma. In addition,
attempts have been made to determine the GI at lunch
and at afternoon snack times.*”

For an approximate comparison and demonstration
of differences between results obtained in individual
centers using similar methods, it should be mentioned
that in another study the GI was assessed to be 29% for
chocolate, 34% for apples, 47% for rice, 89% for cornflakes,
and 27% for yogurt."”

Clinically, it is important to evaluate the glycemic profiles
of individuals with diabetes in response to a given
food in combination with a particular therapy, e.g., the

glycemic response to a mixed meal or to a complex food
such as pizza. Currently, we are refining DegifXL so that
it can be used for these applications.

Using DegifXL is quite simple. Perspectively, an educated
person might be able to determine his/her subject-related
GIs at home. However, the routine determination of a
group-related GI should be carried out in a specialized
center staffed by qualified professionals who have been
trained properly.*®

To summarize, the strength of this new protocol is that
it automates GI calculation. Next, DegifXL calculates the
mean subject-related GI (using GIs from one to three
tests) and the group-averaged GI for all study subjects.
In trained individuals, the former may be performed
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at home, the latter under supervision in a specialized
center. Some statistics are directly available; additional
statistical software allows determining the extent of
variability between tests for the same food in the same
subject and the variability in GI for a given food. Data
processing using DegifXL is about 12 times faster than by
conventional methods. This software will be developed
further in response to future challenges.
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Aims: Consumption of glucose or foodstuffs with high glycaemic index (GI) in persons with type 1 diabetes mel-
litus (PWD1) is a hot topic in present diabetology. The aim of our pilot prospective study was to assess the efficiency
of empirically suggested simple algorithms for premeal boluses in PWD 1 using insulin pumps and continuous glucose
monitoring (CGM).

Methods: Six PWD1 (aged 46.2+15.09 y, diabetes duration 14.5£9.65 y, HbA1c/IFCC 6.3+1.59%, BMI 23.6+1.67
kg/m?, meantSD) on insulin pumps Paradigm 522/722 with RT-CGMS sensors (Medtronic MiniMed, Northridge, CA)
underwent a 12-week CGM. In one week, subjects consumed 50g of carbohydrates in eleven alternative meals (rice
squares, dark chocolate, white bread, honey, glucose, ravioli with meat and Eidam cheese, mashed potatoes with fish
fingers, apricot dumplings with butter, spa waffles, spalta squares, and tomato soup with pasta) eaten for breakfasts,
lunches, snacks and dinners in order to calculate their GI. The insulin boluses were adjusted according to empirically
defined algorithms. Average glucose levels and daily insulin doses over three one-week periods (before testing, testing
and after testing) were compared.

Results: During the observational period, the weekly averages of glucose levels (9.1£2.33 mmol/I vs. 9.2+2.30
mmol/l vs. 9.0+2.43 mmol/l, respectively) and daily insulin doses (39.1+ 8.14 IU/d vs. 39.7£10.7 TU/d vs. 38.6+9.97
1U/d, respectively) were similar. One-week consumption of high GI foodstuffs had only a negligeable effect on average

glucose levels.

Conclusion: The suggested algorithms for premeal insulin boluses appear to limit the risk of potential hyperglycae-

mia resulting from intake of high GI foodstuffs.

INTRODUCTION

Glycemic index (GI) is a measure of the ability of a
food to raise glucose levels after the food consumption.
GI is defined by the incremental area under the blood
glucose curve (AUC or TAUC) after the ingestion of a
test food containing 50g of carbohydrates, expressed as
the percentage of the AUC of a reference food contain-
ing equal amount of carbohydrates (generally glucose or
white bread)'.

The foodstuffs with low GI are preferred in diabetic
diets in order to avoid postprandial and postabsorption
hyperglycemia and to achieve improvements in overall
plasma glucose control?®. On the other hand the advances
in intensive insulin therapy with fast-acting insulin ana-
logs® " and integrated real-time continuous glucose moni-
toring system and insulin pump (Medtronic Mini-Med
Paradigm REAL-Time System; Medtronic MiniMed, Inc.,
Northridge, CA, USA)?, allow more flexible meal plans
with the potential to revolutionise diabetic care.

However, to date we still lack data on the conse-
quences of high GI foodstuff consumption on glucose
control in PWD1 on insulin pump therapy. Even though
the glycemic indexes in persons with diabetes type 1 or
type 2 and in healthy persons appear to be identical’,
it is useful to perform independent GI determination
for both groups. There is the question as pure glucose
taken in order to calculate the GI of foods is acceptable
in PWDI1. Therefore, the aim of our pilot study was to
evaluate changes in average glucose levels and assess the
effect of a one-week consumption of meals with higher GI
on glucose control in PWD1 treated by an insulin pump
and real-time glucose sensor.

MATERIALS AND METHODS

The study was conducted between January 2007 and
June 2007 at the Faculty of Medicine and Dentistry,
Palacky University, Olomouc, Czech Republic (as a part
of project Degif - IGA NR 7825-3).
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Subjects

Six PWD1 on insulin pump therapy (3 males, 3 fe-
males, aged 46.2+15.09 years, diabetes duration 14.5+9.65
years, HbAlc 6.3+1.59 %, BMI 23.6+1.67 kg/m?) provided
written informed consent with participation in this study,
which was approved by the Local Ethics Committee
and performed in accordance with the guidelines of the
Helsinki Declaration on human experimentation. Subjects
were involved in a 12-week continuous glucose monitor-
ing using insulin pump Paradigm RT 522/722 and RT-
CGMS sensors with transmitters, Medtronic MiniMed,
Northridge, CA, USA. This insulin pump enables to read
the actual glucose concentration on its display any time.
(Figs. 1, 2)

Fig. 1. Paradigm RT 522/722 and RT-CGMS sensor with
transmitter, Medtronic MiniMed, Northridge,
CA, USA.

Fig. 2. Paradigm RT 522/722.

Study design

During the assigned week, subjects consumed eleven
alternative meals, each serving containing 50g of carbo-
hydrates (rice squares, 70% dark chocolate, rolls, honey,
glucose, ravioli with meat and Eidam cheese, mashed po-
tatoes with fish fingers, apricot dumplings with butter, spa
waffles, wheat squares, and tomato soup with pasta) eaten
for breakfasts, lunches, snacks and dinners. Foodstuffs
for breakfasts and dinners were consumed at 7 a.m. and
8 p.m., respectively, foodstuffs for lunches at 12 a.m. and

foodstuffs for snacks at 4 p.m. Each foodstuff was con-
sumed in three replicates, except tomato soup with pasta,
which was consumed twice only.

The defined meal plan including daily intake of nutri-
ents and energy was the same as in a similar study with
healthy persons'® ', The foodstuffs were selected by the
following criteria: (1) carbohydrate content in each por-
tion should be 50g £ 5 %; (2) daily energy intake ranging
from 6000kJ to 9000 kJ; (3) carbohydrates, lipids and
proteins should be in the ratio 5:1, 5:1,5; and (4) simple
preparation of servings and reasonable costs making the
meal plan flexible.

In every subject, average glucose levels were evaluated
and compared over the period of three weeks, comprising
the week before, during, and after the GIs testing.

One hour before and immediately before each meal
test, subjects were encouraged to read the plasma glu-
cose concentration on the display of insulin pump and
to adjust the insulin boluses according to the empirically
defined algorithms (Table 1, Table 2). The subjects were
also instructed to enter the boluses in a log-book and keep
recordings about any hypoglycaemia, food intake, meal
times, exercise, and level of stress. Glucometer Advance
(Hypoguard, Woodbridge, UK) was applied twice a day
to calibrate the sensor.

Table 1. Algorithms for adjustment of insulin boluses
1 hr before meal test.

Plasma glucose levels 1hr | Correction bolus [IU]
before a meal-test
[mmol/1]
10.0 - 11.9 1
12.0 - 13.9 2
>14.0 3

Table 2. Algorithms for adjustment of insulin boluses
immediately before meal test.

Plasma glucose Pre-meal
levels immedi- insulin bolus
ately before a [TU] Test
meal-test
[mmol/1]
<10.0 5 perform
10.0 - 11.9 6 perform
12.0 - 13.9 7 perform
> 14.0 3 Wait 1hr
RESULTS

Table 3 gives the results of CGM over the study pe-
riod. Average glucose levels during the week before, dur-
ing, and after GIs testing were similar. Average total daily
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Table 3. Characteristics of 6 PWD 1 and influence
of GI testing on insulin doses and average glucose levels.

No. Person | Age Dia- BMI | HbAlc | Average total daily dose of Average glucose levels
betes | [kg/m?] [%] insulin [IU/day] during the week [mmol/1]
dura-
tion before | during | after | before | during | after

[years] GIs GIs GIs GIs GIs GIs
testing | testing | testing | testing | testing | testing
1 g JM. 40 26 | 26.28 9.4 54.5 57.3 55.4 12.8 11.8 12.5
2 JL.L. 51 9 24.03 5.8 39.2 36.6 41.5 10.0 9.2 8.9
3 2 SJ 60 2 | 23.62 6.3 31.7 27.7 27.0 10.1 12.0 11.3
4 ZM. 65 13 23.91 5.5 331 33.2 32.0 7.2 7.4 6.7
5 g S.J. 35 26 | 22.34 5.0 37.4 36.3 34.2 6.6 6.4 6.8
6 MP 26 11 21.37 5.6 38.5 47.1 41.5 7.8 8.3 7.6
Avg 46.2 14.5 | 23.59 6.3 39.1 39.7 38.6 9.1 9.2 9.0
SD 15.09 9.65 1.67 1.59 8.14 10.70 9.97 2.33 2.30 2.43
54.5k/?3\’ 554 =
Foo a7 E " E— oms _ew2s
2 /\‘ 5 12 I
E 40 39,2 41,5 § 1< 11,3
E 38,5 36,6 —— 3 JM. 2 104 9,2 —— 3 JM
5 3, 7.4 3 34,2 + LL £ 9 .///s‘< 8.9 +: LL.
| 3] M |
E o i 1J|\SAJP % ® 6.6 64 * 1 nsn::
3 QMP. g o mp.
’ before Gls testing during Gls testing after Gls testing ’ before Gls testing during Gls testing after Gls testing
Fig. 3. Average total daily dose of insulin during the Fig. 4. Average glucose levels during the week before,

week before, during, and after GIs testing.

dose of insulin during the week before, during, and after

GIs testing were similar as well (Table 3, Figs. 3, 4).
There were no disturbances in general condition and

meal plan; no serious hypoglycaemia was registered.

DISCUSSION

This pilot study deals with six case reports focused
on the potential hazards of consumption of pure glucose
in order to investigate the glycaemic indexes of foods in
PWDI.

Awareness of Gls of various foodstuffs is an important
part of diabetes management, particularly in persons with
type 1 diabetes mellitus. It has been suggested that mean
Gl values for foods are very similar in persons with type 1
and type 2 of diabetes mellitus®'®.

Accurate measurement of GI requires a standardized
protocol; glucose concentrations are measured using
whole blood or serum/plasma samples obtained from a

during, and after GIs testing.

vein, artery, or capillary taken at baseline and at 15- and
30-minute intervals for two hours after the food consump-
tion. Most recent studies have utilized capillary blood to
determine glucose values and calculate the AUC and,
subsequently, the GI. Recently, a study conducted by
Chlup™ % found that there was no significant difference
between GI determined using the continuous glucose
monitoring (CGMS; Medtronic MiniMed, Northridge,
CA) as compared to conventional methods. The long-last-
ing use of transcutaneous sensors had no serious adverse
events?2,

In our six case reports, the CGMS results show similar
average glucose levels during the period of GIs testing
(even after glucose and honey consumption) compared to
week before and after GI testing. However, the intensive
instruction of PWD1 carried out by professional persons
should be emphasized?.

Based on these preliminary findings we might assume
that consumption of pure glucose by PWD1 involves only
little risk for diabetes control. On the other hand, not only
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the average glycemia, but also glucose variability should
be taken into consideration. Several studies have shown
glucose variability is a risk factor for complications in-
dependent of HbAlc in PWD1%% % as well as in type 2
diabetes?® ?°. Study by Monnier et al. demonstrated that
glucose fluctuations during postprandial periods and,
more generally, during glucose swings exhibited a more
specific triggering effect on oxidative stress than chronic
sustained hyperglycemia®.

Our results suggest that insulin boluses adjustment ac-
cording to actual blood glucose values is necessary in or-
der to maintain normal or nearly normal glucose control.
The findings also show that real-time continuous glucose
monitoring helps PWD1 on insulin pump therapy to make
more informed treatment decisions and supports their
confidence in diabetes management.

Hence, one-week consumption of foodstuffs with high
GI does not seem to increase the risk of reduced diabetes
control in informed PWD 1 using insulin pumps and sen-
sors. Further studies are in progress.
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education

Background: The latest Paradigm 722 insulin pump, Medtronic MiniMed, USA, enables daily reading of 288
interstitial fluid glucose concentrations determined by a sensor inserted into subcutaneous tissue; the sensor signals
are transmitted into the insulin pump, enabling the patient to see real-time glucose concentration on the display and

adapt further treatment.

Aims: To assess the evolution of HbAlc over the course of a 3-month period in two cohorts of persons with type
1 (n=39) or type 2 (n=3) diabetes (PWD): 1) PWD on Paradigm 722 using sensors for continuous glucose monitor-
ing (CGM group), 2) PWD on other types of insulin pumps performing intensive self-monitoring as before (3 to 6
times/d) on glucometer Linus, Wellion, Agamatrix (control group).

Methods: Compliant PWDs using insulin pump with insulin aspart for several previous months were included in
the study. Seventeen were put on Paradigm 722 with CGM and 25 were included in the control group. Paired t-test
and the statistical program SPSS v.15.0 were used to analyze the data.

Results: There was no significant difference in age between the two groups (P=0.996), in diabetes duration (P=0.482)
or in daily insulin dose (P=0.469). In the CGM group (but not in the control group) HbA1c/IFCC dropped from
6.98+0.43 % to 5.98+0.36 % (P=0.006) within 1 month and remained reduced.

Conclusion: The use of the Paradigm 722 insulin pump with CGM resulted in significant improvement in HbAlc
which appeared within one month and remained throughout the whole 3-month study period. No significant improve-

ment in HbA 1c was seen in the control group.

INTRODUCTION

In persons with diabetes (PWD) self-monitoring of
the concentration of glucose in plasma (SMPG) is a ba-
sic means of preserving compensation 2. The emergence
of test strips and glucometers in the last 30 years has
enabled the glucose concentration self-monitoring and
this has gradually replaced the relatively inaccurate and
inconvenient measurement of glucose in urine>".

A large amount of attention is given to the frequen-
cy of self-monitoring and its effectiveness'*'. In 1993,
the well known study DCCT (Diabetes Control and
Complications Trial) emphasized that in PWD1 SMPG
should be performed at least four times daily and sub-
sequently corrected with intensive insulin therapy' .
Currently it is recommended that people with diabetes
mellitus type 1 check their glycemia 5 to 8 times per day,
and persons with type 2 diabetes at least 3 times daily.
Intensive self-monitoring is of particular importance in
PWD on continuous subcutaneous insulin infusion.

Continuous glucose monitoring with transcutaneous
sensors used since 2000 offers new possibilities ' 2°.The
latest Paradigm 722 insulin pump, Medtronic MiniMed,
Northridge, CA, USA, enables daily reading of 288 inter-
stitial fluid glucose concentrations determined by a sensor
inserted into subcutaneous tissue; the sensor signals are
transmitted wirelessly into the insulin pump at 5-minute
intervals, enabling the person to see his/her real-time
glucose concentration on the pump display and modify
further treatment.

The sensor is indicated for single use and as a rule
works well after a period of seven or more days following
introduction?. The concentration of glucose in the in-
terstitium (ISFG) correlates highly with P-glucose (PG).
Recently, we have demonstrated a high correlation be-
tween average ISFG and HbA1c?. So far, however, it is
not entirely clear what the contribution of CGM is to the
development of HbAlc, or to what extent HbAlc inter-
acts with the variability in glycemia and other factors?.
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AIM

To demonstrate the development of HbAlc in PWD
on insulin pumps 1) in a group of subjects using con-
ventional self-monitoring and 2) in a separate group of
subjects using continuous monitoring.

MATERIAL AND METHODS

Subjects
Two independent cohorts (groups) of persons with

type 1 (n=39) or type 2 (n=3) diabetes were followed:

1. Control group of 25 persons with diabetes (13 men,
12 women; aged 24-66 years; duration of diabetes 2-43
years) treated with an insulin analogue aspart using
MiniMed 508 or Paradigm 712 or Paradigm X22 in-
sulin pumps without a sensor, Medtronic Minimed;
subjects provided SMPG similarly as before.

2. Intervention group of 17 persons with diabetes
(11 men, 6 women, aged 19-69 years; duration of dia-
betes 1-45 years) who applied insulin analogue aspart
Paradigm 722 insulin pumps, Medtronic Minimed,
in whom CGM was conducted for the course of 3
months with transcutaneous sensors. This monitoring
replaced the previous SMPG done before the study
started. The first sensor was inserted at the beginning
of the trial under professional supervision into the sub-
cutaneous tissue of the gluteal region or abdomen,
other sensors were inserted by the subject him/herself
at home. Each sensor was left in the subcutaneous
tissue until it stopped working (usually 7-14 days).
All subjects signed informed consent. The study

was approved by the local ethics committee. All proce-

dures were performed in accordance with the Helsinki

Declaration of 1973 as revised in 2000.

Design of the study

This prospective non-randomised pilot study took
place between 2007 and 2008 at the Faculty of Medicine
and Dentistry, Palacky University Olomouc and at the
University Hospital, Olomouc, Czech Republic.

All PWD were monitored on an out-patient basis for
the period of three months. At the beginning of the study
and at the end of each month, clinical and laboratory
(HbAIc) examinations were performed.

Education and re-education of the subjects was aimed
at the insertion of the CGM sensor, handling the transmit-
ter and pump and at the adaptation of prandial insulin
boluses according to the glycemic values and real-time
status.

Self-monitoring in the control group and sensor cali-
bration in the intervention group were carried out using
glucometr Linus, Wellion, Agamatrix, Salem, NH, USA.
Frequency of SMPG was assessed using Diabass 4 soft-
ware.

In the CGM group, the frequency of readings of
PG was assessed using professional Solutions software,
Medtronic Minimed, Northridge, CA, USA.

Calibration of sensors was implemented according to
the manufacturer’s recommendations twice daily in 12-
hour intervals with a Linus glucometer.

Determination of Haemoglobin Alc

The HbAlc concentration in blood was deter-
mined using the sophisticated HPLC procedure in the
Departement of Clinical Biochemistry, Teaching Hospital
Olomouc. The analyzer PDQ Plus employs the principles
of boronate affinity and high-performance liquid chro-
matography (HPLC). Glycated proteins (haemoglobins
and plasma proteins) differ from non-glycated proteins
by the attachment of sugar moiety to the former at vari-
ous binding sites by means of a ketoamine bond. GHb
and GPP thus contain 1,2-cis-diol groups not found in
non-glycated proteins. These diol groups provide the basis
for separation of glycated and non-glycated components
by boronate afinity chromatography. In this analytical
technique, a boronate is bonded to the surface of the
column support. When a solution of proteins is passed
through the column, the glycated component is retained
by complexing its diol groups with the boronate. After
the unretained non-glycated component elutes from the
column, the glycated component is eluted from the col-
umn with a reagent that displaces it from the boronate.
Both components are detected spectrofotometrically at
413 £ 2 nm. Reference range for normal population: 2.8
to 4.0 % (IFCC scale). The conversion to traditional
NGSP/DCCT scale may be performed using the formula
IFCC [%] = (DCCT - 2.15)/0.915. Parameters of reli-
ability: limit of quantitation 3.0 %, linearity: up to 1.5 %;
repeatability (within-run imprecision): 1.4 %; reproduc-
ibility (between-run imprecision): 1.4 %.

Statistical analysis

The program SPSS v.15.0, SPSS, Inc., Chicago, IL,
USA was used for statistical analysis.

The following tests were applied to evaluate the data:
the chi-squared test (sex distribution in each group), two-
sample t-test, (differences in age at diabetes diagnosis, dif-
ferences in duration of diabetes and in duration of insulin
pump treatment, differences in HbAlc values between the
control and intervention group at baseline and in control
visits, differences in age at the time of enrolment into the
study and differences in insulin doses between the con-
trol and intervention group), paired samples t-test in the
intervention and control group (comparison of HbAlc
between control visits 1, 2, 3 and at baseline). P < 0.05
was considered significant.

RESULTS

There were no significant differences found between
groups in the following parameters: age at diabetes diag-
nosis, age at inclusion into the study, male/female ratio
in both groups, duration of the insulin pump therapy
and daily insulin dose (Table 1). The frequency of self-
monitoring in SMPG group was 3 to 6 plasma glucose
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Table 1. Characteristics of the control (SMPG) group
and of the intervention (CGM) group.

Group SMPG CGM Significance (P)
N 25 17 N/A
M/F 13/12 11/6 0.414
Age (mean+SE) [years] 44.9+2.6 44.9+4.0 0.996
Age range [years] 24 - 66 19-69 N/A
Duration of diabetes (mean+SE) [years] 15.4+2.0 17.8+2.9 0.482
Duration of diabetes range [years] 2-43 1-45 N/A
N/A not applicable
Table 2. HbA lc and insulin doses in the control (SMPG)
group and the intervention (CGM) group (mean+SE).
Group SMPG CGM
Month Start 1 2 3 Start 1 2 3
7.26 7.32 7.71 7.63 6.98 5.98 5.96 6.17
HbA1c/IFCC [%] +0.31 £0.43 £0.39 +0.41 +0.43 +0.45 +0.45 £0.36
n=25 n=23 n=25 n=24 n=17 n=17 n=17 n=17
38.05 38.48 41 43.13
Insulin aspart [i.u./d] +2.47 - - +2.67 +4 - - £4.18
n=20 n=21 n=14 n=15
Control group CGM group
14,00 14,00
12,00 ’ 8 g 12,004
10,00 8 1 10,00 8 o
3 3 )
% 8,00 % 8,00
I I
6,00 H 6,00 D
4,00 4,00
p=0760 p-0.033 p-0.038 p = 0.006 p = 0.002 p = 0021
2,00 n=25 n=23 n=25 n=24 2,00 n=17 n=17 n=17 n=17
Baséline Vislil 1 VislitZ Vislit3 Bastlaline Vislil 1 VislitZ Vislit 3
Fig. 1. Boxgraph (medians, quartils): The evolution of  Fig. 2. Boxgraph (medians, quartils): The evolution of

HbA ¢ during three-month follow-up in the con-
trol (SMPG) group; P - significance vs. baseline.

estimations per day. In the intervention group the CGM
was carried out in approximately in 90 % of time of the
study period.

The change of HbAlc during the three-month obser-
vation was not significant in the control group (Fig. 1).
Contrary to these results, the HbAlc in the intervention

HbA Ic during three-month follow-up in the in-
tervention (CGM) group; P - significance vs.
baseline.

group which used continuous self-monitoring decreased
by the end of 1st month and this reduction continued
during the control visits of the second and third months
(Fig. 2, Table 2).

There was no difference (P=0.597) in values of HbAlc
between the control group and the intervention group at

Benefits of three-month continuous glucose monitoring for persons with diabetes using insulin pumps and sensors 49



baseline. However, significant differences in HbAlc were
found at the end of the first month (P=0.041), at the end
of the second month (P=0.006) and at the end of the third
month (P=0.016). There was no significant change in daily
dose of insulin in either group.

DISCUSSION

Continuous subcutaneous infusion with an insulin
pump is one of the most effective methods of treatment
in persons with diabetes® >, Insulin pumps lead not only
to the improved glycemic profiles but in comparison
with conventional medications, also limit the degree of
hypoglycemia®®. In our recent study we concluded that
for this form of treatment, it is better to give priority to
short duration insulin analogues (such as insulin aspart,
Novorapid) than human insulin Actrapid®. This discovery
is in accordance with other investigations which have con-
firmed the superior efficacy of the Lispro insulin analog
in external pumps (Humalog)?.

Continuous glucose monitoring (CGM) during insulin
pump therapy appears to be an excellent alternative for
further improvement of metabolic compensation®™32. The
advantage of this compensation control is that it enables
the patient to register both average 24-hour glycemia and
variability in glycemia. The relationship between the gly-
cemia and HbA lc development is being investigated®**>.
There is intense research on working out the principles
for using CGM. For a rational use of CGM, the finan-
cial and educational resources diabetes centres need to
be increased so that persons with diabetes can use CGM
monitoring appropriately and react to the changing gly-
Cemialg' 36, 37.

Continuous glucose monitoring is accurate enough
for both type 1 and type 2 diabetes mellitus. It is safe and
well-tolerated. Its numerical results are comparable with
the results of SMPG obtained using glucometers?" 340,
The outcome of our study has shown that the clinical ef-
fects of CGM are clearly better than those of SMPG: con-
tinuous glucose monitoring leads to decrease in HbAlc
as early as the end of the first month. Different statistical
analytical tests also show the positive clinical effects of
CGM on metabolic compensation®?. We observed no local
or systemic complications of the sensor use during the
whole period of its function which usually ranged between
7 and 14 days. This is also in accordance with the findings
of others*. CGM proved to be valuable in all age groups
when used on on a regular basis*’. Aside from the assess-
ment of metabolic control in persons with type 1 diabetes,
CGM may be applied also in other specific areas, such
as in calculation of premeal insulin boluses in persons
with type 1 diabetes mellitus** and in glycemic index de-
termination*. Further studies are necessary to evaluate
more precisely the influence of glycemic variability and
frequency of hypo- and hyperglycemia on HbAlc.

CONCLUSION

Using conventional self-monitoring (3-6 measure-
ments per day) we found no substantial change in HbAlc
within 3 months. With the continuous self-monitoring
used for 90 % total time the HbAlc decreased about 1 %
within the first month and this improvement remained
for the rest of the three-month observation. Continuous
self-monitoring with transcutaneous sensors appears to be
an important measure for improving metabolic compensa-
tion in persons with diabetes, and the results are better
than the results for SMPG. We conclude that continuous
self-monitoring could and should become a regular part
of treatment of selected persons with diabetes. This will
require adequate financial measures and, education of
the healthcare providers and all members of the diabetes
team.
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OBJECTIVE — Glucose fluctuations trigger activation of oxidative stress, a main mechanism
leading to secondary diabetes complications. We evaluated the relationship between glycemic
variability and B-cell dysfunction.

RESEARCH DESIGN AND METHODS — We conducted a cross-sectional study in 59
patients with type 2 diabetes (aged 64.2 * 8.6 years, A1C 6.5 £ 1.0%, and BMI 29.8 = 3.8
kg/rn2 [mean * SDJ) using either oral hypoglycemic agents (OHAs) (n = 34) or diet alone
(nonusers). As a measure of glycemic variability, the mean amplitude of glycemic excursions
(MAGE) was computed from continuous glucose monitoring data recorded over 3 consecutive
days. The relationships between MAGE, B-cell function, and clinical parameters were assessed
by including postprandial $-cell function (PBCF) and basal B-cell function (BBCF) obtained by
a model-based method from plasma C-peptide and plasma glucose during a mixed-meal test as
well as homeostasis model assessment of insulin sensitivity, clinical factors, carbohydrate intake,
and type of OHA.

RESULTS — MAGE was nonlinearly correlated with PBCF (r = 0.54, P < 0.001) and with
BBCF (r = 0.31, P = 0.025) in OHA users but failed to correlate with these parameters in
nonusers (PBCF P = 0.21 and BBCF P = 0.07). The stepwise multiple regression analysis
demonstrated that PBCF and OHA combination treatment were independent contributors to
MAGE (R* = 0.50, P < 0.010), whereas insulin sensitivity, carbohydrate intake, and nonglyce-
mic parameters failed to contribute.

CONCLUSIONS — PBCF appears to be an important target to reduce glucose fluctuations in
OHA-treated type 2 diabetes.

Diabetes Care 32:1058-1062, 2009

f genetic and environmental origin,

defective insulin secretion and in-

sulin sensitivity are the main factors
causing the development and progression
of type 2 diabetes. The UK Prospective
Diabetes Study (UKPDS) showed that af-
ter an initial improvement, glycemic con-
trol continues to deteriorate despite the
use of oral agents to enhance insulin se-
cretion and to reduce insulin resistance

(1). This deterioration can be attributed to
the progressive decline of B-cell function.
Even in subjects with well-controlled type
2 diabetes, 70% of the variability of A1C
can be explained by abnormalities in
postprandial glucose (2). Chronic sus-
tained hyperglycemia has been shown to
exert deleterious effects on the B-cells and
the vascular endothelium (3). Monnier et
al. (4) and Brownlee and Hirsch (5) have
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recently emphasized that another compo-
nent of dysglycemia, i.e., glycemic vari-
ability, is even more important than
chronic sustained hyperglycemia in gen-
erating oxidative stress and contributing
to the development of secondary diabetes
complications. In vivo studies have con-
vincingly demonstrated that hyperglyce-
mic spikes induce increased production
of free radicals and various mediators of
inflammation, leading to dysfunction of
both the vascular endothelium (3) and the
pancreatic B-cell (6). Furthermore, by
evaluating hard end points in prospective
analyses, Shiraiwa et al. (7) and Cavalot et
al. (8) have reported deleterious effects of
glucose excursions on diabetic vascular
complications.

Prolonged postprandial glucose ex-
cursions have been linked to several fac-
tors such as inadequate insulin secretion,
insulin deficiency, or an abnormal release
of counterregulatory hormones (9). How-
ever, glycemic variability in type 2 diabe-
tes appears to result from the complex
interplay between pathophysiological fac-
tors and behavioral and treatment factors
(10).

In clinically established type 2 diabe-
tes, the degree of association of glycemic
variability with pancreatic B-cell dys-
function remains unclear. To address this
issue, we used continuous glucose moni-
toring to assess glycemic variability and
used an insulin secretion model during a
mixed-meal test (MMT) to measure basal
B-cell function (BBCF) and postprandial
B-cell function (PBCF) in subjects with
type 2 diabetes after withdrawal of oral
hypoglycemic agents or treated with diet
alone.

RESEARCH DESIGN AND

METHODS — This cross-sectional
study enrolled 59 consecutive outpatients
with type 2 diabetes. All patients were
Caucasians and were recruited from
seven practices of primary care physi-
cians/internists in the district of Greif-
swald, Germany, from 2004 to 2006.
Their antihyperglycemic therapy con-
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sisted of oral hypoglycemic agents
(OHAs), either sulfonylurea (n = 12) and
metformin (n = 10) alone or a combina-
tion of both (n = 12), or of diet alone (n =
25). None were taking other medications
known to alter glucose metabolism, and
all were otherwise in good health.

Criteria for inclusion were a diagnosis
of type 2 diabetes for at least 1 year but
<20 years, age 35-79 years, BMI of
24-38 kg/m?, A1C of 5.0-9.0%, and
treatment with OHAs or diet. Exclusion
criteria were need for insulin use; circu-
lating islet cell antibodies; concomitant
chronic disease, including kidney, liver,
and cardiovascular disease; recent acute
illness; or changes in diet, treatment, or
lifestyle within 3 months before the inclu-
sion examination.

Before commencement of the study
procedures, OHA medication was with-
drawn and substituted with placebo for 8
days to allow for the pharmacological ef-
fects of sulfonylureas and metformin to
dissipate (11,12), taking into account the
possibility that a more prolonged with-
drawal might cause deleterious effects on
glucose control. During the OHA with-
drawal and the 4-day study period, sub-
jects were under medical supervision and
were advised to continue their regular
lifestyle and to maintain their usual exer-
cise and dietary patterns.

The study protocol was approved by
the ethics review board at the University
of Greifswald, Greifswald, Germany, and
was conducted in accordance with the
rules in the European Community and
the Declaration of Helsinki. Written in-
formed consent was obtained from all
study participants.

Study procedures

At study entry, a continuous glucose
monitoring (CGM) system (CGMS) sen-
sor (Medtronic MiniMed, Northridge,
CA) was inserted and calibrated accord-
ing to the standard operating guidelines,
and CGM was performed for 60 * 10 h
(mean * SD). At day 2 of the study, fol-
lowing a 12-h overnight fast, a 500-ml
standardized liquid MMT, containing
75 g carbohydrate, 58 g fat, and 30 g pro-
tein to total 1,000 kcal (caloric contribu-
tion: 37% carbohydrate, 51% fat, and
12% protein) (13), was given at the phy-
sician’s practice as described previously
(14). Patients were required to consume
the test meal within 10-15 min. Stan-
dardization of diet was not performed
during CGMS measurements, but sub-
jects entered type and amount of food

consumed into their logbooks. Blood
samples were taken via an indwelling in-
travenous cannula, which was inserted
into an arm vein, at —15, 0, 30, 60, 90,
120, and 150 min relative to the meal in-
gestion for the measurement of glucose
and C-peptide.

Blood drawn for measurement of
standard laboratory values was shipped to
a central laboratory, where A1C was ana-
lyzed by the Bio-Rad Diamat analyzer sys-
tem using ion-exchange high-
performance liquid chromatography
(normal range 4.6—-6.0%). Plasma glu-
cose was measured by the glucose oxidase
enzymatic method on a DiaSys Super G
Analyzer (Hitado Diagnostic Systems,
Moehnesee-Delecke, Germany). The
Medical Diagnostic Laboratory at the Uni-
versity of Greifswald performed serum in-
sulin (INS enzyme immunoassay; IBL,
Hamburg, Germany) and C-peptide anal-
yses (HCP enzyme immunoassay, DPC
Biermann, Bad Nauheim, Germany).
Cross-reactivity of the insulin antibody
with human proinsulin was 3% and with
the C-peptide antibody was 17%.

CGM data and glycemic variability
Subjects used home blood glucose moni-
tors that were calibrated with Accu-Chek
glucose standards (Roche Diagnostics,
Mannheim, Germany) and entered at
least four glucometer readings per day
into the CGMS monitor for calibration.
The glucose profiles obtained from CGMS
measurements were analyzed using
MiniMed Solution Software (Medtronic
MiniMed). Profiles with less than four
glucometer entries were disregarded.
Mean sensor glucose, sensor glucose
range, median sensor glucose, and the
times patients were hyperglycemic (>10
mmol/l) and hypoglycemic (<3.3
mmol/l) were calculated from the CGMS
datasets. The value 10.0 mmol/l as the up-
per limit of glucose at postprandial times
was chosen according to recommenda-
tions of the American Diabetes Associa-
tion (15). The area under the curve for
sensor glucose (AUC,,) was calculated
with the trapezoidal method for a 24-h
time period. MAGE, considered as the
“gold standard” of glycemic variability,
was calculated as described by Service et
al. (16) from the glucose excursions of the
CGMS profiles. Carbohydrate intake
(bread exchange units) per day was calcu-
lated from the subjects’ logbooks, accord-
ing to standard tables containing the
nutrient composition with bread ex-
change units for diabetic subjects.

Kohnert and Associates

Glucose and insulin levels during
MTT

Fasting glucose and fasting plasma insulin
were obtained as mean values of pretest
MMT measurements. The difference be-
tween fasting and peak plasma concentra-
tions of glucose and insulin during the
MMT are denoted as incremental glucose
and insulin peak, respectively. The incre-
mental areas under the curve (IAUCs) for
glucose and insulin were calculated with
the trapezoidal method for the 0- to 150-
min postmeal time interval.

Model of C-peptide kinetics during
MTT

BBCF and PBCF were estimated from glu-
cose and C-peptide time-concentration
profiles during the MMT using an insulin
secretion model validated in healthy sub-
jects and subjects with newly diagnosed
type 2 diabetes (17). The model parame-
ters M, and M, were estimated using
weighted nonlinear regression analysis
(18). M, is an index of the BBCF and rep-
resents the ability of fasting glucose to
stimulate B-cells. It is calculated as fasting
C-peptide secretion (per unit volume of
the central compartment) divided by fast-
ing plasma glucose concentration.

M; is an index of PBCF and represents
the ability of postprandial glucose to
step up B-cell secretion. It equals the
increment in secretion (again per unit
volume of the central compartment) in
response to a unit increment in glucose
concentration.

Insulin sensitivity

Insulin sensitivity was calculated from
duplicate fasting insulin and fasting glu-
cose samples using the computer pro-
gram for the homeostasis model
assessment (HOMA2) of insulin resis-
tance (19).

Statistical analysis

The variables are summarized either as
means = SD or as medians (25th—75th
percentile) as appropriate. Differences in
baseline clinical and biochemical charac-
teristics were tested using an unpaired ¢
test. Spearman correlation analysis and
nonlinear regression were performed to
relate glycemic variability to B-cell func-
tion. The stepwise multiple regression
analysis was used to explore the influence
of B-cell function on MAGE including
various clinical factors. The variables
were tested for normality and, where ap-
propriate, were logarithmically trans-
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Glycemic variability and B-cell function

Table 1—Clinical characteristics of the study groups

OHA users Nonusers P value
n 34 25
Sex (male/female) 15/19 16/9 0.13
Age (years) 65.0 (57.0-71.0) 8.5 64.0 (62.0-69.0) 0.65
Diabetes duration (years) 8.5(3.0-11.0) 2.0 (1.0-6.0) 0.003
First-degree relatives with diabetes 13 (37) 13 (52)
BMI (kg/m?) 295 *39 302 £36 0.42
Waist circumference (cm) 1012+ 126 103.8 =125 0.45
Blood pressure (mmHg)

Systolic 140.0 (125.0-145.0) 130.0 (130.0-142.5) 0.98
Diastolic 80.0 (80.0-90.0) 80.0 (80.0-86.3) 0.39
A1C (%) 6.8+ 1.2 6.1 +0.6 0.013
Fasting C-peptide (nmol/1) 0.92 (0.70-1.26) 0.91 (0.71-1.25) 0.90
Triglyceride (mmol/l) 1.8 (1.3-2.5) 1.8(1.5-2.2) 0.57
HDL cholesterol (mmol/l) 1.3(1.1-1.4) 1.4 (1.0-1.6) 0.45
Carbohydrate intake (BU/day) 10.0 (9.3-12.5) 12.0 (10.0-14.0) 0.14

Data are means = SD, medians (25th-75th percentile), or n (%). Significance level OHA users vs. nonusers,

P <0.05. BU, bread exchange units.

formed as indicated. P < 0.05 was
considered statistically significant.

RESULTS

Clinical and biochemical
characteristics

Of the 69 subjects with type 2 diabetes
who volunteered for the study, 10 were
excluded: 2 tested positive for GAD anti-

bodies, 3 aborted CGMS measurements,
and 5 refused the MMT. The 59 partici-
pating subjects were grouped into OHA
users and nonusers. As shown in Table 1,
diabetes duration was significantly longer
and A1C was higher in OHA users than in
nonusers. All other characteristics, in-
cluding carbohydrate intake during the
study, were not significantly different be-
tween the treatment groups.

Table 2—CGM data, glycemic variability, MMT-derived parameters, and insulin sensitivity

OHA user Nonusers P value

CGM data
Mean sensor glucose (mmol/l) 0.8 (8.6-13.1) 7.0 (6.2-7.6) <0.001
Mean sensor glucose range (mmol/1) 87=*x25 58+23 <0.001
Median sensor glucose (mmol/1) 0.7 (8.2-12.8) 6.8 (6.2-7.9) <0.001

Mean AUC ¢, (mmol - 17124 h™ 1) 236.0 (207.6-313.7) 166.8 (147.6-184.8) <0.001

Duration of hyperglycemia (h/day) 10.3 (5.7-20.9) 0.9 (0.0-2.4) <0.001

Duration of hypoglycemia (h/day) 0.0 (0.0-1.2) 0.0 (0.0-0.0) 0.033
Glycemic variability

MAGE (mmol/l) 57x18 3619 <0.001
MMT-derived parameters

Fasting glucose (nmol/l) 8.1 (7.4-11.5) 7.0 (6.0-7.8) <0.001

Incremental glucose peak (mmol/l) 4.2 (3.3-4.8) 2.4(1.6-3.2) <0.001

IAUCGlucose
Fasting plasma insulin (nmol/l)
Incremental insulin peak (mmol/l)
TAUC,, i (mmol <171+ 150 min™ ")
Fasting B-cell function (10~ °/min)
Postprandial B-cell function (107
min)

Insulin sensitivity

HOMA-%S

27.4 (15.7-46.3)

44.6 £ 17.1

(mmol - 17+ 150 min~ ") 254.5 (187.0-305.0) 117.5 (54.5-156.5) <0.001

0.11 (0.07-0.14) 0.10 (0.09-0.13) 0.77

0.55(0.27-0.81) 0.67 (0.45-0.80) 0.62

38.0 (25.0-42.9) 43.8 (21.5-44.9) 0.06
7.1 (4.9-8.8) 9.0 (8.1-11.1) 0.005

71.4(50.4-108.8) <0.001

53.0 £ 13.1 0.045

Data are means % SD or median (25th—75th percentiles). Significance level OHA users vs. nonusers P <0.05.
HOMA-%S, homeostatic model assessment insulin sensitivity index.

CGMS measurements and glycemic
variability

Table 2 shows the results of CGM mea-
surements. All sensor glucose values were
significantly higher in OHA users than in
nonusers. Likewise, between-group dif-
ferences were observed in the glucose area
values (mean AUC_,,). Compared with
the OHA users, nonusers spent a signifi-
cantly lower amount of time in the hyper-
glycemic range (10.3 vs. 0.9 h/day, P <
0.001), whereas the duration of hypogly-
cemia was almost negligible. The MAGE
was significantly higher in the group of
OHA users than in nonusers and ex-
ceeded the proposed 4 mmol/l target
level.

Plasma glucose, plasma insulin, and
estimates of pancreatic 3-cell
function during the MMT

The statistical comparisons of measure-
ments characterizing the glycemic status,
B-cell function, and insulin sensitivity are
summarized in Table 2. Fasting glucose,
the incremental glucose peak, and
IAUC for glucose were significantly
higher in OHA users than in nonusers
during the MMT. Although fasting insu-
lin levels, incremental insulin peak, and
TAUC for insulin were not significantly
different between the two subject
groups, IALJCInsulm/IALJCGlucose was
significantly decreased in OHA users
(=171.3 pmol - 17! - 150 min™', P =
0.010).

Relationships between glycemic
variability and B-cell function

When the relationship between MAGE
and f-cell function was analyzed by non-
linear regression analysis, including both
OHA users and nonusers, a significant re-
lationship was found with the model in-
dexes of B-cell function. As shown in Fig.
1, the relationships of MAGE with PBCF
as a group (r = 0.66, P < 0.001) and
BBCF (r = 0.44, P < 0.001) were nonlin-
ear and a decrease in PBCF <25 X 10~%/
min was associated with a steep increase
in MAGE. A separate analysis of the two
subject groups showed that the relation-
ship between MAGE and PBCF remained
significant for OHA users (r = 0.54, P <
0.001) but failed to achieve significance
for nonusers (r = 0.26, P = 0.21). A sta-
tistically significant nonlinear association
was also observed with BBCF in OHA us-
ers (r = 0.39, P = 0.025) but not in non-
users (r = 0.37,P = 0.07). MAGE did not
correlate with fasting insulin (r = 0.08,
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Figure 1—The relationship between MAGE and PBCF in OHA users (r = 0.54, P < 0.001) and
nonusers (r = 0.26, P = 0.21) with type 2 diabetes. The overall regression line was obtained by
nonlinear regression analysis asy = —1.7435 In(x) + 11.208 (r = 0.66, P < 0.001). O, OHA

users; @, nonusers.

P = 0.56) or postprandial insulin (r =
—0.01, P = 0.93).

Multivariate regression analysis with
MAGE as the dependent variable

Multivariate regression analyses were per-
formed to assess the independent effects
of B-cell function as well as glycemic and
other factors on MAGE. These included
A1C, the degree of insulin sensitivity, age,
sex, duration of diabetes, carbohydrate
consumption (bread exchange units), and
OHA therapy. Because PBCF and BBCF
are highly correlated, two independent
models were tested: model 1 including
PBCF and model 2 including BBCF. The
results of the stepwise regression analyses
are provided in Table 3. The log-
transformed PBCF was the strongest inde-
pendent contributor to MAGE, whereas
the sulfonylurea plus metformin combi-
nation treatment accounted for a smaller

portion of the variability. The other inde-
pendent variables failed to enter. The
BBCF substitution for PBCF in model 2
showed that only the type of OHA treat-
ment, of which the sulfonylurea plus met-
formin combination therapy was the most
influential, remained independently asso-
ciated with MAGE. The basal B-cell func-
tion, BBCF, and other factors did not
enter this model.

CONCLUSIONS — Data in the liter-
ature suggest a relationship between glu-
cose fluctuations during postprandial
periods and the development of diabetes-
related macrovascular complications
(20). Although of unclear etiology, the
failing B-cell function unequivocally con-
tributes to the glycemic instability (21).
However, the degree of association be-
tween glycemic variability and B-cell
function in type 2 diabetes remains un-

Table 3—Results of stepwise forward regression analysis with MAGE as the dependent

variable
Regression Coefficient of

Explanatory variable coefficient () SEM P value determination (R?)
Model 1

Postprandial B-cell function —2.928 0.616  <0.001 0.443

SU + MET treatment 1.610 0.607 0.010 0.504
Model 2

SU + MET treatment 4.020 0.572 <0.001 0.307

SU treatment 2.106 0.517 <0.001 0.398

MET treatment 1.575 0.491 0.002 0.491

Variables of B-cell function were log transformed to assure normality. MET, metformin; SU, sulfonylurea.

Kohnert and Associates

clear. The present study was performed to
investigate these relationships using the
CGMS to determine glycemic variability
and using the insulin secretion model
(17) to determine B-cell function. Our re-
sults show that in a carefully investigated
cohort of primary care subjects with fairly
well-controlled type 2 diabetes, glycemia
in the segment of OHA users is character-
ized by MAGE values above the proposed
target of 4.0 mmol/l (22) and higher-
than-recommended glucose levels after a
standard meal (15). The values for PBCF
and BBCF in our study are consistent with
data from previous studies (17). Although
the immediate pharmacological effects of
OHAs could be washed out, post hoc ex-
ploratory analysis (unpublished results)
revealed that 4 weeks after resumption of
OHA therapy, median PBCF values were
still 26% lower (P = 0.047) than before
the 8-day OHA withdrawal period and
were significantly lower compared with
those for OHA nonusers (P < 0.001).
This result suggests that the increased
glucose levels during the period of OHA
withdrawal exerted a longer lasting gluco-
toxic effect on the B-cell. Because we in-
vestigated the association between {3-cell
function and glycemic variability after
OHA withdrawal, even if the subjects may
have not been at baseline, this observation
does not directly affect the relationship
between these parameters.

We demonstrate for the first time that
glycemic variability strongly correlates
with PBCF in a segment of type 2 diabetic
patients using OHAs and that the rela-
tionship is nonlinear. Our results extend
knowledge about postprandial insulin se-
cretion and glucose control. In newly di-
agnosed type 2 diabetes, Albarrak et al.
(23) showed that glucose meal responses
correlate with postprandial B-cell respon-
siveness but not with insulin resistance.
The nonlinear relationship between the
MAGE and PBCF suggests that, in OHA
users, postprandial B-cell response at or
<~25 X 10~ %/min is associated with a
drastic increase in glycemic variability,
whereas above this threshold, glycemic
variability is improved and affected by
other factors apart from {3-cell dysfunc-
tion. Using multivariate regression mod-
els, we found that PBCF explained 44% of
the interindividual glycemic variability.
As expected, the type of OHAs was also
independently associated with MAGE.
Unexpectedly, other factors such as dia-
betes duration, insulin sensitivity, and
carbohydrate intake failed to enter the re-
gression models.
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Glycemic variability and B-cell function

The interindividual variability of glu-
cose excursions could not be fully eluci-
dated by the explanatory variables included
in the present study. It appears that other
genetic and environmental factors such as
treatment duration and medication compli-
ance may be responsible for the residual
amount of unexplained variability. How-
ever, the influence of these factors is difficult
to assess in a cross-sectional study for which
the primary aim is to investigate the rela-
tionship between MAGE and B-cell dys-
function. These environmental factors are
associated with glycemic variability and
most likely with postprandial hyperglyce-
mia as has been recently demonstrated in
insulin-treated type 2 diabetes (24). Al-
though the subjects in the present study
consumed comparable amounts of carbo-
hydrate and underwent a standardized
MMT, it was beyond the scope of our inves-
tigation to analyze medication compliance
or other behavioral factors in detail.

A weakness of the current study is its
cross-sectional nature. The strengths of
the study include CGM measurements,
use of a standardized MMT, and central
laboratory analyses.

In summary, we demonstrate a non-
linear relationship between glycemic vari-
ability and B-cell dysfunction in a
segment of type diabetic patients using
OHAs. The PBCF correlates most strongly
with glycemic variability. Our data sug-
gest that PBCF is an important thera-
peutic target in controlling glucose
excursions during postprandial periods
to prevent secondary complications of
type 2 diabetes. In this regard, treatment
regimens including incretin mimetics
(22,25) might have the potential of longer-
term improvement in PCBF.

Acknowledgments— This study was funded
by the Bundesministerium fur Bildung und
Forschung (Inno Regio Project 03i 2709).

No potential conflicts of interest relevant to
this article were reported.

We are grateful to our colleagues in the out-
patient centers who contributed their patients
to the study and the patient volunteers for
their participation.

References
1. Turner RC, Holman RR, Cull CA, Stratton
IM, Mattthews RR, Frighi V, Manley E,
Neil A, McElroy H, Wright D, Kohner E,
Fox C, Hadden D. Intensive blood-
glucose control with sulphonylureas
or insulin compared with conventional
treatment and risk of complications in pa-

10.

11.

12.

13.

tients with type 2 diabetes (UKPDS 33).
Lancet 1998;352:837-853

. Monnier L, Lapinski H, Colette C. Contribu-

tions of fasting and postprandial plasma glu-
cose increments to the overall diurnal
hyperglycemia of type 2 diabetic patients—
variations with increasing levels of HbA, .
Diabetes Care 2003;26:881-885

. Ceriello A. Postprandial hyperglycemia

and diabetes complications: is it time to
treat? Diabetes 2005;54:1-7

. Monnier L, Mas E, Ginet C, Michel F, Vil-

lon L, Cristol JP, Colette C. Activation of
oxidative stress by acute glucose fluctua-
tions compared with sustained chronic
hyperglycemia in patients with type 2 di-
abetes. JAMA 2006;295:1681-1687

. Brownlee M, Hirsch IB. Glycemic variabil-

ity: a hemoglobin Alc-independent risk
factor for diabetic complications. JAMA
2006;295:1707-1708

. Robertson RP. Chronic oxidative stress as

a central mechanism for glucose toxicity
in pancreatic islet beta cells in diabetes.
J Biol Chem 2004;279:42351-42354

. Shiraiwa T, Kaneto H, Miyatsuka T, Kato

K, Yamamoto K, Kawashima A, Kanda T,
Suzuki M, Imano E, Matsuhisa M, Hori M,
Yamasaki Y. Postprandial hyperglycemia
is a better predictor of the progression of
diabetic retinopathy than HbA,_ in Japa-
nese type 2 diabetic patients. Diabetes
Care 2005;28:2806-2807

. Cavalot F, Petrelli A, Traversa M, Bonomo

K, Fiora E, Conti M, Anfossi G, Costa G,
Trovati M. Postprandial blood glucose is
a stronger predictor of cardiovascular
events than fasting glucose in type 2 dia-
betes mellitus, particularly in women: les-
sons from the San Luigi Gonzaga Study.
J Clin Endocrinol Metab 2006;91:
813-819

. Del PS, Marchetti P, Bonadonna RC. Pha-

sic insulin release and metabolic regula-
tion in type 2 diabetes. Diabetes 2002;51
(Suppl. 1):5109-S116

Service FJ, Nelson RL. Characteristics of
glycemic stability. Diabetes Care 1980;3:
58-62

Haupt E, Etti H, Bamberg J, Hilgenfeld J,
Schoffling K: Blutzuckersenkende Sulfon-
amide: Fine Placebo-Auslassstudie zur
Objektivierung der Wirsamkeit oraler
Antidiabetika. Akt Endokrinol Stoffw
1984;5:23-31 |article in German]|
Diabetes Prevention Program Research
Group. Effects of withdrawal from met-
formin on development of diabetes in the
Diabetes Prevention Program. Diabetes
Care 2003;26:977-980

Schrezenmeir J, Fenselau S, Keppler I,
Abel J, Orth B, Laue C, Sturmer W, Fauth
O, Halmagyi M. Postprandial triglyceride
high response and the metabolic syn-
drome. Ann N Y Acad Sci 1997;827:353—
368

14. Kohnert KD, Augstein P, Heinke P,
Zander E, Peterson K, Freyse EJ, Sal-
zsieder E. Chronic hyperglycemia but not
glucose variability determines HbA_ lev-
els in well-controlled patients with type 2
diabetes. Diabetes Res Clin Pract 2000;
77:420-426

15. Postprandial blood glucose. American Di-
abetes Association. Diabetes Care 2001;
24:775-778

16. Service FJ, Molnar GD, Rosevear JW, Ack-
erman E, Gatewood LC, Taylor WE. Mean
amplitude of glycemic excursions, a mea-
sure of diabetic instability. Diabetes 1970;
19:644-655

17. Hovorka R, Chassin L, Luzio SD, Playle R,
Owens DR. Pancreatic 3-cell responsive-
ness during meal tolerance test: model as-
sessment in normal subjects and subjects
with newly diagnosed noninsulin-depen-
dent diabetes mellitus. ] Clin Endocrinol
Metab 1998;83:744-750

18. Van Cauter E, Mestrez F, Sturis J, Polon-
sky KS. Estimation of insulin secretion
rates from C-peptide levels: comparison
of individual and standard kinetic param-
eters for C-peptide clearance. Diabetes
1992;41:368-377

19. Wallace TM, Levy JC, Matthews DR. Use
and abuse of HOMA modeling. Diabetes
Care 2004;27:1487-1495

20. Temelkova-Kurktschiev TS, Koehler C,
Henkel E, Leonhardt W, Fuecker K,
Hanefeld M. Postchallenge plasma glu-
cose and glycemic spikes are more
strongly associated with atherosclerosis
than fasting glucose or HbA . level. Dia-
betes Care 2000;23:1830-1834

21. Cremer GM, Molnar GD, Taylor WF,
Moxness KE, Service FJ, Gatewood LC,
Ackerman E, Rosevear JW. Studies of di-
abetic instability. II. Tests of insulino-
genic reserve with infusions of arginine,
glucagon, epinephrine, and saline. Me-
tabolism 1971;20:1083-1098

22. Monnier L, Colette C. Glycemic vari-
ability—should we and can we prevent
it? Diabetes Care 2008;31:5150-S154

23. Albarrak Al, Luzio SD, Chassin LJ,
Playle RA, Owens DR, Hovorka R. Asso-
ciations of glucose control with insulin
sensitivity and pancreatic B-cell respon-
siveness in newly presenting type 2 di-
abetes. ] Clin Endocrinol Metab 2002;
87:198-203

24. Murata GH, Duckworth WC, Shah JH,
Wendel CS, Hoffman RM. Sources of glu-
cose variability in insulin-treated type 2
diabetes: the Diabetes Outcomes in Vet-
erans Study (DOVES). Clin Endocrinol
(Oxf) 2004;60:451-456

25. Bloomgarden ZT. Exploring treatment
strategies for type 2 diabetes. Diabetes
Care 2007;30:2737-2745

1062

DiaBETES CARE, VOLUME 32, NUMBER 6, JUNE 2009



P11

IMPACT OF BUCCAL GLUCOSE SPRAY, LIQUID SUGARS AND DEXTROSE
TABLETS ON THE EVOLUTION OF PLASMA GLUCOSE CONCENTRATION
IN HEALTHY PERSONS

Rudolf Chlup®®, Jana Zapletalova®, Karolina Peterson?, Iveta Poljakova?, Eva Lenhartova?,
Adam Tancred?, Russel Perera?, Jan Smital?

¢ Department of Physiology, Faculty of Medicine, Palacky University, Olomouc, Czech Republic,

b [ Department of Medicine, University Hospital, Olomouc, Czech Republic,

¢ Department of Biophysics, Faculty of Medicine, Palacky University, Olomouc, Czech Republic.

e-mail: rudolf.chlup@fnol.cz

Parts of this study were presented at the 28" workshop of the AIDPIT Study Group, Igls, Austria, January 25"-27", 2009
and at the 45" EASD Annual Meeting, Vienna, Austria, September 29" - October 2, 2009.

Received: August 13, 2009; Accepted: September 15, 2009

Key words: Glucose resorption/Buccal glucose spray/Dextrose tablets/Liquid sugars/Plasma glucose concentration

Objectives: The purpose of this prospective controlled trial was to assess the efficacy of three commercially avail-
able glucose products, (1) buccal glucose spray, (2) liquid sugars, and (3) dextrose tablet, on the evolution of plasma
glucose concentration (PG).

Methods: Sixteen healthy volunteers aged 21.8 £ 0.78 y (mean = SE), BMI 23.5 + 0.84 kg/m?, tested their PG
over the course of 3 sets of 4 sessions (S) each: S -control fasting, S -buccal administration of 10 glucose spray-doses
(0.84 g of glucose) without swallowing; S, consumption of 1 sachet (13 ml) of liquid sugar (ca. 5.2 g glucose, 5.2 g
fructose, 5.2 g sucrose); S, consumption of one dextrose tablet (6 g). PG was tested in finger-prick capillary blood
using a personal glucometer Linus at the start, and at 5, 10, 15, 20 and 30 min. The means of 3 respective sessions for
each of the 16 subjects were analyzed.

Results: The Wilcoxon signed rank test revealed no significant differences between changes in the mean PG at the
start vs. 5S-minute interval either in control, or any intervention sessions. Analysis of regression coefficients after 30 min
compared to the control session, demonstrated an increase in PG with the sachet of liquid sugars (0.068 mmol/l/min,
p = 0.001) which was greater than a single dextrose tablet (0.052 mmol/l/min, p = 0.002), but no significant PG in-

crease was found after buccal glucose spray.

Conclusion: Liquid sugars or dextrose tablets, but not the buccal glucose spray, are effective means to increase PG

within 10 minutes after ingestion.

INTRODUCTION

The oral mucosa is an attractive site for drug delivery
in light of its high vascularity and its capacity for non-in-
vasive drug administration. In addition, this drug delivery
method bypasses the gastrointestinal tract, protects drugs
and potentially other compounds such as glucose from
degradation due to pH, digestive enzymes in the gut, and/
or also from first-pass hepatic metabolism. Fast initiation
and/or decline of delivery may result, and there is less
inter-individual variability between patients'. Compared to
transdermal delivery drug transport via mucosa is quicker
due to its non-keratinized epithelium.

After Murrell sublingually used nitroglycerine in 1879,
there have been many attempts to use the oral mucosa not
only for the delivery of other drugs, including insulin?, but
also for the administration of glucose. In order to combat
or avoid hypoglycaemia in persons with diabetes, the buc-
cal glucose spray was believed to offer a sophisticated so-
lution. In 2006, an easy-to-use buccal glucose rapid spray
was developed. Reports were made on its immediate ef-
fects on hypoglycaemia and neuroglycopenia® 4, However,

Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2009 Sep; 153(3):205-209.

clear references to the effects of this buccal glucose rapid
spray on plasma glucose concentration (PG) are unavail-
able. The purpose of this prospective controlled trial was
to assess the efficacy of three commercially available glu-
cose products (1) buccal glucose spray, (2) liquid sugars,
and (3) dextrose tablet on the evolution of PG.

SUBJECTS AND METHODS

Subjects

Sixteen healthy volunteers (14 men and 2 women)
aged 21.8 £ 0.78 y (mean * SE), BMI 23.5 + 0.84 kg/m?,
provided informed written consent and entered the study.
The study was performed in accordance with the Helsinki
Declaration of 1973 as revised in 2000 and approved by
the local Ethics Committee.

Study design

The volunteers tested their PG over the course of
three sequential sets of 4 sessions (S, S, S,, S;) each.
In each set there was one control (fasting) session and
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three sessions testing different products of dextrose and

other sugars:

e session S0 - control fasting;

* session S, - oral administration of 10 glucose spray-
doses (5 doses on the mucosa of each cheek, as indi-
cated by the manufacturer, without swallowing), i.e.,
0.84 g of glucose at time = 0 min;

* session S, - consumption of one sachet of liquid sug-
ars (13 ml, i.e., 20 g of jelly containing ca. 5.2 g glu-
cose, 5.2 g fructose, 5.2 g sucrose and 4.4 g of water);

* session S, - chewing and consumption of one dextrose
tablet (6 g).

Each session was performed between 6 and 9 a.m.,
after an average fasting time of 8-9 hours (range was
6-13 hours). PG was tested in finger-prick capillary blood
using a personal glucometer Linus, Wellion, Agamatrix,
Inc., Salem, NH, USA, at the start (t = 0 min), att =5,
10, 15, 20 and 30 minutes. The glucose product, depend-
ing on the session, was used immediately after the first
PG measurement. During all tests, the subjects remained
seated, and did not engage in any physical activity.

Statistical analysis

Statistical software SPSS v. 15, SPSS Inc, Chicago, IL,
USA, was used. In each of the 16 subjects, the means of 3
respective sessions (one session of each set) were calcu-
lated and analyzed. Shapiro-Wilk test of normality were
performed and paired t-test or Wilcoxon signed rank test
was used. Linear regression analysis® was carried out to
assess the evolution of PG in the course of the 30-minute
fasting and after the consumption of tested dextrose prod-
ucts.

RESULTS

The 30-minute evolution of average PG in fasting state
and after use of buccal glucose spray, dextrose tablets and
liquid sugars is shown in Fig. 1.

The Wilcoxon signed rank test revealed no differences
between the change of mean PG at the start vs. 5-minute
intervals either in control- or in any intervention sessions
(Fig. 2). Significant differences vs. start appeared as late
as 10 min after the ingestion of liquid sugars or the dex-
trose tablet (Fig. 3) and increased after 15 and 20 min.
In addition, 20 minutes after consumption, the PG in the
liquid sugars sessions were significantly higher than in the
dextrose tablet sessions. Distribution of individual differ-
ences may be seen in the box graphs of Fig. 2 and Fig. 3.

After examining the whole 30-minute time period,
analysis of regression coefficients for the change in PG
evolution in individual sessions demonstrated the high-
est increase after consumption of the liquid sugar (0.068
mmol/l/min, p = 0.001). The single dextrose tablet had
the second highest change in PG (0.052 mmol/l/min,
p = 0.002). The change in PG levels for the buccal glu-
cose spray was not significantly different from Controls
(0.005 mmol/l/min, p = 0.215). All interventions were
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Fig. 1. Evolution of PG in fasting state (Controls) and
after use of glucose spray (0.84 g), one dextrose
tablet (6g) or liquid sugars (glucose 5.2 g, fruc-
tose 5.2 g and saccharose 5.2 g); n=16.
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Fig. 2. Box graphs (median and quartiles): change of
PG concentration after 5-min in fasting state
(Controls) and after use of glucose spray (0.84 g),
one dextrose tablet (6 g) or liquid sugars (glucose
5.2 g, fructose 5.2 g and saccharose 5.2 g); n = 16;
o = outliers.
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concentration at 10-min interval in fasting state
(Controls) and after use of glucose spray (0.84 g),
one dextrose tablet (6 g) or liquid sugars (glucose
5.2 g, fructose 5.2 g and saccharose 5.2 g); n=16;
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Fig. 4. Results of linear regression analysis. Box graphs
(median and quartiles): rate of the increase of PG
in individual sessions in the course of the whole
30-minute time period of fasting (Controls) and
after use of glucose spray (0.84 g), one dextrose
tablet (6g) or liquid sugars (glucose 5.2 g, fruc-
tose 5.2 g and saccharose 5.2 g); n=16; o = out-
liers; * = extreme values.

Impact of buccal glucose spray, liquid sugars and dextrose tablets on the evolution of plasma glucose concentration

in healthy persons

compared to the control session (see box graphs in Fig.
4 for details).

DISCUSSION

Dextrose products are needed which are effective in
increasing PG in hypoglycemia. Our study is focused on
the potential benefits of glucose transport through the
buccal mucosa and its comparison with other conven-
tional forms of ingested glucose transport through the gut
mucosa. As a control measure to avoid the influence of
various endocrine and metabolic disturbances including
hypo- and hyperglycaemia and effects of physical exercise,
healthy fasting subjects were asked to remain in a sitting
position and refrain from any excess movement.

In this study, no significant difference between the
30-minute PG evolution in the control session and in
the session where buccal glucose spray, recommended
by manufacturer and applied to the oral mucosa without
swallowing, was demonstrated. These outcomes fully cor-
respond to the results of others®’. For example, Gunning
and Garber’s experiment with 2-Tritium labeled glucose
in healthy non-diabetic volunteers which was published
in the JAMA in 1978 in ref.”. They found the glycaemia
increase via glucose absorption from the mouth to be
less than 0.5 mg/dl (0.027 mmol/1), and no change in
serum insulin level. They concluded that significant buc-
cal absorption of glucose does not occur in man, and that
instant glucose appears to be of therapeutic value only if
swallowed by fully conscious hypoglycaemic patients, that
is, it would not benefit unconscious patients because of its
poor absorption through the buccal mucosa’.

On the other hand, in our study both the liquid sugars
and the dextrose tablet resulted in a significant increase
in PG within 10 minutes of swallowing.

Our results are undoubtedly weakened by the fact that
the amounts of dextrose, fructose and saccharose in the
products were different. Nevertheless, from the point of
view of final hyperglycaemic effect of a dextrose product
being used according to manufacturer 's recommenda-
tion, this argument does not seem to be of practical im-
portance.

The question arises what glucose concentration may
be reached when dissolving the tested amounts of glucose
in circulating blood. The applied dose of buccal glucose
spray contained 0.84 g glucose. If we dissolve the 0.84 g
(i.e. 4.7 mmol) of glucose in 5.0 | of blood the maximum
increase in glucose concentration would be 4.7/5.0 =
0.94 mmol/l. Taking into consideration continuous glu-
cose uptake and flux in various tissues, the final increase
in PG is expected to be somewhat below this rate. In
our experiments the mean and maximum PG increase
5 minutes after the use of buccal spray was 0.098 mmol/l
and 0.733 mmol/l, respectively, whereas in controls these
values were not significantly different (0.127 mmol/l and
0.700 mmol/l, respectively) - see Fig. 1 and Fig. 2.

One tested dextrose tablet comprised 6 g of glucose. If
we dissolve 6 g (i.e. 33.6 mmol) in 5.0 1 of solute (blood)
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the maximum glucose concentration would be 33.6/5.0 =

6.7 mmol/l. Taking into consideration the glucose uptake

and flux in various tissues as in the previous example, the

real attainable PG increment would be less.

Apart from the variable quantity of sugars in tested
products, the discrepancy between the maximum expected
and realized buccal vs. intestinal increase in glucose con-
centration could be due to the different absorption rates
of buccal and intestinal mucosa.

Oral mucosa. According to the up-to-date concept of
glucose and other drugs absorption via oral mucosa, there
are two possible routes:

1. Transcellular route (passing through the cell): The
transport of food sugars across human buccal mucosa
shows proven stereospecifity. For the natural isomers
D-glucose and D-galactose the transport is at least
partly sodium-dependent® °. The presence of a spe-
cialized sodium ion dependent transport mechanism
for D-glucose was found in the dorsum of the tongue
and (with slower absorption) from the ventral surface
of the tongue'® . Further, as a result of the in vitro
uptake study using specific inhibitors, it has been sug-
gested that SGLT1, GLUT1, GLUT2 and GLUT3 are
expressed in the epithelial cells of human oral mucosa
and take part in the glucose uptake'. Sugar transport
functions not only to take up D-glucose but also to
transport it across the stratified epithelial layer’.

2. Paracellular route (passing around the cell): This
second way is most interesting from the point of view
of our topic'. Absorption and transport are affected
by charge, conformation and lipophilicity?.

Smaller molecules exhibit rapid transport across the
mucosa. The more lipid-soluble the molecule is, the higher
the permeability. Hydrophilic macromolecules such as
peptides require absorption enhancers to overcome their
low permeability.

It was assumed that the process of penetration of dif-
ferent compounds across oral mucosa is most likely by
simple diffusion. Although an active transport of sodium
has been found the amount was too small to be considered
a quantitatively important process'* 1°.

Studies with microscopically visible tracers' indi-
cated that a major route across stratified epithelium for
many compounds is the intercellular space. However, a
barrier for penetration was identified in the intercellular
substance in the superficial layers of epithelium. This bar-
rier was theorized to be of a lipid nature. The presence of
membrane-coating granules in stratified squamous epithe-
lium was found to be strategic for the formation of this
permeability barrier which was proved to not be absolute,
even for relatively large molecules.

The rates at which different compounds can penetrate
epithelium depend on their size and chemical nature. It
is also assumed that the salivary mucin may contribute
to the permeability barrier'. For this reason, neither
the transcellular nor paracellular route have adequate
capacity to increase the rate of glucose transport across
oral mucosa.

Intestinal mucosa. The essential physiological absorp-
tion tissue for glucose is the gut. Analogically, in the gut
there are two possible routes for glucose absorption.

1. Transcellular absorption via the Na+/glucose cotrans-
porter SGLT1 which transports D-glucose against its
concentration gradient into the enterocyte, where it
is used for its own metabolic needs, or transported by
the facilitative sugar transporter GLUT2 across the
basolateral membrane'®.

2. Paracellular glucose absorption. Pappenheimer et
al. proposed the paracellular solvent drag between
absorptive cells contributes a passive component to
absorption , which, at high sugar concentrations, such
as in the jejunal lumen after a meal and after satura-
tion of membrane carriers, is much more utilized than
the active transport through SGLT1 (60-80% of total
absorption)' 8 This paracellular transport increases
exponentially with body weight and may account
for the capacity of human intestines to absorb large
amounts of glucose during glucose tolerance tests, pro-
longed exercises, and oral glucose-saline rehydratation
therapy'. Kellet et al believe that this phenomenon
considered as a non-carrier mediated transport is in
fact a facilitated transport mediated by transient in-
sertion of glucose transporter type 2 GLUT2 in api-
cal membrane when glucose concentration in lumen
exceeds the SGLT1 transport capacity'®-22.

Our study demostrated that 0.84 grams of glucose
administered via buccal glucose spray into the buccal
membrane was ineffective at increasing the PG in healthy
volunteers without hypoglycaemia. Nevertheless, the ex-
perience of other groups®* 2*?5 that glucose spray applied
to buccal membrane provides immediate relief of hypogly-
caemic symptoms and that frequent use of a buccal glu-
cose spray over 6 months in small children resulted in
improved HbAlc, cannot be neglected. To explain these
contradictory findings, several factors should be taken
into consideration.

First, as demonstrated by Manish Wani' buccal ab-
sorption of drugs may be very fast initially but also re-
sult in a quick decrease in blood concentrations of these
drugs. Concurrently, we measured blood glucose levels at
5-minute intervals and any changes in glycaemia occur-
ring in the interim would have been missed. Considering
the delay in venous blood reaching finger capillaries (up
to approximately 1 minute), the collected glycaemia meas-
urements are not perfectly synchronized with buccal mu-
cosa glucose absorption. Thus it is theoretically possible
that the PG levels did rise and then fell very quickly.

On the other hand, regarding both the transcellular
and paracellular routs of glucose transport across the oral
mucosa (see above), this hypothesis does not seem to be
valid for glucose. Independently, in the course of chewing
a dextrose tablet or having liquid sugars in mouth before
swallowing, the dextrose has excellent access to buccal
membranes leaving the question what should be the ad-
vantage of glucose spray?

Finally it is possible that glucose is simply not effec-
tively taken up by the oral mucosa membrane and a po-
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tential placebo- and/or study-in effects must be taken in
consideration.

CONCLUSIONS

This study demonstrates the efficacy of dextrose tablet
and liquid sugars as means of increasing glycaemia within
10 minutes of ingestion. The buccal glucose spray does
not appear to be efficacious with its current composition.
In light of these findings, we prefer the use of tablets or
liquid sugars for the purpose of combating hypoglycemia,
as opposed to the buccal glucose spray. Further studies
on the pharmacokinetics of buccal glucose are necessary.
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Abstract

Background:

The glycemic index (GI) is routinely measured 120 minutes after food intake (GI120). The purpose of this
prospective open label study was to assess (1) the dynamics of glycemia over the 210 minutes following food
consumption and (2) the evolution of GIs based on 120-, 150-, 180-, and 210-minute glycemic profiles.

Method:

Twenty healthy subjects (mean + SE; 219 + 1.39 years of age; body mass index 23.6 + 0.63 kg/m?% 7 men and
13 women) completed the study. Each subject consumed 10 different foods with known GI120 on three separate
occasions at four different times of day according to a defined meal plan over a 9-day period; 32 meals were
evaluated. The GIs for intervals of 120, 150, 180 and 210 minutes after food consumption were determined
using a continuous glucose monitoring system (CGMS) to measure glycemia. The Wilcoxon signed-rank test
was applied to compare the GIs.

Results:

Glycemia returned to baseline within 120 minutes for honey and tomato soup; within 210 minutes for white
bread, choco-rice cookies, fish and potatoes, wafers, and meat ravioli with cheese; and later for dark chocolate,
apricot dumplings, and choco-wheat cookies. The extended GIs were higher than the respective GI120s in eight
of the foods.

Conclusions:

The 120-minute glycemic index fails to fully account for changes in glycemia after ingestion of a mixed meal because
glycemia remains above baseline for a longer period. The CGMS is a convenient method to determine the glucose
response/Gls over intervals extended up to 210 minutes, which is adequate time for the absorption of most foods.
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Introduction

The glycemic index (GI) is a measure of the hyper-
glycemic power of food relative to a standard food
challenge of 50 grams of glucose in 300 ml of water.
The GI is defined as the incremental area under the
blood glucose response curve of a 50-gram carbohydrate
portion of a test food expressed as a percentage of the
response to the same amount of carbohydrate from a
standard food taken by the same subject. Both areas
are calculated during a 120-minute interval after the
ingestion of food, ignoring areas beneath the fasting
glucose concentration.!

Since the pioneering papers of Otto and colleagues?
and Jenkins and colleagues,® the concept of the GI has
become an almost integral part of meal planning in some
countries*® In 1998, the World Health Organization and
the Food and Agricultural Organization recommended
including GI values in nutritional tables,”” while
the American Diabetes Association only states that
consideration of GI may provide modest additional
benefits for glycemic control over that observed when
total carbohydrate is considered alonel!® To date, over
600 papers with “glycemic/glycaemic index” in the title/
abstract have been filed in the PubMed database.

A new GI determination method based on a commercially
available continuous glucose monitoring system (CGMS)
and software Solutions™ (Medtronic MiniMed, Northridge,
CA)"! together with the original software DegifXL
(Palacky University Olomouc, Czech Republic),'? has been
developed. The CGMS is a well-recognized tool currently
used by health care professionals and persons with
diabetes to identify variations in glycemia'® with accuracy
similar to that of self-monitoring on glucometers.#-16
The DegifXL4 software enables easy data processing and
Gl determination four times per day (breakfast, lunch,
afternoon snack, and dinner).” No significant differences
exist between GI values obtained by the CGMS and
those obtained by more time-consuming conventional
methods.!®

Research of the GI addresses factors that influence the
variability of postprandial glycemia (prolonged exercise,
previous ingestion of high glycemic index meal, content
of fiber, etc).!®? Special attention is paid to the method-
ology of GI determination.?®

After intake of 50 grams of glucose standard or some
other foods, the plasma glucose concentration returns

to baseline level within 120 minutes. Therefore, further
determination of glycemia is not deemed necessary.
However, after the ingestion of mixed meals, postprandial
hyperglycemia may last longer. We hypothesized that
the numerical values representing the glucose response
or hyperglycemic power of some foods (i.e, their
“extended” GIs) would increase when measured beyond
the routinely used 120-minute interval, leaving the
question of whether the GI120 is predictive of post-
prandial glycemia development. The purpose of this
study was to assess (1) the blood glucose dynamics
during the 210 minutes after food consumption and
(2) the development of GIs based on 120- 150-, 180-,
and 210-minute glycemic profiles.

Subjects and Methods

Subjects

In 2007, 25 students were enrolled in this study.
The following eligibility criteria were used: good health
(i.,e, no abnormalities on clinical examination and
laboratory screening), no medication, nonsmoker, body
mass index (BMI) <30 kg/m? willingness to perform
continuous glucose monitoring, and commitment to
keep to the meal plan for 9 days. The planned number
of volunteers over 10 was mandatory in order to make
comparison with methods and results of other groups
possible. The subjects provided written informed consent
and were enrolled in the study. All procedures were
performed in accordance to the Helsinki Declaration
of 1975 as revised in 2000 and approved by the local
ethics committee at Teaching Hospital Olomouc, Czech
Republic.

Subjects were tested in five nonrandomized groups over
the course of five sequential 9-day periods. Each group
consisted of three to five subjects. There were five drop-
outs due to common cold (n = 4) and gastroenteritis
(n = 1). Thus, data from 20 Caucasian persons (mean + SE;
219 + 139 years of age; BMI 236 + 063 kg/m?% 7 men
and 13 women) were evaluated.

Test Meals

Ten popular foods/mixed meals were tested (Table 1).
The choice of foods was influenced by the amount of
carbohydrates in one serving (50 grams + 5%) as listed
on the package label. All of the meals, except for white
bread, were purchased at one time before the beginning
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Table 1.

Nutrient and Energy Content in Each Portion of Tested Food (Adopted from Nutritional Labels Included with
Original Products); Glycemic Index

Carbohydrates (g) Lipids (g) Proteins (9) | Energy? (kcal) G120 (%)
Breakfast and dinner meals
1. Glucose solution 50 0 0 200 100
2. Dark chocolate (70% cocoa) 50 62 13 810 35
3. Puffed c_hocolate—covered rice cookies 50 19 7 399 105
(choco-rice squares)
4. White bread 50 3 8 259 93
5. Lime blossom honey 50 0 0 200 77
Lunch meals
6. Meat ravioli, Edam cheese 50 32 36 632 43
7. Fried fish, mashed potatoes, fresh butter 50 34 16 570 94
8. Apricot dumplings, fresh butter 50 27 20 523 75
Snack meals
9. Wafers with chocolate filling 50 31 4 495 79
10. (Izﬁfofgg_gggﬁoslz’ﬁa;ec;\;ered wheat cookies 50 29 9 434 64
11. Tomato soup 50 3 6 251 40
@ Energy amounts: 1 gram carbohydrate = 4 kcal, 1 gram lipid = 9 kcal, 1 gram protein = 4 kcal.
b Mean glycemic index (GI120).26

of the study. White bread was supplied fresh, twice per
week. The meat ravioli was canned, the fried fish and
apricot dumplings were frozen, and the tomato soup
and mashed potatoes were in powder form when
purchased.

Fifty grams of glucose powder (used as the standard)
was packed in small plastic containers in the pharmacy
and dissolved by the participant in 300 ml of water or
tea 5 minutes before consumption.

In the defined meal plan, the foods were divided into
three groups according to the time of consumption
(Table 1).

Glucose and each tested food were consumed at three
different times; only tomato soup was consumed twice
due to technical reasons. At the breakfast test on day 9
the subjects had only one possibility to consume a test
meal that could not be consumed according to the meal
plan (Table 2).

From the stated energy values of the meals (Table 1)
and meal plans (Table 2), daily intake ranged from 1233
to 2076 kcal.

Study Design

Thirty-two tests were performed on each of the 20 subjects;
the test period began with lunch on the first day,
continued for the next 7 days, with four test meals per day
(breakfast at 7 am. lunch at 12 am. afternoon snack at
4 pm, dinner at 8 pm), and ended on day 9 with lunch.
On the first day of the study the following procedures
were performed:

e Subjects were trained to handle the CGMS.%

¢ A CGMS sensor was inserted subcutaneously into
the gluteal/lumbar region before the first test and
remained inserted and connected to the CGMS Gold
monitor throughout the entire 9-day test period.

e Each subject received the personal glucometer Advance
(Hypoguard, Woodbridge, UK) and 50 Micro-draw
strips to recalibrate the CGMS according to the latest
manufacturer’s instructions, ie., at least every 12 hours.

e All subjects were provided with the defined meal
plan (Table 2) and a logbook for recording their
actual intake of food and drink, their exercise and
daily activities, their general physical condition,
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Table 2.
Defined Meal Plan: A Total of 32 Servings of 10 Test Meals and a Glucose Standard
Day Breakfast, 7 a.m. Lunch, 12 a.m. Snack, 4 p.m. Dinner, 8 p.m.
1 - 1. Meat ravioli with cheese 2. Puffed choco-wheat cookies 3. Dark chocolate
2 4. Glucose 5. Fried fish, mashed 6. Wafers 7. Puffed choco-rice cookies
potatoes, butter
3 8. White bread 9. Apricot dumplings, butter 10. Tomato soup 11. Lime blossom honey
4 12. Dark chocolate 13. Meat ravioli with cheese 14. Puffed choco- wheat cookies 15. Glucose
5 16. Puffgd choco-rice 17. Fried fish, mashed 18. Wafers 19. White bread
cookies potatoes, butter
6 20. Lime blossom honey 21. Apricot dumplings, butter 22. Tomato soup 28. Dark chocolate
7 24. Glucose 25. Meat ravioli with cheese 26. Puffed choco- wheat cookies 27. Puffed choco-rice cookies
8 28. White bread 29. Fried fish, mashed 30. Wafers 31. Lime blossom honey
potatoes, butter
9 Free choice 32. Apricot dumplings, butter - —

the function of the CGMS, and glucometer results.
They were asked to fast for at least 210 minutes before
and after the beginning of each meal, to consume each
portion within a 30-minute period, not to consume
any other food, not to drink alcohol, to avoid vigorous
exercise, and to keep a logbook with an emphasis on
complete honesty.

e Every subject received the proper amounts of test
meals in sealed, labeled packages (except for white
bread, which was supplied fresh) for the entire
test period. Subjects were instructed to transfer the
frozen foods (fried fish and apricot dumplings with
butter) to their home freezers within 1 hour and to
keep them frozen until 1 hour before the appropriate
meal time.

The following points were emphasized:

e Lunch test meals were to be consumed according to
usual habits described in cookbooks, ie, warm after
adequate preparation in a microwave oven.

e At the beginning of each test meal, the subject was
to enter the code for the food into the CGMS Gold
monitor.

e Every subject was encouraged to drink 400 ml of
water or unsweetened fruit tea with each meal in
order to ensure a balanced fluid intake throughout
the whole study period, and no additional drinks
were allowed for 1 hour before the start of the meal
and for 2 hours after the meal.

e A medical supervisor was available by phone at any
time.

Each subject entered the actual quantities and times of
meal consumption, exercise, data on calibration and
function of the CGMS, and any deviations from the daily
routine into his/her logbook.

At day 9, having completed the meal plan, data were
downloaded from the CGMS Gold monitors into a personal
computer to calculate the GIs using Solutions software
v.70D and software Degif XL4. Data were then revised,
corrected manually, and completed according to the
subject’s logbook. The exact times of the meal start were
transferred from subjects’ logbooks into the DegifXL4
database. The following criteria were used for exclusion
of a meal test from further processing: the fasting time
before a meal was shorter than 210 minutes, a meal was
not consumed completely, longer than 30 minutes was
taken to consume a meal, and/or any additional food
was eaten. The detailed mathematical procedures of GI
calculation have been described elsewhere.!>1718

Statistical Analysis

MS Excel 2000 (Microsoft Corporation, Redmond, WA)
and SPSS v.15.0 (SPSS Inc., Chicago, IL) were used to
analyze data. Any tests that did not fulfill required
evaluation criteria were not processed. Individual mean
GIs for each period of time (120, 150, 180, and 210 minutes)
were calculated for all replicates of each tested food.
Glycemic indexes exceeding 500% were excluded. Next,
mean group-related GI120, GI150, GI180, and GI210
were determined. Analysis of variance (ANOVA) was
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used to compare plasma glucose concentrations at the
start of each test meal. The Shapiro-Wilk test showed a
nonnormal distribution of Gl values, and the Wilcoxon
signed-rank test was applied to compare Gls associated
with the tested foods over the course of 210 minutes;
p < 0.05 was considered statistically significant. Box graphs
with quartiles were used to demonstrate the evolution of
the GIs.

Results

A total of 640 tests were performed with 10 foods
and glucose standard in 20 subjects. In each subject,
each food except tomato soup was tested in three
replicates, i.e, 60 tests were performed with each of 10
foods/glucose standard and 40 tests with tomato soup.

Because some tests did not meet defined criteria, only 481
tests (75%) were processed. The number of successfully
processed tests for the particular foods ranged from
34 of 60 (57%) to 52 of 60 (87%). The percentage of
successful tests in each of 11 meals was compared with
the percentage of successful tests in other foods using
and a significant difference was found in 9 of 66 compared
pairs. There were 159 of 640 (25%) test failures: 57 of
640 (9%) were subject related (the fasting time before
a meal was shorter than 210 minutes, a meal was not
consumed completely, longer than 30 minutes was taken
to consume a meal, additional food was eaten) and 102
of 640 (16%) were CGMS related (the sensor function was
disturbed during the 210 minutes following the meal
start for a longer period than 20 minutes). In addition,
all tests where the calculated value of GI exceeded the
empirically defined limit of 500% (26 of 640 tests, i.e.,
4%) were excluded from final evaluation. Thus, from 640
performed tests, only 455 tests (71 %) were considered
for statistical evaluation.

Glycemia Dynamics Following Food Intake

According to the evolution of glycemia during the
210 minutes after food consumption, test meals were
classified into three groups. Group 1 (1 = 2) consisted
of foods for which glycemia returned to baseline within
the same time as the glucose standard (120 minutes).
These foods were lime blossom honey and tomato soup
(Figure 1A). Group 2 (n = 5) contained foods for which
glycemia returned to baseline within 210 minutes.
These foods were white bread, choco-rice cookies, fried
fish with mashed potatoes and butter, wafers, and
meat ravioli with cheese (Figure 1B). Group 3 (n = 3)
comprised foods for which glycemia did not return
to baseline within 210 minutes. These foods were dark

chocolate, apricot dumplings, and puffed choco-wheat
cookies (Figure 1C).

Glycemic Index Assessment Based on 120-, 150-,
180-, and 210-Minute Glycemic Profiles

Results of conventional GI120 determinations for test meals
have already been reported.?® Based on classification of
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Figure 1. Mean glycemic change from premeal value and area under
the curve after consumption of 50 grams of carbohydrates. Elapsed
time from the meal start. See Figure 2 for evolution of the glycemic
index between 120 and 210 minutes. (A) Lime blossom honey versus
glucose standard. Glycemia returned to baseline within 120 minutes;
n = 18. (B) White bread versus glucose standard. Glycemia returned to
baseline within 210 minutes; 1 = 18. (C) Dark chocolate versus glucose
standard. Glycemia did not return to baseline within 210 minutes;
n = 17. Glucose, 1 mmol/liter = 18 mg/dl.
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the Sydney University Glycemic Index Research Service?® by ANOVA) were not significant (Table 3); however,
there were three foods with a low GI120 (<55%), one due to evaluation criteria (see earlier discussion), data from
food with a medium GI120 (56-69%), and six foods one to four subjects were excluded from analysis for
with a high GI120 (=70%). Differences in mean plasma  each test meal such that the number of subjects evaluated
glucose concentrations before test meals (as compared  in each instance (except glucose) was less than 20.

Table 3.
Glycemia (mmol/liter) at Start of Test and Glycemic Indices (%) for Test Meals at 120, 150, 180, and

210 Minutes after Start of Food Intake (Data Reported as Means + SE); Relative Increase of GI between
120 and 210 Minutes”

# Meal Glycemia Gl120 G120 GI150 GlI180 GlI210 Relative
Mean group Mean Mean Mean Mean increase
SE SE SE SE SE GI210 vs
n cVP Ccv Ccv CcVv Gl120
n n n n %
1 Glucose 5.5 High 100.0 100.0 100.0 100.0
0.17 0.0 0.0 0.0 0.0
19 20 20 20 20
2 Puffed choco- 5.0 High 105.3 121.9 111.2 114.6
rice cookies 0.16 17.6 22.7 16.3 17.4 8.8
19 70.8 79.0 60.4 62.7
18 18 17 17
3 Fried fish, 5.2 High 94.0 100.1 101.4 102.8
mashed 0.13 13.7 13.8 13.4 13.2 9.4
potatoes, 19 61.8 58.6 56.1 54.5
butter 18 18 18 18
4 White bread 5.2 High 93.3 101.6 108.2 113.4
0.15 7.4 7.6 8.1 9.0 21.5
19 33.5 31.7 31.8 33.8
18 18 18 18
5 Wafers 5.22 High 77.8 89.5 95.2 101.3
0.16 13.2 1541 15.4 17.5 30.2
18 724 7.7 68.5 73.3
18 18 18 18
6 Lime blossom 5.3 High 76.7 76.2 76.5 774
honey 0.21 8.4 8.7 9.1 9.5 0.5
18 46.7 48.2 50.6 52.1
18 18 18 18
7 Apricot 4.9 High 75.0 921 105.4 113.8
dumplings, 0.12 12.8 18.3 23.3 26.3 51.7
butter 18 72.7 84.5 93.6 97.9
18 18 18 18
8 Puffed choco- 4.7 Medium 63.7 751 87.7 97.4
wheat cookies 0.18 8.1 8.8 10.6 12.5 52.9
17 53.7 49.5 51.3 54.3
18 18 18 18
9 Meat ravioli 5.0 Low 43.3 46.4 48.6 51.4
with cheese 0.19 6.8 7.5 8.2 8.6 18.7
20 68.1 70.3 73.5 73.2
19 19 19 19
10 Tomato soup 5.1 Low 38.5 38.4 38.1 39.7
0.14 121 12.3 12.4 12.2 3.1
14 125.2 128.4 129.7 123.2
16 16 16 16
11 Dark 5.0 Low 34.7 43.4 51.1 62.8
chocolate 0.17 5.8 7.7 8.9 9.9 80.9
(70% cocoa) 17 68.9 73.5 71.6 65.1
17 17 17 17
4 Foods are ordered according to their GI120.
b Goefficient of variation.
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No significant GI increase could be demonstrated for lime
blossom honey and tomato soup from group 1 (Figure 2A).
In the eight remaining foods from groups 2 and 3 (with low,
medium, or high GI120), the relative GI increase over
the course of 210 minutes was significant, ranging
from 9 to 81% of the respective start value (Table 3,
Figure 2A, 2B, 2C).
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Figure 2. Evolution of glycemic indices over the 210 minutes following
food intake. Data are presented as medians and quartiles. 0, outlier;
* extreme value. See Table 3 and Figure 1 for further details.
(A) Meals without marked GI evolution. The only food for which there
was a significant difference between GI210 and GI120 was ravioli.
(B) Various mixed meals that showed a significant increase in GI
between 120 and 210 minutes. (C) Chocolate mixed meals showed
significant increases in the GI at 150, 180, and 210 minutes as
compared to 120 minutes postingestion. p value as compared to GI120
as calculated by Wilcoxon signed-rank test. Only numerical values of
p < 0.05 are shown.

Discussion

The present study reports differences in the duration and
magnitude of the glycemic response to various test
foods/meals and suggests that the traditional 120-minute
interval may not adequately define the entire glycemic
response. An important question that was raised over
20 years ago®3? has been addressed again.

It has been shown previously that the 2-hour period
used to calculate the glycemic index of a food does
not necessarily capture the entire glycemic response.
The 2-hour window is used because the degree of
glycemic response during this period has important
and relevant implications for corresponding metabolic
processes (e.g., early insulin and glucagon concentrations
in the early postprandial phase and free fatty acids in
the late postprandial phase). The metabolic response
of the body to a food that results in a spiked glucose
profile in the course of 2 hours is quite different from
one that results in a flatter glucose profile in the course
of 4 hours. Thus, calculating the GI from a longer time
frame after meal consumption may result in more
effective meal planning before physical activity in
healthy persons, optimum insulin dosing at night in
persons with diabetes mellitus, and so on.

However, the present approach deviates from the standard
methods used, 3! particularly with respect to the number
of test meals per day (breakfast, lunch, afternoon snack,
dinner), to the method of glucose estimation (CGMS),
and to the increased number of subjects (n = 20) and tests.

The strength of this study is that it considers the glucose
response over 210 minutes after the meal start and
calculates the “extended GIs” based on 150-, 180-, and
210-minute postprandial glucose profiles. Testing the
individual foods at breakfast, lunch, snack, and dinner
times also increased the power of our investigational
process. The subjects did not need to be present in a
laboratory, and the blood glucose concentration was
recorded continuously (288 values per 24 hours) by
the CGMS. Final data processing was straightforward.
Having tested each food three different times in
16-20 subjects, the strength of the statistical analysis in
this study was greater than in other studies in which
approximately 10 subjects were evaluated once with each
food.*

Our results could be weakened by the facts that
testing itself was performed without direct professional
supervision and that glycemia was not estimated in
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an approved laboratory. The impact of time of day on
insulin sensitivity and postprandial glycemic response
was not fully explored either. In addition, the loss of
subjects and the elimination of some data points (due to
exclusion criteria) limit the power of the study. However,
the initial training of test subjects and the confirmed
long-lasting function, accuracy, and safety of the CGMS**¥
and the glucometer Advance® were indeed adequate to
approach standard testing conditions.

In addition, our results dealing with GI120 appear to be
compatible with the respective GI values in nutritional
tables issued previously in accepted international
journals e.g., honey 77 + 8% vs honey Canada 87 + 8%,
(item number 586°); white bread 93 + 7% vs baguette,
white, France 95 + 15%, (item number 57°); and tomato
soup 39 + 12% vs tomato soup Canada 38 + 9%, (item
number 578%). This assessment supports the CGMS as
an acceptable alternative method of GI determination.

Our experimental design included withholding food for
210 minutes prior to the test meal, indicating that the
fasting period before lunch, snack, and dinner tests
was less than 10 hours applied in other studies?;
although our design approximates “real-life” situations,
it is necessary to recognize the potential effect of
previous meals on the ensuing glycemic response of the
subsequent test meals.**° Differences in establishing
glucose homeostasis and the potential factors that may
have influenced these differences in response to the
various foods/meals need to be specified.

Figure 1 demonstrates very different responses to
various foods/meals and suggests that the GI may differ
between 120 and 210 minutes.

Even though the lack of significant differences among
fasting glycemia before breakfast, lunch, snack, and
dinner meals within the defined meal plan was
demonstrated (Table 3), the influence of previously
ingested fat and proteins should be recognized. This is
particularly important given the fact that the present
study reports that glycemic values needed mostly
210 minutes to return to baseline values with several of
the test foods/meals. There are major differences in the
amount of fat and protein among the tested foods/meals.
However, the relationship between the GI response over
time and the presence or amount of fat and protein in the
foods/meals appears to correspond to the observations
of others* The influence of fat and proteins on the

rate of digestion and absorption, gastric emptying, and
so on might help explain differences in the length
and magnitude of the glycemic response. In our study,
increased amounts of energy in one portion of tested
food resulted from a larger content of fat and proteins.

In foods/meals for which glycemia returned to baseline
within the same time as the glucose standard (group 1),
the energy amount in one portion was <251 kcal; for
foods for which glycemia returned to baseline within
210 minutes (group 2) it was between 259 and 632 kcal; and
for portions of foods resulting in longer hyperlycemia
(group 3) it was between 434 and 810 kcal per portion
(Table 1). Considering “activity diaries” completed by
subjects, the daily energy intake resulting from the meal
plan applied in this study (1233 to 2076 kcal/day) appears
to be at the lower limit of their needs. Further studies
are underway to analyze the potential link among
energy intake, GI, and glycemia.

Absolute increments in mean GI values between 120
and 210 minutes varied from 8 to 39%, i.e., the relative
Gl increase ranged from 9 to 81% of the respective start
value; statistical significance was proven. The question
arises as to what is the clinical importance of this GI
evolution? In addition to it, coefficients of variation
(Table 3) and box graphs in Figure 2 clearly indicate one of
the problems with the concept of GI ie, the variation
in glucose response within individual foods/meals is
much greater than differences among foods/meals of
a different glycemic index.?’ This finding appears to
comprise both the variability of GI between individuals
and the time-of-day effect. Brand-Miller and associates*!
analyzed a database of more than 1000 foods, concluding
that the GI provides a good summary of postprandial
glycemia, predicts the peak response, correlates highly
with glucose variability, but shows only weak correlation
with glycemia 120 minutes after the meal. Thus, the
determination of extended glucose response and GI
beyond 120 minutes may be helpful.

From a practical point of view, it is important to
evaluate the postprandial glycemic profiles and benefits
of low/high GI foods in healthy subjects under regular
daily conditions,*? at work,*® and during exercise
Predicting postprandial glycemia is also useful for
improving algorithms for premeal insulin boluses for
persons with type 1 diabetes.**> However, the paradigm
for recommending food with low/high GI under
various conditions is complex** and remains both a
controversial®®®! and a challenging entity.5>
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The 120-minute glycemic index values fail to fully account
for the changes in glycemia that occur after ingestion
of a mixed meal because glycemia remains significantly
above baseline for longer than 120 minutes. Thus, the
evolution of postprandial glycemia makes determination
of meal-specific GIs beyond 120 minutes worthy of
further investigation. The approach adopted in this
study offers extended GI estimates for foods ingested on
three different occasions at four different times of day
(breakfast, lunch, snack, or dinner). Use of the CGMS
and the described software is an efficient and convenient
method for routine measurement of Gls over extended
intervals that represent the period adequate for absorption
of most foods.
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Abstract

Background:
The purpose of this prospective open-label trial was (1) to assess the influence of oral antidiabetic drugs (OAD)
on the glycemic index (GI), glucose response curves (GRCs), daily mean plasma glucose (MPG) and (2) to compare
the GI of foods in persons with OAD-treated type 2 diabetes mellitus (T2DM) with the respective GI in healthy
persons (HP).

Methods:

Tested foods containing 50 g of carbohydrates were eaten for breakfast and dinner after 10 and 4 h of fasting,
respectively. Glycemic index, GRC, and MPG were obtained using the CGMS® System Gold™ (CGMS).
In T2DM patients [n = 16; age (mean + standard error) 56.0 + 2.25 years], foods were tested four times: tests 1, 2, and
3 were performed within one week in which placebo was introduced on day 2, and test 4 was carried out
five weeks after reintroduction of OAD. Glycemic indexes, GRC, and MPG from tests 1, 2, 3, and 4 were
compared. In a control group of 20 HP (age 24.4 + 0.71 years), the mean GIs were calculated as the mean from
20 subject-related Gls.
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In T2DM patients, subject-related assessment of GIs, GRC, and MPG distinguished persons with and without
OAD effect. Nevertheless, the group-related GIs and the MPG on days 2, 8, and 39 showed no significant
difference. There was no significant difference between the Gls in OAD-treated T2DM patients (test 4) versus HP
(except in apple baby food). Glucose response curves were significantly larger in T2DM patients (test 4) versus HP.

Determination of GRC and subject-related GI using the CGMS appears to be a potential means for the evaluation
of efficacy of OAD treatment. Further studies are underway.

Introduction

Since the pioneering papers of Otto and colleagues!
and Jenkins and associates,”> who developed the concept
of glycemic index (GI), many questions have been raised
about its importance in the healthy as well as in the
diabetes population. Diets rich in high-GI foods have
been linked to a higher incidence of diabetes mellitus,
coronary heart disease, cancer, and other disorders.?
So far, the GI of many foods has been determined,* and the
question whether GI should be a part of nutritional labels
and dietary recommendations is being discussed.>®

According to the World Health Organization (WHO), GI is
defined as the incremental area under the blood glucose
response curve (GRC) of a 50 g carbohydrate portion of a
test food expressed as a percentage of the response to
the same amount of carbohydrates from a standard food
taken by the same subject.”

The beneficial effects of low-GI foods have been shown
particularly in diets for persons with diabetes,® ' although
the GI is routinely determined in healthy persons (HP).
Besides the role of GI in a healthy diet in persons with
diabetes, we asked whether GI and other parameters of
hyperglycemic response to foods may be of importance
in evaluating the effectiveness of oral antidiabetic drugs
(OAD) therapy.

The purpose of this pilot prospective open-label trial was
(1) to assess the influence of OAD on GI, mean plasma
glucose (MPG), and GRCs, namely, the incremental area
under the curve (IAUC) and (2) to compare the GIs and
GRCs of four foods in type 2 diabetes mellitus (T2DM)

patients treated with B-cell stimulators and/or metformin
with the respective values in HP.

Methods

Subjects

Thirty-five T2DM patients treated with OAD (B-cell
stimulators and/or metformin) and 30 HP were invited
to participate in this study. Healthy volunteers were
recruited among students of the Faculty of Medicine,
Palacky University, Olomouc, and persons with diabetes
were recruited among patients from two out-patient
clinics. The T2DM patients fulfilled these inclusion criteria:
T2DM treated with OAD, no ongoing inflammatory
disease, overall good condition, and willingness to use
the CGMS® System Gold™ (CGMS) continuous glucose
monitoring system (Medtronic MiniMed, Northridge, CA).
Healthy subjects fulfilled these inclusion criteria: good
overall health (assessed by a physical and laboratory
investigation), no medication, and willingness to use
the CGMS. Twenty-one T2DM patients and 25 HP
provided written informed consent, with participation
in this study performed in accordance with the Helsinki
Declaration of 1973 as revised in 2000 and approved
by the local ethics committee. There were a total of
10 dropouts in both of the groups. In the T2DM patient
group, the dropouts were due to incomplete data
(n = 3), upper respiratory infection (n = 1), and personal
request to quit the study (n = 1). In the healthy group,
all dropouts were due to viral gastroenteritis (n = 5).
Twenty HP and 16 T2DM patients completed the study
(Table 1).
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Laboratory Procedures

Basic anthropometric and laboratory parameters were
measured at the beginning of the study. In T2DM
patients, hemoglobin Alc (HbAlc) values [International
Federation of Clinical Chemistry (IFCC) scale] were
determined on day 1 and on day 38. The conversion
of HbAlc from the IFCC scale to the
traditional National Glycohemoglobin Standardization
Program/Diabetes Control and Complications Trial
(DCCT) scale may be calculated using the formula:
IFCC [%] = (DCCT - 2.15)/0.915.1415

values

Table 1.

Characteristics of Type 2 Diabetes Patients and
Healthy Persons at Baseline (Mean + Standard Error)

Tested Foodstuffs

Four different foodstuffs with a known content of nutrients
but unknown GI value were tested: apple baby food,
dark chocolate, puffed rice squares, and strawberry yogurt.
The choice of tested foodstuffs was influenced by the
amount of carbohydrates provided in the nutritional label
to ensure easy preparation of portions containing 50 g
of available carbohydrates each. Fifty grams of glucose
in the form of glucose solution in 250 ml of water was
used as standard food (Table 2).

Study Design

Persons with Type 2 Diabetes

In T2DM patients, the study duration was approximately
40 days (Figure 1) and consisted of two test periods
during which continuous glucose monitoring was

Group T2D(r|\1/1_P?g)ents HP (n = 20) Re::;zzce performed using the CGMS.!1%7 The first period lasted

9 days in which, on day 2, the OAD were replaced by

Age [years] 56.70 + 2.25% | 24.40 + 0.71 n/a placebo and reintroduced on day 10 in their previously

Duration of diabetes 619 + 0.91 0 n/a prescribed strength and dosage. Since all subjects were

[years] very compliant and were taking their OAD medication

Body mass index 31.90 + 118 | 22.30 + 0.73 <5 regularly; it was on purpose that they should not

[kg/m’] interrupt this rhythm even knowing it was a placebo

HbA1c/IFCC [%] Day 1 | 5.31 + 0.48% | 2.91 + 0.05 | 2.80-4.00 they received. It was thus uncomplicated, after the end
of the withdrawal period, to switch from the placebo to

HDATC/IFCC [%] 5.28 = 0.49 n/a 2.80-4.00 S period, : pa

Day 39 their original medication. During the 9-day period, all
subjects consumed 50 g of glucose or four alternative

Total cholesterol 500+ 038 | 445019 | <5.00 ) &8

[mmol/liter]

High-density

lipoprotein cholesterol 1.25 + 0.092 1.70 + 0.11 | 1.00-1.60 \i- OAD ‘

[mmol/liter]

Low-density

lipoprotein cholesterol 2.50 + 0.26 2.28 + 0.16 <2.60

[mmol/liter]

[Tr:jz’g’l'/gn't’g’rf“"s 284 +058% | 1.02+043 | <1.70 { Teet 1 2 3 4 “

Day 1 9 38
C-peptide [ug/liter] 3.55 + 0.42 1.40 = 0.11 1.10-5.00
@ Versus HP, Mann-Whitney, p < 0.001 Figure 1. Scheme of the study design in T2DM patients.

Table 2.

Composition of Tested Foods

Food CZ‘:&')‘;; d(faie%)"[;] Carbohydrates [g] | Carbohydrates [kJ] | Proteins [g] | Proteins [kJ] | Fat [g] | Fat [kJ] | Energy [kJ]
Glucose 20% 250.0 50 850.0 0.0 0.0 0.0 0.0 850.0
Dark chocolate 91.9 50 850.0 5.9 100.3 243 | 9477 | 1898.0
Apple baby food 277.8 50 850.0 06 10.2 06 | 234 883.6
Puffed rice squares 60.3 50 850.0 4.8 81.6 0.7 27.3 958.9
Strawberry yogurt 312.5 50 850.0 10.6 180.2 66 | 2574 | 12876
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foodstuffs containing 50 g available carbohydrates for
breakfast and dinner, beginning in the evening of the
first day, and continued testing for the following 8 days,
resulting in 15 tests (each foodstuff was tested in three
replicates: tests 1, 2, and 3) performed in each of the
16 T2DM patients. The second period started with
insertion of the CGMS sensor approximately 5-6 weeks
after the reintroduction of OAD and lasted 3 days
(days 38-40). During this 3-day period, each foodstuff
was tested once more (test 4).

Healthy Persons

In HP, the study consisted of only one test period similar
to the first period in T2DM patients (Table 3).

In both T2DM patients and HP, the CGMS sensor was
inserted on day 1 of the study in the subcutaneous tissue
of the buttocks or abdomen, depending on personal
preference. Each participant was given exact portions of
foodstuffs with a defined meal plan. The first meal test
(dinner) was performed in the laboratory under the
supervision of an educator who trained participants in
using the CGMS and glucometers (Hypoguard Advance,
Woodbridge, United Kingdom)!® and provided them with
detailed information about the study design. The CGMS
was calibrated several times per day using plasma glucose
values measured by personal glucometer, Advance.
All participants were asked to keep a logbook with
entries about their food and medication intake, physical
activity, and other events. The T2DM patients were given
an exact number of placebo pills and were instructed to
take them. Participants were asked to fast for 10 or 4 h
before breakfast and dinner, respectively, to eat up each
portion of test food within 5 min, and not to perform
any strenuous physical activity 120 min after food
consumption. They were given the option of drinking
300 ml of water or unsweetened tea with each test meal,
if desired. The subjects were asked to always enter the
event “food” into the CGMS monitor just before starting to
consume the tested food. During the day (except breakfast,
dinner, respective postprandial 120 min periods, and
preprandial periods of fast), they were free to eat

Table 3.

any meal, provided that the total daily energy intake
remained steady (+ 10%). All subjects were asked to
maintain a constant physical activity, not to smoke,
and not to consume alcohol during the test periods.
Participants were encouraged to contact a 24 h phone
line in case of technical problems or any questions.

Calculation of the Glycemic Index and Statistical
Analysis

At the end of the test period, CGMS data were downloaded
to a personal computer and exported from the CGMS
Solutions Software™ 7310 v. 3.0C (Medtronic MiniMed,
Northridge, CA) to the software program DegifXL.1%20

The TAUC (Figure 2) was determined using calculus
(integration, as the sum of the all 24 trapezoid areas)
according to the formula IAUC = S;, i = 1,..., 24, where

(Gi - Go) + (Gi1 - Go) x A
2

Si= t

G; is the glucose concentration at a particular time,
Gy is the starting glucose concentration; and At = 5 min
for G; < Gy, Si = 0.

The subject-related GI for a particular test food was
calculated in every individual separately according to
the formula

average TAUC e to0d

Gl = x 100[%]
average IAUC, 1 cose
10
9 For G, < G,is considered S,=0
8
G{7
6
5 =
0 15 A 30 45 60 75 90 105 120
] Time (min)
50g carbohydrate ingested

Figure 2. Calculation of the IAUC.

The Eight-Day Standard Meal Plan for Healthy Persons Testing Five Different Foods (Four Test Foods and
One Standard Food) for Breakfasts and Dinners

Day 1 2 3 4 5 6 7 8
. Glucose Puffed rice Dark Apple baby Strawberry Glucose Puffed rice
squares chocolate food yogurt squares
Dinner Dark Apple baby Strawberry Glucose Puffed rice Dark Apple baby Strawberry
chocolate food yogurt squares chocolate food yogurt
J Diabetes Sci Technol Vol 4, Issue 4, July 2010 986 www.journalofdst.org
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Plasma glucose curves were constructed from 25 glucose
values obtained by the CGMS within 120 min after the
Plasma glucose curves were constructed from 25 glucose
values obtained by the CGMS within 120 min after the
meal in 5-min intervals. Each food was tested three
times within 8 days in HP and four times in T2DM
patients in two test periods.

Whenever the Shapiro-Wilk test revealed non-normal
distribution of values, nonparametric tests (Friedmann
test, Wilcoxon signed rank test, and Mann-Whitney test)
were applied.

In T2DM patients, individual Gls from tests 1, 2, 3, and 4
were calculated and compared using the Friedmann test
followed by the Wilcoxon signed rank test; Bonferroni
correction was performed to obtain the final significance p.
The GI of test 4 was compared to HP using the Mann—
Whitney test.

In HP (n = 20) first, the mean from tests 1, 2, and 3

was calculated for each individual, and then the group-
averaged GI was calculated as the mean of the sample.
Out of a total of 60 tests, 8 had to be excluded from the

statistical evaluation due to nonadherence to the study
protocol (as registered in the log books).

In T2DM patients, the values of preprandial glycemia
before test meals in tests 1, 2, 3, and 4 were compared
using analysis of variance (ANOVA). The daily MPG
values as calculated by CGMS Solutions Software
(mean sensor glucose value) of days 2, 8, and 39 were
compared using ANOVA. Wilcoxon signed ranks test was
applied to compare the HbAlc values of days 1 and 38.
The GRC was assessed by the IAUC. The IAUC
(mmol/literh) was calculated for each foodstuff in
tests 1, 2, 3, and 4, and the comparison between
individual tests was performed using Wilcoxon signed
ranks test. Subject-related GIs of tests 1, 2, 3, and 4
were evaluated in each T2DM patient. No tests were
excluded due to nonadherence to the study protocol.
Microsoft Excel, software DegifXL, and SPSS v. 15.0
were used to analyze data.

Results

The group-related GI values in T2DM patients (tests 1, 2, 3,
and 4) and in HP (mean of three tests + standard error)
are shown in Table 4.

Table 4.
Glycemic Index of Foods in Type 2 Diabetes Patients and in Healthy Persons
T2DM patient | T2DM patient | T2DM patient | T2DM patient o & Healthy o b
e el Test 1 Test 2 Test 3 Test 4 Significance persons Significance
38-50 days
Ng. of days 0-2 2-5 5-8 after OAD n/a
without OAD ) -
reintroduction

Median 100 100 100 100
Mean 100 100 100 100

Glucose Standard error — — — - 100
n 16 16 16 15
Median 48.0 40.5 47.9 214 46.6

Apple baby Mean 69.6 46.5 95.8 28.0 c 53.8

food Standard error 15.9 6.6 45.6 6.4 0.012 8.4 0.002
n 16 16 16 15 20
Median 774 88.0 90.7 63.1 77.3

Puffed rice Mean 90.6 86.6 200.6 75.5 76.9

squares Standard error 9.0 9.2 113.3 1.7 0154 6.3 0615
n 16 16 16 15 19
Median 4.5 58.5 47.4 45.6 32.3

Strawberry Mean 471 63.4 775 51.3 37.7

yogurt Standard error 5.5 8.8 25.8 7.8 0.428 4.8 0.089
n 16 16 16 15 20
Median 41.4 48.5 45.3 43.8 38.6

Dark Mean 48.0 58.4 57.8 56.1 44.0

chocolate Standard error 7.0 7.2 16.4 14.5 0.098 4.9 0.790
n 16 16 16 15 20

@ Friedman test for comparing Gl in test 1 versus test 2 versus test 3 versus test 4.

b Mann-Whitney test for comparing Gl in HP versus test 4 with T2DM patients

¢ Test 3 versus test 4 (Wilcoxon signed rank test)
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Influence of Oral Antidiabetes Drugs on
Hyperglycemic Response to Foods

The comparison between the GI values of tests 1, 2, 3, and
4 for each foodstuff in T2DM patients using Wilcoxon
signed ranks test showed no significant differences.
However, in some persons, the subject-related GI value
increased during the placebo period and returned toward
baseline after reintroduction of OAD.

There were 60 GI pairs (test 4 versus test 3) obtained from
15 T2DM patients after consumption of four different foods.
A reduction of CI in test 4 was observed in 36/60 pairs:
in four persons in all four foods (16/16), in three persons
in three foods (9/12, meaning 9 reductions in a total
of 12 pairs obtained from these three persons), in four
persons in two foods (8/16), and in three persons in one
food (3/12). The number of persons with GI reductions
for individual tested foods (15 pairs each) was as follows:
there were 12 reductions out of 15 GI pairs in apple baby
food, 10/15 in puffed rice squares, 8/15 in strawberry
yogurt, and 6/15 in dark chocolate.

The comparison of IAUC of tests 1, 2, 3, and 4 for each
foodstuff using Wilcoxon signed ranks test showed
significant difference in apple baby food only (Figure 3),
where the TAUC of test 3 was larger than the IAUC of
test 4 (438 versus 2.20 mmol/literh, respectively, p = .012).

The ANOVA showed no significant differences either in
preprandial plasma glucose values of tests 1, 2, 3, and 4
or in the daily MPG values of days 2, 8, and 39 (11.04 + 0.77
versus 11.82 + 0.83 versus 10.74 + 1.02 mmol/liter,
respectively, mean + standard error). Wilcoxon signed
ranks test revealed no significant difference in HbAlc
values between the beginning (day 1) and the end
(day 38) of the study (5.31 + 0.48% versus 5.28 + 0.49%,
respectively, mean + standard error).

Comparison of Glycemic Index and Glucose
Response Curves in Persons with Type 2 Diabetes
and Healthy Persons

There were no significant differences in GIs between HP
and T2DM patients except in apple baby food (Figure 4),
which had a significantly lower GI in T2DM patients
(test 4) than in HP (280 + 64 versus 538 + 84,
respectively, p = .002).

The comparison of GRCs between OAD-treated T2DM
patients (test 4) and HP showed significant differences in
all foods except in apple baby food (Figure 3, Figure 5,
and Table 5).

Apple baby food

2
151 %

o 10 o —_

3 o]
1/ B :

— |

o == 1L = ==
-5
n=_ 16 16 16 15 20

Test1 Test2 Test3 Test4 HP

Figure 3. Glucose response curves expressed as IAUC (mmol/liter-h)
after ingestion of a portion of apple baby food containing 50 g
carbohydrates in T2DM patients (test 1, performed within 2 days after the
withdrawal of OAD; test 2, performed 2 to 5 days after the withdrawal
of OAD; test 3, performed 5 to 8 days after the withdrawal of OAD;
test 4 performed 38 to 50 days after the reintroduction of OAD) and HP.
p = .012 for test 3 versus test 4.

Apple baby food
250
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Figure 4. Apple baby food GI values for T2DM patients treated with
OAD (test 1, performed within 2 days after the withdrawal of OAD,
n = 16; test 2, performed 2 to 5 days after the withdrawal of OAD,
n = 16; test 3, performed 5 to 8 days after the withdrawal of OAD,
n = 16; test 4, performed 38 to 50 days after the reintroduction of OAD,
n = 15) and HP (n = 20). Test 4 versus HP, p = .002
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Figure 5. Glucose response curves expressed as IAUC (mmol/liter-h)
after ingestion 50 g glucose in T2DM patients (test 1, performed
within 2 days after the withdrawal of OAD; test 2, performed 2 to 5
days after the withdrawal of OAD; test 3, performed 5 to 8 days after
the withdrawal of OAD; test 4, performed 38 to 50 days after the
reintroduction of OAD) and HP. p = .012 for test 3 versus test 4.

Table 5.

Discussion

Many studies report the effects of high/low-GI diets
on the control of T2DM,8%111221-23 Hhyyt the number of
studies reporting GI determination in T2DM patients is
rather sparse.?* However, it was shown that a long-lasting
low-GI diet intervention leads to a reduction of anti-
hyperglycemic medication and to HbAlc reduction in
T2DM patients.”® To our knowledge, data on the influence
of OAD on the GI of foods have not been reported.

Specific methodologies2% applied in different centers
(e.g., capillary versus venous blood versus interstitial
fluid sampling) make comparison of GIs more difficult.
Interindividual and intraindividual variability of Gls
also contribute to differences in GI values?® Not only the
quality of available carbohydrates in the food, but also
other factors such as the amount and type of protein, fat,
starch, particle size, food storage, and processing may
influence the GI value.?3°

The energetic value and content of nutrients varied in the
tested foodstuffs, as it was our intention to test foods

Glucose Response Curves Expressed as Incremental Area Under the Curve (mmol/liter-h) in Type 2 Diabetes
Patients and Healthy Persons

T2DM patient | T2DM patient | T2DM patient | T2DM patient L o Healthy L b
eee et Test 1 Test 2 Test 3 Test 4 Significance persons Significance
38-50 days
No. of days 0-2 2-5 5-8 after OAD n/a
without OAD ) -
reintroduction
Median 10.4 9.5 9.8 10.2 3.6
Mean 10.1 9.2 9.3 9.5 4.0
Glucose Standard error 0.67 0.86 0.91 1.01 0.878 0.52 0.0001
n 16 16 16 15 20
Median 3.9 4.4 4.4 2.2 1.6
Apple baby Mean 7.2 3.9 4.9 2.5 c 1.8
food Standard error 2.02 0.48 0.59 0.54 0.001 0.19 0.386
n 16 16 16 15 20
Median 7.8 7.5 9.0 6.3 2.8
Puffed rice Mean 8.7 7.9 8.5 6.4 3.2
squares Standard error 0.81 113 1.20 1.15 0.154 0.36 0.042
n 16 16 16 16 20
Median 41 5.5 4.2 4.6 1.5
Strawberry Mean 4.7 5.6 4.9 4.5 1.6
yogurt Standard error 0.66 0.73 0.85 0.77 0.428 0.22 0.002
n 16 16 16 16 20
Median 4.2 5.5 3.7 3.3 1.9
Dark Mean 4.6 5.3 3.9 4.7 2.0
chocolate Standard error 0.69 0.70 0.49 3.69 0.098 0.23 0.006
n 16 16 16 16 20
@ Friedmann test for comparing IAUC in test 1 versus test 2 versus test 3 versus test 4
b Mann-Whitney test for comparing IAUC in HP versus test 4 in T2DM patient
¢ Test 3 versus test 4 (Wilcoxon signed rank test)
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with different expected GI values. From this point of
view, apple baby food and puffed rice squares are similar
in their characteristics; both have a low fat and protein
content (Table 2), yet their GIs fall in the low- and
high-GI group of foods, respectively.3"®> A reduction of
GI after the reintroduction of OAD was more frequent
in low-fat and low-protein foods (apple baby food, puffed
rice squares) than in foods with higher content of fat and
protein (strawberry yogurt, dark chocolate).

In this study, the CGMS was used to determine the GI.
Even though this approach differs from the traditional
method recommended by the WHO,” previous studies
have shown high correlation in GI outcomes between
both methods,®* and the accuracy of the CGMS was
proven.’*% The fact that test meals were eaten both for
breakfast and for dinner led to a higher number of tests
in one test period.” In addition, at-home food testing
provided a more relaxed atmosphere for all subjects
compared to the traditional laboratory setting. Using the
software program DEGIF XL for GI determination made
GI calculation easy and fast.”® The CGMS sensors
were well tolerated in all subjects, even when used
continuously for more than three days.3*%

The strength of this pilot study is that it demonstrates the
subject-related glycemic effects of OAD therapy. On the
other hand, our results are undoubtedly weakened by the
fact that the group of T2DM patients was not homogenous
and different OAD were used.

Our results have shown no significant difference in group-
related GIs between healthy subjects and T2DM patients
except in apple baby food, which had a significantly
lower GI in OAD-treated T2DM patients (test 4) than
in HP. Apart from this observation, the IAUC after the
consumption of apple baby food was significantly larger
in test 3, ie, after the 8-day OAD withdrawal, compared
to the TAUC of test 4, which was assessed 39 days after
the OAD reintroduction. This is the only significant
difference revealing the potential group-related effect
of OAD treatment on the GRC. On the other hand, it is
clearly shown that the TAUC in test 4 is larger than
the TAUC in HP in all foods except in apple baby food,
where there is no significant difference.

The time elapsed from the last dose of OAD until test 1
was not identical in all foods due to technical reasons.
Test 1 with chocolate was performed 12 h after the last
OAD dose, and the remaining tests 1 with glucose, apple
baby food, puffed rice squares, and strawberry yogurt
were performed within 48 h of placebo introduction.

However, the comparison between healthy subjects and
T2DM patients was done with test 4, which was performed
under regular OAD treatment.

Our findings have shown no significant changes in
preprandial plasma glucose values and in daily MPG
concentration before and after the OAD withdrawal.
This statistical conclusion was surprising and leaves the
question of whether this is due to OAD failure in some
of the study participants. Nevertheless, the evaluation
of individual subjects revealed potential influence of
OAD on GIs in some persons and some foodstuffs and
no or even adverse influence in others. Considering the
already known large interindividual variability of GI
due to various factors,?? and recent findings on extended
prandial glycemic profiles of foods*#! this observation
appears to be worthy of further investigation. In addition,
the OAD withdrawal lasted only 8 days, which is a
relatively short time, and the effects of OAD may have
persisted during this interval 4243

The length of the OAD withdrawal was based on the
recommendation of the ethics committee in order to
avoid threatening hyperglycemia. Because the results of
our study do not show any deterioration in metabolic
control after an 8-day placebo treatment, we believe
that a longer period of OAD withdrawal in combination
with continuous glucose monitoring may bring more
evidence about the influence of OAD therapy on GI and
GRCs without unnecessary hazard for the tested persons.
In addition, nonresponders to OAD may be identified and
become candidates for a more efficient therapeutic option.

Conclusions

Influence of OAD on hyperglycemic response to foods
remains worthy of further investigation.

Even though the statistical methods used in this study
failed to support our hypothesis that the administration
of OAD influences the hyperglycemic response to foods,
the subject-related individual assessment of GI and
MPG revealed persons with and without OAD effect.
Therefore, determination of subject-related GI and GRCs
using the CGMS appears to be a potential means to the
evaluation of efficacy of OAD treatment. Further studies
are underway.
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KONTINUALNI MONITOROVANI KONCENTRACE GLUKOZY
(HISTORIE, SOUCASNE MOZNOSTI A PERSPEKTIVY)

Peterson K.

Ustav fyziologie, Lékatsk4 fakulta Univerzity Palackého, Olomouc

SOUHRN

Toto piehledové sdéleni shrnuje informace o invazivnich a neinvazivnich metodéach
kontinualniho méfeni koncentrace glukézy v intersticialni tekutiné a v plazmé. Jsou uvedeny
teoretické poznatky i praktické zkuSenosti vztahujici se k roz$ifovani invazivnich systé-
mi (CGMS, Medtronic, Minimed, USA; Seven, DexCom, STS, USA; Navigator, Abbott,
USA). Rovnéz je poukédzano na dosud malo spolehlivé neinvazivni systémy (Pendra Watch,
Pendragon Medical, Ltd., Svycarsko, a Glucowatch G2 Biographer, Animas Corporation,
USA). Bylo vyuzito recentnich literarnich zdroji z roku 2007 (Journal of Diabetes Science
and Technology), materialt z 67. sjezdu Americké diabetologické asociace ADA v Chica-
gu (Diabetes 2007; 50, Suppl 1) a ze 42. kongresu Evropské asociace pro studium diabetu
EASD v Amsterdamu (Diabetologia 2007; 50, Suppl 1) i vlastnich zkuSenosti s kontinudlnim
monitorovanim pomoci CGMS.

KLICOVA SLOVA: kontinudlni monitorovani glukézy, senzory, diabetes mellitus, inzulinova
pumpa, glikometry

SUMMARY

This review article summarizes the information about invasive and noninvasive methods
of continuous glucose monitoring in plasma and interstitial fluid. Both theoretical knowledge
and experience dealing with invasive systems (CGMS, Medtronic, Minimed, USA; Seven,
DexCom, STS, USA; Navigator, Abbott, USA) are presented. The less reliable noninvasive
systems (Pendra Watch, Pendragon Medical, Ltd. Swiss, a Glucowatch G2 Biographer, Ani-
mas Corporation, USA) are also described. The paper is based on recent references taken
mainly from the Journal of Diabetes Science and Technology, 2007, materials from the 67th
American Diabetes Association Meeting in Chicago (Diabetes 2007; 50, Suppl 1) and from
the 42nd European Association for the Study of Diabetes meeting in Amsterdam (Diabeto-
logia 2007; 50, Suppl 1) as well as on author’s personal experience with continuous glucose
monitoring using CGMS.

KEY WORDS: continuous glucose monitoring, sensors, diabetes mellitus, insulin pump,
glucometers

UvVOD

Kontinualni monitory pro zjistovani koncentrace glukézy jsou pristroje, které méri
koncentraci glukdzy v realném case. Aktudlni hodnota glykemie se proto ihned zobrazuje na
displeji monitoru. Monitor dostava informaci o koncentraci glukozy v intersticialni tekuting,
ktera koreluje s koncentraci glukozy v plazmé. Na rozdil od klasického selfmonitoringu Ize
pritbézné upravovat lé€bu, aniz by musel byt provadén odbér kapilarni nebo Zilni krve. Hodnota
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koncentrace v intersticialni tekutiné se v§ak ve srovnani s koncentraci gluk6zy v plazmé miize
o n&kolik minut opoZdovat (tzv. lag faze). Délka tohoto zpozdéni je ovliviiovana rychlosti
vzestupu nebo poklesu koncentrace glukézy v plazmé.

Monitorovéani glukézy v intersticiu se sice oznacuje jako kontinualni, ve skutecnosti
v3ak je koncentrace glukézy méfena intermitentné a do monitoru je ukladana aZ primérna
hodnota z uréitého poétu méteni. Délka intervalu i pofet méteni, z nichz se primérna hod-
nota vypoéitava, jsou pro kazdy monitorovaci systém specifické. Na displeji monitoru se
ukazuje nejen posledni aktudlni hodnota koncentrace glukézy, ale i trend jejtho vyvoje za
nékolik poslednich hodin. Timto zpiisobem pak Ize do uré¢ité miry predikovat i riziko rozvoje
hyperglykemie nebo hypoglykemie. Klasicky selfmonitoring provadény jen nékolikrat denné
takovou predikci neumoZziiuje.

Kontinualni monitory glukézy slouzi pfi 1é€bé diabetu ke ¢tyfem acelim: (1) k roz-
poznani a k pfedpovidani hyperglykemie, (2) k rozpoznani a k predpovidani hypoglykemie, (3)
k vypo&tu primérné glykemie a (4) k posouzeni variability glykemie.

Rozvinut4 hyperglykemie miize vyzadovat nékolik hodin az dnf intenzivni 1é¢by. Pocet
a zavaznost hyperglykemii vedou ke zvySeni primérné koncentrace glukézy a rovnéZ ovlivii-
uji variabilitu glykemie. Oba tyto ukazatele patii k rizikovym faktorim pro mikrovaskularni
komplikace. Véasna informace o trendu vyvoje glykemie umoziiuje pacientovi podniknout
piimé&fend opatfeni k obnoveni normoglykemie. Ve Spojenych statech je ale podle doporuceni
FDA (Food and Drug Association) nezbytné, aby informace z kontinualniho monitoru byla
pied zahajenim, resp. iipravou lé&by ovéfena na glukometru.V Ceské republice zatim nejsou
zavazné standardy k dispozici.

Nihla hypoglykemie bezprostfedné ohroZuje Zivot ¢lovéka. Casté hypoglykemie zvy-
Suji variabilitu glykemie, avSak nemusi byt rozpoznany pomoci hemoglobinu Alc. Naproti
tomu pfi soustavném monitorovani koncentrace glukézy miZe alarm na hrozici hypoglykemii
upozornit, takze lze jejimu rozvoji piedejit.

Priimérn4 glykemie je dileZitym faktorem pro rozvoj komplikaci diabetu. Koreluje
s hodnotami glykovaného hemoglobinu Alc. Kontinualni monitorovani vede ve vétSiné pii-
padi za 3 - 6 mésicl ke sniZeni hemoglobinu Alc.

Variabilita glykemie ma rovnéz velky vyznam pro uchovavani homeostazy a tim pro
prevenci rozvoje komplikaci. Jeji hodnoceni je doménou kontinualniho monitorovani. Gly-
kovaného hemoglobinu Ize k tomuto ucelu vyuzit jen omezeneé.

Od pocatku tietiho tisicileti se kontinudlni monitorovani glukézy zvolna stdva soucésti
klinické praxe. I kdyZ spolehlivost nékterych monitorovacich systémi jiZ byla opakované
ovéfena, nepodafilo se je zatim zafadit mezi standardni vybaveni odbornych pracovist’. Toto
piehledové sdéleni se pokousi usnadnit zakladni orientaci v dané problematice.

OHLEDNUTI DO HISTORIE

Selfmonitoring u osob s diabetem zacal semikvantitativnim stanovovanim ztrat cukru do
mo¢i pomoci Benediktova ¢inidla v roce 1912, Tato metoda nabyla na vyznamu po objevu
inzulinu v roce 1921. VySetfovani glykozurie v§ak mélo pouze orienta¢ni vyznam pro retro-
spektivni hodnoceni stavu.

Pruznou Gpravu 1écby podle aktudlni glykemie umozZnilo aZ stanovovéni glykemie
v kapilarni krvi pomoci prouzki. Era glukometrii zacala v roce 1976, kdy spole¢nost AMES
dala k dispozici glukometr Eytone. Na odbornych forech se tenkrat diskutovalo o tam, zda
diabetik potiebuje znat svoji glykemii. Brzy se ale podafilo ptekonat obavy ,,ze stresu, ktery
by informace o vysoké nebo nizké glykemii mohla u pacienta vyvolat®.

|
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V roce 1978 byla ve Velké Britanii uvedena do praxe prvni nositelna inzulinova pumpa
umoZiujici kontinualni podkozni aplikaci inzulinu (CSII). Na pielomu sedmdesétych a osm-
desatych let vznikl Biostator, Miles, USA, s uzavienym okruhem, ktery méfi glykemie pomoci
senzoru zavedeného do Zily a pomoci pocitatového programu upravovuje intravenozné apli-
kované davky inzulinu. Tohoto nakladného zafizeni je vyuZivano pouze pro tcely vyzkumu.
Ru¢ni davkovace inzulinu oteviely v roce 1983 dvefe pro rozsifovani intenzivni konven&ni
1éCby inzulinem (10). Tim potfeba selfmonitoringu déle vzrostla. Dnes se piesnost glukometrti
bliZi atestovanym analyzéatoriim v akreditovanych laboratofich. V moderni diabetologické am-
bulanci se glukometry stavaji b&Znou pomtickou nejen pro diabetiky 1. typu 1é¢ené inzulinem,
ale i pro nékteré diabetiky 2. typu. Na nasem pracovisti jsme ziskali zkugenosti s nékolika
typy glukometra (11): Optium (Abbott), Advance (Hypoguard) a v poslednim roce Wellion
Linus (Agamatrix). Prakticky se pfestava vyuZivat vySetfovani glukézy v moéi.

Experimentélni vyvoj senzoru zaéal v roce 1970. Prvni v praxi pouZitelny implantabil-
ni senzor pro kontinudlni monitorovani glukézy v intersticidlni tekutiné se vSak objevil az
pocitkem devadesatych let (MiniMed, CA, USA). O nékolik let pozdé&ji nasledovaly senzory
DexCom (STS, San Diego, USA) a Navigator (Abbott, Alameda, USA) a rovnéZ minimalné
invazivni metody vyuZivajici mikrodialyzy intersticidlni tekutiny (GlucoDay, A. Menarini
Diagnostics).

Ke konci druhého tisicileti za¢ala byt pozornost vénovéna i vyvoji neinvazivnich sen-
zorl a monitorti (1) jako Glucowatch Biographer, Animas Corporation, USA, a Pendra Watch
(Pendragon Medical Ltd., Svycarsko) které vSak dosud nedosahuji potrebne spolehlivosti.
Jejich rozgifovani ustalo. Do Ceské republiky nepronikly. Nastup modernich technologii do
praxe pichledné uvadi Tabulka 1.

Tab. 1
ZAVADENI MODERNICH TECHNOLOGII K APLIKACI INZULINU A PRO SELFMONITORING
DO PRAXE (35, 36)
Rok Aplikace inzulinu Monitoring
1912 Cukr v mo¢i Benediktovym ¢inidlem
1922 Sklenéné injekeni strikacky
1970 Experimentalni vyvoj implantabilniho senzoru
. " Glykemie v kapilami krvi:
1976 Plastové jednordzové stiikacky Praysiy, aliskometr Evtane CAmes)
Kontinudlni s.c. infuze inzulinu
1978 Inzulinova pumpa Mill Hill Infusor
(Mill Hill, Velka Britanie)
1980 Kontinudlni i.v. Biostator (Miles, USA) Biostator (Miles, USA)
Ruéni ddvkovag inzulinu MADI
1983 jehlova a katetrovd varianta pro viechny

druhy inzulinu (META Ostrava, CR)
Novopen (Novo. Dansko) s pedplénymi

1959 zasobniky inzulinu
Postupny vyvoj dalsich ruénich davkovagi
1989-2007 inzulir_lu (Au:fopen. BD-pen, Dlselm_mc pen.
Humeject, Lillypen. Humapen, Optipen,
Opticlick, bezjehlové davkovace aj.)
Kontinudlni monitorovani glukézy invazivnimi senzory:
2000 CGMS pro retrospektivni hodnoceni glykemie pomoci
Solutions Software
2002-2007 Lidsky inhalaéni inzulin Exubera (Pfizer) Neinvazivni senzory-nespolehlivé (pfechodné rozsizovani
2006 Transmiter pro bezdratovy pfenos signlu z podkozniho
senzoru do monitoru
Inzulinova pumpa Paradigm X22 vybavena
2006 prijimacem pro bezdratovy prenos glykemii | CGMS udévajici glykemii v redlném ¢ase i retrospektivné

ZE& SenZoru

Transmiter minilink
2007 Systém Guardian Real Time
Vyuziti internetu: Carelink Personal, Carelink Professional
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SOUCASNE MOZNOSTI

Pomoci kontinualnitho monitorovani glukézy lze ziskat nejvice informaci o zménach
koncentrace gluk6zy. Nejspolehlivéjsi vysledky davaji podkoZni senzory. Kontinualniho
monitorovani lze vyuZit za nejriznéjich situaci. Patii sem predevSim lécba diabetu a rovnéz
udrZzovani homeostdzy u nediabetikii po traumatu, kde se hyperglykemie vyskytuje pouze
dotasné. CGMS se osvédgil i pfi stanovovani glykemického indexu potravin (13,14).

Implantace glukézového senzoru ma své limity. Je nezbytné presné dodrZovat stanoveny
postup, podobné jako pfi monitorovani jinych fyziologickych funkei. Kontinualni monitor
poskytuje informace o aktuélni koncentraci glukézy a rovnéz informaci o trendu jejiho vyvoje.
Umoziluje predpovédét, zda v prib&hu nésledujicich 15 az 30 minut lze ofekavat vyvoj hy-
per- nebo hypoglykemie. Interpretace nélezil by nebyla mozna bez piislusného po¢itacového
software (2, 9, 23, 28, 34, 40).

Ke kontinualnimu monitorovéani gluk6zy se dnes vyuZiva predevsim Etyf technologickych
postupt, k nimzZ patfi:

1. implantabilni podkoZni senzory,

2. mikrodialyza kiize,

3. neinvazivni koZni a oéni monitory glukézy.

4. senzory pro pouziti na oddélenich intenzivni péce.

Ad 1) IMPLANTABILNi PODKOZN{ SENZORY

Pouze implantabilni podkozni senzory dosahuji v sou¢asné dob& dostatené spolehlivosti.
Proto je Ize vyuZivat v rutinnim provozu, nicméné jejich vysledky musi byt pravideln€ kon-
trolovany glukometrem. Stanovuji koncentraci glukozy pomoci glukozooxidazy. Jejich funkce
je obvykle zachovana po dobu 5 - 7 dni (25). Senzory CGMS (Medtronic, Northridge, USA)
fungovaly i 18 mé&sicii po uplynuti data exspirace (12). Komplikace v misté inzerce senzoru
jsou pfitom zanedbatelné (33).

Vysledky kontinualniho monitoringu koreluji s hodnotami HbAlc (43, 45) Take klinic-
ky stav diabetikii se v jeho priib&hu obvykle zlepsuje (15, 20). Pfedpokladem pro racionalni
nasazeni kontinudlniho monitoringu do 1é¢by je ale intenzivni edukace 1ékart, sester, i dia-
betiki (37).

Mezi schvélené a ve svété bézné dostupné kontinualni monitory v souCasné dobé patii:
CGMS Gold (Medtronic Minimed, Northridge, CA), Guardian® RT (Medtronic Minimed,
Northridge, CA), Paradigm X22 (Medtronic Minimed, Northridge, CA), Guardian Real Time
(Medtronic Minimed, Northridge, CA), Seven (DexCom DST, Dexcom, San Diego, CA)
a Navigator (Abbott, Alameda, CA). V Ceské republice jsou zatim registrovany pouze systémy
Medtronic Minimed (51).

A) CGMS Gold (Medtronic Minimed, Northridge, CA, USA) systém pro kontinualni
monitoro-vini koncentrace glukoézy v intersticiu

Tento systém (Obr. 1) od roku 2003 postupné vytla&il CGMS prvni generace a dnes
je jiz nahrazovéan systémem Guardian, ktery méa podobné prvky a pouZiva stejn¢ senzory.
U systému Gold lze hodnoty glykemie zjist'ovat pouze retrospektivné pomoci poéitce.

B) Guardian® RT (Medtronic Minimed, Northridge, CA, USA) - systém pro kontinualni
monitorovani koncentrace glukézy v intersticiu

Systém Guardian® RT méii koncentraci glukézy trvale po celych 24 hodin. Systém
nepietrzité zobrazuje na displeji monitoru pétiminutové priméry koncentraci glykémie
a upozorni (zvukovym signédlem nebo vibraci) na vzestup ¢i pokles glykémie nad nebo pod
ptedem nastavenou hranici. UmoZni tak rychle reagovat na aktudlni stav a tim i pfedejit roz-
voji t&zkych akutnich komplikaci vEetné komatu. Po stazeni dat z monitoru do pocitace lze
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sledovat také trendy v pohybech koncetrace glukézy ve formé grafu (kiivek). Posledni verze
systému Guardian® RT nese oznaceni Guardian® Real Time; jeho tvar pfipomina inzulinovou
pumpu a funkce jsou dokonalejsi — viz dale.

Obr. 1
CGMS GOLD NAPOJENY SPOJOVACIM KABELEM K SENZORU (roto T. JADVISCOKOVA)

Souéddasti systému

Systém Guardian® RT tvofi: vlastni méfici elektroda (senzor), vysila¢ (transmitter)
a monitor. Soucasti systému je rovnéz komunikaéni stanice, jejimz prostfednictvim jsou pfenaSena
data z monitoru do poéitace, a software pro tvorbu grafti i tabulek. Tim Ize zajistit podrobné;si
vyhodnoceni priibéhu glykemie.

1. Senzor

e Glukézovy senzor (Obr. 2) je tenka elektroda, kterou si diabetik zavadi do podkozi
(obvykle na dobu ti az sedmi dnfi). Senzor se miize snadno ,,nastielit” pomoci specidlniho
automatického zafizeni (Sen-serter®). Po zavedeni senzoru se k nému pfipoji transmiter
(Obr. 3) nebo jeho posledni pohodIngjsi varianta Minilink (viz dale).

»  Po pocate¢ni 2 hodinové inicializaci senzor generuje minimalni, ale stabilni elektricky
proud, tzv. ISIG (Input Signal of Glucose). Jeho hodnota se pohybuje v rozsahu 10 — 100
nA a je téméf vzdy piimo umérna koncentraci glukézy v intersticiu.

e Pomoci transmiteru GL (nebo Minilinku) odesila senzor kazdych 10 sekund informaci
o generovaném proudu i napéti do monitoru. Zde se kazdych 5 minut vypoc&itava prameér
ze 30 hodnot, ktery se ulozi do paméti. Za 24 hodin se tedy do monitoru ulozi 288 hodnot
koncentrace glukozy.

= Stejny senzor pouZziva i systém MS® Gold™, Paradigm® X22 (inzulinovd pumpa
s integrovanym kontinualnim monitorem, viz dale) a Guardian Real Time.

=  Kalibrace pomoci glukometru je nezbytna 2-krat za den po 12 hodinach (21).
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Obr. 2
SENSOR (MINCE PRO SROVNANI VELIKOSTI) (foto V. Matu§kov4)

Obr, 3
KLASICKY TRANSMITER GL PRIPOJENY K SENZORU NA PAZI (foto H. P¥ibylova)

2. Transmiter GL, resp. miniaturizovany transmiter Minilink (vysilac)

Vysila¢ je spojen kratkym kabelem se senzorem a ke kiiZi pfipevnén specidlni néplasti
(napf. Bioclusive, Johnson&Johnson, apod.).

Pomoci radiovych vin transmiter vysila kazdych 5 minut informace o koncentraci glukozy
v intersticiu do monitoru.

Zivotnost klasického transmiteru je limitovana Zivotnosti baterie a ¢ini asi 1 rok pii nepie-
trzitém pouzivani. Po uplynuti této doby nelze funkei transmiteru obnovit. Naproti tomu
Minilink je tieba pred pouZitim a poté asi za 10 az 14 dni dobijet v bateriové nabijecce
(Obr. 4). Dobijenf zcela vybitého Minilinku miiZe trvat aZ 8 hodin. Po 14 dnech funkce
lze Minilink dobit obvykle za 1 hodinu.

Vysila¢ je vodotésny a uZivatel se s nim miiZe bez problémii sprchovat nebo koupat.
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Obr. 4
DOBIJENI MINILINKU V BATERIOVE NABIJECCE MODRE BARVY; BLIKAJICi ZELENE
SVETLO UKAZUJE, ZE DOBIJENi POKRACUJE (foto V. Matuskov)

3. Monitor

Monitor zaznamenava naméfené hodnoty glukézy a na displeji zobrazuje jejich pétiminutové
prumery.

Do monitoru lze zadat dopliikove tidaje (o jidle, o aplikaci inzulinu, o télesné zatézi a pod.).
Pii vysoké nebo nizké glykémii dava monitor alarm (zvukovy signal, nebo vibrace).
Systém je tfeba 2-kratx denné kalibrovat pomoci spolehlivého osobniho glukometru. Pii ka-
libraci se do monitoru zadava aktuadlni hodnota glykémie naméfena na glukometru. Interval
mezi kalibracemi nesmi byt delsi nez 12 hodin.

Monitor nesmi pfijit do kontaktu s vodou. Aby nedoslo k preruSeni ptenosu (napf. pfii
sprchovani), nesmi byt monitor vzdéalen od transmiteru vice nez 2 m.

4. Com-Station™ (komunikacni stanice) a Guardian® Solutions™ Software

Prostfednictvim komunikaéni stanice (tzv. Com-Station) lze pfevadét data z monitoru do
poc¢itace k podrobnéj§imu vyhodnoceni ziskanych informaci.

K tomu je uréen specialni software (Guardian® Solutions™ Software), ktery umoziiuje hod-
noceni jednotlivych tidajti i celkovych trendii prostiednictvim grafii a tabulek. Z jednotlivych
vystupt pak lze sledovat vliv riznych faktord (napft. jidla, fyzické zatéze, podani inzulinu,
apod.) na zmény glykemie.

Zpravu je mozné vytisknout a zvazit dalsi postup — napf. ipravu denniho rezimu nebo zpi-
sobu 1é¢by.

C) Paradigm X22 (Medtronic Minimed, Northridge, CA, USA), inzulinovd pumpa s in-
tegrovanym kontinudlnim monitorem glykemie
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Zajistuje kontinualni subkutanni davkovani inzulinu a pfi zavedeném senzoru s klasickym
transmiterem (Obr. 5) nebo s Minilinkem (Obr. 6) téZ kontinualni monitorovani glykemie
v redlném case.

Existuje ve dvou variantach, které se lisi pouze svoji velikosti (Paradigm 722 — zasobnik
na 3 ml inzulinu a Paradigmu 522 — zasobnik na 1,8 ml inzulinu). Je spolehliva, umoziiuje
variabilni aplikaci bolusovych i bazalnich davek.

Déavkovani inzulinu a zastaveni pumpy lze provadét ovladacimi tladitky nebo pomoci dal-
kového ovladace.

MuiZe plnit vét§inu funkci monitoru Guardian Real Time. Informace o aktualni glykemii se
zobrazuje na displeji pumpy a aktualizuje se kazdych 5 minut. Lze zobrazit i trend vyvoje
glykemie, ze kterého je zfejmé, zda jsou glykemie na vzestupu nebo na sestupu.
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Minimalni hodnota proudového signalu ISIG musi byt vétsi neZ 2 nA (miiZze byt tedy
5-krat mensi nez u CGMS Gold nebo Guardian RT).

Kalibruje se 2-krat denné pomoci glukometru.

Z pumpy lze pievadét data k dal$imu zpracovani do poéitae pomoci spojky (interface)
ComLink. Com-Station™ pouZit nelze. V poéita¢i musi byt nainstalovan Solutions Soft-
ware v. 3.0C nebo 3.0D. Od roku 2007 Ize pomoci spojky ComLink vyuZit rovnéZ program
CareLink Personal na internetu. Do CareLink Personal mize kazdy jednotlivec sva data
z pumpy Paradigm X22 pievést. Za tim i¢elem si tam otevie svoji databazi chranénou pristu-
povym heslem. Do této jeho osobni databaze miiZze nahliZet pouze ten, kdo jeho pristupové
heslo zna (napt. 1ékat, pokud mu diabetik svoje heslo sdéli). K vyhodnoceni stavu a vysledki
selfmonitorinku tedy diabetik nemusi chodit k lékafi osobné. Internetova adresa CareLinku
je https://carelink.minimed.com /patient/entry.jsp?bhcp=1

Kontinualni podkozni infuze inzulinu a kontinualniho monitorovani glykemie dava ve srov-
nani s konvenéni intenzivni 1é&bou kontrolovanou glukometrem piiznivéjsi vysledky (38).

Qbr. 5
KLASICKY TRANSMITER GL PRIPOJENY KABELEM K SENZORU NA BRISE, INZULINOVA
PUMPA PARADIGM 722 (foto V. Matu$kov4)

Obr. 6
TRANSMITER MINILINK PRIPOJENY K SENZORU NA BRISE, INZULINOVA PUMPA PARADIGM
722 (foto V. Matuskova)
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D) Systém Guardian® Real Time (Medtronic Minimed, Northridge, CA, USA) -
zdokonalen4 verze systému Guardian® RT

Systém Guardian® Real Time vzhledové pfipomina pumpu Paradigm X22.

Vyuziva senzoru a transmiteru Minilink.

Kalibruje se 2-krat denn€ pomoci glukometru.

Oproti Paradigm X22 je vybaven navic tzv. prediktivnimi alarmy, které varuji pfed bliZic
se hypo- nebo hyperglykemii.

Rovnéz je umoznén vypodet plochy pod kiivkou a statistické operace.

Pomoci Comlink Ize data prevadét do pocitate nebo na internet do Carelink, jak uvedeno
u pumpy Paradigm X22.

E) Seven-day continuous glucose sensor (DexCom, CA, USA) — sedmidenni senzor (Obr. 7)

Senzor se zavadi do podkozi, Kazdych 5 min. pieddva pomoci radiofrekvencniho transmiteru
hodnoty glukézy do pijimace. Pi sedmidennim pouzivani nebyly zjistény zadné problémy
a senzor byl dobfe tolerovan, pii¢emZ hodnoty koncentrace glukézy pfi srovnani s analyza-
torem zlistavaly spravné (4, 19, 39, 50).

« Na displeji ptijimace se zobrazuje pribéh glykemie za posledni €asovy interval 1,3 a 9 h.

Signél se bezdratové prenasi na vzdélenost 1,5 m a jsou uchovavéna data za poslednich
30 dni. V8echna data Ize ptenést do pocitace.

Obr. 7

DEXCOM S PRISLUSENSTViM: ZAVADEC PRO ZAVEDENI SENZORU DO PODKOZ{ (VLEVO)

A SENZOR A MONITOR S DISPLEJEM (VPRAVO) (foto K. Peterson)

F) Freestyle Navigator Continuous Glucose Monitoring Systém, Abbott (Obr. 8)
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Tento systém poziistava podobné jako Guardian ze étyi komponent: miniaturni elektroche-
micky senzor zavedeny do podkoZi, senzorova jednotka pro jedno pouZiti, radiofrekvencni
transmiter pfipojeny k senzoru a pfiru¢ni pfijima¢, na jehoz displeji Ize vidét hodnoty
glykemie (26, 30).

Elektrochemicky senzor, zavadény do podkoZi bficha nebo hyzdé, je 5,5 mm dlouhy,
0,6 mm $iroky a 0,25 mm silny. Senzor méfi koncentraci glukézy v intersticialni teku-
ting. Je dodavan ve sterilnim baleni pro jedno pouziti; po zavedeni funguje 5 dni. Méfeni
glukézy se provadi enzymatickou metodou (modifikovana enzymaticka reakce pomoci
glukozooxidézy, ktera vyuziva osmiového mediatoru kovalentné vazaného na podptrnou
polymerovou matrix.

Prijima¢ Navigator obsahuje algoritmy pro zpracovavani signélii, uzivatelsky interface
a displej ukazujici koncentrace glukézy. Udaje na displeji jsou aktualizovany jednou
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za minutu, Obsahuji i informace o trendu a rychlosti zmén za poslednich 15 min. Pomoci in-
terface pfijimace lze nastavit alarmy na riizné hodnoty glykemie. Alarm upozoriiuje uZivatele
na bliZici se hypo- nebo hyperglykemii. UZivatel mlize nastavit citlivost alarmt a urcit dobu
plsobeni rizikové koncentrace glukézy (10, 20 nebo 30 min.).

Obr. 8
FREESTYLE NAVIGATOR S PRiISLUSENSTVIM (foto K. Peterson)

» Do piijimace je vestavén i Freestyle glukometr, ktery slouZi ke kalibraci kontinudlniho
glukdézového senzoru a podle potfeby rovnéZ pro potvrzovani spravnosti hodnot glykemie.
Senzor je tfeba v pribéhu pé&tidenniho pouZivani 4-krét kalibrovat (asi za 10, 12, 24 a 72
hod po jeho zavedeni). Kalibraéni hodnoty jsou pouZitelné v intervalu od 3,3 do 17 mmo/I,
jestlize absolutni rychlost zmény koncentrace glukézy uréované senzorem je mensi neZ
0,1 mmol/l/min (2 mg/dl/min).

«  Vysledky koncentrace glukézy pomoci Freestyle Navigator v priibéhu 5 dni odpovidaji
hodnotam referenéni laboratote (5, 6, 46, 49).

Tab. 2
SROVNANI TRANSKUTANNICH SENZORU
Minimed &
Senzor Paradigm/Guardian Dex com, STS N;":E:::r
Real Time
Délka 13 mm 13 mm 6 mm
Uhel vpichu 45° 45° 90°
Délka funkce 7 dni 7 dni 5dni
Inicializace 2h 2h 10h
Interval ukladani hodnot s z :
glukozy do paméti S5 3 min Jin
Kivka na displeji Gu:f;?:ﬂ“;‘ﬁf‘ },‘ n 1.3.9h 2.4.6,12,24h
Ad 2) MIKRODIALYZA

Mikrodialyza je metoda zalozend na méfeni rychlosti pfestupu molekul o ur¢ité velikosti
pres semipermeabilni membranu. ProtoZe tento pochod mé jen minimaélni vliv na okolni te-
kutinu, povaZuje se za nastroj vhodny pro kontinudlni monitorovéni rliznych metabolith. Pfi
1é&bé diabetu lze mikrodialyzou ziskat vzorky pro dal$i zpracovani gluk6zovym biosenzorem.
V celém systému je viak relativné velky mrtvy prostor, ¢imz je limitovana frekvence méfeni.
Lze predpokladat, Ze bude moZno registrovat zmény koncentrace glukézy se zpozdénim ne del§im
nez jedna minuta (32).

49



DIABETES A OBEZITA

Subkutdnni kontinualni glukdzovy monitorovaci systém (SCGM 1, Roche Diagnostics) méfi
koncentraci glukézy v dialyzétu intersticidlni tekutiny jedenkrat za minutu po dobu 120 hodin, t.).
5 dni. Informace o koncentraci glukézy v dialyzatu jsou bezdratové pienaSeny do nositelné fidici
jednotky (data manager), do které mohou byt zadavany i dalsi dilezité informace (davky inzulinu,
jidlo, fyzicka zatéz).

GlucoDay (A. Menarini Diagnostics)
K ziskani vzorku glukézy vyuziva mikrodialyzaéniho katetru (17, 30).

«  Patfi k minimalné invazivnim technikdm pro méfeni koncentrace glukézy v intersticiu
u diabetikd 1. i 2. typu.

«  Sklada se z biosenzoru a mikropumpy, ktera je napojena na mikrodialyzacni systém.

»  Po zavedeni mikrovlikna do podkoZi v blizkosti pupku je piistroj uloZen v kapse na opasku
pacienta. Méfeni probiha souvisle po dobu 48 h.

»  Jeregistrovan v fadé zemi.

Mikroelektromechanické systémy(MEMS). Piednosti t&chto systémtl je, Ze méi koncentraci
glukézy v intersticiu pomoci n&kolika detektorti sou¢asné. Na tomto principu je zaloZena technologie
Lab-on-a-chip, kterd ve srovnani s obdobnym laboratornim zaiizenim zlep3uje stabilitu senzoru,
zvySuje spravnost méfeni a umoziiuje rychleji ziskat vysledek (29).

Ap 3) NEINVAZIVNI KOZNi A OCNi MONITORY GLUKOZY

Vzhledem k tomu, Ze klasické vySetfovani kapilz’tmi krve a kontinualni monitorovani po-
moci transkutdnnich senzort je relativné technicky narocné, je vynaklédéno velké usili na vyvoj
neinvazivnich monitorovacich systému V soucasné dobé vSak zadny neinvazivni systém pro
monitorovani koncentrace glukézy neni dostatetné spolehlivy. Zadny neni schvalen pro rutinni
pouzivéni v Ceské republice. Pro orientaci uvadime jen n&které z nich: Pendra Watch, Pendragon
Medical, Ltd., Svycarsko; Glucowatch Biographer, Animas Corporation, USA; SymphonyTM
(Sontra Medlcal Corporation) vyuZiva ke sbéru vzorki glukézy sonoforézu; GlucoTrack (Integrity
Applications) vyuziva ke stanoveni koncentrace glukézy transdermalniho méfeni konduktivity
a tepelné kapacity.

Pfi neinvazivnim monitoringu se pozornost vyzkumu zaméfuje pfedev§im na nasledujici metody:
1. Vyuziti proteinu na ktery se vaze glukéza (Glucose binding protein, GBP). GBP se nachazi
v periplasmickém prostoru gramnegativnich bakterii. Je odpovédny za chemotaktické odpovédi
a aktivni transport chemickych latek pfes membranu. Vytvéteji se ligandy, pii¢emz bilkoviny
podléhaji velkym konformaénim zménadm. Vlivem uvedenych zmén se tyto bilkoviny stévaji
optickymi biosenzory. GBP by tedy mohl byt vyuzit pro méfeni mikromolarnich koncentraci

glukozy (27).

Difuzni reflektance zaloZené na polarizaci. Molekula glukézy ma schopnost ot4cet rovinu li-

nearné polarizovaného svétla a rovnéz ménit refrakéni index prostiedi. Velikost tohoto efektu

zavisi na koncentraci glukézy. Posledni studie byly zaméfeny na vyuzivani polarimetrie pii
vySetfovani nitroo¢ni tekutiny v piedni komofte o¢ni. Tohoto principu vSak lze vyuZit i pfi

sledovani koncentrace glukozy v podkozi (8).

3. Metody, vyuzivajici Ramanovych spekter. Tyto metody mohou méfit koncentraci glukozy
v Sirokém pasmu. Perspektivné snad bude mozno tuto metodu zdokonalit do t€¢ miry, Ze bude
pouzitelna v klinické praxi (3).

4. Impendanéni spektroskopie dava rovnéZ nadéje na neinvazivni ziskani informaci o koncen-
traci glukozy v intersticiu. Vzhledem k tomu, Ze vysledky jsou ovliviiovany fadou faktor(i
(vlh-kost, vodivost, teplota, rychlost zmény kontrace glukozy), bude tieba vyuZit vice senzorti
a komplexnich poéitacovych programii k ziskéni vérohodnych vysledkii (7).

5. Sonoforéza (29).

6. Transdermélni méfeni konduktivity a tepelné kapacity (29).

!\J
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Ab 4) SENZORY PRO POUZITi NA ODDELENICH INTENZIVNi PECE

Transkutédnni kontinualni senzory mohou slouZit i u pacientti na oddélenich intenzivni
pée. Na t&chto oddélenich je dnes k dispozici nékolik automatickych monitori pro méfeni
glykemie ve venozni krvi. Tyto pfistroje se vyuzivaji paralelné s intravendznim katetrem
a zajist'uji odbér krve, méfeni koncentrace glukézy pomoci tradi¢éniho monitoru a odbér krve
vedlej§im portem pro dal$i vySetieni.

PiestoZe senzory jsou stejné jako senzory pro ambulantni monitoring, jsou kriteria pro
jejich spolehlivost u pacientii hospitalizovanych piisné&jsi. Aby mohl byt kontinuélni senzor
a monitor schvélen pro oddéleni intenzivni péce, je zapotiebi ukazat, Ze koncentrace glukézy
v podkoZi odpovida i pfi riznych diagnézach koncentraci glukézy v krvi, jak jsou jeji hod-
noty ovliviiovany zménami krevniho tlaku a dal§ich ukazatelid. RovnéZ je diileZité definovat
klinicky benefit a Easovou usporu. V soucasné dobé je tieba viechny tdaje kontrolovat glu-
kometrem (18, 24).

PERSPEKTIVY

Pozornost se v sou¢asné dobé orientuje na rozvoj neinvazivnich i invazivnich systémi
a na vyvoj uzavieného okruhu (,,umélé slinivky biisni®).

Problematika neinvazivnich senzorii je piili§ slozitd. Je velmi nejisté, zda se béhem
pristich deseti let podafi uvést spolehlivé neinvazivni senzory do praxe (31).

Transkut4anni senzory ke kontinualnimu monitorovani jsou schvaleny pro 3- aZ 7-denni
pouzivani. Neustéle se znovu provéiuje jejich piesnost (16). Uplatiiuji se nejen u diabetikd,
ale i u zdravych osob (22). Vyznam a potencialni piinos preskripce senzorl a monitorovacich
systémii vSak dosud nepronikl ani do védomi lékai a sester, ani mezi osoby s diabetem,
ani do védomi pojistoven. Je ale nadéje, Ze tyto systémy najdou Siroké vyuZiti a pfispéji ke
zlepSeni prognozy diabetu (15, 41, 44, 48).

V Ceské republice zatim neexistuji z4dné standardy ani zdvazn4 doporudeni pro pouZivani
kontinualnich monitort. P¥iprava téchto standardi je otdzkou nejblizsi budoucnosti (42).
Je tieba zajistit lepsi pienos dat ze senzoru do monitoru na vzdalenost alespoii 3 m. Rovnéz
je zadouci prodlouZeni Zivotnosti senzoru. Slibné se jevi metody vyuzivajici mikro€ipové
technologie.

Lze predpokladat, Ze b&hem nékolika let bude k rutinnimu pouzivani k dispozici exter-
ni (pFipadné i implantovatelnd) inzulinovd pumpa s uzavienym okruhem a Ze dojde ke
zdokonaleni systém pro pacienty hospitalizované na oddélenich intenzivni péce (47).

LITERATURA

1. Amir O, Cihen O, Zilberstein S, Gabis E, Karasin A. The First Non-Invasive CGMS Profiler. Diabetes
2007; 56 (Suppl 1): A118 (P442).

2. Bailey T. Diabetes data management in the clinic. J Diab Sci Tech 2007; 1(6): 888-891.

3. Bernhardt JKM, Block U, Freeman B, Lenosky T, Lipson J, Lipson JM, McNamara RP, Petrasek D.
Noninvasive continuous monitoring of glucose concentration using Raman spectroscopy: Result of
a glucose clamp study. VII. Diab Technol Meeting, San Francisco, 2007: A9.

4. Brauker J, Kamath A, Li Y, Zisser H, Schwartz S, Ratner R, Wise J, Bailey T. Time Lag of a Seven-Day
Transcu-taneous Glucose Sensor Compared to YSI Blood Glucose Values. Diabetes 2007; 56 (Suppl1):
AT19 (P448).

5. Bugler JR, Pryor H, Harris C. Performance of FreeStyle Navigator against standards for Continuous
Glucose Monitoring System and ISO 15197 system accuracy blood glucose meter guidelines. Diabetologia
2007; 50 (Suppl.1): S419 (A1014).

51



DIABETES A OBEZITA

6.

%

10.

13.

14.

16.

L7

18.

Burgler J, Buell H. MAGE Analysis of the FreeStyle Navigator Continuous Glucose Monitoring System.
Diabetes 2007; 56 (Suppl1): A111 (P419).

Caduff A, Talary M, Donath M, Dewarrat F, Huber D, Stahel WA, Falco L, Klisic J. Tracking glucose
excursion with a multisensor platform for noninvasive glucose monitoring. VIL. Diab. Technol. Meeting,
San Francisco, 2007: A17.

. Cameron BD, Li Y. Polarization-based diffuse reflectance imaging for noninvasive measurement of

glucose. J Diab Sci Tech 2007; 1(6): 873-878.

. Chase JG, Hann CHE, Shaw GM, Wong J, Lim J, Hons BE, Lotz T, LeCompte A, Lonergan T. Overview

of gly-cemic control in critical care: Relating performance and clinical results. J Diab Sci Tech 2007
1(1): 82-91.

Chlup R, Jani K, Venha¢ova J, Bartek J. Six models of a new insulin pen (MADI): description and first
clinical trial. Practical Diabetes International 1995; 12 (1): 32-35.

. Chlup R, Payne M, Zapletalovi J, Komenda S, Doubravova B, Rezni¢kova M, Chlupova L, Se¢kar P.

Results of selfmonitoring on glucometer systems Advance and Optium in daily routine. Biomed Papers
2005; 149: 127-139.

. Chlup R, Jelenova D, Chlupova K, Zapletalova J, Chlupova L, Bartek J. Function and accuracy of glucose

sensors beyond their stated expiry date. Diabetes Technology et Therapeutics 2005; 8 (4): 495-504.
Chlup R, Jelenova D, Kudlové P, Chlupova K., Bartek J, Zapletalova J. Continuous glucose monitoring —
anovel approach to the determination of the glycaemic index of foods (DEGIF 1). Exp Clin Endocrinol
Diabetes 2006; 114: 68-74.

Chlup R, Se&kai P, Zapletalova J, Langové K, Kudlova P, Chlupova K, Bartek J, Jelenova D. Automated
computa-tion of glycaemic index for foodstuffs using continuous glucose monitoring. J Diabetes Sci
Technol 2008; 2 (1): 67-75.

. Chlupové K, Kohnert KD, Heinke P, Augstein P, Chlup R, Salzsieder E. Resultate kontinuerlicher

Glukosemes-sungen (CGMS) unter ambulanten Bedingungen zur Beurteilung der Stoffwechseleinstellung
bei T2DM. Diabe-tologie und Stoffwechsel. 2006; 1 (Suppl 1): 94 (Abstract).

Clarke WL, Kovatchev B. Continuous glucose sensors: continuing questions about clinical accuracy.
J Diab Sci Tech 2007; 1 (3): 669-675.

Cooke D, Steed L, Hurel SJ, Nunn A, Ahlquist J, Weaver J, Kerr D, Barnard M, Newman S. Use and
acceptability of two minimally invasive continuous blood monitors. Diabetologia 2007; 50 (Suppl.1):
S418 (A1012).

DeBlock CH, Keenoy BM, Rogiers P, Van Gaal L. Continuous Glucose Monitoring Highlights Stress
Hypergly-cemia at the Intentive Care Unit: Need for Expert Diabetes Supervision? Diabetes 2007; 56
(Suppll): AT18 (P443).

. Deiss D, Bolinder J, Riveline JP, Battelino T, Bost E, Tubiana-Rufi N, Kerr D, Phillip M. Improved

glycemic con-trol in poorly controlled patients with type 1 diabetes using real-time continuous glucose
monitoring. Diab.Care 2006; 29 (12) : 2730-2732.

. Ellis SI, Voelmle M, Gottlieb P, Gutin R, Garg S. Improved glycemic control with real-time continuous

glucose sensors in patients with type 1 diabetes. Diabetologia 2007; 50 (Suppl.1): S418 (A1010).

. Fachinetti A, Sparacino G, Cobelli C. Recontruction of glucose in plasma from interstitial fluid continuous

glucose monitoring data: role of sensor calibration. J Diab Sci Tech 2007: 1 (5): 617-623.

. Fajkusové Z, Jadvistokové T, Pallayové M, Luza ], Kuzmina G. Glycaemic index of selected foodstuffs

in healthy persons. Biomed Papers 2007, 151 (2): 257-261.

. Farrell B. Microformats: Three proposed standards for solving the need for standard data presentation.

J Diab Sci Tech 2007; 1 (2): 245-250.

. Freckmann G, Hagenlocher S, Baumstark A, Jendrike N, Gillen RC, Réssner K, Haug C. Continuous

glucose pro-files in healthy subjects under everyday life conditions and after different meals. J Diab Sci
Tech 2007; 1(5): 695-703.

. Garg S, Jovanovic L. Relationship of fasting and hourly blood glucose levels to HbAlc values. Diab

Care 2006; 29 (12): 2644-2649.

. Garraugh GV. Detection of hypoglycaemia in patients with TIDM using the FreeStyle Navigator continuous

moni-toring system and traditional blood glucose monitoring. Diabetologia 2007; 50 (Suppl.1): S417
(A1009).



33.

34.
35.
36.
Li7 8

38.

39.

40.

41.

42

43.

45,

46.

47,

DIABETES A OBEZITA

. Ge X, Lam H, Modi SJ, LaCourse WR, Rao G, Tolosa L. Comparing the performance of the optical

glucose assay based on glucose binding protein with high-performance anion-exchange chromatography
with pulsed electro-chemical detection: efforts to design a low-cost point-of-care glucose sensor. J Diab
Sci Tech 2007; 1(6): 864-872.

. Ghevondian N, Nguyen H, Jones T, Skladnev V. Comparison of the Overnight and Daytime Physiological

Re-sponses of Children with Type 1 Diabetes using the HypoMon — Results of the Glucose-Clamp
Studies, Diabetes 2007; 56 (Suppl1): A117 (P439).

. Gravesen P, Poulsen KR, Dirac H. Lab-on-a-chip technology for continuous glucose monitoring. J Diab

Sci Tech 2007; 1(3): 372-374.

. Heinemann L. Glucose Monitoring Study Group: Continuous glucose monitoring by means of the

microdialysis technique: underlying fundamental aspects. Diabetes Technol Ther 2003; 5: 545-561.

. Heinemann L. Noninvasive glucose monitoring systems: will we ever have such sensors for practical

use? J Diab Sci Tech 2007; 1(6): 936-939.

. Hsieh YCH, Zahn JD. On-chip microdialysis system with flow-through glucose sensing capabilities.

J Diab Sci Tech 2007; 1 (3): 373-383.

Jadviscokova T, Fajkusova Z, Pallayova M, Luza J, Kuzmina G. Occurence of adverse events due to
continuous glucose monitoring. Biomed Pap Med Fac Univ Palacky Olomouc Czech Rep. 2007; 151
(2): 263-266.

Klonoff DC. The benefits of implanted glucose sensors. J Diab Sci Tech 2007; 1(6): 797-800.
Kudlova P, Chlup R Pomiicky k aplikaci inzulinu. Interni Med 2006; 8 (6): 302-306.

Kudlova P, Chlup R. Selfimonitoring u osob s diabetem. Interni Med 2006; 8 (12): 539-544.

Kudlova P, Stanislavova A. Edukace zdravych probandi v souvislosti s uréovanim glykemického indexu
potravin (Czech: Education of healthy volunteers for the determination of glycemic index of foods). 1st ed.
In: C‘ép J, Zi-akova K, Neméekova M, Holmanové E, ed. Teoria, vyskum a vzdelavanie v oSetrovatelstve
(Theory, research and education in nursing). Univerzita Komenského Bratislava, Jesseniova Lekérska
Fakulta Martin, Ustav oSetrovatel-stva, SR, Lékafska fakulta Univerzity Palackého Olomouc, Ustav teorie
a praxe osetfovatelstvi, CR, Ob¢ianské zdruZenie pre rozvoj zdravotnickeho vzdeldvania v Martine.
2005: 363-372.

Lee SW, Sweeney T, Clausen D, Kolbach C, Haasen A, Firek A, Brinegar Ch, Petrofsky J. Combined
insulin pump therapy with real-time continuous glucose monitoring significantly improves glycemic
control compared to multi-ple daily injection therapy in pump naive patients with type 1 diabetes: Single
center pilot study experience. J Diab Sci Tech 2007; 1(3):400-404 .

Mastrototaro J, Soundararajan G, Cooper K, Shah R. Accuracy of Real-Tima Continuous Glucose Mo-
nitoring in the MiniMed Paradigm System. Diabetes 2007; 56 (Suppl1): A112 (P422).

Miller M, White NH, Chase H. Continuous glucose monitoring system glycaemic variability in pediatric
type 1 diabetes patients in basal insulin prandial insulin: utility of Fourier analysis. Diabetologia 2007;
50 (Suppl.1): S420 (A1015).

Migak P, Fialova J, Trnkova K, Chlup R. A continuous glucose monitoring system (CGMS) — A promi-
sing ap-proach for improving metabolic control in person with type 1 diabetes mellitus treated by insulin
pumps. Biomed Pap Med Fac Univ Palacky Olomouc Czech Rep. 2004; 148: 33-38.

Nichols JH, Klonoft DC. The need for performance standards for continuous glucose monitors. J Diab
Sci Tech 2007; 1(1): 92-74.

Nielsen JK, Gravholt CH, Djurhuus CHB, Brandt D, Becker J, Heinemann L, Christiansen JS. Continuous
subcu-taneous glucose monitoring shows a close correlation between mean glucose and time spent in
hyperglycemia and hemoglobin Alc. J Diab Sci Tech 2007; 1(6): 857-963.

. Peterson K, Chlup R, Langova K, Zapletalova J, Kudlova P, Pfibylova H. Benefits of continuous glucose

monitor-ing transmitted to Paradigm 722. Diabetes 2006; 55 (Suppl 1): A531.

Sacks DB. Correlation between hemoblobin Alc (HbAl¢) and average blood glucose: can HbAlc be
reported as estimated blood glucose concentration_ J Diab Sci Tech 2007; 1(6): 801-803.

Weinstein RL, Schwartz SL, Brazg RL, Bugler JR, Peyser TA, McGerraugh GV. Accuracy of the 5-Day
FreeStyle Navigator Continuous Glucose Monitoring system. Diabetes Care 2007; 30(5): 1125-1130.
Wriss R, Lazar 1. The need for continuous blood glucose monitoring in the intensive care unit. J Diab
Sci Tech 2007; 1(3): 412-414.

53



DIABETES A OBEZITA

48. Zoupas CS, Kefaloyannis N, Pappas A, Kepaptzoglou O, Kyrlaki E, Taraoune I, Giannakopoulos F,
Garoutsou P, Vasilopoulos H. Evaluation of continuous use of real-time glucose monitoring, alone and
after combined insulin pump therapy, as a mean to normalise glycaemic control in IDDM. Diabetologia
2007; 50 (Suppl.1): S418 (A1011).

49. www.abbott.com

50. www.dexcom.com

51. www.minimed.com

Adbresa autora:

MUD:r: Karolina Peterson

Ustav fyziologie

Lékarska fakulta Univerzity Palackého v Olomouci
Hnévotinska 976/3, 779 00 Olomouc

54



D
(@)
°
o
e
i
O
(€D)
a4
[ e
| -
o
a4
(49)
| -
o
O
LS

P15

Invazivni

a neinvazivni metody
kontinualniho
monitorovani
koncentrace glukozy

Ovobp

Kontinudlni monitory pro zji$tovani koncentrace
glukodzy jsou ptistroje, které méfi koncentraci glu-
kézy v realném case. Aktualni hodnota glykemie se
proto ihned zobrazuje na displeji monitoru. Monitor
dostava informaci o koncentraci glukézy v intersti-
cidlni tekuting, kterd koreluje s koncentraci glukdzy
v plazmé. Na rozdil od klasického selfmonitoringu
lze prubézné upravovat lé¢bu, aniz by musel byt
provadén odbér kapildrni nebo zilni krve. Hod-
nota koncentrace v intersticialni tekutiné se vak
ve srovnani s koncentraci glukézy v plazmé muiize
o nékolik minut opozdovat (tzv. lag faze). Délka
tohoto zpozdéni je ovliviiovana rychlosti vzestupu
nebo poklesu koncentrace glukdzy v plazmé.

Monitorovani glukézy v intersticiu se sice oznacuje
jako kontinualni, ve skute¢nosti v§ak je koncentrace
glukézy méfena intermitentné a do monitoru je
ukldddna az primérna hodnota z urcitého poctu
méreni. Délka intervalu i pocet méfeni, z nichz
se primérna hodnota vypocitava, jsou pro kazdy
monitorovaci systém specifické.

Kontinualni monitory glukézy slouzi pti lécbé
diabetu ke ¢tyfem ucelim: (1) k rozpoznani
a k predpovidani hyperglykemie, (2) k rozpoznani
a k predpovidani hypoglykemie, (3) k vypoctu
primérné glykemie a (4) k posouzeni variability
glykemie.

Pomoci kontinualniho monitorovani glukézy lze
ziskat nejvice informaci o zménach koncentrace
glukoézy. Nejspolehlivéjsi vysledky davaji podkozni
senzory (oznacovany téz jako biocipy). Kontinu-
alniho monitorovani lze vyuzit za nejriznéjsich
situaci. Patfi sem predev$im lé¢ba diabetu a rovnéz
udrzovani homeostazy u nediabetikil po traumatu,
kde se hyperglykemie vyskytuje pouze docasné.
CGMS se osvédcil i pri stanovovani glykemického
indexu potravin.

Implantace glukézového senzoru md své limity. Je
nezbytné presné dodrzovat stanoveny postup, po-
dobné jako pfi monitorovani jinych fyziologickych

funkci. Kontinudlni monitor poskytuje informace

o aktualni koncentraci glukdzy a rovnéz informaci

o trendu jejiho vyvoje. Umoznuje pfedpovédét, zda

v prabéhu nasledujicich 15 az 30 minut Ize o¢ekavat

vyvoj hyper- nebo hypoglykemie. Interpretaci nale-

zU umoznuje prislusny poéitacovy software.

Toto sdéleni se vénuje sou¢asnym moznostem konti-

nuélniho méfeni koncentrace glukdzy se zamérenim

na ptistroje, které jsou schvéleny k uzivéni v Ceské

republice.

Ke kontinudlnimu monitorovani glukézy se dnes

vyuziva predevsim ¢tyt technologickych postupd,

k nimz patfi:

1. transkutanni senzory,

2. mikrodialyza kize,

3. neinvazivni koZni a oéni pristroje k méfeni
koncentrace glukozy,

4. senzory pro pouziti na oddélenich intenzivni
péce.

TRANSKUTANNI SENZORY

Transkutanni senzory dosahuji v soucasné dobé
dostate¢né spolehlivosti. Proto je lze vyuzivat v ru-
tinnim provozu, nicméné jejich vysledky musi byt
pravidelné kontrolovany glukometrem. Stanovuji
koncentraci glukézy pomoci glukézooxidazy. Je-
jich funkce je obvykle zachovana po dobu 5-7 dni.
Komplikace v misté inzerce senzoru jsou pritom
zanedbatelné.

Vysledky kontinudlniho monitoringu koreluji s hod-
notami HbA Ic. Také klinicky stav diabetiki se v jeho
priibéhu obvykle zlepsuje. Predpokladem pro racio-
nalni nasazeni kontinualniho monitoringu do 1é¢by je
ale intenzivn{ edukace lékat, sester i diabetikdL.

Mezi schvalené a ve svété bézné dostupné kontinu-
alni monitory v soucasné dobé patii: CGMS Gold
(Medtronic Minimed, Northridge, CA), Guardi-
an® RT (Medtronic Minimed, Northridge, CA),
Paradigm X22 (Medtronic Minimed, Northridge,
CA), Guardian Real Time (Medtronic Minimed,
Northridge, CA), Seven (DexCom DST, Dexcom,
San Diego, CA) a Navigator (Abbott, Alameda, CA).
V Ceské republice jsou zatim registrovany pouze
systémy Medtronic Minimed.

CGMS Gold (Medtronic Minimed, Northridge, CA)
- systém pro kontinudlni monitorovdni koncentrace
glukozy v intersticiu

Tento systém od roku 2003 postupné vytlac¢il CGMS
prvni generace a dnes je jiz nahrazovan systémem
Guardian, ktery ma podobné prvky a pouziva stejné
senzory. U systému Gold lze hodnoty glykemie zjis-
tovat pouze retrospektivné pomoci pocitace.



Guardian® RT (Medtronic Minimed, Northridge,
CA) - systém pro kontinudlni monitorovdni kon-
centrace glukozy v intersticiu

Systém Guardian® RT méfi koncentraci glukézy
trvale po celych 24 hodin. Systém nepfetrzité zob-
razuje na displeji monitoru pétiminutové praméry
koncentraci glykémie a upozorni (zvukovym sig-
nalem nebo vibraci) na vzestup ¢i pokles glykémie
nad nebo pod predem nastavenou hranici. Umoz-
ni tak rychle reagovat na aktualni stav, a tim i pfe-
dejit rozvoji tézkych akutnich komplikaci véetné
komatu. Po stazeni dat z monitoru do pocitace
1ze sledovat také trendy v pohybech koncentrace
glukézy ve formé grafu (ktivek). Posledni verze
systému Guardian® RT nese oznaceni Guardian®
Real Time; jeho tvar pfipomina inzulinovou pum-
pu a funkce jsou dokonalejsi - viz dale.

Soucasti systému

Systém Guardian® RT tvori: vlastni méfici elek-
troda (senzor), vysila¢ (transmitter) a monitor.
Soucasti systému je rovnéz komunika¢ni stanice,
jejimz prostfednictvim jsou pfend$ena data z mo-
nitoru do poditace, a software pro tvorbu grafa
i tabulek. Tim lze zajistit podrobnéjsi vyhodno-
ceni pribéhu glykemie.

1. Senzor

e Glukdzovy senzor (Obr. 1) je tenka jehlova
elektroda, kterad se jednoduchym vpichem
zavadi do podkozi (obvykle na dobu tii az
sedmi dnil). Senzor se muZe snadno ,na-
stielit pomoci specidlniho automatického
zafizeni (Senserter®). Po zavedeni senzoru se
k nému pripoji kabel transmitteru GL nebo
jeho posledni pohodlnéjsi varianta Minilink
(viz déle).

® Po pocate¢ni dvouhodinové inicializaci senzor
generuje minimalni, ale stabilni elektricky
proud, tzv. ISIG (Input Signal of Glucose).
Jeho hodnota se pohybuje v rozsahu 10 - 100
nA aje témér vzdy pfimo imérna koncentraci
glukdzy v intersticiu.

® Pomoci transmiteru GL (nebo Minilinku)
odesila senzor kazdych 10 sekund hodnotu
generovaného proudu i napéti do monitoru.
Zde se kazdych 5 minut vypocitava primér
ze 30 hodnot, ktery se ulozi do paméti. Za 24
hodin se tedy do monitoru ulozi 288 hodnot
koncentrace glukozy.

e Stejny senzor je také soucasti systémi CGMS®
Gold™, Paradigm® X22 (inzulinovd pumpa
s integrovanym kontinudlnim monitorem, viz
dale) a Guardian Real Time.

e Kalibrace pomoci glukometru je nezbytna ale-
spon 2x za den po 12 hodinach.

2. Transmitter GL, resp. miniaturizovany trans-

miter Minilink (vysilac)

e Vysilac je spojen kratkym kabelem se senzorem
a ke kazi pripevnén specialni néplasti (napft.
Bioclusive, Johnson&Johnson, apod.).

® Pomoci radiovych vin transmitter vysild kaz-
dych 5 minut informace o koncentraci glukozy
v intersticiu do monitoru.

e Zivotnost klasického transmitteru je limitovana
zivotnosti baterie a ¢ini asi 1 rok pii neptetr-
zitém pouzivani. Po uplynuti této doby nelze
funkci transmitteru obnovit. Naproti tomu
Minilink je tfeba pfed pouzitim a poté asi za 10
az 14 dni dobijet v bateriové nabijecce.

e Vysilac je vodotésny a uzivatel se s nim mize
bez problému sprchovat nebo koupat.

w

. Monitor

e Monitor zaznamenava namétené hodnoty glu-
koézy a na displeji zobrazuje jejich pétiminutové
praméry.

® Do monitoru lze zadat doplikové udaje (o jidle,
o aplikaci inzulinu, o télesné zatézi apod.).

e Pfi vysoké nebo nizké glykémii dava monitor
alarm (zvukovy signal nebo vibrace).

e Systém je tfeba 2x denné kalibrovat pomoci
spolehlivého osobniho glukometru. Pti kalibraci
se do monitoru zadavd aktualni hodnota gly-
kémie naméfend na glukometru. Interval mezi
kalibracemi nesmi byt delsi nez 12 hodin.

® Monitor nesmi prijit do kontaktu s vodou. Aby
nedoslo k preru$eni prenosu (napt. pti sprchova-
ni), nesmi byt monitor vzdalen od transmitteru
vice nez 2 m.

4. Com-Station™ (komunikacni stanice) a Guar-

dian® Solutions™ Software

® Prostfednictvim komunikaéni stanice (tzv.
Com-Station) lze prevadét data z monitoru do
pocitace k podrobnéjsimu vyhodnoceni ziska-
nych informaci.

e K tomu je urcen specialni software (Guardian®
Solutions™ Software), ktery umoziuje hod-
noceni jednotlivych udaja i celkovych trendd
prostfednictvim grafii a tabulek. Z jednotlivych
vystupt pak lze sledovat vliv riznych faktort
(napt. jidla, fyzické zatéze, podani inzulinu
apod.) na zmény glykemie.

® Zpravuje mozné vytisknout a zvazit dal$i postup
- napt. upravu denniho rezimu nebo zpiisobu
1écby.

Paradigm X22 (Medtronic Minimed, Northridge,

CA), inzulinovd pumpa s integrovanym kontinu-

dlnim monitorem glykemie

e Zajistuje kontinudlni subkutanni davkovani

inzulinu a pfi zavedeném senzoru s klasickym
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transmitterem nebo s Minilinkem (Obr. 2) téZkon-
tinudlni monitorovani glykemie v redlném case.
Existuje ve dvou variantach, které se li$i pouze
svoji velikosti (Paradigm 722 - zdsobnik na 3
ml inzulinu a Paradigmu 522 - zdsobnik na 1,8
ml inzulinu). Je spolehliva, umoznuje variabilni
aplikaci bolusovych i bazalnich davek.
Déavkovani inzulinu a zastaveni pumpy lze
provadét ovladacimi tla¢itky nebo pomoci
dalkového ovladace.

Miize plnit vét$inu funkci monitoru Guardian
Real Time. Informace o aktualni glykemii se
zobrazuje na displeji pumpy a aktualizuje se
kazdych 5 minut. Lze zobrazit i trend vyvoje
glykemie, ze kterého je zfejmé, zda jsou glyke-
mie na vzestupu nebo na sestupu.

Minimalni hodnota proudového signalu ISIG
musi byt vét$inez 2 nA (maze byt tedy 5x mensi
nez u CGMS Gold nebo Guardian RT).
Kalibruje se 2x denné pomoci glukometru.

Z pumpy lze prevadét data k dal$imu zpracovani
do pocitace pomoci spojky (interface) Com-
Link. Com-Station™ pouzit nelze. V pocitaci
musi byt nainstalovan Solutions Software v. 3.0C
nebo 3.0D. Od roku 2007 lze pomoci spojky
ComLink vyuzit rovnéz program CareLink Per-
sonal na internetu. Do CareLink Personal miize
kazdy jednotlivec sva data z pumpy Paradigm
X22 prevést. Za tim ucelem si tam otevie svoji
databazi chranénou piistupovym heslem. Do
této jeho osobni databaze miize nahlizet pouze
ten, kdo jeho pristupové heslo zna (napt. lékat,
pokud mu diabetik svoje heslo sdéli). K vyhod-
noceni stavu a vysledkt selfmonitoringu tedy
diabetik nemusi chodit k 1ékari osobné.
Kontinualni podkozni infuze inzulinu a konti-
nualni monitorovani glykemie dava ve srovnani
s konvenc¢ni intenzivni lé¢bou kontrolovanou
glukometrem piiznivéjsi vysledky.

Systém Guardian® Real Time (Medtronic Minimed,
Northridge, CA) - zdokonalend verze systému
Guardian® RT

Systém Guardian® Real Time vzhledové ptipo-
mina pumpu Paradigm X22.

Vyuziva senzoru a transmitteru Minilink.
Kalibruje se 2x denné pomoci glukometru.
Oproti Paradigm X22 je vybaven navic tzv.
prediktivnimi alarmy, které varuji pred blizici
se hypo- nebo hyperglykemii.

Rovnéz je umoznén vypocet plochy pod ktivkou
a statistické operace.

Pomoci Comlink lze data prevadét do pocitace
nebo na internet do Carelink, jak uvedeno
u pumpy Paradigm X22.

Seven-day continuous glucose sensor (DexCom,
STS, CA, USA) - sedmidenni senzor

Senzor se zavadi do podkozi. Kazdych 5 min.
predava pomoci radiofrekven¢niho transmitteru
hodnoty glukézy do prijimace. Pti sedmiden-
nim pouzivani nebyly zjistény zadné problémy
a senzor byl dobfe tolerovan, pricemz hodnoty
koncentrace glukézy pfi srovnani s analyzato-
rem zistavaly spravné.

Na displeji pfijimace se zobrazuje priibéh glyke-
mie za posledni ¢asovy interval 1,3 a 9 h. Signal
se bezdratové prenasi na vzdélenost 1,5majsou
uchovavana data za poslednich 30 dni. Véechna
data Ize prenést do pocitace.

Freestyle Navigator Continuous Glucose Monito-
ring Systém (Abbott)

Tento systém (Obr. 3) pozistava podobné
jako Guardian ze ¢tyt komponent: miniaturni
elektrochemicky senzor zavedeny do podkoZi,
senzorova jednotka pro jedno pouziti, radi-
ofrekven¢ni transmitter pfipojeny k senzoru
a priru¢ni prijimac, na jehoz displeji lze vidét
hodnoty glykemie.

Elektrochemicky senzor, zavadény do podkozi
bticha nebo hyzdé¢, je 5,5 mm dlouhy, 0,6 mm
$iroky a 0,25 mm silny. Senzor méri koncentraci
glukozy v intersticialni tekutiné. Je dodavan ve
sterilnim baleni pro jedno pouZiti; po zavedeni
funguje 5 dni. Méfeni glukézy se provadi enzy-
matickou metodou (modifikovana enzymaticka
reakce pomoci glukézooxidazy, ktera vyuziva
osmiového medidtoru kovalentné vazaného na
podptirnou polymerovou matrix).

Prijima¢ Navigator obsahuje algoritmy pro
zpracovavani signalt, uzivatelsky interface
a displej ukazujici koncentrace glukézy. Udaje
na displeji jsou aktualizovany jednou za minutu.
Obsahuji i informace o trendu a rychlosti zmén
za poslednich 15 min. Pomoci interface ptijimace
1ze nastavit alarmy na rtizné hodnoty glykemie.
Alarm upozornuje uzivatele na blizici se hypo-
nebo hyperglykemii. Uzivatel mtize nastavit
citlivost alarma a urcit dobu piisobeni rizikové
koncentrace glukdzy (10, 20 nebo 30 min.).

Do prijimace je vestavén i Freestyle glukometr,
ktery slouzi ke kalibraci kontinualniho glukoé-
zového senzoru a podle potfeby rovnéz pro
potvrzovani spravnosti hodnot glykemie. Senzor
je tfeba v pribéhu pétidenniho pouzivani 4x
kalibrovat (asi za 10, 12, 24 a 72 hod po jeho
zavedeni). Kalibra¢ni hodnoty jsou pouzitelné
v intervalu od 3,3 do 17 mmol/l, jestlize abso-
lutni rychlost zmény koncentrace glukézy ur-
¢ované senzorem je mensi nez 0,1 mmol/l/min
(2 mg/dl/min).



e Vysledky koncentrace glukézy pomoci Freestyle
Navigator v priibéhu 5 dni odpovidaji hodnotam
referen¢ni laboratore.

Tab. 1: Srovndni transkutdnnich senzorii

Senzor MiniMed DexCom, STS Navigator, Abbott
Paradigm/Guardian
Real Time
Délka 13 mm 13 mm 6 mm
Uhel vpichu 45° 45° 90°
Délka funkce 7 dni 7 dni 5 dni
Inicializace 2h 2h 10h
Interval ukladani hodnot 5 min 5 min 1 min
glukézy do paméti
Kftivka na displeji Paradigm 3,24 h 1,3,9h 2,4,6,12,24h
Guardian 4, 6,12,24 h
MIKRODIALYZA NEINVAZIVNI KOZNi A OCNi

Mikrodialyza je metoda zaloZena na méteni rych-
losti prestupu molekul o ur¢ité velikosti pres semi-
permeabilni membranu. Protoze tento pochod ma
jen minimalni vliv na okolni tekutinu, povazuje se
za nastroj vhodny pro kontinualni monitorovani
rtiznych metabolitd. Pfilécbé diabetu lze mikrodia-
lyzou ziskat vzorky pro dalsi zpracovani glukézovym
biosenzorem. V celém systému je v$ak relativné
velky mrtvy prostor, ¢imz je limitovana frekvence
meéfeni. Lze predpoklddat, Ze bude mozno registro-
vat zmény koncentrace glukoézy se zpozdénim ne
del$im nez jedna minuta.

Subkutanni kontinualni glukézovy monitorovaci

systém (SCGM 1, Roche Diagnostics) méii kon-

centraci glukézy v dialyzatu intersticidlni tekutiny
jedenkrat za minutu po dobu 120 hodin, tj. 5 dni.

Informace o koncentraci glukézy v dialyzatu jsou

bezdratové prendseny do nositelné fidici jednotky

(data manager), do které mohou byt zadavany

i dalsi dulezité informace (davky inzulinu, jidlo,

fyzicka zatéz).

GlucoDay (A. Menarini Diagnostics)

e K ziskani vzorku glukézy vyuziva mikrodialy-
za¢niho katetru.

e Patfi k minimalné invazivnim technikdm pro
méfeni koncentrace glukézy v intersticiu u di-
abetikd 1.1 2. typu.

e Skldda se z biosenzoru a mikropumpy, ktera je
napojena na mikrodialyza¢ni systém.

® Pozavedeni mikrovldkna do podkozi v blizkosti
pupku je ptistroj ulozen v kapse na opasku pa-
cienta. Méfeni probihd souvisle po dobu 48 h.

® Jeregistrovan v fadé zemi.

PRISTROJE K MERENI
KONCENTRACE GLUKOZY

Vzhledem k tomu, Ze klasické vysSettovani kapilarni
krve a kontinudlni monitorovani pomoci transku-
tannich senzor je relativné technicky naro¢né, je
vynakladano velké usili na vyvoj neinvazivnich
monitorovacich systémul. V soucasné dobé vsak
7zadny neinvazivni systém pro monitorovani
koncentrace glukézy neni dostate¢né spolehlivy.

Z4dny neni schvalen pro rutinni pouzivani v Ceské

republice.

Pfi neinvazivnim monitoringu se pozornost vyzku-

mu zaméfuje piedevsim na nasledujici metody:

1. Vyuziti proteinu, na ktery se vaze glukéza (Glu-
cose binding protein, GBP). GBP se nachazi
v periplasmickém prostoru gramnegativnich
bakterii. Je odpovédny za chemotaktické odpo-
védi a aktivni transport chemickych latek pres
membranu. Vytvareji se ligandy, pfi¢emz bilko-
viny podléhaji velkym konformaénim zménam.
Vlivem uvedenych zmén se tyto bilkoviny stavaji
optickymi biosenzory. GBP by tedy mohl byt
vyuzit pro méfeni mikromolarnich koncentraci
glukézy.

2. Difuzni reflektance zaloZena na polarizaci.
Molekula glukézy ma schopnost otacet rovinu
linedrné polarizovaného svétla a rovnéz ménit
refrakéni index prostredi. Velikost tohoto efektu
zavisi na koncentraci glukézy. Posledni studie
byly zaméfeny na vyuzivani polarimetrie pii
vySetfovani nitroo¢ni tekutiny v predni komote
o¢ni. Tohoto principu v8ak lze vyuzit i pfi sle-
dovani koncentrace glukézy v podkozi.
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3. Metody, vyuzivajici Ramanovych spekter. Tyto
metody mohou méfit koncentraci glukozy v $i-
rokém pasmu. Perspektivné snad bude mozno
tuto metodu zdokonalit do té miry, ze bude
pouzitelna v klinické praxi.

4. Impedan¢ni spektroskopie dévé rovnéz nadéje
na neinvazivn{ ziskani informaci o koncent-
raci glukézy v intersticiu. Vzhledem k tomu,
ze vysledky jsou ovliviiovany fadou faktord
(vlhkost, vodivost, teplota, rychlost zmény
koncentrace glukdzy), bude tfeba vyuzit vice
senzorl a komplexnich pocitacovych programi
k ziskani vérohodnych vysledkt (Pendra Watch,
Pendragon Medical, Ltd., Svycarsko).

5. Reverzni iontoforéza vyuziva extrakce glukozy
pres intaktni ktzi (Glucowatch Biographer,
Animas Corporation, USA).

6. Transdermalni méfeni konduktivity a tepelné
kapacity (GlucoTrack, Integrity Applications).

SENZORY PRO POUZITI NA
ODDELENICH INTENZIVNI PECE

Transkutdnni kontinualni senzory mohou slouzit
iu pacientd na oddélenich intenzivni péce. Na téchto
oddélenich je dnes k dispozici nékolik automatic-
kych monitort pro méfeni glykemie ve venézni krvi.
Tyto ptistroje se vyuzivaji paralelné s intraven6znim
katetrem a zajistuji odbér krve, méfeni koncentrace
glukdzy pomoci tradi¢niho monitoru a odbér krve
vedlej$im portem pro dalsi vySetfeni.

Prestoze senzory jsou stejné jako senzory pro
ambulantni monitoring, jsou kriteria pro jejich
spolehlivost u pacientii hospitalizovanych pris-
néj$i. Aby mohl byt kontinualni senzor a monitor
schvalen pro oddéleni intenzivni péce, je zapottebi
ukdzat, ze koncentrace glukdzy v podkozi odpovi-
da i pti raznych diagnoézach koncentraci glukézy
v krvi, jak jsou jeji hodnoty ovliviiovany zménami
krevniho tlaku a dal$ich ukazatelt. Rovnéz je du-
lezité definovat klinicky benefit a ¢asovou tsporu.
V soucasné dobé je tfeba viechny tdaje kontrolovat
glukometrem.

ZAVER

Soucasné moznosti kontinudlniho monitorovani
koncentrace glukézy vyuzZivaji pfedev$im invaziv-
nich transkutannich senzort, které méfi koncentraci
glukoézy v intersticidlni tekutiné pomoci enzymu

glukézooxidazy. Vyuzivaji se predev$im ke zlep$eni
kompenzace u osob s diabetem 1. i 2. typu. V roce
2008 zaradila zdravotni pojistovna kontinudlni
monitoring koncentrace glukézy mezi rutinné
provadéné vykony (kéd 13075). V Ceské republice
jsou schvaleny pouze senzory firmy Medtronic-
Minimed.

Velké usili se vénuje vyvoji neinvazivnich metod
kontinualniho monitoringu glykemie, jehoz prak-
tické uplatnéni véak dosud narazi na technické
potize.
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Obr. 1: Senzor (mince pro srovndni velikosti).

Obr. 2: Minilink pfipojeny k senzoru na bfise,
inzulinovd pumpa Paradigm 722.

Obr. 3: FreeStyle Navigator s pfislusenstvim.
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