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ABSTRAKT

Uvod: Incidence gestaéniho diabetu (GDM) celosvétové narlstd. GDM je spojen s rizikem
zavaznych materskych a perinatalnich komplikaci béhem téhotenstvi, a také s rozvojem
metabolickych poruch v pozdéjsim obdobi Zivota matky i ditéte. Patofyziologie GDM neni
doposud plné objasnéna, predpoklada se vsak vyznamny podil inzulinové rezistence a selhani
sekrece B-bunék pankreatu. Pochopeni zakladnich principt regulace glykémie v téhotenstvi
a Casnd detekce jeji poruchy mize pfrispét ke snizeni vyskytu zadvainych matefskych
i perinatalnich komplikaci.

Cile: Zjistit, zda vyuziti diagnostickych kritérii GDM povede k urceni odlisnych fenotypl
téhotnych Zzen s GDM. Nasledné posoudit, zda je u Zen s diagnézou GDM v c¢asné fazi
téhotenstvi pfitomna abnormalni sekrece inkretinovych hormond a vybranych adipokind.
Metody: K posouzeni odlisnych fenotypll Zen s GDM byla uspofadana retrospektivni
observacni studie. K posouzeni abnormalit sekrece inkretinovych hormont a adipokinl
slouzila studie pfipadid a kontrol. Sekrece inkretinovych hormonl byla posuzovana béhem
toleranc¢niho testu s mixovanou stravou. Sekrece adipokinli byla srovnavana v kazdém ze
3 trimestrl téhotenstvi.

Vysledky: Zvysena lacna glykémie (FPG = 5,1mmol/l) je v casné fazi téhotenstvi spojena
svy$&im BMI, s rizikem lécby inzulinem a vy$& porodni hmotnosti plodu. Casné
diagnostikovany GDM nebyl provazen zménénou sekreci inkretinovych hormond (GLP-1, GIP).
Byla zjisténa zvysena hladina A-FABP a snizend hladina adiponektinu, které korelovaly
s visceralni adipozitou a kontrolou glykémie (HbA1c). Casnym zavedenim intervenci v oblasti
zivotniho stylu a lécby inzulinem doslo v dalsim priibéhu téhotenstvi k normalizaci adipokini
na hladiny podobné tém u téhotnych zen bez GDM.

Zavér: Na rozdil od mozné role endokrinni dysfunkce tukové tkané nehraje sekrece
inkretinovych hormonl zésadni roli pfi rozvoji hyperglykémie v casné fazi téhotenstvi.
Abnormality v sekreci adipokini Ize v dalsim pribéhu téhotenstvi ovlivnit casnym zavedenim
nefarmakologickych intervenci a lécby pomoci inzulinu.

Klicova slova: gestacni diabetes; oralni glukézovy tolerancni test; tolerancni test s mixovanou
stravou; glukagonu podobny peptid 1, glukézo-dependentni inzulinotropni polypeptid;

adiponektin; adipocytarni protein vazajici mastné kyseliny; fibroblastovy ristovy faktor 19



ABSTRACT

Background: The incidence of gestational diabetes (GDM) is increasing worldwide. GDM s
associated with the risk of serious maternal and perinatal complications during pregnancy,
and with the development of metabolic disorders later in the life of both mother and child.
The pathophysiology of GDM has not yet been fully elucidated, but insulin resistance and
failure of pancreatic B-cell secretion are thought to play a significant role. Understanding the
basic principles of glycemic control in pregnancy and early detection of its disturbance may
contribute to reducing the incidence of serious maternal and perinatal complications.

Aim: To determine whether the use of diagnostic criteria for GDM will lead to the
identification of distinct phenotypes of women with GDM. Subsequently, to assess whether
abnormal secretion of incretin hormones and selected adipokines is present in women with
impaired fasting glucose in early pregnancy.

Methods: A retrospective observational study was organized to assess the different
phenotypes of women with GDM. A case-control study was used to assess abnormalities of
incretin hormone and adipokine secretion. Incretin hormone secretion was assessed during
a mixed meal tolerance test in early pregnancy. Adipokine secretion was compared in each
of the 3 trimesters of pregnancy.

Results: The diagnosis of GDM (FPG = 5.1Tmmol/l) is associated with higher BMI, risk of insulin
treatment and higher fetal birth weight in early pregnancy. No abnormality in incretin
hormone secretion (GLP-1, GIP) was present in women with GDM in early pregnancy. In
contrast, increased A-FABP and decreased adiponectin levels were found to correlate with
visceral adiposity and glycaemic control (HbA1c). Early introduction of lifestyle interventions
and insulin treatment resulted in normalisation of adipokines later in pregnancy.
Conclusions: In contrast to the possible role of endocrine dysfunction in adipose tissue,
incretin hormone secretion does not play a major role in the development of hyperglycaemia
in early pregnancy. Abnormalities in adipokine secretion can be influenced later in pregnancy
by early introduction of non-pharmacological interventions and insulin treatment.

Key words: gestational diabetes; oral glucose tolerance test; mixed meal tolerance test;
glucagon-like peptide 1, glucose-dependent insulinotropic polypeptide; adiponectin;

fibroblast growth factor 19



UvOD

V historii moderni mediciny nachazime obdobi, ktera diky védeckym poznatkim zcela
méni charakter a prognézu celé fady zavaznych onemocnéni. Jednim z ptikladll je i Uspésna
izolace a prvni terapeutické pouziti inzulinu vletech 1921-1922. Tento objev znamenal
predevsim zésadni zménu Zivotni progndzy pro osoby s diabetem 1. typu, pro které bylo toto
onemocnéni do té doby nelécitelné. Dalsi védecké poznani, moderni farmakoterapie
a moznost samostatné kontroly kompenzace diabetu pfindsi osobam s diabetem nadéji na
prodlouzeni délky a také kvality Zivota. Jednim ze zasadnich obdobi Zivota kazdé zeny je
téhotenstvi. Neni tomu jinak ani v pfipadé Zen, které jsou léceny pro diabetes mellitus.
Moznost Uspésné |écby diabetu dramaticky snizila éetnost a zavaznost komplikaci pro matku
i plod. V dnesni dobé je Sance na Uspésné téhotenstvi zeny s diabetem témér srovnatelna
s téhotenstvim, které diabetem ovlivnéno neni. Tento fakt vSak nelze povazovat za
samozrejmost. K jeho dosazeni je zapotrebi pecliva pfiprava zeny na samotné téhotenstvi,
dale jeji vysokad adherence k léc¢ebnym a rezimovym doporucenim, a predevsim intenzivni
multidisciplinarni péce béhem celého téhotenstvi.

Celosvétova pandemie obezity a civilizacnich onemocnéni stoji za rostoucim poctem
zen, které do téhotenstvi vstupuji s riznym stupném poruchy glukézového metabolismu
a obecné vyssi nemocnosti. V poslednich letech také vyznamné naristé incidence gestacniho
diabetu. Pfestoze je provazen pouze mirnou hyperglykémii, kterd nespliuje diagnosticka
kritéria pro diabetes mellitus, zvySuje riziko zavaznych matefskych a novorozeneckych
komplikaci béhem téhotenstvi. Dale je také spojen se zvysenym rizikem rozvoje metabolickych
poruch (pfedevsim DM 2. typu, obezity, arterialni hypertenze) a kardiovaskularnich komplikaci
v pozdéjsim obdobi Zivota matky i ditéte. M4 tak znacny presah do celé socioekonomické
sféry. Gestacni diabetes se v mnoha patofyziologickych ohledech podoba diabetu 2. typu.
Pfesné mechanismy vedouci k poruchdm metabolickych déjd béhem téhotenstvi vsak
doposud uspokojivé vysvétleny nejsou. Obecné se predpoklada riznd mira kombinace
inzulinové rezistence a selhani sekrece p-bunék pankreatu, jejichz disledkem je
hyperglykémie. Vlastni sekrece inzulinu a citlivost cilovych tkani k jeho Gcinkdim je mimo jiné
ovlivihiovana hormonalni aktivitou tukové tkané a enteroendokrinnich bunék zaZivaciho

systému. Zména v sekreci hormont, tak muize mit vliv na rozvoj poruchy glukézového



metabolismu v téhotenstvi, véetné gestacniho diabetu. Pochopeni zakladnich principd
regulace glykémie v téhotenstvi a identifikace zmén, vedoucich k ¢asnému rozvoji gestacniho
diabetu, tak miize perspektivné ovlivnit nejen vyskyt komplikaci v probihajicim téhotenstvi,

ale také v dal$im obdobi po porodu.



TEORETICKA CAST

1. Historie diagnostiky a lécby poruchy glukézového metabolismu

v téhotenstvi

1.1.  Téhotenstvi u Zen s diabetes mellitus

V obdobi pred objevem a terapeutickym vyuzitim inzulinu byly zkuSenosti
s téhotenstvim Zen s diabetem velmi omezené. Samotna pfitomnost diabetu a nemoznost
jeho efektivni |écby byla totiz spojena s vysokou mirou neplodnosti. V historickych pramenech
byla tato skutecnost pfisuzovana hned nékolika patofyziologickym problémim, zasahujicim
do oblasti endokrinologické (amenorea), gynekologické (atrofie Graafovych folikull a délohy),
a také nutri¢ni (malnutrice a katabolismus Zeny s nedostate¢nou kompenzaci diabetu) [1]. Na
prelomu 19. a 20. stoleti byly publikovany prvni kazuistické pfipady a malo pocetné soubory,
popisujici zkuSenosti s pribéhem téhotenstvi u zen s diabetem. Zasadnim zjisténim, které
z téchto ranych publikaci vyplyva, je velmi Spatna prognéza jak pro matku, tak i pro plod.
Statistikdm dominuje z dnesniho pohledu neuvéfitelnd matefskd Umrtnost, kterd v té dobé
dosahovala pfiblizn& 60 %. Umrtnost plodii se pak pohybovala okolo 50 % [2,3].

Zasadni vliv na pochopeni vztahu diabetu a téhotenskych komplikaci pfinasi az objev
inzulinu, a predevsim jeho |écebné vyuziti. Od té chvile totiz vyznamnym zplsobem stoupa
pocet téhotenstvi a rovnéz se zvysuje Sance na jeho Gspésny priibéh. Jiz v pribéhu dvacatych
a tficatych let minulého stoleti se objevuji prvni pokusy o restrikci sacharidového obsahu ve
stravé téhotnych Zen. Inzulin je aplikovan nékolikrat denné ve snaze snizit glykosurii, ktera je
v té dobé hlavnim ukazatelem kompenzace diabetu [4]. Pomérné zahy se dostavuje prvni
vyznamny Uspéch. Cilena a intenzivni |é¢bu diabetu v téhotenstvi ma velmi dobry efekt na
materskou mortalitu, kterd se koncem 20. let pohybuje na Grovni 12 %. Jeden z hlavnich
dlvodl tohoto poklesu mizeme hledat ve snizeném vyskytu zavazné diabetické ketoaciddzy
a hypoglykemického kématu téhotnych Zzen. Na rozdil od pfiznivého ovlivnéni materské
Umrtnosti se vsak pravidelnd aplikace inzulinu z pocatku neprojevuje stejné vyznamnym

poklesem Umrtnosti perinatalni. Ta se i pres |écbu inzulinem stéle pohybuje okolo 40 % [5,6].



Z pohledu zjevného diabetu, ktery se manifestuje az béhem téhotenstvi, se jiz v této dobé
zacinaji formulovat klinické zaveéry, které budou mit v nasledujicich desitkach let zasadni pfinos

pro hlubsi pochopeni vlivu hyperglykémie na téhotenstvi. Lze je shrnout v nasledujicich

bodech [4,6]:

e dobra glykemicka kontrola diabetu snizuje perinatalni tmrtnost

e diabetes manifestujici se prvné v téhotenstvi zvysuje perinatalni Gmrtnost

e typickym obdobim pro manifestaci diabetu v téhotenstvi je 5. — 6. mésic

e manifestace diabetu v téhotenstvi je spojena s mirnym nebo nepoznanym diabetem

pred téhotenstvim a vyskytem diabetu v rodiné

V obdobi po druhé svétové valce zacinaji v Evropé i v USA vznikat specializovana
centra, kterd se zaméfuji na |écbu diabetu v t€hotenstvi. Cilem specializované 1écby ma byt
snizeni perinatalni dmrtnosti a zlepSeni celkové progndzy téhotnych zen s diabetem. Jednu
z nejucelenéjsich analyz pfinasi koncem 40. let Priscilla White z diabetologického centra
Joslin's clinic v Bostonu. Ta si ve své analyze v§iméd pficin a souvislosti dmrti plodi
diabetickych Zen. V souboru 439 pfipadl popisuje 18 % perinatdlni mortalitu, 25 %
téhotenstvi je ukonceno spontannim potratem. Pfiblizné 80 % ztéchto mrtvych plodi
vykazuje zndmky makrosomie. S ohledem na pfitomné vaskularni komplikace byla perinatalni
mortalita vyS$8i u zen, které byly pro diabetes |éceny delsi dobu. Z analyzy Priscilly White
vyplyva, Ze prezije pouze 20 % novorozencl, pokud je doba trvani diabetu téhotné Zeny vice
jak 20 let. Soucasné si také viima castéjsiho vyskytu porodu mrtvého plodu u zen s pfitomnym
renalnim postizenim a hypertenzi. Dvé tfetiny intrauterinnich imrti plodu se odehraji mezi
36. a 40. tydnem téhotenstvi. Toto zjiSténi vede v nasledujicich letech k peclivému planovani
porodu véech téhotnych zen s diabetem [7,8].

Poznatky, které jsou vcentrech v pribéhu povalecnych let ziskavany, vedou
k formulaci opatreni a [é¢ebnych rezim(, které v dalSich 30 letech postupné snizuji perinatalni
mortalitu. Ze statistického pohledu se perinatalni mortalita v poloviné 20. let pohybovala
okolo 38 %. Koncem 50. let je z dostupnych praci patrny jeji pokles pfiblizné na 15-20 % [9].
Je na misté uvést, Ze vyznamna cast postupl a doporuceni, ktera byla v této dobé vytvorena,

je platna i dnes. Lze je popsat ve tfech zakladnich oblastech [1]:
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1) dobra kontrola diabetu — definovana strava s omezenym pfijmem sacharid{;
intenzifikovany inzulinovy rezim

2) casna hospitalizace téhotnych Zen - kontrolni stanoveni glykémii po jidle, Gprava
davek inzulinu, plan porodu a multidisciplinarni péce

3) porod mezi 37. a 38. tydnem téhotenstvi

Prestoze je v tomto obdobi matefska Umrtnost jiz velmi nizka, vsimaji si nékteré prace
souvislosti mezi téhotenstvim a dal$imi komorbiditami, které dnes povazujeme za specifické
komplikace diabetu. Jde predevsim o progresi diabetické retinopatie, kterd nezfidka koncila
slepotou, a vyznamné snizeni Sance na preziti plodu, pokud byla u matky pfitomna nefropatie
[10].

V pribéhu 70. a 80. let se diky technologickému pokroku a zafazeni zobrazovacich
a novych laboratornich metod vyznamnym zpilsobem zlepsuje prenatalni diagnostika.
V oblasti diabetologie pak pfichazi moznost self-monitoringu glykémii a tim i flexibilni
inzulinové lécby. Ta umoznuje zendm s diabetem dosahovat lepsi Grovné kontroly diabetu,
kterd je pak ve studiich provazena snizenim rizika zavaznych perinatalnich komplikaci, mezi
které fadime predevsim makrosomii plodu s rizikem porodniho poranéni, syndrom dechové

tisné novorozence a novorozeneckou hypoglykémii [11,12].
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Obrazek 1. Vyvoj materské a perinatalni mortality po objevu inzulinu.
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1.2.  Cesta k definici gesta¢niho diabetu

To, ze problematiku diabetu a téhotenstvi nelze vnimat pouze z pohledu zZen, kterym
je diagndza diabetu stanovena jesté pred samotnym téhotenstvim, bylo patrné jiz ve druhé
poloviné 19. stoleti. V této dobé se totiz v odborné literatufe objevuji kazuistické pfipady,
u kterych doslo k rozvoji klinickych symptomd diabetu az v pribéhu téhotenstvi [2].
Dominantnim laboratornim vysetfenim, které v té dobé slouzilo k diagnostice diabetu, bylo
vysetreni glykosurie. Pocatkem dvacatého stoleti bylo zjisténo, Ze se u nékterych téhotnych
zen v rlizné mife objevuje glykosurie, aniz by byly vyjadreny jakékoli klinické pfiznaky diabetu.
Nalez glykosurie byl zpravidla pfechodny, s Gplnym vymizenim v obdobi po porodu [4].
Klinicky vyznam takto zachycené glykosurie v téhotenstvi nebyl dlouho jasny. Rovnéz nebylo
zrejmé, zda ma vyznam glykosurii cilené vyhledavat screeningovym vysetfenim. Dlvodem,
pro¢ nakonec prevazil nazor, Ze se nejednd pouze o nahodny a klinicky nevyznamny nalez,
bylo spojeni glykosurie s vyssim vyskytem porodnickych komplikaci a také zvysenym rizikem
rozvoje diabetu v obdobi po porodu.

Z pohledu téhotenskych komplikaci byl u Zen s glykosurii v téhotenstvi prokazan vyssi
vyskyt spontannich potratll a vy$si perinatalni mortalita novorozencdt. Je vhodné poznamenat,

ze zvySeni obou téchto parametrl nebylo tak vyznamné, jako u diabetickych Zen (diagnéza

12



diabetu stanovena pred téhotenstvim) [6]. U Zen s glykosurii v téhotenstvi byla navic castéji
popisovana makrosomie [13]. Kromé rozdilné porodni hmotnosti byly také nalezeny dalsi
histologické a klinické znaky embryopatie, které byly vté dobé popisovany predevsim
u novorozencll Zen, kterym byl diabetes diagnostikovan pred téhotenstvim. Patfily mezi né
kardiomegalie, akcentovana erytropoéza ¢i hyperplazie nadledvin [14]. Hlavni diivody pro tyto
zmény byly hledany v oblasti endokrinologické a byly mylné pfipisovany porucham funkce
hypofyzy.

Téhotenstvi tak zacalo byt povazovano za jakysi prediabeticky stav, ktery ne zcela
jasnym mechanismem ovliviiuje vyvoj plodu a predchazi vlastni klinické manifestaci diabetu
téhotnych Zen v obdobi po porodu. Tuto hypotézu dale podpofil retrospektivni nalez zvysené
perinatalni dmrtnosti v pfipadé, ze byl Zenam diagnostikovan diabetes mellitus az v delsim
¢asovém obdobi po porodu (8,3 %), ve srovnani s zenami, u kterych se diabetes po porodu

VVVVV

dojde u matky k manifestaci diabetu [15].

1.3.  Vyvoj screeningu gestac¢niho diabetu v téhotenstvi

Neptizniva porodnickd anamnéza u Zen, kterym se klinické znamky diabetu objevily az
s odstupem mésicd nebo let od porodu, vedla kvytvofeni screeningovych vysetfeni
k vylouceni diabetu v probihajicim téhotenstvi. Koncem 50. let se tak v literatufe objevuji
klasifikace poruchy glukézové tolerance v téhotenstvi. Jako screeningovy test byl ve vétsiné
pripadi vyuzit glukézovy tolerancni test (GTT) s podanim 100 g glukézy a kontrolou glykémie
pred a 2 hodiny po podani glukézy. Poprvé se také setkdvame s pojmem gestacni diabetes,
ktery vyjadroval nejvyssi stupen poruchy glukézové tolerance v téhotenstvi a byl definovan
hodnotou glykémie vyssi nez 170 mg/dl (coz pfiblizné odpovida 9,4 mmol/l) po 2 hodinach
GTT [16]. Pravdépodobné nejvétsi dopad méla v tomto ohledu prace O’Sullivana, ktery na
souboru pfiblizné 20 tisic téhotenstvi popsal vyskyt asymptomatického diabetu v téhotenstvi
(gestacni diabetes) a jeho vztah ke klinické manifestaci diabetu v pozdéjsim obdobi Zivota zen
[17]. Tato prace se stala podkladem pro screeningovy program, podle kterého byl predevsim
v USA diagnostikovan gestacni diabetes v nasledujicich 30 letech. Diagnostické hodnoty

pozitivniho screeningového testu, které z této prace vychazely, byly stanoveny arbitrarné na

13



Urovni 2 smérodatnych odchylek od primérné hodnoty glykémie v plvodnim diagnostickém
souboru a vyjadrovaly rizika rozvoje diabetu zen po probéhlém téhotenstvi [18]. Je nutné si
uvédomit, Ze tento screening nikterak nezohlednoval rizika t€hotenskych ¢i porodnickych
komplikaci daného téhotenstvi. Alternativou k tomuto diagnostickému postupu bylo vyuziti
standardnich laboratornich kritérii pro diabetes mellitus u netéhotnych osob a jejich uplatnéni
pfi téhotenském screeningu. Nevyhodou tohoto postupu bylo ignorovani specifickych zmén
v glukézovém metabolismu, které v téhotenstvi probihaji. Nasledujicich nékolik dekad je tak
ve znameni hledani optimalniho diagnostického nastroje, a predevsim celosvétové
prijatelnych diagnostickych kritérii, které by zohlednovaly vztah gestaéniho diabetu
k téhotenskym a porodnickym komplikacim. | pfesto, ze probéhlo nékolik mezinarodnich
konferenci, které mély tyto problémy vyresit, nepodafilo se do dnesni doby nalézt celosvétovy
konsensus v diagnostickém postupu. Jednim zdlvodd byl i nedostatek klinickych
a experimentalnich dat, ktera by jasné prokazala potencialni profit z celoplo$ného screeningu
a nasledné [éc¢by GDM u téhotnych zen.

To, ze diabetes v téhotenstvi zvysuje rizika téhotenskych a porodnickych komplikaci
bylo zfejmé, nicméné nebylo jasné, zda i glykémie, kterd nedosahuje hodnot typickych pro
diabetes mize tato rizika zvysit. Na tuto otdzku se pokusila odpovédét studie The
Hyperglycemia and Adverse Pregnancy Outcome (HAPO). Do studie bylo zafazeno vice jak
23 tisic téhotnych Zen v deviti zemich svéta. Hlavnim cilem studie bylo posoudit, jaky je vztah
mirné hyperglykémie (nizsi, nez je tomu bézné u diabetickych Zen) a pfedem stanovenych
téhotenskych komplikaci (porodni hmotnost nad 90. percentil pro gestacni vék, primami
cisafsky fez, novorozenecka hypoglykémie a koncentrace C-peptidu v pupecnikové krvi nad
90. percentil). U viech zatazenych Zzen byl mezi 27. a 32. tydnem téhotenstvi proveden oralni
glukézovy tolerancni test (oGTT), pfi kterém bylo podano 75g glukézy. Vysledky testu byly
zaslepeny a téhotné Zeny pokracovaly v prenatalni péci dle zvyklosti jednotlivych pracovist.
Po porodu doslo k vyhodnoceni vysledku oGTT a byl posouzen vztah k definovanym cildm
studie. Vysledky prokazaly, ze je i mirna hyperglykémie matky (nedosahujici hodnot
diagnostickych pro diabetes mellitus) spojena se zvySenou porodni hmotnosti plodd
a zvySenou koncentraci C-peptidu v pupecnikové krvi. Kromé téchto silnych zavislosti byla
dale prokazana vyznamna, ale slabsi souvislost s vyskytem novorozenecké hypoglykémie

a zloutenky, primamim porodem cisafskym fezem, predcasnym porodem, preeklampsii,
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dystokii ramének, porodnim poranénim plodu a nutnosti intenzivni péce o novorozence [19].
komplikaci a glykémii pfi oGTT je spojity a neni mozné identifikovat hodnoty glykémie béhem
oGTT, od kterych by vyskyt komplikaci vyraznéji naristal. To vedlo k formulaci nasledujicich

zavéra [20]:

1) vztah mezi hladinou glukézy u matky a vyvojem plodu se zda byt zakladnim
biologickym jevem, a nikoli jasné ohranicenym patologickym stavem
2) diagnostickd kritéria pro gestacni diabetes nebude mozné jednoduse urcit

z asociace matefskych glykémii a sledovanych téhotenskych komplikaci

Vysledky studie HAPO iniciovaly dal$i mezinarodni setkani s cilem sjednotit screening
a formulovat vSeobecné pfijatelna diagnosticka kritéria GDM. Vzhledem k tomu, Ze nebylo
mozné ze studie HAPO urcit hodnoty glykémie, pfi které by se riziko téhotenskych komplikaci
vyraznéji ménilo, bylo nutné pfistoupit k arbitrarnimu urceni diagnostickych hodnot. Nakonec
byly doporuceny hodnoty glykémie, které v 0., 60. a 120. minuté oGTT testu odpovidaly

poméru Sanci na vyskyt komplikaci (odds ratio) 1,75. Tyto hodnoty uvadi tabulka 1.

Tabulka 1: Diagnostické hodnoty GDM v pribéhu oGTT mezi 24. a 28. tydnem téhotenstvi podle
doporuceni IADPSG [21].

Faze testu Hodnota glykémie
0. minuta FPG > 5, Tmmol/I
60. minuta PPG > 10,0mmol/I
120. minuta PPG > 8,5mmol/I

FPG = fasting plasma glucose (lacna glykémie); PPG = postprandial plasma glucose (glykémie po podani glukozy)

Doporucenym testem pro screening GDM byl podobné jako v HAPO studii oGTT s podanim
75 g glukézy. Vyjma cileného screeningu GDM ve druhé poloviné téhotenstvi kladla
doporuceni diraz na vysetfeni lacné glykémie, co nejdfive po zjisténi t€hotenstvi. Smyslem

tohoto doporuceni bylo odhaleni nepoznaného diabetu v pocatku téhotenstvi a zahajeni jeho
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lécby s cilem minimalizovat nepfiznivy vliv hyperglykémie v obdobi organogeneze plodu. Pro
stanoveni diagnézy diabetu v Gvodu téhotenstvi byla doporucena obecna kritéria, vyuzivana
v obdobi mimo téhotenstvi (lacna glykémie = 7,0 mmol/l, ndhodna glykémie = 11,1 mmol/l).
Pokud nebyl timto zplisobem v rané fazi téhotenstvi prokazan zjevny diabetes mellitus, ale
presto byly hodnoty lacné glykémie > 5,1 mmol/I (dle vyse uvedenych doporuceni pro pozdni
fazi téhotenstvi), bylo doporuceno tuto situaci uzavfit jako casny GDM [21]. VyuZiti stejnych
diagnostickych hodnot la¢né glykémie v Gvodu téhotenstvi a v jeho druhé poloviné se stalo
znac¢né kontroverzni zalezitosti a v soucasné dobé neni celosvétové uplatiiovano. Je tomu
predevsim proto, Ze na rozdil od jasné prokazaného rizika t€hotenskych komplikaci pfi zvySené
lacné glykémii ve druhé poloviné téhotenstvi nebyla tato souvislost v rané fazi téhotenstvi
doposud presvédcivé dolozena. Navic je patrné, Ze stanoveni ¢asné diagnézy GDM vyuzitim
lacné glykémie v I. trimestru jen omezené koresponduje s pozitivnim diagnostickym

vysledkem oGTT, ktery je nasledné proveden ve druhé poloviné téhotenstvi [22,23].

2. Soucasny pohled na gestacni diabetes a jeho patofyziologii

2.1.  Klinické aspekty gestacniho diabetu

Gestacni diabetes mellitus je vsoucasné dobé definovan jako porucha glukézové
tolerance, ktera je poprvé odhalena béhem téhotenstvi (zpravidla ve 2. nebo 3. trimestru). Je
charakterizovan hyperglykémii, kterd nedosahuje diagnostickych hodnot pro diabetes mellitus
u netéhotnych osob [24]. Tato hyperglykémie je spojena se zvySenym rizikem téhotenskych
komplikaci pro matku a plod. Soucasné zvysuje riziko metabolickych poruch (pfedevsim DM
2. typu, obezity, arteridlni hypertenze) a kardiovaskularnich komplikaci v pozdéjsi obdobi
Zivota matky i ditéte [19,25,26]. V Ceské republice probiha screening GDM u vSech téhotnych
zen vsouladu s IADPSG doporucenimi, ktera byla blize rozebrana v predchozi kapitole.
Diagnéza GDM tak mdiZe byt stanovena nejenom béhem oGTT mezi 24. a 28. tydnem
téhotenstvi (tab. 1), ale také opakovanym zachycenim la¢né glykémie > 5,Tmmol/l v ¢asné
fazi té€hotenstvi (1. trimestr) [27]. Bez ohledu na zplisob stanoveni diagndzy je u viech Zen
s prokdzanym GDM zahajena nutriéni intervence sredukci denniho pfijmu sacharidd.

Farmakologicka [é¢ba GDM je zahajena v pfipadé, Ze Upravou rezimovych a dietnich opatfeni
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neni dosazeno cilovych hodnot glykémie (tab. 2). Po porodu zpravidla dochazi k normalizaci
glykémii. S ohledem na zvySené riziko manifestace zjevného diabetu v pozdéjsim obdobi

zivota matky je vSak doporuceno provedeni oGTT za 3-6 mésicli po porodu [27].

Tabulka 2. Cilové hodnoty glykémie pfi [é¢bé GDM [27].

Glykémie nala¢no <5,3 mmol/I
Glykémie 1 hodinu po jidle <7,8 mmol/I
Glykémie 2 hodiny po jidle <6,7 mmol/I

2.2.  Patofyziologie gestacniho diabetu

Pfesné mechanismy vedouci k poruse glukézové tolerance v téhotenstvi zcela
objasnény nejsou. Predpokladd se vSak vyznamny podil inzulinové rezistence
a neschopnosti f-bunék na tuto situaci reagovat dostatecnym zvySenim sekrece inzulinu.
Tyto mechanismy jsou dobfe znamé v patofyziologii diabetu 2. typu. V téhotenstvi
dochazi v matefském organismu k celé fadé adaptacnich metabolickych zmén, které
umoznuji spravny rlst a vyvoj plodu. Na konci 1. trimestru postupné narlista inzulinova
rezistence svalové a tukové tkané téhotné Zeny, kterd dosahuje svého vrcholu v priibéhu
tretiho trimestru [28]. Vystupriovanou lipolytickou aktivitou dochazi ke snizeni objemu
tukové tkané a zvysuje se nabidka volnych mastnych kyselin. Ty se pak stavaji dominantnim
zdrojem energie pro téhotnou Zenu. Rostouci inzulinova rezistence zvysSuje nabidku
glukézy pro vyvijejici se plod. Tim jsou kryty zvySené energetické naroky ristu v druhé
poloviné téhotenstvi [29,30]. Vétsina téchto procesl je fizena aktivitou hormon(. Stézejni
roli prebiraji v téhotenstvi hormony produkované placentou. Soucasné dochazi ke
zménam v sekreci estrogend, progesteronu, kortizolu, prolaktinu a ristového hormonu
[29]. S narlstajicim védeckym pozdnim je patrné, Ze zpohledu patofyziologie
nepredstavuji zeny s GDM homogenni skupinu a lze je rozdélit do nékolika rlznych
fenotypl. Powe et al. popsali celkem tfi rizné fenotypy podle rGzného uplatnéni
inzulinové rezistence a/nebo selhani sekrece inzulinu: 1) skupina GDM s dominantni

poruchou sekrece inzulinu; 2) skupina GDM s dominantni poruchou inzulinové citlivosti
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a 3) skupina GDM s kombinaci obou zminénych poruch [31]. Studium zmén, které stoji za
zminénou inzulinovou rezistenci a poruchou sekrecni funkce B-bunék v téhotenstvi tak
mlZe prispét k hlubsimu pochopeni moznych fenotypl gestaéniho diabetu. Casn
diagnostika téchto zmén a cilena |écba mize dale ovlivnit rizika, ktera jsou s GDM spojena.

Budeme-li vychazet z poznatkii o patofyziologii diabetu 2. typu, pak je vhodné zaméfit

pozornost na moznou endokrinni dysfunkci tukové a stfevni tkané v téhotenstvi.
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3. Inkretinové hormony a diabetes mellitus

V poloviné 80. let byla v experimentu prokazana rlizna mira stimulace sekrece inzulinu
glukézou s ohledem na zplsob jejiho podani zdravému clovéku. Pokud je totiz glukdza
podana peroralné, vyvola vyrazné vyssi sekrecni odpovéd' f-bunék pankreatu, nez je tomu po
podani glukézy intravendzni cestou. Tento fenomén byl nazvan inkretinovym efektem (obr. 2)

[32].

Obrazek 2. Inkretinovy efekt.
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Schéma sekrece inzulinu v reakci na peroréini (modra) a intravendzni (¢ervena) podani glukézy. Upraveno podle

Nauck et al. [33].

Fyziologicky podklad inkretinového efektu mizeme hledat v uvolnéni biologicky aktivnich
peptidd, tzv. inkretinG. Tyto hormony jsou vytvareny specifickymi enteroendokrinnimi
burikami, které jsou ve stfevni sliznici rozptyleny mezi enterocyty. Do skupiny inkretinovych
hormontd tfadime v dnesni dobé predevsim GLP-1 (glucagon-like peptide-1), ktery je
uvolfiovan z L-bunék v distalni casti tenkého stfeva a tracniku a GIP (glucose-dependent
insulinotropic polypeptide), produkovany K-burkami duodena a proximalniho jejuna.
Stimulem pro sekreci zminénych hormont je absorpce Zivin béhem fyziologickych travicich
procesl. V situaci na lacno je koncentrace obou inkretinovych hormond nizka (10-12 pmol/I).

Plazmatickd koncentrace pak dramaticky stoupd nékolik minut po pfijmu Zivin. Hlavnimi
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slozkami stravy s prokdzanym stimulacnim vlivem na uvolnéni inkretinovych hormonil jsou
glukéza, sacharéza, triglyceridy a nékteré aminokyseliny. Vrcholu dosahuje plazmaticka
koncentrace pfiblizné za jednu hodinu od pfijmu stravy. Aktivni forma GIP i GLP-1 je
v organismu velmi rychle degradovana pomoci DPP-4 (dipeptidylpeptidaza-4) na inaktivni
formu. Inkretinové hormony se vazi na specifické receptory v cilovych tkanich organismu.
Obecné lze za vysledek jejich pleiotropniho plsobeni v organismu povazovat normalizace
glykémie v obdobi po jidle. Jednim z hlavnich mechanismd, kterym je tohoto cile dosazeno,
je stimulace sekrece inzulinu zf-bunék a suprese sekrece glukagonu z a-bunék
Langerhansovych ostriivkl pankreatu. Podil inkretinovych hormonl na sekreci inzulinu po
peroralnim podani glukézy se odhaduje az na 75 % (v zavislosti na mnozstvi podané glukozy).
Vliv inkretinovych hormond na sekreci inzulinu a glukagonu se uplatiuje vzdy, kdyz hladina
glykémie presdhne hodnotu pfiblizné 3,7mmol/l. Samotna koncentrace glukézy pak ovliviiuje
sekreci inzulinu podstatné méné. Inzulinotropni Ucinek inkretini je pfitomny pouze za
soucasné hyperglykémie, nemUze proto vyvolat epizodu hypoglykémie. Pokud tedy srovname
véechny signaly, vychazejici z oblasti stfeva a ovliviujici sekreci inzulinu (glukéza, inkretinové
hormony, autonomni nervovy systém), maji za fyziologickych okolnosti nejvyznamnéjsi podil
inkretinové hormony [33].

U osob s diabetem 2. typu (DM 2. typu) je inkretinovy efekt ve srovnani se zdravou
populaci vyrazné oslaben nebo dokonce zcela chybi (obr. 3) [32]. Pfedpoklada se, ze hlavnim
dlvodem je snizena reakce na GIP, ktery ma za fyziologickych okolnosti rozhodujici podil na
inkretinovém efektu [34]. Relativné zachovalad G¢innost GLP-1 u osob s DM 2. typu tak neni
dostacujici k udrZzeni tohoto efektu [35].

Studie sledujici sekreci obou inkretinovych hormoni u osob s DM 2. typu pfinasi
ambivalentni vysledky. Rané studie naznacovaly sniZzenou sekrecni odpovéd GLP-1, zatimco
sekrece GIP u osob s diabetem se naopak zdala byt zvysena [36,37]. Po prikazu snizeného
inkretinového efektu u osob s diabetem se zacalo spekulovat, zda mlze byt tento jev
etiologickym faktorem pro rozvoj samotné nemoci nebo je naopak jejim disledkem.
Z vysledkd naslednych studii se zd3, Zze vymizeni inkretinového efektu nastava az po stanoveni
diagnézy diabetu. Prestoze se tedy inkretinovy systém s nejvétsi pravdépodobnosti nepodili
na prechodu z fyziologického stavu do klinicky manifestniho diabetu, mlze v jeho priibéhu

prispivat k progresi onemocnéni. Ztrata hlavniho mechanismu stimulujiciho sekreci inzulinu se
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totiz podili na zhorSené metabolické kompenzaci, coz druhotné ovlivni funkéni kapacitu
B-bunék, a tim dale ovlivni inkretinovy efekt [33].

V soucasné dobé je inkretinovy systém vyuzivan k efektivni 1écbé DM 2. typu. Je to
predevsim diky zachované schopnosti GLP-1 stimulovat sekreci inzulinu a tlumit sekreci
glukagonu u osob s DM 2. typu. Farmakologickd stimulace receptorl pro GLP-1 snizuje
glykémii, snizuje chut k jidlu, zpomaluje motilitu zaludku a podili se na regulaci pfijmu stavy.
Tyto aspekty pak pfispivaji ke snizeni hmotnosti |écenych osob. Soucasné se GIP a GLP-1
podili na regulaci procesl v tukové tkani, kostech a kardiovaskularnim systému. Agonisté
receptorl pro GLP-1 (GLP-1RA) dokazali snizit vyskyt zavaznych kardiovaskularnich pfihod,
a tim zlepsit prognézu nemocnych [38]. Spolecné s efektem na télesnou hmotnost a regulaci

glykémie se tak stali dlilezitou soucasti Iécby osob s DM 2. typu.

Obrazek 3. Inkretinovy efekt u osob s DM 2. typu.
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Schématické srovnani inkretinového efektu u zdravych osob (vlevo) a osob s diabetem 2. typu (vpravo). Sekrece

inzulinu po peroralnim (modra) a intravendznim (éervend) podani glukézy. Upraveno podle Nauck et al. [32].
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4. Hormony tukové tkéné a diabetes mellitus

Pohled na vyznam tukové tkané v organismu se v prabéhu 20. stoleti znacné zménil.
Plvodné se tukové tkani pfisuzovala spiSe pasivni role. Byla chapana jako prosta zasobarna
energie, poskytujici orgadnlm mechanickou ochranu a uplatiujici se v termoregulacnich
procesech lidského téla. Az nasledné byla objevena jeji aktivni endokrinni ¢innost, spocivajici
ve schopnosti bunék tukové tkané (adipocyty, preadipocyty, imunokompetentni burky,
fibroblasty) uvolfiovat celou fadu biologicky aktivnich latek (peptidd). Tyto latky souhrnné
nazyvame adipokiny. V soucasnosti neni zndm jejich presny pocet, pravdépodobné vsak
presahuje 600 [39]. U&inky adipokinii miizeme pozorovat pfimo v tukové tkani (autokrinni
a parakrinni ptsobeni), kde vyznamnym zplsobem ovliviiuji metabolismus a funkci adipocytl
a dalSich bunék tukové tkané. Na systémové Grovni (endokrinni plsobeni) pak zasahuji do
fizeni vzdalenych organl a soustav. Zasadni roli hraji v fizeni intermediarniho metabolismu.
Jsou regulatorem inzulinové sekrece a ovliviuji senzitivitu cilovych tkani k Gcinku inzulinu.
Uplatniuji se také pfi modulaci systémového zanétu, podili se na regulaci funkce endotely,
krevniho tlaku a hemostazy [40,41].

V soucasné dobé je pozornost uprena predevsim na studium zmén v sekreci adipokinl
v patofyziologii obezity a pfidruzenych metabolickych a kardiovaskularnich onemocnéni.
Dysfunkce tukové tkané je spojena s nardstem inzulinové rezistence, ktera je jednou z hlavnich
etiologickych pficin porusené glukézové tolerance a pfispiva tak ke vzniku a progresi DM
2. typu. Dale budou podrobnéji popsany adipokiny zkoumané v experimentalni casti

disertacni prace.

4.1.  Adiponektin

Predstavuje endokrinni faktor dominantné syntetizovany tukovou tkani. Jeho exprese
viak byla prokazana také v burkadch mimo tukovou tkan (hepatocyty, osteoblasty, epitelialni
burky, placentami burnky). Z pohledu metabolického syndromu a poruchy metabolismu
glukézy predstavuje adiponektin protektivni faktor. Priznivy efekt Ize hledat hned v nékolika
oblastech. Vazbou na receptor je spusténa intracelulami kaskada déji vedouci v konecném
dUsledku ke zvyseni citlivosti cilovych tkani k G¢inklim inzulinu (snizeni inzulinové rezistence).

Mimo to zmirfiuje adiponektin aktivitu subklinického systémového zanétu a miru oxidac¢niho
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stresu. Je spojovan s ochrannym efektem na B-bunky pankreatu. Zvysuje utilizaci glukézy
a oxidaci mastnych kyselin v kosternich svalech a soucasné tlumi jaterni glukoneogenezi [42].
V souladu s vySe popsanymi efekty jsou ve studiich vyssi hladiny adiponektinu spojeny
s nizsim rizikem rozvoje DM 2. typu, a naopak jeho snizena hladina predstavuje nezavisly

prediktor rozvoje diabetu [43].

4.2. A-FABP

Adipocytarni protein vazajici mastné kyseliny (A-FABP) hraje dulezitou roli
v intracelularni vazbé, transportu a metabolismu mastnych kyselin v mitochondriich
a peroxizomech uvnitf bunék. Podobné jako adiponektin je i A-FABP exprimovan predeviim
v adipocytech a makrofazich tukové tkané. A-FABP hraje rovnéz dilezitou roli v rozvoji
inzulinové rezistence a aterosklerézy v souvislosti s metabolicky podminénym chronickym
zanétem [44]. Je tomu predevsim v situaci nadmérmého pfijmu kalorii. Za fyziologickych
okolnosti mlze byt pfitomnost A-FABP v burkach naopak prospésna, a to diky regulaci
ukladani energie v adipocytech, pfiznivému vlivu na imunitni odpovéd makrofagl a transportu
mastnych kyselin v endotelidlnich bunkach. V situaci nedostatku energie a vystupriované
lipolyzy reguluje A-FABP jaterni glukoneogenezi a pfispiva tak k udrzeni glukézové
homeostazy [44]. ZvySené sérové hladiny A-FABP nachazime u osob s DM 2. typu, obezitou,

arterialni hypertenzi, aterosklerézou a srdecnim selhanim [45-48].

4.3. FGF-19

Fibroblastové ristové faktory (FGF) predstavuji skupinu biologicky aktivnich proteinl
s prokazanym autokrinnim, parakrinnim a endokrinnim puisobenim, které je zprostfedkovano
vazbou na specifické FGF receptory v bunkach cilovych tkani. Funkce FGF-19 byla dobre
popsana v souvislosti s regulaci sekrece Zluée a Zlucovych kyselin. Kexpresi FGF-19
v enterocytech dochazi v disledku procesti spojenych s pfijmem stravy. Po svém uvolnéni
a vazbé na pfislusny receptor (FGFR4) snizuje v jatrech FGF-19 syntézu Zlucovych kyselin
aovliviiuje motilitu a plnéni  Zluéniku [49]. Svym zplsobem tak FGF-19 brani
enterohepatalnimu poskozeni Zlu¢ovymi kyselinami, které jsou zndmé svym detergentnim
pusobenim [50]. Kromé toho byla popsana souvislost tohoto adipokinu s metabolickymi

onemocnénimi. U osob s DM 2. typu, obezitou a nealkoholickou steatohepatitidou (NASH)
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byly opakované prokazany snizené plazmatické hladiny FGF-19. Z pohledu diabetu se vsak
nejednd pouze o marker metabolického postizeni. Na Grovni jater vstupuje FGF-19 do
regulace metabolismu glukézy tim, Zze vazbou na komplex receptorli FGFR4/B-klotho snizuje
jaterni glukoneogenezi, a naopak stimuluje syntézu glykogenu [51]. Z hlediska mozného
terapeutického vyuziti je zajimavé, ze zvysena exprese nebo farmakologické podavani FGF-19
vede v experimentalnich zvitecich modelech diabetickych obéznich mysi ke zlepseni

metabolického profilu [52].

Obrazek 4. Biologicky aktivni latky produkované tukovou tkani.

Adipokiny
Cytokiny Leptin
TNF-alfa Adiponektin
IL-6 FGF 21
Rezistin Vaspin
Progranulin ‘ Buriky tukové tkané se ‘ Rezistin
sekrecni aktivitou Visfatin
Apelin
Adipocyty Lipokalin
Fibrinolyticky systém Preadipocyty Omentin
PAI-1 Mezenchymalni buriky a dalsi
Tkéfovy faktor Endotelové buriky
Makrofagy
Pénové burky
Lymfocyty
- Neutrofily » Proteiny RAAS
Proteiny kt‘)m'plementu Fibroblasty Angiotenzinogen
Adipsin « a dalgi
Faktor B

Endokanabinoidy Transport lipidG Enzymy
Anandamid Apolipoprotein E DPP-4

TNF-alfa = tumor necrosis factor alfa, IL-6 = interleukin 6, PAI-1 = plasminogen activator inhibitor-1, DPP-4 =

dipeptidyl peptidase 4, FGF 21 = fibroblast growth factor 21. Upraveno podle Fasshauer et al. [41].
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EXPERIMENTALNI CAST

Experimentalni cast disertacni prace zahrnuje tfi oblasti vyzkumu. Nejprve bylo cilem
v rdmci retrospektivni observace zjistit, zda vyuziti diagnostickych kritérii gestacniho diabetu
podle IADSPG doporuceni povede k uréeni odlisnych fenotypl téhotnych Zen s GDM.
Nasledné byla pozornost uprena na casnou fazi téhotenstvi (I. trimestr). Ve studii pfipadd
a kontrol jsme posuzovali, zda Ize nalézt abnormalni sekreci inkretinovych hormond u Zen se
zvysenou lac¢nou glykémii v této fazi téhotenstvi. Poslednim cilem experimentalni prace bylo
sledovat zmény v produkci vybranych adipokind u zen s ¢asnou diagnézou gestacniho diabetu

béhem celého téhotenstuvi.

5. Vyuziti diagnostickych kritérii GDM podle International Association of the
Diabetes and Pregnancy Study Groups (IADPSG) k posouzeni rozdilu
v antropometrickych parametrech téhotnych Zen a vyskytu téhotenskych

komplikaci.

Na zikladé doporuceni pro diagnostiku a klasifikaci hyperglykémie v téhotenstvi,
kterou vydala v roce 2010 skupina IADPSG, se screening GDM provadi mezi 24. a 28. tydnem
téhotenstvi. Ke screeningu je doporuceno provést oGTT, pfi kterém je podano 75g glukdzy.
Béhem testu se hodnoti glykémie pfed podanim glukézy (0. minuta) a nasledné v 60. a 120.
minuté testu [21]. Mimo provedeni oGTT ve vyse zminéném obdobi téhotenstvi je ovsem dale
doporuceno vysetfit lacnou glykémii co nejdfive po otéhotnéni, tedy jiz v prvnim trimestru
téhotenstvi. Smyslem tohoto vysSetfeni je odhaleni zjevného, dosud nepoznaného diabetu
a jeho casné lécby. V této situaci véak miZeme rovnéz odhalit t€hotné Zeny s mirnou la¢nou
hyperglykémii, odpovidajici diagnostické hodnoté lacné glykémie oGTT ve 2. poloviné
téhotenstvi. | tyto Zeny je pak doporuceno sledovat obdobné jako po stanoveni GDM
v pozdéjsi fazi téhotenstvi [21]. Nase studie méla za cil posoudit, zda Ize vyuzitim rozdilného
zplsobu stanoveni diagnézy GDM identifikovat Zeny s odliSnym antropometrickym

fenotypem v dobé diagnézy GDM. Druhym cilem bylo posoudit, zda je zplsob stanoveni
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diagnézy GDM u téchto Zen spojen s rozdilnym pribéhem téhotenstvi a vyskytem

novorozeneckych komplikaci.

5.1. Metodika

Design studie, zafazovaci a vylucovaci kritéria

V souladu se zasadami Helsinské deklarace, revidované v roce 2008, byla uspofadana
retrospektivni observacni studie. Ze zdravotnické databaze Fakultni nemocnice v Olomouci
byly vyhledany informace o Zenach, které byly vtéhotenstvi sledovany pro poruchu
metabolismu sacharidd. Do studie byly zafazeny pouze zeny, kterym byl GDM diagnostikovan
v souladu s doporucenim IADPSG a u nichz bylo mozné provést rozdéleni do 3 skupin podle

zplsobu stanoveni diagnézy GDM (tab. 3).

Tabulka 3. Rozdéleni Zen do skupin podle zplisobu stanoveni diagndzy gestacniho diabetu.

Skupina Tyden téhotenstvi Zplsob vysetfeni Hodnota glykémie
Casna FPG 1.-13. tyden La¢na glykémie FPG > 5,Tmmol/I
Pozdni FPG 24. - 28. tyden oGTT - 0. minuta FPG > 5,1mmol/I
oGTT - 60. minuta PPG > 10,0mmol/I
Pozdni PPG 24. - 28. tyden
oGTT - 120. minuta PPG > 8,5mmol/I

FPG = fasting plasma glucose (lacna glykémie); PPG = postprandial plasma glucose (glykémie po podani glukézy); oGTT = oralni

glukézovy toleranéni test

Z dalsi analyzy byly naopak vyfazeny Zeny s prokazanym diabetem pred téhotenstvim (DM 1.
typu, DM 2. typu, MODY) a rovnéz zeny, které spliovaly kritéria zjevného diabetu
v probihajicim téhotenstvi (lacna glykémie = 7,0 mmol/I a/nebo glykémie po zatézi glukézou
= 11,1 mmol/l).

VSechny Zeny byly pfi prvni kontrole zaskoleny v zakladnich dietnich a rezimovych
opatrenich. Lécba inzulinem byla zahajena pouze pfi splnéni alespori jednoho z nasledujicich

kritérii: 1) lacna glykémie > 5,3 mmol/l; 2) glykémie 1 hodinu po jidle opakované > 7,6 mmol/!
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nebo glykémie 2 hodiny po jidle opakované& > 6,6 mmol/l. Zadna ze zafazenych Zen nebyla
lécena pomoci peroralnich antidiabetik. Ze zaznam( zdravotnické dokumentace byly ziskany
anamnestické Udaje (vék, poradi téhotenstvi) a vyhodnoceny rizikové faktory rozvoje diabetu
(DM v rodinné anamnéze, GDM v pfedchozim téhotenstvi, porodni hmotnost plodu >4000 g).
Antropometrické Udaje z pocatku téhotenstvi (hmotnost, vyska, BMI) byly vyhledany
v dokumentaci z prvni ambulantni kontroly v téhotenstvi. Informace o hmotnostnim prirdstku
a zpusobu |écby GDM (dieta, écba inzulinem) byly ziskany z naslednych ambulantnich kontrol
v pribéhu téhotenstvi. Udaje o porodni hmotnosti, zplsobu porodu (pfirozeny porod,
cisafsky fez), novorozeneckych komplikacich (novorozenecka hypoglykémie, novorozenecka

Zloutenka) byly ziskany po porodu ze zdravotnické dokumentace gynekologické kliniky.

Laboratorni metody

Biochemické parametry (glykémie, glykovany hemoglobin, fruktosamin) byly
analyzovany systémem Cobas 8000 (Roche, Mannheim, Germany). Vzorky k této analyze byly
odebrany rano po nejméné dvanactihodinovém laénéni béhem prvni ambulantni kontroly

v téhotenstvi.

Statistické metody

Ciselné hodnoty spojitych veli¢in jsou vyjadfeny formou priiméru, medianu
a smérodatné odchylky. Pro testovani rozdilu ve spojitych velicinach mezi skupinami byl pouzit
Kruskal Wallis(iv test. Pro testovani rozdilu v diskrétnich veli¢inach mezi skupinami byl pouzit
chi kvadrat test v kontingencni tabulce. Spearmaniyv koeficient (p) byl pouzit pro vyjadreni
miry korelace. V8echny hypotézy byly testovany na hladiné statistické vyznamnosti p <0,05.

Pro vyhodnoceni dat byl pouzit software MATLAB Version 7.5.0.342 (R2007b).

5.2. Vysledky

Rozdéleni dle zptsobu diagnézy GDM
Diagnéza gestacniho diabetu byla v naSem souboru dominantné stanovena pomoci
zvysené lacné glykémie (skupina ¢asnd FPG a pozdni FPG) a to celkem v 73,9 % pfipadd.

Soucasné byla vice jak ctvrtina sledovanych zen (26,1 %) diagnostikovana uz v ¢asné fazi
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téhotenstvi. Rozdéleni studovaného souboru do jednotlivych skupin podle stanoveni

diagnézy GDM je uvedeno na obrazku 5.

Zékladni charakteristika souboru

V prvni casti statistické analyzy jsme se zaméfili na porovnani véech 3 studovanych
skupin na pocatku téhotenstvi. Vysledky jsou uvedeny v tabulce 4. Téhotné Zeny se ve
sledovanych skupinach nelisily vékem, poradim téhotenstvi, pfitomnosti rizikovych faktord pro
rozvoj diabetu ani v parametrech metabolické kompenzace (HbA1c) v dobé diagnézy GDM.
Byl vSak nalezen vyznamny rozdil v hmotnosti (resp. BMI), se kterou Zeny vstupovaly do
téhotenstvi. BMI Zen na pocatku téhotenstvi pak ve vSech skupinach pozitivné korelovalo
s hodnotou HbA1c v dobé stanoveni diagnézy GDM (p = 0,36, p <0,001; p = 0,23, p <0,001;
p = 0,30, p <0,001).

Tabulka 4. Zakladni charakteristika souboru. Antropometricka a laboratorni analyza v dobé stanoveni

(pmol/I)

diagnézy.

Cely soubor Casné FPG Pozdni FPG Pozdni PPG p value
Veék (roky) 31.6 (32) £5.32 31.1(31) = 5.1 31.8(32) 5.5 314 (31)x 4.9 ns
Prvni téhotenstvi

42.4 (182/429) 23.2 (41/177) 26.2 (87/332) 32 (49/151) ns
(%)
DM v rodiné (%) 59.2 (180/304) 36 (26/72) 44 (66/150) 40 (29/73) ns
Hmotnost (kg) 73.8(70.8)x17.7 78.3(76.0)£19.1 74.2(72)x16.7 67.2 (62) £15.7 <0,001
BMI (kg/m2) 26.3(25) £ 6.0 27.9(27.2) £ 6.6 264 (25.0) 5.8 244 (22.8) £5,2 <0,001
HbA1c (mmol/mol)  31.1(31) £ 4.0 31.8(31)=4.8 30.7 (31) = 3.8 30.8 (31) £ 3.2 ns
Fruktosamin

200.4 (199) x17.7  211.7 (211)+£20.3 1953 (194) =154 197.3(197)=13.7 <0,001

DM = diabetes mellitus; BMI = body mass index; HbAlc = glykovany hemoglobin. Data jsou zobrazena jako primér (medién) +
smérodatna odchylka; Pocet pacientt ve skupinach: ¢asna FPG (n = 109), pozdni FPG (n = 209), pozdni PPG (n = 100); pro testovani
rozdilu mezi skupinami (¢asna FPG vs. pozdni FPG vs. pozdni PPG) byl pouzit chi kvadrét test v kontingenéni tabulce; p <0.05 je

povaZovéna za statisticky vyznamnou.
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Obrazek 5. Rozdéleni studovaného souboru do skupin podle stanoveni diagnézy GDM.

GDM podle IADPSG kritérii N Chybéjici informace
(n=429) (n=11)

GDM umoznujici klasifikaci do
definovanych skupin

(n=418)
A 4 A\ y
Casnéa FPG 2 5.1mmol/l Pozdni FPG 2 5.1mmol/l Pozdni PPG
(n=109) (n =209) (n = 100)

FPG = fasting plasma glucose (lacna glykémie); PPG = postprandial glucose (glykémie po zatéZi stravou); GDM = gestacni

diabetes; IADPSG = International Association of the Diabetes and Pregnancy Study Groups

Prabéh téhotenstvi

Celkovy pfirGstek télesné hmotnosti zen s GDM se v jednotlivych skupinach vyznamné
lisil. U Zen, kterym byl GDM stanoven na zakladé zvysené lacné glykémie (¢asna FPG, pozdni
FPG) byl navic tento pfirlistek negativné asociovan s BMI na pocatku téhotenstvi (p = -0,25,
p <0,05; p =-0,21, p <0,001). Porodni hmotnost plodl se rovnéz mezi skupinami vyznamné
liSila. Ve skupiné ¢asna FPG a pozdni FPG byla porodni hmotnost plodu pozitivné asociovana
s BMI na pocatku téhotenstvi (p = 0,27, p <0,05; p = 0,23, p <0,001). Lécba GDM pomoci
inzulinu byla castéjsi u zen s vyssi lacnou glykémii (¢asna FPG a pozdni FPG) a méla vztah
k télesné hmotnosti (p = 0,19, p <0,001), BMI (p = 0,24, p <0,001), a také HbA1c v dobé
stanoveni diagnézy GDM (p = 0,30, p <0,001). Rozdilny zplisob stanoveni diagnézy GDM pak
v nasi studii nemél vliv na vyskyt sledovanych novorozeneckych komplikaci. Jejich cetnost byla

v jednotlivych skupinach srovnatelna. Vysledky jsou uvedeny v tabulce 5.
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Tabulka 5. Vyvoj télesné hmotnosti, nutnost |écby a vyskyt novorozeneckych komplikaci.

Casna FPG Pozdni FPG Pozdni PPG p value
PrirGstek hmotnosti

9.32(9.0) £ 6.76 12.73 (11.0) £ 8.47 11.05 (10.0) £ 4.66 <0,05
(kg)
Lécba inzulinem (%) 14.7 (16/109) 7.2 (15/209) 4 (4/100) <0,05
Porodni hmotnost

3372.2 £552.2 3415.6 £529.0 3199.0 £560.5 <0,05
(9)
Akutni cisafsky fez

12.5(9/72) 19.9 (30/151) 18.9 (14/74) ns
(%)
Novorozenecka

14.1 (10/71) 10 (15/150) 7 (5/71) ns
hypoglykémie (%)
Novorozenecka

43.1 (31/72) 41.1 (62/151) 47.3 (35/74) ns

Zloutenka (%)

Data jsou zobrazena jako primér (median) + smérodatna odchylka nebo jako % (n/N). p <0.05 je povaZovana za statisticky

vyznamnou.

5.3. Diskuse

| pfes snahu o nalezeni konsenzu zlstava zplsob stanoveni diagnézy GDM v casné fazi
téhotenstvi znacné kontroverzni téma. Stale se hleda vhodny screeningovy test a v soucasné
dobé nepanuje ani vSeobecna shoda nad diagnostickymi hodnotami glykémie, které by byly
v Casné fazi téhotenstvi jednoznacné spojeny se zvySenym rizikem komplikaci pro matku
a plod v dal$im pribéhu téhotenstvi [53]. Z pohledu pficiny vzniku GDM je nyni zvazovan
vyskyt tfi riznych fenotypl, s prevladajici poruchou rezistence k inzulinu, poruchou sekrece
inzulinu nebo jejich kombinaci. Tyto zmény byly popsany jak v casné, tak i v pozdni fazi
téhotenstvi. Dllezitym poznatkem je, Ze Zeny s dominantni poruchou citlivosti k inzulinu maji
vyssi riziko téhotenskych komplikaci, spojenych s gestacnim diabetem [31,54]. Doposud viak
neni zfejmé, zda se tento prokadzany patofyziologicky rozdil uplatiiuje v odpovédi na
standardni [é¢bu gestacniho diabetu.

Jak je patrné z vysledkd nasi studie, klinické vyuziti IADPSG kritérii pro diagnostiku
GDM umoznilo identifikaci tfi skupin téhotnych zen, mezi kterymi lze v dobé diagnézy GDM

najit rozdily v antropometrickych parametrech, a které se mezi sebou lisi v dalsSim priibéhu
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téhotenstvi. Pfednosti nasi studie je predevsim zafazeni téhotnych Zen s casnou diagnézou
GDM, ktera byla stanovena pfi celoplosném screeningu v 1. trimestru téhotenstvi (Casna FPG),
a nezahrnuje tak pouze populaci téhotnych zen se zvySenym rizikem vzniku diabetu. V nasem
souboru bylo timto zplsobem diagnostikovano 25 % Zen. Informace o prevalenci takto
diagnostikované hyperglykémie v casné fazi téhotenstvi vsak celosvétové chybi, a to
predevsim z diivodu stale trvajicich rozdill v diagnostice gestacniho diabetu. V populaci zen
s nadvahou (BMI = 29), byl ¢asny gestacni diabetes vyuzitim IADPSG kritérii prokazan u 22,9 %
testovanych Zen. Samotna zvysena lacna glykémie FPG = 5,1 mmol/l pak v tomto souboru
prispéla k diagndze u 78,5 % pfipadl [55].

Zvysena lacna glykémie identifikovala v nasem souboru Zeny s vyssi télesnou hmotnosti
a BMI v Gvodu téhotenstvi, a to v situaci, kdy byly do screeningu zafazeny téhotné zeny bez
ohledu na pfitomnost rizikovych faktord pro rozvoj GDM (tedy i nadvahy ¢i obezity). Tento
nalez je v souladu s vysledky predchozich studii, kde byla diagnéza GDM zvysenou la¢nou
glykémii spojena s priimérnou hodnotou BMI, odpovidajici pasmu nadvahy [22,31,55].
Télesna hmotnost a BMI pred téhotenstvim se tedy zda byt silnym prediktorem pro zachyt
zvySené lacné glykémie v casné fazi téhotenstvi. V kontrastu s vy$si hmotnosti na pocatku
téhotenstvi byl celkovy pfirlstek hmotnosti ve skupiné Zen s ¢asnou diagnézou GDM v nasi
studii nejnizsi. Ddvodem pro toto zjisténi mize byt delsi doba, po kterou byla uplatfiovana
restriktivni dietni opatfeni jako zplsob |écby GDM. Je zde patrnad i negativni korelace
celkového vahového pfirlstku s hodnotou BMI na pocatku téhotenstvi. U Zen s casnou
diagnézou GDM vsak byla castéji zahajovana farmakologicka [é¢ba pomoci inzulinu. To je
v souladu s dfive publikovanymi studiemi [56]. Vysvétlenim miize byt nedostatecny vliv
restrikce sacharidd v doporucené dieté na hodnoty lacnych glykémii, které pak u této skupiny
zen opakované presahuji cilové hodnoty a jsou tedy divodem k zahajeni farmakologické
lécby.

Casné stanoveni diagnézy GDM nebylo provazeno zvy$enou hodnotou glykovaného
hemoglobinu (HbA1c). Priméma hodnota HbA1c z doby stanoveni diagnézy byla v nasem
souboru v pasmu typickém pro normalni metabolismus glukézy. Neni tedy pravdépodobné,
ze by vyuziti IADPSG kritérii v ¢asné fazi téhotenstvi odhalilo Zeny s pfitomnou poruchou

metabolismu glukézy v obdobi pred téhotenstvim. Je viak patrna pozitivni korelace hodnoty

HbAlc s télesnou hmotnosti a BMI na pocatku téhotenstvi. Vyznamny rozdil byl naopak
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nalezen v hodnotach fruktosaminu. Vysvétleni Ize hledat v poklesu koncentrace albuminu ve
druhé poloviné téhotenstvi (tedy v dobé diagnézy GDM u skupiny pozdni FGM a pozdni PPG)
[57]. Hodnota fruktosaminu je dominantné tvofena pravé albuminem, a proto bude nalezeny
rozdil v koncentraci fruktosaminu spiSe spojen se zménami koncentrace albuminu béhem
téhotenstvi nez se skute¢nym narlistem neenzymatické glykace v obdobi 2-3 tydnli pred
provedenym odbérem. S ohledem na retrospektivni charakter nasi studie v8ak nebylo mozné
provést korekci fruktosaminu s koncentraci alouminu v dobé stanoveni diagnézy GDM.
Vyskyt vybranych perinatalnich komplikaci se v nasi studii mezi skupinami statisticky
nelisil. V kontrastu s timto jsou vysledky meta-analyzy 13 studii, kterd poukazala na zvysené
relativni riziko perinatdlni Umrtnosti a novorozenecké hypoglykémie u Zen s casné
diagnostikovanym GDM oproti zenam, kterym byl GDM diagnostikovan az ve druhé poloviné
téhotenstvi [56]. Vysvétleni rozdilu je mozné hledat v celkové dobé, po kterou byly zeny
s GDM sledovany a |éceny. Nelze vSak posoudit tizi GDM, celkovou davku inzulinu ani vyvoj
glykemickych profil, protoze tyto informace nebylo mozné pro retrospektivni charakter nasi
studie ziskat. Casné diagnéza GDM byla rovné? spojena s vy$si porodni vahou plodu. Picinou
mUze byt jiz dfive popsana hyperinzulinémie plodu v diisledku inzulinové rezistence a castéjsi
lécba inzulinem [31,58]. Vyskyt makrosomie nebyl v nasi studii asociovan s Zadnou
z definovanych skupin. Pozitivné vsak koreloval s hodnotou BMI, vékem a hodnotou HbA1c

v dobé stanoveni diagndézy GDM.

Diagnéza GDM, stanovena v souladu s IADPSG doporucenim zvysenou lacnou
glykémii (FPG = 5,Tmmol/l) v ¢asné fazi t€hotenstvi, je spojena s vyssi télesnou hmotnosti
a BMI Zen na pocatku téhotenstvi, dale je spojena se zvySenym rizikem |é¢by inzulinem a vyssi
porodni hmotnosti plodu. Vliv na vyskyt novorozeneckych komplikaci nebo zvysené riziko

makrosomie plodu nebyl v nasi studii prokazan.
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6. Sekrece inkretinovych hormont u Zzen se zvysenou la¢nou glykémii v ¢asné

fazi téhotenstvi.

Prestoze neni patofyziologie GDM dosud presné objasnéna, predpoklada se uplatnéni
nedostatecné sekrece inzulinu pfi zvysené periferni inzulinové rezistenci, ktera se vyviji béhem
téhotenstvi [31]. Inkretinové hormony, mezi které fadime GLP-1 a GIP, by mohly byt zapojeny
do mechanism{ kompenzujicich zvyseni hladiny glukézy v krvi v dlisledku inzulinové rezistence
pozorované u téhotnych zen [59]. Snizeny inkretinovy efekt mize pfispivat ke zhorsené
kontrole glykémie po jidle, kterd je charakteristickd pro nékteré fenotypy GDM. Kromé
ovlivnéni sekrece p-bunék upravuji inkretinové hormony i sekre¢ni aktivitu a-bunék
Langerhansovych ostrivkd pankreatu (GLP-1 tlumi a GIP zvySuje sekreci glukagonu).
Abnormality v uvolfiovani glukagonu byly popsany u osob s DM 2. typu, ale jeho role u GDM
zatim zndma neni. Pouze nékolik studii zkoumalo koncentrace GLP-1, GIP a/nebo glukagonu
u zen s GDM ve druhé poloviné téhotenstvi, a to v situaci nalacno nebo po jidle. Vysledky
studii vSak byly rozporuplné [60-62]. Divodem nekonzistentnich vysledkd mize byt
zastoupeni téhotnych Zen s rlznym podilem inzulinové rezistence a/nebo sekrece v ramci
patofyziologie GDM.

Hlavnim cilem této studie bylo zjistit, zda existuje na pocatku téhotenstvi rozdil
v sekrecni odpovédi GLP-1, GIP a glukagonu béhem 3hodinového zatéZzového testu
s mixovanou stravou (MMTT — mixed meal tolerance test), méfeného pomoci celkové plochy
pod kfivkou (AUC), mezi téhotnymi Zenami se zvySenou lacnou glykémii ve srovnani
s kontrolnimi t€hotnymi a netéhotnymi osobami. Druhym cilem bylo posoudit vztah mezi
produkci inkretinovych hormond a parametry inzulinové rezistence a funkce B-bunék v ¢asné

fazi téhotenstvi.

6.1. Metodika

Design studie, zafazovaci a vylucovaci kritéria
K ovéfeni testované hypotézy byla navrzena a zorganizovana studie pfipadu a kontrol

v souladu se zasadami Helsinské deklarace ve znéni z roku 2008. Planovana studie byla pred
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svym zacatkem rovnéz posouzena a schvalena Etickou komisi Lékarské fakulty Univerzity
Palackého a Fakultni nemocnice v Olomouci (schvaleni &. 120/17). VSechny Gcastnice
podepsaly pred svym vstupem do studie informovany souhlas.

Do studie byly zafazeny téhotné Zeny v casné fazi téhotenstvi (8. - 14. tyden).
Diagndza zvysené lacné glykémie (i-FPG) byla zaloZena na nejméné dvou mérenich
plazmatické glukézy nalacno = 5,1 mmol/I a <7,0 mmol/l ve dvou riznych dnech v priibéhu
prvniho trimestru (8. - 14. tyden) téhotenstvi [21] . Vylu¢ovacimi kritérii byla: DM 1. nebo
2. typu, sekundarni nebo geneticky typ diabetu, GDM v anamnéze, onemocnéni ledvin, jater
nebo stitné Zlazy, uZivani drog nebo alkoholu a soubéZzna medikace ovliviujici metabolismus
glukézy a funkci GIT (glukokortikoidy, inhibitory protonové pumpy, prokinetika, pankreatické
enzymy). Zdravé téhotné Zeny mély po celou dobu téhotenstvi normalni hladinu glukézy,
vcetné nasledného oGTT mezi 24. a 28. tydnem téhotenstvi. Do kontrolni skupiny byly
zafazeny zdravé netéhotné Zeny srovnatelného véku, které nemély anamnézu poruchy
glukézové tolerance nebo diabetu (véetné GDM nebo anamnézy porodu ditéte s vysokou
porodni hmotnosti, tj. = 4500 g).

Pfi prvni kontrole byly od vSech Ucastnic studie odebrany anamnestické Gdaje.

Nasledné bylo provedeno méreni télesné hmotnosti a vysky (1. trimestr t€hotenstvi), body

mass index (BMI) byl vypoéten jako télesna hmotnost/télesna vyska? (kg/m?).

Tolerancni test s mixovanym jidlem (MMTT)

K provedeni tolerancniho testu s mixovanym jidlem (MMTT — mixed meal tolerance
test) bylo vyuzito 200 ml komeréné dostupné tekuté enteralni vyzivy (Fresubin Original
Drink®, Fresenius Kabi, Némecko; 100 ml obsahuje 420 kJ energetického pfijmu, tj. 3,4 g (30
kJ %) tukd, 13,8 g (55 kJ %) sacharidi a 3,8 g (15 kJ %) bilkovin). Test byl proveden po
10hodinovém nocnim la¢néni mezi 7. a 10. hodinou ranni v 8. - 14. tydnu téhotenstvi. Vzorky
krve byly odebrany na zacatku (0 minut) testu a dale 30, 60, 120 a 180 minut po poZziti 200 ml
tekuté enteralni vyzivy. Vzorky pro méreni GLP-1, GIP a glukagonu byly odebirany do
specialnich krevnich zkumavek s inhibicnim cinidlem sestavajicim z dipeptidylpeptidazy 4,
esterazy a dalSich inhibitorl protedz (BD P800, Becton, Dickinson and Company, Franklin
Lakes, USA). Vzorky byly nasledné do 30 minut od odbéru krve separovany centrifugaci po

dobu 10 minut pfi 1000 g. Plazma byla uchovavana v alikvotech pfi - 80 °C az do dalsi analyzy.
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Laboratorni analyza

BéZné biochemické parametry (glukéza, HbA1c, inzulin, C-peptid) byly méreny
automatickym analyzatorem Cobas 8000 (Roche) v den odbéru krve. Koncentrace inkretind
a glukagonu byly méreny v alikvotech vzorkd uchovavanych pfi teploté -80 °C nejdéle
6 mésicl od odbéru. Hladina glukézy byla stanovena pomoci hexokindzové metody (GLUC3,
Roche Diagnostics GmbH, Mannheim, Némecko). HbA1c byl méfen iontové vyménnou
chromatografii analyzatorem Arkray Adams HA-8180 V (Arkray Corporation, Kyoto,
Japonsko). Hladiny inzulinu a C-peptidu byly stanoveny pomoci komeréné dostupnych
souprav (Immunotech, Marseille, Francie) pomoci imunoradiometrického testu se specifickymi
protilatkami. Na zakladé hladin glukézy a inzulinu nala¢no bylo provedeno hodnoceni funkce
p-bunék podle modelu homeostazy (HOMA-B), hodnoceni inzulinové rezistence modelem
homeostazy (HOMA-B) a hodnoceni inzulinové rezistence s vyuzitim modelu homeostazy
(HOMA-IR) [63] a kvantitativnim indexem kontroly citlivosti na inzulin (QUICKI) [64].
Plazmatické koncentrace glukagonu, GLP-1 a GIP byly méfeny komerénim multiplexnim
testem (Human Metabolic Hormone Magnetic Bead Panel, HMHEMAG34 K, Merck Millipore,
USA). Citlivost byla 13,0 pg/ml pro glukagon, 1,2 pg/ml pro GLP-1 a 0,6 pg/ml pro GIP.

Variabilita mezi testy byla u souprav <10 % a mezi testy <15 %.

Statistické analyza

VSechny proménné jsou uvadény jako primeér + smérodatna odchylka (SD) v pfipadé
normalné rozlozenych dat nebo jako median (mezikvartilové rozpéti) v pripadé nenormalniho
rozlozeni dat. K testovani normalnosti rozdéleni byl pouzit Shapirliv-Wilkdv test. Rozdily
v proménnych mezi skupinami byly analyzovany pomoci t-testu pro normalné rozlozené
proménné nebo pomoci Mannova-Whitneyho U-testu pro proménné s nenormalnim
rozlozenim. K vyjadfeni miry korelace byl pouzit Spearmandv koeficient. Primérna plocha
pod kfivkou (AUC) byla vypoctena pomoci lichobéznikového pravidla vydéleného casovym
intervalem. P <0,05 bylo povaZovano za statisticky vyznamné. Statistické analyzy byly

provedeny pomoci systému Python.

35



6.2.  Vysledky

Zakladni klinicka a laboratorni charakteristika a hladiny inkretinovych hormond v jednotlivych
skupinach

Kritéria pro zafazeni do této studie splnilo celkem 22 téhotnych Zen s casné
diagnostikovanou zvySenou la¢nou glykémii (i-FGP), 25 zdravych téhotnych Zen
a 24 netéhotnych zdravych kontrol (obr. 6, tab. 6). Zeny s i-FPG mély vyznamné vyssi hodnoty
BMI, FPG, HbA1c a C-peptidu ve srovnani se zdravymi téhotnymi Zenami a také ve srovnani
s netéhotnymi zdravymi kontrolami. Pouze ve srovnani se zdravymi téhotnymi Zenami meély

cvvs

také nizsi HOMA-B. Zdravé t&hotné Zeny mély ve srovnani s netéhotnymi zdravymi kontrolami
vyznamné nizsi lacnou glykémii. Mezi skupinami nebyly zjistény zadné rozdily v HOMA-IR
a QUICKI. Hladiny FPG a HbA1c u viech téhotnych Zen pozitivné korelovaly s BMI (p = 0,37,
resp. p =0,49). V case 0 nebyly mezi téhotnymi Zenami pozorovany zadné vyznamné rozdily
v plazmatické koncentraci GLP-1, GIP nebo glukagonu nalacno. Ve srovnani s netéhotnymi
zdravymi kontrolami mély obé skupiny téhotnych Zen nizsi hladiny GIP. U téhotnych Zen

s i-FPG byly také vyznamné vyssi koncentrace GLP-1 nalacno ve srovnani s netéhotnymi

kontrolami (tab. 6, obr. 7).

Obrazek 6. Vyvojovy diagram studie.

92 Zen splnilo zafazovaci kritéria

Vylouceno (14)
- 14 odmitlo Ucast ve studii

78 Zen zafazeno do studie

Nedokoncilo studii (7)
- 2 odmitly pokracovat ve studii
- 5 netolerovalo MMTT

71 zen dokondilo studii

22 téhotnych Zen se zvysenou la¢nou

glykémil v &asné fazi t&hotenstvi (i-FPG) 25 zdravych téhotnych Zen 24 zdravych netéhotnych kontrol
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Tabulka 6. Zakladni klinicka a laboratorni charakteristika jednotlivych skupin.

Téhotné Zeny i-FPG Zdravé téhotné Zeny Zdravé netéhotné Zeny

(n = 22) (n = 25) (n = 24)
Veék (roky) 31.6+5.0 29.4+3.0 29.2+3.5
Gestaéni vék (tydny)  11.3%2.1 11.0+ 1.9 -
Hmotnost (kg) 80.0+ 14.5b¢ 68.0+12.3° 64.0+6.8 @
BMI (kg/m2) 28.9+5.4b¢ 23.4+4.0° 22.6+2.8°
FPG (mmol/I) 5.1 £0.4% 4.4+0.4 @< 4.7+0.3 2>
HbA1C (mmol/mol) 33.022.7 % 29.9+2.5°2 31.1+x1.8 2
C-peptid (pg/ml) 1211 (720) b= 840 (378) @ 1078 (526) =
Inzulin (pg/ml) 348 (381) 306 (343) 296 (324)
HOMA-IR 2.01 (1.85) 1.40 (1.55) 1.59 (1.80)
HOMA-B 105 (108) ® 214 (283) @ 173 (143)
QUCKI 0.34 (0.05) 0.36 (0.05) 0.36 (0.05)
GLP-1 (pg/ml) 6.4 (14.9) ¢ 4.7 (19.9) 2.6 (5.7)°
GIP (pg/ml) 36.3(28.4)¢ 36.3(35.5) ¢ 56.5 (46.6) *
Glukagon (pg/ml) 49.2 (31.4) 50.6 (32.2) 38.9 (42.2)

i-FPG = impaired fasting plasma glucose (zvysena lacna glykémie), BMI = body mass index, FPG = fasting plasma glucose (lacna
glykémie), HbA1c = glykovany hemoglobin, HOMA-IR = homeostasis model assessment of insulin resistance, HOMA-B =
homeostasis model assessment of B-cell function, QUCKI = quantitative insulin sensitivity check index, GLP-1 = glucagon-like
peptide 1, GIP = glucose-dependent insulinotropic peptide; Hodnoty vyjadieny jako primér + smérodatna odchylka nebo jako
medién a mezikvartilové rozpéti (pro data s nenormalnim rozloZenim). Laboratorni vzorky odebirédny nalacno.

Rozdily hodnoceny (p <0.05) na zékladé t-testu (proménné s normalnim rozloZenim) nebo Mann-Whitney U-testu (proménné

s nenormalnim rozloZzenim); a = vs téhotné Zeny s i-FPG, b = vs zdravé téhotné Zeny, ¢ = vs zdravé netéhotné kontroly.

Zmeény hladin glukézy a hormoni béhem MMTT

Zmény plazmatickych koncentraci glukézy a sledovanych hormond béhem MMTT jsou
uvedeny na obrazku 7. Zeny s i-FPG mély ve srovnani se zdravymi t&hotnymi nebo
netéhotnymi Zenami statisticky vyznamné vyssi hladiny C-peptidu v pribéhu celého MMTT
a vyssi hladiny plazmatické glukézy ve 30., 60. a 120. minuté testu. Mély také vyssi hladiny
inzulinu v 60. a 120. minuté MMTT, ale pouze ve srovnani s netéhotnymi zenami. Zdravé
téhotné zeny mély ve srovnani s netéhotnymi kontrolami vyznamné nizsi glykémii
ve 180. minuté, vyssi C-peptid v 60. a 120. minuté a inzulin v 60. minuté MMTT.

Tabulka 7 uvadi AUC pro hladiny glukézy a hormon v jednotlivych skupinach. Plocha
pod kfivkou pro glukézu (glukdzaauwc), C-peptid (C-peptidauc) a inzulin (inzulinauc) byla
vyznamné vyssi u téhotnych Zen s i-FPG ve srovnani se zdravymi téhotnymi Zenami nebo

netéhotnymi kontrolami. Tyto rozdily vSak nebyly vyznamné po korekci na BMI. Vyssi hladiny
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GLP-1 u vdech téhotnych Zen ve srovnani s netéhotnymi kontrolami byly pozorovany pouze
ve 180. minuté MMTT. Béhem testu nebyly mezi skupinami zjistény zadné dalsi signifikantni
rozdily v hladinach GLP-1 a nebyly zjistény ani signifikantni rozdily v hladinach glukagonu
a GIP. Nebyly zjistény zadné vyznamné rozdily v GLP-Tauc, GlIPauc, glukagonauc mezi
vySetfovanymi skupinami (tab. 7). U vSech téhotnych Zen byla zjisténa korelace mezi GLP-1auc
a GlPauc(p = 0,41) a mezi glukagonauc a GLP-Tauc (p = 0,37) i GIPauc (p = 0,36). U téhotnych
Zen s i-FPG korelovala glukagonauc s GLP-1auc (p = 0,48), zatimco u zdravych téhotnych Zen
existovala korelace mezi glukagonauc a GIPauc (p = 0,49). Korelace mezi vybranymi zakladnimi

parametry a GLP-1auc, GIPauc a glukagonauc jsou uvedeny v tabulce 8.

Tabulka 7. Plocha pod kfivkou (AUC) pro glukézu a inkretinové hormony béhem 3hodinového MMTT
u jednotlivych skupin.

Téhotné Zeny Zdravé téhotné E::i:?;né p-value

i-FPG (n=22) Zeny (n=25) (n=24)
glukézaauc (mmol/mL/min) 5.47+1.00 b< 4.40+0.64 ° 4.40+0.53 2 <0.001
?:n':zlz/"";“f/;?i‘)"(‘tace BMI 5.05:0.88 4.54+0.73 4.62+0.48 NS
C-peptidauc (pg/mL/min) 3037 (833) b 2307 (822) @ 2092 (554) = <0.001
C-peptidauc adjustace BMI (pg/mL/min) 2716 (954) 2477 (941) 2235 (760) NS
inzulinauc (pg/mL/min) 1979 (973) b< 1271 (734) @ 1001 (692) = 0.007
inzulinauc adjustace BMI (pg/mL/min) 1751 (660) 1485 (940) 1079 (723) NS
GLP- 1auc (pg/mL/min) 19.0 (53.1) 16.7 (22.3) 16.7 (9.8) NS
GLP-1auc adjustace BMI (pg/mL/min) 19.6 (54.9) 16.9 (18.5) 17.0 (10.6) NS
GIPauc (pg/mL/min) 317124 290+89 303+80 NS
GIPauc adjustace BMI (pg/mL/min) 336119 28685 297+81 NS
glukagonauc (pg/mL/min) 63.2+28.1 61.7+32.9 60.6+29.5 NS
glukagonauc adjustace BMI (pg/mL/min) ~ 65.8+26.9 61.6+£32.9 60.3+29.4 NS

i-FPG = impaired fasting plasma glucose (zvysena lacné glykémie), GLP-1 = glucagon-like peptide 1, GIP = glucose-dependent
insulinotropic peptide, AUC = plocha pod kfivkou béhem 3 h toleran¢niho testu s mixovanou stravou, NS = nesignifikantni.

Rozdil mezi skupinami byl testovan jednosmérnou ANOVA pro normalni rozloZeni proménnych nebo Kruskal-Wallis testem
v opacném pfipadé. Holm-Bonferroni procedura byla vyuZita pro korekci vice¢etného testovani. V pfipadeé signifikantnich rozdild
bylo vyuZito parovych test - t-test pro normalni distribuci proménnych nebo Mann-Whitney U-test v opacné pripadé; a = vs

téhotné Zeny s i-FPG, b = vs zdravé téhotné Zeny, ¢ = vs zdravé netéhotné kontroly.
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Tabulka 8. Korelace mezi zékladnimi parametry a inkretinovymi hormony.

i FPG Zdravé téhotné Vsechny téhotné Net&hotné

Nalaéno AUC Na laéno AUC Nalaéno AUC Nalaéno AUC

GLP-I -0.09 -0.08 0.21 0.23 0.07 0.12 -0.16 -0.23

Vék GIP -0.33 -0.04 0.18 0.14 -0.08 0.09 -0.21 -0.06
Glukagon -0.01 -0.21 -0.02 0.09 0.02 -0.04 -0.26 -0.20

GLP-I -0.15 -0.42 -0.01 -0.09 0.01 -0.12 -0.42* -0.37

BMI GIP -0.35 -0.08 -0.01 -0.36 -0.17 -0.12 -0.17 0.08
Glukagon 0.25 0.10 0.04 -0.12 0.09 0.09 -0.34 -0.27

GLP-I 0.08 0.02 0.14 0.09 0.15 0.10 0.02 -0.08

HbA1c GIP -0.51* -0.09 -0.13 -0.13 -0.30* -0.08 -0.15 -0.11
Glukagon 0.30 0.17 0.08 -0.07 0.11 0.03 -0.37 -0.28

GLP-I -0.08 0.02 -0.47* -0.15 -0.19 0.03 0.10 -0.14

FPG GIP -0.43* -0.16 -0.50* -0.27 -0.36* -0.13 0.02 0.19
Glukagon 0.26 0.15 -0.40* -0.44* -0.16 -0.09 -0.11 -0.06

GLP-I 0.06 -0.13 0.40* 0.20 0.24 0.05 -0.02 0.03

C-peptid GIP 0.02 -0.05 0.17 0.41* 0.08 0.21 0.39 0.37
Glukagon 0.05 -0.01 0.17 0.10 0.08 0.06 0.41* 0.45*

GLBI 0.27 0.12 0.30 0.03 0.29 0.12 -0.08 0.04

HOMA-IR GIP -0.18 0.16 0.42* 0.14 0.15 0.15 0.17 -0.02
Glukagon 0.34 0.29 0.32 0.26 0.33* 0.27 0.24 0.39

GLP-I 0.30 0.13 0.45* 0.05 0.35* 0.08 -0.08 0.03

HOMIA+ GIP -0.06 0.11 0.66*** 0.33 0.36* 0.20 0.27 -0.04
Glukagon 0.25 0.23 0.45* 0.45* 0.42** 0.33* 0.36 0.45*

GLP-I -0.27 -0.12 -0.30 -0.03 -0.29 -0.12 0.08 -0.04

QUICKI GIP 0.18 -0.16 -0.42* -0.14 -0.15 -0.15 -0.17 0.02
Glukagon -0.34 -0.29 -0.32 -0.26 -0.33* -0.27 -0.24 -0.39

iFPG = impaired fasting plasma glucose (zvysena lacna glykémie), BMI = body mass index, FPG = fasting plasma glucose (lacna
glykémie), HbA1c = glykovany hemoglobin, HOMA-IR = homeostasis model assessment of insulin resistance, HOMA-f =
homeostasis model assessment of B-cell function, QUCKI = quantitative insulin sensitivity check index, GLP-1 = glucagon-like
peptide 1, GIP = glucose-dependent insulinotropic peptide, AUC = plocha pod kfivkou béhem 3 h toleranéniho testu

s mixovanou stravou. Statisticka vyznamnost: *p<0.05, ** p<0.01, *** p<0.001.
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Obrazek 7. Zmény v hladinach glukézy a vybranych hormontd béhem 3hodinového MMTT.
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Zmény plazmatickych koncentraci glukézy a hormont béhem MMTT v jednotlivych skupindch. Glukéza, GIP a glukagon zobrazeny jako priimér a 95% interval spolehlivosti. Inzulin, C-peptid a GLP-1

nasleduji logaritmicko-normalni rozloZeni, proto zobrazeny jako geometricky primér a 95% interval spolehlivosti. Modra = téhotné Zeny s i-FPG, cervena = zdravé téhotné Zeny, zelend = netéhotné

kontroly.



6.3. Diskuse

Ve studii jsme testovali hypotézu, zda budou Zeny se zvySenou glykémii nalac¢no ve
srovnani se zdravymi téhotnymi Zenami vykazovat v ¢asné fazi téhotenstvi zmény v sekreci
inkretinovych hormond béhem tolerancniho testu s mixovanou stravou. Téhotné Zeny s ¢asné
diagnostikovanou zvysenou la¢nou glykémii byly vice obézni a vykazovaly znamky poruchy
funkce beta-bunék (HOMA-B). Ackoli mély tyto Zeny vyssi hladiny C-peptidu, markery
inzulinové rezistence (HOMA IR, QUICKI) se ve srovnani s kontrolami vyznamné nelisily.
Navzdory vyse uvedenym zménam v homeostaze glukézy a sekreci inzulinu neprokazala nase
studie vyznamné rozdily v koncentraci GLP-1 a GIP nala¢no a béhem 3hodinového MMTT.

Pouze nékolik studii zkoumalo koncentrace inkretinovych hormond (GLP-1 a GIP)
u t€hotnych zen s diagnézou GDM. Vysledky viak nebyly jednoznacné. Cypryk et al. nezjistili
zhorsenou sekreci GLP-1 a GIP béhem oGTT u Zzen s GDM [61]. V jejich souboru byly téhotné
Zzeny s GDM vice inzulinorezistentni nez Zeny bez GDM. SniZzenou sekreci GLP-1 béhem oGTT
u téhotnych zen s GDM pozorovali Lencioni et al. [62]. Tyto Zeny mély podobnou hmotnost
a BMI ve srovnani se zdravymi téhotnymi kontrolami, ale vykazovaly poruchu casné faze
sekrece inzulinu a zhorSenou inzulinovou senzitivitu. Snizenou sekre¢ni odpovéd” GLP-1
béhem oGTT zjistili také Sukumar et al. [60]. Ve své studii prokazali u téhotnych zen s GDM
zhorsenou sekreci inzulinu, ale v porovnani se zdravymi téhotnymi Zenami neprokazali rozdil
v HOMA-IR. Bonde et al. zkoumali postprandialni odpovédi GLP-1 u téhotnych Zen s GDM
béhem MMTT [65]. Sekre¢ni odpoveéd GLP-1 se u téhotnych Zen s GDM a bez GDM v pozdni
fazi téhotenstvi (3. trimestr) nelisila. Pokud v8ak srovnali sekreci GLP-1 v téhotenstvi
s obdobim 3-4 mésice po porodu, nalezli snizeni GLP-1 u téhotnych Zen. Mosavat et al. zjistili
nizsi hladiny GLP-1 i GIP nalac¢no u pacientek s GDM [66]. Tyto Zeny vykazovaly zhorenou
funkci B-bunék méfenou pomoci HOMA-B. Nizsi hladiny GLP-1 a GIP byly nezavisle
asociovany se zvysenym rizikem GDM. Fritsche et al. prekvapivé zjistili zvySenou sekreci GLP-1
a GIP béhem OGTT u zen s GDM [67]. Tyto zeny mély nizsi sekreci inzulinu a podobny BMI
ve srovnani se zdravymi kontrolami. Autofi vysvétluji vyraznou odpovéd GLP-1 jako soucast
kompenzacniho mechanismu plsobiciho proti rezistenci na GLP-1 u osob s GDM. Je nutné
poznamenat, Ze vSechny vyse uvedené studie se zaméfily na t€hotné zeny, kterym byl GDM

diagnostikovan az ve druhém nebo na pocatku tfetiho trimestru. Rozdilné nalezy proto mohou
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byt zplsobeny rlznym podilem inzulinové rezistence a/nebo poruchou sekrece inzulinu
(v disledku poruchy produkce inkretinl nebo inkretinové rezistence) u zen s rlznymi fenotypy
GDM. V nasi studii sice Zeny se zvySenou lacnou glykémii v prvnim trimestru (i-FPG)
vykazovaly snizenou funkci B-bunék, ale koncentrace GLP-1 nebo GIP nala¢no zménény
nebyly. Rovnéz nebyly zjistény Zadné vyznamné zmény v sekreci téchto hormond béhem
3hodinového peroralniho MMTT. Nase studie tedy neprokazuje, Ze by narusend sekrece
inkretind hrala vyznamnou roli v rozvoji casné poruchy glukézového metabolismu
v téhotenstvi. Podobné jako jini [60,67] jsme ani my nezjistili u téhotnych Zen rozdily v sekreci
glukagonu nala¢no nebo po zatézi stravou. V soucasné dobé prevlada nazor, Zze GLP-1
inhibuje, zatimco GIP stimuluje sekreci glukagonu [68]. U vSech téhotnych Zen byla zjisténa
vyznamna pozitivni korelace mezi produkci glukagonu a obou inkretinovych hormoni
v pribéhu MMTT. U zdravych téhotnych Zen byla vyznamna korelace nalezena pouze mezi
glukagonauc a GlPauc, zatimco u Zen s poruchou glykémie nalacno koreluje glukagonauc pouze
s GLP-Tauc. Jednim z popisovanych projevii inkretinové rezistence je také snizena schopnost
GLP-1 suprimovat sekreci glukagonu [69]. Vysledky nasi studie vsak nenasvédcuji
vyznamnému podilu zvySené sekrece glukagonu v patogenezi ¢asného GDM.

Jednim z moznych ddvodd, proc se v nasi studii inkretinova sekrece mezi skupinami
nelisila, mGze byt zaméreni na téhotné Zeny s casné diagnostikovanou i-FPG. Tyto vysledky
tedy nelze extrapolovat na Zeny s normalni hladinou glukézy v prvnim trimestru téhotenstvi,
u kterych je GDM diagnostikovan az v pozdéjsi fazi téhotenstvi (zpravidla ve 24. - 28. tydnu).
V nasi studii jsme MMTT v pozdéjsi fazi téhotenstvi neprovadéli, proto nemiizeme vyloucit, ze
se zménéna sekrece inkretin( u Zen s casné diagnostikovanou poruchou glykémie nalac¢no
mlze objevit pozdéji. Dalsim divodem absence rozdild v sekreci inkretinG mezi skupinami
mlze byt nedostatecnd etnickd rozmanitost. Rlznd rasova/etnickd pfislusnost je spojena
s riznou prevalenci glukézové intolerance béhem téhotenstvi [59]. Obezita matek byla
spojena s vyssim C-peptidem a nizsi inzulinovou senzitivitou i v prvnim trimestru téhotenstvi
[26]. Dieta a mirné az stfedné intenzivni cvi¢eni byly Gcinné v prevenci GDM [70]. V nasi studii
jsme zjistili vyssi hladiny C-peptidu jak ve stavu nalacno, tak béhem MMTT u Zen s i-FPG ve
srovnani se zdravymi kontrolami. Po adjustaci na BMI v8ak C-peptidauc nevykazoval vyznamny

rozdil. Prestoze BMI nekorelovalo s produkci inkretin{i nalac¢no ani po zatézi stravou a zeny se
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zvysenou lacénou glykémii nevykazovaly vyznamné zvyseni markerd inzulinové rezistence

(HOMA-IR, QUICKI), byla u nich prokazana snizena funkce -bunék (HOMA-pB).

6.4.  Zavér

Zeny s ¢asné diagnostikovanou zvysenou lagnou glykémii nevykazovaly v prvnim
trimestru téhotenstvi zménénou sekreci inkretinovych hormonl (GLP-1, GIP) nalacno ani po
zatézi stravou. Tyto pacientky byly vice obézni a vykazovaly znamky snizené funkce B-bunék.
Na rozdil od obezity se zda, ze narusena sekrece inkretinovych hormonl nehraje v ¢asné fazi

té&hotenstvi vyznamnou roli v rozvoji GDM.
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7. Plazmatické koncentrace vybranych adipokinl u Zen s ¢asnou diagnézou

gestacniho diabetu

Predpokladame, ze cirkulujici hladiny glukoregulacnich adipokind jsou u zen s GDM
zménény jiz v prvnim trimestru t&hotenstvi. Casna intervence ve smyslu dietnich opatfeni
a farmakologické |écby by pak mohla zlepsit nepfiznivy metabolicky Gcinek adipokinl
a ovlivnit jejich koncentrace v dalsim pribéhu téhotenstvi. Za timto Gcelem jsme porovnavali
plazmatické koncentrace adiponektinu, A-FABP a FGF-19 u Zen s ¢asné diagnostikovanym
GDM s koncentracemi u zdravych téhotnych Zen a zdravych netéhotnych kontrol. Souc¢asné

jsme studovali jejich zmény v prabéhu téhotenstvi.

7.1. Metodika

Design studie, zafazovaci a vylucovaci kritéria

Proved|i jsme studii pfipadd a kontrol v souladu se zasadami Helsinské deklarace ve
znéni z roku 2008. Planovana studie byla pfed svym zacatkem rovnéz posouzena a schvalena
Etickou komisi Lékarské fakulty Univerzity Palackého a Fakultni nemocnice v Olomouci
(schvaleni ¢. 120/17). VSechny Ucastnice podepsaly pred svym vstupem do studie informovany
souhlas.

Diagndza c¢asného GDM byla podobné jako v pfedchozi studii stanovena na zakladé
opakovaného prikazu lacné glykémie FPG 25,1 mmol/l a <7,0 mmol/I béhem prvniho
trimestru téhotenstvi (8. - 14. tyden) [21]. Vyluovacimi kritérii byla pfitomnost DM 1. nebo
2. typu, sekundamniho, genetického typu diabetu nebo anamnéza GDM v predchozim
téhotenstvi. VSechny téhotné zeny byly zafazeny do studie v prvnim trimestru a sledovany po
zbytek téhotenstvi az do porodu. Zdravé téhotné Zeny mély po celou dobu téhotenstvi
normalni hladinu glukézy, véetné oGTT, ktery byl proveden mezi 24. a 28. tydnem téhotenstvi
[21]. Do kontrolni skupiny byly zafazeny zdravé netéhotné zeny srovnatelného véku, které
nemély anamnézu poruchy glukézové tolerance nebo diabetu (véetné GDM nebo anamnézy
porodu ditéte s vysokou porodni hmotnosti, tj. 24500 g). VSechny Gcastnice studie mély

rovnéz normalni funkci stitné Zlazy.
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Pfi prvni kontrole byly od vSech Zen odebrany anamnestické Gdaje. Nasledné bylo
provedeno méreni télesné hmotnosti, obvodu pasu, systolického (STK) a diastolického (DTK)
tlaku krve. Byl vypocitan BMI jako télesnd hmotnost/télesna vyska? (kg/m?). Obvod pasu byl
méfen ve stoje, uprostfed mezi prednim kycelnim hfebenem a dolnim okrajem Zeber.
V priibéhu studie byly vSechny téhotné zeny (s GDM nebo bez GDM) vysetfeny v prvnim (8. -
14. tyden), druhém (24. — 28. tyden) a tretim (34. — 38. tyden) trimestru. Pfi kazdé navstévé
byla kontrolovana télesnd hmotnost, BMI, obvod pasu, STK, DTK, z laboratornich parametr
pak glykémie, HbA1c a hladiny adipokind (adiponektin, A-FABP, FGF-19).

UZen s GDM byla jiz béhem prvni navstévy (v 1. trimestru) zavedena casna terapeuticka
intervence. Ta spocivala v nutri¢ni edukaci s doporucenou dietou omezujici prijem sacharidd
(175 g sacharidl nebo 35 % z pfijmu 2000 kalorii, minimalné 71 g bilkovin a 28 g vlakniny;
dlraz byl kladen na mononenasycené a polynenasycené tuky, zatimco nasycené tuky byly
omezeny). Dale byla doporucena fyzicka aktivita, spocivajici v 30minutovém cviceni (chiize
stfedni intenzity) alespon 5 dnii v tydnu.

Farmakologicka lécba GDM byla u téhotnych Zen zahajena, pokud bylo béhem
téhotenstvi spInéno alespon jedno z nasledcich kritérii: opakovana hladina FPG >5,3 mmol/l;

glykémie 1 hodinu po jidle >7,8 mmol/| nebo glykémie 2 hodiny po jidle >6,7 mmol/I [71,72].

Laboratorni metody

Vzorky Zilni krve byly odebrany rano po 12hodinovém lacénéni. Bézné biochemické
parametry séra (glukéza, HbA1c a C-peptid) byly analyzovany v den odbéru krve. Koncentrace
adipokind byly méteny v alikvotech, uchovavanych pfi teploté -80 'C nejdéle po dobu
6 mésicl. Hladiny glukézy byly vséru stanoveny metodou hexokindzy (GLUC3, Roche
Diagnostics GmbH, Mannheim, Némecko) na automatickém analyzatoru Cobas 8000 (Roche).
Hladiny HbA1c byly méfeny iontové vyménnou chromatografii na analyzatoru Arkray Adams
HA-8180V (Arkray Corporation, Kjéto, Japonsko). Hladiny C-peptidu byly stanoveny pomoci
komeréné  dostupné soupravy (Immunotech, Marseille, Francie) s  vyuZitim
imunoradiometrického testu se specifickymi protilatkami.

Adiponektin byl stanoven pomoci imunochemické soupravy Human Adiponectin
ELISA (Biovendor Laboratory Medicine Inc., Brno, Ceska republika) podle nadvodu vyrobce.

Protilatky pouzité v této soupravé jsou specifické pro lidsky adiponektin. Citlivost testu byla
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26 ng/ml; variacni koeficienty presnosti (CV) byly 4,9 % (intra-assay) a 6,7 % (inter-assay).
Hladiny A-FABP byly stanoveny pomoci soupravy ELISA Human Adipocyte FABP4 (Bioven-
dor Laboratory Medicine Inc.) podle pokynt vyrobce. Protilatky pouzité v tomto testu ELISA
jsou specifické pro lidsky A-FABP. Citlivost testu byla 0,08 ng/ml; CV ptesnosti bylo 2,5 %
(intra-assay) a 3,9 % (inter-assay). Hladiny FGF-19 byly ziskany pomoci testu Human FGF-19
ELISA (Biovendor Laboratory Medicine Inc.) podle pokynl vyrobce. Protilatky pouzité v tomto
testu ELISA jsou specifické pro lidsky FGF-19. Citlivost testu byla 4,8 pg/ml; CV presnosti bylo

6 % (intra-assay) a 7,5 % (inter-assay).

Statistické metody

Vysledky byly vyjadfeny pomoci mediand a mezikvartilovych rozptyld. Rozdily
v proménnych mezi skupinami byly hodnoceny s vyuzitim Mannova-Whitneyho U-testu.
Rozdily mezi vzorky v jednotlivych trimestrech byly analyzovany Wilcoxonovym signed-rank
testem. Spearmanova korelacni analyza testovala korelace mezi parametry ve vech
skupinach. K vyjadreni miry korelace mezi parametry pak byl pouzit Spearmaniv koeficient
(p). Testovani nezavislych asociaci mezi zavislymi a nezavislymi proménnymi bylo provedeno
pomoci mnohonasobné linearni regresni analyzy. Hodnota p <0,05 byla povazovana za

statisticky vyznamnou. Pro statistickou analyzu byl pouzit software Statistica 14.0.

7.2.  Vysledky

Zakladni klinické a laboratomni parametry a hladiny adipokint v jednotlivych skupinach

Do studie bylo zafazeno celkem 23 téhotnych Zen s casné diagnostikovanym GDM,
29 téhotnych Zen bez GDM a 25 zdravych netéhotnych. Zakladni laboratorni parametry
a hladiny adipokinl uvadi tabulka 9. V prvnim trimestru mély zeny s ¢asnou diagnézou GDM
vyznamné vyssi hmotnost, BMI, obvod pasu, FPG, HbAlc a hladinu C-peptidu. Hladina
adiponektinu byla vyznamné snizena, zatimco hladina A-FABP byla vyznamné vyssi. Ve vSech
vyjmenovanych parametrech se tak Zeny s c¢asnou diagnézou GDM lisily od obou zbylych
skupin (zdravé téhotné zeny a zdravé netéhotné kontroly).

Téhotné Zeny bez GDM mély ve srovnani se zdravymi netéhotnymi kontrolami

vyznamné vyssi obvod pasu a hladiny C-peptidu, ale nizsi hladiny FPG a HbA1c. V obou
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skupinach byl rovnéz nalezen rozdil v hladinach A-FABP, kdy byla tato hladina u zdravych

téhotnych Zen vyznamné snizena.

Mezi skupinami nebyly zjistény zadné vyznamné rozdily v hladiné FGF-19. Analyza

ANCOVA ukazala stejné vyznamné rozdily v adipokinech mezi jednotlivymi skupinami i po

adjustaci na BMI.

Tabulka 9. Zakladni a klinické parametry v jednotlivych skupinach.

Té&hotné Zeny GDM+ Téhotné Zeny GDM- Neté&hotné Zeny
(n=23) (n=29) (n=25)
Veék (roky) 32.0 (27.1-36.2) 30.0 (27.9-32.3) 29.4 (26.6-33.0)
Tyden téhotenstvi (tydny) 11.1(10.2-11.8) 10.9 (9.9-11.6) -
Hmotnost (kg) 80.2 (72.3-88.9) b< 65.1 (61.3-74.9) @ 63.6 (59.9-67.6)°
BMI (kg/m?) 28.5 (25.4-32.8) < 23.4 (20.4-25.1) @ 21.9 (20.3-23.9) ®
Pas (cm) 96.3 (91.4-97.8) < 80.5 (74.4-87.5) < 75.5 (70.4-81.6) **
STK (mmHg) 121.9 (109.1-129.4) 120.2 (111.5-127.4) 117.1 (110.0-126.9)
DTK (mmHg) 76.3 (67.2-81.6) 78.0 (69.8-81.3) 74.2 (69.0-80.6)
FPG (mmol/l) 5.1 (4.9-5.3) b 4.3 (4.1-4.4) > 4.7 (4.5-4.8) 2*
HbA1c (mmol/mol) 32.3(30.6-34.9) b< 30.0 (27.5-32.2) < 31.0 (30.9-33.2) *

C-peptid (pmol/l)

922.4 (533.5-1468.0)

602.1 (416.5-748.3) @

510.5 (405.0-595.6) @

Adiponectin (eg/mL)

8.9(7.2-11.1) b,c

11.1 (9.8-13.4)°

10.6 (9.3-12.6) °

A-FABP (ng /mL)

28.6 (20.4-39.4)

13.7 (10.8-16.2) 2

20.3 (17.7-26.8) >

FGF-19 (pg/mL)

182.2 (101.3-309.3)

216.4 (131.7-350.5)

266.6 (164.4-320.3)

GDM = gestacni diabetes mellitus; BMI = body mass index; STK = systolicky tlak krve; DTK = diastolicky tlak krve; FPG = fasting
plasma glucose (lacna glykémie); HbA1C = glykovany hemoglobin; A-FABP = adipocyte fatty acid-binding protein; FGF-19 =
fibroblast growth factor-19. Hodnoty vyjadieny jako median (25. a 75. percentil). Signifikantni rozdil (o <0.05) podle Mann-

Whitney U-test: a = vs. téhotné Zeny s GDM; b = vs. téhotné Zeny bez GDM; ¢ = vs. zdravé netéhotné Zeny

Zmeény klinickych parametrd, glykemické kontroly a adipokini v pribéhu téhotenstvi

Zmény vybranych klinickych parametrl, kontroly glykémie a adipokini béhem
téhotenstvi jsou uvedeny v tabulce 10. VSem pacientkdm s GDM byla pfi prvni navstévé
doporucena dietni opatfeni a pravidelna fyzicka aktivita. U 30 % z nich (7 z 23) bylo nutné
zahdjit farmakologickou |é¢bu. Lécba byla zahdjena s medidnem v 15. tydnu (14-17)
téhotenstvi. Ve vSech pfipadech byl podavan inzulin. Vzhledem k casné intervenci GDM
nebyly mezi téhotnymi Zenami s ¢asnou diagnézou GDM a téhotnymi Zenami bez GDM ve
druhém a tfetim trimestru ve srovnani s prvnim trimestrem zjistény zadné vyznamné rozdily

v hmotnosti, BMI a HbA1c. Zatimco se hmotnost a BMI u zdravych téhotnych zen v pribéhu
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celého téhotenstvi postupné zvysovaly, doslo u téhotnych zen s GDM k vyznamnému narlstu
hmotnosti a BMI az ve tfetim trimestru. Hladina lacné glykémie pak byla vyznamné vyssi
u t€hotnych Zen s GDM pouze ve tfetim trimestru. Stejné jako v prvnim trimestru nebyly ve
druhém a tfetim trimestru zjistény Zzadné vyznamné rozdily v krevnim tlaku (STK a DTK). Zmény
v hladinach adipokinl odrazely zmény télesné hmotnosti a BMI (tab. 10, obr. 8). Koncentrace
adiponektinu zlstaly u téhotnych zen s GDM témér beze zmény. Naproti tomu se u t€hotnych
Zen bez GDM a také u netéhotnych vyznamné snizily. V disledku toho nebyly zjistény Zadné
vyznamné rozdily v hladinach adiponektinu mezi skupinami téhotnych zen (GDM+ vs GDM-)
b&hem druhého a tretiho trimestru.

A-FABP se béhem téhotenstvi snizil u Zen s GDM a zvysil u Zen bez GDM. A-FABP byl
tedy u pacientek s GDM vyznamné vyssi pouze ve druhém trimestru, zatimco ve tfetim
trimestru se mezi skupinami (GDM+ vs. GDM-) nelisil. V obou skupinach nebyly v pribéhu
téhotenstvi pozorovany zadné vyznamné zmény FGF-19. Hladiny FGF-19 se mezi skupinami

(GDM+ vs GDM-) v prlbéhu celé studie vyznamné nelisily.
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Tabulka 10. Zmény klinickych parametr(, adipokinli a kontroly glykémie v pribéhu téhotenstvi u Zen

s diagndzou a bez diagnézy GDM.

Prvni trimestr
(8. -12. tyden)

Druhy trimestr
(24. - 28. tyden)

Treti trimestr
(34. - 38. tyden)

c b
Himotnost GDM+  80.2(72.3-88.9) 77.5 (68.0-93.9) 82.0 (77.2-90.0)
(kg) GDM-  65.1 (61.3-74.9) b< 77.0 (71.2-82.2) *< 83.2 (74.7-90.5) 2b
BMI GDM+  28.5 (25.4-32.8) 27.5(23.7-32.4) 27.4 (25.8-33.8) ®
2

(kg/m?) GDM-  23.4(20.4-25.1) b< 25.9 (23.6-28.0) *< 28.5 (25.1-31.0) ®
Pas GDM+  96.3 (91.4-97.8) 104.5 (98.3-110.1) < 108.3 (103.2-114.4) =»
(cm) GDM-  80.5 (74.4-87.5) b< 96.0 (90.2-102.5) < 106.1 (98.7-114.5) =+
STK GDM+  121.9 (109.1-129.4) 120.0 (112.5-129.6) 123.8 (117.3-132.1)
(mmHg) GDM-  120.2 (111.5-127.4) 118.1 (108.9-120.4) 121.2 (114.0-130.5)
DTK GDM+  76.3 (67.2-81.6) 73.2 (69.5-76.5) 82.1 (74.7-85.3) ®
(mmHg) GDM-  78.0 (69.8-81.3) 71.2 (64.9-75.1) 77.5 (88.0-81.0)
PG GDM+ 5.1 (4.9-5.3)b 4.5 (4.4-5.0) ® 4.8 (4.3-5.3)
(mmol/l) GDM- 4.3 (4.1-4.4) 4.2(4.0-4.9) 4.4 (4.1-4.5)

c c ab
HbA1c GDM+  32.3(30.6-34.9) 31.0 (30.2-33.1) 36.0 (32.0-38.5)
(mmol/mol) =\ 30,0 (27.5-32.2) 29.5 (28.1-31.0) © 33.3 (31.0-34.2) =b
Adiponectin  GPM+  8:9(7:2-11.1) 8.9 (7.7-10.3) 9.0 (7.3-10.7)
(eg/ml) GDM-  11.1(9.8-13.4)¢ 10.2 (7.2-13.5) 9.1 (8.0-12.1)

b,c _ a - a
AFABP GDM+  28.6 (20.4-39.4) 21.8 (12.8-26.2) 23.8 (19.4-30.1)
(ng/ml) GDM- 13.7 (10.8-16.2) © 14.3 (11.0-18.0) 22.4 (13.4-29.3) >k
FGE-19 GDM+ 182.2 (101.3-309.3) 210.1 (104.6-360.0) 193.1 (105.1-250.4)
(pg/ml) GDM- 216.4 (131.7-350.5) 192.0 (139.6-289.3) 205.5 (87.4-302.0)

GDM = gestacni diabetes mellitus; BMI = body mass index; STK = systolicky tlak krve; DTK = diastolicky tlak krve; FPG = fasting

plasma glucose (lacna glykémie); HbA1c = glykovany hemoglobin; A-FABP = adipocyte fatty acid-binding protein; FGF-19 =

fibroblast growth factor-19. Hodnoty vyjédreny jako median (25 a 75 percentil). Signifikantni rozdil (p <0.05) podle Wilcoxon

signed-rank test: a = vs. 1. trimestr; b = vs. 2. trimestr; ¢ = vs. 3. trimestr nebo statisticky vyznamny rozdil podle Mann-Whitney

U-test: = téhotné Zzeny s GDM (n = 23) vs. téhotné Zeny bez GDM (n = 29).
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Vztah adipokint ke klinickym a laboratornim parametrim

U v8ech téhotnych Zen (n = 52) byla provedena korela¢ni analyza zakladnich Gdajd.
Adiponektin vyznamné inverzné (p <0,05) koreloval s télesnou hmotnosti (p = -0,34), BMI (p =
-0,39), obvodem pasu (p = -0,31), FPG (p = -0,38) a HbATc (p = -0,23).

A-FABP pozitivné koreloval s télesnou hmotnosti (p = 0,55), BMI (p = 0,52), obvodem
pasu (p = 0,53), STK (p = 0,17), FPG (p = 0,46) a HbA1c (p = 0,42).

FGF-19 inverzné koreloval s télesnou hmotnosti (p = -0,23), BMI (p = -0,20), SBP (p =
-0,39) a DTK (p = -0,32). Vyznamna inverzni korelace byla zjisténa také mezi hladinami
adiponektinu a A-FABP (p = -0,18). FGF-19 nekoreloval ani s adiponektinem, ani s A-FABP.

Vysledky multivariacni regresni analyzy nezavislych faktorl ovliviujicich adiponektin,
A-FABP a FGF-19 jako zavislé proménné na zakladé Gdaji ze viech tii trimestrl u vSech
téhotnych Zen (n = 52) jsou uvedeny vtabulce 11. Adiponektin byl nezavisle spojen
s obvodem pasu a HbA1C; A-FABP s hmotnosti, SBP a glukézou nalacno; a FGF-19 pouze se
STK.
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Tabulka 11. Multivariaéni linearni regresni analyza nezavislych faktor( ovliviujicich adiponektin, A-FABP

a FGF-19 jako zavislé proménné.

Adiponectin
Nestandardizované koeficienty ~Standardizované koeficienty Sig.
B SE Beta SE
Hmotnost 0.259 0.464 0.034 0.061 0.558 0.578
BMI -0.621 0.418 -0.236 0.159 -1.486 0.140
Pas 0.672 0.327 0.074 0.036 2.058 0.041
FPG 0.093 0.226 0.211 0.511 0.414 0.680
HbA1c 0.530 0.257 0.175 0.085 2.065 0.046
Adipocyte-fatty acid binding protein
Nestandardizované koeficienty ~Standardizované koeficienty . Sig.
B SE Beta SE
Hmotnost 1.056 0.497 0.313 0.148 2.124 0.035
BMI 0.168 0.447 0.144 0.382 0.377 0.707
Pas -0.191 0.370 -0.047 0.091 -0.515 0.607
FPG 0.760 0.246 3.860 1.251 3.087 0.002
HbA1c 0.332 0.293 0.246 0.217 1.134 0.259
STK 1.210 0.287 0.240 0.057 4.214 0.000
Fibroblast growth factor-19
Nestandardizované koeficienty ~Standardizované koeficienty . Sig.
B SE Beta SE
Hmotnost 0.200 0.916 0.895 4.107 0.218 0.828
BMI -0.242 0.879 -3.123 1.340 -0.275 0.783
STK 0.722 0.753 2.157 2.250 0.959 0.039
DTK -0.015 0.666 -0.072 3.146 -0.023 0.982

BMI = body mass index; STK = systolicky tlak krve; DTK = diastolicky tlak krve; FPG = fasting plasma glucose (lacna glykémie);
HbA1c = glykovany hemoglobin.
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Obrazek 8. Sérové koncentrace adipokint v jednotlivych skupinach.
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GDM = gestational diabetes mellitus; A-FABP = adipocyte fatty acid-binding protein; FGF-19 = fibroblast growth factor-19.

Hodnoty jsou vyjadreny jako median a mezikvartilovy rozptyl.
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7.3. Diskuse

Tato studie prokazala, Ze t€hotné zeny s casné diagnostikovanym GDM maji vyznamné
snizené koncentrace adiponektinu a zvySené koncentrace A-FABP ve srovnani s t€hotnymi
zenami bez GDM a netéhotnymi zdravymi kontrolami. Oba adipokiny korelovaly s visceralni
adipozitou a kontrolou glykémie. A-FABP pak inverzné koreluje s adiponektinem.
Multivariacni regresni analyza ukazala nezavislé asociace mezi adiponektinem a obvodem
pasu a HbATc. A-FABP byla nalezena asociace s hmotnosti, STK a hladinou glukézy nalacno.
Jak je z vysledkl dale patrné, zavedeni ¢asné intervence v oblasti Zivotniho stylu (dieta, fyzicka
aktivita) bylo spojeno s posunem cirkulujicich koncentraci téchto adipokinid na hodnoty
srovnatelné s hodnotami u zdravych téhotnych zen.

V predchozich studiich bylo zjisténo, ze hladina adiponektinu je u zen s GDM nizsi.
Snizenou hladinu adiponektinu Ize navic v éasném téhotenstvi povazovat za prediktivni marker
pro rozvoj GDM [73,74]. Metaanalyza zahrnujici 2865 téhotnych Zen ukazala, ze méreni
cirkulujiciho adiponektinu pred otéhotnénim a na pocatku téhotenstvi mize vést k identifikaci
zen s vysokym rizikem rozvoje GDM [75]. Koncentrace adiponektinu v prvnim trimestru mély
v této analyze souhrnnou senzitivitu 60,3 %, specificitu 81,3 % a diagnosticky pomér anci 6,6
pro predikci GDM. Na druhou stranu v8ak najdeme i studie s odliSnymi zavéry. Napftiklad
Ebert et al. uvadéji, Ze koncentrace adiponektinu jsou u téhotnych Zen ve srovnani
s netéhotnymi nizsi. Navic pak nejsou ovlivnény diagnézou GDM [76]. Rozpory mezi studiemi
mohou byt zplsobeny rlznymi diagnostickymi kritérii GDM, charakteristikami studované
populace, poctem téhotenstvi a také intenzitou |é¢ebnych opatfeni. Z pohledu
patofyziologického se predpoklada, Ze se snizenad exprese adiponektinu v téhotenstvi podili
na zvyseni inzulinové rezistence, coz nasledné vede ke snizenému vychytavani glukézy
v cilovych tkanich. V pfipadé GDM neni dysfunkce pankreatickych bunék schopna prekonat
inzulinovou rezistenci, vedouci k hyperglykémii [77]. Nezavisla asociace mezi adiponektinem
a HbA1c v nasi studii zdlrraziiuje moznou roli adiponektinu v kontrole glykémie. Tato studie
také ukazuje, Ze vcasné zavedeni intervenci v oblasti Zivotniho stylu nejen zmirnilo prirdstek
hmotnosti, ale také zabranilo dalsimu poklesu hladin adiponektinu béhem téhotenstvi u zen
s GDM a posunulo ve tfetim trimestru koncentrace adiponektinu na hodnoty podobné tém,

které byly pozorovany u zdravych téhotnych zen.
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Neékolik studii zjistilo vyznamné zvysenou hladinu A-FABP u Zen s GDM [78,79].
Obdobné jako u adiponektinu, tak i zde mize byt zména v hladindch A-FABP spojena
s rizikem vzniku GDM. Na rozdil od adiponektinu je vSak toto riziko spojeno se zvySenim
hladiny A-FABP [80,81]. Zhang et al. zaznamenali u pacientek s GDM trend ke zvySovani hladin
A-FABP ve druhém az tfetim trimestru [78] . V nasi studii jsme tuto tendenci pozorovali také
u zdravych téhotnych Zen. Za normalnich okolnosti je A-FABP produkovan adipocyty.
V obdobi téhotenstvi se viak mlze uvolfiovat také z placenty [82]. Cirkulujici hladiny A-FABP
jsou spojeny s lipolyzou a béhem téhotenstvi stoupaji v dlsledku inzulinové rezistence.
Nadmérna exprese A-FABP v placenté a decidue u GDM je stimulovana plsobenim
placentarniho laktogenu, progesteronu a synergickym Gcinkem estrogenu a progesteronu,
jejichz hladiny jsou trvale zvySené az do porodu [83]. Vcasné zavedeni intervenci v oblasti
zivotniho stylu a vhodna lé¢ba GDM byly v nasi studii spojeny se snizenim A-FABP. Ve tfetim
trimestru tedy nebyly mezi zdravymi téhotnymi Zenami a pacientkami s GDM zadné vyznamné
rozdily. Nezavislé asociace mezi A-FABP a hmotnosti, glykémii nalacno a STK opét poukazuji
na moznou roli inzulinové rezistence pfi rozvoji GDM a jeho komplikaci. A-FABP pfispiva nejen
ke zhorSené kontrole glykémie, ale také k rozvoji gestacni hypertenze a preeklampsie [84].
Vcasna diagnostika a |é¢ba GDM jsou proto dulezité i pro prevenci téchto komplikaci.

Na rozdil od nékterych predchozich studii jsme negzjistili Zddné vyznamné rozdily
v FGF-19 u Zen s GDM a zdravych téhotnych Zen v pribéhu celého téhotenstvi. Wang et al.
zaznamenali snizené hladiny FGF-19 v cirkulaci u Zen s GDM diagnostikovanym mezi 24. a 28.
tydnem téhotenstvi [85]. U Zen s GDM byla po porodu rovnéz zjisténa snizena placentamni
a svalova exprese FGF- 19 [86]. Naproti tomu nedavna studie zjistila plazmatické koncentrace
FGF-19 v pupecniku podobné jako u zdravych téhotnych kontrol, coz naznacuje, ze GDM
neovliviiuje hladiny FGF-19 u plodu [87]. Wang et al. rovnéz prokazali nezavislou a inverzni
asociaci mezi FGF-19 a inzulinovou rezistenci u GDM [85]. V nasi studii FGF-19 inverzné
koreloval s télesnou hmotnosti, BMI, STK a DTK. Po provedeni multivariacni regresni analyzy
viak byl nezavisle spojen pouze se STK. Pfedpokladame, ze intervence v oblasti Zivotniho
stylu, zavedené u Zen s casné diagnostikovanym GDM s cilem zabranit narlstu hmotnosti
a zvysené inzulinové rezistenci, mohly zabranit vyznamnému sniZzeni hladin FGF-19 ve druhém
a tfetim trimestru. To muze vysvétlovat, pro¢ nebyly v pribéhu téhotenstvi zjistény zadné

rozdily mezi Zenami s GDM a zdravymi téhotnymi Zenami. Toto zjisténi také podporuje
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korelace FGF-19 s télesnou hmotnosti a BMI. Nezavisla asociace mezi FGF-19 a STK tak mize
naznacovat roli FGF-19 v gestacni hypertenzi, ale tento potencialni vztah je tfeba objasnit
v dalsich studiich.

Jednim z omezeni této studie je zamérfeni pouze na skupinu Zen s casné
diagnostikovanym GDM. Samoziejmé existuji Zeny s normalni hladinou glukézy béhem
prvniho trimestru, u nichz je GDM diagnostikovan az pfi oGTT mezi 24. a 28. tydnem
téhotenstvi. Jedna se o vétsinu pfipadli GDM. Vzhledem k tomu, Ze rizné projevy GDM
mohou vychazet z rlznych patofyziologickych mechanisml (inzulinova rezistence versus
porucha sekrece inzulinu), mize se u rlznych fenotypd GDM lisit i produkce adipokind.
VSechny zeny s GDM v nasi studii byly casné intervenovany, coz mohlo ovlivnit pfirozeny
pribéh zmén hladin adipokinl. Kromé toho byla pfiblizné tfetina zen ve skupiné GDM |écena
inzulinem, coz potencialné modifikovalo produkci sledovanych adipokind. V neposledni fadé
studie nezahrnovala kontrolni skupinu Zen s GDM, které nepodstoupily terapeutickou
intervenci, proto je zavér o Gcinku intervence pomérné omezeny. Silnou strankou této studie
je jeji prospektivni charakter a longitudinalni sledovani hladin adipokini, véetné mozného

vlivu ¢asné terapeutické intervence.

7.4.  Zavér

Zeny s &asné diagnostikovanym GDM vykazovaly zmé&n&nou produkci adipokinl jiz
v prvnim trimestru téhotenstvi. Mély zvysené hladiny A-FABP a snizené hladiny adiponektinu,
které korelovaly s visceralni adipozitou a kontrolou glykemie (HbA1c). V¢asna diagnéza GDM
vyZadujici zavedeni intervenci v oblasti Zivotniho stylu a véasna lécba inzulinem byla spojena
nejen s prevenci pfiristku hmotnosti, ale také s normalizaci adipokini na hladiny podobné
tém u téhotnych zen bez GDM. Tato zjisténi podporuji vyznam screeningu GDM v casnych

stadiich téhotenstvi a moznou roli endokrinni dysfunkce tukové tkané pfi vzniku GDM.
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8. Souhrn vysledkl experimentélni casti

1.

Diagndza GDM, stanovena zvysenou lacnou glykémii (FPG =5,1 mmol/l) v ¢asné fazi
téhotenstvi, je spojena s vyssi télesnou hmotnosti a BMI Zen na pocatku téhotenstvi,

dale je spojena se zvysenym rizikem lécby inzulinem a vyssi porodni hmotnosti plodu.

U Zen s casné diagnostikovanym GDM (FPG 25,1 mmol/l) nebyl prokadzan castéjsi

vyskyt novorozeneckych komplikaci.

Zeny s ¢asné diagnostikovanym GDM (FPG =5,1 mmol/l) nevykazovaly v I. trimestru
téhotenstvi zménénou sekreci inkretinovych hormonl (GLP-1, GIP) nalacno ani po
zatéZi stravou. Mély vsak sniZzenou funkci B-bunék. Porucha sekrece inkretinovych

hormont nehraje v této fazi téhotenstvi vyznamnou roli v rozvoji GDM.

Zeny s ¢asné diagnostikovanym GDM (FPG =5,1 mmol/l) vykazovaly v I. trimestru
téhotenstvi zménénou produkci adipokind. Mély zvysené hladiny A-FABP a snizené
hladiny adiponektinu, které korelovaly s visceralni adipozitou a kontrolou glykémie
(HbA1c). Casnym zavedenim intervenci v oblasti Zivotniho stylu a [é¢by inzulinem navic
doslo v dalsim pribéhu téhotenstvi k normalizaci adipokini na hladiny podobné tém

u téhotnych Zen bez GDM.
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SEZNAM ZKRATEK

A-FABP

AUC
BMI
DM
DPP-4
DTK
FGF 19
FGF 21
FPG
GDM
GIP

GIT
GLP-1
GLP-1RA
GTT
HbA1c
HOMA
IADPSG
IL-6
MMTT
MODY
oGTT
PAI-1
PPG
QUICKI
STK
TNF-alfa

adipocytarni protein vazajici mastné kyseliny (adipocyte fatty acid-binding
protein)

plocha pod kfivkou (area uder curve)

body mass index

diabetes mellitus

dipeptidyl peptidaza 4 (dipeptidyl peptidase 4)

diastolicky krevni tlak

fibroblastovy rlstovy faktor 19 (fibroblast growth factor 19)

fibroblastovy rlstovy faktor 21 (fibroblast growth factor 21)

lacna glykémie (fasting plasma glucose)

gestacni diabetes mellitus

glukézo-dependentni inzulinotropni polypeptid (glucose-dependent
insulinotropic polypeptide)

gastrointestinalni trakt

glukagonu podobny peptid 1 (glucagon-like peptide 1)

agonisté receptort pro GLP-1 (glucagon-like peptide 1 receptor agonists)
glukézovy tolerancéni test

glykovany hemoglobin

homeostatic model assessment

International Association of the Diabetes and Pregnancy Study Groups
interleukin 6

toleranéni test s mixovanym jidlem (mixed meal tolerance test)
monogenni diabetes (maturity onset diabetes of the young)

oralni glukézovy toleranéni test

inhibitor aktivatoru plazminogenu typ 1 (plasminogen activator inhibitor-1)
glykémie po jidle (postprandial plasma glucose)

quantitative insulin sensitivity check index

systolicky krevni tlak

tumor nekrotizujici faktor alfa (tumor necrosis factor alfa)
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Abstract: Background: Gestational diabetes mellitus (GDM) is characterized by new-onset hyper-
glycemia in pregnancy. According to the International Association of Diabetes and Pregnancy Study
Groups (IADPSG) recommendations, GDM may be diagnosed based on repeatedly increased fasting
glucose levels in the first trimester, or later, the detection of increased fasting glucose and/or increased
glucose levels during a 75 g oral glucose tolerance test (OGTT). The study aimed to assess whether dif-
ferences may be found between women diagnosed with GDM by fasting glucose or glucose challenge
tests in early or late pregnancy. Methods: The retrospective observational study enrolled 418 women
diagnosed with GDM in accordance with the IADPSG criteria: early pregnancy fasting plasma
glucose (FPG) > 5.1 mmol/L; late pregnancy FPG > 5.1 mmol/L (0 min) and /or postprandial plasma
glucose (PPG) > 10.0 mmol/L (60 min), PPG > 8.5 mmol/L (120 min) 75 g OGTT. The analyses
included anthropometric parameters at the beginning and during pregnancy, laboratory values of gly-
cated hemoglobin, fructosamine, birth weight measures and the presence of neonatal complications.
Results: There were significant differences in body weight (78.3 £ 19.1; 74.0 & 16.7; 67.2 + 15.7 kg)
and body mass index (BMI) (27.9 + 6.6;26.4 £+ 5.8;24.4 + 52 kg/ m?) in early pregnancy. Differences
were also found in gestational weight gain (9.3 + 6.8 vs. 12.4 £ 6.9 vs. 11.1 & 4.7 kg) and the need
for insulin therapy (14.7%; 7.1%; 4.0%). The study revealed no difference in the presence of neonatal
complications but differences in birth weight (3372.2 4 552.2 vs. 3415.6 & 529.0 vs. 3199.0 & 560.5 g).
Conclusions: Gestational diabetes, characterized by FPG > 5.1 mmol/L in early pregnancy, is associ-
ated with higher body weight and BMI at the beginning of pregnancy as well as with a higher risk
for insulin therapy and increased birth weight.

Keywords: gestational diabetes; first-trimester fasting glucose; OGTT; gestational weight gain;
perinatal outcomes

1. Introduction

Gestational diabetes (GDM) belongs to the group of endocrine disorders characterized
by new-onset hyperglycemia first detected during pregnancy [1]. The pathophysiology
of GDM is a complex and still not a fully understood issue. However, it appears that
an increase in insulin resistance and an inability of beta cells to respond with sufficient
insulin secretion are crucial factors for development of GDM in predisposed pregnant
women [2]. As insulin resistance physiologically increases in the second half of pregnancy,
GDM is most likely to be detected during this period. The condition is associated with a
higher risk of pregnancy complications for both mothers and fetuses. It has been shown to
increase the risk of metabolic disorders, especially type 2 diabetes mellitus, obesity and
arterial hypertension and cardiovascular complications in the later lives of mothers and
their babies [3-5].

Screening for and diagnosing GDM have changed considerably over the years. It
should be noted that an international consensus has still not been reached in this area.
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According to recommendations on the diagnosis and classification of hyperglycemia in
pregnancy published in 2010 by the International Association of Diabetes and Pregnancy
Study Groups (IADPSG), GDM screening should be performed at 24-28 weeks of gestation.
For the screening, a 75 g oral glucose tolerance test (OGTT) is recommended. Each diagnos-
tic threshold is associated with a risk of complications at an odds ratio of 1.75, as shown
by the HAPO study [3]. Besides the OGTT performed at the specified time of pregnancy,
however, fasting glucose levels should be measured as soon after conception as possible,
that is in the first trimester. The purpose is to identify apparent, previously unrecognized
diabetes and to treat it early. At the same time, however, pregnant women with mild fasting
hyperglycemia may also be identified, corresponding to diagnostic thresholds revealed by
an OGTT in the second half of pregnancy. Based on these recommendations, these women
are monitored in the same way as those diagnosed with GDM later in their pregnancy,
although not enough studies have been performed to show the benefit of treating GDM
early in pregnancy [6].

Using the same diagnostic thresholds for fasting glucose in early pregnancy and in its
second half remains rather controversial. This is mainly because unlike the clearly higher
risks of complications from elevated fasting glucose in the second half pregnancy, the
association has not been confirmed in early gestation. Moreover, it is apparent that the early
diagnosis of GDM made with fasting glucose tests in the first trimester has only limited
correspondence to positive diagnostic results of a two-hour OGTT subsequently performed
in the second half of pregnancy [7,8]. At the same time, the different approaches to
diagnosing GDM are not considered at all during further monitoring or therapy. Moreover,
it is unclear whether early and intensive treatment of GDM may contribute to the risk of
fetal growth restriction and low weight gain in pregnant women [9].

The present study aimed to assess whether different ways of diagnosing GDM (Groups:
early FPG, late FPG and late PPG) are able to identify women with different anthropometric
phenotypes at the time of diagnosis. Another objective was to determine whether different
ways of diagnosing GDM in these women are associated with differences in the course of
pregnancy and the incidence of neonatal complications.

2. Materials and Methods
2.1. Study Design, Inclusion and Exclusion Criteria

A retrospective observational study was designed in accordance with the 2008 revision
of the Declaration of Helsinki. University Hospital Olomouc medical records were searched
to obtain information on women monitored for impaired carbohydrate metabolism during
their pregnancy. Based on national recommendations, all pregnant women in the Czech
Republic are screened for GDM regardless of the presence of risk factors for its development.
The study enrolled only women diagnosed with GDM using the IADPSG recommendations
who could be classified into three groups by the test method (Table 1).

Table 1. The sample classified into groups by GDM diagnostic method.

Group Gestational Age Test Method Glucose Level
Early FPG 1-13 weeks fasting glucose FPG > 5.1 mmol/L
Late FPG 24-28 weeks OGTT-minute 0 FPG > 5.1 mmol/L

OGTT-minute 60 PPG > 10.0 mmol/L
Late PPG 24-28 weeks OGTT-minute 120 PPG > 8.5 mmol/L

OGTT = oral glucose tolerance test; FPG = fasting plasma glucose; PPG = postprandial plasma glucose.

We excluded women diagnosed with diabetes prior to their pregnancy (type 1 or 2
diabetes mellitus, maturity-onset diabetes of the young) as well as those meeting the criteria
of apparent diabetes in the current pregnancy (FPG > 7.0 mmol/L and/or post-OGTT
glucose levels > 11.1 mmol/L).

During their first visit, all the women were educated on basic dietary and lifestyle
measures. Insulin therapy was only initiated if at least one of the following criteria was met:
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(1) FPG > 5.3 mmol /L; one-hour PPG repeatedly 7.6 mmol/L or two-hour PPG repeatedly
>6.6 mmol/L. None of the enrolled patients received oral antidiabetic drugs. The review of
medical records yielded information on the patients” history (age, parity) and risk factors
for the development of diabetes (family history of diabetes mellitus, history of GDM,
birth weight > 4000 g). Early pregnancy anthropometric data (weight, height, BMI) were
obtained from records on the first prenatal visit. Information on weight gains and GDM
management (diet, insulin therapy) came from subsequent antenatal appointments. Data
on birth weight, type of delivery (vaginal or cesarean), neonatal complications (neonatal
hypoglycemia, infant jaundice) were retrieved from gynecology department records.

2.2. Laboratory Methods

Biochemical parameters (glucose, glycated hemoglobin and fructosamine levels) were
analyzed using the Cobas 8000 system (Roche, Mannheim, Germany). Samples for the
analyses were collected in the morning following at least 12-h fasting during the first
prenatal visit.

2.3. Statistical Methods

Continuous variables are expressed as the mean, median and standard deviation.
Differences in continuous variables among the groups were analyzed using the Kruskal—-
Wallis test. Differences in discrete variables among the groups were assessed by the
chi-squared test on contingency tables. Spearman’s coefficient was used to express the
correlation rate. All hypotheses were tested at a 0.05 level of significance. Data were
assessed using MATLAB Version 7.5.0.342 (R2007b).

3. Results
3.1. Classification by GDM Diagnostic Method

In the sample, GDM was predominantly diagnosed by increased FPG levels (early
FPG and late FPG groups), namely in 73.9% of cases. At the same time, more than a quarter
of the women (26.1%) were identified in early pregnancy (Figure 1).

GDM according to the IADPSG
criteria
(n=429)

Missing information
(n=11)

GDM allowing classification into

predefined groups
(n=418)
Early FPG 2 5.1mmol/L Late FPG 2 5.1mmol/L Late PPG
(n=109) (n=209) (n =100)

Figure 1. The sample classified into groups by GDM diagnostic method.

3.2. Basis Sample Characteristics

The statistical analysis first focused on comparing all three groups in early pregnancy.
The results are shown in Table 2. The women in the groups did not differ in terms of
age, parity, presence of risk factors for the development of diabetes or metabolic control
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parameters (glycated hemoglobin levels) at the time of GDM diagnosis. However, there
were differences in weight (i.e., BMI) at the beginning of their pregnancy. For women in all
groups, early pregnancy BMI was positively correlated with glycated hemoglobin levels at
the time of GDM diagnosis (p = 0.36, p <0.001; p = 0.23, p < 0.001; p = 0.30, p < 0.001).

Table 2. Basic sample characteristics. Anthropometric and laboratory analyses at diagnosis.

Entire Sample Early FPG > 5.1 mmol/L Late FPG > 5.1 mmol/L Late PPG p-Value
Age 31.6 (32) +5.32 31.1(31)+5.1 31.8(32) =55 31.4 (31) =49 ns
Family history of DM (%) 59.2 (180/304) 36 (26/72) 44 (66/150) 40(29/73) ns
Weight (kg) 73.8(70.8) = 17.7 78.3(76.0) = 19.1 74.2(72) £ 16.7 67.2(62) £ 15.7 <0.001
BMI (kg/m?) 26.3 (25) £ 6.0 279(272)+ 6.6 264 (25.0) =58 244 (228)+52 <0.001
HbAlc (mmol/mol) 31.1(31) = 4.0 31.8(31) = 4.8 30.7 (31) =38 30.8(31) 32 ns
Fructosamine (umol/L) 200.4 (199) £17.7 211.7 (211) £20.3 195.3 (194) = 15.4 197.3 (197) £ 13.7 <0.001

DM = diabetes mellitus; BMI = body mass index; HbAlc = glycated hemoglobin. Data shown as the mean
(median) + standard deviation. Numbers of patients in groups: early FPG (n = 109), late FPG (1 = 209), late PPG
(n =100). Differences in discrete variables among the groups (early FPG vs. late FPG vs. late PPG) were assessed
by the chi-squared test on contingency tables; p < 0.05 is considered to be statistically significant.

3.3. Course of Pregnancy

There were significant differences in overall weight gain among the groups of women
with GDM. Moreover, in those diagnosed by increased FPG levels (early FPG and late
FPG groups), this weight gain was negatively associated with BMI at the beginning of
pregnancy (p = —0.25, p < 0.05; p = —0.21, p < 0.001). Similarly, there were significant
differences in birth weight among the groups. In the early FPG and late FPG groups (GDM
diagnosed based on increased FPG levels), birth weight was positively correlated with early
pregnancy BMI (p = 0.27, p < 0.05; p = 0.23, p < 0.001). Insulin therapy was more frequently
used to control GDM in women with increased fasting glucose levels (early FPG and late
FPG groups) and was associated with body weight (p = 0.19, p < 0.001), BMI (p = 0.24,
p <0.001) and glycated hemoglobin at the time of GDM diagnosis (p = 0.30, p < 0.001). In
the present study, different ways of diagnosing GDM had no effect on the incidence of the
neonatal complications studied. Thus, the incidence was comparable in the three groups.
The results are shown in Table 3.

Table 3. Body weight changes, need for treatment and neonatal complications.

Early FPG > 5.1 mmol/L Late FPG > 5.1 mmol/L Late PPG p-Value
Weight gain (kg) 9.32(9.0) £6.76 12.73 (11.0) & 8.47 11.05 (10.0) & 4.66 <0.05
Insulin therapy (%) 14.7 (16 /109) 7.2 (15/209) 4 (4/100) <0.05
Birth weight (g) 33722 £ 552.2 3415.6 & 529.0 3199.0 & 560.5 <0.05
Emergency cesarean (%) 12.5(9/72) 19.9 (30/151) 18.9 (14/74) ns
Neonatal hypoglycemia (%) 14.1 (10/71) 10 (15/150) 7(5/71) ns
Neonatal jaundice (%) 43.1(31/72) 41.1(62/151) 47.3 (35/74) ns

Data shown as the mean (median) & standard deviation or as percentages (1/N). Numbers of patients in groups:
Early FPG (n = 109), Late FPG (n = 209), Late PPG (1 = 100). Differences in discrete variables among the groups
(Early FPG vs. Late FPG vs. Late PPG) were assessed by the chi-squared test on contingency tables; p < 0.05 is
considered to be statistically significant.

4. Discussion

Using the IADPSG criteria for GDM in early pregnancy, we can identify a group
of pregnant women who show differences in anthropometric parameters and course of
pregnancy compared with women who were diagnosed later in pregnancy. In our study,
we showed that early GDM diagnosis (FPG > 5.1 mmol/L) is associated with increased
body weight and BMI at the beginning of pregnancy. At the same time, early GDM
diagnosis is accompanied by more frequent insulin treatment and higher birth weight.
There was no association between the method of GDM diagnosis and the incidence of
neonatal complications.

The main period of pregnancy in which the screening and diagnosis of GDM is carried
out is the period between the 24th and 28th week of pregnancy. There is indisputable scien-
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tific evidence for the association between hyperglycemia during this period of pregnancy
and late maternal and neonatal complications. At the same time, there is a known associ-
ation between hyperglycemia and the incidence of congenital malformations in women
with TIDM in early pregnancy. Therefore, there is concern about the negative impact of
mild hyperglycemia in early pregnancy on fetal development and the subsequent course of
pregnancy. Despite efforts to reach consensus, the way of diagnosing GDM in early preg-
nancy remains a rather controversial topic. Neither has a suitable screening test been found,
nor have diagnostic thresholds been agreed upon for glucose levels in early gestation that
would be clearly associated with a higher risk for complications in both mothers and fetuses
later in the pregnancy [9]. Currently, screening for glucose metabolism impairment in early
pregnancy is mainly focused on the detection and adequate treatment of overt diabetes. If
overt diabetes is ruled out during the first antenatal visit, it is recommended to focus on
pregnant women with FPG above 6.1 mmol/L because of the increased risk of developing
GDM later in pregnancy and the increased risk of maternal and neonatal complications [10].
With regard to the cause of GDM, three different phenotypes are currently considered: pre-
vailing insulin resistance, impaired insulin secretion or their combination. These changes
have been observed in both early and late pregnancy. An important finding is that women
with dominant impaired insulin sensitivity are at a higher risk for GDM-related pregnancy
complications [2,11]. However, it is yet unknown whether this proven pathophysiological
difference exists in response to standard GDM therapy.

As seen from the study results, the clinical use of the IADPSG criteria for diagnos-
ing GDM facilitated identification of three groups of pregnant women that differed in
anthropometric parameters at the time of GDM diagnosis as well as in how their pregnancy
progressed. The strength of the study mainly lies in including pregnant women with an
early GDM diagnosis made through universal screening in the first trimester (early FPG
group), that is not only a population of pregnant women at a higher risk for developing
diabetes. This is how 25% of women in the sample were identified. However, information
on the global prevalence of hyperglycemia diagnosed this way in early gestation is missing,
mainly due to persisting differences in GDM diagnostic methods. Among overweight
women (BMI > 29), 22.9% were diagnosed with early GDM using the IADPSG criteria. In
the sample, FPG levels of 5.1 mmol/L or more contributed to the diagnosis in 78.5% of
cases [12].

In the present study, increased FPG levels identified women with higher body weight
and BMI at the beginning of their pregnancy when mothers-to-be were screened irrespec-
tive of presence or absence of GDM risk factors (i.e., including overweight or obesity).
This finding is consistent with results of previous studies showing an association between
GDM diagnosed by increased FPG levels and mean BMI levels suggestive of an overweight
condition [2,7,12]. Thus, pre-pregnancy body weight and BMI seem to be a strong predictor
for increased FPG detected in early gestation. Maternal obesity appears to be associated
with increased insulin secretion (C-peptide levels) and decreased insulin sensitivity [13].
However, it appears that obesity in early pregnancy may also influence adipokines pro-
duction. In our previous study we demonstrated increased adipocyte fatty acid-binding
protein and decreased adiponectin levels and its correlation with visceral adiposity in
women with impaired FPG in early pregnancy [14]. In contrast to higher body weight in
early pregnancy, the overall weight gain was lowest in women with early GDM diagnosis
in the present study. This may be explained by longer dietary restrictions as a form of GDM
management. Our study did not include a control group of pregnant women with GDM
who did not undergo nutritional or pharmacological intervention. Thus, the assessment of
treatment effect is very limited. There is also a clear negative correlation between overall
weight gain and BMI in early pregnancy. In women with early GDM diagnosis, however,
insulin pharmacotherapy was initiated more frequently. This is consistent with earlier
observations [15]. This may be explained by a limited effect of recommended dietary carbo-
hydrate restriction on fasting glucose levels that repeatedly exceeded the recommended
values and were a reason for therapy initiation. However, the initiation of pharmacological
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treatment is based on the physician’s decision. Therefore, the influence of selection bias on
the outcome cannot be completely excluded.

Early GDM diagnosis was not associated with increased glycated hemoglobin levels.
In the present study, the mean glycated hemoglobin level at diagnosis was within the
range typical for normal glucose metabolism. It is, therefore, unlikely that using the
IADPSG criteria in early pregnancy would have identified women with impaired glucose
metabolism prior to their gestation. However, there is a clear positive correlation of
glycated hemoglobin levels with body weight and BMI at the beginning of pregnancy. In
contrast, there were significant differences in fructosamine levels. This may be explained
by a drop in albumin concentrations in the second half of pregnancy (i.e., at the time
of GDM diagnosis in the late FPG and late FPG groups) (14). Since fructosamine levels
predominantly reflect albumin glycation, the differences in fructosamine concentrations
are more likely to be associated with changes in albumin concentrations rather than the
actual increase in non-enzymatic glycation occurring 2-3 weeks prior to sample collection.
Given the retrospective design of the study, however, fructosamine measurements could
not be corrected for albumin concentrations at the time of GDM diagnosis.

There were no statistically significant differences in the incidence of selected perinatal
complications among the groups in our study. This is in contrast to results from a meta-
analysis of 13 studies showing an increased relative risk of perinatal mortality and neonatal
hypoglycemia in women with early GDM diagnosis compared with those diagnosed with
GDM in the second half of their pregnancy [15]. The difference may be explained by
the overall time of monitoring and treatment of women with GDM. However, it was not
possible to assess the severity of GDM, total insulin dose or changes in glycemic profile
as these data could not be obtained in a retrospective study. Early GDM diagnosis was
also associated with higher birth weight. This may be due to previously described fetal
hyperinsulinemia resulting from insulin resistance and more frequent insulin therapy [2,16].
Macrosomia (birth weight > 4000 g) was not associated with any of the groups defined in
the present study. On the other hand, it was correlated with BMI levels, age and glycated
hemoglobin levels at the time of GDM diagnosis. Due to the retrospective design of our
study, it was not possible to perform OGTT between 24 and 28 weeks of gestation in women
who were diagnosed with GDM early in pregnancy based on fasting glycaemia (early FPG
group). As suggested by some studies, there is limited correlation between first trimester
fasting glycaemia and 2-h 75 g OGTT in the diagnosis of GDM. Therefore, the presence of
women in the early FPG group who would not meet the diagnostic criteria for GDM in the
second half of pregnancy cannot be excluded and may have influenced the incidence of the
observed outcomes.

5. Conclusions

Gestational diabetes, characterized by increased fasting plasma glucose levels
(>5.1 mmol/L) in early pregnancy according to the IADPSG criteria, is associated with
increased body weight and BMI at the beginning of pregnancy as well as with a higher risk
for insulin therapy and increased birth weight. The present study failed to show its impact
on the likelihood of neonatal complications or fetal macrosomia.
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Abstract

Backgrounds Glucagon-like peptide 1 (GLP-1) and glucose-dependent insulinotropic peptide (GIP) may be involved
in pathogenesis of gestational diabetes mellitus (GDM). The aim was to compare GLP-1 and GIP production in fasting
state and during 3 h mixed meal tolerance test (MMTT) measured by mean area under the curve (AUC) between
pregnant women with normal and impaired fasting glucose in an early phase of pregnancy, and healthy non-preg-
nant controls.

Methods This study was undertaken as a case—control study. Repeated measurement of fasting plasma glu-
cose>5.1 mmol/L and < 7.0 mmol/L during the first trimester of pregnancy and exclusion of overt diabetes according
to IADSPG criteria was used to find women with impaired fasting glucose (n = 22). Age-matched controls consisted of
healthy pregnant (n=25) and non-pregnant (n=24) women. In addition to incretins, anthropometric parameters and
markers of insulin resistance and beta-cell function were assessed. Variables were summarized as median (interquar-
tile range).

Results Fasting GLP-1 and GIP concentration or their AUC during MMTT did not significantly differ between preg-
nant women with impaired fasting plasma glucose [GLP-1,,c 19.0 (53.1) and GIP, 302 (100) pg/mL/min] and
healthy pregnant women [GLP-1,,- 16.7 (22.3) and GIP, ;- 297 (142) pg/mL/min] or non-pregnant controls [GLP-1, ;-
16.8 (9.8) and for GIP,,c 313 (98) pg/mL/min]. Although women with impaired fasting glucose were more obese and
showed decreased beta-cell function, there were not significant correlations between incretin production and param-
eters of insulin secretion, insulin resistance, or obesity.

Conclusions Women with impaired fasting plasma glucose did not show altered incretin production in the first
trimester of pregnancy. In contrast to type 2 diabetes, impaired incretin secretion does not seem to play a major role
in the early development of GDM.

Keywords Gestational diabetes, Glucagon-like peptide 1, Glucose-dependent insulinotropic peptide, Glucagon, Meal
test
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Background

Gestational diabetes mellitus (GDM) is defined as glu-
cose intolerance first detected during pregnancy that
resolves after delivery. GDM affects 5-30% of pregnan-
cies, depending on the diagnostic criteria used [1-3].
The pathophysiology of GDM is not yet fully understood,
although it generally involves relatively insufficient insu-
lin secretion with increased peripheral insulin resistance
that develops during pregnancy [4].

Incretins such as glucagon-like peptide 1 (GLP-1) and
glucose-dependent insulinotropic peptide (GIP) could
be involved in mechanisms compensating the increase
in blood glucose due to insulin resistance observed in
pregnant women [5]. Both GLP-1 and GIP have additive
effects on insulin secretion following their increased pro-
duction induced by nutrients from the gut [6]. Impaired
incretin effect may contribute to impaired glucose post-
prandial control, which is characteristic of some GDM
phenotypes. GLP-1 suppresses, and GIP increases gluca-
gon secretion. Glucagon abnormalities (increased fast-
ing levels and delayed glucagon suppression after glucose
intake) has been reported in type 2 diabetes; however,
its role in GDM is still unknown. Only a few studies
have investigated fasting or postprandial GLP-1, GIP
and/or glucagon concentrations in patients with GDM
and reported contrasting results [7—14]. These discrep-
ant findings may be due to the variable representation
of women with different GDM phenotypes, i.e. with a
varied contribution of insulin resistance, impaired post-
prandial insulin secretion and/or incretin resistance. A
different methodology for determining incretin levels,
such as different laboratory kits and the use of various
stimulating meal compositions, can play a role in the
discordant results of postprandial incretin concentra-
tions [15]. Comparative studies have shown that mixed
meal tolerance test (MMTT), based on the ingestion of
a standardized liquid meal, induces a stronger beta-cell
response than the oral glucose tolerance test (OGTT) in
the individuals with impaired glucose tolerance and type
2 diabetes [16]. The use of the MMTT probably leads to a
greater response of both incretin hormones and accord-
ing to some authors is better suited to detect small differ-
ences in their secretion, which may explain some of the
different results also in subjects with GDM [7, 8, 10]. The
incretin response may also be dependent on the period of
pregnancy. Little is known about altered incretin produc-
tion in the early phase of gravidity and its potential role
in the development of GDM during this period.

According to current recommendations, the first step
to diagnose glucose intolerance in pregnancy should be
performed during the initial visit (usually in the first tri-
mester) to detect women with overt diabetes who have
not been previously diagnosed outside of pregnancy [17].
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However, there is still debate over the correct diagnos-
tic criteria for GDM in the first part of pregnancy. The
International Association of Diabetes and Pregnancy
Study Groups (IADPSG) recommended to classify fasting
plasma glucose (FPG)>5.1 mmol/L and <7.0 mmol/L as
early GDM [18]. Unfortunately, these recommendations
were not derived from sufficient clinical data obtained
in early pregnancy and have therefore been criticized.
Recently, it has been recommended to identify women
with FPG >6.1 mmol/L in early pregnancy because of the
increased risk of developing GDM later in pregnancy and
the increased risk of pregnancy and neonatal complica-
tions [17]. On the one hand, the IADPSG recommenda-
tions for early screening and detection of GDM are not
based on sufficient clinical data, but on the other hand,
application of the IADPSG early pregnancy screening
process has been shown to identify women at increased
risk of elevated blood pressure and insulin resistance in
later gestation [19]. Impaired incretin effect may occur
early in the disease process, as shown in adults and ado-
lescents with insulin resistance and obesity [20, 21]. Thus,
we can hypothesize that women with impaired fasting
glucose in early pregnancy compared to pregnant women
with normal glucose tolerance will show an altered incre-
tin response.

The primary aim of our study was to investigate
whether there is a difference in GLP-1, GIP, and gluca-
gon response during a 3-h oral MMTT measured by total
area under the curve (AUC) between pregnant women
with impaired FPG in the first trimester of pregnancy
compared to control pregnant and non-pregnant sub-
jects. Secondary aim was to examine the relationship
between incretin production and parameters of insulin
resistance and beta-cell function.

Material and methods

Study design, inclusion and exclusion criteria

The study was undertaken as a case—control study in
accordance with the principles of the Declaration of Hel-
sinki as revised in 2008. It was reviewed and approved
by the Ethics Committee of Medical Faculty and Uni-
versity Hospital Olomouc (approval no. 120/17) and
informed consent was obtained from all participants.
Pregnant women were eligible for recruitment to the
study if they were within 8—14 weeks of pregnancy. All
participants were asked about their personal and medi-
cal history. Weight and height were measured at the first
antenatal visit (Ist trimester of pregnancy), the body
mass index (BMI) was calculated as body weight/body
height® (kg/m?). The diagnosis of early impairment of
fasting plasma glucose (i-FPG) was based on at least two
measurements of fasting plasma glucose>5.1 mmol/L
and <7.0 mmol/L on two different days during the first
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trimester (8.-14. week) of pregnancy [17, 18]. The exclu-
sion criteria were: type 1 or type 2 diabetes, secondary or
genetic type of diabetes, a history of GDM, renal, liver or
thyroid disease, drug or alcohol abuse and concomitant
medication affecting glucose metabolism and GIT func-
tion (glucocorticoids, proton pump inhibitors, proki-
netics, pancreatic enzyme products). Healthy pregnant
women had normal glucose levels throughout their preg-
nancy, including the subsequent OGTT at 24-28 weeks
of gestation [17, 18]. Non-pregnant age-matched controls
comprised healthy women without a personal history of
glucose intolerance or diabetes (including GDM or a his-
tory of delivering a high birth weight baby, i.e. > 4.5 kg).

Mixed meal tolerance test

Each MMTT was performed with standardized liquid
meals after 10 h overnight fasting, in pregnant women
during the first trimester (8—14 week) of pregnancy.
Blood samples were collected at baseline and at 30, 60,
120, and 180 min after ingestion of 200 ml of commer-
cially available liquid enteral nutrition (Fresubin Origi-
nal Drink®, Fresenius Kabi, Germany; 100 ml contains
420 KJ of energy intake, i.e. 3.4 g (30 k] %) of fat, 13.8 g
(55 kJ %) of carbohydrates, and 3.8 g (15 k] %) of proteins)
between 7 and 10 am. Samples for measurement of GLP-
1, GIP, and glucagon were collected into special blood
tubes with an inhibitor cocktail consisting of a dipeptidyl
peptidase 4, esterase and other protease inhibitors (BD
P800, Becton, Dickinson and Company, Franklin Lakes,
USA) and then separated by centrifugation for 10 min
at 1000 g within 30 min of blood collection. Plasma was
subsequently stored in aliquots at — 80 °C until further
analysis.

Laboratory analyses

Routine biochemical parameters (glucose, HbA1C, insu-
lin, C-peptide) were measured by an automated analyzer
Cobas 8000 (Roche) on the day of blood collection. Con-
centrations of incretins and glucagon were measured
in sample aliquots stored at — 80 °C for no longer than
6 months.

Glucose levels were determined using the hexoki-
nase method (GLUC3, Roche Diagnostics GmbH, Man-
nheim, Germany). Levels of HbA1C were measured by
ion exchange chromatography using the Arkray Adams
HA-8180 V analyzer (Arkray Corporation, Kyoto, Japan).
Insulin and C-peptide levels were determined with com-
mercially available kits (Immunotech, Marseille, France)
using an immunoradiometric assay with specific antibod-
ies. Based on fasting glucose and insulin levels the home-
ostasis model assessment of $-cell function (HOMA-f),
homeostasis model assessment of insulin resistance
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(HOMA-IR) indexes [22], and quantitative insulin sensi-
tivity check index (QUICKI) [23] were calculated.

Plasma glucagon, GLP-1, and GIP concentrations were
measured by commercial multiplex assay (Human Met-
abolic Hormone Magnetic Bead Panel, HMHEMAG-
34 K, Merck Millipore, USA). Sensitivity was 13.0 pg/mL
for glucagon, 1.2 pg/mL for GLP-1 and 0.6 pg/mL for GIP.
Intra- and inter-assay variabilities for the kits were <10%
and 15%, respectively.

Statistical analyses

All variables are summarized as mean 4 standard devia-
tion (SD) for normally distributed data or median (inter-
quartile range) otherwise. Normal distribution was tested
by Shapiro—Wilk’s test. Differences in variables between
the groups were analyzed with the t-test for normally
distributed variables or with the Mann—Whitney U-test
for non-normally distributed variables. Spearman coeffi-
cient (p) was used to express the value of correlation. The
mean area under the curve (AUC) was calculated using
the trapezoidal rule divided by the time interval. The dis-
tribution of GIP ¢ is approximately normal. Given the
distribution of the measurements and the desired power
of 80% we would need 16 participants in each group to
detect a difference of 33% (i.e. 100 pg/mL) in any direc-
tion by a two-tailed t-test. The distribution of GLP-1 ¢
is approximately normal after log transformation. Given
the distribution of the measurements and the desired
power of 80% we would need 26 participants in each
group to detect an increase of 100% or decrease of 50% in
the original scale by a two-tailed t-test. P<0.05 was con-
sidered as significant. Statistical analyses were performed
using the Python ecosystem.

Results

Basic clinical and laboratory characteristic and incretins
levels in individual groups

Twenty-two pregnant women with early diagnosed fast-
ing plasma impairment, 25 healthy pregnant women and
24 non-pregnant healthy controls met eligible criteria for
this study (see Fig. 1 and Table 1). All participants were of
Caucasian ethnicity. Women with i-FPG had significantly
higher BMI, FPG, HbA,;, and C-peptide levels com-
pared to healthy pregnant women or compared to non-
pregnant healthy controls. Only in comparison to healthy
pregnant women they also had lower HOMA-f. Healthy
pregnant women had significantly lower FPG compared
to non-pregnant healthy controls. There were no differ-
ences between groups in HOMA-IR and QUICKI. FPG
and HbA . levels in all pregnant women positively cor-
related with BMI (p=0.37, p=0.49 respectively). No
significant differences in fasting plasma concentration of
GLP-1, GIP, or glucagon between pregnant women were

83



Krystynik et al. Diabetology & Metabolic Syndrome (2023) 15:12 Page 4 of 9

92 women met inclusion criteria

Excluded (14)
- 14 decline participation

78 women enrolled

Unable to complete study (7)
- 2 decline participation
- 5 inability to tolerate MMTT

71 women completed study

22 pregnant women with early

diagnosed fasting plasma impairment 25 healthy pregnant women 24 non-pregnant healthy controls

Fig. 1 Flow diagram of study participants, MMTT mixed meal tolerance test

Table 1 Basic clinical and laboratory characteristics in individual groups

Pregnant women i-FPG (n=22) Healthy pregnant women (n=25) Non-pregnant

healthy controls
(n=24)

age (years) 316+50 294430 29.2+35

gestational age (weeks) 11.3+21 11.0£19 -

Weight (kg) 80.0+ 14.5°¢ 680+12.3° 64.0+6.8"

BMI (kg/m?) 289+ 54°¢ 234+4.0° 226+28°

FPG (mmol/L) 5.1+£04%¢ 44404°¢ 47403

HbA, ¢ (mmol/mol) 330+27°¢ 2994252 31.1+1.8°

C-peptide (pg/mL) 1211 (720)°¢ 840 (378)? 1078 (526)°

Insulin (pg/mL) 348 (381) 306 (343) 296 (324)

HOMA-IR 2.01(1.85) 1.40 (1.55) 1.59(1.80)

HOMA-B 105 (108)° 214 (283)° 173 (143)

QUCKI 0.34(0.05) 0.36 (0.05) 0.36 (0.05)

GLP-1 (pg/mL) 6.4 (14.9)° 47(199) 26 (577

GIP (pg/mL) 36.3 (284)° 36.3 (35.5)° 56.5 (46.6)*°

Glucagon (pg/mL) 492 (314) 506 (322) 389(422)

Values are expressed means =+ standard deviation or medians and interquartile ranges (for data with non-normal distribution). Laboratory samples were taken in a
fasting state. All investigated women represent the Caucasian population

Uncorrected differences (p <0.05) according to the t-test (for normally distributed variables) or to the Mann-Whitney U-test (for non-normally distributed variables):

i-FPG impaired fasting plasma glucose, BMI body mass index, FPG fasting plasma glucose, HbA, - glycated hemoglobin A, HOMA-IR homeostasis model assessment
of insulin resistance, HOMA-B homeostasis model assessment of B-cell function, QUCKI quantitative insulin sensitivity check index, GLP-1 glucagon-like peptide 1, GIP
glucose-dependent insulinotropic peptide

2 =vs pregnant women with Ifpg
b —ys healthy pregnant women
€ =vs non-pregnant healthy controls
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observed at time 0. Compared to non-pregnant healthy
controls both pregnant women had lower levels of GIP. In
pregnant women with i-FPG there were also significantly
higher fasting GLP-1 concentrations compared to non-
pregnant controls—see Table 1, Fig. 2.

Changes of glucose and hormones levels during MMTT

Figure 2 shows changes in glucose and hormone lev-
els during the MMTT. Women with i-FPG had signifi-
cantly higher C-peptide levels throughout the MMTT
and higher blood glucose levels at 30, 60, and 120 min
of the MMTT compared to healthy pregnant or non-
pregnant controls. They also had higher insulin levels
after 60 and 120 min of the MMMT, but only compared
to non-pregnant women. Healthy pregnant women had
significantly lower glycemia at 180 min, higher C-peptide
at 60 and 120 min, and insulin at 60 min of the MMTT
compared with non-pregnant controls. Table 2 shows
AUC for glucose and hormones levels in individual
groups. Glucose,,c, C-peptide,;c, and insulin,g - were
significantly increased in pregnant women with i-FPG
compared to healthy pregnant women or non-pregnant
controls. These differences were not significant after
adjustment for BMI. Higher GLP-1 levels in all pregnant
women in comparison to non-pregnant controls were
observed only at 180 min of the MMTT. No other signifi-
cant differences in GLP-1 were detected between groups
during the MMTT test and there were no significant
differences in glucagon and GIP levels. No significant

>
@

]

/

/
/

2000

1000

\ ’//
W

Glucose (mmol/L)
N
/
Insulin (pg/mL)

0 30 60 120 180 J 30 60
Time (min)

400

GLP-1 (pg/mL)
/
GIP (pg/mL)

0 30 60 120 180 0 30 80
Time (min)

Time (min)

Time (min)

Page 50f 9

differences in GLP-1,yc, GIP,yc, glucagon, between
investigated groups were detected — see Table 2.

There was a correlation between GLP-1,,c and GIP ;¢
(p=0.41) and between glucagon, ¢ and both GLP-1 ¢
(p=0.37) and GIP, (p=0.36) in all pregnant women.
In pregnant women with i-FPG, glucagon, . correlated
with GLP-1,y¢ (p=0.48), whereas in healthy pregnant
women there was a correlation between glucagon,,c and
GIP,yc (p=0.49). Correlations between selected base-
line parameters and GLP-1 ¢, GIP, ¢ and glucagon,yc
are presented in the Table 3.

Discussion

Studies focused on the possible role of incretin hormones
in the development of gestational diabetes mellitus have
brought conflicting results. Here, we tested the hypoth-
esis that women with impaired fasting glucose will dem-
onstrate an altered incretin response during mixed meal
tolerance test in an early phase of pregnancy as compared
to pregnant women with normal glucose tolerance. As
expected, women with early diagnosed i-FPG were more
obese and showed signs of decreased beta-cell func-
tion measured by HOMA-B. Although they had higher
C-peptide levels, markers of insulin resistance (HOMA-
IR, QUICKI) did not significantly differ compared to
controls. Despite the impaired glucose homeostasis and
insulin secretion, our study did not find significant dif-
ferences in GLP-1, and GIP concentration during fast-
ing state or during 3-h oral MMTT (measured as AUC)

C 5000

4000
3000

2000

C-peptide (pg/mL)

1000

0 30 60 120 180
F Time (min)

120 180 0 30 60 120 180
Time (min)

Glucagon (pg/mL)

Fig.2 Changes of glucose and hormones levels during MMTT in individual groups. Mean and 95% confidence intervals are shown for glucose, GIP
and glucagon. Insulin, C-peptide and GLP-1 follow approximately log-normal distribution so geometric mean (equivalent to arithmetic mean in log
transformed data) and 95% confidence intervals are displayed. Confidence intervals were obtained in all cases by 10,000 times bootstrapping. Blue—
for women with impaired fasting plasma glucose, red—for healthy pregnant women, green — for non-pregnant healthy controls
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Table 2 Area under the curve during 3 h mixed meal tolerance test for glucose and hormones levels in individual groups

Pregnant women Healthy pregnant Non-pregnant healthy corrected p-value

i-FPG (n=22) women (n=25) controls (n =24)
glucose ¢ (mmol/mL/min) 547 41.00%¢ 4.4040.64° 4.40+£0.53° <0.001
glucose ¢ adjusted for BMI (mmol/mL/min) 5054088 4544073 4624048 NS
C-peptideyc (pg/mL/min) 3037 (833)°¢ 2307 (822)° 2092 (554)° <0.001
C-peptide,c adjusted for BMI (pg/mL/min) 6 (954) 2477 (941) 2235 (760) NS
insulin e (pg/mL/min) 1979 (973)bc 71 (734)° 01 (692)° 0.007
insulin,c adjusted for BMI (pg/mL/min) 1751 (660) 1485 (940) 1079 (723) NS
GLP-15yc (pg/mL/min) 19.0 (53.1) 67(22 3) 16.7 (9.8) NS
GLP-1,,c adjusted for BMI (pg/mL/min) 19.6 (54.9) 9(185) 17.0(10.6) NS
GIPsyc (pg/mL/min) 317124 290489 303£80 NS
GIP ¢ adjusted for BMI (pg/mL/min) 336119 286485 297481 NS
glucagonyc (pg/mL/min) 63.24+28.1 61.7+£329 60.6+29.5 NS
glucagon,,c adjusted for BMI (pg/mL/min) 65.8+£26.9 61.6+£329 60.3+£294 NS

Values are expressed means + standard deviation or medians and interquartile ranges (for data with non-normal distribution). Difference between groups was tested
by one-way ANOVA for normally distributed variables or Kruskal-Wallis test otherwise. Holm-Bonferroni procedure was used to correct for multiple testing. In cases of
significant difference pairwise tests were performed by t-test for normally distributed variables or to the Mann-Whitney U-test otherwise:

i-FP impaired fasting plasma glucose, GLP-1=glucagon-like peptide 1, GIP glucose-dependent insulinotropic peptide, AUC area under the curve during 3 h mixed

meal tolerance test, NS non-significant
@ =vs pregnant women with i-FPG

b —ys healthy pregnant women

¢ =vs non-pregnant healthy controls

between pregnant women with impaired fasting glucose
diagnosed in the first trimester of pregnancy and age-
matched healthy pregnant controls.

Only a few studies investigated GLP-1 and GIP concen-
trations in women with GDM and reported contrasting
results. Cypryk et al. did not find an impaired secretion
of GLP-1 and GIP during OGTT in women with GDM
[7]. They were more insulin resistant compared to con-
trols. Decreased GLP-1 secretion during OGTT in
women with GDM was observed by Lencioni et al. [8].
These women had similar weight and BMI compared to
the healthy pregnant controls, but they showed lower
first-phase insulin secretion and insulin sensitivity secre-
tion index. Reduced GLP-1 responses during OGTT
were also found by Sukumar et al. [9]. These GDM sub-
jects showed impaired insulin secretion, but they did not
differ in HOMA-IR. Bonde et al. investigated postpran-
dial GLP-1 responses in women with GDM during the
MMTT [10]. They showed reduced postprandial GLP-1
secretion compared to 3—4 months postpartum, but the
GLP-1 response did not differ from women with normal
glucose tolerance during pregnancy (in the third trimes-
ter). Mosavat et al. found lower both GLP-1 and GIP fast-
ing levels in patients with GDM [11]. They also had lower
B-cell function as measured by HOMA-f. Lower GLP-1
and GIP were independently associated with a higher risk
for GDM. Surprisingly, Fritsche et al. detected increased
GLP-1 and GIP secretion during OGTT in women with

GDM [12]. These women had lower insulin secretion
and similar BMI compared to healthy controls. Authors
explain the pronounced GLP-1 response as part of a com-
pensatory mechanism counteracting GLP-1 resistance in
GDM subjects. All above mentioned studies focused on
women with GDM diagnosed in the second trimester.
Discrepant findings may be due to varied proportion of
insulin resistance, and/or impaired insulin secretion
(due to impaired incretin production or incretin resist-
ance) in women with different GDM phenotypes. In our
study, although women with impaired fasting glucose in
the first trimester showed decreased beta-cell function,
GLP-1 or GIP fasting concentrations were not altered
and no significant changes in their secretion during a 3-h
oral MMTT were detected. Our study thus does not sup-
port the possibility that impaired incretin secretion plays
a major role in the development of early GDM.

Similar to others [9, 12] we also did not detect dif-
ferences in glucagon fasting or postprandial secretion
between pregnant women. GLP-1 inhibits, whereas GIP
stimulates glucagon secretion [24]. A significant positive
correlation between glucagon and both incretin produc-
tion during MMTT was found in all pregnant women.
In healthy pregnant women there was a significant cor-
relation only between glucagon,,c and GIP,y, while
in women with impaired fasting glucose glucagon,:
correlated only with GLP-1,yc. Inappropriate posi-
tive association between glucagon and GLP-1 secretion
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Table 3 Correlations between baseline parameters and incretins
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iFPG Healthy pregnant All Pregnant Non-pregnant
fasting AUC fasting AUC fasting AUC fasting AUC
Age GLP-1 —0.09 —0.08 0.21 023 0.07 0.12 —0.16 —023
GIP —033 — 0.04 0.18 0.14 —0.08 0.09 — 021 — 0.06
Glucagon — 001 — 021 — 002 0.09 0.02 -0.04 — 026 —0.20
BMI GLP-1 —0.15 — 042 —0.01 —0.09 0.01 -0.12 — 042* — 037
GIP — 035 —0.08 —0.01 — 036 —0.17 -0.12 —0.17 0.08
Glucagon 0.25 0.10 0.04 —0.12 0.09 0.09 — 034 — 027
HbA1c GLP-1 0.08 0.02 0.14 0.09 0.15 0.10 0.02 —0.08
GIP —051* —0.09 —0.13 —0.13 — 0.30* -0.08 —0.15 —0.11
Glucagon 0.30 0.17 0.08 — 007 0.1 0.03 — 037 — 028
FPG GLP-1 —0.08 0.02 — 047* —0.15 —0.19 0.03 0.10 —0.14
GIP — 043* —0.16 — 0.50* — 027 —0.36* -0.13 0.02 0.19
Glucagon 0.26 0.15 — 040* —044* —0.16 -0.09 —0.11 — 0.06
C-peptide GLP-1 0.06 —0.13 0.40* 0.20 0.24 0.05 — 002 0.03
GIP 0.02 — 0.05 0.17 041* 0.08 0.21 0.39 037
Glucagon 0.05 — 001 0.17 0.10 0.08 0.06 041* 0.45*
HOMA-IR GLP-1 0.27 0.12 0.30 0.03 0.29 0.12 —0.08 0.04
GIP —0.18 0.16 0.42* 0.14 0.15 0.15 0.17 — 002
Glucagon 0.34 0.29 032 0.26 0.33* 027 0.24 0.39
HOMA-3 GLP-1 0.30 0.13 0.45* 0.05 0.35* 0.08 —0.08 0.03
GIP — 0.06 0.1 0.66*** 033 0.36* 0.20 027 — 0.04
Glucagon 0.25 023 0.45* 045 * 0.42%* 0.33* 0.36 0.45*
QUICKI GLP-1 — 027 —0.12 — 030 —0.03 —029 —0.12 0.08 — 0.04
GIP 0.18 —0.16 — 042* —0.14 —0.15 —0.15 —-0.17 0.02
Glucagon — 034 —029 —032 -0.26 —033* —027 — 024 —039

iFPG impaired fasting plasma glucose, BMI body mass index, FPG fasting plasma glucose, HbA, - glycated hemoglobin A, HOMA-IR homeostasis model assessment
of insulin resistance, HOMA- homeostasis model assessment of B-cell function, QUCKI quantitative insulin sensitivity check index, GLP-1 glucagon-like peptide 1, GIP
glucose-dependent insulinotropic peptide, AUC area under the curve during 3-h mixed meal tolerance test

For fasting levels and AUC mean of GLP-1, GIP and glucagon were correlated with baseline factors using Spearman coefficient (p). Stars denote uncorrected statistical

significance
"p<0.05
" p<0.01
" p<0.001

during MMTT was also detected in C-peptide positive
individuals with type 1 diabetes [25]. Whether this find-
ing is clinically significant is debatable. Impaired suppres-
sion of glucagon by GLP-1 as a manifestation of incretin
resistance may be involved in hyperglycemia [14, 15],
however our results argue against a major contribution
of increased glucagon production in the pathogenesis of
early GDM.

One of the possible reasons for lack of difference in
incretin secretion between groups in our study could
lie in our focus on pregnant women with early diag-
nosed i-FPG. These results thus cannot be extrapolated
to women with normal glucose levels during the first
trimester of pregnancy who are diagnosed with GDM
later according to abnormal oGTT at 24-28. week of

pregnancy. We did not perform MMTT in later stages
of pregnancy, so we cannot exclude the possibility that
altered incretin secretion in women with early diagnosed
impaired fasting glucose may appear during later course.
Another reason for lack of difference in incretin secretion
between groups may be the lack of ethnic diversity — all
participants were of Caucasian ethnicity. Different racial/
ethnic backgrounds are associated with different preva-
lence of glucose intolerance during pregnancy [5, 17].
The homogenous sample of examined pregnant women
may be a limitation of this study.

In contrast to conflicting data on the role of incretins,
obesity seems to be more important factor for GDM
development. Maternal obesity was associated with
higher C-peptide and lower insulin sensitivity even
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in the first trimester of pregnancy [26]. Diet and early
mild-moderate exercise have been effective in GDM
prevention [27]. In our study, we found higher levels of
C-peptide both in fasting state and during the MMTT
in women with i-FPG compared to healthy controls as
well. However, after adjustment for BMI C-peptide
did not show a significant difference. Although BMI
did not correlate with both fasting and postprandial
incretin production and women with impaired fasting
glucose did not show a significant increase in markers
of insulin resistance (HOMA-IR, QUICKI), they had
reduced beta-cell function as measured by HOMA-p.
Obesity can impair glycemic compensation not only
through insulin resistance but also through disruption
of beta-cell function due to adverse secretion of adi-
pokines [28, 29]. Unbalanced adipokine (low adiponec-
tin, high leptin) levels were detected even in overweight
women with early-onset GDM [30]. Recently, we have
also found in women with early GDM altered adi-
pokines production (increased adipocyte fatty acid-
binding protein and decreased adiponectin levels) that
correlated with visceral adiposity and glucose control.
The introduction of lifestyle interventions during preg-
nancy and early GDM treatment was associated with
not only prevention of weight gain and with glycemic
compensation, but also normalization of adipokines
levels [31]. These findings support the possible role of
endocrine dysfunction of adipose tissue in the develop-
ment of GDM.

Conclusion

Women with early diagnosed impaired fasting glu-
cose did not show altered fasting or postprandial
incretin secretion in the first trimester of pregnancy.
These patients were more obese and showed signs of
decreased beta-cell function. In contrast to obesity,
impaired incretin secretion does not seem to play a
major role in the early development of GDM.

Abbreviations

AUC Area under the curve

BMI Body mass index

FPG Fasting plasma glucose

GDM Gestational diabetes mellitus

GIP Glucose-dependent insulinotropic peptide

GLP-1 Glucagon-like peptide 1

HbA, ¢ Glycated hemoglobin A,

HOMA-IR  Homeostasis model assessment of insulin resistance
HOMA-3  Homeostasis model assessment of 3-cell function
IADPSG International association of diabetes and pregnancy study groups
i-FPG Impaired fasting plasma glucose

MMTT Mixed meal tolerance test

OGTT Oral glucose tolerance test

QUCKI Quantitative insulin sensitivity check index

Page 8 of 9

Acknowledgements

The authors thank the study participants, as well as Milena Krskové, RNDr., CSc.
for help with preliminary statistical analyses and Zderika Lacinovd, RNDr. for
help with analyses of incretins

Author contributions

Concept and design: OK, DK, and MH; methodology: OK, MK, MM, and DK;
investigation: OK, VK, DM, MM, and LC; data analysis: OK, DK, MK, and MH;
writing—original draft preparation: OK, DK, MK, and MH; writing—review and
editing: OK, DK, MH; funding acquisition: OK, DK, and MH. All authors have
read and approved the final manuscript. All authors read and approved the fial
manuscript.

Funding

This work was supported by AZV NV18-01-00139, MH CZ DRO (FNOI,
00098892), and by the project National Institute for Research of Metabolic and
Cardiovascular Diseases (Program EXCELES, ID Project No. LX22NPO5104)—
Funded by the European Union — Next Generation EU.

Availability of data and materials
The data used in this manuscript are available upon request.

Declarations

Ethics approval and consent to participate

The research protocol was approved by the Ethics Committee of Medical
Faculty and University Hospital Olomouc (approval no. 120/17) and informed
consent was obtained from all participants. All procedures performed in
studies involving human participants were in accordance with the ethical
standards of the institutional research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Consent for publication
Not applicable.

Competing interests
All authors declare no conflicts of interest.

Author details

!Third Department of Internal Medicine — Nephrology, Rheumatology

and Endocrinology, University Hospital Olomouc and Faculty of Medicine

and Dentistry, Palacky University, I. P. Pavlova 6, 77900 Olomouc, Czech Repub-
lic.”Department of Data Science, Institute for Clinical and Experimental Medi-
cine, Videriska 1958,140 21, Prague, Czech Republic. 3Department of Clinical
Biochemistry, University Hospital Olomouc, I. P. Pavlova 6, 77900 Olomouc,
Czech Republic. “Diabetes Centre, Institute for Clinical and Experimental
Medicine, Videriska 1958, 140 21, Prague, Czech Republic.

Received: 27 September 2022 Accepted: 6 January 2023
Publighed online: 30 January 2023

References

1. Duran A, Sdenz S, Torrejon MJ, BordiU E, Del Valle L, Galindo M, et al. Intro-
duction of IADPSG criteria for the screening and diagnosis of gestational
diabetes mellitus results in improved pregnancy outcomes at a lower
cost in a large cohort of pregnant women: the St Carlos gestational
diabetes study. Diabetes Care. 2014,37:2442-50.

2. Meek CL, Lewis HB, Patient C, Murphy HR, Simmons D. Diagnosis of
gestational diabetes mellitus: falling through the net. Diabetologia.
2015;58:2003-12.

3. lkomi A, Mannan S, Simon G, Khan R, Smith S, Robbins J, et al. Diagnosis
of gestational diabetes during the pandemic: what is the risk of falling
through the net? Diabet Med. 2020;37:1782-4.

4. Powe CE, Allard C, Battista MC, Doyon M, Bouchard L, Ecker JL, et al.
Heterogeneous contribution of insulin sensitivity and secretion defects
to gestational diabetes mellitus. Diabetes Care. 2016;39:1052-5.

88



Krystynik et al. Diabetology & Metabolic Syndrome

20.

21.

22.

23.

(2023) 15:12

Nikolic D, Al-Rasadi K, Al Busaidi N, Al-Waili K, Banerjee Y, Al-Hashmi K,

et al. Incretins, pregnancy, and gestational diabetes. Curr Pharm Biotech-
nol. 2016;17:597-602.

Nauck MA, Quast DR, Wefers J, Pfeiffer AFH. The evolving story of incretins
(GIP and GLP-1) in metabolic and cardiovascular disease: a pathophysi-
ological update. Diabetes Obes Metab. 2021;23(Suppl 3):5-29.

Cypryk K, Vilsbell T, Nadel I, Smyczyriska J, Holst JJ, Lewiriski A. Normal
secretion of the incretin hormones glucose-dependent insulinotropic
polypeptide and glucagon-like peptide-1 during gestational diabetes
mellitus. Gynecol Endocrinol. 2007,23:58-62.

Lencioni C, Resi V, Romero F, Lupi R, Volpe L, Bertolotto A, et al. Glucagon-
like peptide-1 secretion in women with gestational diabetes mellitus
during and after pregnancy. J Endocrinol Invest. 2011;34:287-90.
Sukumar N, Bagias C, Goljan |, Weldeselassie Y, Gharanei S, Tan BK, et al.
Reduced GLP-1 secretion at 30 minutes after a 75-g oral glucose load is
observed in gestational diabetes mellitus: a prospective cohort study.
Diabetes. 2018;67:2650-6.

. Bonde L, Vilsbell T, Nielsen T, Bagger JI, Svare JA, Holst JJ, et al. Reduced

postprandial GLP-1 responses in women with gestational diabetes mel-
litus. Diabetes Obes Metab. 2013;15:713-20.

. Mosavat M, Omar SZ, Jamalpour S, Tan PC. Serum glucose-dependent

insulinotropic polypeptide (GIP) and glucagon-like peptide-1 (GLP-1)
in association with the risk of gestational diabetes: a prospective case-
control study. J Diabetes Res. 2020;2020:9072492.

. Fritsche L, Heni M, Eckstein SS, Hummel J, Schiirmann A, Haring HU, et al.

Incretin hypersecretion in gestational diabetes mellitus. J Clin Endocrinol
Metab. 2022;107:€2425-30.

. Grigorakis S, Alevizaki M, Beis C, Anastasiou E, Alevizaki CC, Souvatzoglou

A.Hormonal parameters in gestational diabetes mellitus during the third
trimester: high glucagon levels. Gynecol Obstet Invest. 2000;49:106-9.

. Horie |, Haraguchi A, Ito A, Nozaki A, Natsuda S, Akazawa S, et al. Impaired

early-phase suppression of glucagon secretion after glucose load is
associated with insulin requirement during pregnancy in gestational
diabetes. J Diabetes Investig. 2020;11:232-40.

. Vollmer K, Holst JJ, Baller B, Ellrichmann M, Nauck MA, Schmidt WE, et al.

Predictors of incretin concentrations in subjects with normal, impaired,
and diabetic glucose tolerance. Diabetes. 2008,57:678-87.

. Rijkelijkhuizen JM, Girman CJ, Mari A, Alssema M, Rhodes T, Nijpels G,

et al. Classical and model-based estimates of beta-cell function during a
mixed meal vs. an OGTT in a population-based cohort. Diabetes Res Clin
Pract. 2009;83:280-8.

. American Diabetes Association Professional Practice Committee 2.

Classification and diagnosis of diabetes: standards of medical care in
diabetes-2022. Diabetes Care. 2022;45(Suppl 1):517-38.

. International Association of Diabetes and Pregnancy Study Groups

Consensus Panel, Metzger BE, Gabbe SG, Persson B, Buchanan TA,
Catalano PA, et al. International association of diabetes and pregnancy
study groups recommendations on the diagnosis and classification of
hyperglycemia in pregnancy. Diabetes Care. 2010;33:676-82.

. Harreiter J, Simmons D, Desoye G, Corcoy R, Adelantado JM, Devlieger R,

DALI Core Investigator group. IADPSG and WHO, et al. Gestational diabe-
tes mellitus criteria identify obese women with marked insulin resistance
in early pregnancy. Diabetes Care. 2013,2016(39):e90-2.

Feerch K, Torekov SS, Vistisen D, Johansen NB, Witte DR, Jonsson A, et al.
GLP-1 response to oral glucose is reduced in prediabetes, screen-
detected type 2 diabetes, and obesity and influenced by sex: the
addition-pro study. Diabetes. 2015,64:2513-25.

Manell H, Staaf J, Manukyan L, Kristinsson H, Cen J, Stenlid R, et al.
Altered plasma levels of glucagon, GLP-1 and glicentin during OGTT in
adolescents with obesity and type 2 diabetes. J Clin Endocrinol Metab.
2016;101:1181-9.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man. Diabeto-
logia. 1985;28:412-9.

Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan G, et al.
Quantitative insulin sensitivity check index: a simple, accurate method
for assessing insulin sensitivity in humans. J Clin Endocrinol Metab.
2000;85:2402-10.

24.

25.

26.

27.

28.

29.

30.

31

Page 9 of 9

Holst JJ, Christensen M, Lund A, de Heer J, Svendsen B, Kielgast U, et al.
Regulation of glucagon secretion by incretins. Diabetes Obes Metab.
2011;13(Suppl 1):89-94.

Thivolet C, Marchand L, Chikh K. Inappropriate glucagon and GLP-1
secretion in individuals with long-standing type 1 diabetes: effects of
residual C-peptide. Diabetologia. 2019,62:593-7.

Bandres-Meriz J, Dieberger AM, Hoch D, Péchlauer C, Bachbauer M, Glas-
ner A, et al. Maternal obesity affects the glucose-insulin axis during the
first trimester of human pregnancy. Front Endocrinol. 2020;11: 566673.
Altemani AH, Alzaheb RA. The prevention of gestational diabetes mellitus
(The role of lifestyle): a meta-analysis. Diabetol Metab Syndr. 2022;14:83.
Dunmore SJ, Brown JE. The role of adipokines in B-cell failure of type 2
diabetes. J Endocrinol. 2013;216:T37-45.

Biondi G, Marrano N, Borrelli A, Rella M, Palma G, Calderoni |, et al. Adipose
tissue secretion pattern influences 3-cell wellness in the transition from
obesity to type 2 diabetes. Int J Mol Sci. 2022;23:5522.

Lobo TF, Torloni MR, Mattar R, Nakamura MU, Alexandre SM, Daher S. Adi-
pokine levels in overweight women with early-onset gestational diabetes
mellitus. J Endocrinol Invest. 2019;42:149-56.

Karasek D, Krystynik O, Kucerova V, Macakova D, Cibickova L, Schovanek
J, et al. Adiponectin, A-FABP and FGF-19 levels in women with early
diagnosed gestational diabetes. J Clin Med. 2022;11:2417.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

o support for research data, including large and complex data types

o gold Open Access which fosters wider collaboration and increased citations

o maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

89


http://biomedcentral.com/submissions

Journal of

%

Clinical Medicine

Article

Adiponectin, A-FABP and FGF-19 Levels in Women with Early
Diagnosed Gestational Diabetes

David Karasek 1*(, Ondrej Krystynik 1, Veronika Kucerova 2, Dominika Macakova !, Lubica Cibickova ,
Jan Schovanek ! and Martin Haluzik 3

check for
updates

Citation: Karasek, D.; Krystynik, O.;
Kucerova, V.; Macakova, D.;
Cibickova, L.; Schovanek, J.; Haluzik,
M. Adiponectin, A-FABP and FGF-19
Levels in Women with Early
Diagnosed Gestational Diabetes. J.
Clin. Med. 2022, 11,2417. https://
doi.org/10.3390/jcm11092417

Academic Editors: Basilio Pintaudi
and Min Xu

Received: 18 March 2022
Accepted: 23 April 2022
Published: 25 April 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Third Department of Internal Medicine—Nephrology, Rheumatology and Endocrinology,

Faculty of Medicine and Dentistry, University Hospital and Palacky University, I. PPavlova 6,

77900 Olomouc, Czech Republic; ondrej krystynik@fnol.cz (O.K.); dominika.macakova@fnol.cz (D.M.);
lubica.cibickova@fnol.cz (L.C.); jan.schovanek@fnol.cz (J.S.)

Department of Clinical Biochemistry, University Hospital, I. P. Pavlova 6, 77900 Olomouc, Czech Republic;
veronika.kucerova@fnol.cz

Diabetes Centre, Institute for Clinical and Experimental Medicine, 14021 Prague, Czech Republic;
halm@ikem.cz

*  Correspondence: david.karasek@fnol.cz; Tel.: +420-585-855-8595

Abstract: Background: Adiponectin, adipocyte fatty acid-binding protein (A-FABP), and fibroblast
growth factor-19 (FGF-19) belong to proteins involved in glucose metabolism regulation. The aims
of the study were to compare the plasma levels of these proteins in women with early diagnosed
gestational diabetes mellitus (GDM) to those in healthy controls and to investigate their changes
during pregnancy after early intervention. Methods: The study was undertaken as a case-control
study. Early GDM diagnosis was based on repeated fasting plasma glucose >5.1 and <7.0 mmol/L
during the first trimester of pregnancy and exclusion of overt diabetes. Age-matched controls com-
prised healthy pregnant and non-pregnant women. In addition to adipokines, clinical parameters
and measures of glucose control were assessed. Results: Women with GDM (1 = 23) had significantly
lower adiponectin and higher A-FABP levels compared to healthy pregnant (1 = 29) or non-pregnant
(n = 25) controls, while no significant differences in FGF-19 between the groups were found. The ther-
apeutic intervention shifted adiponectin and A-FABP levels in GDM women towards concentrations
of healthy pregnant controls. Adipokines were associated with visceral adiposity and glucose control.
Conclusion: Women with GDM showed altered adipokine production even in the first trimester of
pregnancy. Early therapeutic intervention not only improved glucose control but also normalized
impaired adipokine production.

Keywords: gestational diabetes; adiponectin; adipocyte fatty acid-binding protein; fibroblast growth
factor-19

1. Introduction

According to the International Association of Diabetes and Pregnancy Study Groups,
the detection and diagnosis of hyperglycemic disorders in pregnancy involve two phases [1].
The first is performed during an initial prenatal visit (usually in the first trimester) to identify
women with overt diabetes not diagnosed before their pregnancy. If the results are not
diagnostic for overt diabetes but are abnormal (fasting plasma glucose >5.1 mmol/L but
<7.0 mmol/L), early gestational diabetes mellitus (GDM) is suspected. Therefore, if overt
diabetes is excluded, it is recommended that fasting plasma glucose (FPG) levels in early
pregnancy >5.1 mmol/L are also classified as GDM [1]. The second phase is a 75 g oral
glucose tolerance test (OGTT) performed at 24-28 weeks of gestation in all women who have
not been previously diagnosed with overt diabetes or GDM to identify the other women
with GDM. Higher FPG levels in the first trimester (lower than those diagnosed with
overt diabetes) have been reported to be also associated with an increased risk of adverse
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pregnancy outcomes [2]. As there is not enough data suggesting that generalized testing is
beneficial in the diagnosis and treatment of GDM before the usual period of 24-28 weeks
of pregnancy, some guidelines recommend early screening in high-risk patients only [3].

Even though the pathophysiology of GDM is not yet fully understood, it generally
involves relatively insufficient insulin secretion with increased peripheral insulin resistance
developing during pregnancy [4]. Adipose tissue dysfunction is a well-described cause of
increased insulin resistance. Emerging evidence of altered adipokine expression in women
with GDM suggests an important involvement of dysfunctional adipose tissue and its
impaired endocrine function in the development of hyperglycemia during pregnancy [5].
Adiponectin and adipocyte fatty acid-binding protein (A-FABP) belong to abundantly
expressed adipokines closely related to insulin resistance [6,7]. The beneficial effects of
adiponectin on glucose metabolism include a reduction in inflammation and oxidative
stress and improvement in insulin resistance; a protective effect on pancreatic 3-cells; an
increase in glucose utilization and fatty acid oxidation in skeletal muscles; a reduction
in hepatic glucose production; and an increase in insulin-stimulated glucose uptake by
adipocytes [6,8]. The main function of A-FABP is the binding of free fatty acids, but it is also
involved in the regulation of inflammatory and metabolic processes [7,9]. Animal model
studies suggest that A-FABP is an important player in the regulation of glucose homeostasis.
Deletion of the A-FABP gene protects mice from insulin resistance and hyperinsulinemia
associated with obesity [10]. Secretion of A-FABP from adipocytes can regulate hepatic
glucose production and insulin secretion by pancreatic 3-cells [7]. Fibroblast growth
factor-19 (FGF-19) is a gut hormone with pleiotropic effects. It is secreted mainly by the
small intestine in response to feeding. In addition to its role in bile acid homeostasis,
FGF-19 activates an insulin-independent endocrine pathway that regulates hepatic protein
and glycogen metabolism, inhibits gluconeogenesis, and promotes glucose uptake in
adipocytes [11]. Lower FGF-19 levels have been observed in patients with type 2 diabetes
mellitus and obese patients, suggesting that it plays a role in weight loss [12].

Early detection of GDM allows timely intervention to normalize blood glucose levels
and prevent adverse pregnancy outcomes. We hypothesized that circulating levels of
glucoregulatory adipokines were altered in women with GDM even in the first trimester
of pregnancy and that therapeutic intervention might improve their adverse metabolic
profiles along with impaired adipokine concentrations. To this end, we compared plasma
concentrations of adiponectin, A-FABP, and FGF-19 in women with early-diagnosed GDM
with those in healthy pregnant women and healthy non-pregnant controls and studied
their changes during pregnancy.

2. Materials and Methods
2.1. Study Design, Inclusion, and Exclusion Criteria

The study was undertaken as a case-control study in accordance with the principles of
the Declaration of Helsinki as revised in 2008. It was reviewed and approved by the Ethics
Committee of Medical Faculty and University Hospital Olomouc (approval no. 120/17)
and informed consent was obtained from all participants. The diagnosis of early GDM was
based on repeated FPG levels >5.1 mmol/L and <7.0 mmol/L during the first trimester
(8-14 weeks) of pregnancy [1]. The exclusion criteria were having type 1 or type 2 diabetes,
secondary or genetic types of diabetes, or a history of GDM. All pregnant women were
enrolled in the first trimester and followed for the rest of the pregnancy until delivery.
Healthy pregnant women had normal glucose levels throughout their pregnancy, including
the OGTT at 24-28 weeks of gestation [1]. Non-pregnant age-matched controls comprised
healthy women without a personal history of glucose intolerance or diabetes (including
GDM or a history of delivering a high birth weightbaby, i.e., >4.5 kg). All study participants
had normal thyroid function.

Participants were asked about their personal and medical history. Their body mass
index (BMI), waist circumference, and systolic and diastolic blood pressure (SBP and DBP)
were also measured. The BMI was calculated as body weight/body height? (kg/m?).
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Waist circumference was measured while standing, in the middle between the anterior
iliac crest and the lower border of the ribs. Pregnant women (with or without GDM)
were examined in the first (8-14 weeks), second (24-28 weeks), and third (34-38 weeks)
trimesters. Weight, BMI, waist circumference, SBP, DBP, glucose, glycated hemoglobin A1C
(HbA1C), and adipokine levels were checked at each visit. Early therapeutic intervention
(nutrition therapy—diet containing 175 g of carbohydrate or 35% of a 2000-calorie intake, a
minimum of 71 g of protein, and 28 g of fiber; monounsaturated and polyunsaturated fats
were emphasized while saturated fats were limited, physical activity—30 min of exercise
(medium intensity walking), 5 days/week, and weight controls) was introduced for women
with GDM already during their first visit (in the first trimester). Some of them were also
treated with insulin to achieve the glycemic target. The cut-off values for the introduction
of insulin therapy were as follows: repeated FPG level >5.3 mmol/L; 1-h postprandial
glucose level >7.8 mmol/L, or 2-h postprandial glucose level >6.7 mmol/L [13].

2.2. Laboratory Analyses

Venous blood samples were collected in the morning after a 12-h fast. Routine serum
biochemical parameters (glucose, HbA1C, and C-peptide) were analyzed on the day of
blood collection. Concentrations of adipokines were measured in sample aliquots stored at
—80 °C for no longer than 6 months.

Glucose levels were determined using the hexokinase method (GLUC3, Roche Di-
agnostics GmbH, Mannheim, Germany) on the automated analyzer Cobas 8000 (Roche).
Levels of HbA1C were measured by ion exchange chromatography using the Arkray
Adams HA-8180V analyzer (Arkray Corporation, Kyoto, Japan). C-peptide levels were
determined with a commercially available kit (Immunotech, Marseille, France) using an
immunoradiometric assay with specific antibodies.

Adiponectin was determined with the immunochemistry kit Human Adiponectin
ELISA (Biovendor Laboratory Medicine Inc., Brno, Czech Republic) according to the manu-
facturer’s instructions. The antibodies used in this kit are specific for human adiponectin.
The assay sensitivity was 26 ng/mL; the precision coefficients of variation (CVs) were 4.9%
(intra-assay) and 6.7% (inter-assay).

Levels of A-FABP were assessed using the Human Adipocyte FABP4 ELISA kit (Bioven-
dor Laboratory Medicine Inc.) according to the manufacturer’s instructions. The antibodies
used in this ELISA are specific for human A-FABP. The assay sensitivity was 0.08 ng/mL;
the precision CVs were 2.5% (intra-assay) and 3.9% (inter-assay).

Levels of FGF-19 were obtained with Human FGF-19 ELISA (Biovendor Laboratory
Medicine Inc.) according to the manufacturer’s instructions. The antibodies used in this
ELISA are specific for human FGF-19. The assay sensitivity was 4.8 pg/mL; the precision
CVs were 6% (intra-assay) and 7.5% (inter-assay).

2.3. Statistical Analyses

All values were expressed as medians and interquartile ranges. Differences in variables
between the groups were analyzed with the Mann-Whitney U-test. Differences between
samples in individual trimesters were analyzed using the Wilcoxon signed-rank test. Anal-
ysis of covariates (ANCOVA) served to eliminate group differences in confounding factors.
Spearman correlation analyses tested correlations between parameters in all groups. The
Spearman coefficient (p) was used to express the value of correlation. Multivariate linear
regression analyses were used for testing for independent associations between dependent
and independent variables. Probability values of p < 0.05 were considered statistically
significant. Statistica 14.0 software was used for statistical analyses.

3. Results
3.1. Baseline Clinical and Laboratory Parameters and Adipokine Levels in Individual Groups

A total of 23 pregnant women with early diagnosed GDM, 29 pregnant women
without GDM, and 25 non-pregnant healthy controls met the eligibility criteria for this
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study. In the first trimester, women with GDM had a significantly higher weight, BMI, waist
circumference, FPG, HbA1C, and C-peptide levels compared to both pregnant women
without GDM and non-pregnant healthy controls. Pregnant women without GDM had
significantly higher waist circumference and C-peptide levels, but lower FPG and HbA1C
levels compared to non-pregnant healthy controls.

Levels of adiponectin were significantly decreased and levels of A-FABP were signifi-
cantly elevated in women with GDM compared to both pregnant women without GDM
and non-pregnant healthy controls. In contrast, A-FABP levels were decreased in women
without GDM compared to non-pregnant healthy controls. There were no significant dif-
ferences in FGF-19 between the groups. See Table 1. ANCOVA analysis showed the same
significant differences in adipokines between groups even after adjusting for BML

Table 1. Baseline clinical and laboratory parameters in individual groups.

Pregnant Women with Pregnant Women Non-Pregnant

GDM without GDM Healthy Controls
(n=23) (n=29) (n = 25)
(yaeiis) 32.0 (27.1-36.2) 30.0 (27.9-32.3) 29.4 (26.6-33.0)
ges;jt‘e"eﬁ)age 11.1 (10.2-11.8) 109 (9.9-11.6) ;
W(Ek‘g“ 80.2 (72.3-88.9) b< 65.1 (61.3-74.9) 2 63.6 (59.9-67.6)
BMI b,c a a
(kg/m?) 28.5 (25.4-32.8) > 23.4 (20.4-25.1) 21.9 (20.3-23.9)
‘?Sr‘f)t 96.3 (91.4-97.8) b< 80.5 (74.4-875)2C 755 (70.4-81.6) *b
SBP
(momkig) 121.9 (109.1-129.4) 1202 (1115-127.4)  117.1 (110.0-126.9)
DBP
(mmkig) 76.3 (67.2-81.6) 78.0 (69.8-81.3) 74.2 (69.0-80.6)
(mfrlfocl ) 5.1 (4.9-53)b< 43 (4.1-44)2¢ 47 (45-4.8) 2P
(mﬁﬁﬁol) 32.3 (30.6-34.9) b< 30.0 (27.5-322) ¢ 31.0(30.9-33.2) >
C(;;ﬁ&%e 922.4 (533.5-1468.0) P¢  602.1 (416.5-748.3)®  510.5 (405.0-595.6) 2
a‘?;};"/ﬁi“;“ 8.9 (7.2-11.1) b< 11.1(9.8-13.4) 10.6 (9.3-12.6)
(ﬁ;/ﬁf) 28.6 (20.4-39.4) b< 13.7(10.8-162) > 203 (17.7-26.8) >0
égf;i) 182.2 (101.3-309.3) 216.4 (131.7-3505)  266.6 (164.4-320.3)

GDM = gestational diabetes mellitus; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood
pressure; FPG = fasting plasma glucose; HbA1C = glycated hemoglobin A1C; A-FABP = adipocyte fatty acid-
binding protein; FGF-19 = fibroblast growth factor-19. Values are expressed as the median (25 and 75 percentile).
Significant differences (p < 0.05) according to the Mann-Whitney U-test: # = vs. women with GDM; b = vs. women
without GDM; € = vs. healthy controls.

3.2. Changes in Selected Clinical Parameters, Glucose Control, and Adipokines during Pregnancy
Changes in selected clinical parameters, glucose control, and adipokines during preg-
nancy are shown in Table 2. Lifestyle and behavioral changes were recommended to all
patients with GDM during their first visit, with 30% of them (7 of 23) being treated with
insulin (insulin therapy was initiated at a median of 15 {14-17} weeks). Because of the
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early therapy for GDM, there were no significant differences in weight, BMI, and HbA1C
between women with and without GDM during the second and third trimesters com-
pared to the first trimester. While women without GDM gradually increased their weight
and BMI throughout their pregnancy, those with GDM showed a significant rise in their
weight and BMI only in the third trimester. Those with GDM showed significantly higher
waist circumference in the second trimester and higher fasting glucose levels only in the
third trimester compared to women without GDM. As in the first trimester, no significant
differences in SBP and DBP were found in the second and third trimesters.

Table 2. Changes in selected clinical parameters, glucose control, and adipokines during pregnancy
in women with and without GDM.

First Trimester Second Trimester Third Trimester
(8-12 Weeks) (24-28 Weeks) (34-38 Weeks)
weight GDM+ 80.2 (72.3-88.9) 77.5 (68.0-93.9) 82.0 (77.2-90.0) ©
(kg) GDM— 65.1 (61.3-74.9) be 77.0 (71.2-82.2) a¢ 83.2 (74.7-90.5) ab
BMI GDM+ 28.5(25.4-32.8) 27.5(23.7-32.4) ¢ 27.4(25.8-33.8)
(kg/m?) GDM— 23.4 (20.4-25.1) b< 25.9 (23.6-28.0) ¢ 28.5 (25.1-31.0) 20
waist GDM+ 96.3 (91.4-97.8) © 104.5 (98.3-110.1) ¢ 108.3 (103.2-114.4) 2P
(cm) GDM— 80.5 (74.4-87.5) b< 96.0 (90.2-102.5) @< 106.1 (98.7-114.5) 2P
SBP GDM+ 121.9 (109.1-129.4) 120.0 (112.5-129.6) 123.8 (117.3-132.1)
(mm Hg) GDM— 120.2 (111.5-127.4) 118.1 (108.9-120.4) 121.2 (114.0-130.5)
DBP GDM+ 76.3 (67.2-81.6) 73.2(69.5-76.5) 82.1 (74.7-85.3) ©
(mm Hg) GDM— 78.0 (69.8-81.3) 71.2 (64.9-75.1) 77.5 (88.0-81.0)
FPG GDM+ 5.1(4.9-53)P 45 (44-5.0)a 4.8 (4.3-5.3)
(mmol/L) GDM— 43 (4.1-4.4) 4.2 (4.0-4.9) 44 (41-45)
HbA;c GDM+ 32.3 (30.6-34.9) © 31.0 (30.2-33.1) © 36.0 (32.0-38.5) 0
(mmol/mol) GDM— 30.0 (27.5-32.2) © 29.5(28.1-31.0) 33.3 (31.0-34.2) 0
adiponectin GDM+ 8.9 (7.2-11.1) 8.9 (7.7-10.3) 9.0 (7.3-10.7)
(ug/mL) GDM— 11.1(9.8-13.4) ¢ 10.2 (7.2-13.5) 9.1 (8.0-12.1) 2
A-FABP GDM+ 28.6 (20.4-39.4) b< 21.8 (12.8-26.2) 2 23.8(19.4-30.1) 2
(ng/mL) GDM— 13.7 (10.8-16.2) © 14.3 (11.0-18.0) © 22.4 (13.4-29.3) 20
FGF-19 GDM+ 182.2 (101.3-309.3) 210.1 (104.6-360.0) 193.1 (105.1-250.4)
(pg/mL) GDM— 216.4 (131.7-350.5) 192.0 (139.6-289.3) 205.5 (87.4-302.0)

GDM = gestational diabetes mellitus; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood
pressure; FPG = fasting plasma glucose; HbA1C = glycated hemoglobin A1C; A-FABP = adipocyte fatty acid-
binding protein; FGF-19 = fibroblast growth factor-19. Values are expressed as the median (25 and 75 percentile).
Significant differences (p < 0.05) according to the Wilcoxon signed-rank test: @ = vs. 1st trimester; b = vs. 2nd
trimester; ¢ = vs. 3rd trimester or signiﬁcant differences according to the Mann-Whitney U-test: = women with
GDM (1 = 23) vs. women without GDM (n = 29).

Changes in adipokines reflected changes in body weight and BMI, see Table 2 and
Figure 1. Adiponectin concentrations remained almost unchanged in the GDM group
but dropped significantly in controls without GDM. As a result, there were no significant
differences in adiponectin levels between the groups (GDM+ vs. GDM—) during the
second and third trimesters. A-FABP decreased in women with GDM and increased in
those without GDM during pregnancy. Thus, A-FABP was significantly higher in patients
with GDM only in the second trimester while it did not differ between the groups in the
third trimester (GDM+ vs. GDM—). No significant changes in FGF-19 were detected in both
groups during pregnancy. FGF-19 levels did not significantly differ between the groups
(GDM+ vs. GDM~) throughout the study.
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Figure 1. Levels of adipokines in different groups. GDM = gestational diabetes mellitus; A-FABP =
adipocyte fatty acid-binding protein; FGF-19 = fibroblast growth factor-19. Values are expressed as
medians (boxes) and interquartile ranges (whiskers).

3.3. Relationship of Adipokines to Clinical and Laboratory Parameters

Univariate correlation analyses of baseline data were performed in all pregnant women
(n = 52). Adiponectin was significantly inversely (p < 0.05) correlated with body weight
(p = —0.34), BMI (p = —0.39), waist circumference (p = —0.31), FPG (p = —0.38), and HbA1C
(p = —0.23). A-FABP was positively correlated with body weight (p = 0.55), BMI (p = 0.52),
waist circumference (p = 0.53), SBP (p = 0.17), FPG (p = 0.46), and HbA1C (p = 0.42). FGF-19
was inversely correlated with body weight (p= —0.23), BMI (p = —0.20), SBP (p = —0.39), and
DBP (p = —0.32). There was also a significant inverse correlation between adiponectin and
A-FABP levels (p = —0.18). FGF-19 was correlated with neither adiponectin nor A-FABP.
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Table 3 shows the results of a multivariate regression analysis of independent factors
affecting adiponectin, A-FABP, and FGF-19 as dependent variables based on data from all
three trimesters in all pregnant women (1 = 52). Adiponectin was independently associated
with waist circumference and HbA1C; A-FABP with weight, SBP, and fasting glucose; and
FGF-19 with SBP only.

Table 3. Multivariate linear regression analysis of independent factors affecting adiponectin,
adipocyte fatty acid-binding protein, and fibroblast growth factor-19 as dependent variables.

Adiponectin

Unstandardized coefficients  Standardized coefficients : Sig.

B SE Beta SE
weight 0.259 0.464 0.034 0.061 0.558 0.578
BMI —0.621 0.418 —0.236 0.159 —1.486 0.140
waist 0.672 0.327 0.074 0.036 2.058 0.041
FPG 0.093 0.226 0.211 0.511 0414 0.680
HbA;c 0.530 0.257 0.175 0.085 2.065 0.046

Adipocyte-fatty acid binding protein

Unstandardized coefficients  Standardized coefficients : Sig.

B SE Beta SE
weight 1.056 0.497 0.313 0.148 2.124 0.035
BMI 0.168 0.447 0.144 0.382 0.377 0.707
waist —-0.191 0.370 —0.047 0.091 —-0.515 0.607
FPG 0.760 0.246 3.860 1.251 3.087 0.002
HbA;c 0.332 0.293 0.246 0.217 1.134 0.259
SBP 1.210 0.287 0.240 0.057 4214 0.000

Fibroblast growth factor-19

Unstandardized coefficients  Standardized coefficients : Sig.

B SE Beta SE
weight 0.200 0.916 0.895 4.107 0218 0.828
BMI —0.242 0.879 -3.123 1.340 —-0.275 0.783
SBP 0.722 0.753 2.157 2.250 0.959 0.039
DBP —-0.015 0.666 —0.072 3.146 —-0.023 0.982

BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; FPG = fasting plasma
glucose; HbA1C = glycated hemoglobin A1C.

4. Discussion

The present study demonstrated that women with early diagnosed GDM had signifi-
cantly decreased concentrations of adiponectin and increased concentrations of A-FABP
compared to pregnant women without GDM or non-pregnant healthy controls. Both
adipokines correlated with visceral adiposity and glucose control. A-FABP was inversely
correlated with adiponectin and both adipokines were associated with markers of visceral
adiposity and glucose control. Multivariate regression analysis showed independent associ-
ations between adiponectin and waist and HbA1C, as well as between A-FABP and weight,
SBP, and fasting glucose levels. Importantly, the introduction of early therapeutic interven-
tion was associated with the shifting of circulating concentrations of these adipokines to
levels comparable with those in healthy pregnant women.

In previous studies, adiponectin levels were found to be lower in women with GDM;
additionally, hypoadiponectinemia in early pregnancy could be considered a predictive
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marker for GDM development [14-18]. A meta-analysis comprising 2865 pregnant women
showed that pre-pregnancy and early pregnancy measurements of circulating adiponectin
may improve the identification of women at high risk for developing GDM [19]. First
trimester adiponectin concentrations had a pooled sensitivity of 60.3%, a specificity of
81.3%, and a diagnostic odds ratio of 6.6 for GDM prediction. However, there are also some
conflicting findings. For example, Ebert et al. reported that adiponectin concentrations
were lower in pregnant women compared to non-pregnant women but were not affected
by GDM presence [20]. Discrepancies between studies may be due to different diagnostic
criteria, population characteristics, pregnancy rates, and the application of treatment
measures. Decreased adiponectin expression during pregnancy is thought to increase
insulin resistance, leading to decreased glucose uptake. In the case of GDM, pancreatic
cell dysfunction is unable to overcome insulin resistance, resulting in hyperglycemia [8].
The independent association between adiponectin and HbA1C in our study highlights
the possible role of adiponectin in glucose control. The present study also shows that
early implementation of lifestyle interventions not only attenuated weight gain but also
prevented further decreases in adiponectin levels during pregnancy in women with GDM,
shifting their adiponectin concentrations in the third trimester to levels similar to those
seen in healthy pregnant women.

Several studies have found significantly elevated A-FABP in women with GDM [21-29],
with some authors finding that elevated circulating A-FABP levels during the first trimester
were associated with a higher risk of developing GDM [27,28]. Zhang et al. reported a
trend toward increasing A-FABP levels in the second to the third trimester in patients with
GDM [23]. We found this tendency in healthy pregnant women as well. A-FABP is secreted
by adipocytes and is also released from the placenta in pregnant women [30]. Circulating
levels of A-FABP are associated with lipolysis and rise due to insulin resistance during
pregnancy. A-FABP overexpression in the placenta and decidua in GDM is stimulated
by the action of placental lactogen, progesterone, and the synergistic effect of estrogen
and progesterone whose levels are steadily elevated until delivery [29]. Early introduction
of lifestyle interventions and appropriate GDM treatment was associated with a reduc-
tion in A-FABP in our study. Therefore, there were no significant differences between
healthy pregnant women and patients with GDM in the third trimester. The independent
associations between A-FABP and weight, fasting glucose, and SBP once again point to
the role of insulin resistance in the development of GDM and its complications. A-FABP
contributes not only to impaired glucose control but also to the development of gestational
hypertension and preeclampsia [31]. Therefore, early GDM diagnosis and treatment are
also important in preventing these complications.

Unlike some previous studies, we found no significant differences in FGF-19 between
GDM patients and healthy pregnant controls throughout all trimesters. Wang et al. reported
decreased circulating levels of FGF-19 in women with GDM diagnosed at 24-28 weeks
of gestation [32]. There was also reduced placental and muscular expression of FGF-
19 in women with GDM after delivery [33]. In contrast, a recent study found plasma
concentrations of FGF-19 in the umbilical cord similar to those in healthy pregnant controls,
suggesting that GDM does not affect fetal FGF-19 levels [34]. Wang et al. also demonstrated
an independent and inverse association between FGF-19 and insulin resistance in GDM [32].
In our study, FGF-19 was inversely correlated with body weight, BMIL, SBP, and DBP. In
multiple regression analysis, however, it was independently associated with only SBP. We
hypothesize that lifestyle interventions introduced to women with early-diagnosed GDM
to avoid weight gain and increased insulin resistance could have prevented significant
reductions in FGF-19 levels in the second and third trimesters. This may explain why there
were no differences between GDM women and healthy controls during pregnancy. This
finding supports the correlations of FGF-19 with body weight and BMI. The independent
association between FGF-19 and SBP may thus suggest a role of FGF-19 in gestational
hypertension, but this potential relationship needs to be elucidated in further studies.
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One limitation of this study is the focus on a group of women with early diagnosed
GDM only. Of course, there are women with normal glucose levels during the first trimester
and diagnosed with GDM following an OGTT at 24-28 weeks of pregnancy; these make up
the majority of GDM cases. Since varied manifestations of GDM may stem from different
pathophysiological mechanisms (insulin resistance versus impaired insulin secretion),
adipokine production may also differ for various GDM phenotypes. All women with
GDM in our study were intervened early which could have affected their natural course of
changes in adipokine levels (i.e., without intervention). Moreover, about a third of women
in the GDM group were treated with insulin, potentially modifying the regulation of the
above protein production. Finally, the study did not include a control group of women
with GDM who had not undergone therapeutic intervention, therefore conclusion on the
effect of the intervention is rather limited. The strength of this study lies in its prospective
nature and longitudinal monitoring of adipokines levels, including the potential impact of
early therapeutic interventions.

5. Conclusions

Women with GDM showed altered adipokine production already in the first trimester
of pregnancy. They had increased A-FABP and decreased adiponectin levels correlating
with visceral adiposity and glucose control. Early diagnosis of GDM necessitating the
introduction of lifestyle interventions and early treatment was associated not only with the
prevention of weight gain but also normalization of adipokines to levels similar to those in
healthy pregnant controls. These findings support the importance of GDM screening in the
early stages of pregnancy and the possible role of endocrine dysfunction of adipose tissue
in the development of gestational diabetes.
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