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Podékovani
Upfimné podékovani na prvnim misté patiqi MUDr. Jané Vrbikové PhD.
za trpélivé vedeni mého postgradualniho studia a za mnoho uZite¢nych

rad a napadl nejen ve védecké praci. Studie by nebylo mozné uskutecnit bez
podpory pana docenta MUDr.Karla Vondry a zazemi, které poskytla Laborator
funkéni diagnostiky Endokrinologického ustavu. Mé diky patfi MUDr. Katefiné
Dvorakové za laskavé zaSkoleni v clampovych i jinych technikach. Dale bych
rada podékovala Oddéleni molekularni genetiky a Oddéleni steroidnich
hormoni Endokrinologického ustavu za provedeni rutinnich hormonalnich
vySetieni. Na neposlednim misté dékuji mé rodiné, ktera je vzdy mou velkou

oporou.



Seznam uzitych zkratek
ADP - adenosin-difosfat
ATP - adenosin-trifosfat

ApEn - approximate entropy

BMI1 — index télesné hmotnosti (body mass index)

cAMP - cyklicky adenosin-monofosfat

CNS - centralni nervovy systém

GABA - kyselina y-aminomaselna

hCG - lidsky choriogonadotropin

DM 1- diabetes mellitus 1. typu

DM 2 - diabetes mellitus 2. typu

FSH - folitropin

GIP - glukézo-dependentni inzulinotropni polypeptid

GLP-1 — glukagonu podobny peptid 1 (glukagon-like peptid 1)
GLP-2 — glukagonu podobny peptid 2 (glukagon-like peptid 2)
GLUT 4 - na inzulinu zavisly glukézovy transportér typu 4
GnRH - gonadotropiny stimulujici hormon

GWAS - celogenomova asociacni studie

HDL - lipoprotein o vysoké densité (high-density lipoprotein)
HOMA-IR - homeostatic model assessment of insulin resistance
IFG - porusena latna glykémie (impaired fasting glucose)
IGF-1 - inzulinu podobny ristovy faktor 1 (insulin-like growth factor 1)
IGFBP-1 — inzulinu podobny ristovy faktor vazajici protein 1 (insulin-like growth factor
binding protein)

IR - inzulinova rezistence

IS - inzulinova senzitivita

ivGTT - intravenozni glukézovy toleranéni test

KI - konfidenéni interval

LADA - latent autoimmune diabetes in adults

LDL - lipoprotein o nizké denzité (low-density lipoprotein)
LH - lutropin

Min- minuta

MODY - maturity onset diabetes of the young

NGT - normalni glukézova tolerance

OGIS - oral glucose insulin sensitivity index

oGTT - oralni glukézovy toleranéni test

PCO — polycysticka ovaria

PCOS - syndrom polycystickych ovarii



PGT - porudena glukdzova tolerance
QUICKI - quantitative insulin sensitivity check index

SHBG - pohlavni hormony vézajici protein (sex-hormone binding protein)
Si_index inzulinové sensitivity
VMK - volné mastné kyseliny

VL.DL - lipoprotein o velmi nizké denzité (very-low density lipoprotein)



Uvod

1) Syndrom polveystickych ovarii

Syndrom polycystickych ovarii (PCOS) je jednou z nejcastéjsich endokrinopatii, postihuje
5-10 % zen ve fertilnim véku (Carmina a Lobo 1999). Puvodni diagnosticka kritéria
definovana panelem expertti National Institute of Health (NIH) v roce 1990 doporu¢ovala
stanovit diagnozu PCOS pfi pfitomnosti hyperandrogenismu a/nebo hyperandrogenémie a
chronické anovulace. Soucasné musela byt vylou¢ena dalsi onemocnéni. ktera by mohla
podobné klinické projevy zpusobit. Jsou to pfedevSsim tumory nadledvin nebo ovarii
s nadprodukci androgent, kongenitalni adrendlni hyperplazie, hyperprolaktinémie,
tyreoidealni dysfunkce ¢i Cushingiv syndrom (Zawadski a Dunaif 1992). V roce 2003 na
konferenci Evropské spole¢nosti pro lidskou reprodukci a embryologii (ESHRE) a Americké
spole¢nosti pro reprodukéni medicinu (ASRM) v Rotterdamu (Revised 2003 consensus) byla
upravena puvodni diagnosticka kriteria. Pro diagnézu PCOS musela byt splnéna dvé
z nasledujicich tii kriterii: 1) oligo- a/nebo anovulace, 2) klinické nebo biochemické znamky
hyperandrogenismu, 3) sonograficky nalez polycystickych ovarii (PCO). Vroce 2006
Androgen Excess Society navrhla modifikaci téchto kriterii, podle niZ je nezbytnou
podminkou pro stanoveni diagnéozy PCOS biochemické nebo klinické znamky
hyperandrogenismu (hirsutismus). Dal$im diagnostickym kritériem je pfitomnost bud’
oligoanovulace nebo sonografického obrazu PCO. Jako tfeti bod musi byt vylouéena

onemocnéni, ktera by mohla mit podobné klinické projevy (Azziz et al. 2006).

Podle klasickych Adamsovych kritérii je obraz PCO pfitomen pii sonografickém popisu
asponi 8 subkapsularné uloZenych folikuldrnich cyst o priméru do 10 mm a ovarialniho
stromatu tvoficiho vice nez 25 % objemu ovaria (Adams et al. 1985). Tato kriteria byla opét
modifikovana ESHRE (Balen et al. 2004). Jako PCO se novéji oznaduje obraz ovarii, ktera
obsahuji aspon 12 folikli méficich v priméru 2-9 mm nebo ktera jsou zvétSena (> 10 cm?).
Neni tteba hodnotit distribuci folikli ani objem stromatu.

Zasadnim symptomem PCOS je nadbytek androgent, avSak etiologie PCOS zlstava
nejasna. Piedpoklada se geneticky podklad vzhledem k tomu, Ze je znam familiarni vyskyt.
Pravdépodobné se jedna o oligogenné az. polygenné podminény syndrom. Studie se shoduji,
Ze podstatnou roli }}ggje Q}/;al_gjéln_ifdys_fgn_l;ce vedouci k nadbytku androgent a dalsi genetické
defekty regulujici sekreci a pusobeni inzulinu a energeticky metabolismus. Zevni faktory jako
pohybova aktivita ¢i dieta dale ovliviuji projevy PCOS a jejich intenzitu (Franks et al. 1997,
Kashar-Miller a Azziz 1999; Abbott et al. 2002).
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Nadmérna sekrece ovarialnich androgent je popsana u pacientek s pfed¢asnou pubarché,
ktera je asociovana se zvy$enou incidenci PCOS, hyperinzulinémii a dyslipidémii. U téchto
divek je také ¢ast&js$i anamnéza nizké porodni vahy (Ibanez et al. 1998: Driscoll 2003). Studie
na zvitecim modelu podporuji tezi rozvoje PCOS jiz pfed obdobim dospivani. Samic¢ky opice
Macacus rhesus mély po intrauterinni expozici vy$$i hladiné androgenu typické projevy
PCOS v¢etné abdominalni obezity (Abbott et al. 2002). Béhem teéhotenstvi maji Zeny zvySené
hladiny SHBG a je dostate¢né G¢inna aktivita placentarni aromatazy. Plod je tak chranén pred
exogennim nadbytkem androgent (Blank et al. 2008). Predpoklada se tedy. Zze u Zen s PCOS

se prenatalné na hyperandrogenémii podili pfedev§im ovarium s geneticky podminénou

Obr. 1. Hypotéza vzniku PCOS. Béhem téhotenstvi dochazi vlivem sekrece placentarniho hCG a
fetalniho LH k nadprodukci androgenii ovariem s geneticky podminénou poruchou folikulogeneze ¢i
steroidogeneze ovaria. Casna expozice zvysené hladiné androgenii ma za nasledek oslabenou zpé&tnou
vazbu mezi steroidy ovaria a I.H hypofyzy. Dochazi ke zvysenému ukladani abdominalniho tuku a
rozvoji inzulinové rezistence (IR). Hyperinzulinémie a LH se podileji na trvalé nadprodukci
ovarialnich steroidi, coz vede k zastavé dozravani folikull a k anovulaci. Spofivé geny

(thrifty genes) podporuji vznik inzulin-rezistentniho fenotypu. Za fyziologickych podminek pomahaji
efektivné vyuzivat a ukladat energii pfi nedostatku potravy. Naopak pfi nadbytku potravy typickém
pro zapadni civilizaci dochazi vlivem téchto genl k obezité (Holte 1998; volné dle Abbott et al.
2002).

2

Geny regulujici
a)sekreci inzulinu
b)ucinek inzulinu
c)diferenciaci adipocytu
d)sporivé geny

o .y 2
prenatalni/prepubertalni
expozice androgenim L .
centralni obezita
o inzulinova rezistence
abnormalni sekrece LH
v
hyperandrogenémie anovulace

Geny regulujici
a)folikulogenezi
2)steroidogenezi

hCG/LH




poruchou folikulogeneze ¢i steroidogeneze. In vitro je popsana vystupniovana sekrece
androgenli thekalnimi bufkami polycystického ovaria ve srovnani snormalnim ovariem
(Obr.1) (Abbott et al. 2002).

Casna intrauterinni expozice androgenim ma dale za nasledek hypersekreci I.H vedouci
k dalsi produkci ovarialnich androgenti. Pravdépodobné se jedna o porusenou zpétnou vazbu
mezi steroidy ovaria a sekreci LLH hypofyzou (Abbott et al. 2002). U Zen s PCOS je popsana
rychlejsi frekvence pulzni sekrece GnRH. ktera upfednostni sekreci LH. Relativni nedostatek
FSH vede ke sniZzené aromatizaci androgeni na estrogeny a k zastavé ristu dominantniho
folikulu s poruchou menstruaéniho cyklu. Endogenni ¢i exogenni progesteron zpomaluje
frekvenci pulzi GnRH. Nicméné u Zen s PCOS jsou k zpomaleni frekvence pulzi GnRH
tieba suprafyziologické davky progesteronu, coz svédéi pro oslabené zpétné pulsobeni
progesteronu v hypotalamu. SniZzena citlivost hypotalamu na progesteron je podminéna
hyperandrogenémii, nebot’ pii blokadé androgennich receptorli flutamidem do$lo k obnoveni

této citlivosti (Abbott et al. 2002; Blank et al. 2008; Suhail 2008).

2) Sekrece inzulinu

Glukdza je nejvyznamnéj$im podnétem, ktery ovliviiuje sekreci inzulinu v jednotlivé f3-
burice Langerhansovych ostrivkd pankreatu. Samotna glykolyza ma v B-bunce cyklické
vykyvy vlivem opakujici se aktivace kli¢ového enzymu glykolyzy fosfofruktokinazy. Snizena
aktivita tohoto klicového enzymu glykolyzy vede k prodlouzeni periody oscilaci hladin
inzulinu (Schellenberger et al. 1984). Pfi nedostate¢né funkci fosfofruktokinazy, jak je tomu
u autozomalné recesivné dédiéného onemocnéni glykogendzy VII, nejsou oscilace inzulinu
pfitomny. U téchto pacientl je popsana inzulinova rezistence (IR) a zvysené riziko rozvoje
diabetes mellitus 2. typu (DM 2) (Bergsten 2000; Ristow et al. 1999). Oscilace glykolyzy
jsou doprovazeny oscilacemi v poméru ATP/ADP. Zvyseni ATP nebo snizeni ADP vede k
uzavieni ATP-sensitivnich K* kanalt. Nasledné dochazi k depolarizaci f-bunék a k aktivaci
kalciovych kanali. Narust koncentrace intracelularniho kalcia vede k exocytdze granul
s inzulinem (Obr.2). Oscilace intracelularniho kalcia nejsou podnétem pro oscilace inzulinu,

ale mohou je zesilovat (Tornheim 1997).



Obr. 2 Sekrece inzulinu je spusténa vstupem glukdzy do B-buriky zprostfedkovanym transportérem
GLUT-2. Fosforylace glukézy béhem procesu glykolyzy vede ke zvyseni poméru ATP/ADP. Dochazi
k inaktivaci ATP-senzitivnich K kanald a k depolarizaci bunééné membrany. Oteviraji se napét'ové
fizené Ca®' kanaly a ionty Ca®" vstupuji do B-buiiky. Zvy3eni intracelularni hladiny Ca~ vede

k uvolnéni inzulinu ze zasobnich granul a k sekreci inzulinu (volné dle Beta cell biology consortium
2004).
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3) Sekrece inzulinu a diabetes mellitus 2. typu

V patofyziologii vzniku a rozvoje DM 2 se uplatiiuje jak porucha sekrece inzulinu, tak
inzulinova rezistence (IR). Pro rozvoj poruchy glukdzové tolerance je dilezita porucha
souhry téchto dvou procest. Bergman v r. 1981 prvné postuloval zpétnou vazbu mezi
inzulinovou senzitivitou a sekreci inzulinu (Bergman et al. 1981). Tento vztah byl pak
potvrzen dal$imi autory, ktefi prokazali, Ze parametry popisujici sekreci inzulinu (AIRgjuksza
(Casna odpoveéd’ sekrece inzulinu pii ivGTT), AIR a slope v argininovém testu) a senzitivitu
k inzulinu (S, pti ivGTT) jsou navzajem zavislé (Kahn et al. 1993). Tato zavislost u

vysetienych zdravych osob byla nejlépe definovana pomoci hyperbolické funkce (viz obr. 6).



Nasobek sekrece inzulinu a inzulinové senzitivity (tzv.dispozi¢ni index ) je konstantni
veli¢ina, (Ahren and Pacini 2004), pokud je zachovana stejna uroven glukézové tolerance.
Normalni glukézova tolerance je pti zhorSeni inzulinové senzitivity (IS) udrzena za cenu
zvySené sekrece inzulinu. Pokud byla navozena inzulinova rezistence (napf. podavanim
nikotinové kyseliny) a souc¢asné doslo ke zhorSeni glukézové tolerance, sekre¢ni kompenzace
byla neuplna (Kahn et al. 1993).

Je znamo, Ze u fady jedinci s IR se nikdy nerozvine DM 2, protozZe maji dostateénou sekreéni
kompenzaci. IR sama o sob¢ tedy ke vzniku DM 2 nestaci. Porucha sekrece inzulinu je
dulezitym mechanismem. ktery se uplatiiuje pfi vzniku a rozvoji DM 2 (Stumvoll et al.
2007). Funkce beta bunék a schopnost sekreéni kompenzace jsou geneticky podminéné.
Dispozi¢ni index ma vysokou heritabilitu (Elbein et al. 1999). V celogenomovych
asociaénich studiich (GWAS) byla prokazana asociace DM 2 s geny, jejichz produkty hraji
roli pii sekreci inzulinu. ale ne s geny. kodujici faktory ovliviiujici pisobeni inzulinu
(Frayling 2007). Tento vysledek muzZe byt dan provedenim GWAS. kdy byl minimalizovan
vliv BMI, a tedy i IR. Inzulinova rezistence je silnéji ovlivnéna faktory zevniho prostfedi a
ma niz$i heritabilitu nez sekrece inzulinu (Florez 2008). Porucha sekrece inzulinu byla
prokazatelna u normoglykemickych potomki diabetikui 2. typu v nékterych studiich ¢astéji
nez porucha inzulinové senzitivity (Pimenta et al. 1995). V prospektivnich studiich pak bylo
prokazano, Ze IR a porusena sekrece inzulinu jsou nezavislymi prediktory poruchy glukézové
tolerance (Weyer et al. 2001). V longitudinalni studii bylo prokazano, Ze sekrece inzulinu u
osob, u nichz se v pribéhu sledovani rozvinul DM 2, poklesla mnohem vyraznéji nezli
inzulinova senzitivita (Weyer et al. 1999).

Vétsina pacientti s DM 2 (85-90 %) je obéznich s abdominalni predispozici ukladani tuku
(Wajchenberg 2000). U pacientd s DM 2, ktefi snizili svou télesnou hmotnost, doslo ke
zlepSeni inzulinové senzitivity. Naopak nebylo pozorovano zlepS$eni porusené sekrece
inzulinu (Gerich 2000). U pacienti, ktefi maji zvy$ené riziko rozvoje DM 2 jako jsou
ptibuzni prvniho stupné pacienti s DM 2, je popsana porusena sekrece inzulinu. Naopak IR
byla pozorovana v nékterych studiich v podobném zastoupeni jak u pacientt s rodinnou
zatézi DM 2 tak u zdravych kontrol bez této rodinné anamnézy. Podle téchto praci se miize
ptedpokladat, Ze porucha funkce B-bunék se objevuje jesté pred rozvinutim IR (Gerich 2003).

Dyslipidémie, ktera je bézné pozorovana u pacientl s DM 2. mize pfispivat k dysfunkci -
bunék. Mluvi se o tzv. lipotoxicité. U jedincl s predispozici k DM 2 a pacienti s DM 2
pfispivaji k poruse B-bunék zvySené hladiny volnych mastnych kyselin (VMK). Za

fyziologickych podminek se VMK podileji na glukézou stimulované sekreci inzulinu (Boden
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2002). Pfi dlouhodobé zvy3ené hladiné VMK vsak sekrece inzulinu klesa (Schmitz et al.
2001). Na lipotoxicité se také podileji VLDL a LDL lipoproteinové Castice, které vedou
k apoptéze a tlumi proliferaci B-bunék. Castice HDL naopak chrani B-buiiky pted apoptozou.
Lipotoxicita se neprojevi bez dlouhotrvajici hyperglykémie (Roehrich 2003). Chronicka
expozice ostrivki pankreatu suprafyziologické hladiné glukézy tzv. glukotoxicita vede
k apoptoze B-bunék. Soucasné dochazi k utlumu exprese genu pro inzulin a ke sniZené
biosyntéze a sekreci inzulinu. Pro PGT a DM 2 je charakteristické sniZené mnozZstvi B-bunék,
coz je pfedevsim zplsobeno vystupiiovanou apoptézou B-bunék. Vznik novych ostrivka
pankreatu ¢i replikace B-bunék je normalni ¢i zvysend. U pacienti s DM 2 je také sniZena
citlivost a-buné€k na gluko6zu, coz vede k hyperglukagonémii (Wajchenberg 2007).

Je pravdépodobné, Ze Casna stddia DM 2 jsou charakterizovana reverzibilni zménou
mnoZstvi i funkce B-bunék. Proto je dilleZita Casnd diagnostika téchto pacientd (Wajchenberg
2007).

4) Pulzni sekrece inzulinu

U mnoha hormont byla popséna pulzni sekrece, kterd méa vyznam jak za fyziologickych

tak za patologickych stavi. V roce 1922 Karen Hansenova popsala oscilace plazmatické
hladiny glukézy v postabsorbénim stavu (tj. po nejméné 12-ti hodinovém la¢néni)

(Hansen 1923). Souvislost oscilaci glykémie a hladin inzulinu byla zjisténa koncem 60. let
(Anderson et al. 1967). O desetileti pozd€ji byly popsany oscilace hladin inzulinu (Lang et al.
1979).

nasedajicich na bazalni (nepulzni) sekreci (Schmitz et al. 2002). Nala¢no tvofi mnoZstvi
inzulinu uvolnéné v pribéhu pulzi pfiblizné 70 % celkové sekrece inzulinu. Pfi stimulaci
glukdzou se podil pulzni sekrece inzulinu na celkové sekreci zvySuje nejméné na 75 %
(Porksen 2002; Porksen et al. 1997).

Pulzni sekrece inzulinu je charakterizovana rychlymi a pomalymi (ultradidannimi) pulzy.
Rychlé pulzy o nizké amplitudé s periodicitou 5_—-1_5-r;in nasedaji na pomalé oscilace o vétsi
amplitudé s periodicitou 60-140 min (Porksen 2002). Rychlé pulzy inzulinu maji v portalnim
fe¢isti mnohem vys§i amplitudu neZz posthepatdlné v systémovém felisti. Proto se
pfedpoklada, Ze rychlé pulzy inhibuji zejména jaterni produkci glukézy a Ze jejich
posthepatalni efekt na utilizaci glukézy je jen maly (Meneilly et al. 1997; Porksen 2002).

Pulzni podéni inzulinu ve srovnani s kontinualnim u¢innéji inhibuje jaterni glukoneogenezi
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(Bratusch-Marrain et al. 1986; Komjati et al. 1986). Exprese receptor pro inzulin na
hepatocytech byla signifikantné vyssi pfi pulznim podani inzulinu ve srovnani s kontinualni
infiizi (Goodner et al. 1988).

Kazda B-burika pankreatu ma pravdépodobné vlastni pacemaker, ktery fidi oscilace inzulinu
(Bergstrom et al. 1989). Synchronizace sekrece inzulinu B-bunék jednotlivého ostrivku
pankreatu je podminéna depolarizaci membrany. Pokud neni membrana depolarizovéna. je
koordinace sekrece inzulinu B-bunék v kazdém ostrivku pankreatu zajiSténa signalnimi
molekulami jako cAMP. ATP ¢&i NO, které prostupuji spojenim (gap junction) mezi
jednotlivymi B-bunikami (Bergsten 2000).

V izolovanych perfundovanych pankreatech jsou rychlé pulzy inzulinu detekovatelné v
médiu 1 pfi stabilni hladiné glukozy. Proto se predpoklada. ze rychlé pulzy inzulinu mohou
byt fizené tzv. intrapankreatickym neuronalnim pacemakerem nezavisle na oscilacich
glykémie (Stagner et al. 1980). Intrapankreaticky neurondlni pacemaker je tvofen
intrapankreatickymi ganglii, které maji spontanni pacemakerovou aktivitu (King et al. 1989).
Nervova regulace sekrece inzulinu je dalezita pro koordinovanou pulzni sekreci inzulinu ze
vSech ostrivkd pankreatu. Po transplantaci ostrivk( pankreatu do portalniho fecist¢ u
potkani byla pozorovana plné synchronizovana pulzni sekrece inzulinu pfiblizné za 7
mésicl, coz odpovida reinervaci téchto ostrivkd. U transplantovanych ostrivka byla také
popsana pomalejsi frekvence oscilaci inzulinu (14 min) ve srovnani s frekvenci 5 minut u
perfundovaného pankreatu, coz muze ukazovat na odliSnou spontdnni pacemakerovou
aktivitu v jatrech (Porksen et al. 1994).

In vivo se pii regulaci rychlych pulzi uplatiiuje oscilace glykémie a/nebo nervové vlivy. Pfi
srovnani rychlych pulzi inzulinu nala¢no a po stimulaci glukézou je ziejmé Zze. frekvence
rychlych pulzi inzulinu odpovida na zménu intervalu podavani infiize glukdzy (tzv.
entrainment); pulzy inzulinu jsou pravidelngjsi a jsou zfetelnéji oddélené (Porksen et al.
2000). Pfi hyperglykémii je popisovano zvyseni frekvence oscilaci inzulinémie (Porksen
2002).

Entrainment je definovan jako zména frekvence pulzni sekrece inzulinu v reakci na zménu
podnétu (napf. synchronizace pulzni sekrece inzulinu s periodou 10 min pii podani glukézy
kazdou 10 min). Pfedpoklada se, Ze samotny neurondlni intrapankreaticky pacemaker je
citlivy na zmény hladiny glukozy (Porksen et al. 2000).

Nicméné autofi studii in vitro na izolovanych ostrivkach pankreatu a perfundovanych
pankreatech nepozorovali zménu frekvence sekrece inzulinu nasledujici po podani

infuze glukozy v pravidelném intervalu 10. min a to ani za podminek hyperglykémie. Dle
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téchto autor( se pfi podani infuze s glukozou zvétsi amplituda a mnozstvi inzulinu uvolnéné
béhem jednoho pulzu. Frekvence se neméni a zesili se pouze pulzy. které jsou jiZ pfitomny a
jsou snadnéji detekovatelné (Ritzel et al. 2005; Stagner et al. 1980). Nicmén¢ za podminek in
vitro chybi plna vaskularizace a inervace pankreatu.

Mnoho studii popsalo poruchu pulzni sekrece inzulinu jak u pacientd s DM 2 (Porksen
1999). tak u pfibuznych prvniho stupné pacienti s DM 2 (O’Rahilly et al. 1988), u obezity
(Peiris et al 1992, Zarkovic et al. 2000) nebo u starSich jedinci (Meneilly et al. 1999). U
diabetiki 2.typu i jejich ptibuznych prvniho stupné byla napf. popsana porucha entrainmentu.
Pii periodickém podavani infuze glukézy u nich nedochazelo k odpovidajici sekreci inzulinu.
Tento jev oznacujeme jako odpojeni oscilaci glykémie od oscilaci inzulinémie (Hollingdal et
al. 2000).

Mezi oscilacemi glykémie a pomalymi pulzy inzulinu je jednoduché zpétna vazba (Sturis et
al. 1991). Pomalé pulzy inzulinu ovliviuji periferni utilizaci glukézy. Pfi supresi endogenni
produkce inzulinu somatostatinem byla glykémie vyraznéji sniZovana po pulznim podani
inzulinu ve srovnani s konstantni rychlosti podavani inzulinu (Matthews et al. 1983; Schmitz
et al. 1986; Paolisso et al. 1991). Nékteré studie vSak nepozorovaly vyznamnéjsi ucinek
pulzné podaného inzulinu (Verdin et al. 1984: Kerner et al. 1988). Rozdilné vysledky mohou
byt dany odlisnym ¢asovanim podani inzulinu, dobou trvani studie a optimalni hladinou
glukagonu (cca 75 pg/ml), ktera je nutna k G¢innosti pulzni sekrece inzulinu (Paolisso et al.
1991; Courtney et al. 2003). Pulzni podani inzulinu sniZilo spotiebu inzulinu o 40 % oproti
konstantnimu podani u pacientd s DM 1 a DM 2 (Bratusch-Marrain et al. 1986, Paolisso et al.
1988*%). Pulzni sekreci je ovlivnén G¢inek inzulinu (inzulinova sensitivita) v perifernich
tkanich, coZz je dano mj. kinetikou inzulinovych receptori. kdy kontinualni podani inzulinu
ve srovnani s pulznim podanim vede k vyrazngj$i down-regulaci inzulinovych receptori
(Porksen 2002). Méné vyrazné oscilace hladin inzulinu popisované u DM 2 mohou

pravdépodobné vést k down-regulaci inzulinovych receptorid (Lang et al. 1981).

5) Inkretiny

Sekrece inzulinu je ovlivnéna kromé glukozy dalS§imi substancemi jako jsou napf.
aminokyseliny, gastrointestinalni peptidy a neurotransmitery. Hormonalni kontrola
zprostfedkovana gastrointestindlnimi peptidy se vyznamné podili na regulaci sekrece
inzulinu. Tyto peptidy se oznacuji jako inkretiny. Pfi navozeni stejné hladiny glykémie po

peroralnim podani glukozy je sekrece inzulinu o 30 - 60 % vys8i nez pfi parenteralnim podani
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glukézy (tzv. inkretinovy efekt) (Nauck et al. 1986) (Obr.3). Inkretiny se uvoliuji po poziti
jidla z neuroendokrinnich bunék gastrointestinalniho traktu. Nejdilezit€j$imi inkretiny jsou
glukagon-like peptid 1 (GLP-1) a glukézo-dependentni inzulinotropni polypeptid (GIP).
GLP-1 je produkovan v L-buiikach ilea a tlustého stieva a GIP v K-burnikach duodena a
jejuna. Oba peptidy potencuji glukdzou stimulovanou sekreci inzulinu a tento efekt je zavisly

na davce glukoézy.

Obr. 3 Inkretinovy efekt-pfi peroralnim podani glukdzy pfi oGTT bylo dosazeno signifikantné
vyssich hladin inzulinu a C-peptidu ve srovnani s intravenéznim podani glukézy u zdravych jedincii.
Pii parentalnim podani infaze s glukdzou byla vzdy docilena stejna glykémie jako pfi oGTT (volné
dle Nauck et al. 2004).

0 [al 120 180 240

0 60 120 I8N 240

0 [ 120 180 240
¢as (min)

Sekrece inkretinl se zvy$uje po piijmu potravy jiZ pfi hladinach glukozy v rozmezi la¢né

glykémie, ackoliv GLP-1 pasobi ptedevsim pii vy$Sich hladinach glukozy (Vilsboll et al.
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2003%). Inkretiny zvy3uji biosyntézu a aktivuji transkripci inzulinového genu. Dale stimuluji
proliferaci B-bunék. zabranuji jejich apoptdze a podporuji neogenesi ostriivk pankreatu.
Koncentrace GIP jsou v periferni cirkulaci desetinasobné vyssi nez hladiny GL.P-1, av§ak
GLP-1 je G¢inngjsi inkretin. Uginek obou inkretini ma u lidi aditivni charakter (Drucker
2006).

Receptory pro GLP-1 jsou u lidi exprimovany na B- a 8- buiikach pankreatu, v gastrointesti-
nalnim traktu. mozku. srdci a ledvinach. Sekreci GLP-1 stimuluji mimo glukozy také lipidy,

leptin, glycin a GABA. Sekrece GLP-1 je inhibovana sympatickym nervovym systémem,

glukagonem, VMK a somatostatinem. GLP-1 kromé ptimého plsobeni na B-buriky pankreatu
pasobi na glukézove sensory v portalnim fecisti, které predavaji do CNS cestou parasympa-
tického aferentniho nervového systému informaci o hladiné glukézy. Odpovéd' CNS je

stimulace sekrece inzulinu eferentni parasympatickou nervovou drahou. GLP-1 také zvySuje
lipolyzu, coz vede k uvolnéni VMK z tukové tkané. Kratkodobé¢ zvySené hladiny VMK
potencuji glukézou stimulovanou sekreci inzulinu. GLP-1 podporuje utilizaci glukoézy v jatrech
a svalové tkani nezavisle na inzulinu. GLP-1 tlumi sekreci glukagonu pfimo ovlivnénim
receptord na a-bunkach a/nebo neptimo stimulaci sekrece inzulinu a somatostatinu (Drucker
2006; Wajchenberg 2007). Inhibice sekrece glukagonu pomiji pii dosazeni normalni glykémie
¢1 hypoglykémie. GLP-1 ma anorexigenni Géinek, omezuje ptijem potravy a chut’ k jidlu.

Hladina GLP-1 je sniZena u obéznich pacientt a redukce vahy vedla k normalizaci hladin

GLP-1 (Ranganath 2008). GLP-1 zpomaluje vyprazdiiovani zaludku. coZ vede k niz§imu
vzestupu postprandialni glykémie. Soucasna distenze zaludku slouzi jako periferni signal
sytosti a snizuje gastrinem stimulovanou sekreci 7alude¢ni kyseliny i exokrinni sekreci

pankreatu. Pro Zalude¢ni motilitu a sekreci je dilezita parasympaticka inervace, nebot’ po

vagotomii doslo k vymizeni téchto u¢inka GLP-1 (Obr. 4 a 5) (Holst 2007).

GIP snizuje postprandialni glykémii stimulaci sekrece inzulinu a postrada u¢inky na

vyprazdiovani zaludku (Vilsboll et al. 2003%). Receptory pro GIP jsou exprimovany mj. na a-

a f3- bunikach pankreatu, v tukové tkani, mozku a Zaludku. Ovlivnénim receptorti na
adipocytech ma GIP v tukové tkani podobné G¢inky jako inzulin. ZvySuje utilizaci gluko6zy,
aktivitu lipoproteinové lipazy, syntézu VMK ajejich zabudovani do tukové tkané a inhibuje
lipolyzu (Flatt 2008). Mysi s defektnim receptorem pro GIP (GIPR™ ") mély méné tukové tkané,

nepfibiraly na vaze po pfijmu potravy s vysokym obsahem tuki a mély lepsi inzulinovou
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senzitivitu. Nadmérny pfijem tuki potravou vede ke zvysené sekreci GIP. Hypersekrece GIP
pusobi zvysené ukladani triacylglyceroli do adipocyti. coz vede k rozvoji obezity provazené

IR a nasledn¢ DM 2. U lidi GIP pti exogennim podani pravdépodobn¢ zvysuje pfijem potravy

Obr. 4. GLP-1 ma piimy uc¢inek na mozek. srdce, zaludek a pankreas. na jatra a sval plisobi nepfimo.

GIT-gastrointestinalni trakt (volné dle Drucker 2006).

neuroprotekce
mozek
zaludek
vyprazdnovani
Zaludku
kardioprotekce
srde¢ni vykon
glukoneogeneze
syntéza inzulinu
proliferace f-bun¢k
senzitivita k inzulinu apoptdza [3-bun¢k

sekrece inzulinu

sekrece glukagonu

a snizuje vydej energie (Drucker 2006; Ranganath 2008)(Obr.5).

U pacient s DM 2 je popisovéna snizena sekrece GLP-1. ktery v§ak ma zachovanou
inzulinotropni aktivitu. Pfi podani infize s GLP-1 se u pacientid s DM 2 obnovila prvni a druha
faze sekrece inzulinu. Vzhledem k tomu, Ze pacienti se zvySenym rizikem rozvoje DM 2 jako
jsou pfibuzni prvniho stupné pacientid s DM 2 a Zeny s gesta¢nim diabetem v anamnéze. neméli

porusenou sekreci GLP-1, predpoklada se, Ze porucha sekrece GLP-1 je spi§ funkéniho
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charakteru, vyplyvajici z metabolického stavu DM 2. Ve studii jednovaje¢nych dvoj¢at se
snizena sekrece GL.P-1 vyskytovala pouze u jedince s rozvinutym DM 2 (Holst 2007). Pacienti
s kratce trvajicim DM 2 méli stejnou sekreci GLLP-1 pfi oGTT ¢&i testu se standardnim jidlem ve
srovnani se zdravymi kontrolami, coz podporuje tezi, Ze GL.P-1 neni pravdépodobné

rozhodujicim faktorem pfi etiopatogenezi DM 2 (Vollmer et al. 2008).

Agonisté GLP-1 a inhibitory dipeptidyl peptidazy IV (prodluzuji biologicky polo¢as inkretind
inhibici jejich degradace) jsou také uspésné vyuzivany k 1é¢b¢ DM 2. Snizuji glykémii,
Obr.5 Piehled a¢inkd GLP-1 a GIP. P-oznaluje pfitomnost G¢inku; N-oznacuje chybéni ucinku

(volné dle Drucker 2007).

GLP-1 GIP
Pankreas
Stimulace glukézou stimulovanou sekreci inzulinu P P
Zvyseni transkripce inzulinovych genl a biosyntézy inzulinu P P
Inhibice sekrece glukagonu P N
Stimulace sekrece somatostatinu P N
Zvyseni odpovédi B-bunék na glukézu p P
Stimulace neogeneze a proliferace f-bunck p p
Inhibice apoptdzy B-bunek P P
ZvySeni exprese klicovych gend dileZitych pro diferenciaci funkce B-bunék P p
Gastrointestinalni trakt
Inhibice vyprazdiiovani zaludku P N
Inhibice sekrece zaludecnich §t'av P P
CNS
Inhibice pfijmu potravy a vody P N
Stimulace pocitu sytosti a Gbytku na vaze P N
Zlep3eni paméti a neuroprotekce P p
Aktivace nervové drahy vedouci k nevolnosti/zvraceni P N
Srdce
Uprava kardiovaskularnich funkci po ischemické prihodé P N
SniZeni rozsahu nekrdzy kardiomyocyti pfi experimentalnim poskozeni P N
Tukova tkai
Inzulinu podobné lipogenni ucinky N
Ukladani tukovych zasob N
Kost
Anabolicky a proliferacni u¢inek N P
Resorpce N N
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hladinu glykovaného hemoglobinu. VMK, télesnou vahu a chut’ k jidlu. ZlepSuji také IS
(Zander et al. 2002). GIP ma naopak u pacienti s DM 2 sniZenou inzulinotropni aktivitu a
jeho sekrece byla popisovana jako normalni. sniZzena ¢i zvySena (Flatt 2008). Hladina GIP
byla vyssi po podani standardni snidané ¢i pii oGTT u pacientd s DM 2 ve srovnani se
zdravymi kontrolami. U ptibuznych prvniho stupné pacientii s DM 2 s normalni glukézovou
toleranci byl pozorovan sniZzeny inzulinotropni u¢inek GIP ve srovnani se zdravymi
kontrolami bez této rodinné anamnézy. Pfedpokladala se primarni geneticky podminéna
porucha u¢inku GIP (Meier 2001). Nicméné pozdéji byla prokdzana porucha
inzulinotropniho u¢inku GIP nejen u pacienti s DM 2, ale i u pacientt s jinymi typy diabetu,
jako je DM 1, sekundarni diabetes pii chronické pankreatitidé, diabetes typu MODY ¢i
LADA. Porucha sekrece GIP podle této studie je spi§ nasledkem metabolického stavu pfi
diabetickém onemocnéni, aCkoliv vyznam genetickych faktord autofi zcela ncvyluduji
(Vilsboll et al. 2003P). K 16&b& DM 2 nelze GIP vyuzit vzhledem k rezistenci B-bun&k na jeho
ucinek (Drucker 2006; Ranganath 2008).

6) Syndrom polycystickvch ovarii a sekrece inzulinu

PCOS se povaZuje za rizikovy faktor rozvoje porusené glukozové homeostazy. Porusend
glukozova tolerance (PGT) se vyskytuje az u 30 % a diabetes mellitus 2. typu az u 10 %
téchto Zen (Ehrmann et al. 1999; Legro et al. 1999). Hyperinzulinémie a IR je castym
nalezem u Zen s PCOS. Inzulin ma kli€ovou roli pfi vzniku a manifestaci PCOS (Obr.1). IR
je tkanové specificka, postihuje tukovou tkan a sval, ale ne ovarium. Ovarium exprimuje
receptory pro inzulin a inzulin synergicky s LH aktivuje kliCové enzymy steroidogeneze, coz
vede k nadprodukci androgenti (Dunaif 1997). Inzulin také neptimo zvySuje pocet receptord
pro LH v ovariu a zvyS$uje citlivost gonadotropti uvoliiujicich LH na a¢inek GnRH (Poretsky
1999). Inzulin inhibuje syntézu IGFBP-1 a zvySuje tak dostupnost IGF-1 pro periferni tkané.
IGF-1 se podili na ristu a formaci cyst ovarii. Podani inzulinu vede k expresi receptort pro
IGF-1 v ovariu, coz zvySuje u¢inek jak IGF-1, tak samotného inzulinu (Gambineri et al.

2002).

U Zen s PCOS byla popséna postreceptorova porucha signaliza¢ni kaskady inzulinu. Byla
prokazana snizena exprese GLUT-4 (na inzulinu zavisly glukozovy transportér typu 4)

v tukové tkani, svalu i v ovariu vedouci k inzulinové rezistenci (Diamanti-Kandarakis et al.
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2008). Popisovana hyperinzulinémie u Zzen s PCOS zvy3$uje produkci ovaridlnich androgend.
Inzulin zvy$uje také biologickou dostupnost testosteronu supresi syntézy SHBG. Testosteron
muize nepiimo pfispivat k inzulinové rezistenci. Nadbytek androgent vede k prednostnimu
ukladani visceralniho tuku, ktery je rizikovy pro rozvoj IR. metabolick¢ho syndromu a
kardiovaskularnich onemocnéni (Nestler et al. 1991; Holte 1994). Déle testosteron usnadnuje
uvolnéni VMK z abdominalni tukové tkan€¢ a pravdépodobné pitimo sniZuje inzulinem
zprostiedkovanou utilizaci glukozy ve svalu, zvySuje jaterni glukoneogenezi a sniZuje jaterni

extrakcei inzulinu, coz ptispiva k periferni hyperinzulinémii (Holte et al. 1995).

Hyperinzulinémie byla u Zen s PCOS prvné popsana v 80. letech minulého stoleti (Burghen
et al. 1980). Je disledkem kombinace inzulinové rezistence (IR), kompenzatorni vys$si
sekrece inzulinu a sniZzené clearance inzulinu v jatrech (Dunaif 1997; Holte et al. 1994; Holte
et al. 1995). U c¢asti pacientek s PCOS miZe byt primarni porucha spi§ v nadmérné sekreci
inzulinu neZ ve sniZené inzulinové senzitivité¢ (Holte et al. 1994). Inzulinova rezistence se
vyskytuje u fady, ale ne u vSech pacientek s PCOS. Vzajemné souvislosti jsou zastfeny €asto
pfitomnou obezitou. Pacientky s PCOS jsou totiZz podle rliznych sestav v 15 - 50 % obézni
(Pasquali et al. 2003) a to vétSinou s preferenéni lokalizaci tuku v abdominalni oblasti. I Zeny
s PCOS s BMI v normalnim rozmezi mély podle nékterych studii vice visceralniho tuku nez
zdravé kontroly (Kirchengast a Huber 2001). Nicméné nékteré studie neprokazaly rozdil
v mnozstvi viscerdlni tukové tkan€ mezi Zenami s PCOS a zdravymi kontrolami, a¢koliv Zeny
s PCOS byly vice inzulin-rezistentni. Pfedpoklada se, Ze Zeny s PCOS mohou mit ektopickou
tukovou tkan v jatrech ¢i ve svalech (Barber et al. 2008).

Neni vyloucené, Ze narozdilnych vysledcich studii o vyskytu IR u PCOS se podileji i
zietelné etnické vlivy (napf. vy$si vyskyt IR a abdomindlni obezity u hispansko-americké
populace). Prace pochazejici z USA nebo Asie popisuji IR nezavisle na BMI, tedy u §tihlych
1 obéznich Zen, a tak povazuji IR za poruchu patfici do projevii PCOS (Dunaif et al. 1992;
Toprak et al. 2001), zatimco v pracich evropskych autori se setkavame s nazorem, Ze IR je
spi§ ziskanym faktorem v disledku obezity (Ovesen et al. 1993). Pfi redukci vahy doslo ke
zlepSeni IS, ale nebylo pozorovano snizeni ¢asné odpovédi inzulinu na i.v. podani glukozy,
coz sveéd¢i pro primarni poruchu sekrece inzulinu u zZen s PCOS. Vysvétlenim vystupriované
sekrece inzulinu miiZze byt zvySena citlivost na glukozu nebo zvysena celkova masa f3-bunék.
U Zen sPCOS jsou popsany nizSi hladiny glykovaného hemoglobinu ve spojeni

s hyperinzulinémii (Holte et al. 1995; Holte 1998).
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Porucha pulzni sekrece inzulinu a nepravidelna sekrece inzulinu je povazovana za Casny
znak poruchy funkce B-buiiky (Bingley et al. 1992; O'Rahilly et al. 1988; Schmitz et al.
2001). Rychlé pulzy inzulinu u Zen s PCOS byly hodnoceny v jedné studii popisujici
inzulinovou pulzni sekreci pred a po 1é¢bé ethinyl-estradiolem v kombinaci s cyproteron-
acetatem. Frekvence rychlych pulzi inzulinu a celkové mnozstvi uvolnéného inzulinu a
inzulinu uvolnéném b&hem jednoho pulzu byla srovnatelna mezi zenami s PCOS a zdravymi
kontrolami (Armstrong 2001). Ve studii popisujici pomalé pulzy inzulinu byla zjisténa
vyznamné vy$§i bazalni sekrece inzulinu a oslabend odpovéd’ inzulinu na podani jidla. se
snizenim amplitudy pulzu inzulinu bez zmény frekvence (O'Meara et al. 1993).

V jediné studii na omezeném souboru pacientek s PCOS nebyla pozorovana porusend
sekrece inkretind, 1 pfestoZze Zeny s PCOS mély vyssi koncentraci inzulinu a C-peptidu

(Gama et al. 1996).
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Cile prace

1) Vysetiit jak je funkce B-bunék ovlivnéna rodinnou zatézi DM 2 u zen s PCOS

2) Vysetfit pulzni sekreci inzulinu u zen s PCOS
3) Vysetiit sekreci inkretind u zen s PCOS
4) Vysetiit prevalenci poruch sacharidového metabolismu u zen s PCOS

a moznosti jejich predikce
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Soubory a metodika

1) Ve studii zabyvajici se rodinnou zatézi DM 2 u pacientek s PCOS a ovlivnénim inzulinové
sensitivity (IS) a funkce B bunék bylo zahrnuto 22 Zen s PCOS, ztoho 8 pacientck (vék
27.5£3.2 let; BMI 23,54+6,04 kg/m?) mélo piibuzného prvniho stupné postizeného DM 2
(PCOS RA+) a 14 pacientek (vek 24.2+4.8 let: BMI 22.52+2.8 kg/m?) bylo bez rodinné
anamnézy DM 2 (PCOS RA-). Diagnéza PCOS byla definovana dle kritérii NIH (Zawadski a
Dunaif 1992). Zdravych kontrol bylo celkové 13 ve véku 28,7+5.6 let a s BMI 21.82+2.24
kg/m-. Byla provedena nasledujici vySetfeni: bazadlni odbéry krve nalaéno, oGTT,
euglykemicky hyperinzulinemicky clamp a argininovy test. Glukozova tolerance byla

hodnocena dle WHO kritérii (1999). Vysledky jsou uvedeny jako primérné hodnoty+SD.

2) Ve studii zabyvajici se pulzni sekreci inzulinu bylo vySetfeno 8 Zen s PCOS ve véku 25.1
let (KI21,8-29,5); BMI 21,9 kg/m? (KI 20,2-23.5) a 7 zdravych Zen (v&k 30,2 (KI 25,1-38.1)
let; BMI 20,1 (KI 18,9-21,2) kg/mz. Diagnoza PCOS byla stanovena dle ESHRE/ASRM
kritérii (Revised 2003 consensus). Obé skupiny pacientek podstoupily nalaéno bazalni odbéry
a odbéry kazdou minutu celkové po 60 minut k hodnoceni rychlych pulzi inzulinu. Pulzni
sekrece inzulinu byla hodnocena dekonvoluéni analyzou (software AutoDecon) a
pravidelnost sekrece inzulinu pomoci metody approximate entropy (ApEn). Inzulinova
senzitivita byla hodnocena indexem QUICKI. Vysledky jsou uvedeny jako primérné hodnoty

a 95% konfiden¢ni interval (KI).

3) Ve studii sledujici sekreci inkretini u Zen s PCOS bylo celkové zahrnuto 21 Zen s PCOS
s normalni glukézovou toleranci a bez rodinné anamnézy DM 2 (vék 25,8+4,1 let; BMI
21,6+1,7 kg/m?) a 13 zdravych Zen (vék 28.5+7.2 let; BMI 20,3425 kg/m?). Ke stanoveni
diagnozy PCOS byla vyuzita ESHRE/ASRM kritéria (Revised 2003 consensus). Odbéry krve
nalacno na stanoveni hladiny glukézy, inzulinu a C-peptidu probéhly v 0.min pted podanim
75 g glukozy pfi oGTT a dale pokracovaly odbéry krve po podani glukézy v 30., 60., 90.,
120., 150., a 180.min. Hladiny aktivniho GLP-1 a celkového GIP byly stanoveny v 0., 30.,
60., 120. a 180. min. IS byla hodnocena nala¢no indexem QUICKI a béhem oGTT za vyuziti
OQGIS. Vysledky jsou uvedeny jako primérné hodnoty+SD.
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4) Ve studii sledujici prevalenci inzulinové resistence a zastoupeni poruchy glukézové
tolerance a/nebo DM 2 u zen s PCOS bylo celkové zahrnuto 244 zen s PCOS ve véku 2747,5
let s BMI 27,5+6.9 kg/mz. Tyto Zeny byly srovnany s kontrolnim souborem zdravych Zen (n=
57: 26.8+5.8 let: BMI 21,3+2,1 kg/m?). PCOS byl diagnostikovan dle ESHRE/ASRM kritérii
(Revised 2003 consensus). Glykémie, kompletni lipidogram. inzulinémie a hladina C-peptidu
byla stanovena z bazalniho odbéru nala¢no. Dale Zeny podstoupily oGTT. Glukézova
tolerance byla hodnocena dle WHO kritérii (1999). Inzulinova senzitivita byla hodnocena dle
HOMA-IR a QUICKI. Inzulinova rezistence byla definovana jako hodnota HOMA-IR vy33i
nez 95. percentil u zdravych kontrol (2,29 mmol x mlU/I%). Vysledky jsou uvedeny jako

priumérné hodnoty+SD.

Uzité metodv a vvpocty

HOMA-IR (homeostatic model assessment of insulin resistance) (Matthews et al. 1985):

bazalni inzulinémie (mIU/1) x bazalni glvkémie (mmol/l) /22.5

QUICKI (quantitative insulin sensitivity check index) (Katz et al. 2000):

1/((log bazalni inzulinémie (mIU/I))+log bazalni glykémie (mg/dl))

OGIS (oral glucose insulin sensitivity index) (Mari et al. 2001):

popisuje clearance glukozy pii postprandialni ¢asti oGTT

Jaterni extrakce inzulinu (Tura et al. 2001 mnozstvi inzulinu (%) vstupujici do jater; podil

Jaterni clearance inzulinu (I/min) a pritoku krve jatry (I/min). Jaterni extrakce inzulinu byla
pocitana bazalné a béhem oGTT jako molarni pomér hladiny C-peptidu k inzulinémii podle

,,model-derived method*

Index volného testosteronu: 100 x testosteron (nmol/l)/SHBG (nmol/1)

oGTT (oralni glukézovy toleranéni test): glykémie, inzulinémie a hladina C-peptidu je

stanovena z bazalniho vzorku krve nala¢no. Po podani 75 g glukozy p.o. pokracuji odbéry

krve v 30., 60., 90., 120., 150., a 180.minuté.
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Euglvkemicky hyperinzulinemicky clamp (DeFronzo et al. 1979)

Pti euglykemickém hyperinzulinemickém clampu je pacientovi zavedena jedna kanyla do
kubitalni zily slouzici k infazi 15% glukdzy a sou¢asnému podani inzulinu o rychlosti ImlU.
kg .min™' s cilem dosahnout primémé glykémie 5.0 mmol/l. Druhy Zilni vstup je na dorsu
ruky a slouzi k odbérim arterializované krve (ruka s kanylou je uloZena pod vyhfivaci
poduskou) na stanoveni inzulinémie pfed zahdjenim clampu, v 90., 105. a 120. minuté
vySetteni a glykémie opakované kazdou 5. min celkové po 120 minut. Uvedené vypocty jsou
pocitany z 310ti-minutového intervalu mezi 90. a 120. minutou, kdy je dosazeno ustaleného

stavu s glykémii ptiblizn¢ 5,0 mmol/l (CV do 5%).

M: spotreba glukdzy (umol/(kg.min) - mnoZstvi infundované glukézy nutné k udrZeni cilové

glykémie 5,0 mmol/l (CV do 5%)

ISI: index inzulinové senzitivity (pmol.l/(kg.min.mIU)) = M/I (I je primérna inzulinémie ve

sledovaném ¢asovém intervalu) zkorigovano na kg vahy

MCRg: metabolicka clearance glukézy (ml/(kg.min)) - podil mnozstvi infundované glukézy

nutné k udrZeni cilové glykémie a primérné glykémie ve sledovaném ¢asovém intervalu

Argininovy test (Larsson et al. 1998)

Pfi argininovém testu jsou zavedeny kanyly do obou kubitalnich Zil. Jeden krevni vstup
slouzi k odbérim krve a podani bolusu argininu a druhy vstup je uren k podani infaze
glukozy. Bazalni odbéry na stanoveni hladiny inzulinu a glukagonu jsou odebrany 5. a 2.
minutu, nasledné je podan bolus 5 g argininu (0.min). Odbéry pokracuji 2., 3., 4. a 5. minutou
po podani argininu. Po dokonc¢eni prvni fady odbért se za¢ne podavat infaze s 15% gluk6zou
s cilem zvysit glykémii na 13-15 mmol/l. Po dosaZeni cilové glykémie se opakuje druha fada
odbérii v stejném schématu jako predchozi odbéry. Maximdlni odpovéd a a B bunék je
docilena dal§im podanim argininu s infuzi glukozy. Cilem je dosazeni glykémie > 25 mmol/l.

V nasich studiich nebyla maximalni sekre¢ni odpovéd’ hodnocena. Podrobnéji viz Obr. 5.

AIR: akutni odpovéd’ inzulinu na arginin (mU]I/l) - primérnd inzulinémie mezi 2.-5S. minutou
po podani bolusu argininu minus primérna bazalni inzulinémie. Kvantifikuje ptimou a akutni
odpovéd’ B-bun¢k na nahlé podani argininu, coZ uzce souvisi s mechanismem exocytézy

inzulinu z B-bun¢k
AIRgpys* akutni odpovéd’ inzulinu na arginin pfi bazalni glykémii

AIRgj4: akutni odpovéd’ inzulinu na arginin pfi navozené hyperglykémii (primér 14 mmol/l)
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Slope: AAIR/AG; AAIR= AlRg14- AlRgha: AG je vzestup glykémie vyvolany infizi glukozy.

Je to ukazatel potenciace sekrece inzulinu pii hyperglykémii

Obr.5 Hladina inzulinu a glukagonu pfi dvou po sobé& nasledujicich argininovych testech (sledovani
reprodukovatelnosti testu) pri riznych cilovych hladinach glykémie u sedmi zdravych Zzen (volné dle
[.arsson a Ahren 1998).
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Dispozi¢ni index (Kahn et al. 1993): v nasi studii je méfen z hodnot ISI (euglykemicky

hyperinzulinemicky clamp), AIRgpas, AIRu14 @ Slopeair (argininovy test) (viz Obr. 6)

Obr. 6 Hyperbolicka zavislost mezi sekreci inzulinu (AIR,juezs) @ inzulinovou senzitivitou (S;) u 55
muzi () a 38 Zen (0). Velké zmény IS u inzulin-senzitivnich jedincii nevedou k tak vyznamnym
zménam v koncentracich inzulinu. Naopak u inzulin-rezistentnich jedinci i malé zmény IS vedou
k relativné velkym zménam v hladinach inzulinu. Plna ¢ara predstavuje optimalni vztah mezi sekreci
inzulinu a IS (50. percentil). Pferusované Cary jsou 95., 75. a S. percentil (pfevzato volné podle Kahn
et al. 1993). AlIR,koza €asna odpovéd’ inzulinu pfi ivGTT. §;— index inzulinové senzitivity pocitan

zivGTT.
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Pulzni sekrece inzulinu (Veldhuis a Johnson 1994)

Po zavedeni kanyly do kubitalni zily byla krev odebirana kazdou minutu celkové po 60 minut
k hodnoceni rychlych pulzt inzulinu. Pulzni sekrece inzulinu byla hodnocena dekonvoluéni
analyzou (software AutoDecon). Dekonvoluéni analyza je matematicka procedura vyvinuta
pro vypocet zakladnich znaki signall ¢i udélosti, které nejsou pozorovany pfimo (napf. pulz,
seismologickd vlna). Poskytuje informace o ofekavaném a na Case zavislém oslabeni
pivodniho signalu. V endokrinologii tato metoda hodnoti simultanné sekreci a eliminaci

vybraného hormonu za pomoci konvoluéniho integralu (Veldhuis a Johnson 1994).

26



Dekonvoluéni analyzou lze u pulzni sekrece inzulinu hodnotit nasledujici parametry; 1)
urity pocet oddélenych, inzulinovych pulzi objevujicich se v urcitém Case a majici 2)
individualni amplitudu (maximalni sekre¢ni vydej dosazeny béhem pulzu); 3) obecny polocas
pulzu (trvani algebraického, gaussovského pulzu v poloviné maximalni amplitudy). ktery je
superimponovan na 4) bazalni, ¢asové neménnou sekreci inzulinu a 5) model mono-
biexponencialni hormonalni eliminace v systémové cirkulaci (Mulligan et al. 1994; Porksen
2002). Bi-exponencialni model eliminace inzulinu byl stanoven v minulosti s prvnim
(rychlym) polo¢asem inzulinu 2.8 min a s druhym (pomalym) polo¢asem 5.0 min (Johnson et
al. 2004). My jsme stanovili polo¢as eliminace inzulinu na 3,3 min (KI 2.8-4.1) u zen s PCOS
a 3,2 min (KI 2,6-4,1) u zdravych Zen za vyuziti softwaru AutoDecon. Software AutoDecon
dale poskytuje informace o frekvenci pulzd inzulinu béhem 60 min. intervalu mezi pulzy,
mnoZstvi inzulinu uvolnéné béhem jednoho pulzu (mUI/I), amplitudé pulzu (maximalni
sekre¢ni vydej vijednom pulzu. mUI/I/min), AUCy.¢ (plocha pod kfivkou. celkova sekrece
inzulinu béhem 60 min, mUI/I), obecném polo¢ase (mUI/min) a bazalni sekreci (mUI/I/min).
K hodnoceni pravidelnosti sekrece inzulinu byla pouZzita metoda appreximate entropy
(ApEn). Vétsi pravidelnost (niz$i hodnota ApEn) svédéi pro vétsi autonomii hodnocené
hormonalni sekrece a naopak vét§i nepravidelnost (vysSi hodnota ApEn) piedpoklada

vyznamnéj$i vnéjsi vlivy (Pincus et al. 1999).
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Vysledky

1) Ve studii zabyvajici se ovlivnénim funkce -bunék rodinnou zatézi DM 2 mély pacientky s
PCOS a s pozitivni rodinnou anamnézou DM 2 (PCOS RA+) signifikantné vyss§i hladinu
triglyceridd (p<0.005) a niz8i hladinu HDL-cholesterolu (p<0.005) ve srovnani s Zenami s
PCOS bez rodinné zatéze DM 2 (PCOS RA-) a kontrolni skupinou. PCOS RA+ i PCOS RA-
meély vyssi hladinu testosteronu (p<0,002) a LH (p<0,002) ve srovnani s kontrolni skupinou.
PCOS RA+ mély nizsi hladinu DHEAS néz PCOS RA- a kontrolni skupina (p<0,0001).
Bazalni glykémie se neli$ila mezi skupinami na rozdil od bazalni inzulinémie, ktera byla
signifikantné vys$si u PCOS ve srovnani se zdravymi probandkami (p<0.04). PCOS RA
mély vy$Si hodnoty HOMA-IR (p<0,05) a sniZeny index inzulinové senzitivity stanoveny
euglykemickym clampem ve srovnani se zdravymi kontrolami (p<0,07). PCOS RA- se
v téchto ukazatelich neliSily od kontrolni skupiny. AIRgpas pfi argininovém testu byla zvys$ena
u PCOS RA+ ve srovnani s PCOS RA- (p<0,05), AIR, s a slopeair se nelisily mezi
skupinami. PCOS RA+ a PCOS RA- se nelisily mezi sebou v hodnotach dispozi¢niho indexu.
PCOS RA- mély signifikantné vysSi hladinu glukagonu ve srovnani se zdravymi Zenami

(p<0.02).

2) Ve studii zabyvajici se pulzni sekreci inzulinu mély Zeny s PCOS podle oéekavani vyssi
hladinu testosteronu (p<0,02), prolaktinu ( p<0,05), 17-OHP (p<0,03) a estradiolu (p<0.05) a
niz§i hladinu SHBG (p<0.0006) nez zdravé kontroly. Nezjistili jsme rozdily v bazalni
glykémii, inzulinémii, hlading C-peptidu a QUICKI. Zeny s PCOS i kontrolni skupina mély
pramérnou frekvenci 10 rychlych pulzd inzulinu s rozmezim od 6 do 13 pulzi béhem 60
minut (Obr. 7). Nepozorovali jsme rozdil v poctu pulzd, bazalni sekreci inzulinu, amplitudé
pulz. mnozZstvi inzulinu uvolnéném béhem jednoho pulzu a intervalu mezi pulzy u pacientek
s PCOS ve srovnani s kontrolni skupinou. U Zen s PCOS byla celkové tendence k $ir§im
pulzim inzulinu uréeno tzv. obecnym poloc¢asem (1,97 (KI 1,1-3,37) vs 0.89 (KI 0.51-1,49)
mUI/min; p<0,07). Bazalni sekrece inzulinu korelovala negativné s HDL-cholesterolem (r=-
0.85; p<0,004), QUICKI (r=-0,77; p<0,002) a pozitivné¢ s hladinou triglyceridd (r=0,75;
p<0,03). AUCy.69 korelovala negativné s QUICKI (r=-0.99; p= 0,0001), HDL-cholesterolem
(r=-0,89; p<0,0006) a pozitivné s hladinou triglyceridd (r=0,78; p<0,009). Amplituda pulzu
inzulinu (r=-0,61; p<0,03) a mnozZstvi inzulinu uvolnéné b&hem jednoho pulzu (r=-0,59;
p<0,03) korelovaly negativné s QUICKI. Obecny polo¢as pulzu inzulinu koreloval pozitivné

s koncentraci prolaktinu (r=0,76; p<0,008) a kortizolu (r=0,64; p<0,03). Mnozstvi inzulinu
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uvolnéné beéhem jednoho pulzu korelovalo pozitivné s hladinou testosteronu (r=0,61;
p<0.05:) a negativné s SHBG (r=-0.88:; p<0,0004). Pravidelnost sekrece inzulinu hodnocena
ApEn se nelisila mezi PCOS a zdravymi kontrolami (1,14 (1.095-1,178) vs 1.079 (0.94-
1,164); p<0.2). ApEn pozitivné korelovalo s hladinou prolaktinu (r=0.68; p<0.03) a s BMI
(r=0.57; p<0.04).

3) Ve studii sledujici sekreci inkretini u Zen s PCOS nebyla pozorovana rozdilna inzulinova
senzitivita a jaterni extrakce inzulinu nala¢no a béhem oGTT ve srovnani s kontrolni
skupinou. Zeny s PCOS mély signifikantné vy33i hladinu testosteronu (p<0.00009) a index
volného testosteronu (p<0,002) nez zdravé kontroly, i1 pfestoze SHBG nebylo rozdilné.
Bazalni glykémie byla stejna u Zen s PCOS a zdravych kontrol (p<0.69). Zeny s PCOS mely

vy$§i hladinu C-peptidu nez zdravé

Obr. 7. Rychlé pulzy inzulinu u zdravé Zeny. Rezidua-rozdil mezi méfenou a predpokladanou

hodnotou.
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kontroly (p<0.05) a mély tendenci k vyssi inzulinémii (p<0.12). Hladiny celkového GIP byly
signifikantné vy$s$i u Zen s PCOS ve srovnani s kontrolni skupinou (p<0,001). Hladina
aktivniho GLP-1 méla signifikantné odlisny charakter v zavislosti na ¢ase béhem oGTT u Zen
s PCOS ve srovnani se zdravymi Zenami. Koncentrace aktivniho GLP-1 byly podobné u Zen s
PCOS a kontrolami béhem c¢asné faze oGTT do 60. minuty, ale ve v 180. minuté dosahly
signifikantné niz$ich hladin u Zzen s PCOS oproti skupiné zdravych Zen (p<0,05). Hladina
C-peptidu pozitivné korelovala s koncentraci celkového GIP v 0. (r=0.40: p<0.04). 60.
(r=0,46; p<0,01) a 180. minuté¢ (r=0,60; p<0.002). Nebyla pozorovana korelace mezi

aktivnim GLP-1 a C-peptidem. Celkovy GIP ani aktivni GLP-1 nekorelovaly s inzulinem.

4) Ve studii sledujici prevalenci poruch sacharidového metabolismu byla IR pozorovana
celkové u 40,2 % zen s PCOS. Ve skupiné bylo 49.2 % stihlych, 22,9 % s nadvahou a 27.9 %
obéznich zen s PCOS. IR byla nalezena u 14,6 % stihlych, 42,5 % s nadvahou a u 71.8 %
obéznich zen s PCOS (x2=6l,8l; p<0,0001). Zdravé kontroly mély nadvahu v 4 % a obezitu v
10.5 %. IR byla pfitomna u 7,2 % kontrolnich probandek. Inzulin-rezistentni pacientky
s PCOS byly ve srovnani sIS pacientkami signifikantné star$i (p<0.,003), obézné&jsi
(p<0,0001) a mely vyssi jak systolicky (p<0,0001) tak diastolicky tlak (p<0,0001). M¢ly také
vy$$i hladinu triglyceridd (p<0,02), celkového cholesterolu (p<0,05), la¢nou glykémii
(p<0,0001), inzulinémii (p<0,0001), hladinu C-peptidu (p<,0001) a nizsi koncentraci HDL-
cholesterolu (p<0,01). Inzulin-rezistentni a inzulin-senzitivni pacientky s PCOS se nelisily
v hladinach celkového testosteronu, androstendionu, 17-hydroxy-progesteronu, estradiolu.
LH a FSH. Inzulin-rezistentni zeny s PCOS vSak mély signifikantné niz$i hladinu SHBG
(p<0.0001) a vyssi index volného testosteronu (p<0,000001). Porucha glukdzové tolerance
(PGT) byla zjisténa u 23 zen s PCOS (9,4 %) a DM 2 u 4 zen s PCOS (1,6 %). Poruena
la¢na glykémie (IFG) byla pozorovana u 30 Zen s PCOS (12.3 %); oGTT u téchto Zen

odhalilo poruchu glukézové tolerance u 6 pacientek a DM 2 u jedné pacientky.

Pro predikci PGT/DM 2 jsme vyuzili antropometrické, klinické a biochemické parametry
z bazalnich odbér krve. Hladina cholesterolu (s hrani¢ni hodnotou 4,19 mmol/l) doséahla
senzitivity 91,7 % a specificity 38,7 %, sérova hladina triglyceridt (0,705 mmol/1) senzitivity
91,7 % a specificity 38,7 %, systolicky tlak (110 mmHg) senzitivity 90 % a specificity 25 %
a diastolicky tlak (69,1 mmHg) senzitivity 91,7 % a specificity 28 %. Hodnota HOMA-IR

0,673 méla senzitivitu 92,6 %, ale specificita dosahla pouze 11 %.
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Diskuse

Syndrom polycystickych ovarii se povazuje za rizikovy faktor rozvoje porusené glukozové
tolerance a diabetes mellitus 2. typu (Ehrmann et al. 1999; Legro et al. 1999).
Hyperinzulinémie a inzulinova rezistence je u PCOS zkoumana jiz od 80. let 20. stoleti
(Burghen 1980). zatimco sekreci inzulinu bylo u téchto Zen vénovano mnohem méné
pozornosti. V naSich studiich jsme se proto zaméfili na riizné aspekty sekrece inzulinu u Zen
s PCOS. Zvolili jsme i riizné vySetfovaci metody a vypocty, které se navzajem dopliuji a
poskytuji podrobnéjsi charakteristiku mozné dysfunkce B-bunék.

V prvni studii jsme sledovali ovlivnéni funkce B-bunék rodinnou zatézi DM 2. IS byla
méfena pomoci hyperinzulinemického euglykemického clampu a sekrece inzulinu byla
hodnocena argininovym testem. Ziskali jsem tak dva vzajemné nezavislé parametry
popisujici IS a sekreci inzulinu umoziujici vypocet dispoziéniho indexu. Bazalni inzulinémie
byla signifikantné vyssi u Zen s PCOS ve srovnani se zdravymi kontrolami. U Zen s PCOS,
které mély rodinnou zat€z DM 2, jsme prokazali sniZzenou inzulinovou senzitivitu, nicméné
dispozi¢ni index se nelisil od PCOS RA". Predpokladali jsme. Ze u Zen s PCOS RA+
nalezneme poruchu sekrece inzulinu, ale tento pfedpoklad nebyl potvrzen. Pouze sekrece
inzulinu po podani bolusu argininu pfi bazalni glykémii byla vyssi u PCOS RA+ nez PCOS
RA-. Kompenza¢ni sekrece inzulinu se neliila mezi PCOS a zdravymi kontrolami. Nase
vysledky jsou v souladu se studiemi popisujicimi neporu$eny kompenza¢ni mechanismus u
osob s normalni glukézovou toleranci (Kahn et al. 1993). Ovsem vysledky publikovanych
studii zaméfenych na tuto problematiku u Zen s PCOS jsou diskrepantni. Nékteré prace
popisuji sniZzeny dispoziéni index obecné bez zavislosti na obezité ¢i rodinné anamnéze DM 2
(Dunaif a Finegood 1996). zatimco jini autofi pozorovali zhorSenou funkci B-bunék pouze u
pacientek s PCOS s rodinnou anamnézou DM 2 (Ehrmann et al. 1995). Dalsi autofi popsali
zvySenou casnou fazi sekrece inzulinu a zvy$eny dispozi¢ni index u §tihlych i obéznich
pacientek s PCOS. Tato studie nebrala v potaz rodinnou anamnézu DM 2 (Holte et al. 1994).
V dalsi studii jsme zvolili ne zcela bézné vyuzivané hodnoceni pulzni sekrece inzulinu a
pravidelnosti sekrece inzulinu. Sledovali jsme rychlé pulzy inzulinu, které maji dileZitou roli
pfi regulaci glykémie. Dale jsme hodnotili pravidelnost sekrece inzulinu vypovidajici
o moznych zevnich vlivech. Predpoklada se, Ze porucha pulzni sekrece inzulinu se objevuje
¢asné jiz u prediabetickych stavi jesté dfive nez je prokazatelna poruSena prvni faze sekrece
inzulinu (O’Rahilly et al. 1988; Porksen 2002). Nepozorovali jsme rozdil mezi poétem a

amplitudou pulzl inzulinu, mnozstvim inzulinu uvolnéného béhem jednoho pulzu, intervalem
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mezi pulzy a pravidelnosti sekrece inzulinu. Zeny s PCOS mély tendenci k $ir§im pulziim
inzulinu. Nepravidelng&jsi sekrece inzulinu (vy$$i hodnota ApEn) a $irSi pulzy inzulinu
korelovaly pozitivné s hladinami prolaktinu. Za podminek in vitro exprimuji B-buitkv
receptory pro prolaktin. Prolaktin podporuje rist ostrivk( pankreatu a stimuluje sekreci
inzulinu (Ben-Jonathan et al. 2006). Prolaktin také reguluje inzulinovou senzitivitu. Zeny
s PCOS a hyperprolaktinémii byly vice inzulin-rezistentni nez Zeny s PCOS a s normalni
hladinou prolaktinu (Bahceci et al. 2003).

Pozorovali jsme pozitivni korelaci mezi hodnotami ApEn a BMI. NaSe vysledky jsou
vsouladu s jinymi autory. ktefi popisuji méné pravidelnou sekreci inzulinu u pacientl
s obezitou a upravu pravidelnosti sekrece inzulinu po redukci vahy (Zarkovic et al. 2000).

K ur¢eni inzulinové senzitivity u Zzen s PCOS a zdravych kontrol jsme vyuzili indexu
QUICKI. Pacientky s PCOS i kontroly se nelisily v IS. Pozorovali jsme negativni korelaci
mezi IS a bazalni sekreci inzulinu. Naopak nebyla prokazatelna zadna korelace mezi IS a
frekvenci nebo intervalem inzulinovych pulzi. Vysledky studii popisujicich vztah mezi IS
méfenou euglykemickym clampem a frekvenci inzulinovych pulzi se rozchazeji. Jedna ze
studii uvadi, Ze zvySena frekvence rychlych pulzi inzulinu korelovala pozitivné s tizi IR u
pacientl s abdominalni obezitou. Pocet rychlych pulzi inzulinu se snizil a IS se upravila po
redukci vahy (Peiris et al. 1992). Na druhou stranu, frekvence inzulinovych pulzi
nekorelovala s IS u zdravych kontrol (Courtney et al. 2003) nebo u Zen s PCOS (Armstrong
et al. 2001). Rozdilné vysledky mohou byt zpiisobeny odliSnym souborem pacientek a/nebo
pouzitim riznych metod hodnoticich pulzni sekreci inzulinu.

V tieti studii jsme se zaméfili na roli inkretinG v patogenezi poruchy sacharidového
metabolismu u Zen s PCOS. Inkretiny, GIP a GLP-1, se vyznamné podileji na regulaci
sekrece inzulinu. Jedina studie popisujici sekreci inkretind u malé skupiny Stihlych Zen s
PCOS nenalezla rozdil v hladinach GIP nebo GLP-1 mezi PCOS a kontrolami, i pfestoze
Zzeny s PCOS mély vyssi koncentraci inzulinu a C-peptidu (Gama et al. 1996). V nasi studii
tihlé Zeny s PCOS mély zvySené hladiny celkového GIP a C-peptidu béhem oGTT ve
srovnani se zdravymi kontrolami. Hladina celkového GIP, na rozdil od hladin aktivniho GLP-
1, signifikantné korelovala s koncentraci C-peptidu. Divod nepfitomné korelace mezi G1.P-1
a inzulinem ¢i C-peptidem neni jasny. Obé skupiny pacientek mély stejnou IS vypocitanou na
la¢no (QUICKI) i béhem oGTT (OGIS). Jini autofi také popsali zvy$enou hladinu C-peptidu
béhem oGTT, ktera nebyla doprovazena sniZzenou IS méfenou euglykemickym clampem u
7zen s PCOS (Ciampelli et al. 1997). Aktivni GLP-1 prokazoval signifikantné odlinou

charakteristiku v zavislosti na ¢ase u Zen s PCOS ve srovnani s kontrolni skupinou. GLP-1
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koncentrace byly podobné u 7en s PCOS a kontrolami v ¢asné fazi oGTT do 60 min, ale
hladina GLP-1 byla signifikantné niz8i u Zen s PCOS ve srovnani se zdravymi Zenami ve

180. minuté oGTT. Ackoliv se jedna o zajimavy vysledek. nejsme schopni tento fenomén
jasné vysvétlit. Regulace sekrece GLP-1 neni zatim piné objasnéna. Leptin stimuloval
v buné¢né kultute sekreci GLP-1, a obézni pacienti rezistentni na leptin maji nizké hladiny
GLP-1 (Anini a Brubaker 2003). Dalsim faktorem ovliviiyjicim sekreci GLP-1 je glukagon,
ktery za fyziologickych podminek u zdravych osob sekreci GLP-1 inhibuje. Postprandialni
vzestup glykémie snizi hladinu glukagonu, coz zvySuje sekreci GLP-1. U pacientd s DM 2 je
nedostate¢na suprese sekrece glukagonu glukézou a porucha sekrece GLP-1 mize byt proto
druhotna (Vollmer et al. 2008). U pacientd s DM 2 hladina glukagonu nala¢no korelovala
negativné s koncentraci GLP-1, ale postprandialn¢ (b&éhem oGTT ¢i standardni test s jidlem)
je korelace hladiny glukagonu a GLP-1 pozitivni. Vysvétlenim by mohl byt GLP-2, ktery se
v ekvimolarnim mnozstvi uvolriuje s GLP-1 z L-bunék gastrointestinalniho traktu. GLP-2 je
pomaleji eliminovan z cirkulace a dosahuje nékolikanasobné vyssich koncentraci nez GLP-1.
GLP-2 stimuluje sekreci glukagonu a tento ucinek pravdépodobné pievazi inhibi¢ni efekt
GLP-1 (Vollmer et al. 2008).

Rozdilné vysledky naSich vySetfeni v porovnani se studii Gamy et al. (Gama et al. 1996)
mohou byt dany malym souborem pacientek a/nebo odliSnou metodou stanoveni inkretind.
Na druhou stranu jsou naSe vysledky souhlasné s autory popisujici zvySené hladiny GIP a
snizené koncentrace GLP-1 u pacienti s DM 2 (Jones et al. 1989; Vilsbolls et al. 2001; Holst
a Gromada 2004). U osob s porusenou gluk6zovou toleranci i u zdravych pfibuznych prvniho
stupné pacientii s DM 2 byla podobné pozorovana pii oGTT zvySena hladina celkového GIP
doprovazena zvySenou hladinou C-peptidu (Theodorakis et al. 2004). Jedna z hypotéz
vysvétlujici zvySené hladiny C-peptidu u Zzen s PCOS uvazuje nadmérnou aktivitu entero-
inzularni osy (Holte 1998). MuiZeme predpokladat, ze zvySena sekrece GIP nadmérné
stimuluje B-bunky k produkci vét§siho mnozstvi inzulinu. Nepfiméfené zvySena sekrece
inzulinu pak pfi normalni IS vede ke snizeni glykémie. Pro tuto hypotézu svéd¢i nizsi hladiny
glykovaného hemoglobinu (Holte et al. 1994) a snizené vnimani hypoglykemickych
symptomu (Gennarelli et al. 1997) prokazané u Zen s PCOS. Hladina GIP miZe byt zvySena
jako kompenzace jeho snizené aktivity. V nasi studii nemGzeme uzaviit, zda-li je hladina GIP
zvySena nasledkem porusené inzulinotropni aktivity. To l1ze hodnotit zmé&fenim inkretinového
efektu po exogennim podani GIP béhem hyperglykemického clampu (Holst a Gromada
2004). Piedpoklada se také zvysena internalizace ¢i snizena citlivost GIP receptori (Holst a

Gromada 2004). Snizeny inzulinotropni efekt GIP byl popsén nejen u pacienti s DM 2, ale
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také u jejich ptibuznych prvniho stupné s normalni glukézovou toleranci (Meier et al. 2001).
Proto se piedpokladalo, Zze porucha GIP je primarnim genetickym defektem DM 2. Pii
vysetieni $irSiho spektra pacientll s rGznymi typy DM. byla nalezena sniZzena odpovéd’ na
podani GIP také u osob s diabetem typu MODY nebo se sekundarnim diabetem (Vilsboll et
al. 2003"). Porusena aktivita GIP muaze tedy byt naopak disledkem metabolického stavu pfi
onemocnéni DM (Nauck et al. 2004).

Jak jiz bylo zminéno dtive, u Zen s PCOS je zvySené riziko rozvoje PGT a/nebo DM 2.
Stanovenim pouze la¢né glykémie nemusime zachytit az 30% pacientii s DM 2 a nelze
stanovit diagnozu porusené glukozové tolerance (WHO 2006). Proto se doporucuje provést
oGTT pii stanoveni diagnozy PCOS bez ohledu na BMI, i kdyZ jsou la¢né hodnoty glukozy
v pasmu normy, a dale kazdé¢ 2-3 roky (Salley et al. 2007). Toto doporu¢eni samoziejmé
piinasi velké naroky na zdravotni systém. V posledni studii jsme tedy pouzili data
oGTT a hodnotili jsme vyskyt poruch gluk6zové homeostazy a moznosti jejich predikce
z jednoduchych klinickych a biochemickych parametrd. Ke stanoveni IS jsme vyuzili
jednoduchého vypoc¢tu z bazalnich hodnot inzulinu a glykémie, tzv. HOMA-IR. Porusenou
la¢nou glykémii jsme pozorovali u 12 %, PGT u 9,4 % aDM 2 u 1,6 % 7en s PCOS.
Inzulinova rezistence byla pfitomna u 40 % Zen s PCOS a u 7,2 % zdravych kontrol.
Prevalence IR uzce korelovala s obezitou. Inzulin-resistentni Zeny s PCOS oproti inzulin-
senzitivnim byly starSi, obéznéjsi a mély vyznamnéjsi vyskyt rizikovych faktord
kardiovaskularniho onemocnéni (vy$si hodnoty krevniho tlaku, celkového cholesterolu,
triglyceridd a niz$i hladinu HDL-cholesterolu. Vyssi vyskyt IR je popisovan u obéznich
PCOS pacientek (Deugarte et al. 2005; Carmina a Lobo 2004). Nase Zzeny s PCOS byly
celkové §tihlejsi, coz mize vysvétlovat mensi procento inzulin-rezistentnich pacientek ve
srovnani s uvedenymi studiemi. Niz$i vyskyt IR mlze byt také zpisoben rozdilem mezi nami
pouzitymi diagnostickymi kritérii PCOS dle ESHRE/ASMR ve srovnani s NIH kritérii
v citovanych studiich. Je znamo, Ze u nékterych fenotypti PCOS dle definice ESHRE/ASMR
neni IR doprovodnym symptomem. Na druhou stranu, 40 % vyskyt IR mlze byt
nadhodnocen. Tzv. cuttoff point pro IR je stanoven dle kontrolni skupiny Zen, které se
piihlasily na inzerat o vySetieni glycidového metabolismu. Mohlo by se jednat o Zeny, které
se vice zajimaji o zdravy Zivotni styl a ochotnéji se zu¢astiiuji podobnych studii. Hodnoty IR

u nich mohou byt nizsi nez v bézné populaci.
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Pokusili jsme se také o nalezeni biochemickych ¢i klinickych parametr(, které by mohly
slouzit k ¢asnému odhaleni pacientek se zvySenym rizikem rozvoje poruchy glukézového
metabolismu. U Zen s PCOS byla nejvyssi senzitivita s 8-10 % faleSné negativni chybou
pozorovana pro hodnoty celkového cholesterolu. triglyceridi. bazalni glykémie, systolického
a diastolického tlaku v normalnim rozmezi, nicméné specificita byla nizkd, coz je
nevyhovujici pro screeningové vySetfeni. Horni hranice normalniho rozmezi pro vySe
uvedené parametry mélo jak nizkou specificitu tak senzitivitu. Tzv. cuttoff hodnota HOMA-
IR 0,7 prokazovala nejvyssi senzitivitu pro stanoveni poruchy sacharidového metabolismu,
nicméné specificita byla pfili§ nizka. nebot’ zachytila i1 fadu tzv. rizikovych Zen. které maji
normalni vysledek pfi oGTT. Proto jsme uzavfeli, Ze ani tento ukazatel nelze vyuzit jako
screeningové vySetfeni. NaSe prace nepodpofila vysledky studie, kde hodnota HOMA-IR
byla vhodna k predikci poruchy glukézového metabolismu (Mohlig et al. 2006). Rozdilné
vysledky je mozné vysvétlit uizkym rozmezim BMI (31,8407 kg/mz) v citované studii a
vyznamnéj$i korelaci hodnot HOMA-IR a BMI v pasmu obezity ve srovnani s BMI
v normalnim rozmezi (Kim et al. 2004). Soubor nasich pacientek mél mnohem heterogenné;jsi

BML
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1) SniZenou inzulinovou senzitivitu jsme pozorovali pouze u zen s PCOS,
které mély pozitivni rodinnou anamnézu DM 2 ve srovnani se zdravymi
Zzenami. Tyto Zzeny, pokud maji normalni glukézovou toleranci, jsou
schopny kompenzovat sniZzenou inzulinovou senzitivitu zvySenou sekreci

inzulinu.

2) Stihlé zeny s PCOS mély podobnou charakteristiku pulzni sekrece
inzulinu az na tendenci k $ir§im pulzim inzulinu ve srovnani se zdravymi
kontrolami. Prolaktin, kortizol a androgeny meély vztah k jednotlivym
parametrim charakterizujicim pulzni sekreci inzulinu. Inzulinova

sensitivita nesouvisela s parametry popisujicimi pulzni sekreci inzulinu.

3) U stihlych Zen s PCOS jsme pozorovali zvySené hladiny C peptidu,
celkového GIP a niz§i koncentraci aktivniho GLP-1 béhem pozdni faze

oGTT ve srovnani se §tihlymi zdravymi kontrolami.

4) Z jednoduchych klinickych a biochemickych parametri (antropometrie,
krevni tlak, glykémie nalacno, lipidogram) nemél u Zen s PCOS zadny
dostate¢nou senzitivitu a specificitu, aby mohl byt vyuzit k predikci PGT
a/nebo DM 2. Proto doporucujeme pouzivat diagnosticky oGTT u vSech
pacientek s PCOS.

36



[.iteratura:

Revised 2003 consensus diagnostic criteria and long term health risks related to polycystic
ovary syndrome (2004). Fertil Steril 81; 19-25.

Abbott, D.H., Dumesic. D.A., Franks. S. (2002). A developmental origin of polycystic ovary
syndrome-a hypothesis. J Endocrinol. 174: 1-5.

Adams, J., Franks, S., Polson, D. W., Mason, H. D., Abdulwahid, N., Tucker, M., Morris, D.
V.. Price, J., Jacobs, H. S. (1985). Multifollicular ovaries: clinical and endocrine features and
response to pulsatile gonadotropin releasing hormone. Lancet 2(8469-70), 1375-1379.
Ahren, B., Pacini, G. (2004). Importance of quantifying insulin secretion in relation to insulin
sensitivity to accurately assess beta cell function in clinical studies. European Journal of
Endocrinology, 150 (97-104).

Anderson, G. E., Kologlu, Y., Papadopoulus, C. (1967). Fluctuations in postabsorptive blood
glucose in relation to insulin release. Metabolism 16: 586-596.

Anini, Y. a Brubaker, P.L. (2003). Role of leptin in the regulation of glucagon-like peptide-1
secretion. Diabetes. 52 252-259.

Armstrong. V.L., Wiggam, M.1., Ennis, C.N., Sheridan. B., Traub, A.l., Atkinson, A.B., Bell,
P.M. (2001). Insulin action and insulin secretion in polycystic ovary syndrome treated with
ethinyl oestradiol/cyproterone acetate. Qjm 94: 31-37.

Azziz, R., Carmina, E., Dewailly, D., Diamanti-Kandarakis, E., Escobar-Morreale H.F.,
Futterweit, W, Janssen, O.E., Legro, R.S., Norman, R.J., Taylor A.E., Witchel, S.F. (2006).
Androgen Excess Society: Positions statement: criteria for defining polycystic ovary
syndrome as a predominantly hyperandrogenic syndrome: an Androgen Excess Society
guideline. J Clin Endocrinol Metab. Nov; 91(11):4237-45.

Azziz, R. (2006). Diagnosis of polycystic ovarian syndrome: The Rotterdam Criteria are
premature. J Clin Endocrinol Metab, March, 91(3): 781-785.

Bahceci, M., Tuzcu, A., Bahceci, S., Tuzcu, S. (2003). Is hyperprolactinemia associated with
insulin resistance in non-obese patients with polycystic ovary syndrome? J Endocrinol Invest
26: 655-659.

Balen. A.H., Laven, J.S., Tan, S.L., Dewailly, D. (2003). Ultrasound assessment of the
polycystic ovary: international consensus definitions. Hum Reprod Update Nov-Dec:
9(6):505-14.

Barber, T.M., Golding, S.J., Alvey, Ch.,, Wass, J.A.H., Karpe, F., Franks, S., McCarthy,
M.I1.(2008). Global Adiposity rather than abnormal region fat distribution characterizes
women with polycystic ovary syndrome. J Clin Endo Metab March. 93(3), 999-1004.
Ben-Jonathan, N., Hugo, E.R., Brandebourg, T.D., Lapensee, C.R..(2006). Focus on prolactin
as a metabolic hormone. Trends Endocrinol Metab 17: 110-116.

Bergman, R. N., L. S. Phillips, et al. (1981). "Physiologic evaluation of factors controlling
glucose tolerance in man: measurement of insulin sensitivity and beta-cell glucose sensitivity
from the response to intravenous glucose." J Clin Invest 68(6): 1456-67.

Bergsten, P. (2000). Pathophysiology of impaired insulin pulsatile release. Diabetes Metab
Res Rev. 16: 179-191.

Bergstrom. R.W., Fujimoto, Y., Teller, D.C., De Haen, Ch. (1989). Oscillatory insulin
secretion in perifused isolated rat islets. Am J Physiol. Oct;257(4 Pt 1):E479-85.

Blank. S.K., Helm, K.D., McCartney, M.C., Marshall, J.C. (2008).Polycystic ovary syndrome
in adolescence. Ann. N.Y. Acad Sci, 1135: 76-84.

Boden, G., Shulman, G.I. (2002). Free fatty acids in obesity and type 2 diabetes: defining
their role in the development of insulin resistance and B-cell dysfunction. Eur J Clin Invest
32(Suppl 3): 14-23.

37



Bratusch-Marrain, P.R., Komjati, M., Waldhausl, W.K. (1986). Efficacy of pulsatile versus
continuous insulin administration on hepatic glucose production and glucose utilization in
type I diabetic humans. Diabetes, Vol 35, Issue 8 922-926.

Burghen. G. A., Givens, J. R., Kitabchi, A. E. (1980). Correlation of hyperandrogenism with
hyperinsulinism in polycystic ovarian disease. J Clin Endocrinol Metab, 50(1), 113-116.
Carmina. E., Lobo. R. A. (1999). Polycystic ovary syndrome (PCOS): arguably the most
common endocrinopathy is associated with significant morbidity in women. J Clin
Endocrinol Metab, 84(6), 1897-1899.

Carmina. E., Lobo, R. A. (2004). Use of fasting blood to assess the prevalence of insulin
resistance in women with polycystic ovary syndrome. Fertil Steril 82:661-5.

Courtney, C.H., Atkinson, A.B., Ennis, C.N., Sheridan, B.. Bell, P.M. (2003). Comparison of
the priming effects of pulsatile and continuous insulin delivery on insulin action in man.
Metabolism 52: 1050-1055.

Ciampelli, M., Fulghesu, A.M., Cucinelli, F., Pavone, V., Caruso. A., Mancuso, S., Lanzone,
A. (1997). Heterogeneity in beta cell activity. hepatic insulin clearance and peripheral insulin
sensitivity in women with polycystic ovary syndrome. Human Reproduction. 12 1897-1901.
DeFronzo, R.A., Tobin, J.D., Andres, R. (1979). Glucose clamp technique: a method for
quantifying insulin secretion and resistance. Am J Physiol. Sep; 237(3): E214-23.

Deugarte, C.M., Bartolucci, A.A., Azziz, R. (2005) Prevalence of insulin resistance in the
polycystic ovary syndrome using the homeostasis model assessment. Fertil Steril 83:1454-60.
Diamanti-Kandarakis, E., Argyrakopoulou, G., Economou, F., Kandaraki, E., Koutsilieris, M.
(2008). J Steroid Biochem Mol Biol, 109: 242-246.

Driscoll, D.A. (2003). Polycystic syndrome in adolescence. Ann. N.Y.Acad.Sci, 997:49-55.
Drucker, D.J. (2006). The biology of incretins hormones. Cell Metabolism, Mar., 3:153-165.
Drucker, D.J. (2007). The role of gut hormones in glucose homeostasis. J Clin Invest, Jan;
117(1).

Dunaif, A., Segal, K. R., Shelley, D. R., Green, G., Dobrjansky, A., Licholai, T. (1992).
Evidence for distinctive and intrinsic defects in insulin action in polycystic ovary syndrome.
Diabetes, 41(10), 1257-1266.

Dunaif, A. a Finegood, DT. (1996). B-cell dysfunction independent of obesity and glucose
intolerance in the polycystic ovary syndrome. J Clin Endocrinol Metab. 81: 942-7.

Dunaif, A. (1997). Insulin resistance and the polycystic ovary syndrome: mechanism and
implications for pathogenesis. Endocr Rev. 18(6), 774-800.

Ehrmann, D. A., Barnes, R. B., Rosenfield, R. L., Cavaghan, M. K., Imperial, J. (1999).
Prevalence of impaired glucose tolerance and diabetes in women with polycystic ovary
syndrome. Diabetes Care, 22(1), 141-146.

Ehrmann, DA., Kasza, K., Azziz, R., Legro, RS., Ghazzi, MN. (2005) Effects of race and
family history of type 2 diabetes on metabolic status of women with polycystic ovary
syndrome. J Clin Endocrinol Metab 90: 66-71.

Elbein, S. C., S. J. Hasstedt, et al. (1999). Heritability of pancreatic beta-cell function among
nondiabetic members of Caucasian familial type 2 diabetic kindreds. J Clin Endocrinol

Metab 84(4): 1398-403.

Elbein, C.S, Wegner, K., Kahn, S.E. (2000).Reduced B-cell compensation to the insulin
resistance associated with obesity in members of Caucasian familial type 2 diabetic
kindreds.Diabetes Care 23:221-227.

Ferrannini. E. (1998). Insulin resistance versus insulin deficiency in non-insulin-dependent
diabetes mellitus: problems and prospects. Endocr Rev 19: 477-90.

Flatt, P.R. (2008). Dorothy Hodgkin Lecture 2008. Gastric inhibitory polypeptide (GIP)
revisited: a new therapeutic target for obesity-diabetes? Diabet Med. 2008 Jul;25(7):759-64.

38



Florez. J. C. (2008). Newly identified loci highlight beta cell dysfunction as a key cause of
type 2 diabetes: where are the insulin resistance genes? Diabetologia 51(7): 1100-10.

Franks, S., Gharani, N., Waterworth, D., Batty, S., White, D., Williamson, R.. McCarthy, M.
(1997). The genetic basis of polycystic ovary syndrome. Human Reproduction 12, 2641

2648.

Fravyling. T. M. (2007). Genome-wide association studies provide new insights into type 2
diabetes aetiology. Nat Rev Genet 8 (9): 657-62.

Gama., R. Norris, F., Wright, J., Morgan, L., Hampton, S., Watkins, S., Marks, V. (1996). The
entero-insular axis in polycystic ovarian syndrome. Annals of Clinical Biochemistry. 33 (Pt
3) 190-195.

Gambineri, A., Pelusi, C., Vicennati, V., Pagotto, U., Pasquali, R. (2002). Obesity and the
polycystic ovary syndrome. Int J Obe, 26: 883-896.

Gennarelli, G., Holte, J., Stridsberg. M., Niklasson, F.. Berne, C., Backstrom, T.(1997). The
counter-regulatory response to hypoglycaemia in women with the polycystic ovary
syndrome. Clinical Endocrinology (Oxf). 46 167-174.

Gerich, J.E. (2000). Clinical perspective: insulin resistance is not necessarily an essential
component of type 2 diabetes. J Clin Endocrinol. Metab 85: 2113-2115.

Gerich, J.E. (2003). Contributions of insulin resistance and insulin-secretory defects to the
pathogenesis of type 2 diabetes mellitus. Mayo Clin Proc 78: 447-456.

Goodner, C.J., Sweet, I.R., Harrison, H.C. Jr.(1988). Rapid reduction and return of surface
insulin receptors after exposure to brief pulses of insulin in perfused rat hepatocytes. Diabetes
1988; 37: 1316-1323.

Hansen, K.M. (1923). Oscillations in the blood sugar of fasting normal persons. Acta
Endocrinol (Copenh).

Hollingdal, M., Juhl, C. B., Pincus, S. M., Sturis, J., Veldhuis, J. D., Polonsky, K. S.,
Porksen, N., Schmitz, O. (2000). Failure of physiological plasma glucose excursions to
entrain high frequency pulsatile insulin secretion in type 2 diabetes. Diabetes, 49(8), 1334
1340.

Holst, J.J.. Gromada J. (2004). Role of incretin hormones in the regulation of insulin
secretion in diabetic and nondiabetic humans. American Journal of Physiology
Endocrinology and Metabolism. 287 E199-206.

Holte, J., Bergh, T., Berne, C., Berglund, L., Lithell, H. (1994). Enhanced early insulin
response to glucose in relation to insulin resistance in women with polycystic ovary
syndrome and normal glucose tolerance. J Clin Endocrinol Metab, 78(5), 1052-1058.

Holte, J., Bergh, T.. Berne, C., Wide, L., Lithell, H. (1995). Restored insulin sensitivity but
persistently increased early insulin secretion after weight loss in obese women with
polycystic ovary syndrome. J Clin Endocrinol Metab, 80(9), 2586-2593.

Holte, J. (1998). Polycystic ovary syndrome and insulin resistance: Thrifty genes struggling
with over-feeding and sedentary life style?J. Endocrinol. Invest. 21:589-601.

Ibanez. L., de Zegher, F., Potau, N.(1998). Premature pubarche, ovaria hyperandrogenism,
hyperinsulinism and the polycystic ovary syndrome: from a complex constellation to a simple
sequence of prenatal onset. J Endocrinol Invest, Oct, 21(9): 558-66.

Johnson. M.L., Virostko, A., Veldhuis, J.D., Evans, W.S. (2004). Deconvolution analysis as a
hormone pulse-detection algorithm. Methods Enzymol. 384:40-54.

Jones, I.R., Owens, D.R., Luzio, S., Williams, S., Hayes T.M. (1989). The glucose dependent
insulinotropic polypeptide response to oral glucose and mixed meals is increased in patients
with type 2 (non-insulin-dependent) diabetes mellitus. Diabetologia. 32 668-677.

Kahn, S. E., Prigeon, R. L.. McCulloch, D. K., Boyko, E. J., Bergman, R. N., Schwartz, M.
W., Neifing, J. L., Ward, W. K., Beard, J. C., Palmer, J. P. (1993). Quantification of the
Relationship between insulin sensitivity and beta-cell function in human subjects. Evidence

39



for a hyperbolic function. Diabetes, 42(11), 1663-1672.

Kashar-Miller, M. a Azziz, R. (1999). Heritability and the risk of developing androgen
excess. J Steroid Biochem Mol Biol. 69:261-268.

Katz. A.. Namgi, S.S.. Mather. K.. Baron. A.D., Follmann. D.A., Sullivan. G.. Quon. M.J.
(2000). Quantitative insulin sensitivity check index: a simple, accurate method for assessing
insulin sensitivity in humans. J Clin Endocrinol Metab. Jul;85(7):2402-10.

Kemner. W., Bruckel, J., Zier, H., Arias. P., Thun. C., Moncayo. R., Pfeiffer, E.F. (1988).
Similar effects of pulsatile and constant intravenous insulin delivery. Diabetes Res Clin Pract.
4:269-274.

Kim. S.H., Abbasi. F., Reaven, G.M. (2004). Impact of degree of obesity on surrogate
estimates of insulin resistance. Diabetes Care, August, 27(8), 1998-2002.

King, B.F., Love, J.A., Szurszewski, J.H. (1989). Intracellular recordings from pancreatic
ganglia of the cat. J. Physiol. 419: 379-403.

Kirchengast S, Huber J. (2001). Body composition characteristics and body fat distribution in
lean women with polycystic ovary syndrome. Hum Reprod: 16: 1255-1260.

Komijati, M., Bratusch-Marrain, P., Waldhausl, W. (1986). Superior efficacy of pulsatile
versus continuous hormone exposure on hepatic glucose production in vitro. Endocrinology.
Jan;118(1):312-9.

Lang, D.A., Matthews, D.R., Peto, J., Turner, R.C. (1979). Cyclic oscillations of basal plasma
glucose and insulin concentrations in human beings. N Engl. J.Med. 301:1023-1027.
association with Japanese NIDDM subjects. Diabetes. 45 1701-1705.

Larsson, H., Ahren, B. (1998). Glucose-dependent arginine stumulation test for
characterization of islet function: studie on reproducibility and priming effect of arginine.
Diabetologia; Jul;41(7):772-7

Legro, R. S., Kunselman, A. R., Dodson, W. C., Dunaif, A. (1999). Prevalence and predictors
of risk for type 2 diabetes mellitus and impaired glucose tolerance in polycystic ovary
syndrome: a prospective, controlled study in 254 affected women. J Clin Endocrinol Metab,
84(1), 165-169.

Mari, A., Pacini, G., Murphy, E., Ludvik, B., Nolan, J.J. (2001). A model-based method for
assessing insulin sensitivity from the oral glucose tolerance test. Diabetes Care. Mar;
24(3):539-48.

Matthews. D.R., Naylor, B.A., Jones, R.G., Ward, G.M., Turner, R.C. (1983).Pulsatile insulin
has greater hypoglycemic effect than continuous delivery. Diabetes. 32: 617-621.

Matthews, D.R., Hosker, J.P., Rudenski, A.S., Naylor, B.A., Treacher, D.F., Turner, R.C.
(1985). Homeostasis model assessment: insulin resistance and beta-cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia. Jul;28(7):412-9.

Meier. J.J., Hucking, K., Holst, J.J., Deacon, C.F., Schmiegel, W.H., Nauck, M.A. (2001).
Reduced insulinotropic effect of gastric inhibitory polypeptide in first-degree relatives of
patients with type 2 diabetes. Diabetes. 50; 2497-2504.

Meneilly, G. S., Ryan, A. S., Veldhuis, J. D., Elahi, D. (1997). Increased disorderliness of
Basal insulin release, attenuated insulin secretory burst mass, and reduced ultradian
rhythmicity of insulin secretion in older individuals. J Clin Endocrinol Metab. 82(12), 4088
4093.

Mohlig, M., Spranger, J., Ristow, M., Pfeiffer, AF., Schill, T., Schlosser, HW., et al. (2006).
Predictors of abnormal glucose metabolism in women with polycystic ovary syndrome. Eur J
Endocrinol 154:295-301.

Nauck, M. A., Homberger, E., Siegel, E. G., Allen, R. C., Eaton, R. P., Ebert, R., Creutzfeldt,
W. (1986). Incretin effects of increasing glucose loads in man calculated from venous insulin
and C-peptide responses. J Clin Endocrinol Metab. 63(2), 492-498.

Nauck, M.A., El-Ouaghlidi, A., Gabrys, B., Hucking, K., Holst, J.J., Deacon, C.F., Gallwitz,

40



B.. Schmidt, W.E., Meier, J.J. (2004). Secretion of incretin hormones (GIP and GI.P-1) and
Incretin effect after oral glucose in tirst-degree relatives of patients with type 2 diabctes.
Regul Pept..Nov 15: 122(3): 209-17.

Nauck. M.A., Baller. B., Meier, J.J. (2004). Gastric inhibitory polypeptide and glucagon-like
peptide-1 in the pathogenesis of type 2 diabetes. Diabetes, Dec: 53(3): S190-6.

Nestler. J.E., Powers, L.P.. Matt. D.W.. Steingold. K.A.. Plymate. S.R.. Rittmaster, R.S..
Clore, J.N., Blackard. W.G. (1991). A direct eftect of hyperinsulincmia on serum sex
hormone-binding globulin levels in obese women with the polycystic ovary syndrome. J Clin
Endocrinol Metab. Jan; 72(1): 83-9.

O'Meara. N.M.. Blackman, J.D., Ehrmann, D.A.. Barnes, R.B., Jaspan, J.B... Rosentield,
R.L.. Polonsky, K.S.(1993). Defects in beta-cell function in functional ovarian
hyperandrogenism. J Clin Endocrinol Metab. 1993 May:76(5):1241-7.

O'Rahilly. S., Turner, R. C., Matthews, D. R. (1988). Impatred pulsatile secretion of insulin
In relatives of patients with non-insulin-dependent diabetes. N Engl J Med. 318(19). 1225
1230.

Ovesen, P., Moller. J.. Ingerslev, H. J.. Jorgensen, J. O., Mengel. A.. Schmitz, O.. Alberti, K.
G.. Moller, N. (1993). Normal basal and insulin-stimulated fuel metabolism in lean women
with the polycystic ovary syndrome. J Clin Endocrinol Metab..77(6). 1636-1640.

Paolisso. G., Sgambato, S.. Torella, R., Varricchio, M.. Scheen. A., D'Onofrio. F.. Lefebvre,
P.J. (1988%. Pulsatile insulin delivery is more efficient than continuous infusion in
modulating islet cell function in normal subjects and patients with type 1 diabetes. J Clin
Endocrinol Metab. 66:1220-1226.

Paolisso. G., Sgambato, S., Gentile, S., Memoli. P., Giugliano, D.,Varricchio, M., D'Onotrio,
F. (1988"). Advantageous metabolic effects of pulsatile insulin delivery in noninsulin-
dependent diabetic patients. J Clin Endocrinol Metab. 67: 1005-1010.

Paolisso. G., Scheen, A. J., Giugliano, D., Sgambato, S., Albert, A., Varricchio, M.,
D'Onoftrio, F., Letebvre, P. J. (1991). Pulsatile insulin delivery has greater metabolic effects
than continuous hormone administration in man: importance of pulse frequency. J Clin
Endocrinol Metab. 72(3). 607-615.

Pasquali, R., Pelusi, C., Genghini, S.. Cacciari, M., Gambineri, A. (2003). Obesity and
Reproductive disorders in women. Hum Reprod Update. 9(4), 359-372.

Peiris. A. N., Stagner, J. 1., Vogcl, R. L., Nakagawa. A., Samols, E. (1992). Body fat
distribution and peripheral insulin sensitivity in healthy men: role of insulin pulsatility. J Clin
Endocrinol Metab. 75(1). 290-294.

Pimenta, W., M. Korytkowski, et al. (1995). Pancreatic beta-cell dysfunction as the primary
genetic lesion in NIDDM. Evidence from studies in normal glucose-tolerant individuals with
a first-degree NIDDM relative. Jama 273(23): 1855-61.

Pincus, S. M., Hartman, M. L.. Roelfsema, F.. Thorner, M. O., Veldhuis, J. D. (1999).
Hormone pulsatility discrimination via coarse and short time sampling. Am J Physiol. 277(5
Pt 1), E948-957.

Polonsky. K. S. (1993). Defects in beta-cell function in functional ovarian hyperandrogenism.
J Clin Endocrinol Metab. 76(5). 1241-1247.

Poretsky. L.. Cataldo, N.A., Rosenwaks, Z., Giudice. L.C. (1999). The insulin related

ovarian regulatory system in health and disease. Endocr Rev 1999; 20: 535 — 582.

Porksen, N.. Munn, S., Ferguson, D., O'Brien, T., Veldhuis, J., Butler, P. (1994). Coordinate
pulsatile insulin secretion by chronic intraportally transplanted islets in the isolated perfused
rat liver. J Clin Invest. 94(1). 219-227.

Porksen. N., Nyholm. B., Veldhuis. J. D.. Butler, P. C., Schmitz, O. (1997). In humans at
least 75% of insulin secretion arises from punctuated insulin secretory bursts. Am J Physiol.
273(5 Pt 1), E908-914.

41



Porksen. N., Juhl, C., Hollingdal, M., Pincus, S. M., Sturis, J., Veldhuis, J. D., Schmitz, O.
(2000). Concordant induction of rapid in vivo pulsatile insulin secretion by recurrent
punctuated glucose infusions. Am J Physiol Endocrinol Metab. 278(1), E162-170.

Porksen. N. (2002). The in vivo regulation of pulsatile insulin secretion. Diabetologia. 45(1).
3-20.

Ranganath, L.R. (2008). Incrctins: Pathophysiological and therapeutic implications of
glucose-dependent insulinotropic polypeptide and glucagon-like peptide-1. J Clin Pathol.
2008 Apr;61(4):401-9.

Ristow. M., Vorgerd, M.. Mohlig, M., Schatz, H., Pfeiffer. A. (1999). Insulin resistance and
impaired insulin scerction due to phosphofructo- I -kinase-deficiency in humans. J Mol Med.
Jan;77(1):96-103.

Ritzel, RA., Veldhuis, JD., Butler, PC. (2006) The mass, but not the frequency, of insulin
secretory bursts in isolated human islets is entrained by oscillatory glucose exposure. Am J
Physiol Endocrinol Metab. Apr; 290(4): E750-6.

Roehrich. M.E.. Mooser. V.. Lenain. V., Herz, J.. Nimpf. J.. Azhar. S.. Bideau. M.. Capponi.
A., Nicod, P., Haefliger, J.A., Wacber, G. (2003). Insulin-secreting [-cell dysfunction
induced by human lipoproteins. J Biol Chem, 278: 18368-18375.

Salley, K.E., Wickham, E.P., Cheang, K.I., Essah. P.A., Karjane, N.W_ Nestler. J.E. (2007).
Glucose intolerance in polycystic ovary syndrome: a position statement od the Androgen
Excess Society. J Clin Endocrinol Metab. Dec;92(12):4546-56.

Schellenberger W, Eschrich K, Hofmann E. (1984). Effect of enzyme concentrations on
Sustained oscillations in the fructose 6-phosphate/fructose 1,6-bisphosphate cycle. Biomed.
Biochim. Acta 43: 227-231.

Schmitz, O., Arnfred, J., Nielsen, O.H., Beck-Nielsen, H., Orskov, I1. (1986). Glucose uptake
and pulsatile insulin infusion: ecuglycaemic clamp and [3-3H]glucose studies in healthy
subjects. Acta Endocrinol (Copenh). 113: 559-563.

Schmitz, O., Brock, B.. Hollingdal, M., Juhl, C. B., Porksen, N. (2002). High-frequency
Insulin pulsatility and type 2 diabetes: from physiology and pathophysiology to clinical
pharmacology.Diabetes Metab. 28(6 Suppl), 4S14-20.

Schmitz, O.. Juhl, C. B.. Hollingdal, M., Veldhuis, J. D., Porksen, N., Pincus, S. M. (2001).
Irregular circulating insulin concentrations in type 2 diabetes mellitus: an inverse relationship
between circulating free fatty acid and the disorderliness of an insulin time series in diabetic
and healthy individuals. Metabolism. 50(1). 41-46.

Stagner, J. I., Samols, E., Weir, G. C. (1980). Sustained oscillations of insulin. glucagon, and
somatostatin from the isolated canine pancreas during exposure to a constant glucose
concentration. J Clin Invest. 65(4), 939-942.

Stumvoll, M., B. J. Goldstein. et al. (2007). Pathogenesis of type 2 diabetes. Endocr Res
32(1-2): 19-37.

Sturis, J.. Van Cauter, E., Blackman, J. D., Polonsky, K. S. (1991). Entrainment of pulsatile
Insulin secretion by oscillatory glucose infusion. J Clin Invest. 87(2), 439-445.

Suhail, A.R.D. (2008). Neuroendocrine dysfunction in PCOS: A critique of recent reviews.
Clin Med Res. 6(2):47-53.

Theodorakis. M.J., Carlson. O., Muller. D., Egan. J.M. (2004). Elevated plasma glucose-
dependent insulinotropic polypeptide associates with hyperinsulinemia in impaired glucose
tolerance. Diabetes Care. 27; 1692-1698.

Toprak, S., Yonem. A., Cakir, B., Guler, S., Azal. O., Ozata, M., Corakci, A. (2001). Insulin
resistance in nonobese patients with polycystic ovary syndrome. Horm Res. 55(2), 65-70.
Tornheim, K. (1997). Are metabolic oscillations responsible for normal oscillatory insulin
secretion? Diabetes. 46(9), 1375-1380.



Tura. A., Ludvik, B., Nolan, J.J., Pacini, Gi., Thomaseth, K. (2001). Insulin and C-peptide
secretion and kinetics in humans: direct and model-based measurements during OGTT.
American Journal of Physiology Endocrinology and Metabolism. 281; £966-974.

Veldhuis, J. D.. Johnson, M. L. (1994). Analytical methods for evaluating episodic secretory
activity within neuroendocrine axes. Neurosci Biobchav Rev. 18(4), 605-612.

Verdin, E., Castillo, M., Luyck, A.S., Lefebvre, P.J. (1984). Similar metabolic cftects of
pulsatile versus continuous human insulin delivery during euglycemic, hyperinsulinemic
glucose clamp in normal man. Diabetes. 33: 1169-1174.

Vilsboll. T., Krarup. T., Deacon, C.F.. Madsbad, S., Holst, J.J. (2001). Reduced postprandial
concentrations of intact biologically active glucagon-like peptide 1 in type 2 diabetic patients.
Diabetes. 50; 609-613.

Vilsboll, T., Krarup. T., Madsbad, S., Holst, J.J. (2003"). Both GLP-1 and GIP are
insulinotropic at basal and postprandial glucose levels and contribute necarly equally to the
incretin effect of a meal in healthy subjects. Regulatory Peptides. 114: 115-121.

Vilsboll. T., Knop. F.K. Krarup. T.. Johansen. A.. Madsbad. S.. Larsen. S.. Hansen. T..
Pedersen, O.. Hoslt, J.J.(2003%). The pathophysiology of diabetes involves a defective
amplification of the late-phase insulin response to glucose by glucose-dependent
insulinotropic polypeptide-regardless of etiology and phenotype. J Clin Endocrinol Metab 88:
4897-903.

Vollmer, K.. Holst, J.J., Baller, B., Ellrichmann, M., Nauck, M.A.. Schmidt. W.E.. Mecier, J.J.
(2008). Predictors of incretin concentrations in subjects with normal, impaired, and diabetic
glucose tolerance. Diabetes. 57; 678-687.

Wajchenberg, B.L. (2000). Subcutaneous and visceral adipose tissue: their relation to the
metabolic syndrome. Endocr. Rev. 21: 697-738.

Waijchenberg, B.L. (2007). B-cell failure in diabetes and preservation by clinical treatment.
Endocrine Reviews, April 28(2): 187-218.

Weyer, C., C. Bogardus, et al. (1999). The natural history of insulin secretory dysfunction
and insulin resistance in the pathogenesis of type 2 diabetes mellitus. J Clin Invest 104(6):
787-94.

Wever, C., P. A. Tataranni, et al. (2001). Insulin resistance and insulin secretory dysfunction
are independent predictors of worsening of glucose tolerance during each stage of type 2
diabetes development. Diabetes Care 24(1): 89-94.

WHO/IDFE (1999). Definition, diagnosis and classification of diabetes mellitus and  its
complications.

WHO/IDF (2006). Definition and Diagnosis of diabetes mellitus and intermediate
hyperglycemia

Zander, M., Madsban. S., Madsen, J.L., Holst, J.J. (2002). Effect of 6-wecek course of
glucagon-like peptide 1 on glycaemic control, insulin sensitivity, and f3-cell tfunction in type 2
diabetes: a parallel group study. Lancet, 359: 824-30.

Zarkovic, M., Ciric, J., Penezic, Z., Trbojevic, B., Drezgic, M. (2000). Effect of weight loss
on the pulsatile insulin secretion. J Clin Endocrinol Mctab. 85: 3673-3677.

Zawadski, J.K., Dunaif, A. (1992). Diagnostic criteria for polycystic ovary syndrome:
towards a rational approach. In: Dunaif, A., Givens, J.R., Haleltine, F.P.. Merriam, G.R.
Polycystic ovary syndrome. Boston: Blackwell Scientific Publications: 377-384.

43



Seznam priloh

Priloha 1

Grimmichova T.. Vrbikova J.. Vondra K. Pulzni sekrece inzulinu. DMEV. ro¢.10. ¢.1. 2007, str.
12-18.

Priloha 2

Grimmichova T.. Vrbikova J., Vondra K. Pulzni sekrece inzulinu. In: Starka a kol. Pokroky

v Endokrinologii, Praha. Maxdorf. 2007, str. 641-648.

Priloha 3

Vrbikova J.. Grimmichova T.. Dvorakova K., Hill M.. Stanicka S.. Vondra K. Family history of’
diabetes mellitus determines insulin sensitivity and beta cell function in polycystic ovary
syndrome. Physiol Res 2008, 57:547-53.

Priloha 4

Grimmichova T., Vrbikova J., Matucha P.. Vondra K.. Veldhuis P.P., Johnson M.1..

Fasting insulin pulsatile secretion in lean women with polycystic syndrome. Physiol Res

2008. Feb., 57 (suppl. 1): S91-98.

Priloha 5

Vrbikova J., Hill M.. Bendlova B., Grimmichova T.. Dvorakova K.. Vondra K.. Pacini G.
Incretin levels in polycystic ovary syndrome. Eur J Endocrinol. 2008,

Vol 159, 121-127.

Priloha 6

Vrbikova J.. Dvorakova K.. Grimmichova T., Hill M., Stanicka S., Cibula D., Bendlova B., Starka
[.., Vondra K. Prevalence of insulin resistance and prediction of glucose intolerance and type 2
diabetes mellitus in women with polycystic ovary syndrome. Chem Lab Med. 2007; 45: 639-44.

44



Priloha 1



diabetologie

PULZNI SEKRECE INZULINU

PULSATILE INSULIN SECRETION

TEREZA GRIMMICHOVA, JANA VRBIKOVA, PETR MATUCHA, KAREL VONDRA

Endokrinologicky tistav, Praha

SOUHRN
Inzulin je z §-bunék Langerhansovych ostrivku pankreatu uvolnovan prevazneé v pulzech. Sekrece inzulinu je charakterizovana
rychlymi pulzy o nizké amplitudé s periodicitou 8-15 minut a pomalymi pulzy o vysoké amplitudé s periodicitou 60 140

minut. Rychlé pulzy inzulinu inhibuji jaterni glukoneogenezu a pomalé pulzy inzulinu se podileji na periferni utilizaci glukozy.

Nejvyznamnéjsim podnétem stimulujicim sekreci inzulinu je glukéza. Mezi pomalymi pulzy inzulinu a oscilacemi glykemie

je jednoduché zpétna vazba. Rychlé pulzy inzulinu jsou fizeny kromé oscilaci glykemie i nervovymi vlivy. Pankreas je bohaté

nervove zasoben a tato inervace zajistuje koordinovanou sekreci inzulinu ze viech ostrivku pankreatu. Sekreci inzulinu ovliviuje
mnoho dalsich metabolickych substratl, hormonu ¢i neurotransmiterti. Zmény jak v rychlych, tak v pomalych pulzech inzulinu
mohou byt casnym projevem poruchy sacharidového metabolizmu.
Kli¢ova slova: inzulin, pulz, oscilace, regulace, diabetes

SUMMARY
Insulin is secreted mostly in pulsatile manner from pancreatic -cells. There are two types of insulin pulsatile secretion: rapid and
slow. Rapid pulses have low amplitude and high frequency (8- 15 minutes), on the other side, slow ultradiane oscillations have
high amplitude and low frequency (60- 140 minutes). The pulsatility of insulin secretion influences insulin sensitivity.
Rapid pulses suppress hepatic gluconeogenesis. Slow pulses influence glucose utilization in the peripheral tissues. Glucose is the
most important regulator of insulin secretion, with the feedback loop between slow pulses and blood glucose levels.
Rapid insulin pulses besides oscillations of plasma glucose are controlled by the neural influences arising from rich autonomic
pancreatic innervation. Many other metabolic substrates, hormones or neurotransmitters could influence insulin secretion.
The changes in insulin pulsatility are detected early in the course of impaired glucose metabolism and it could be early and
sensitive marker of f3 cell dysfunction.
Key words: insulin, pulse, oscillation, regulation, diabetes

UvOD A TERMINOLOGIE

V roce 1922 Karen Hansenova popsala oscilace plazma-
tické hladiny glukozy v postabsorbénim stavu (tj. po nej-
méné 12hodinovém lacnéni). Souvislost oscilaci glykemie
a inzulinemie byla zjisténa koncem 60. let. Sekrece inzulinu
z 3-bunék Langerhansovych ostravk( pankreatu ma prevaz-
né pulzni charakter. Nalacno tvofi mnozstvi inzulinu uvolné-
né v prabéhu pulzd priblizné 70 % celkové sekrece inzulinu.
Pri stimulaci glukézou se podili pulzni sekrece inzulinu nej-
méné 75 % na celkové sekreci inzulinu. Predpokiada se pro-
to, Ze jakykoliv proces, ktery selektivné snizuje pulzni slozku
sekrece inzulinu, ma zasadni vlivi na snizeni celkové sekrece
inzulinu (Porksen, 2002; Porksen et al,, 1997).

Terminologie, se kterou se mizeme setkat v literature,
neni uplné jednotna (Del Prato et al., 2002; Porksen et al.,
2000; Schmitz et al., 2002). Jako bazalni sekrece je nékterymi
autory nazyvana sekrece inzulinu, kterd nejevi pulzatilitu. Jini
autofi jako bazalni oznacuji sekreci, ktera neni indukovana
glukoézou (tedy v postabsorbénim stavu). Pulzni sekrece inzu-
linu naseda na bazalni sekreci (obr. 1) (Schmitz et al., 2002).

Pulzni sekrece inzulinu je charakterizovana pomalymi
(ultradidannimi) a rychlymi pulzy. Rychlé pulzy o nizké ampli-
tudé s periodicitou 8—15 minut nasedaji na pomalé oscila-
ce o vétsi amplitudé s periodicitou 60—-140 minut. /n vivo
vznikad simultanni sekreci inzulinu az z 1 miliénu jednotli-

12

vych Langerhansovych ostrivkii pankreatu jeden integro-
vany pulz (Porksen, 2002).

V izolovanych perfundovanych pankreatech a v izolova-
nych Langerhansovych ostrivcich jsou rychlé pulzy deteko-
vatelné v médiu i pfi stabilni hladiné glukézy. Proto mohou
byt rychlé pulzy inzulinu fizené intrapankreatickym netro-
ndlnim pacemakerem nezdvisle na oscilacich glykemie (Stag-

Cas (minuty)

A - mnozstvi inzulinu uvolnéného v jednom pulzu
B - amplituda pulzu

C - bazalni (nepulzni) sekrece

D - interval mezi pulzy

Obr. 1 Pulzni a bazalni sekrece inzulinu,
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A - Oscilace inzulinemie bez stimulace glukdzou (nalaino),
B - Oscilace inzulinemie po podanii.v. glukozy kazdou 12, 7.a 10. minutu
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Obr. 2 Ovlivnéni rychlych pulzu inzulinu oscilacemi glykemie
(volné podile Porksen et al., 2000).

ner et al.,, 1980). In vivo se pfi regulaci rychlych pulzu uplat-
nuje oscilace glykemie a/nebo nervoveé vlivy. Predpokldda
se, ze samotny hypoteticky neurondlni intrapankreaticky
pacemaker je citlivy na zmény hladiny glukozy.

Pfi srovnani rychlych pulzuinzulinu nala¢no (obr. 2A) a po
stimulaci glukézou (obr. 2B) je ziejmé, ze frekvence rychlych
pulzl inzulinu odpovida na zménu intervalu podavani infu-
ze glukozy; pulzy inzulinu jsou pravidelnéjsi a jsou zfetelnéji
oddélené. Dle této studie jsou malé oscilace glykemie ve
fyziologickém rozmezi u zdravych osob schopné fidit pulza-
tilitu sekrece inzulinu s odpovidajici periodicitou od 7 do 12
minut (Porksen et al., 2000). Naopak oscilace inzulinemie je
nezbytna pro udrzeni plazmatické hladiny glukézy v uzkém
fyziologickém rozmezi (Porksen et al., 2000).

Oscilace glykemie a pomalych pulz( inzulinu jsou blizce
synchronni. Podobné jako osciluje hladina inzulinu, kolisa
i hladina plazmatické glukézy. Zménou periodicity podavani
i.v. infuze glukézy dosdhneme sou¢asné i zménu periodici-
ty oscilaci hladin inzulinu (tzv. entrainment). Proto se pred-
poklada jednoduchd zpétnd vazba mezi oscilacemi glykemii
a pomalymi pulzy inzulinu (Sturis et al,, 1991).

JATRA, INZULINOVA SENZITIVITA A PULZNI SEKRECE INZULINU

Hlavni cilové organy ptsobeniinzulinu jsou jatra, kosterni
sval a tukova tkan . Inzulin je z B-bunék pankreatu uvoliiovan
do portélniho fecisté. Pri prvni pasazi jatry je pred dosazenim
systémového recisté z 40—-80 % vychytan. V portalnim fedis-
ti detekujeme proto koncentrace inzulinu o 80—-500 % vyssi
nez v systémové cirkulaci. Jedna z nedavnych studii udava,
ze amplituda pulztiinzulinu v systémovém recisti tvofi pouze
1 % amplitudy v portalnim fecisti (Meier et al., 2005). Odbé-
ry z portalniho fecisté jsou ale v humannich studiich tézko
schudné, nebot jsou uskutec¢nitelné predevsim za vyuziti
transjuguldrniho intrahepatického portosystémového shun-
tu (Song et al., 2000). Frakéni extrakce inzulinu v jatrech se
muze lisit podle toho, zda je glukdza jako sekre¢ni podnét
podana peroralné nebo intravendzné. Po p.o. podani gluko-
zy je frakéni extrakce inzulinu v jatrech vyznamné nizsi nezli
po i.v. aplikaci. Pfedpoklada se, ze za snizeni frakéni jaterni
extrakce inzulinu mohou byt zodpovédné gastrointestinalni
hormony anebo nervové vlivy, které jsou stimulovany héhem
poziti glukdzy (Nauck et al., 1986).

14

Pred dosazenim svalové anebo tukoveé bunky musiinzu-
lin difundovat pres cévni endotel, coz dale snizuje ampli-
tudu pulzu. ,Koneény signal” v perifernich tkanich je tedy
celkové zeslaben v dasledku hepatalni extrakce, diluce
v systémovém fedisti a casoveho opozdéni amplitudy pulzu
(Porksen, 2002).

Pulzni sekrece ovliviuje ucinek inzulinu (inzutinovou
senzitivitu) v perifernich tkanich. Je to dano mj. kinetikou
inzulinovych receptord, kdy kontinudlni podani inzulinu ve
srovnani s pulznim podanim vede k vyraznéjsi down-regula-
ci inzulinovych receptor(. Rychlé pulzy inzulinu maji v por-
talnim fecisti mnohem vyssi amplitudu nez posthepatalné
v systémovém recisti. Proto se predpoklada, ze rychlé pulzy
ovliviuji (inhibuji) zejména jaterni produkci glukézy a ze
jejich posthepatalni efekt na utilizaci glukoézy je jen maly
(Meneilly et al., 1997). Puizni_podani inzulinu u¢innéji nez
kontinualni inhibuje jaterni glukoneogenezu (Ahren, 2000;
Porksen, 2002; Schmitz et al.,, 2001). Je zajimavé, ze tento
efekt je zavisly na frekvenci pulzt. Podavani inzulinu v inter-
valu 13 minut ma vyrazny efekt na inhibici endogenni pro-
dukce glukozy, pfi intervalu 26 minut inhibi¢ni efekt vymizel
(Paolisso et al., 1991).

Naopak, pomalé pulzy inzulinu ovliviuji periferni utilizaci
glukozy. Hladina glykemie je vyraznéji snizovana po pulznim
podani inzulinu ve srovnani s konstantni rychlosti podavani
inzulinu. Dostate¢né velka amplituda pomalych pulz( inzu-
linu zajistuje po intravendznim podani glukdzy, pii konti-
nualni enterdlni vyzivé anebo po podani jidla v intersticiu
perifernich tkanich, lepsi vyuziti glukozy (Porksen, 2002).

REGULACE PULZNI SEKRECE INZULINU

a) Metabolicka kontrola pulzni sekrece inzulinu

Glukoza se povazuje za nejvyznamnéjsi podnét, ktery
ovliviuje sekreci inzulinu v jednotlivé B-bunce. Samotna
glykolyza ma v B-bunce cyklické vykyvy viivem opakujici
se aktivace klicového enzymu glykolyzy fosfofruktokinazy.
Oscilace glykolyzy jsou doprovazeny oscilacemi v poméru
ATP/ADP. Zvyseni ATP a/nebo snizeni ADP vede k uzavieni
ATP-senzitivnich K+ kanalt. Nasledné dochazi k depolarizaci
B-bunék a k aktivaci kalciovych kanalG. Narlst koncentrace
intracelularniho kalcia vede k exocytdze granul s inzulinem.
Oscilace intracelularniho kalcia nejsou pravdépodobné
podnétem pro oscilace inzulinu, ale mohou byt dulezité pro
zesileni téchto oscilaci (Tornheim, 1997). Hypoteticky neuro-
nalni pacemaker je pravdépodobné také pod vlivem zmén
v koncentraci glukozy, nebot frekvence inzulinovych pulzi
se zvysuje z periody 7-8 minut za bazalnich podminek na
4-5 minut pii hyperglykemii (Juhl et al., 2002).

Dal$im metabolickym regulatorem sekrece inzulinu jsou
neesterifikované mastné kyseliny (VMK). Kratka expozice izo-
lovanych B-bunék volnym mastnym kyselindm za podminek
in vitro stimuluje sekreci inzulinu. Naopak, pfi dlouhodobé
expozici (vice nez 48 h) je sekrece inzulinu snizena. Mecha-
nizmus, kterym VMK fidi sekreci inzulinu, neni zcela jasny.
In vivo hladiny VMK také osciluji s periodicitou 7-11 minut
(Getty et al., 2000). Oscilace hiadin VMK jsou pfevazné pod
vlivem sympatického nervového systému. Pfedpokladala
se existence zpétnovazebniho mechanizmu mezi zména-
mi hladin VMK a oscilacemi inzulinemie. Lze pfedpokladat,
ze oscilace hladin VMK se mohou podilet na fizeni sekrece
inzulinu (Schmitz et al., 2001). Je zndma také vzajemna zavis
lost mezi oscilacemi hladiny inzulinu a leptinu, ktery je jed-
nim z hormonu poskytujicich informace o nutri¢énim stavu
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organizmu nadfazenym neuroendokrinnim centrGm. Vza-
jemny vztah téchto dvou hormoni neni také pIné objasnén.
(Koutkia et al., 2003).

b) Nervova kontrola pulzni sekrece inzulinu

Sekrece jednotlivych B-bunék v jednom z Langerhan-
sovych ostrlivku je koordinovdna prostfednictvim elekt-
rofyziologického spojeni mezi jednotlivymi bunkami. Lan-
gerhansovy ostrlivky pankreatu jsou bohaté inervovany
parasympatickymi, sympatickymi i senzorickymi nervy. Ner-
vova kontrola funkce endokrinniho pankreatu zajistuje in
vivo synchronizaci sekrece vsech Langerhansovych ostrivki
(Ahren, 2000). Pro dulezitou ulohu nervové regulace pulz-
ni sekrece inzulinu mluvi také sledovani transplantovanych
izolovanych ostrlivk{. Reinervace ostrtvkd pankreatu trans-
plantovanych do jater se postupné objevuje mezi 4. az 14.
tydnem po vykonu. Inzulin se uvoliuje v koordinovanych
pulzech az po ukonceni plné reinervace transplantovanych
ostrivka pankreatu (Porksen, 2002).

V pankreatu se nachazeji nervova ganglia, v nichz kon¢i
vldkna dorzéiniho motorického jadra n. vagus. V nervovych
zakoncenich v gangliich se uvoliuje acetylcholin (Ach), ktery
aktivuje nikotinové receptory na postgangliovych neuro-
nech. Postgangliova nervova vlakna pak inervuji jednotlivé
Langerhansovy ostravky. Jako neurotransmiter zde funguje
opét Ach, vazici se na muskarinové receptory typu u3. Para-
sympaticka inervace cestou n. vagus stimuluje sekreci inzuli-
nu a také sekreci glukagonu, somatostatinu a pankreatické-
ho polypeptidu (PP). Stanoveni PP se vyuziva jako nepfimy
ukazatel parasympatické aktivity nervid inervujici pankreas.

Parasympaticka inervace je zajisténa i dalSimi mediatory.
V nervovych zakonéenich parasympatiku byly prokazény
pomoci imunohistochemickych metod peptidergni me-
diatory, jako je vazoaktivni intestindini polypeptid (VIP), pitu-
itdrni adenyldt cykldzu aktivujici polypeptid (PACAP) a gastrin
releasing peptide (GRP). Predpoklada se, ze neurondlni intra-
pankreaticky pacemaker koordinuje sekreci ostriivkl pan-
kreatu pravé za pomoci peptidergniho nervového systému
(Stagner et al., 1980).

Sympaticka inervace pankreatu je zprostfedkovédna post-
gangliovymi adrenergnimi vlakny vychazejicimi z ganglion
coeliacum anebo pfimo z pankreatickych sympatickych
ganglii. Pregangliovd sympatickd vldkna zacinaji v hypo-
talamu a vystupuji z michy v urovni C8-L3. Aktivace sym-
patiku globalné inhibuje bazalni i glukézou stimulovanou
sekreci inzulinu. Jako mediatory na sympatickych nervo-
vych zakonéenich funguji noradrenalin (NA), neuropeptid
Y (NPY) a galanin. NA inhibuje sekreci inzulinu vazbou na
o2 adrenergni receptory f3-bunék, nicméné mdze sekreci
inzulinu také stimulovat, a to jak pfimo, vazbou na f32-adre-
nergni receptory B-bunék ostrGvkl pankreatu, tak nepfimo
aktivaci B2 a a2 receptor na o-bunikdch, coz vede k uvol-
néni glukagonu, antagonisty inzulinu. Celkovy efekt NA na
sekreci inzulinu je proto zavisly na vzajemném poméru a.2-
a B2-receptorll na B-bunikach. Galanin a NPY sekreci inzuli-
nu inhibuji. Sekrece somatostatinu v 8-bunkach je sympati-
kem inhibovana.

Langerhansovy ostriivky maji také senzorickou inervaci.
Jako neurotransmitery byly v senzorickych vlaknech proka-
zany substance P a calcitonin gene-related peptide-1 (CGRP-1),
které inhibuji sekreci inzulinu a stimuluji sekreci glukagonu
(Ahren, 2000).

V pankreatu byla nalezena dalsi nervova zakonceni, kte-
ra se nedaji zafadit k parasympatickému, sympatickému ani
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senzorickému systému. Mezi né patii napf. nervova zaxc~
ni uvoliujici oxid dusnaty a cholecystokinin (Ahren, 2022
Jako cefalickou fazi sekrece inzulinu oznacujeme sex-z-
ci spousténou senzorickou inervaci a ne absorbovany~
nutrienty. Aferentni draha cefalické faze sekrece inzulinu =
aktivovana cestou ¢ichové, vizualni a chutové nervoveé drahy
a orofaryngealnimi mechanickymireceptory. Cefalicka odpo-
véd'inzulinové sekrece je u lidi pfitomna v prvnich 3—4 minu-
tach po podani jidla. Cefalicka faze sekrece inzulinu prispiva
jen 1-3 % k celkové postprandialni sekreci inzulinu, ale pred-
poklada se, ze zdsadnim zplsobem ovliviiuje postprandidni
vzestup glykemie, a tak i glukézovou toleranci. Pokud byla
u potkanu podéana glukéza tak, ze byla obejita Ustni duti-
na, a tedy vyloucen vliv cefalické faze sekrece inzulinu, byla
pozorovana porucha glukozové tolerance (Steffens, 1976).
Autonomni inervace ostravkda pankreatu je ddlezitd pro
fizeni cefalické faze sekrece inzulinu, synchronizaci inzuli-
nové sekrece ze viech ostriivk( pankreatu a optimalizaci
hormonalni sekrece ostravkl pankreatu béhem stresovych
reakci, jako je napt. hypoglykemie (Ahren, 2000).

¢) Hormonalni kontrola pulzni inzulinové sekrece

Hormonaélni kontrola vyznamné reguluje sekreci inzu-
linu. Inkretiny GLP-1 (glukagon-like peptid 1) a GIP (gluké-
zo-dependentni inzulinotropni polypeptid) se uvoliuji po
poziti jidla v gastrointestindlnim traktu a stimuluji sekreci
inzulinu. Proto je pfi navozeni stejné hladiny glykemie po
peroralnim podani glukézy sekrece inzulinu o 30-60 %
vy$si nez pfi parenterdlnim podani glukodzy (tzv. inkretino-
vy efekt). Inkretiny zvysuji mnozstvi inzulinu produkované
v jednom pulzu bez ovlivnéni frekvence a pravidelnosti pul-
zG (Nauck et al., 1986).

IGF-1 {insulin-like growth factor-1), angiotenzin It a soma-
tostatin inhibuji sekreci inzulinu tim, Ze snizi mnozstvi inzu-
linu produkované v jednom pulzu (Porksen, 2002; Schmitz
etal, 2002).

PULZNI SEKRECE INZULINU U PORUSENE GLUKOZOVE TOLERANCE
(PGT), piaBeTu MELLITU (DM) A OBEZITY

Diabetes mellitus 2 typu (DM 2) je heterogenni onemoc-
néni charakterizované inzulinovou rezistenci (IR) a nedosta-
te¢nosti sekrece inzulinu. Sekre¢ni porucha u DM 2 zahrnuje
snizeni az vymizeni prvni faze sekrece inzulinu po glukézo-
vém podnétu, opozdéni a zeslabeni sekre¢ni odpovédi inzu-
linu na poziti jidla, zvySeni molarniho poméru proinzulin/
inzulin v plazmé a postprandialni hyperglukagonemii vedou
ci k nedostatecnému utlumenijaterni glukoneogeneze.

Porusena glukdzova tolerance (PGT) a DM 2 jsou provaze-
ny poruchou pulzni sekrece inzulinu. U pacient( s DM 2 maji
pulzy inzulinu celkové nizsi amplitudu. Dale u nich nacha-
zime takeé snizenou jaterni extrakci inzulinu, kterd je zavisla
pravé na pulzni sekreci inzulinu. Neni viak zcela jasné, zda-li
je primarni pfi¢inou vedouci k poruse pulzni sekrece inzu-
linu neurondlni dysfunkce ¢i dysfunkce B-bunék ostrivku
pankreatu (Ahren, 2000), kdy mUze jit o nedostateénou citli-
vost 3-bunék na glukozu a/nebo nedostate¢nou odpovéd na
malé zmény koncentraci glukézy (Hollingdal et al., 2000, .

U pacientd s PGT a s DM 2 méfeni intervall mezi jednot -
vymi pulzy ukazalo zpomaleni oscilaci glykemii bez podon-
ného zpomaleni oscilaci pomalych pulzl inzulinu jak ~afat-
no, tak po podanijidla.U nelé¢enych pacientisDM 2 b, 5~z
50 % inzulinovych pulzi bez spojitosti s oscilacemi g, -
(Sturis et al., 1992).Tato ¢aste¢na disociace mez: ¢3¢ zcemi
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glykemie a inzulinemie muze byt Casnym projevem naru-
Seni zpétnovazebni smycky (Porksen, 2002). Jinou pficinou
této disociace jsou vlivy zasahujici za patologickych stavi do
fizeni oscilatniho mechanizmu; jako je napf. hyperglukago-
nemie (Sturis et al., 1992). Pomalé pulzy inzulinu maji u jiz
rozvinutého DM 2 mensi amplitudu a jsou také méné pravi-
delné. Rychlé pulzy inzulinu jsou u DM 2 také méné pravidel
né a kratsi nez u zdravych osob.

Zvyseny pomeér proinzulin/inzulin v plazmé u pacientu
s DM 2 je dusledkem uvolnovani nezralych sekre¢nich granul
pfi chronicky zvyseném naroku na f3-bunky (hyperglykemie a iR
pri celkové snizeném mnozstvi 3-bunék vlivem depozit amyloi-
du u DM2). Frekvence pulzli je zachovana, mnozstvi inzulinu
uvolnéné béhem jednoho pulzu je zmenseno, coz vede k cel-
kové snizené inzulinové sekreci (Laedtke et al., 2000).

Ptibuzni prvého stupné pacientd s DM 2 maji vysoké
riziko vzniku DM 2. Byla u nich pozorovana nepravidelnd
pulzni sekrece inzulinuy, i pfestoze méli normalni glukézo-
vou toleranci. Porucha pulzni sekrece inzulinu byla u nich
prokazatelnd, i kdyz prvnifaze sekrece inzulinu byla jesté ve
fyziologickém rozmezi (O'Rahilly et al., 1988). Proto bézné
uznavané tvrzeni, ze porusend prvni faze sekrece inzulinu
je nejcasnéjsi porucha inzulinové sekrece u DM 2, nemusi
odpovidat skute¢nosti. Porucha ultradiannich oscilaci inzu-
finu béhem stavu na lacno by mohla byt senzitivnéjsim mar-

kerem poruchy f3-bunék nez vymizeni prvni faze sekrece in-
zulinu po qlukdzovém podnétu.

U pacientl s recentnim DM 1 jsou zachovany ultradianni
oscilace hladiny inzulinu, a to i pfi celkové nizsim sekreénim
vydeji inzulinu. Dale byla i u nich zjisténa méné tésna vazba
mezi oscilacemi glykemie a pomalymi oscilacemi inzuline-
mie nez u zdravych osob (Bingley et al.,, 1992).

U prvostupnovych pribuznych pacientd s DM1, ktefi méli
pozitivni protilatky proti antigenim Langerhansovych ost-
ruvku pankreatu byla srovnavana bazalni sekrece inzulinu
(nala¢no) se zdravymi kontrolami. U osob s pozitivnimi pro-
tildtkami proti antigentim ostriivku pankreatu byla zjisténa
nepravidelnd sekrece inzulinu ve srovnani se zdravou sku-
pinou. Porusena pulzni sekrece inzulinu byla detekovatelna
i u osob s pozitivnimi protildtkami a s jesté fyziologickou
sekreci inzulinu pfi ivGTT (Bingley et al,, 1992).

Pacienti s abdominalni formou obezity maji jak bazalni,
tak jidlem stimulovanou hyperinzulinemii. Na tom se muze
podilet nadmérna nervové indukovana cefalicka faze sekre-
ce inzulinu (Ahren, 2000). U obéznich pacientt byla zjisté-
na zvysena frekvence rychlych pulzil. Zkraceni intervalu
mezi jednotlivymi rychlymi pulzy korelovalo se sou¢asnym
snizenim inzulinové senzitivity. Ultradianni pomalé oscilace
hladiny inzulinu maji u obéznich vyssi amplitudu ve srovna-
ni se zdravymi osobami (Peiris et al., 1992).

METODY POUZIVANE K HODNOCENS PULZNI SEKRECE INZULINU

1) Santen a Bardin (1973)

Santen-Bardinliv algoritmus je jedna z prvnich metod
uzivanych k hodnoceni pulzni sekrece. Santen a Bardin defi-
novali pulz jako minimalné 20% nérGst koncentrace sledo-
vaného hormonu nad predchazejicim nadirem (viz nize).
Hranice 20 % byla zvolena jako trojnasobek primérného
intra-assay koeficientu variace (Santen, Bardin, 1973).

2) ULTRA program (1981)
Hlavni princip tohoto algoritmu je eliminace vsech vrcho-
Ju, pro které neni zddny prirGstek (rozdil mezi vrcholem
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a predchazejicim pokiesem) a snizeni (rozdil mezi vrcholem
a nasledujicim poklesem) a které nepfekrodi hranici souvise-
jici s chybou méfeni daného hormonu. Jako tato hranice je
obvykle uzivan dvojnasobek intra-assay koeficientu variace
(Shapiro et al., 1988)

3) PULSAR program

Podstatou této metody je identifikace dlouhodobého
trendu v sérii dat vytvérejici tzv. vyhlazenou zakladni ¢aru
(smoothed baseline). Nasledné se hodnoti signifikantni na-
rist nad tuto zakladni ¢aru. Je zde vyuzivano nékolik pfred-
pokladanych hranic (neboli tzv. G koeficientl) ve vztahu
k vysce a 3ifce pulzu (Merriam, Wachler, 1982).

4) Clusterova analyza (shlukova analyza)

Clusterova analyza je v endokrinologii vyuzivana k hod
noceni sekrece mnoha hormont (Veldhuis et al., 1986). Pulz
je clusterovou analyzou definovan jako signifikantni zvyse-
ni hodnot vybraného hormonu nakupenych v tzv. clusteru
nasledované signifikantnim snizenim hodnot daného hor
monu. Nadir je definovan jako signifikantni pokles, ktery
je okamzité nasledovan signifikantnim narastem. Vrchol je
definovan jako signifikantni narast koncentrace sledované-
ho hormonu nésledovany signifikantnim poklesem, tato for
mulace vrcholu pozaduje pfitomnost nadiru na obou dvou
stranach uvazovaného vrcholu. Clusterova analyza umoznu-
je urcit pramérnou sitku pulzu v minutach, maximdini vysku
vrcholu, primérnou vysku vrcholu jako procento nardstu
nad nadirem, ktery je tésné pred vrcholem, dale pfirlistko-
vou amplitudu pulzu a plochu pod vrcholem. Interval mezi
vrcholy je identifikovan jako oblast s nadiry bez pferusuiji-
ciho vrcholu (obr. 3). Program clusterové analyzy by mél
poskytovat ndsledujici vyhody: 1) detekci pulzG i pfi ménlivé
bazalni koncentraci hormonu, 2) v sérii dat neni nutna uni-
formni amplituda pulz(, 3) statisticky jednoznaéna definice
signifikantniho narlstu a poklesu v sérii dat, coz umoznuje
urcit pfesné sitku vrcholu, 4) moznost pouziti multiple-point
kritérii k vymezeni signifikantnich nadirl a vrchol(, 5) sen-
zitivita k assay pfesnosti v aktualni experimentalni sérii dat,
6) nezavislost na variabilité falesné-pozitivnich chyb danych
Sirokym rozmezim intra-assay koeficientu variace.

5) Dekonvoluéni analyza

Dekonvoluénianalyza je matematickd procedura vyvinuta
pro vypocet zakladnich znakU signdlt ¢i udalosti, které nejsou
pozorovany pfimo (napf. pulz, seismologicka vina). Poskytuje
informace o o¢ekavaném a na case zavislém oslabeni plvod-
niho signalu. V endokrinologii tato metoda hodnoti simul-

Interval mezi

pulzy
Maximalni i
amplituda 1
Prirustkova - pulzu
amplituda —/.\
pulzu
Trvani \‘.\ .\
| \
pulzu ", N
Nadir pred Nadir po vrcholu Plocha pulzu
vrcholem '
—— Cas —P

Obr. 3 Zakladni nomenklatura pulzni sekrece hormonu
(volné podle Urban et al., 1988).
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Obr. 4 Schematické znazornéni vyuziti konvolu¢niho integralu pfi hod-
noceni sekrece hormon (volné podle Veldhuis et al., 1994).

S -~ sekreéni funkce {mnozstvi hormonu uvolnéné za uréity ¢as do distribuéniho
objemu)

E {t-z) - elimina¢ni funkce (mnozstvi hormonu odstranéné za jednotku casu
z distribuéniho objemu

Dz - ¢asovy diferencial

tanné sekreci a eliminaci vybraného hormonu za pomoci
konvolu¢niho integralu (obr. 4). Hormonalni eliminace je
popsana mono- nebo multi-exponencialni funkci. Sekre¢ni
funkce miize mit podobu jednoduchého pulzu, ¢tvercové
viny, gaussovské kiivky nebo maze byt zesikmena.
Dekonvolu¢nianalyza pii hodnoceni pulzni sekrece mlze
vyuzivat dva modely:
1) tzv. na viné zavisly model (waveform-dependent), ktery
muzeme pouzit, pokud zndme tvar sekre¢ni viny hormo-
nu. Tento model hodnoti zasadni sekre¢ni epizody, jejich
pocet, mnozstvi uvolnéného daného hormonu béhem
1 pulzu na objem systémového, distribu¢niho objemu,
délku trvani této epizody, amplitudu a soucasné pocita
kinetiku odbouravani vybraného hormonu neboli jeho
polocast, .
tzv. na viné nezavisly model (waveform-independent)
pouzivame, pokud nezname presné tvar sekrecni epi-
zody. Pro pouziti tohoto modelu je nutné a priori znat
model kinetiky eliminace daného hormonu (Veldhuis,
Johnson, 1994). Dekonvolu¢ni analyzou lze u pulzni
sekrece inzulinu hodnotit nasledujici parametry: 1) urci-
ty pocet oddélenych, inzulinovych pulzl objevujicich se
v urcitém Case a majici 2) individualni amplitudu (maxi-
malini sekre¢ni vydej dosazeny béhem pulzu), 3) obecny
polocas pulzu (trvani algebraického, gaussovského pulzu
v poloviné maximalni amplitudy), ktery je superimpo-
novan na 4) bazélni, casové neménnou sekreci inzulinu
a 5) model mono-biexponencialni hormonaini elimina-
ce v systémové cirkulaci (Mulligan et al., 1994; Porksen,
2002). Dekonvolu¢ni analyza spravné identifikuje vice
nez 90 % pulzl (senzitivita) a spravné rozpoznava jejich
absenci (specificita). Senzitivita dekonvoluce je ovlivnéna
amplitudou pulzu i frekvenci odbér( vzorki ke stanoveni
hladiny hormon( (Porksen et al., 1997; Veldhuis, Johnson,
1995).

>

6) Approximate entropy (ApEn)

Metoda slouzici k hodnoceni pravidelnosti hormonalni
sekrece. Naruseni pravidelnosti pulzni sekrece hormon(
byva ¢asnym znakem endokrinni poruchy jako napf. u inzu-
linové sekrece pacientli s DM 2. ApEn pfifazuje pfirozené
(nezaporné) cislo k casové fadé. Vétsi pravidelnost (nizsi
hodnota ApEn) svédc¢i pro vétéi autonomii hodnocené hor-
monalni sekrece a naopak vétsi nepravidelnost (vys$si hod-
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nota ApEn) piedpoklada vyznamnéjsi vnéjsi vlivy a/nebo
vyssisilu vazby (Pincus et al,, 1999).

7) Spektralni a korelaéni analyza

Frekvenci inzulinovych pulzd muzeme hodnotit také
pomoci spektralni nebo korelaéni analyzy. Tyto metody
informuji o frekvenci dané zménou koncentraci vybranych
hormon(. Maji sva omezeni, zejména pokud je pfitomna
velka variabilita ve frekvenci nebo amplitudé pulzt, anebo
pokud mame detekovat pulzy o relativné malé amplitudé
(Porksen et al., 1995).

ZAVER

Znalost mechanizmu vyvoje poruchy pulzni sekrece inzu-
linu u DM 2, stejné jako i u jinych onemocnénich doprova-
zenych poruchou sacharidového metabolizmu, ndm muze
pomoci pochopit pfi¢iny dysfunkce f3-bunék. Porucha rych-
lych i pomalych oscilaci hladin inzulinu pravidelné provazi
rozvinuty DM 2. Pokud je porucha pulzni sekrece inzulinu
pritomna i u prediabetickych stadii, tak by mohlo jeji vyset-
feni slouzit k casné detekci ohrozenych osob.

Prdce byla podpofena grantem IGA MZ CR NR 8759-3.
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8 ENDOKRINOLOGICKE ASPEKTY
METABOLICKYCH ONEMOCNENI

8.1 PULZNi SEKRECE INZULINU

Tereza Grimmichova, Jana vrbikova, Kare! Voncara

8.1.1 Uvod

Sckrece inzulinu 7 beta-bunék Langerhansovych ostruvku pankreatu ma pieviz-
né pulzni charakter. Mnozstvi inzulinu uvolnéné v prubéhu pulsu tvoii nejméné
75 % celkoveé sekrece inzulinu. Voroce 1922 Karen Hansenova popsala. 7¢ hla-
dina glykemic neni konstantni hodnotou. a to ani v postabsorpénim stavu (po
nejmeéné 1 2hodinovém lagnéni). Souvislost oscilaci glvkemice a inzulinemic byla
7jisténa koncem 60. let minulého stoleti | 131,

Jako bazdlni sekrece je nékterymi autory nazyvina sckrece inzulinu. ktera
nejevi pulzatilitu. Jini autofi jako bazalni oznacuji sekreci. kterd neni indukoy ani
¢lukosou (tedy v postabsorpcnim stavu). Terminologic. se kterou se tedy muze
me setkat v hiteratuie, neni upiné jednowna [3. 12, 14|, Pulzme sekrece inzulinu
nasceda na bazalni sekreci (obr. 8.1 [ 14].

Rychlé pulsy inzulinu jsou piitomné 1 v izolovanych perfundovanych pan
kreatech. a to 1 pokud je v médiu stabilni hladina glukosy. Proto se predpokladii.
7¢ 1 in vivo jsou rychlé pulsy inzulinu fizeny intrapankreatickym pacemakerem
nezdvisle na oscilacich glvkemie. nicménd v literatuie neni o tom uplna jednota
| 16] a nachizime protichudné udaje. Podle jinyeh autoru mohou byt rychié pulsy
inzulinu fizeny oscilacemi glykemie nebo nervos ymi vlivy [4].

Pomalé oscilace glykemic a hladiny inzulinu jsou blizee synchronni. Podobné

jako osciluje hladina inzulinu. kolisa i hladina plasmatické glukosy. Zménou

periodicity podavani i. v infuze glukosy dosihneme soucasné 1 7ménv periodi-
city oscilaci hladin inzulinu (tzv. entrainment). Proto se predpokladi jednoduchid
pemnd vazha mezi givkemii a pomalymi pulsy inzuding | 18].



bazaini (neputzni) sekrace

20 20

cas ety

Obr. 8.1

l{)'g'!llg i pomalé pulsy jsou piitomny za bazilnich podminek pii lacnéni i pii ko
stantni infuzi glukosy. Pfi stimulaci glukosou Je zvySena amplituda jak ryvehlveh, ik
P()H]ill_\“ch oscilaci inzulinu. I vivo vznika simultinni sekreci inzulinu ;17.-/. ] ;nilimm
Jednotlivyeh Langerhansovych ostruy ku pankreatu | integrovany puls.

‘ lL /ndm vIiv pulzni sekreee inzuling na sicinek in-ulinu (n-;l inzulinovou scn
/m\‘ Iv[.ll?.\ perifernich tkanich. Protoze inzulin Jevyehytavan az z 80 % pii prym
pasazi jatry, maji rychlé oscilace portalnim fedisti mnohem v amplitudu
nci‘ posthepatding v systémosém fedisti. Proto se piredpoklada., 7L rychlé pulsy
ovlivigi (inhibujiy zejména jaterni produkci glukosy a 7e jejich p(;slhcpul;ih;l
cfektna utilizaci glukosy je jen maly [6]. .

Naopak. pomalé (ultradiinni) oscilace s periodicitou 80-150 minut o velhe
zunp!iludé stimuluji periferni utilizaci glukosy. Po intravendznim podiini glukosy.
Kontinudlni enterilni vyziné ancho po podani jidla dostatecnd velka ;u;]pliluci.l
pmmlych pulsu inzulinu zajistuje v intersticiu perifernich kiani v ¥rasngjsi peri
ferni vyuZziti glukosy. . »

A I‘H;tdin;l glykemic je vyrasnéji snizovina po pulznim podini inzulinu ve sroy
nani s Konstantni rychlosti podavani inzulinu. Pulzni podani inzulinu acinngji
inhibuje jaterni glukoncogenezi stimulovanou glukng;mcm [T 15 Je zaji
mav. 7¢ tento elekt je zavisly na frekvenci pulsu. Poddvani inzulinu v intervalu
13 minut ma vyrazny efekt na inhibici endogenni produkee glukosy. pii intervalu
26 minut inhibi¢ni efekt vymizel } '

H.1.2 Pulzni sekrece inzuhinu a jatra

P crllove oreany pusobens mzahim sou gate hosternn sal airhovacthan, Inzu
noe /0 bunckh pankicatu avolnovan do portalniho feciste, Pri pryni pasazt jatry e
Jddosazenm sustemoveho feciste 7 400809 vyehytin, Voportdlnim iecisu de-
“njenie proto Koneentrace inzulma o 80 300 V&8 nez vsystémon e cirkulact.
Oxdbery 2 portiddniho Fe¢iste jsou viak v humiinnich studineh 1¢7ko schudne. nebot
1on uskutecniteIné predeySim za vy uziti transjugulariho intrahepatického porto-
sstemového shuntu. Frakem extrakee inzulinu v jidtrech se muze idit podle toho.
daje glukosa podina peroralne. nebo pokud obejdeme gastrointestinaln trakt.
podanim glukosy 1. v, Po p. o, podani glukosy je frakéni extrakee inzulinu v jit-
rech viynamnd nizsi nezli po iy aplikaci. Predpoklida se. 7e za snizeni frakénm
laterni extrakee inzulinu mohou byt zodpoy ¢dné gastrointestindlni hormony ancbo
nervor ¢ vlivy, Kterd jsou stimuloviny behem poziti glukosy (71
Voarteridlnim Fecisti je amplituda pomalyceh i rvehlych pulsuinzulinu snizena
nacca 30 % . Pred dosazenim svalové ancbo tukové buitky musi inzulin ditundo-
vat skrz eévni endotel. coz dile snizuje amplitudu pulsu. V- dusledku hepatalni
extrakee. diluce vosystémosém iecist a Casovym opozdénim amplitudy pulsu je
celkove oslaben (koneény signdl™ [H].

8.1.3 Regulace pulzni sekrece inzulinu *

8.1.31 METABOLICKA KONTROLA PULZNI SEKRECE INZULINU

Glukosa se povazuje za nejvyznamndisi podnét. ktery ovlivnuje fizem pulsni
sekrece inzulinu. Samotnd glykolyza ma cyklické vykyvy. Katabolismus gluko-
sy vede ke zvydeni intracelulirniho poméru ATP/ADP. k depolarizact f3-bunck
uzavienim ATP-senzitivnich K- kandlu a ndsledné k akuvaci kalciovveh Kandlu.
Nirust koncentrace intraceluldarniho kaleia vede k exocytoze granul s inzulinem.
Predpokldda se. 7e kazda jednotlivd B-buika funguje jako pacemaker pro pulzni
regulact metabolismu glukosy a sckreci inzulinu, Hypoteticky neurondlni pa-
cemaker je pravdépodobné také pod vlivem zmén v koncentraci glukosy. nebot
frekvence inzulinovyceh pulsu se zvySuje 7 periody 7--8 minut za bazilnich pod-
minek na 4--5 minut pfi hyperglykemii |51

Kratki expozice neesterifikovanym mastnym kyselinam (FEA) stimuluje
sekreci inzulinu za podminek in vitro na izolovanyceh f-bunkiach. Naopak. pri
dlouhodobé expozici (vice nez 48 h) je sckrece inzulinu snizena. In vivo hladiny
FEA také osciluji. Oscilace FEA je pravdépodobnd fizena centrilnim nervovym
svstémem. pii pouziti f-blokady dochizi k naruSeni pravidelnosti oscilaci hla-
diny FEA. Predpokladala se existence zpétnovazebného mechanismu mezi FEA
ainzulinem. Nicménd pii podini glukosy je vidét vzdjemnd nezdvislost oscilaci
koncentraci FEFA a inzulinu. coz o teorii nepodporuje | 15].



8.1.3.2 NERVOVA KONTROLA PULZMESEERECE INZULTING

Fangerhansovy ostruy hy Pankreatu pon bohate mersovany parasy mpatichy .

sympatickymi i senzorickvmi nervy, Nervova kontrala funkee endokrinniho puan

Kreatu zajistuje i vivo svnchronizaci sekrece 1 <ech Langerhansovyeh ostruy hu.

Sckrece jednotliv yeh bunék v jednom ostruvku Je pak Koordinoviana prosticdnic-
wim clektrofyziologického spojeni mezi Jednotlivymi buiikami | 1.

V pankreatu jsou nervova ganglia. v nichs kondi v likna dorzilniho motoric-
k¢ho Jadra . vagus. V nervovyveh zakoncéenich v gangliich sc uvolnuje aceryl-
cholin tAchy, Kiery aktivuje nikotinov ¢ receptory na postgangliovych neuronech.
Postgangliovi nervovi viakna pak mervuji jednotlivé Langerhansovy ostruvky.
Jako neurotransmiter zde funguje Opet Ach. vizici se na muskarinove receptory
typu 3. Vagovd inervace vSak vyuziva i dalsi mediatory. v nervovych zakon-
Cenich parasympatiku byly prokiziny pomoci imunohistochemickych metod
peptidergni mediatory., jako je vazoaktivnl intestindgini polypeptid (VIP). pitui-
tdarni adenyldareykldazic aktivujicd polypeptid (PACAP) a gastrin releasing peptide
(GRP). Parasympatickd aktivita pics n. vagus stimuluje také sekreci glukagonu.
somatostatinu a pankreatického polvpeptidic (PP: jeho stanos eni se vyuzivi jako
nepiimy ukazatel parasympatické aktivity nerva incrvujicich pankreas).

Sympatickd inervace pankreatu je zprostiedkovina postgangliovymi adre-
nergnimi vliikny. vychizejicimi 2 ganglion cocliacum ancho primo z pankrea-
tickych sympatickych ganglii. Pregangliovi sympatickd vlakna zac¢inaji v hy-
pothalamu a vystupuji z michy v trovni C8-L3. Aktivace sympatiku globilng
inhibujc bazalni i glukosou stimulovanou sekreci inzulinu, Jako mediatory na
sympatickych nervovych zakoncenich funguji noradrenalin (NA). newropeptid Y
(NPY)a galanin. NA muze sckreci inzulinu stimulovat. a to Jak primo (vazbou na
f3:-adrenereni receptory na f-buiikich). tak nepiimo aktivaci 8, a as-receptoru na
«-buiikich. co7 vede k uvolnéni glukagonu, antagonisty inzulinu. NA v3ak také
muze inhibovat sekreci inzulinu. pokud se vize na a--receptory na B-buikich.
Celkovy efekt NA na sckreci inzulinu Je proto zavisly na vzijemném poméru
& a f3i-receptoru. Galanin a NPY sekreci inzulinu inhibuji. Sckrece somaltosta-
tinu v o-buiikich je sympatikem inhiboviina.

Langerhansovy ostruvky maji také senzorickou inervaci. Jako neurotransmi-
tery byly v senzorickych vlaknech prokizany substance P a calcitonin gene-
-related peptide I (CGRP1). kieré inhibuji sckreci inzulinu a stimuluji sckreci
elukagonu [ 1].

Pulzni sckreee inzulinu je fizena odligng od pulzni sckrece glukagonu |8).
V pankreatu byla nalezena dalii nervovi zakondeni. kieri se nedaji zafadit k pa-
rasympatickému. sympatickému ani senzorickému systému. Mezi né patfi napf.
nervovd takonceni wvoliujicr oxid dusnary (inhibice svitdzy oxidu dusnatého
inhibuje sckreci inzulinu) a cholecysiokinin (stimuluje sekreci inzulinu). Pred-

pob tichr < promy corero panbareatichy norvons iechanismus, nebol jsou 7nama
Hervov propojenn tiezn ane b duodens pankreatu | 1. _ N

Lakor o cledichon fe e heeco muling o/nacujeme sckreed \pnu.\l'cn()’ujcnm-
Hehot inervacr a ne absorbovam mi nutrienty. Aterentni driha cefalicke l’u/.c‘.\c—
Lrece inzulinu je aktivovana cestou Cichove, vizualni a chutové nc'r\‘mg_‘ drull_\
aorofaryngealnimi mechanicky mi receptory. Cetalicka Lize \ckj'ccc |lm‘|I1-nu pl~|-\
spivajen I 3¢k celkove postprandidlni sekreet inzulinu. ale Prcnlwkl.ld‘\ l\\g 7¢
sasadnim zpusobem ovliviiuje postprandialni \ 7estup alv BC],HIF" Ak g_:lu. 0.'\(‘)-
vou toleranci. Celalicka odpoved inzulinové sekrece je u hidi pricomniey pry nich

34 minutich po podani jidla.

8.1.33 HORMONALNI A FARMAKOLOGICKA KONTROLA PULZNIINZULINOVE
SEKRECE
Hormonalni kontrola vyznamnd reguluje sekreei inzulinu. lnkr.clln) GHP et
kagon-like peptide 1) a GIP (glucose dependent in\uln']()lrop.x'c poly P,q»lul\‘) NI
uvoliuji po po7iti jidia v gastrointestindlnim trakwu a .\Ilm‘ll|L!|l .xcluc.u |||;l|km\\|
Proto je pii navozeni stejné hladiny glykemie po pgjm!';nlmm ‘p(?d;ml elirkos
sekrece inzulinu vyS§i o cca 30-60 % nez pii parenteralnim podini gllulm\'\ AN
inkretinovy efekn). Inkretiny zvysuji mnozstivi inzulinu produkovanc Jeduom
pulsu bez ovlivadni frekvence a pravidelnosti _pul.\u.. o
IGI-1 (insulin-like growth factor 1) a angiotenzin 11 inhibuji sckrect |nv/n I
nu M. Ze snizi mnozstvi inzulinu produkovand v jednom pulsu f1 T4 Fake
somatostatin inhibuje pulzni sckreci inzulinu. o ,
Pulzni sekreci inzulinu 1z¢ oviivniti farmakologicky. Perordlni (lllll(/l(l/)l('ll./\u
Zveétiuji amplitudu pulsu inzulinu beze zmeny _jcii_ch l'rclvx'\u'm_‘c |1 l 4. ASu_/K/u‘
ivlureovd derivdry (gliklazid a tolbutamid) 2yvetsuji II]I](V.SI\*I’ 1_n/.ull_nu Ll\‘olnuiL
v jednom pulsu. zalimeo pomer mezi bazalni a ]7Ll’|/.ﬂl sckr_cu 1n/.’u.linu TL nuvlnn
ni. Repaglinid pusobi jako postprandidlni rcgulul(?r hladiny glykemie. /:\)~x11‘
jc bazalni sekreci i mnozstvi inzulinu uvolnéne v jednom pulsu a ncovlinvnuy
frekvenci pulsu. o o
Thiazolidindiony (TZD) zvySuji inzulinovou senzitivitu: jsou ucinne /.c_]nlwvcn..f
ve svalové a tukové (kani. kde zvysuji utilizaci glukosy. v hc.pul(‘)c,\'lcch ’sm/u)u
olukoncogenezi a maji i efektantioxidacni. Podani glitazonu je nuslc%lv()\'u'n'()_\")‘
;,lmnm_\"n;p()klcscm plasmatickych koncentraci l‘l‘}'\: cov/?\cdc I\'cv.\{n"/.g"nvl JTZ]lc)h
lipotoxick¢ho pusobeni na f-buiky. a tedy ,..\ckundulv'nc kg /.lcpfu_m III/.(LJI"I’H( .
V¢ sekrece. Pii terapii troglitazonem dochdzi k aprave pravidelnosti ultradianni

pulzni sckreee inzulinu.



8.1.4 Pulzni sekrece inzulinu u porusene glukosove
tolerance (PGT), diabetu mellitus (DM) a obezity

Diabetes mellitus 20 1ypu (DM2) je heterozennn oncinocnent charihicnzon
inzulinovou rezistenci (R a absolutni nebo relativ ni nedostiteenostt sehrece
zulinu. Sekrecni porucha u DM2 zahmuje snizeni az vviend prvn fdze schie
inzuling po glukosorém podncu. opozdéni a zeslabeni sekrecni odposedimezuh
nu na poziti jidla a zvySeni molarniho poméru proinzalin/inzulin v plasme.

L pacientu s PGT a s DM2 méieni intersalu mezi jednotlis ¥mi pulsy ukézalo
zpomaleni oscilaci glykemie bez podobného zpomaleni oscilaci hladin inzuting
Jak zastavu laénéni. ak pid podani jidla. Tato ¢asteéna disociace me=i oscilacen
glukosy a inzulne muZze byt Casnym projevem naruseni Zpétnovazebné smyéhn
[TT]. U nelécenyeh pacientu s DM2 byla prokazina porucha ve 7pétné vazbe mes
hladimami glykemic a sekreei inzulinu, kdy je az 504 inzulinosveh pulsu bes
spojitosti s oscilacemi glykemice [17]. Rychlé pulsy inzulinu jsou méné pravidelne
a kratSi nez u zdravych osob. Ultradidnni oscilace hladiny inzulinu maji u ji7 ros
vinuteho DM2 nizsi amplitudu a jsou také méné pravidelnd. Porucha inzulinove
sekrece u DM2 pravdépodobné souvisi bud s nedostatecnou citlivosti na alukosu
a/nebo nedostatecnou odpovedi na malé smény Koneentraci glukosy [4]. )

Pribuzni prvého stupné pacientu s DNM2 maji vy sokd I'i/,il\'()'\‘/,llil\u DM2.

Porucha pulzni sekrece inzulinu u nich byla detegovatelnd. i kdvz pryni fize
sekrece mzulinu byla jesté v normdlnim rozmezi. Proto bézné uznivané t rzeni.
¢ porusend prvni fize sekrece inzulinu je nejcasndji detegovatelna porucha
mzulinoveé sekreee u DM nemusi odpovidat skuteénosti a je mozné. 7¢ porucha
ultradidnnich oscilaci inzulinu behem stavu na lacno by mohla byt senzitivigi-
sim markerem poruchy f3-bunék nez vvmizeni prvni fize sekrece inzulinu po
¢lukosovém podnctu.
‘ U pacientu s recentnim DM jsou sice zachoviny ultradidanni oscilace hladiny
mzalinu. ale pri nizsim sckrecnim vydeji inzulinu. Byla u nich zjisténa mend
1Esnd vazba mezi oscilacemi glykemic a pomalymi oscilacemi inzulinemic ne
u zdravych osob [2].

Pacienti s abdomindIni formou obezity maji bazdlni i stimulovanou hyperin-
culinemii po jidle. na ¢emz se muze podilet nadmérna nervor e indukovan in/u-
linovi sckrece a celalickd fize sekrece inzulinu. U obéznich pacientu byl zjisien
skriceny interval mezi jednotlivymi rychlymi pulsy inzulinu. a tedy /vysend
frekvence rychlych pulsu. Zkriaceni intervalu mezi jednotlivymi r,\'chlv\'midpul.w
korclovalo se soucasnym snizenim inzulinové senzitivity. Ulteadidnni pomulié
oscilace hladiny inzulinu maji u obéznich vy&&i amplitudu ve srovnani se 7dra-
vymi osobami [ 10].

8.1.5 Pulzni sekrece inzulinu ve stan

Froces starnnt e canakternzonvn Zhoesovamm glohosove tolerance. Inzulinova
chicee se st vice nepranadelnou, coz se projest jako castecna disociace vazby
ezt oscilacemi mzulinenie glykemic. U staryeh osob nepravidelnost pulzni se-
Lrece inzulinu souvisi s involuenimi zmenami v nervoré regulact pankreatickyeh
lunkei.

Zapodminek nalaéno jsou rychlé pulsy charakterizoviany snizenim amplitudy
| mnoZstvi inzulinu uvolnéného behem jednotlivého pulsu. S vEkem se snizu-
je postprandidini suprese jaterni glukoneogeneze. Zdi se. ze snizena amplituda
rvehlveh inzalinovyceh pulsu u staryeh lidi muZe prispivat ke zhorsend regulaci
jaterni produkee glukosy [0}

Ultradidnni oscilace inzuhnu pii podminkédch nalatno maji snizenou Irekvenc
bes zmény amplitudy. PR hyperalykemii navozend infusi glukosy je pak snizend
i amplituda téchto ultradidnnich oscilaci.

Zaver

Znalost mechanismu vyvoje poruchy pulzni sekrece inzulinu u DM20stejne
jako 1 u jinych onemocenéni doprovizenych poruchou sacharidoy ¢ho metaboli-
smu. ndm muze pomoci pochopit piiciny dysfunkee ff-bunck. Neni jasné. zda
pii vzniku diabetické poruchy jsou primarni metabolicke defekty nebo genetic
kv podminéné defekty funkee ff-bunék. Vyrazni porucha ry chivch 1 pomalych
oscilaci hladin inzulinu pravidelng provizi rozvinuty DM2. Pokud je porucha
pulzni sekrece inzulinu piitomnid i u prediabetickych stadii. mohlo by jeji vyset
Feni slouzit K asné detekei ohrozenych osob.
Price bvla podporena graniem 1GA MZd CRNR 8759 3.
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LECBA GLUKOKORTIKOIDY A PORUCHY GLUKOSOVE
TOLERANCE
Karel Vonarg, Richard riamp!

A uvoD

Zidjem o poruchy metabolismu glukosy resp. glukosove tolerance pii 1éche glu-
kokortikoidy (GK) ve srovnani s pozornosti. kieri Jje vénovani vedlej$im ucin-
kum l¢cby GK v oblasti metabolismu Kosti. rustu déti nebo oénich komplikaci.

Zust

Ava <tale G Alv Predevi Tvheii 1
avi stale jen maly. PredevSim chybéji srovnatelnd data 72 velkveh prospek-

l|\'|?|ch studii. k dispozici jsou jen vysledhy malych Klinicksch ¢ klinicko-ex-
perimentilnich studii. Cilem tohoto kritkého pichledu je upozornit na vyznam

této
moz

oblasti stojici stranou hlay ni pozornosti. na nékieré nove poznatky 1 moderni
nosti. jak ovinnit neptiznivé acinky stile vice predepisosanveh GK na me-

tabolismus glukosy.

8.2.2 Glukokortikoidy a metabolismus glukosy

Glukokotihordy svvm kontnnzulanmm pusobenim v oblaste glvRorerulace
2 vlukosove toferance map spolu s glukagonem. rustovvm_hormonem kate
cholaminy zasadni vy znam pit udrzovani glykemie ve i\ ziologickém rozmezi.
Lo je dulesité pit negativii energetické bilanet a pii sajidtovani piednostniho
sasoboviini mozku a nervorv ¢ thiand glukosou v zitézos veh situacich.

Vonechanismu icinkie GR na metabolismus gliukosy se uplatiugje:

W) Zivseni endogenni ivorby glukosy

GK maji podle soucasnych piedstay piimy vIiv na glukoncogenesi jen maly

a ovliviwji jeji aktvitu hlayné nepfimo:

« Up-regulaci genové exprese pro enzym fosfolruktokingzu 2 (PEK 2y 7wy
suji obsah tohoto enzymu v tkinich. Timto mechanismem GK vy /znamne
reguluji hladinu fruktosa-2.6-bisfosfatu v jitrech. ktery je dulezitym intra-
celularnim regulacnim faktorem aktivity glukoncogeneze.

o ZvySenim koncentrace glukoncogennich substritu v kv (laktat. alanin.

elutamin. glycerol). aktivaci lipoly 2y a proteolyzy v perifernich tkanich. z¢
jmeéna v kové a svalové tkani. 1 /v ySenim torby laktdtu ve sy alu. GK po
vizbé na cytosolové receptory a translokact k buncénému jidru, zde v inter
akei s fadou dalSich regulacnich faktoru (jako jsou dal3i steroidy. hormony
Stitné 7lizy. mastné Kyseliny adaldi molekuly ). stimuluji resp. inhibuji expre
si genu odpovidajicich za syntézu enzymu 7 uvedenych metabolickyeh drah.
Zda a do jak¢ miry se podileji na rychlém zvySeni lipolyzy i proteoly 7y
v perifernich tkinich i negenomové velmi rychlé acinky GK. je predmetem
diskuse. Prikladem synergic eenomovyceh a negenomovyeh acinku je akt
vace daliho rychlost urcujiciho enzymu glukoncogenese fosloenolkar
boxykinizy (PEPCK)  vedle kortisolu pusobiciho prostiednictvim svyeh
nitrobunéényeh receptoru se zde uplatiuje signilni driha zahajovand aktivaci
proteinkindzy A cyklickym adenosinmonofosfitem (¢ AMP). kde dulezitym
meziclinkem fosforylaéni kaskady je aktivace dalliho enzymu - argininme-
thyltransferazy asociované s koakuvitorem (coactivator-associated arginine
methyltransferase 1. CARM-1). Dostupnost mastnych kysehin jako energe
tického substritu a glukoncogennich prekurzoru je vyznamny m regulitorem
elukoncogeneze. Zvy3ujici se intenzita oxidace mastnych Kyselin v jatrech
je spojena se zvySenou tvorbou acetyl-CoA a citratu., Acetvl-CoA inhibuje
aktivitu pyruvitdehydrogendzy. stimuluje naopak pyruvitkarboxylizu. Py
ruvit tak zustava pies tvorbu oxaliacetdtu k dispozici pro alukoncogeneri.
Zvvsena koneentrace citrdtu vede K inhibici fosfolruktokindsy | 12 (PHK-1.
PI-K-2). Dusledkem je zvyiend konverze fruktosa-1.6-bisfoskiat na fruktosa-
6-Tostat a cestou glukosa-6-Tosfitu i zvy3ena tvorba glukosy. ZvySuje se 1 po-
mér redukované formy NADH k formé oxidovand NAD™. Zxyseny pomer
NADH/NAD" rovnéZ vyznamnd stimuluje aktivitu glukoneogenese.
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Summary

Objective: To examine the impact of family history of diabetes
mellitus 2 (DM 2) on insulin sensitivity and secretion in lean
women with polycystic ovary syndrome (PCOS). Thirteen healthy
women (C), 14 PCOS without family history of OM 2 (FH-) and
8 PCOS with family history of DM 2 (FH+) were examined using
euglycemic hyperinsulinemic clamp and an arginine secretion test
(insulin and glucagon at fasting glycemia (AIRgc and AGR¢g) and
at hyperglycemia (AIR,s and AGR,4)). FH+ women were more
insulin resistant than FH- with lower insulin sensitivity index
corrected per lean body mass (p<0.05). They had significantly
higher triglycerides (p<0.05) and lower HDL-cholesterol (p<0.05)
than C or FH- women. Concerning insulin secretion, AlRg; was
increased in FH+ women comparing FH- women (p<0.05).
Disposition indices derived from AlRgs or AIR;; and insulin
sensitivity index did not differ between FH+ or FH-. Thus, women
with PCOS with the concomitant family history of DM 2 have
lower insulin sensitivity than healthy control women. Insulin
resistance observed in these women with PCOS is compensated
by increased insulin secretion.
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Polycystic ovary syndrome e Insulin resistance ¢ Insulin secretion
« Diabetes mellitus
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Introduction

(PCOS) s
considered as a risk factor for diabetes mellitus type 2

Polycystic  ovary  syndrome
(DM 2). However. only a fraction of PCOS-affected
women will eventually develop diabetes (l.egro et al.
2004). It is possibic to suppose that only a subgroup of
PCOS-affected women is at a special risk for DM 2. Risk
factors of DM 2 include family history of DN 2, obesity,
insulin resistance and defects in insulin secretion.

Family history of DM 2 occurred with a
significantly greater frequency in women with PCOS
with impaired glucose tolerance (IGT) or with DA 2 than
in those with normal glucose tolerance (Ehrmann er al.
2005).
significant proportion of women with PCOS (Legro er al
2004). but not all women with PCOS are insulin-resistant.

Insulin resistance is supposed to affect a

We have previously shown using euglycemic clamp that
only obese. but not lean women with PCOS were more
insulin-resistant than lean controls (Vrbikova er al. 2004).
These results agree with other studies (llolte er al. 1994,
Ovesen er al. 1993). However. some investigators have
found insulin resistance in both iean and obese women
with PCOS (Dunaif er al 1989, 1992, Toprak er al.
2001). The cited studies were not controlled exactly for
the factors known to influence the degree of insulin
resistance. such as the family history of DM 2.
8-cell another  risk
contributing to the development of DM 2. [t is important

dysfunction is factor

to examine simultancously insulin = sensitivity and
secretion by independent methods. as these variables are
interrelated. Insulin secretion increases with decreasing

insulin sensitivity. and vice verse. to maintain normal
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glucose tolerance (Kahn er al. 1993). Discrepant results
concerning insulin secretion in women with PCOS were
also published. B8-cell dysfunction inherent to PCOS and
independent of obesity and family history of DM 2 was
described using ivGTT in women with PCOS (Dunaif
and Finegood 1996). On the other hand. an increased
insulin secretion normalized for insulin sensitivity over
the entire range of BMI was found. when women with
PCOS were examined by ivGTT and cuglycemic clamp
(Holte er al. 1994). Ehrmann er al. (1995) used ivGTT.
oscillatory and graded i.v. glucose infusion to assess
insufin secretion in obese women with PCOS and found
B-cell dysfunction only in women with family history of
DM 2.

We hypothesized that women affected with
PCOS with a first degree relative suffering from DM 2
could have more profound defects in insulin sensitivity
and B-cell function than those without family history of
DM 2. We decided to use arginine secretion test to
evaluate simultancously different aspects of B- and o-cell
function. Euglycemic clamp was used as an independent
measurement of insulin sensitivity. Arginine secretion
test has the advantage of using isoglycemic condition in
all subjects and was thoroughly validated for the
measurement of insulin secretion (Larsson and Ahren
1998).

Subjects and Methods

Women with PCOS (n-22) diagnosed according
to NIH criteria (Dunaif 1997). were enrolled in the study
in an outpatient tertiary endocrine care department. Eight
of them had family history of DM 2 among their first
degree relatives (I'H+). The rest of the group (n- 14) was
free of family history of DM 2 (FH-). All women had a
clinical manifestation of hyperandrogenemia presented as
hirsutism and’or acne and an elevation of the free
testosterone index > 6 and'or androstenedione above the
upper limit of the normal range. All of the women were
in good health without any other serious disorder.
Women with epilepsy or migraines were excluded. In all
patients 17-OH progesterone levels were determined in
the early follicular phase of their cycle. and if levels were
between S-10 nmol/l. an ACTH test was used to exclude
late-onset congenital adrenal hyperplasia. Hyperprolacti-
levels). hypercortisolism
cortisol. and if necessary. 24-h urinary cortisol excretion

nemia (prolactin (plasma

or short dexamethasone suppression test with 1 mg of

.

dexamethasone at 22-23 p.m.). thyroid dysfunction (TSH.

fT4. anti-thyreoglobulin and anti-thyroid-peroxidase

antibodies) were excluded. The control  group was
composed of healthy women (n 13) who were free of
amv clinical signs of hyperandrogenism and showed
regular menstrual cycles (28-33 days). They also had not
used oral contraceptives tor at least the preceding 3
I hey recruited  from the health  care

months. were

personnel  and  from  subjects  seeking  endocrine
evaluation. after excluding any endocrine pathology.

Fhe local ethical committee of the Institute of
Endocrinology approved the protocol of the studs .

The patients and controls were evaluated at the
clinical department as outpatients. and after signing a
written informed  consent  they  underwent  clinical
examination, and blood sampling for hormonal and
biochemical examinations between days 3 and 6 of the
menstrual ¢yele or. in the case of secondary amenorrhoca,
at any time. Weight and height was measured and lean
body mass was calculated according to the equation of
Hume (1966). blood
obtained from seated patients after a 10-min rest: the

mean value was used for further analysis. After basal

Two pressure  readings  were

blood samples were taken. oral glucose tolerance test
(0GTT) with sampling for blood glucose. insulin and ¢
peptide in the 0™, 30", 60™ and 120" minutes was carried
out with 75 grams of oral glucose load. Samples were
20 °C until
analysis. Glucose tolerance was evaluated according to
WHO criteria (1997). FH .
normal glucose tolerance was found. in one subject with

centrifuged and plasma was frozen at

revised In controls and
FFH - impaired glucose tolerance was found.
Fuglycemic hyperinsulinemic (I mitikg min')
clamp was performed as described previously (Delronzo
et al. 1979). Insulin sensitivity was determined from the
values obtained during the steady-state period. between
100" -120™ minutes. Target blood glucose level was 5.0
mmol L. with the coefficient of variance less than S %o,
Following parameters were calculated based on clamp
results: glucose disposal rate (M) was defined as the
amount of glucose supplicd by the infusion to maintain
the desired blood glucose level (M. umol kg™ min '), and
the insulin sensitivity index (ISL. umolkg "'min" per
miU" x 100y was defined as the ratio of glucose
disposal rate and the average insulin concentration during
the observed period corrected either for kilogram of body
weight (IS or per kilogram of lean body
(ISI-1.B\ ).
To evaluate ¢- and f3-cell secretion. an arginine

mass

test was performed as described by Larsson er «f (1998).
Briefly. intravenous cannulac were placed in antecubital
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veins on both arms (one for glucose infusion and the

second for sampling). Baseline samples for insulin and

h

glucagon were taken at -3" and 2™ minutes.

Subsequently. 5 ¢ of arginine (diluted in 40 ml of

phvsiological solution) was applied at time 0 during 30 s
as an intravenous bolus and samples for insulin and
glucagon were taken again at the 2™, 3% 4" and 3"
minute. After that. a variable-rate infusion of 13
glucose solution was started in order to raise and maintain
blood glucose levels between 13-15 mmol I and finally.
new bascline samples were taken: arginine bolus was
repeated and new samples for insulin and glucagon were
taken at the 2™, 3", 4" and 5™ minute thereatier.

Blood glucose was determined in the whole
blood by electrochemical method (Super GL.. Dr. Miiller
Gerate Bau. Gmbll. Freital Germanv). C peptide was
IRMA
Republic), with an intra- and inter-assay C\ of 4.1 %

estimated by (Immunotech. Prague. Czech
and 5.1 %. respectively. Insulin was estimated by 1RMA
(Immunotech. Prague. Czech Republic) with an intra-
and inter-assav '\’ of 4.6 % and 5.3 %. respectively.
Total cholesterol. HDL cholesterol and triglycerides
Merck
Vitalab Eclipse. Darmstadt. Germany). with intra-assay

CVs 1.6 %. 1.7 % and 1.2 % and inter-assay CVs of 1.9

were assessed by photometry (Ecoline 25.

%. 2.1 % and 1.9 %%, respectively. Testosterone (T) was
determined by RIA with the use of own antiserum (anti-
BSA).
assay and inter-assay CVs of 10.2 % and 10 %.

testosterone-3-carboxymethyloxid with intra-
respectively. Androstenedione (A) was estimated by
RIA  with the wuse of own antiserum (anti-
BSA).  with
intra-assay and inter-assay C\'s of 10 %. and 10.2 %
(DHEA) was

estimated after extraction with dichloromethane by RI1A

androstendione-6-carboxymethyl-oxide

respectively.  Dehydroepiandrosterone

(Immunotech. Marseille. France). with an intra-assay
CV of
Dehydroepiandrosterone

6 % and inter-assay O\ of 12,1 %o
(DHEA-S)  was

estimated by RIA (Immunotech. Marseille. France).

sulfate

with an intra-assay CV of 3.5 % and inter-assay CV of

10.2 %. 17-OH progesterone (17 OHP) was determined
after dicthylether extraction with RIA (Immunotech,
Prague. Czech Republic). with an intra-assay CV of 3.2
%. and 6.5 % Estradiol was
determined with RIA  (Immunotech. Prague. Czech
Republic) with an intra-assay C\' of 4.4 % and an inter-

inter-assav V' of

assay OV of 4.6 %. Luteinizing hormone (LH) was
determined by IRMA (Immunotech. Prague. Czech
Republic) with an intra-assay CV of 3.7 % and an inter-

assay O\ of 4.3 % Follicle-stimulating hormone (FSH)
was determined by IRMA (Immunotech. Prague. Czech
Republic) with an intra-assay €V of 2.6 %o, and an inter-
assay 'V oof 4.3 %6 Sex-hormone binding globulin
(SHBG)Y was determined by IRMA - (Orion. Espoo,
Finland) with an intra-assay C\ of 6.1 %o, and an inter-

assay CV of 7.9 9.

Compurations and siatistics

The homeostatic model assessment of insulin
resistance (HONA-IR) was calculated as: fasting insulin
(mIU 1 x fasting glucose (mmol 1 22.5 (Matthews ef «f
1985).

The acute insulin response (AIR) to arginine
was calculated as the mean of ~2 to -5 min samples
minus the pre-stimulus insulin concentration for the
fasting values (AIR,) and glucose-potentiated values
(AIRy). The slope between AIR at fasting blood
glucose and at blood glucose 14 mmol I (slopeyx
AAIR A glucose) was caleulated as a measure of the
glucose potentiation of 3-cell secretion since it is known
that augmentation of the insulin response to arginine is
lincarly related to the glucose level at levels below 17
mmol . The acute glucagon response (AGRpg. AGR )
and the slopeyg were caleulated in the same manner.
Disposition indices (Di) were caleulated according to
Kahn er a/ (1993) using the values of 1S and AR
(Diy). ARy (Dig) or slope g (D10). Kruskal-W allis
one-way ANOVA was done. The individual differences
Kruskal-
Wallis robust multiple-comparison z-value test. P<0.05

between the subgroups were evaluated by

values were considered as signiftcant. NCSS 2001
(Number Cruncher Statistical Systems. Kaysville, Utah,

U'SA) was used for the calculations.
Results

Anthropometric and biochemical parameters are
given in Table 1. Bodv mass index. lean body  mass.
systolic and diastolic blood pressure did not ditfer between
groups. FH+ women have significantiy higher triglycerides
(ANONVA p<0.03) and lower HDI-cholesterol (ANOVA
p<0.03) than C or FI1 women. Concerning hormonal
profile. higher testosterone and higher 1.11 was present in
both FIH - and T women (ANOVA p<0.002 and p<0.02;
respectivelv) in comparison with the control group. FH -
women have lower values of DHEAS than 111
(ANOVA p<0.0001).

Results

or than

from areinine seceretion  tests  and
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Table 1. Anthropometrical, biochemical and hormonal charactenstics of women with polycystic ovary syndrome (PCOS) with (FH+) or

without (FH-) family history of type 2 diabetes mellitus comparing healthy controls.

PCOS FH- PCOS FH+ Controls ANOV A Significant between
(n=14) (n=8) (n=13) p< aroup differences
(p<0.05)

mean SD mean SD mean ND
Age (vears) 242 4.8 27.5 3.2 28.7 5.6
Bodv mass index (kg m) 2252 280 2354 6.04 2182 224
Lean body mass (hg) 43.66 5.1 4637 420 4558 278
Svstolic BP (mm 11g) 112 8.9 121 13.5 114 7.8
Diastolic BP (mm g 71 7.5 75 8.2 74 7.9
Cholesterol tmmol 1) 4.24 0.51  4.26 .21 413 0.66
HDIL-cholesterol tmmol 1) 1.32 0.28 1.33 043 178 031 0.05 PIE-As CoETE vs ©
Triglycerides (mmol 1) 0.66 0.18 0.82 024 0.71 0.27 0.05 FIT- v
Testosterone (nmol 1) 275 0.80 2.82 1.12 1.74 0.46 0.002 T As ColH o vs ©
Estradiol tnmol 1) 0.23 0.14  0.18 0.08 018  0.11
17 Ol progesterone (nmol 1) 1.99 096 1.71 0.78  1.78  0.87
DHEAS (umol 1) 7.73 221 523 270 4.00 2.07 0.0001  FIE-asEI 1T vs C
DIHEA (nmol 1) 3092 11.00 2545 10.30 1831 9.58 0.03 111 vs C
Androstenedione (nmol 1) 5.76 o091 8.24 464 6.05 1.73
LIt ) 5.6l 283 7.59 425 316 1.69 0.02 FH vs CoFH s C
FSIH omIU 1) 481 202 473 1.68 4.95 257
SHBG (nmol 1) 4372 20,01 4834 17.97 6584 42.28

DHEAS - dehydroepiandrosterone sulfate; DHEA - dehydroepiandrosterone; FSH - follicle-stimulating hormone; LH - luteinizing

hormone, SHBG — sex hormone binding globulin; BP — blood pressure.

euglycemic clamps are shown in Table 2. Fasting blood
elucose did not differ between women with PCOS or
controls. Fasting insulin was higher in both FH- and
FH- women than in C (ANOVA p<0.04). FH - women
have higher basal glucagon (ANOVA p<0.02) than C
and the similar trend for FH - was observed. HOMA-IR
was higher in FH: women only than in C {(ANOVA
p<0.05). Similarly. insulin sensitivity index from
euglycemic clamp corrected per LBM was lower in FH -
in ¢ no difference between FH
women and C (ANOVA p<0.05).

secretion test. a similar degree of hyperglycemia was

women than with

During arginine

achieved in all subgroups. Concerning insulin secretion.
AlIRy, was higher in FH- women comparing I11-
women (ANOVA p<0.05). AIRy; and slope g did not
differ significantly. Glucagon secretion during  the
arginine tests did not differ between women with PCOS
and C.

Disposition indices derived from AR, AIR
or slopeyk and ISH did not differ between women with

PCOS and C.

Discussion

I'he present study  describes decreased insulin
sensitivity only in women with PCOS and family history
of DN 2.

observations of insulin resistance as an carly defect in the

This finding is in accordance with the

development of DM 2 (Ferrannini 1998). The second

main finding is the  preserved insulin - secretory
compensation in these women,

Women with PCOS and family history of DN 2
had significantly higher triglycerides with no difference
in total cholesterol compared to their counterparts without
family history of D\ 2 or healthy subjects. Ehrmann er
al. (2003) studied obese women with PCOS according to
family histors of DM 2 and found significantly higher
waist circumference. hemoglobin A TC. fasting insulin
and glucose in women with a positive family history of:
diabetes. However. the lipid levels were not evaluated in
their study .

We observed an increased insulin secretion alter

arginine bolus at fasting blood glucose levels (AIR ) in
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Table 2. Insulin sensitivity and B- and u-cell secretion in women with polycystic ovary syndrome (PCOS) with (FH+) or without (FH-)
family history of type 2 diabetes mellitus comparing heaithy controls.

PCOS FH- PCOS FH+ Controls ANOM A Group
(n=14) {(n=8) (n=13) p< differences
(p<0.0%)
mean SD mean SD mestn SD
Fasting blood 4.66 0.30 4.89 0.40 4.73 044
glucose tmmol 1)
Blood glucose during  14.29 1.04 1447 0.92 13.86 0.94
arginine test
(mmol 1)
Glucagon (pmol 1) 38.69 13.21 3551 10.48 272 849 0.02 PIT s C
AGR; ¢ ipmol 1) 43.26 29.05 5578 38.23 4347 27.04
AGR,, (pmol 1) 2481 11.89 20.63 19.49 17.27 10.48
Suppressibiliy of G 2344 17.90 26,15 24.93 26.20 20.50
Slope i, 2018 225 -2.83 3.03 -2.99 253
(pmol mmol)
Insulin (mil " 1) 6.06 2.62 643 3.64 4.20 1.62 0.04 11 s
FIT- A ¢
AR tmll 20.68 8.76 32.71 7.18 29.27 21.84 0.0 11+ vs FH
AR omiU ) 132.68 65.63 131.78 2256 161.67 128.60
Slope yg tmll mmol)  84.73 49.54 74.65 12.60 110.57 99.02

HOMA-IR 1.29 0.63 1.59 0.61 0.91 0.33 0.03 s C©

Insulin during clamp  67.13 34.01 62.10 6.70 60.53 13.71

(il )

Insulin sensitivity 71.98 23.04 5150 28.53 76.03 2213 0.07 1T C
index (1S1)

Insulin sensitivity 99.83 35.28 75.04 39.00 102.51 28.50 0.05 FEEvs T
index (1S1-1.8140) FHE v €
Disposition Indices

IST* AR, 1446.10  693.20 1657.62  950.69 1994.74 1151.02

IST*Slope yr 3520016 264244 395540 2649.03  7660.68 390503 0.14 FHE- vs ©
IST* IR, 870746 339558 675530 393323 1121583 722544

AlRg; - the acute insulin response to arginine for the fasting values; AIR;, - the acute insulin response to arginine for glucose-
potentiated values; G - glucagon; AGR; - the acute glucagon response to argnine for the fasting values; AGR,. - the acute glucagon
response to arginine for glucose-potentiated values; HOMA-IR - homeostatic model assessment of insulin resistance; 1SI - insulin
sensitivity index; LBM — lean body mass; Slopear - measure of the glucose potentiation of B3-cell secretion ; Slope... - measure of the
glucose suppression of «-cell secretion.

women with PCOS and family history of DN 20 described an increased insulin seeretion over the entire

compared 1o women with PCOS but without family
history of DN 2. Previous studies conducted in women
with PCOS used ivGTT to examine insulin secretion.
These studies have found cither 8-cell  dysfunction
inherent to PCOS and independent of obesity and family
history of DNT 2 (Dunaif and Finegood 1996). or §-cell
dysfunction in women with family history of D\ 2 only

(Ehrmann er af  1993). Finally, Holte ¢r ol (1994)

range of BNIE 1t is possible to encounter subjects with
elucose intolerance and acute insulin response in normal
range. while other subjects with the same degree of
glucose intolerance completely tack this response. On the
other hand. when subjects become diabetic. the first
phase of insulin secretion is lost (Pratley and Weyer
2001).

observed discrepancies between the above cited studies.

This heterogeneity  could  partly  explain the
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Another explanation for the discrepant results could be
the fact that during ivGT7]. the subjects achieved different
levels of blood glucose and insulin secretion was not
examined under isogly cemic condition, We used arginine
secretion testing which makes possible to achieve the
same  degree of hyperglyeemia in o all subjects. We
observed increased acute insulin response to arginine in
women with PCOS with family histors of DN 2. The
slope g and insulin response at hy perglyeemia was not
different between women with PCOS and controls. The
AlR;, quantifics the direct acute B-cell response to a
sudden arginine challenge and is theretore related to the
rapid efficiency of the exocytotic machinery of the B-cell.
We did not measure maximal secretory capacity of B-cell
as this could be achieved when blood glucose is equal or
Larsson (2002)

showed excellent correlation of all measures of insulin

higher than 25 mmol I. Ahren and
secretion at the different steps of arginine test. We cannot

thus exclude that  besides increased  basal  insulin
secretion. the increase in maximal sccretory  capacity
would also be seen.

Disposition index  calculated  from  different
measurements of B-cell function from the arginine test
and from the insulin sensitivity index as derived from
cuglyeemic clamp did not differ between women with
PCOS and control healthy women. The disposition index
describes  the ability  of B-cells to increase insulin
secretion in response to decreased insulin sensitivity. This
compensation is finely tuned. and in subjects with normal
glucose tolerance. insulin sensitivity and insulin secretion
are related to each other in a hyperbolic manner. Our
results  thus agree  with  others  describing  intact
compensation in subjects with normal glucose tolerance
(Kahn er o/ 1993). However. other investigators have
found deereased disposition index in women with PCOS
in general (Dunaif and Finegood 1996) or with family
1995). Iinally.

1994)  described

history of DN 2 (Ehrmann ¢r al

Scandinavian authors (Holte er «f
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Summary

The aim of our study was to evaluate rapid insulin pulses and
insulin secretion regularity in fasting state in lean women with
polycystic ovary syndrome (PCOS) in comparison to lean healthy
women. PCOS (n=8) and controls (n=7) underwent every minute
blood sampling for 60 min. Insulin pulsatility was assessed by
deconvolution and insulin secretion regularity by approximate
entropy methodology. PCOS had higher testosterone (p<0.02),
prolactin (p<0.05) and lower sex hormone binding globulin
(SHBG) (p<0.0006) levels than controls. Approximate entropy,
insulin pulse frequency, mass, amplitude and interpulse interval
did not differ between PCOS and controls. PCOS had broader
insulin peaks determined by a common half-duration (p<0.07).
Burst mass correlated positively with testosterone (p<0.05) and
negatively with SHBG (p<0.0004) and common half-duration
correlated positively with prolactin (p<0.008) and cortisol levels
(p<0.03). Approximate entropy positively correlated with BMI
(p<0.04) and prolactin (p<0.03). Lean PCOS patients tended to
have broader insulin peaks in comparison to healthy controls.
Prolactin, androgens and cortisol might participate in alteration of
insulin secretion in PCOS-affected women. Body weight and
prolactin levels could influence insulin secretion regularity.
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Introduction

Insulin is physiologically secreted in a pulsatile

manner with a variable basal insulin release. The

contribution of pulsatile insulin sceretion to total insulin
secretion has been estimated as being at least 70 %, both
in fasting and in postabsortive states (Porksen et al. 1995,
Porksen 2002).

Insulin pulsatility is composed of rapid regular
pulses of 5 to 15 min in frequency, superimposed on
ultradian (slow) oscillations with a period of 80-150 min.
It has been assumed that rapid insulin pulses suppress
hepatic  gluconeogenesis  and  slow insulin  pulses
contribute to glucose utilization in the peripheral tissues
(Porksen 2002). Glucose is the most important regulator
of insulin secretion, with a feedback loop between slow
pulses and blood glucose levels. Rapid insulin pulses, in
addition to being driven by glycaemic oscillations, arc
controlled by the hypothetical intrapancreatic neuronal
pacemaker arising from rich pancreatic innervation.
Many other metabolic substrates. hormones or
influence insulin  secretion
(Stagner er al. 1980, Ahren 2000, Porksen et al. 2000).

Polycystic ovary syndrome is one of the most

neurotransmitters  also

common endocrinopathies of women in their fertile years.
Together with the reproductive abnormalities of chronic
anovulation and hyperandrogenism, hyperinsulinacmia
and insulin resistance (IR) are present in a relevant
number of women aftected with PCOS. The incidence of
impaired glucose tolerance (IGT) and diabetes mellitus
type 2 (DM 2) is significantly increased in PCOS in
comparison with healthy control subjects (Ehrmann er /.
1999, Legro et al. 1999).

Besides insulin resistance, insulin secretory
dysfunction is another risk factor for DM 2. The

alterations in insulin pulsatile sccretion and insulin
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release orderliness might be an early marker of beta-cell
dysfunction. Abnormal insulin pulsatile patterns were
detected even in first degree relatives of patiens with DM
2. who still had normal first phase secretory response to
glucose (O'Rahilly er al. 1988). Insulin secretion in PCOS
was studied in a limited number of studies (Dunaif e «l.
1996, Ehrmann et al. 1995, Holte et al. 1994, Vrbikova et
al. 2007) and the data about insulin pulsatile release in
PCOS is especially sparse (Armstrong er al. 2001).
described
significantly higher basal insulin secretory rates and

Concerning slow insulin pulses, others
attenuated secretory responses to meals in obese women
with PCOS (O'Meara et al. 1993).

The aim of our study was to evaluate the rapid
insulin pulses and the regularity of insulin secretion in
lean women affected with PCOS in comparison to

healthy lean women.
Methods

After an overnight fast, the participants were
brought to the Clinical Research Unit in Institute of
Endocrinology. The protocol was approved by the
Instutional Ethical Committe. Before entering the study,
written informed consent was obtained after written and
oral information. The study group consisted of 8 women
affected with PCOS fulfilling the diagnostic criteria by
using definition ESHRE/ASRM (2004). The diagnosis of
PCOS s

oligo/amenorhoea, hyperandrogenaemia and or clinical

accepted. when 2 out of 3 from:

manifestation of either acne or hirsutismus and
ultrasonographic morphology of polycystic ovary are
present. The control group (C) consisted of 7 healthy
women with regular menstrual cycles and no clinical or
biochemical signs of hyperandrogenemia. Pelvic
ultrasonography was not performed in healthy controls.
Both

carbohydrate metabolism including oral contraceptives at

groups were without medication affecting
least for the preceding 3 months and without family
history of diabetes mellitus. Impaired glucose tolerance,
diabetes hyper-

late onset

mellitus.  thyroid  dysfunction,

prolactinemia, hypercortisolism and the
congenital adrenal hyperplasia were all excluded using
the appropriate biochemical parameters or tests.

Basal blood samples for the determination of
testosterone, androstencdione, dehydroepiandrosterone
(DHEAS), lutropin (LH), (FSH),

progesterone, estradiole, 17-hydroxyprogesterone (17-

sulfate follitropin

OHP) were taken in the fasting state in the early follicular

phase of the menstrual cycle (between Ist and Sth day at,
7-8.30 a.m.) or in the case of sccondary amenorhoca at
any time. After the cannulae were placed in an
antecubital vein for sampling purposes, the women
affected PCOS and control

frequent blood sampling in [-minute intervals for 60 min.

with women underwent
Blood (cca 2 ml) was collected from 5 s before to S s
after cach minute. After finishing cach blood sampling
0.6 ml of saline solution was administered to dead space.
Ten seconds before sampling. the saline solution trom the
dead space was withdrawn and discarded. Serum insulin
concentration was estimated cach minute. The samples
were analyzed the same day as the study was performed.
The resultant insulin concentration time series was
analyzed by deconvolution analysis. Insulin secretion
regularity was estimated by approximate entropy. Both
analyses are described below.

Quantitative insulin  sensitivity check index
(QUICKI) was calculated as l/(log (Gy)tlog (1y)) where
Gy is fasting plasma glucose (milligrams per deciliter),
and Iy is fasting plasma insulin (microunits per milliliter)
(Katz et al. 2000).

Serum glucose concentrations were measured
using the glucose-hexokinase method (Integra 400 plus,
Roche Diagnostics Gmbll. Mannheim, Germany). Serum
insulin was determined in singlet by ELISA (Roche
Diagnostics GmbH. Mannheim, Germany) using two
monoclonal murine antibodies. Intrassay CV 1.5 % and
interassay CV 4.9 % are for insulin detection range of
5.93£0.09 pU/ml. The higher insulin detection range is
14.54£0.13 pU/ml with intrassay CV 0.9 % and interassay
CV 3.7 %. Minimal detection concentration is 0.20 pl)/ml.
The assay has no cross-reactivity with proinsulin. (-
peptide was measured by the electrochemiluminescence
immunoassay ECLIA (Modular E170, Roche Diagnostics
GmbH, Mannheim, Germany). The cross-reactivity of
antiserum with both insulin and glucagon is less than 0.05
% with intra-and inter-assay CV of 0.5 % and 1.6 %.
respectively. Testosterone was determined by standard
RIA  using  anti-testosterone-3-carboxymethyloxime:
bovine serum albumin (BSA) antiserum and testosterone 3-
Carboxymclhyloxime-tyrosylmclhylcstcr-('zsl) as a tracer:
the intra-assay and inter-assay coefficients of variation (CV
values) were 10.2 % and 10 % respectively, and the
sensitivity is 0.21 nmol/l (normal range 0.4-3.0 nmol/l).
Prolactin was measured in serum by chemiluminescence
immunoanalysis ECLIA (Elecsys Prolactin 11, Roche.
Germany) (normal range 6-29.9 ng/ml). Androstenedione
standard RIA anti-

was determined using a with
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androstenedione-6-carboxymethyloxime: BSA antiserum
and ("H) androstenedione as a tracer. The intra-assay and
inter-assay CV values were 10 % and 10.2 % respectively
and the sensitivity was (.39 nmol/l. Sex hormone binding
globulin (SHBG) was estimated using IRMA method
(Orion, Espoo, Finland) with an intra-assay CV of 6.1 %
and an inter-assay CV of 7.9 % (normal range 43.2-94.8
nmol/l). DHEAS (normal range 2.4-14.5 umol/l; intra-
assay CV of 3.5 % and inter-assay CV of 10.2 %), 17-OHP
(normal range 1.1-8.4 nmol/I; intra-assay CV of 5.2 % and
inter-assay CV of 6.5 %) and estradiol (normal range 0.11-
1.29 nmol/I; intra-assay CV of 4.4 % and inter-assay CV of
4.6 %) were measured by the RIA kit from Immunotech
(Prague, Czech Republic). LH was determined by IRMA
(Immunotech, Prague, Czech Republic) with an intra-assay
CV of 3.7 % and an inter-assay CV of 4.3 %. FSH was
IRMA
Republic) with an intra-assay CV of 2.6 % and an inter-
assay CV of 4.5 %. Total cholesterol, high-density
(HDL)-cholesterol and triglycerides
measured by photometry (Ecoline 25, Vitalab Elipse:

estimated by (Immunotech, Prague, Czech

lipoprotein were
Merck; Darmstadt; Germany) with intra-assay CVs 1.6 %,
1.7 % and 1.2 % and inter-assay CVs of 1.9 %, 2.1 % and
1.9 %, respectively.

Deconvolution analysis of the data

Deconvolution analysis was developed for

endocrinological purposes as a mathematical procedure for

measuring  simultaneously hormone secretion and

elimination. Insulin concentration time

series  were
analyzed by deconvolution method to detect and quantify
insulin secretory pulses. We employed several different
deconvolution algorithms Pulse 2, Pulse 4 and AutoDecon.
The principle of deconvolution software was described
previously (Veldhuis and Johnson 1992, Veldhuis and
Johnson 1994). Briefly, the deconvolution method is a
multiparameter  technique validated previously and
correctly identifying more than 90 % of hormone pulses
(sensitivity) as correctly recognizing their absence
(Johnson er al. 2004). The insulin concentrations were
assumed to result from five determinable and correlated
parameters: 1) a finite number of separate insulin pulses
occurring at specific times. 2) individual amplitudes, 3) a
common half-duration (duration of an algebraically
Gaussian secretory pulse at half-maximal amplitude), 4)
time invariant  insulin

basal secretion and 5)

monoexponential or biexponential insulin model of

elimination in the systemic circulation. Biexponential
model of insulin clearance was estimated with rapid (first)

2.8 min and slow (second) 5.0 min half-lives with
fractional slow compartment of 0.28. We calculated
monoexponencial insulin half-lite of 3.3 (2.8-4.1) min in
PCOS and 3.2 (2.6-4.1) min in healthy controls.

We used the root mean square of residuals (RMS)
and residual variance (%) to assess optimal insulin kinetics
parameters (best fit curve). We derived the best tit curve
with following RMS and residual variance in PCOS and
healthy women (0.77+0.23 vs 0.940.26 mUI/l; 9.4414.73
vs 9.14+8.79 %, respectively).

The following calculated:

parameters  were

secretory pulse number (the number of significant
secretory pulses per 60 min), interpulse interval (time in
minutes separating successive pulses), pulse mass (the
mass of the calculated secretory pulses) (mUI/1), amplitude
(maximal secrctory rate within a pulse) (mUI/I/min),
AUC ¢ (area under the curve, overall insulin secretion per
60 min) (mUI/1), common half-duration (mUI/min) and
basal secretion (mUI/l/min).

Approximate entropy (ApEn) is used as a model-
independent and scale-invariant statistic. In bricf, ApEn
assumes the orderliness of hormonal release patterns. ApEn
is computed as the sum of the negative logarithms of the
conditional probabilities that subpatterns of length m in a
(m + 1)

comparison within a given tolerance range r. We used m-

time series recur upon next incremental
1 and r = 20 % of the intraseries SD, which provides a
normalized (scale-independent) ApEn statistics. ApEn was

in detail described previously (Pincus ef al. 1999) .

Statistics

All data are given as retransformed means with a
95 % confidence interval. Unpaired t-tests and Pearson
correlation coefficients were used on transformed data to
evaluate differences between groups and the mutual
relationship among the variables, respectively (p<0.05)
was considered statistically significant. RMS and residual
variance are given as mcans+SD.

Results

The clinical, basal biochemical and hormonal
parameters of women affected with PCOS and healthy
PCOS women had
significantly  higher (p<0.02), prolactin
(p<0.05), 17-OHP (p<0.03) and estradiol (p<0.05)
concentrations and lower SHBG levels (p<0.0006). We did
not observe significant diference between groups in basal

subjects are given in Table I.

testosterone

insulinaemia, basal glucose levels, C-peptide and QUICKI.



S94  Grimmichova et al. Vol. 57

Table 1. Clinical, hormonal and biochemical parameters of PCOS subjects (n=8) and controls (n=7)

PCOS Controls
Cl Cl Cl Cl
Lower Upper Lower Upper

Mean limit limit Mean limit limit p<
BMI (kg/m’) 21.9 20.2 235 20.1 18.9 21.2 NS
Age (vears) 25.1 21.8 295 30.2 25.1 38.1 NS
Insulinaemia basal (mUI/I) 5.1 39 6.5 4.2 3.1 5.6 NS
Blood glucose basal (mmol/l) 4.17 4 4.35 4.12 4 4.4 NS
C-peptide (nmol/l) 0.54 0.4 0.71 0.51 0.23 0.96 NS
QUICKI 0.39 0.37 0.4 0.4 0.38 0.43 NS
Total cholesterol (mmol/l) 4 3.7 4.8 4 36 4.7 NS
HDL cholesterol (mmol/l) 1.6 1.2 1.8 1.8 1.6 1.9 NS
Triglycerides (mmol/l) 0.75 0.6 0.9 0.7 0.4 0.9 NS
Testosterone (nmol/l) 32 28 3.6 2.3 0 33 0.02
DHEAS (mmol/l) 7.1 5.6 8.3 5.5 0 8.1 NS
Androstenedione (nmol/l) 8.6 5.9 12.9 7.4 5 11.4 NS
SHBG (nmol/l) 46.3 28.4 64.1 98.1 83.1 113.1 0.0006
Prolactin (ng/ml) 238 16.8 325 13.7 6.3 254 0.05
Estradiol (nmol/l) 0.12 0.1 0.14 0.09 0.05 0.13 0.05
Progesterone (nmol/l) 2.5 1.4 3.6 2.8 0 7.4 NS
LH (1U/) 4.5 2.8 8.4 6.5 3.1 20.4 NS
FSH (1U/I) 6.3 5.25 7.8 8 6.4 10.4 NS
Cortisol (nmol/l) 564 442 729 448.7 306 680 NS
17-hyvdroxyprogesterone (nmol/l) 2.5 1.8 3.7 1.4 0.9 22 0.03

Values are given as means and 95 % confidence interval (CI); p — value-statistical significance; NS — not significant; QUICKI -
Quantitative insulin sensitivity check index; LH - luteinising hormone; FSH - follicle stimulating hormone; DHEAS -
dehydroepiandrosterone sulfate; BMI - body mass index; SHBG - sex hormone binding globulin

Tabtle 2. Deconvolution analysis results of rapid insulin pulsatile secretion in PCOS (n=8) and controls (n=7)

PCOS Controls

Cl Cl Cl Cl

Lower Upper Lower  Upper

Mean limit limit Mean limit limit p<

Number of peaks per | hour 9.7 7.7 11.7 9.9 7.2 12.55 NS
Basal secretion (mUl/l/min) 0.7 0.4 0.98 0.5 0.24 0.82 NS
Half-life of insulin (min) 33 2.8 4.1 32 2.6 4.1 NS
AUCp.¢9 (mUI/1) 300.5 235.6 398.2 255.3 188.2 340.2 NS
Common half-duration (mUI/min) 1.97 1.1 337 0.89 0.51 1.49 0.07
Secretory pulse amplitude (mUl/l/min) 1.1 0.7 2.1 1.5 1 2.6 NS
Secretory pulse mass (mUI/l) 2.1 1.55 3 1.4 0.96 24 NS
Interpulse interval (min) 5.87 5 7.2 5.56 4.6 7.1 NS
Approximate entropy 1.14 1.09 1.19 1.08 0.94 1.16 NS

Values are given as means and 95 % confidence interval (CI); NS-not significant; AUCoeo - area under the curve, overall insulin
secretion during 1 hour; p-value-statistical significance
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Table 3. Correlations in PCOS subjects (n=8) and controls (n=7)

e —
E = s =
2 2 E D 20
£ E <« E S & £ E
r-value p< r-value p< r-value p< r-value p< r value p< r-value p<
C-peptide 0.78 0.008 0.75 0.008 0.75 0.008 NS NS NS
(nmol/l)
HDL cholesterol ~ -0.85 0.004  -0.88 0.0007  -0.89 0.0006 NS NS NS
(mmol/l)
Triglycerides 0.75 0.03 0.78 0.008 0.78 0.009 NS NS NS
(mmol/l)
QUICKI -0.77 0.002 -0.99 .0001  -0.99 (.0001 NS NS -0.59 0.03
Prolactin NS NS NS 0.68 0.03 0.76 0.008 NS
(ng/ml)
BMI NS NS NS 0.57 0.04 NS NS
(kg/m’)
Cortisol (nmol/l) NS NS NS NS 0.64 0.03 NS
Testosterone NS NS NS NS NS 0.61 0.05
(nmol/l)
SHBG NS NS NS NS NS -0.88 0.0004
(nmol/l)
DHEAS NS 0.73 0.02 0.73 0.02 NS NS NS
(nmol/l)

r-value-coefficient of correlation; p — value-statistical significance; NS ~ not significant; QUICKI — Quantitative insulin sensitivity check
index; AUCO — 60 -area under the curve, overall insulin secretion per 60 minutes; ApEn — Approximate entropy; DHEAS -
dehydroepiandrosterone sulfate; SHBG — sex hormone binding globulin

Pulsatile insulin secretion results

Deconvolution analysis results are given in
Table 2. Women affected with PCOS and healthy
controls had similar average frequency of 10 insulin
pulses per 60 min. Variation in insulin burst frequency
ranges from 6 to 13 insulin pulses per hour in both
groups. We did not observe differences in number of
insulin pulses. basal insulin secretion, pulse amplitude,
pulse mass or in interpulse interval between the two
groups. PCOS-affected women had broader insulin peaks
in comparison to control group, as determined by the
common-half pulse duration (1.97 (1.1-3.37) vs 0.89
(0.51-1.49) mUl/min; p<0.07).

Basal insulin secretion correlated negatively
with HDL-cholesterol (r = -0.85; p<0.004), QUICKI (r =
-0.77. p<0.002) and positively with triglycerides (r —

0.75; p<0.03). AUCysy correlated negatively with
QUICKI (r = -0.99; p-0.0001), HDL-cholesterol (r
-0.89. p<0.0006) and positively with triglycerides (r
0.78; p<0.009) (Table 3.).

Insulin pulse amplitude (r - -0.61; p<0.03)
- -0.59: p<0.03)
correlated negatively with QUICKIL. Common-half pulse
duration correlated positively with prolactin (r = .76
p<0.008) and cortisol levels (r = 0.64; p<0.03). Burst
mass correlated positively with testosterone (r = 0.61;
p<0.05) and negatively with SHBG levels (r = -0.88;
p<0.0004) (Table 3.).

similarly as insulin pulse mass (r

Insulin secretion regularity
Insulin burst orderliness evaluated by ApEn did
not differ significantly between women affected with
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PCOS and healthy subjects (1.14 (1.095-1.178) vs 1.079
(0.94-1.164), p<0.2). ApEn correlated
positively with prolactin levels (r = 0.68; p<0.03) and
with BMI (r = 0.57; p<0.04).

respectively:

Discussion

The present study was designed to assess the
rapid insulin pulses, insulin secretion regularity and the
potential factors affecting insulin pulsatile secretion in
lean women affected with PCOS in comparison to
healthy lean women. The main findings are as follows:
1. PCOS-affected women tended to have different insulin
pulsatile secretion patterns described by the broader
insulin  pulses in comparison to healthy controls.
2. Steroid hormones and prolactin levels were related to
different aspects of sulin pulsatile secretion.

We observed the tendency toward broader
insulin peaks in PCOS, but no differences between PCOS
and controls in number of insulin secretory cvents,
insulin pulse amplitude, pulse mass, interpulse interval or
insulin secretion orderliness. Many studies have shown
alterations in insulin pulsatility and insulin release
orderliness in different states connected with insulin
resistance, such as in patients with diabetes mellitus type
2 (Porksen 1999), in first degree relatives of DM 2
patients (O'Rahilly er al. 1988), in obesity (Peiris er al
1992, Zarkovic er al. 2000) or in old people (Meneilly er
al. 1999). Conversely, there are only few studies

concerning insulin pulsatility in PCOS as in another

states often connected with insulin resistance. In one of

these studies, no significant difference in rapid fasting
insulin pulse frequency, total insulin area or total pulse
related area was found between PCOS and healthy
controls (Armstrong er al. 2001).

We have found that higher prolactin levels were
associated with more irrcgular insulin secretion as
determined by higher ApEn and with different insulin
secretory patterns. Prolactin  could influence insulin
secretion. In vitro. beta-cells of the pancreatic islets
express prolactin receptors. Prolactin supports the growth
of the pancreatic islets and stimulates insulin secrction
(Ben-Jonathan er al. 2006). Prolactin could induce insulin
resistance. as women with microprolactinomas were more
msulin resistant than healthy women (Serri er al. 1986,
Scki and Nagata 1991). Similarly hyperprolactinemic
PCOS women were more insulin resistant than their
normoprolactinemic counterparts (Bahceci er al. 2003).

We have also observed a positive correlation between

insulin secretion regularity, as determined by ApEn
values, and BMI. This finding is supported by other
authors who have found an association of overweight and
irregular insulin secretion with improvement after weight
loss (Zarkovic er al. 2000).

Further,  cortisol ~ was  positively
correlated with the common halt-duration of insulin
peaks. Similarly to us, others shown that glucocorticoids
could influence insulin secretion. Short-term  gluco-
corticoid treatment impaired insulin pulsatility, probably
by a disruption of the normal glucose-insulin feedback
loop (Hollingdal er al. 2002).

Afterwards, we observed positive correlation of
testosterone levels and negative correlation of SHBG and
insulin pulse mass. Insulin increases the biological
availability of testosterone through the suppression of
SHBG synthesis. Hyperinsulinemia increases ovarian
androgen production.

Conversely,  testosterone  may

indirectly contribute to insulin resistance throught
facilitating free fatty acids release from abdominal tat and
perhaps directly from muscular tissue reducing nsulin-
mediated glucose uptake (Holte 1994, Holte er al. 1996,
Cahova er al. 2007).

We used QUICKI to determine
PCOS-affected women and

controls. Both groups had the same insulin sensitivity.

insulin
sensitivity in healthy
We observed a negative correlation between insulin
sensitivity and basal insulin secretion. But we did not
ascertain any correlation between insulin pulse frequency
or interpulse interval and insulin sensitivity. Previously
published results concerning the relationship between
insulin sensitivity, measured by cuglycaemic clamp, and
insulin pulse frequency are, however, discrepant. One
study concluded that the increased frequency of rapid
insulin pulses might be related to the insulin resistance in
patients with abdominal obesity. The number of rapid
insulin pulses was reduced and insulin sensitivity was
improved after weight loss (Peiris er al. 1992). On the
other hand, insulin pulse frequency was not the indicator
of insulin sensitivity in healthy subjects (Courtney er al.
2003) or

(Armstrong et al. 2001). These divergent results could be

women  with polycystic ovary syndrome
explained by different studied populations or by the use
of varying approaches for assessment of insulin pulsatile
secretion.

In conclusion, PCOS-aftected women tended to
have broader insulin peaks in comparison to healthy lean
women. Prolactin, cortisol and androgens were related to
some of the insulin pulsatile secretion characteristics,
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Abstract

Objective: Polycystic ovary syndrome (PCOS) has been linked to a high risk of type 2 diabetes mellitus.
Disturbances in the secretion of the incretin hormones glucose-dependent insnlinotropic polypeptide
(GIPY and glucagon-like peptide 1 (GLP-1) have been observed in states with impaired glucose
regulation. This paper considers the secretion of GIP and GLP-1 alter oral glucose load in a group of
lean. glucose-tolerant PCOS women in comparison with age- and body mass index (BMI-matched
healthy women.

Design: Case control.

Methods: PCOS (n=21, 25.8+4.1 years. BMI 21.6+ 1.7 kg/m?) and control healthy women
(CT. n=13. 28.5+7.2 years. BMI 20.342.5 kg/m~) underwent oral glucose tolerance test (OGTT)
with blood sampling for glucose. insulin. C-peptide. total GIP: and active GLP-1. Insulin sensitivity was
determined both at fasting and during the test.

Statistics: Repeated measures ANOVA.

Results: Glucose levels and insulin sensitivity did not ditler between PCOS and Ct. PCOS had
significantly higher levels of C-peptide (P <0.05) and tended to have higher insulin levels. The levels of
total GIP were significantly higher in PCOS than in CT (P <0.001). Active GLP-1 levels exhibited a
significantly different time-dependent pattern in PCOS (P <0.002 for PCOS versus time interaction).
GLP-1 concentrations were similar in PCOS and CT in the early phase of OGTT and then reached
significantly lower levels in PCOS than in CT at 180 min (P <0.03).

Conclusions: Increased total GIP and lower late phase active GLP-1 concentrations during OG1T1
characterize PCOS women with higher C-peptide secretion in comparison with healthy controls. and

may be the early markers of a pre-diabetic state.

European Journal of Endocrinology 159 121-127

Introduction

Incretins are peptide hormones, secreted from the gut.
responsible for the augmentation of insulin secretion
after oral glucose intake (1, 2). Glucagon-like peptide 1
(GLP-1) and glucose-dependent insulinotropic poly-
peptide (GIP), formerly known as gastric inhibitory
polypeptide (GIP), are the most important of these.

An altered secretion pattern and/or insulinotropic
activity of incretins have been described in diabetes and
in other conditions connected with impaired glucose
regulation. Impaired secretion of GLP-1. preserved
insulinotropic GLP-1 activity, and. by contrast. loss of
the insulinotropic action of GIP with normal or only
moderately impaired GIP secretion have been seen in
patients with type 2 diabetes mellitus (T2DM) ( 3). In first-
degree relatives of T2DM patients, GLP-1 secretion was
unchanged and GIP responses after meals or OGTT were
on average higher than in healthy control subjects (4).
Furthermore. increased GIP levels have been observed in

& 2008 European Society of Endocnnology

obese subjects (5) and both GIP and insulin secretion
decreased after successful gastric bypass (6). Similarly.
increased GIP levels have been described in elderly
subjects (7). The cited studies reflect the current marked
interest in the evaluation of the role of incretin hormones
in different metabolic states.

Polycystic ovary syndrome (PCOS) is one of the most
common endocrine disorders and aftects 5-10% of
women in their fertile years (8. 9). Women with PCOS
have an increased prevalence of T2DM (10-12) and
some studies suggest that patients with PCOS should
undergo carly screening for T2DM (13). With the
exception of a small study demonstrating no differences
in GIP and GLP-1 levels between PCOS and healthy
subjects (14). to the best of the authors” knowledge. no
study to date has evaluated the relationship of incretin
secretion to PB-cell function in PCOS. We therefore
investigated the secretion of GIP and GLP-1 after oral
glucose load in a group of lean glucose-tolerant PCOS
women in comparison with healthy women matched for
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body mass index (BMI) and age. with the aim of
characterizing incretin release in a disorder known
likely to be a pre-diabetic state.

Subjects and methods

Subjects

Of 34 lean PCOS women diagnosed according to the
ESHRE consensus (15) at the Institute of Endocrinology
between October 2005 and March 2007. 21 fulfilled the
inclusion criteria of the study (a negative family history
of T2DM, normal glucose tolerance. BMI <25 kg/m-,
and the exclusion of any other serious illness). The
subjects had been free of any medication influencing
glucose metabolism, and of hormonal contraception,
for at least 3 months. In all of the women, oligoamenor-
rhea was present in combination with either an
elevation of testosterone and the index of free testoster-
one above the upper limit of the normal range
(e.g.. 0.40-2.65 nmol/l for testosterone, free testoster-
one index <6) and with PCO morphology on
transvaginal ultrasound (n=17). or with the PCO and
normal androgen levels but with significant hirsutism
(n=2), or with both elevation of the androgens and
clinically significant hirsutism and normal/absent (as
one subject refused to undergo ultrasound examination)
ovarian ultrasound morphology (n=2).

Thirteen healthy women with normal glucose
tolerance, recruited via advertisements, served as the
control population (CT. Table 1). They were free of any
medication affecting glucose metabolism, had negative
family history of T2DM. and were also free of any family
history of hyperandrogenic symptoms and infertility. CT
had no symptoms of hyperandrogenism. had a regular
menstrual cycle (21-35 days). and had androgen levels
within the reference range. Pelvic ultrasonography was
not performed in CT.
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Tests and assays

After signing written informed consent approved by the
local Ethical Committee, weight (to the nearest 0.1 kg)
and height (to the nearest em) were measured. Basal
fasting blood samples for lipid profile and hormonal
parameters were taken from the cubital vein between
the first and fifth day of the spontancous menstrual
cycle or. if amenorrhea was present, at any day. Samples
were centrifuged and serum was stored at — 20 °C until
analysis. OGTT was performed after overnight fasting by
sampling blood before the 735 g glucose oral load and
after 30. 60. 90, 120. 130. and 180 min. Samples for
blood glucose. insulin. and C-peptide concentration
measurements were centrifuged and serum frozen at
— 20 °C until analysis. GIP and GLP-1 were determined
from samples at 0. 30, 60, 120. and 180 min. Blood
was collected into pre-chilled tubes with EDTA.
Immediately after sampling, 10 pl/ml dipeptidyl pepti-
dase-1V (DPP-1V) inhibitor (Linco, St Charles. MO, USA)
and 50 ul antilysin (Spofa, Prague. Czech Republic)
were added, and the tubes were centrifuged at 2000 g
for 10 min: plasma samples were immediately frozen at
— 70 °C until analysis.

Total cholesterol. high density lipoprotein (HDIL)-
cholesterol, and triglycerides were assessed by
photometry (Ecoline 25, Merck Vitalab Eclipse). Plasma
glucose was determined by the glucose oxidase method
(Beckmann. Fullerton. CA. USA), with intra- and inter-
assay coeflicients of variation (CVs) of 1.8 and 2.6%
respectively. C-peptide and insulin were assayed by IRMA
(Immunotech. Prague. Czech Republic). with intra- and
inter-assay CVs of 4.1 and 5.1% for C-peptide and 4.6
and 5.3% for insulin respectively. ‘Testosterone (T) was
determined by RIA with the use of our own antiserum
(anti-testosterone- 3-carboxymethyloxime: BSA). with
intra- and inter-assay CVs of 10.2 and 10% respectively.
Sex hormone-binding globulin (SHBG) was determined
by IRMA (Orion. Espoo. Finland) with intra- and inter-
assay CVsof 6.1 and 7.9% respectively. Active GLP-1 was

Table 1 Anthropometric and biochemical data and insulin sensitivity in women with polycystic ovary syndrome (PCOS) and controls (CT).

PCOS (n=21) CT (n=13)
Variable Mean S.D. Mean S.D. P value
Age (years) 25.81 3.98 28.46 6.90 NS
Body mass index (kg/m?) 21.57 1.68 20.27 2.37 NS
Waisl-to-hip ratio 0.75 0.05 0.75 0.04 NS
Total cholesterol (mmol/l) 4.02 0.74 4.21 0.41 NS
HDL-cholesterol (mmol/f) 1.74 0.39 1.64 0.37 NS
Triglycerides (mmol/l) 0.77 0.37 0.66 0.24 NS
Testlosterone (nmol/l) 3.03 0.79 1.68 0.64 0.00009
SHBG (nmol/l) 52.05 15.50 60.83 26.78 NS
Free testosterone index 6.57 3.0t 3.19 1.49 0.002
Basal hepatic insulin extraction {(molar ratio) 0.71 0.50 0.67 0.58 NS
Hepatic insulin extraction during OGTT (%) 68.1 8.7 67.0 9.1 NS
Fasling insulin sensitivity (QUICKI) 0.39 0.04 0.39 0.03 NS
Dynamic insulin sensitivity (OGIS, ml/min per m?) 536 69 556 53 NS

QUICKI, quantitative insulin sensitivity index; OGIS, oral glucose insulin sensitivity; SHBG. sex hormone-binding globulin.
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determined by ELISA (Linco Research) with no cross
reactivity with glucagon. GLP-2 or GLP-1 (9-36 amide).
Intra- and inter-assay CVs were in the range of 6.7-7.8
and 1.8-6.1% respectively. Total GIP was determined
by ELISA (Linco Research) with no cross-reactivity with
oxyntomodulin. glucagon, GLP-1, or GI.P-2. Intra- and
inter-assay CVs were in the range of 7-9 and 1-13%
respectively.

Calculations and statistics

Insulin sensitivity was assessed in fasting conditions
with the quantitative insulin sensitivity index QUICKI
(16), and in dynamic conditions with the oral glucose
insulin sensitivity index (OGIS). which describes glucose
clearance during the postprandial phase of the OGTT
(17). These indices have been validated against the
euglycemic hyperinsulinemic clamp and are widely used
(18). Hepatic insulin extraction was computed in the
basal state as the molar ratio of C-peptide to insulin
levels, and during the OGTT according to a model
derived method (19).

Comparisons were made using repeated measures
ANOVA, with status (PCOS or CT) as the inter-subject
factor and subject factor and time as the intra-subject
factor and factor interaction, followed by least significant
difference multiple comparisons. For multiple compari-
sons, a probability level of P<0.05 was considered
statistically significant. Spearman’s correlations between
C-peptide or insulin and GIP or GLP-1 levels at different
time points of the OGTT were computed. Due to the
skewed data distribution and heteroscedasticity in both
the dependent variables and the residuals., the data were
treated by a power transformation to approximate a
Gaussian data distribution and constant variance. The
outliers were detected using residual diagnostic plots.
Statgraphics v. 5.1 statistical software (Rockville, MA.
1ISA) was used for the computations.

Results

The clinical. biochemical, and hormonal parameters of
the subjects are given in Table 1. Age. BMI. waist-to-hip
ratio (WHR), total cholesterol, HDL-cholesterol. and
triglyceride levels did not differ between PCOS and CT.
Insulin sensitivity and hepatic insulin extraction. both
at fasting and during OGTT, were similar in PCOS and
CT. As expected. PCOS had significantly higher
testosterone levels (P <0.00009) and free testosterone
index (P <0.002) than CT. even when SHBG levels were
not different between the groups.

OGTT time courses are shown in Fig. la and b. Blood
glucose was similar in PCOS and CT (P <0.69). Women
affected with PCOS exhibited higher levels of C-peptide
than CT (P <0.05) and tended to have higher levels of
insulin (P<0.12: Fig. la). The concentrations of total
GIP were significantly higher in PCOS than in CT

Incretins and PCOS 123
(P<0.001). Active GLP-1 levels exhibited a significantly
different time-dependent pattern in PCOS than in CT
(P<0.002 for PCOS versus time interaction). GLP-1
concentrations were similar in PCOS and CT in the early
phase of OGTT until 60 min and reached significantly
lower levels in PCOS than in CT (P <0.05) at 180 min
(Fig. 1b).

C-peptide levels correlated significantly with total GIP
levels at O (r=0.40; P<0.04), 60 (r=0.46: P<0.01),
and 180 min (r=0.60; P<0.002). No significant
correlation was observed between active GLP-1 and
C-peptide. Neither total GIP nor active GLP-1 correlated
with insulin.

Discussion

Incretin hormones, GIP and GLP-1. are responsible for
the augmentation of insulin secretion after oral glucose
load (1. 2). To the best of the authors” knowledge. there
is only one previous study of incretin hormones in a
small group of lean PCOS. which found no diflerence in
GIP or GLP-1 between PCOS and controls, even when
the PCOS women had higher insulin and C-peptide
levels (14). By contrast, in the study presented here,
women with PCOS exhibited increased total GIP and
increased C-peptide concentrations during OGTT in
comparison with healthy control subjects. On the other
hand. active GLP-1 levels exhibited a significantly
different time course. being similar in PCOS and controls
in the early phase. but lower in PCOS in the late phase of
OGTT. The observed discrepancies between the present
results and those of the cited investigation ¢ 14) could be
due to either the limited sample size of the previous
study or the methodological differences in the incretin
hormone assays. Our results do on the other hand
accord with other authors, describing increased GlIP
(20 and decreased active GLP-1 levels in patients with
overt T2DM (21). Similarly. increased total and intact
GIP levels accompanied by increased C-peptide levels
have been shown in subjects with impaired glucose
tolerance (22). Increased concentrations of total GIP
together with increased C-peptide secretion have also
been found in healthy first-degree relatives of patients
with T2DM during day-long sampling profiles (). All
these findings. together with those of the present study
in PCOS, show that incretins, and especially GIP. seem to
be altered both in overt diabetes and in those metabolic
states considered as pre-diabetic.

The studied cohort of women affected with PCOS
exhibited increased B-cell function. as they had
significantly increased concentrations of C-peptide in
comparison with matching healthy subjects. Similar to
C-peptide. insulin levels also tended to be higher in
PCOS. but did not reach signiticance. probably due to
the greater dispersion of insulin levels. Liver
degradation of the hormone should not be responsible
for the discrepancy between insulin and C-peptide.
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Figure 1 (a) Levels of glucose, C-peptide. and insulin after oral glucose load in women with polycystic ovary syndrome (closed circles, solid
line) in comparison with age- and BMI-matched healthy women (open circles, hatched line). (b) Levels of total glucose-dependent
insulinotropic polypeptide (GIP) and active glucagon-like peptide 1 (GLP-1) after oral glucose load in women with polycystic ovary
syndrome (closed circles, solid line) in comparison with age- and BMI-matched healthy women (open circles. hatched line).
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because there was no difference in hepatic insulin
extraction. both at fasting and during OGTT. in the
PCOS and controls. The increased B-cell response is not
due 1o obesity. as the patients and controls were lean
with similar BMI and WIIR. We have chosen lean PCOS
for this study specitically to avoid the possible
confounding effect of obesity on B-cell release.

3-Cell compensation for the given degree of insulin
resistance (23) should not be responsible for the
observed differences. as both groups had the same
degree of insulin sensitivity measured in both a fasting
state and during dynamic conditions. Similar insulin
sensitivity is consistent with other reports employing
the euglycemic clamp (24. 25). Other authors have also
described increased C-peptide levels during OGTT,
which were not accompanied by decreased insulin
sensitivity as measured by cuglveemic clamp in PCOS
women (26). Increased B-cell activity has been
described in other populations with a high risk of
T2DM. Early insulin responses in OGTT. meal test, and
IVGTT were exaggerated in the Pima Indians. for
example, and could not be explained by insulin
resistance (27). It is possible to speculate that increased
B-cell activity is an carly defect that is present even
before subtle defects in insulin sensitivity can be
discerned.

We have shown that total GIP secretion was an
important factor contributing to increased C-peptide
levels. which significantly correlated with GIP levels,
but not with active GLP-1. at different time points of
OGTT. The role of GLP-1 must not, however. be
neglected. because although GIP levels are up to ten
times higher than GLP-1 levels, both incretins act in an
additive manner, with GLP-1 being predominant at
higher glucose concentrations (28). The reasons for the
lack of correlation between GLP-1 and insulin or
C-peptide levels are not clear. Decreased GLP-1 secretion
has been found in patients with overt T2DM. where.
however, GLP-1 had preserved insulinotropic activity
(3). In the present study. GLP-1 exhibited a significantly
different time pattern in PCOS than in CT. GLP-1
concentrations were similar in PCOS and T in the early
phase of OGTT until 60 min and reached significantly
lower levels in PCOS than in CT at 180 min. In our
opinion, this was an interesting observation. although
we were not able to provide a clear explanation of this
phenomenon. The regulation of GLP-1 secretion is still
not fully clarified. Rate of gastric emptying. leptin, and
glucagon have been shown to influence GLP-1 secretion
(1). In particular, leptin stimulates GLPP-1 secretion, and
this effect was attenuated in subjects with leptin
resistance (29). while glucagon correlated negatively
with GLP-1 during OGTT in patients with T2DM. On the
other hand. no relationships between the parameters of
glucose control. insulin sensitivity, and secretion with
GLP-1 levels have been found (3.

One of the hypotheses explaining increased GIP levels
in PCOS would be primary overactivity of the
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enteroinsular axis. Increased GIP secretion could
exaggerate the stimulation of R-cells to produce more
insulin. The inappropriately increased insulin secretion
should lead to lower blood glucose levels if insulin
sensitivity is preserved. Indeed. lower levels of glycated
hemoglobin (31 and a lower perception of hypogly-
cemic symptoms (32) have been observed in women
affected with PCOS. We cannot conclude from our study
whether the increased GIP levels in PCOS are associated
with the altered insulinotropic effect of GIP: this remains
to be evaluated by the administration of GIP during
hyperglycemic clamp and by measurement of the
incretin effect. Alternatively, GIP levels could be
increased as a compensatory mechanism of decreased
GIP activity (3). The decreased GIP activity observed in
T2DAT was originally supposed to result from the loss-
of-function mutations of the GIP receptor. but no
association of causative polvmorphism or mutations in
GIP receptor and T2DM has been identitied (33, 34
Decreased GIP activity and  concomitantly  increased
plasma GIP levels might also result from the decreased/
absent expression of GIP receptors on the B-cells. In
humans, however. the defective GIP action is restricted
to the late phase of insulin secretion with preserved
carly phase GIP activity. Increased internalization or
enhanced desensitization of GIP receptlors has, there-
fore. been suspected (3). The decreased insulinotropic
effect of GIP has been demonstrated not only in diabetic
subjects, but also in their first-degree relatives with
normal glucose tolerance (33) and thus. the GIP detect
has been supposed to be a primary, genetically
determined defect in T2DM. When subjects with
different types of diabetes were examined. however.
decreased responses to GIP in a similar range as in
T2DM were also found in subjects with MODY or with
secondary diabetes ( 361, The defective GIP activity could
therefore result from the diabetic metabolic state (37).

In conclusion, increased total GIP and lower late
phase active GLP-1 concentrations during OGTT were
observed in lean PCOS women compared with BMI- and
age-matched control subjects.
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Abstract

Background: Diabetes mellitus type 2 (DM2) affects
10% of women with polycystic ovary syndrome
{(PCOS). We evaluated the sensitivity and specificity
of clinical and fasting biochemical parameters in
screening for impaired glucose tolerance (IGT) and
DM2.

Methods: Women with PCOS In -244, age 27.4 =
7.5 years, body mass index {(BMl) 27.5~6.9 kgim*| and
healthy women (n=57, age 26.8-5.8 years, BMI
21.3 1 2.1 kg/im* underwent basal blood sampling and
an oral glucose tolerance test (oGTT).

Results: Insulin resistance was identified in 40.2% of
PCOS women. Impaired fasting glucose (5.6-6.9
mmol/L) was found in 30 subjects (12.3%), but the
oGTT revealed IGT in only six of these cases and DM2
in one subject. IGT was found in 23 (9.4%) and DM2
in four {1.6%) of the women with PCOS. The conven-
tional upper limits for total cholesterol, triglycerides,
systolic and diastolic blood pressure and fasting glu-
cose revealed low sensitivity for the identification of
impaired glucose metabolism.

Conclusions: No single parameter nor any combina-
tion of them showed an accuracy sufficient for screen-
ing of IGT or DM2 in PCOS patients. All PCOS patients
should be screened using an oGTT to identify distur-
bancesin glucose metabolism.

Clin Chem Lab Med 2007;45:639-44.
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Introduction

Polycystic ovary syndrome (PCOS) 1s a common
endocrine disorder in women of fertile age. It is recog-
nised that insulin resistance (IR) may play a major role
in the pathogenesis of PCOS (1, 2). IR is one of the
risk factors for the development of diabetes mellitus
type 2 (DM2). DM2 affects approximately 10% and
impaired glucose tolerance (IGT) approximately 20%
of PCOS patients, which are highet frequencies than
for healthy women (3--7) It is likely that only a sub
group of PCOS women are at higher risk of IGT and
DM2. The early identification of individuals at tisk of
DM2 and subsequent prevention could have a signif-
icant economic impact (8). In recent years, so-called
prediabetes jimpaired fasting glucose (IFG) and IGT]
has again come into focus. Data for general popula-
tions suggest that not only DM2, but also isolated IGT,
is consistently associated with increased cardiovas-
cular morbidity and mortality, and with all-cause mor-
tality 19). This increase in risk for IGT is higher (10)
than for isolated IFG (11). To date, all large-scale stud-
ies aimed at preventing DM2 used IGT us an inclusion
criterion. These studies proved that lifestyle {(12) and
pharmacological (13) interventions may prevent the
development of DM2.

PCOS manifests early in the lifespan, and sufferers
thus represent an ideal target group for the screening,
prevention and early treatment of DM2. As the prev-
alence of PCOS is high in women of fertile age, hypo
thetically reaching 7%-10%, identification of fasting
markers with high accuracy for the diagnosis of IGT/
DM2 could substantially reduce the number of oral
glucose tolerance tests (0oGTTs) necessary. In PCOS,
there have been only a few studies to date focusing
on the prediction of glucose intolerance (14, 15). Indi-
ces of IR derived from basal values of blood glucose,
insulin and androgen levels have been studied as
potential predictors of glucose intolerance in women
with PCOS (15).

The aims of the present study were: 1) ta evaluate
the IR prevalence as defined by the homeostatic mod-
el assessment of insulin resistance (HOMA IR) in
Czech PCOS patients; and 2) to investigate the sensi-
tivity and specificity of biochemical cardiovascular
risk factors, IR indices and androgen levels in detect-
ing IGT and DM2.

Patients and methods

Women with PCOS |n 244%; raean age 27.4 - 7.5 years, mean
body mass index (BMi} 27.5 6.9 kg m“l diagnosed accord-
ing to the consensus of the BEuropean Society *or Human
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Reproduction and Embryology (ESHRE) and the American
Society for Reproductive Medicine (ASRM) (16) [the diag-
nosis is accepted when two of the following three symptoms
are present: 1) oligo:anovulation: 2: clinical and or biochem
ical signs of hyperandrogenism; and 3 polycystic ovaries
(PCO)]. These subjects were enrolled consecutively in the
study from an outpatient tertiary endocrine department
between 1997 and 2006. Hyperandrogenaemia was defined
as elevation of total testosterone, free testosterone index or
androstenedione above the upper limit of the narmal range:
0.40-3.00 nmoliL for testosterone; a value of - 6 for the free
testosterone index (171; and 1.6--5.4 nmol/L for androstene-
dione i118:. A totai of 36 women refused to undergo vaginal
ultrasound examination, mostly for non-compliance or per-
sonal reasons, and in 45 probands normal ultrasonographic
appearance of the ovaries was observed. In all of these
patients, a combination of chronic anovutation and chlinical
signs of hyperandrogenism, together with elevation of total
testosterone or the free testosterone index or androstene-
dione above the upper limit of the normal range was observ
ed. In 84.5% of women, oligo-amenorrhoea was present.
These patients were classified as anovulatory. In 15.5% of
cases, regular menstrual cycles were observed. These wom
en all had sonographic evidence of PCOS and hyperandro-
genaemia. Hyperandrogenaemia was present in 92.5% of the
women studied.

Healthy controls weie recruited via advertisement (n - 57;
mean age 25.6 ~4.8 years, mean BMI 213 2.07 kg.m‘).
These all lacked symptoms of hyperandrogemsm, had a reg-
ular menstrual cycle {21-35 days), and had androgen levels
within the reference range. Pelvic ultrasonography was not
performed in control subjects.

After signing informed consent approved by the local
Ethics Committee, two blood pressure readings were
obtained from seated patients after a 10-min rest; the mean
was determined from the two values and was used for fur-
ther analysis. Weight (to the nearest 0.1 kg) and height (to
the nearest cm) were measured. The degree of obesity was
classified as follows: lean, BMI .25 kg:m?; overweight, BMI
25-30 kg/m?; obese, BMI .- 30 kg/m* (19).

Basal fasting blood samples for lipid spectrum, glucose,
C-peptide and insulin were taken from the cubital vein. Sam-
ples were centrifuged and serum was stored at --20 C until
analysis.

oGTTs with sampling for blood glucose, insulin and C-pep-
tide at 0, 30. 60 and 120 min were carried out with a 75-g
oral glucose load. Samples were centnifuged and plasma
was frozen at --20 C until analysis.

C-peptide was estimated by immunoradiometric assay
(IRMA; Immunotech, Prague, Czech Republic) with an intra-
and inter assay CV of 4.1% and 5.1%, respectively. Insulin
was estimated by IRMA (Immunotech, Prague, Czech Repub-
lic) with an intra- and inter-assay CV of 4.6% and 5.3%,
respectively. Blood glucose was estimated by the glucose
oxidase method (glucose analyser, Beckimann, Fullerton, CA,
USA) in venous plasma, with an intra- and inter-assay CV of
1.8% and 2.6%, respectively. Total cholesterol, high-density
lipoprotein  (HDL)-cholesterol and triglycerides were
assessed by photometry (Ecoline 25, Vitalab Eclipse; Merck,
Darmstadt, Germany), with intra-assay CVs 1.6%, 1.7% and
1.2% and inter-assay CVs of 1.9%, 2.1% and 1.9, re-
spectively.

Testosterone was determined by radioimmunoassay (RIA}
using anti-testosterone-3 carboxymethyloxide bovine serum
albumin (BSA). with intra- and nter-assay CVs of 10.2%, and
10%. respectively. Androstenedione was estimated by RIA
using anti-androstendione-6-carboxymethyloxide BSA, with
intra- and inter assay CVs of 10°.. and 10.2%, respectively.

Dehydroepiandrosterone (DHEA) was estimated by RIA after
dichloromethane  extraction  (Immunotech Marseille,
France®, with an intra-assay CV of 6% and inter-assay CV of
12.1%. DHEA sulfate (DHEAS) was estimated by RIA (Immu
notech. Marseille. France), with an intra assay CV of 3.5%
and inter-assay CV of 10.2%. 17-OH progesterone was deter -
mined after diethylether extraction with RIA {Immunotech,
Prague. Czech Republic), with an intra assay Cv of 5.2%, and
inter-assay CV of 6.5%... Oestradiol was determined with RIA
{Immunotech, Prague, Czech Republicr with an intra-assay
CV of 4.4%~ and an inter assay CV of 4.6%. Luteinising hor
mone {LH} was determined by immunorachometric assay
(IRMA) (Immunotech, Prague, Crech Republic) with anintra-
assay CV of 3.7% anao an inter assay CV of 4.3%. Follicle stim
ulating  hormone (FSH) was determined by [IRMA
(immunotech, Prague. Czech Repubhe) with an intra assay
CV of 2.6%, and an inter-assay CV of 4.5%,. Sex hormone
binding globuhn (SHBG) was determined by IRMA 1Ornion,
Espoo, Finland) with an intra assay CV of 6.1% and an nter
assay CV of 7.9".

IGT and DM2 were classified after an oGTT according to
the revised critenia of the World Health Organization (WHO)
(20). Plasma glucose between 7.7 and 11.17 mmol:L at
120 mun s classified a- IGT. DM2 s diagnosed when plasma
glucose at 120 mun 1s - 11.1 mmol'l. IFG was diagnosed
according to the American Diabetes Association (ADAY 111)
as fasting values of between 5.6 and 6.9 mimol:l

Calculations

The HOMA-'R was calculated as: fasting nsulin {milf
L)\ fasting glucose immol L)'22.5. The homeostatic model
assessment of j3-cell function (KOMA-[3F) was calculated as
20x% fasting msubn timiU: Dafasting glucose (nunoll)y 3.5), as
described by Matthews et al. (211, The quanttative insulin
sensitivity check index (QUICKD was computed as V{llog
fasting msulin (miUAY - log fasting glucose (my:dl)), as
described by Katz et al. (22).

For controls the 95th percentile of HOMAIR was
2.29 mmol~ mlIU/L* and this value was used as a cutoff value
for the presence of IR.

Statistics

Mann-Whitney and " tests (NCSS 2002, Statgraphics Plus v.
5.1; Number Ciuncher Staustical Systems. Kaysville, UT,
USA) were used for statistical analysis. Receiver operating
charactenistic {ROC) curves were analysed using SPSS sta
tistical software (SPSS Inc.. Chicago, IL. UUSA). Data are
reported as mean - SD.

Results

Prevalence of IR

The IR prevalence was 40.2% in the group of 244
PCOS patients, using the HOMA IR 95th percentile in
healthy controls as a cutoff value. PCOS subjects
were lean in 49.2%, overweight in 22.9% and obese
in 27.9% of cases. When the whole group was ana-
lysed according to BM! categories, IR was found in
14.6% of lean, 42.5% of overweight and 71.8% of
obese wormen (x* --61.81. p- 0.0001). Healthy controls
were overweight in 4% and obese 1in 10.5% of cases.
IR was present in 7.2 of controls.
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Table 1
women with PCOS.

Comparison of anthropometric, clinical, biochemical and hormonal variables in insulin- sensitive and insulin-resistant

Variable Insulin-sensitive PCOS Insuiin resistant PCOS n-
o 146) (n 9H)
Mean SD Meaan SO

Age, years 26.25 660 29.06 8.36 0.0030
Ferrnman-Gallwev score 695 6.33 10.06 6.20 0.0001
Systolic blood pressure, mm Hg 115.30 13.46 124.63 15.23 0.0001
Diastolic blood pressure, mm Hg 7411 9.83 80.02 10.80 0.0001
Body mass index. kg-m* 24.87 4.93 31.43 6.64 0.0000
Waist. cm 81.67 12.08 4.79 13.12 0.0020
Testosterone, nmol/L 2.71 1.09 2.48 0.84 0.0800
Free testosterone index 7.78 470 11.40 7.20 0.000001
Qestradiol, nmot:L 0.29 0.28 0.6 0.17 ns
17-OH progesterone, nmol/l 2.38 1.23 1.32 ns
Dehydroepiandrosterone sulfate, umol'L 7.21 3.66 7.84 +.58 ns
Dehydroepiandrosterone, nmol:L 30.75 19.77 29.22 17.22 ns
Androstenedione, nmoliL 7.89 3.59 8.39 391 ns
Luteinising hormone, 1U/L 8.03 551 7.0 5.01 ns
Follicte stimulating hormone, [U/L 5.42 2.36 6.36 618 s
Sex-hormone-binding globulin, nmol‘L 44.31 26.16 2877 18.10 0.0001
Insulin, mIU/L 6.14 2.59 20.66 16.59 0.000001
C-peptide, nmolil 0.69 0.26 1.36 0.61 0.000001
Plasma giucose, mmoliL 4.65 0.49 5.19 0.68 0.0001
HOMA-3F, miU/mmol 144.87 199.20 277.49 195.00 0.0001
HOMA IR, mIU mmol/L? 1.27 0.54 4.86 4.90 0.0001
Cholesterol, mmol:L 4.56 0.94 4.83 0.94 00447
HDL-cholesterol, mmol/L 1.61 0.97 1.23 0.34 0.0011
Triglycerides, mmol/L 1.05 1.08 1.52 0.85 0.0017

HOMA-3F, homeostatic model assessment of $-cell function; HOMA-IR. horneostatic model assessment of insulin resistance

Table 1 provides a comparison of the anthropo-
metric, clinical, biochemical and hormonal variables
in the insulin-sensitive and insulin-resistant PCOS
women. The latter group was statistically older
(p ~0.003), more obese (p- 0.0001), and with higher
systolic (p 0.0001) and diastolic biood pressures
(p~0.0001). They had higher triglyceride (p- 0.02)
and total cholesterol (p < 0.0%) levels, lower HDL-cho-
lesterol levels (p-.0.01), and higher fasting plasma
glucose {p-~:0.0001), insulin {p - 0.0001) and C-peptide
levels (p-"0.0001). The insulin-resistant and insulin-
sensitive PCOS subjects did not differ in total testos-
terone, androstenedione, 17-OH progesterone, oestra-
diol, LH or FSH levels. The insulin-resistant PCOS
women had significantly lower SHBG {(p--0.0001) and
a higher free testosterone index (p-70.000001: than
the insulin-sensitive PCOS women.

Prevalence of IFG, IGT and DM2

IGT was identified in 23 PCOS patients (9.4%) and
DM2 in four patients (1.6°.), assessed according to
blood glucose levels at 120 min for the oGTT. IFG was
observed in 30 women (12.3%); the oGTT revealed
IGT in six of these cases and DM2 in one subject.

Predictors of IGT

ROC curves were constructed for oGTT blood glucose
at 120 min -7.7 mmol/L as a response parameter,
and family history of DM2, BMI, systolic and diastolic
blood pressures, HOMA-IR, QUICKI, HOMA.3F, fast-
ing blood glucose, fasting insulin, total cholesterol,

HDL-cholesterol, triglycerides, testosterone, and
SHBG as subsequent criteria. The area under the
curve (AUC) was significantly different from 0.5 only
for the following parameters: systolic and diastolic
blood pressures, HOMA-IR, QUICKI. fasting blood glu-
cose and insulin, total cholesterol and triglycerides
(Table 2). The AUCs for these parameters, however,
were not significantly different from each other.

The best accuracy for the identification of impaired
glucose metabolism was found for the following para-
meters: tota!l cholesterol, triglycerides, and systolic
and diastolic blood pressures values (Figure 1). Sen-
sitivity and specificity were 91.7% and 38.7% for total
cholesterol {cutoff point 4.19 mmolil), 91.7% and
38.7% for serum triglycerides (0.705 mmol:L), 90 9%
and 28% for diastolic blood pressure of 63.1 mm Hg,
and 90% and 25% for systolic blood pressure of
110 mm Hg. The HOMA:-IR cutoff value of 0.673
showed a sensitivity of 92.6%, but specificity reached
only 11%. This low specificity means that a large
number of women defined as part of the “risk” group
by HOMA IR actually had normal oGTT results.

The conventional upper limits for total cholesterol,
triglyceride, systolic and diastolic blood pressures
and fasting glucose revealed low sensitivity for the
identification of impaired glucose metabolism tlable
2).

Discussion

The first aim of the present study was to investigate
the IR prevalence in °COS women. We identified IR
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Table 2 Diagnostic accuracy of various parameters for identification of impaired glucose metabolism.

Criterion Cutoff Sensitivity, % Specificity, % AUC
HOMA-IR, mmol mIU'L’ 0.67 92.6 11.0 0.668 (0.541-0.794)
QUICKI 0.41 92.6 10.0 0.668 (0.541 0.794)
Diastolic blood pressure, mm Hg 69.1 92.0 17.0 0.683 (0.561-0.805)
80.0 68.0 54.1
Systolic blood pressure, mm Hg 110.0 90.0 25.0 0.686 (0.583 0.788)
130.0 48.0 75.7
Total cholesterol, mmol/L 4.19 917 38.7 0.659 (0.554 0.764)
5.00 46.0 68.7
Triglycerides, mmoliL 0.705 90.9 28.0 0.673 (0.559-0.786)
1.8 31.8 82.0
Fasting blood glucose, mmol:L £.05 94.0 5.0 0.671{0.555- 0.788)
5.60 26.0 89.8
Fasting insulin, mIU/L 3.69 92.6 10.0 0.656 (0.533- 0.780)

AUC, cumulative area under the ROC curve, presented as mean (confidence interval).
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Figure 1 Construction of ROC curves for different criteria (HOMA-IR, QUICKI. systolic and diastolic blood pressures, total
cholesterol and triglycerides) for identifying IGT or DM2

DM2, diabetes mellitus type 2; HOMA-IR, homeostatic model assessment of insulin resistance; IGT, impaired glucose toler-
ance; QUICKI, quantitative insulin sensitivity check index; ROC, receiver operating characteristic.
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in 40% of the PCOS women of fertile age, compared
to 7.2% in their lean healthy counterparts.

The IR prevalence was closely correlated with obe-
sity. Insulin-resistant PCOS women were older, more
obese, and had more frequent presence of coronary
risk factors (higher blood pressure, total cholesterol,
HDL-cholesterol, triglycerides) than insulin-sensitive
PCOS subjects. Higher HOMA-3F was also found in
insulin-resistant individuals. These results are in
accordance with other studies. Deugarte et al. (23)
identified IR defined by HOMA-IR in 60°% of PCOS
women from the USA with BMI in the range 27-45
kg/mZ2 Carmina and Lobo {24) found IR using HOMA-
IR in 60% of ltalian PCOS subjects with BMI - 27
kg/m1* and in 95% of obese PCOS women. One weak-
ness of our study is the potential bias in the estima-
tion of IR in healthy women. The selection process
was not truly random. Women with a greater interest
in healthy habits might be expected to respond more
often to advertisements for health examinations; the
IR proportion in our controls and the HOMA-IR cutoff
selected would thus be lower than in the “usual” pop-
ulation. This would, however, lead to over-estimation
of IR in women with PCOS.

The use of different diagnostic criteria (NiH or
ESHRE) may have led to differences in the propor-
tions of metabolic disturbances observed. It is known
that IR does not accompany some of the phenotypes
defined as PCOS by ESHRE (25). Carmina and Lobo
(24) based PCOS diagnosis on the NIH consensus. The
authors diagnosed PCOS according to ESHRE criteria.
A combination of regular menstrual cycles, PCO mor-
phology and hyperandrogenism were found in 15.5%
of their study subjects. It is known that up to 40% of
these women exhibited anovulation when examined
more thoroughly (26). It is possible that the different
diagnostic criteria used influenced the IR prevalence
observed. We suppose, however, that the aforemen-
tioned discrepancies in IR prevalence are more likely
due to the different occurrences of obesity. In the
study of Carmina and Lobo (24), average BMI was
27.6 kg/m* with an SD of 0.4 kg/m”. On the other hand,
nearly 50% of the PCOS women in the current study
were lean, i.e., with BMI < 25 kg;m-. Data from anoth-
er study (27) describing similar insulin levels in lean
PCOS women and lean controls agree with the low IR
prevalence in our lean PCOS population.

The second aim of this study was to determine the
sensitivity and specificity of various fasting biochem-
ical and clinical parameters for the detection of
impaired glucose metabolism. IR is one of the ~isk fac-
tors for DM2. There is, however, no recommencdation
(28) on how to detect IR in clinical practice. On the
other hand, it has been convincingly shown that life-
style and pharmacological intervention can prevent
the development of DMZ2 in individuals with IGT. As
IGT is entirely asymptomatic, it can be diagnosed
only via oGTT. Fasting and 2-h glucose concentra-
tions were shown to be equally good at predicting
DM2 development over a 10-year period in Caucasian
postmenopausal women (29). Because IGT is more
common than IFG, measuring only fasting glucose

concentrations would result in missing a pre-diabetic
stage in a large group of people at risk for DM2 and
cardiovascular diseases. Attempts have been made to
identify predictors of IGT°‘DM2 from fasting values for
different biochemical parameters, because oGTT is
inconvenient and time-consuming. We have shown
that the conventional upper limits for total choles-
terol, triglycerides, systolic and diastolic blood pres-
sures and fasting glucose exhibit low sensitivity for
the identification of impaired glucose metabolism in
PCOS women. The sensitivity observed was approx-
imately 92%, with a specificity of 17% for diastolic
blood pressure and 35% fot cholesterol. Both of these
parameters. however. yielded approximately 8%
false negative results. which is an unacceptably high
proportion for a screening test. A HOMA-IR cutoff val
ue of 0.7 yielded the highest sensitivity for the detec-
tion of impaired glucose metabolism, but sensitivity
only approaching 90% is at the minimum level
required for a screening test. Moreover. specificity
was very low. reaching only 10%. If either HOMA-IR
or cardiovascular risk factors are used as screening
tests, the majority of oGTTs would be normal in wom-
en assigned to the risk group, and the number of
false-negative diagnoses would be relatively high,
reaching 12°%. On the other hand, Mohlig et al. {15)
found that HOMA-IR is a convenient predictor of IGT/
DM2. At a cutoff point of 73.1%, HOMA-IR had a sen-
sitivity of 95.5% and a specificity of 51.9%. These dis-
cordant results might be explained by the BMI
heterogeneity in our Czech PCOS population in com-
parison to the cited cohort (15), which had a narrow
BMI range of approximately 30 kg/ny. It is known that
HOMA-IR is more closely correlated to insulin action
in obese individuals than in subjects with normal BMI
(30i. Other authors, however, have not confirmed that
HOMA-IR is a useful tool in predicting DM2 in the gen-
eral population. They found that the best predictor of
subsequent developinent of DM2 is elevated C-1eac-
tive protein. Women with C-reactive protein in the
highest tertile had an increased relative nisk of devel-
oping diabetes, which changed only minimally after
adjusting for BMI or HOMA-IR (31).

In conclusion, iR according to the HOMA-IR index
was identified in approximately 40% of the PCOS pop-
ulation studied. The IR prevalence was highly depend-
ent on BMI. IFG was present in 12%, IGT in 9.4" and
DM2 in 1.6% of the subjects. No single parameter
showed aagequate accuracy for the detection of IGT in
PCOS patients in this study. Conventional upper limits
for cardiovascular risk factors showed low sensitivity.
Based on these results. we suggest screening of all
PCOS patients usinyg an oGTT.
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