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ABSTRAKT 

Úvod: I n c i d e n c e g e s t a č n í h o d i a b e t u ( G D M ) c e l o s v ě t o v ě n a r ů s t á . G D M j e s p o j e n s r i z i k e m 

z á v a ž n ý c h m a t e ř s k ý c h a p e r i n a t á l n í c h k o m p l i k a c í b ě h e m t ě h o t e n s t v í , a t a k é s r o z v o j e m 

m e t a b o l i c k ý c h p o r u c h v p o z d ě j š í m o b d o b í ž i v o t a m a t k y i d í t ě t e . P a t o f y z i o l o g i e G D M n e n í 

d o p o s u d p l n ě o b j a s n ě n a , p ř e d p o k l á d á se však v ý z n a m n ý p o d í l i n z u l í n o v é r e z i s t e n c e a s e l h á n í 

s e k r e c e / ? - b u n ě k p a n k r e a t u . P o c h o p e n í z á k l a d n í c h p r i n c i p ů r e g u l a c e g l y k é m i e v t ě h o t e n s t v í 

a časná d e t e k c e je j í p o r u c h y m ů ž e p ř i s p ě t ke sn ížen í v ý s k y t u z á v a ž n ý c h m a t e ř s k ý c h 

i p e r i n a t á l n í c h k o m p l i k a c í . 

Cíle: Z j i s t i t , z d a využ i t í d i a g n o s t i c k ý c h k r i té r i í G D M p o v e d e k u r č e n í o d l i š n ý c h f e n o t y p u 

t ě h o t n ý c h ž e n s G D M . N á s l e d n ě p o s o u d i t , z d a j e u ž e n s d i a g n ó z o u G D M v č a s n é fáz i 

t ě h o t e n s t v í p ř í t o m n á a b n o r m á l n í s e k r e c e i n k r e t i n o v ý c h h o r m o n ů a v y b r a n ý c h a d i p o k i n ů . 

Metody : K p o s o u z e n í o d l i š n ý c h f e n o t y p u ž e n s G D M by la u s p o ř á d á n a r e t r o s p e k t i v n í 

o b s e r v a č n í s t u d i e . K p o s o u z e n í a b n o r m a l i t s e k r e c e i n k r e t i n o v ý c h h o r m o n ů a a d i p o k i n ů 

s louž i la s t u d i e p ř í p a d ů a k o n t r o l . S e k r e c e i n k r e t i n o v ý c h h o r m o n ů by la p o s u z o v á n a b ě h e m 

t o l e r a n č n í h o t e s t u s m i x o v a n o u s t r a v o u . S e k r e c e a d i p o k i n ů by la s r o v n á v á n a v k a ž d é m ze 

3 t r i m e s t r ů t ě h o t e n s t v í . 

Výsledky: Z v ý š e n á lačná g l y k é m i e (FPG > 5 , 1 m m o l / l ) j e v č a s n é fáz i t ě h o t e n s t v í s p o j e n a 

s vyšš ím B M I , s r i z i k e m l é č b y i n z u l í n e m a vyšší p o r o d n í h m o t n o s t í p l o d u . Č a s n ě 

d i a g n o s t i k o v a n ý G D M n e b y l p r o v á z e n z m ě n ě n o u sek rec í i n k r e t i n o v ý c h h o r m o n ů ( G L P - 1 , G IP) . 

Byla z j i š těna zvýšená h l a d i n a A - F A B P a sn ížená h l a d i n a a d i p o n e k t i n u , k t e r é k o r e l o v a l y 

s v i s ce rá l n í a d i p o z i t o u a k o n t r o l o u g l y k é m i e ( H b A 1 c ) . Č a s n ý m z a v e d e n í m i n t e r v e n c í v o b l a s t i 

ž i v o t n í h o s t y l u a l é č b y i n z u l í n e m d o š l o v d a l š í m p r ů b ě h u t ě h o t e n s t v í k n o r m a l i z a c i a d i p o k i n ů 

na h l a d i n y p o d o b n é t ě m u t ě h o t n ý c h ž e n b e z G D M . 

Závěr: N a rozd í l o d m o ž n é ro le e n d o k r i n n í d y s f u n k c e t u k o v é t k á n ě n e h r a j e s e k r e c e 

i n k r e t i n o v ý c h h o r m o n ů z á s a d n í ro l i p ř i rozvo j i h y p e r g l y k é m i e v č a s n é fáz i t ě h o t e n s t v í . 

A b n o r m a l i t y v s e k r e c i a d i p o k i n ů lze v d a l š í m p r ů b ě h u t ě h o t e n s t v í o v l i v n i t č a s n ý m z a v e d e n í m 

n e f a r m a k o l o g i c k ý c h i n t e r v e n c í a l é č b y p o m o c í i n z u l í n u . 

Klíčová slova: g e s t a č n í d i a b e t e s ; o r á l n í g l u k ó z o v ý t o l e r a n č n í t e s t ; t o l e r a n č n í t e s t s m i x o v a n o u 

s t r a v o u ; g l u k a g o n u p o d o b n ý p e p t i d 1 , g l u k ó z o - d e p e n d e n t n í i n z u l i n o t r o p n í p o l y p e p t i d ; 

a d i p o n e k t i n ; a d i p o c y t á r n í p r o t e i n váza j íc í m a s t n é kyse l i ny ; f i b r o b l a s t o v ý r ů s t o v ý f a k t o r 19 
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ABSTRACT 

Background: T h e i n c i d e n c e o f g e s t a t i o n a l d i a b e t e s ( G D M ) is i n c r e a s i n g w o r l d w i d e . G D M is 

a s s o c i a t e d w i t h t h e r isk o f s e r i o u s m a t e r n a l a n d p e r i n a t a l c o m p l i c a t i o n s d u r i n g p r e g n a n c y , 

a n d w i t h t h e d e v e l o p m e n t o f m e t a b o l i c d i s o r d e r s l a te r in t h e l i fe o f b o t h m o t h e r a n d c h i l d . 

T h e p a t h o p h y s i o l o g y o f G D M has n o t y e t b e e n f u l l y e l u c i d a t e d , b u t i nsu l i n r e s i s t a n c e a n d 

f a i l u r e o f p a n c r e a t i c /?-cell s e c r e t i o n a re t h o u g h t t o p l a y a s i g n i f i c a n t r o l e . U n d e r s t a n d i n g t h e 

bas i c p r i n c i p l e s o f g l y c e m i c c o n t r o l in p r e g n a n c y a n d ea r l y d e t e c t i o n o f i ts d i s t u r b a n c e m a y 

c o n t r i b u t e t o r e d u c i n g t h e i n c i d e n c e o f s e r i o u s m a t e r n a l a n d p e r i n a t a l c o m p l i c a t i o n s . 

A i m : T o d e t e r m i n e w h e t h e r t h e use o f d i a g n o s t i c c r i t e r i a f o r G D M w i l l l e a d t o t h e 

i d e n t i f i c a t i o n o f d i s t i n c t p h e n o t y p e s o f w o m e n w i t h G D M . S u b s e q u e n t l y , t o assess w h e t h e r 

a b n o r m a l s e c r e t i o n o f i n c r e t i n h o r m o n e s a n d s e l e c t e d a d i p o k i n e s is p r e s e n t in w o m e n w i t h 

i m p a i r e d f a s t i n g g l u c o s e in ea r l y p r e g n a n c y . 

Methods : A r e t r o s p e c t i v e o b s e r v a t i o n a l s t u d y w a s o r g a n i z e d t o assess t h e d i f f e r e n t 

p h e n o t y p e s o f w o m e n w i t h G D M . A c a s e - c o n t r o l s t u d y w a s u s e d t o assess a b n o r m a l i t i e s o f 

i n c r e t i n h o r m o n e a n d a d i p o k i n e s e c r e t i o n . I n c r e t i n h o r m o n e s e c r e t i o n w a s a s s e s s e d d u r i n g 

a m i x e d m e a l t o l e r a n c e t e s t in ea r l y p r e g n a n c y . A d i p o k i n e s e c r e t i o n w a s c o m p a r e d in e a c h 

o f t h e 3 t r i m e s t e r s o f p r e g n a n c y . 

Results: T h e d i a g n o s i s o f G D M (FPG > 5.1 m m o l / l ) is a s s o c i a t e d w i t h h i g h e r B M I , r isk o f i nsu l in 

t r e a t m e n t a n d h i g h e r f e t a l b i r t h w e i g h t in ea r l y p r e g n a n c y . N o a b n o r m a l i t y in i n c r e t i n 

h o r m o n e s e c r e t i o n ( G L P - 1 , GIP) w a s p r e s e n t in w o m e n w i t h G D M in ea r l y p r e g n a n c y . In 

c o n t r a s t , i n c r e a s e d A - F A B P a n d d e c r e a s e d a d i p o n e c t i n leve ls w e r e f o u n d t o c o r r e l a t e w i t h 

v i scera l a d i p o s i t y a n d g l y c a e m i c c o n t r o l ( H b A 1 c ) . Ear ly i n t r o d u c t i o n o f l i f es ty le i n t e r v e n t i o n s 

a n d insu l in t r e a t m e n t r e s u l t e d in n o r m a l i s a t i o n o f a d i p o k i n e s l a te r in p r e g n a n c y . 

Conclusions: In c o n t r a s t t o t h e p o s s i b l e r o l e o f e n d o c r i n e d y s f u n c t i o n in a d i p o s e t i s s u e , 

i n c r e t i n h o r m o n e s e c r e t i o n d o e s n o t p l a y a m a j o r ro le in t h e d e v e l o p m e n t o f h y p e r g l y c a e m i a 

in ea r l y p r e g n a n c y . A b n o r m a l i t i e s in a d i p o k i n e s e c r e t i o n c a n b e i n f l u e n c e d l a te r in p r e g n a n c y 

b y ea r l y i n t r o d u c t i o n o f n o n - p h a r m a c o l o g i c a l i n t e r v e n t i o n s a n d insu l i n t r e a t m e n t . 

Key words : g e s t a t i o n a l d i a b e t e s ; o ra l g l u c o s e t o l e r a n c e t e s t ; m i x e d m e a l t o l e r a n c e t e s t ; 

g l u c a g o n - l i k e p e p t i d e 1 , g l u c o s e - d e p e n d e n t i n s u l i n o t r o p i c p o l y p e p t i d e ; a d i p o n e c t i n ; 

f i b r o b l a s t g r o w t h f a c t o r 19 
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ÚVOD 

V h is to r i i m o d e r n í m e d i c í n y n a c h á z í m e o b d o b í , k te rá d í k y v ě d e c k ý m p o z n a t k ů m zce la 

m ě n í c h a r a k t e r a p r o g n ó z u c e l é ř a d y z á v a ž n ý c h o n e m o c n ě n í . J e d n í m z p ř í k l a d ů j e i ú s p ě š n á 

i zo lace a p r v n í t e r a p e u t i c k é p o u ž i t í i nzu l í nu v l e t e c h 1 9 2 1 - 1 9 2 2 . T e n t o o b j e v z n a m e n a l 

p ř e d e v š í m z á s a d n í z m ě n u ž i v o t n í p r o g n ó z y p r o o s o b y s d i a b e t e m 1 . t y p u , p r o k t e r é b y l o t o t o 

o n e m o c n ě n í d o t é d o b y n e l é č i t e l n é . Da lš í v ě d e c k é p o z n á n í , m o d e r n í f a r m a k o t e r a p i e 

a m o ž n o s t s a m o s t a t n é k o n t r o l y k o m p e n z a c e d i a b e t u p ř i náš í o s o b á m s d i a b e t e m n a d ě j i na 

p r o d l o u ž e n í d é l k y a t a k é kva l i t y ž i v o t a . J e d n í m ze z á s a d n í c h o b d o b í ž i v o t a k a ž d é ž e n y j e 

t ě h o t e n s t v í . N e n í t o m u j i n a k an i v p ř í p a d ě ž e n , k t e r é j s o u l é č e n y p r o d i a b e t e s m e l l i t u s . 

M o ž n o s t ú s p ě š n é l é č b y d i a b e t u d r a m a t i c k y sníž i la č e t n o s t a z á v a ž n o s t k o m p l i k a c í p r o m a t k u 

i p l o d . V d n e š n í d o b ě j e š a n c e na ú s p ě š n é t ě h o t e n s t v í ž e n y s d i a b e t e m t é m ě ř s r o v n a t e l n á 

s t ě h o t e n s t v í m , k t e r é d i a b e t e m o v l i v n ě n o nen í . T e n t o f a k t však ne lze p o v a ž o v a t za 

s a m o z ř e j m o s t . K j e h o d o s a ž e n í j e z a p o t ř e b í p e č l i v á p ř í p r a v a ž e n y na s a m o t n é t ě h o t e n s t v í , 

d á l e j e j í v y s o k á a d h e r e n c e k l é č e b n ý m a r e ž i m o v ý m d o p o r u č e n í m , a p ř e d e v š í m i n t e n z i v n í 

m u l t i d i s c i p l i n á r n í p é č e b ě h e m c e l é h o t ě h o t e n s t v í . 

C e l o s v ě t o v á p a n d e m i e o b e z i t y a c i v i l i začn ích o n e m o c n ě n í s to j í za r o s t o u c í m p o č t e m 

ž e n , k t e r é d o t ě h o t e n s t v í v s t u p u j í s r ů z n ý m s t u p n ě m p o r u c h y g l u k ó z o v é h o m e t a b o l i s m u 

a o b e c n ě vyšší n e m o c n o s t í . V p o s l e d n í c h l e t e c h t a k é v ý z n a m n ě na růs tá i n c i d e n c e g e s t a č n í h o 

d i a b e t u . P řes tože j e p r o v á z e n p o u z e m í r n o u h y p e r g l y k é m i í , k te rá n e s p l ň u j e d i a g n o s t i c k á 

k r i té r ia p r o d i a b e t e s m e l l i t u s , zvyšu je r iz iko z á v a ž n ý c h m a t e ř s k ý c h a n o v o r o z e n e c k ý c h 

k o m p l i k a c í b ě h e m t ě h o t e n s t v í . D á l e j e t a k é s p o j e n se z v ý š e n ý m r i z i k e m r o z v o j e m e t a b o l i c k ý c h 

p o r u c h ( p ř e d e v š í m D M 2 . t y p u , o b e z i t y , a r t e r i á l n í h y p e r t e n z e ) a k a r d i o v a s k u l á r n í c h k o m p l i k a c í 

v p o z d ě j š í m o b d o b í ž i v o t a m a t k y i d í t ě t e . M á t a k z n a č n ý p ř e s a h d o c e l é s o c i o e k o n o m i c k é 

s fé ry . G e s t a č n í d i a b e t e s se v m n o h a p a t o f y z i o l o g i c k ý c h o h l e d e c h p o d o b á d i a b e t u 2 . t y p u . 

P řesné m e c h a n i s m y v e d o u c í k p o r u c h á m m e t a b o l i c k ý c h d ě j ů b ě h e m t ě h o t e n s t v í však 

d o p o s u d u s p o k o j i v ě v y s v ě t l e n y n e j s o u . O b e c n ě se p ř e d p o k l á d á různá mí ra k o m b i n a c e 

i n z u l í n o v é r e z i s t e n c e a s e l h á n í s e k r e c e / ? - b u n ě k p a n k r e a t u , j e j i c h ž d ů s l e d k e m j e 

h y p e r g l y k é m i e . V l a s t n í s e k r e c e i nzu l í nu a c i t l i v o s t c í l o v ý c h t k á n í k j e h o ú č i n k ů m j e m i m o j i n é 

o v l i v ň o v á n a h o r m o n á l n í a k t i v i t o u t u k o v é t k á n ě a e n t e r o e n d o k r i n n í c h b u n ě k zaž í vac ího 

s y s t é m u . Z m ě n a v s e k r e c i h o r m o n ů , t a k m ů ž e m í t v l i v na rozvo j p o r u c h y g l u k ó z o v é h o 
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m e t a b o l i s m u v t ě h o t e n s t v í , v č e t n ě g e s t a č n í h o d i a b e t u . P o c h o p e n í z á k l a d n í c h p r i n c i p ů 

r e g u l a c e g l y k é m i e v t ě h o t e n s t v í a i d e n t i f i k a c e z m ě n , v e d o u c í c h k č a s n é m u rozvo j i g e s t a č n í h o 

d i a b e t u , t a k m ů ž e p e r s p e k t i v n ě o v l i v n i t n e j e n v ý s k y t k o m p l i k a c í v p r o b í h a j í c í m t ě h o t e n s t v í , 

a le t a k é v d a l š í m o b d o b í p o p o r o d u . 
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TEORETICKÁ ČÁST 

1. Historie diagnostiky a léčby poruchy glukózového metabolismu 

v těhotenství 

1 . 1 . T ě h o t e n s t v í u ž e n s d i a b e t e s m e l l i t u s 

V o b d o b í p ř e d o b j e v e m a t e r a p e u t i c k ý m v y u ž i t í m i nzu l í nu b y l y z k u š e n o s t i 

s t ě h o t e n s t v í m ž e n s d i a b e t e m v e l m i o m e z e n é . S a m o t n á p ř í t o m n o s t d i a b e t u a n e m o ž n o s t 

j e h o e f e k t i v n í l é č b y by la t o t i ž s p o j e n a s v y s o k o u m í r o u n e p l o d n o s t i . V h i s t o r i c k ý c h p r a m e n e c h 

by la t a t o s k u t e č n o s t p ř i s u z o v á n a h n e d n ě k o l i k a p a t o f y z i o l o g i c k ý m p r o b l é m ů m , z a s a h u j í c í m 

d o o b l a s t i e n d o k r i n o l o g i c k é ( a m e n o r e a ) , g y n e k o l o g i c k é (a t r o f i e G r a a f o v ý c h f o l i k u l ů a d ě l o h y ) , 

a t a k é n u t r i č n í ( m a l n u t r i c e a k a t a b o l i s m u s ž e n y s n e d o s t a t e č n o u k o m p e n z a c í d i a b e t u ) [1 ] . N a 

p ř e l o m u 19 . a 2 0 . s t o l e t í b y l y p u b l i k o v á n y p r v n í kazu i s t i c ké p ř í p a d y a m á l o p o č e t n é s o u b o r y , 

p o p i s u j í c í z k u š e n o s t i s p r ů b ě h e m t ě h o t e n s t v í u ž e n s d i a b e t e m . Z á s a d n í m z j i š t ě n í m , k t e r é 

z t ě c h t o r a n ý c h p u b l i k a c í v y p l ý v á , j e v e l m i š p a t n á p r o g n ó z a j ak p r o m a t k u , t a k i p r o p l o d . 

S t a t i s t i k á m d o m i n u j e z d n e š n í h o p o h l e d u n e u v ě ř i t e l n á m a t e ř s k á ú m r t n o s t , k te rá v t é d o b ě 

d o s a h o v a l a p ř i b l i ž n ě 6 0 %. Ú m r t n o s t p l o d ů se p a k p o h y b o v a l a o k o l o 5 0 % [2 ,3 ] . 

Z á s a d n í v l i v na p o c h o p e n í v z t a h u d i a b e t u a t ě h o t e n s k ý c h k o m p l i k a c í p ř i náš í až o b j e v 

i n z u l í n u , a p ř e d e v š í m j e h o l é č e b n é využ i t í . O d t é chv í l e t o t i ž v ý z n a m n ý m z p ů s o b e m s t o u p á 

p o č e t t ě h o t e n s t v í a r o v n ě ž se zvyšu je š a n c e na j e h o ú s p ě š n ý p r ů b ě h . J iž v p r ů b ě h u d v a c á t ý c h 

a t ř i c á t ý c h le t m i n u l é h o s t o l e t í se o b j e v u j í p r v n í p o k u s y o res t r i kc i s a c h a r i d o v é h o o b s a h u v e 

s t r avě t ě h o t n ý c h ž e n . Inzu l in j e a p l i k o v á n n ě k o l i k r á t d e n n ě v e snaze sníž i t g l y k o s u r i i , k te rá j e 

v t é d o b ě h l a v n í m u k a z a t e l e m k o m p e n z a c e d i a b e t u [4 ] . P o m ě r n ě z á h y se d o s t a v u j e p r v n í 

v ý z n a m n ý ú s p ě c h . C í l e n á a i n t e n z i v n í l é č b u d i a b e t u v t ě h o t e n s t v í m á v e l m i d o b r ý e f e k t na 

m a t e ř s k o u m o r t a l i t u , k te rá se k o n c e m 2 0 . le t p o h y b u j e na ú r o v n i 12 %. J e d e n z h l avn í ch 

d ů v o d ů t o h o t o p o k l e s u m ů ž e m e h l e d a t v e s n í ž e n é m v ý s k y t u z á v a ž n é d i a b e t i c k é k e t o a c i d ó z y 

a h y p o g l y k e m i c k é h o k o m a t u t ě h o t n ý c h ž e n . N a rozd í l o d p ř í z n i v é h o o v l i v n ě n í m a t e ř s k é 

ú m r t n o s t i se však p r a v i d e l n á a p l i k a c e i nzu l í nu z p o č á t k u n e p r o j e v u j e s t e j n ě v ý z n a m n ý m 

p o k l e s e m ú m r t n o s t i p e r i n a t á l n í . Ta se i p ř e s l é č b u i n z u l í n e m s tá le p o h y b u j e o k o l o 4 0 % [5 ,6 ] . 
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Z p o h l e d u z j e v n é h o d i a b e t u , k t e r ý se m a n i f e s t u j e až b ě h e m t ě h o t e n s t v í , se j iž v t é t o d o b ě 

zač ína j í f o r m u l o v a t k l i n i c ké závě ry , k t e r é b u d o u m í t v n á s l e d u j í c í c h d e s í t k á c h le t z á s a d n í p ř í n o s 

p r o h l u b š í p o c h o p e n í v l i vu h y p e r g l y k é m i e na t ě h o t e n s t v í . Lze j e s h r n o u t v n á s l e d u j í c í c h 

b o d e c h [4 ,6 ] : 

• d o b r á g l y k e m i c k á k o n t r o l a d i a b e t u sn i žu je p e r i n a t á l n í ú m r t n o s t 

• d i a b e t e s m a n i f e s t u j í c í se p r v n ě v t ě h o t e n s t v í zvyšu je p e r i n a t á l n í ú m r t n o s t 

• t y p i c k ý m o b d o b í m p r o m a n i f e s t a c i d i a b e t u v t ě h o t e n s t v í j e 5 . - 6 . m ě s í c 

• m a n i f e s t a c e d i a b e t u v t ě h o t e n s t v í j e s p o j e n a s m í r n ý m n e b o n e p o z n a n ý m d i a b e t e m 

p ř e d t ě h o t e n s t v í m a v ý s k y t e m d i a b e t u v r o d i n ě 

V o b d o b í p o d r u h é s v ě t o v é v á l c e zač ína j í v E v r o p ě i v U S A v z n i k a t s p e c i a l i z o v a n á 

c e n t r a , k te rá se z a m ě ř u j í na l é č b u d i a b e t u v t ě h o t e n s t v í . C í l e m s p e c i a l i z o v a n é l é č b y m á b ý t 

sn ížení p e r i n a t á l n í ú m r t n o s t i a z l e p š e n í c e l k o v é p r o g n ó z y t ě h o t n ý c h ž e n s d i a b e t e m . J e d n u 

z n e j u c e l e n ě j š í c h ana l ýz p ř i náš í k o n c e m 4 0 . le t Pr isci l la W h i t e z d i a b e t o l o g i c k é h o c e n t r a 

Jos l i n ' s c l i n i c v B o s t o n u . Ta si v e své a n a l ý z e v š í m á p ř í č i n a s o u v i s l o s t í ú m r t í p l o d ů 

d i a b e t i c k ý c h ž e n . V s o u b o r u 4 3 9 p ř í p a d ů p o p i s u j e 18 % p e r i n a t á l n í m o r t a l i t u , 25 % 

t ě h o t e n s t v í j e u k o n č e n o s p o n t á n n í m p o t r a t e m . P ř ib l i žně 8 0 % z t ě c h t o m r t v ý c h p l o d ů 

v y k a z u j e z n á m k y m a k r o s o m i e . S o h l e d e m na p ř í t o m n é v a s k u l á r n í k o m p l i k a c e by la p e r i n a t á l n í 

m o r t a l i t a vyšší u ž e n , k t e r é b y l y p r o d i a b e t e s l é č e n y de l š í d o b u . Z ana l ýzy Pr isci l ly W h i t e 

v y p l ý v á , že p ř e ž i j e p o u z e 2 0 % n o v o r o z e n c ů , p o k u d j e d o b a t r v á n í d i a b e t u t ě h o t n é ž e n y v íce 

j a k 2 0 le t . S o u č a s n ě si t a k é vš ímá č a s t ě j š í h o v ý s k y t u p o r o d u m r t v é h o p l o d u u ž e n s p ř í t o m n ý m 

r e n á l n í m p o s t i ž e n í m a h y p e r t e n z í . D v ě t ř e t i n y i n t r a u t e r i n n í c h ú m r t í p l o d u se o d e h r a j í m e z i 

3 6 . a 4 0 . t ý d n e m t ě h o t e n s t v í . T o t o z j i š těn í v e d e v n á s l e d u j í c í c h l e t e c h k p e č l i v é m u p l á n o v a n í 

p o r o d u v š e c h t ě h o t n ý c h ž e n s d i a b e t e m [7 ,8 ] . 

P o z n a t k y , k t e r é j s o u v c e n t r e c h v p r ů b ě h u p o v á l e č n ý c h le t z í skávány , v e d o u 

k f o r m u l a c i o p a t ř e n í a l é č e b n ý c h r e ž i m ů , k t e r é v da l š í ch 3 0 l e t e c h p o s t u p n ě sn ižu j í p e r i n a t á l n í 

m o r t a l i t u . Z e s t a t i s t i c k é h o p o h l e d u se p e r i n a t á l n í m o r t a l i t a v p o l o v i n ě 2 0 . le t p o h y b o v a l a 

o k o l o 3 8 %. K o n c e m 5 0 . le t j e z d o s t u p n ý c h p r a c í p a t r n ý j e j í p o k l e s p ř i b l i ž n ě na 1 5 - 2 0 % [9 ] . 

Je na m í s t ě uvés t , že v ý z n a m n á čás t p o s t u p ů a d o p o r u č e n í , k te rá by l a v t é t o d o b ě v y t v o ř e n a , 

j e p l a t n á i d n e s . Lze j e p o p s a t v e t ř e c h z á k l a d n í c h o b l a s t e c h [1 ] : 
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1) d o b r á k o n t r o l a d i a b e t u - d e f i n o v a n á s t rava s o m e z e n ý m p ř í j m e m s a c h a r i d ů ; 

i n t e n z i f i k o v a n ý i n z u l í n o v ý r e ž i m 

2) časná h o s p i t a l i z a c e t ě h o t n ý c h ž e n - k o n t r o l n í s t a n o v e n í g l y k é m i í p o j í d l e , ú p r a v a 

d á v e k i n z u l í n u , p l á n p o r o d u a m u l t i d i s c i p l i n á r n í p é č e 

3) p o r o d m e z i 3 7 . a 3 8 . t ý d n e m t ě h o t e n s t v í 

P řes tože j e v t o m t o o b d o b í m a t e ř s k á ú m r t n o s t j iž v e l m i n ízká, vš íma j í si n ě k t e r é p r á c e 

souv i s l os t i m e z i t ě h o t e n s t v í m a d a l š í m i k o m o r b i d i t a m i , k t e r é d n e s p o v a ž u j e m e za s p e c i f i c k é 

k o m p l i k a c e d i a b e t u . J d e p ř e d e v š í m o p r o g r e s i d i a b e t i c k é r e t i n o p a t i e , k te rá nez ř í dka k o n č i l a 

s l e p o t o u , a v ý z n a m n é sn ížen í š a n c e na p ř e ž i t í p l o d u , p o k u d by la u m a t k y p ř í t o m n á n e f r o p a t i e 

[ 10 ] . 

V p r ů b ě h u 7 0 . a 8 0 . le t se d í k y t e c h n o l o g i c k é m u p o k r o k u a za řazen í z o b r a z o v a c í c h 

a n o v ý c h l a b o r a t o r n í c h m e t o d v ý z n a m n ý m z p ů s o b e m z l e p š u j e p r e n a t á l n í d i a g n o s t i k a . 

V o b l a s t i d i a b e t o l ó g i e p a k p ř i cház í m o ž n o s t s e l f - m o n i t o r i n g u g l y k é m i í a t í m i f l e x i b i l n í 

i n z u l í n o v é l é č b y . Ta u m o ž ň u j e ž e n á m s d i a b e t e m d o s a h o v a t l epš í ú r o v n ě k o n t r o l y d i a b e t u , 

k te rá j e p a k v e s t u d i í c h p r o v á z e n a s n í ž e n í m r izika z á v a ž n ý c h p e r i n a t á l n í c h k o m p l i k a c í , m e z i 

k t e r é ř a d í m e p ř e d e v š í m m a k r o s o m i i p l o d u s r i z i k e m p o r o d n í h o p o r a n ě n í , s y n d r o m d e c h o v é 

t í sně n o v o r o z e n c e a n o v o r o z e n e c k o u h y p o g l y k é m i i [ 1 1 , 1 2 ] . 
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Obrázek 1. Vývoj mateřské a per inatá lní mor ta l i ty p o ob jevu inzulínu. 

1900 1920 1940 1960 1980 2000 

Mateřská úmrtnost (modrá), perinatální úmrtnost (červená). Upraveno podle Mestman J. [1] 

1.2. C e s t a k d e f i n i c i g e s t a č n í h o d i a b e t u 

T o , že p r o b l e m a t i k u d i a b e t u a t ě h o t e n s t v í ne l ze v n í m a t p o u z e z p o h l e d u ž e n , k t e r ý m 

j e d i a g n ó z a d i a b e t u s t a n o v e n a j e š t ě p ř e d s a m o t n ý m t ě h o t e n s t v í m , b y l o p a t r n é j iž v e d r u h é 

p o l o v i n ě 19 . s t o l e t í . V t é t o d o b ě se t o t i ž v o d b o r n é l i t e r a t u ř e o b j e v u j í kazu i s t i c ké p ř í p a d y , 

u k t e r ý c h d o š l o k rozvo j i k l i n i c k ý c h s y m p t o m ů d i a b e t u až v p r ů b ě h u t ě h o t e n s t v í [2 ] . 

D o m i n a n t n í m l a b o r a t o r n í m v y š e t ř e n í m , k t e r é v t é d o b ě s l o u ž i l o k d i a g n o s t i c e d i a b e t u , b y l o 

v y š e t ř e n í g l y k o s u r i e . P o č á t k e m d v a c á t é h o s t o l e t í b y l o z j i š t ě n o , že se u n ě k t e r ý c h t ě h o t n ý c h 

ž e n v různé m í ř e o b j e v u j e g l y k o s u r i e , an iž b y b y l y v y j á d ř e n y j a k é k o l i k l i n i cké p ř í z n a k y d i a b e t u . 

N á l e z g l y k o s u r i e by l z p r a v i d l a p ř e c h o d n ý , s ú p l n ý m v y m i z e n í m v o b d o b í p o p o r o d u [4 ] . 

K l i n i cký v ý z n a m t a k t o z a c h y c e n é g l y k o s u r i e v t ě h o t e n s t v í n e b y l d l o u h o j a s n ý . R o v n ě ž n e b y l o 

z ř e j m é , zda m á v ý z n a m g l y k o s u r i i c í l e n ě v y h l e d á v a t s c r e e n i n g o v ý m v y š e t ř e n í m . D ů v o d e m , 

p r o č n a k o n e c p řeváž i l názor , že se n e j e d n á p o u z e o n á h o d n ý a k l i n i cky n e v ý z n a m n ý ná lez , 

b y l o s p o j e n í g l y k o s u r i e s v y š š í m v ý s k y t e m p ô r o d n í c k y c h k o m p l i k a c í a t a k é z v ý š e n ý m r i z i k e m 

r o z v o j e d i a b e t u v o b d o b í p o p o r o d u . 

Z p o h l e d u t ě h o t e n s k ý c h k o m p l i k a c í by l u ž e n s g l y k o s u r i i v t ě h o t e n s t v í p r o k á z á n vyšší 

v ýsky t s p o n t á n n í c h p o t r a t ů a vyšší p e r i n a t á l n í m o r t a l i t a n o v o r o z e n c ů . J e v h o d n é p o z n a m e n a t , 

že z v ý š e n í o b o u t ě c h t o p a r a m e t r ů n e b y l o t a k v ý z n a m n é , j a k o u d i a b e t i c k ý c h ž e n ( d i a g n ó z a 
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d i a b e t u s t a n o v e n a p ř e d t ě h o t e n s t v í m ) [6 ] . U ž e n s g l y k o s u r i í v t ě h o t e n s t v í by l a nav íc čas tě j i 

p o p i s o v á n a m a k r o s o m i e [ 13 ] . K r o m ě r o z d í l n é p o r o d n í h m o t n o s t i b y l y t a k é n a l e z e n y da lš í 

h i s t o l o g i c k é a k l i n i cké z n a k y e m b r y o p a t i e , k t e r é b y l y v t é d o b ě p o p i s o v á n y p ř e d e v š í m 

u n o v o r o z e n c ů ž e n , k t e r ý m by l d i a b e t e s d i a g n o s t i k o v á n p ř e d t ě h o t e n s t v í m . Pat ř i l y m e z i ně 

k a r d i o m e g a l i e , a k c e n t o v a n á e r y t r o p o é z a či h y p e r p l a z i e n a d l e d v i n [14 ] . H l a v n í d ů v o d y p r o t y t o 

z m ě n y b y l y h l e d á n y v o b l a s t i e n d o k r i n o l o g i c k é a b y l y m y l n ě p ř i p i s o v á n y p o r u c h á m f u n k c e 

h y p o f ý z y . 

T ě h o t e n s t v í t a k z a č a l o b ý t p o v a ž o v á n o za jakýs i p r e d i a b e t i c k ý s tav , k t e r ý ne zce la 

j a s n ý m m e c h a n i s m e m o v l i v ň u j e v ý v o j p l o d u a p ř e d c h á z í v l as tn í k l i n i cké m a n i f e s t a c i d i a b e t u 

t ě h o t n ý c h ž e n v o b d o b í p o p o r o d u . T u t o h y p o t é z u d á l e p o d p o ř i l r e t r o s p e k t i v n í ná lez z v ý š e n é 

p e r i n a t á l n í ú m r t n o s t i v p ř í p a d ě , že by l ž e n á m d i a g n o s t i k o v á n d i a b e t e s m e l l i t u s až v d e l š í m 

č a s o v é m o b d o b í p o p o r o d u (8 ,3 % ) , v e s r o v n á n í s ž e n a m i , u k t e r ý c h se d i a b e t e s p o p o r o d u 

n e o b j e v i l (2 %) [ 14 ] . N a v í c se u k á z a l o , že j e p e r i n a t á l n í ú m r t n o s t t í m vyšší , č í m d ř í v e p o p o r o d u 

d o j d e u m a t k y k m a n i f e s t a c i d i a b e t u [ 15 ] . 

1.3. V ý v o j s c r e e n i n g u g e s t a č n í h o d i a b e t u v t ě h o t e n s t v í 

N e p ř í z n i v á p o r o d n i c k á a n a m n é z a u ž e n , k t e r ý m se k l i n i cké z n á m k y d i a b e t u o b j e v i l y až 

s o d s t u p e m m ě s í c ů n e b o le t o d p o r o d u , v e d l a k v y t v o ř e n í s c r e e n i n g o v ý c h v y š e t ř e n í 

k v y l o u č e n í d i a b e t u v p r o b í h a j í c í m t ě h o t e n s t v í . K o n c e m 5 0 . le t se t a k v l i t e r a t u ř e o b j e v u j í 

k las i f i kace p o r u c h y g l u k ó z o v é t o l e r a n c e v t ě h o t e n s t v í . J a k o s c r e e n i n g o v ý t e s t by l v e v ě t š i n ě 

p ř í p a d ů v y u ž i t g l u k ó z o v ý t o l e r a n č n í t e s t (GTT) s p o d á n í m 1 0 0 g g l u k ó z y a k o n t r o l o u g l y k é m i e 

p ř e d a 2 h o d i n y p o p o d á n í g l u k ó z y . P o p r v é se t a k é s e t k á v á m e s p o j m e m g e s t a č n í d i a b e t e s , 

k t e r ý v y j a d ř o v a l ne jvyšš í s t u p e ň p o r u c h y g l u k ó z o v é t o l e r a n c e v t ě h o t e n s t v í a by l d e f i n o v á n 

h o d n o t o u g l y k é m i e vyšší než 1 7 0 m g / d l (což p ř i b l i ž n ě o d p o v í d á 9 ,4 m m o l / l ) p o 2 h o d i n á c h 

G T T [16 ] . P r a v d ě p o d o b n ě n e j v ě t š í d o p a d m ě l a v t o m t o o h l e d u p r á c e O ' S u l l i v a n a , k t e r ý na 

s o u b o r u p ř i b l i ž n ě 2 0 t is íc t ě h o t e n s t v í p o p s a l v ý s k y t a s y m p t o m a t i c k é h o d i a b e t u v t ě h o t e n s t v í 

( g e s t a č n í d i a b e t e s ) a j e h o v z t a h ke k l i n i c ké m a n i f e s t a c i d i a b e t u v p o z d ě j š í m o b d o b í ž i vo ta ž e n 

[17 ] . T a t o p r á c e se s ta la p o d k l a d e m p r o s c r e e n i n g o v ý p r o g r a m , p o d l e k t e r é h o by l p ř e d e v š í m 

v U S A d i a g n o s t i k o v á n g e s t a č n í d i a b e t e s v n á s l e d u j í c í c h 3 0 l e t e c h . D i a g n o s t i c k é h o d n o t y 

p o z i t i v n í h o s c r e e n i n g o v é h o t e s t u , k t e r é z t é t o p r á c e v y c h á z e l y , b y l y s t a n o v e n y a r b i t r á r n e na 
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ú r o v n i 2 s m ě r o d a t n ý c h o d c h y l e k o d p r ů m ě r n é h o d n o t y g l y k é m i e v p ů v o d n í m d i a g n o s t i c k é m 

s o u b o r u a v y j a d ř o v a l y r iz ika r o z v o j e d i a b e t u ž e n p o p r o b ě h l é m t ě h o t e n s t v í [ 18 ] . J e n u t n é si 

u v ě d o m i t , že t e n t o s c r e e n i n g n i k t e r a k n e z o h l e d ň o v a l r iz ika t ě h o t e n s k ý c h či p ô r o d n í c k y c h 

k o m p l i k a c í d a n é h o t ě h o t e n s t v í . A l t e r n a t i v o u k t o m u t o d i a g n o s t i c k é m u p o s t u p u b y l o využ i t í 

s t a n d a r d n í c h l a b o r a t o r n í c h k r i té r i í p r o d i a b e t e s m e l l i t u s u n e t ě h o t n ý c h o s o b a j e j i c h u p l a t n ě n í 

p ř i t ě h o t e n s k é m s c r e e n i n g u . N e v ý h o d o u t o h o t o p o s t u p u b y l o i g n o r o v á n í s p e c i f i c k ý c h z m ě n 

v g l u k ó z o v é m m e t a b o l i s m u , k t e r é v t ě h o t e n s t v í p r o b í h a j í . N á s l e d u j í c í c h n ě k o l i k d e k á d j e t a k 

ve z n a m e n í h l e d á n í o p t i m á l n í h o d i a g n o s t i c k é h o n á s t r o j e , a p ř e d e v š í m c e l o s v ě t o v ě 

p ř i j a t e l n ý c h d i a g n o s t i c k ý c h k r i té r i í , k t e r é b y z o h l e d ň o v a l y v z t a h g e s t a č n í h o d i a b e t u 

k t ě h o t e n s k ý m a p ô r o d n í c k y m k o m p l i k a c í m . I p ř e s t o , že p r o b ě h l o n ě k o l i k m e z i n á r o d n í c h 

k o n f e r e n c í , k t e r é m ě l y t y t o p r o b l é m y vy řeš i t , n e p o d a ř i l o se d o d n e š n í d o b y na léz t c e l o s v ě t o v ý 

k o n s e n s u s v d i a g n o s t i c k é m p o s t u p u . J e d n í m z d ů v o d ů by l i n e d o s t a t e k k l i n i c k ý c h 

a e x p e r i m e n t á l n í c h d a t , k te rá b y j a s n ě p r o k á z a l a p o t e n c i á l n í p r o f i t z c e l o p l o š n é h o s c r e e n i n g u 

a n á s l e d n é l é č b y G D M u t ě h o t n ý c h ž e n . 

T o , že d i a b e t e s v t ě h o t e n s t v í z vyšu je r izika t ě h o t e n s k ý c h a p ô r o d n í c k y c h k o m p l i k a c í 

b y l o z ř e j m é , n i c m é n ě n e b y l o j a s n é , z d a i g l y k é m i e , k te rá n e d o s a h u j e h o d n o t t y p i c k ý c h p r o 

d i a b e t e s m ů ž e t a t o r iz ika zvýš i t . N a t u t o o t á z k u se p o k u s i l a o d p o v ě d ě t s t u d i e T h e 

H y p e r g l y c e m i a a n d A d v e r s e P r e g n a n c y O u t c o m e ( H A P O ) . D o s t u d i e b y l o z a ř a z e n o v íce j a k 

2 3 t is íc t ě h o t n ý c h ž e n v d e v í t i z e m í c h s v ě t a . H l a v n í m c í l e m s t u d i e b y l o p o s o u d i t , j a k ý j e v z t a h 

m í r n é h y p e r g l y k é m i e (nižší, než j e t o m u b ě ž n é u d i a b e t i c k ý c h žen) a p ř e d e m s t a n o v e n ý c h 

t ě h o t e n s k ý c h k o m p l i k a c í ( p o r o d n í h m o t n o s t n a d 9 0 . p e r c e n t i l p r o g e s t a č n í v ě k , p r i m á r n í 

c ísařský řez , n o v o r o z e n e c k á h y p o g l y k é m i e a k o n c e n t r a c e C - p e p t i d u v p u p e č n í k o v é krv i n a d 

9 0 . p e r c e n t i l ) . U v š e c h z a ř a z e n ý c h ž e n by l m e z i 2 7 . a 3 2 . t ý d n e m t ě h o t e n s t v í p r o v e d e n o r á l n í 

g l u k ó z o v ý t o l e r a n č n í t e s t ( o G T T ) , p ř i k t e r é m b y l o p o d á n o 7 5 g g l u k ó z y . V ý s l e d k y t e s t u b y l y 

z a s l e p e n y a t ě h o t n é ž e n y p o k r a č o v a l y v p r e n a t á l n í p é č i d l e zvyk l os t í j e d n o t l i v ý c h p racov i š ť . 

Po p o r o d u d o š l o k v y h o d n o c e n í v ý s l e d k u o G T T a by l p o s o u z e n v z t a h k d e f i n o v a n ý m c í l ů m 

s t u d i e . V ý s l e d k y p r o k á z a l y , že j e i m í r n á h y p e r g l y k é m i e m a t k y ( n e d o s a h u j í c í h o d n o t 

d i a g n o s t i c k ý c h p r o d i a b e t e s m e l l i t u s ) s p o j e n a se z v ý š e n o u p o r o d n í h m o t n o s t í p l o d ů 

a z v ý š e n o u k o n c e n t r a c í C - p e p t i d u v p u p e č n í k o v é k rv i . K r o m ě t ě c h t o s i l n ých záv is los t í by l a 

d á l e p r o k á z á n a v ý z n a m n á , a le s labš í s o u v i s l o s t s v ý s k y t e m n o v o r o z e n e c k é h y p o g l y k é m i e 

a ž l o u t e n k y , p r i m á r n í m p o r o d e m c í sa řským ř e z e m , p ř e d č a s n ý m p o r o d e m , p r e e k l a m p s i í , 
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d y s t o k i í r a m é n e k , p o r o d n í m p o r a n ě n í m p l o d u a n u t n o s t í i n t e n z i v n í p é č e o n o v o r o z e n c e [ 19 ] . 

P rak t i cky n e j d ů l e ž i t ě j š í m p o z n a t k e m ze s t u d i e H A P O však b y l o p o z n á n í , že v z t a h s l e d o v a n ý c h 

k o m p l i k a c í a g l y k é m i í p ř i o G T T j e s p o j i t ý a n e n í m o ž n é i d e n t i f i k o v a t h o d n o t y g l y k é m i e b ě h e m 

o G T T , o d k t e r ý c h b y výsky t k o m p l i k a c í v ý razně j i n a r ů s t a l . T o v e d l o k f o r m u l a c i n á s l e d u j í c í c h 

z á v ě r ů [ 20 ] : 

1) v z t a h m e z i h l a d i n o u g l u k ó z y u m a t k y a v ý v o j e m p l o d u se zdá b ý t z á k l a d n í m 

b i o l o g i c k ý m j e v e m , a n i ko l i j a s n ě o h r a n i č e n ý m p a t o l o g i c k ý m s t a v e m 

2) d i a g n o s t i c k á k r i té r ia p r o g e s t a č n í d i a b e t e s n e b u d e m o ž n é j e d n o d u š e urč i t 

z a s o c i a c e m a t e ř s k ý c h g l y k é m i í a s l e d o v a n ý c h t ě h o t e n s k ý c h k o m p l i k a c í 

V ý s l e d k y s t u d i e H A P O i n i c i o v a l y da l š í m e z i n á r o d n í s e t k á n í s c í l e m s j e d n o t i t s c r e e n i n g 

a f o r m u l o v a t v š e o b e c n ě p ř i j a t e l n á d i a g n o s t i c k á k r i té r ia G D M . V z h l e d e m k t o m u , že n e b y l o 

m o ž n é ze s t u d i e H A P O urč i t h o d n o t y g l y k é m i e , p ř i k t e r é b y se r iz iko t ě h o t e n s k ý c h k o m p l i k a c í 

vý razně j i m ě n i l o , b y l o n u t n é p ř i s t o u p i t k a r b i t r á r n í m u u r č e n í d i a g n o s t i c k ý c h h o d n o t . N a k o n e c 

b y l y d o p o r u č e n y h o d n o t y g l y k é m i e , k t e r é v 0 . , 6 0 . a 1 2 0 . m i n u t ě o G T T t e s t u o d p o v í d a l y 

p o m ě r u šanc í na v ý s k y t k o m p l i k a c í ( o d d s ra t io ) 1 ,75. T y t o h o d n o t y u v á d í t a b u l k a 1 . 

Tabulka 1: D iagnost ické h o d n o t y G D M v p růběhu oGTT mezi 24. a 28. t ý d n e m těhotens tv í p o d l e 

d o p o r u č e n í IADPSG [21]. 

Fáze testu Hodnota glykémie 

0. minuta FPG > 5 ,1mmo l / l 

60. minuta PPG > 10 ,0mmol / l 

120. minuta PPG > 8 ,5mmo l / l 

FPG = fasting plasma glucose (lačná glykémie); PPG = postprandial plasma glucose (glykémie po podání glukózy) 

D o p o r u č e n ý m t e s t e m p r o s c r e e n i n g G D M b y l p o d o b n ě j a k o v H A P O s t u d i i o G T T s p o d á n í m 

75 g g l u k ó z y . V y j m a c í l e n é h o s c r e e n i n g u G D M v e d r u h é p o l o v i n ě t ě h o t e n s t v í k l ad la 

d o p o r u č e n í d ů r a z na v y š e t ř e n í l ačné g l y k é m i e , c o n e j d ř í v e p o z j i š těn í t ě h o t e n s t v í . S m y s l e m 

t o h o t o d o p o r u č e n í b y l o o d h a l e n í n e p o z n a n é h o d i a b e t u v p o č á t k u t ě h o t e n s t v í a z a h á j e n í j e h o 
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l é č b y s c í l e m m i n i m a l i z o v a t n e p ř í z n i v ý v l i v h y p e r g l y k é m i e v o b d o b í o r g a n o g e n e z e p l o d u . Pro 

s t a n o v e n í d i a g n ó z y d i a b e t u v ú v o d u t ě h o t e n s t v í by l a d o p o r u č e n a o b e c n á k r i t é r i a , v yuž í vaná 

v o b d o b í m i m o t ě h o t e n s t v í ( lačná g l y k é m i e > 7 ,0 m m o l / l , n á h o d n á g l y k é m i e > 11,1 m m o l / l ) . 

P o k u d n e b y l t í m t o z p ů s o b e m v r a n é fáz i t ě h o t e n s t v í p r o k á z á n z j e v n ý d i a b e t e s m e l l i t u s , a le 

p ř e s t o b y l y h o d n o t y l ačné g l y k é m i e > 5,1 m m o l / l (d le v ý š e u v e d e n ý c h d o p o r u č e n í p r o p o z d n í 

fáz i t ě h o t e n s t v í ) , b y l o d o p o r u č e n o t u t o s i t uac i uzavř í t j a k o č a s n ý G D M [21 ] . Využ i t í s t e j n ý c h 

d i a g n o s t i c k ý c h h o d n o t l ačné g l y k é m i e v ú v o d u t ě h o t e n s t v í a v j e h o d r u h é p o l o v i n ě se s t a l o 

z n a č n ě k o n t r o v e r z n í zá lež i t os t í a v s o u č a s n é d o b ě n e n í c e l o s v ě t o v ě u p l a t ň o v á n o . J e t o m u 

p ř e d e v š í m p r o t o , že na rozdí l o d j a s n ě p r o k á z a n é h o r izika t ě h o t e n s k ý c h k o m p l i k a c í p ř i z v ý š e n é 

l ačné g l y k é m i i v e d r u h é p o l o v i n ě t ě h o t e n s t v í n e b y l a t a t o s o u v i s l o s t v rané fáz i t ě h o t e n s t v í 

d o p o s u d p ř e s v ě d č i v ě d o l o ž e n a . N a v í c j e p a t r n é , že s t a n o v e n í č a s n é d i a g n ó z y G D M v y u ž i t í m 

l ačné g l y k é m i e v I. t r i m e s t r u j e n o m e z e n ě k o r e s p o n d u j e s p o z i t i v n í m d i a g n o s t i c k ý m 

v ý s l e d k e m o G T T , k t e r ý j e n á s l e d n ě p r o v e d e n v e d r u h é p o l o v i n ě t ě h o t e n s t v í [ 2 2 , 2 3 ] . 

2. Současný pohled na gestační diabetes a jeho patofyziologii 

2 . 1 . K l i n i c ké a s p e k t y g e s t a č n í h o d i a b e t u 

G e s t a č n í d i a b e t e s m e l l i t u s j e v s o u č a s n é d o b ě d e f i n o v á n j a k o p o r u c h a g l u k ó z o v é 

t o l e r a n c e , k te rá j e p o p r v é o d h a l e n a b ě h e m t ě h o t e n s t v í ( zp rav i d l a v e 2 . n e b o 3. t r i m e s t r u ) . J e 

c h a r a k t e r i z o v á n h y p e r g l y k é m i í , k te rá n e d o s a h u j e d i a g n o s t i c k ý c h h o d n o t p r o d i a b e t e s m e l l i t u s 

u n e t ě h o t n ý c h o s o b [ 24 ] . T a t o h y p e r g l y k é m i e j e s p o j e n a se z v ý š e n ý m r i z i k e m t ě h o t e n s k ý c h 

k o m p l i k a c í p r o m a t k u a p l o d . S o u č a s n ě zvyšu je r iz iko m e t a b o l i c k ý c h p o r u c h ( p ř e d e v š í m D M 

2 . t y p u , o b e z i t y , a r t e r i á l n í h y p e r t e n z e ) a k a r d i o v a s k u l á r n í c h k o m p l i k a c í v p o z d ě j š í o b d o b í 

ž i v o t a m a t k y i d í t ě t e [ 1 9 , 2 5 , 2 6 ] . V Č e s k é r e p u b l i c e p r o b í h á s c r e e n i n g G D M u v š e c h t ě h o t n ý c h 

ž e n v s o u l a d u s I A D P S G d o p o r u č e n í m i , k te rá by l a b l íže r o z e b r á n a v p ř e d c h o z í k a p i t o l e . 

D i a g n ó z a G D M t a k m ů ž e b ý t s t a n o v e n a n e j e n o m b ě h e m o G T T m e z i 2 4 . a 2 8 . t ý d n e m 

t ě h o t e n s t v í (tab. 1), a le t a k é o p a k o v a n ý m z a c h y c e n í m l a č n é g l y k é m i e > 5,1 m m o l / l v č a s n é 

fáz i t ě h o t e n s t v í ( 1 . t r i m e s t r ) [ 27 ] . Bez o h l e d u na z p ů s o b s t a n o v e n í d i a g n ó z y j e u v š e c h ž e n 

s p r o k á z a n ý m G D M z a h á j e n a n u t r i č n í i n t e r v e n c e s r e d u k c í d e n n í h o p ř í j m u s a c h a r i d ů . 

F a r m a k o l o g i c k á l é č b a G D M j e z a h á j e n a v p ř í p a d ě , že ú p r a v o u r e ž i m o v ý c h a d i e t n í c h o p a t ř e n í 
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n e n í d o s a ž e n o c í l o v ý c h h o d n o t g l y k é m i e (tab. 2). Po p o r o d u z p r a v i d l a d o c h á z í k n o r m a l i z a c i 

g l y k é m i í . S o h l e d e m na z v ý š e n é r iz iko m a n i f e s t a c e z j e v n é h o d i a b e t u v p o z d ě j š í m o b d o b í 

ž i v o t a m a t k y j e však d o p o r u č e n o p r o v e d e n í o G T T za 3 -6 m ě s í c ů p o p o r o d u [ 27 ] . 

Tabulka 2. Cí lové h o d n o t y g lykémie při léčbě G D M [27]. 

G l y k é m i e na lačno <5 ,3 m m o l / l 

G l y k é m i e 1 h o d i n u p o j íd le < 7 , 8 m m o l / l 

G l y k é m i e 2 hod iny p o j íd le <ó ,7 m m o l / l 

2 . 2 . P a t o f y z i o l o g i e g e s t a č n í h o d i a b e t u 

P řesné m e c h a n i s m y v e d o u c í k p o r u š e g l u k ó z o v é t o l e r a n c e v t ě h o t e n s t v í zce la 

o b j a s n ě n y n e j s o u . P ř e d p o k l á d á se však v ý z n a m n ý p o d í l i n z u l í n o v é r e z i s t e n c e 

a n e s c h o p n o s t i / ? - b u n ě k na t u t o s i t uac i r e a g o v a t d o s t a t e č n ý m z v ý š e n í m s e k r e c e i n z u l í n u . 

T y t o m e c h a n i s m y j s o u d o b ř e z n á m é v p a t o f y z i o l o g i i d i a b e t u 2 . t y p u . V t ě h o t e n s t v í 

d o c h á z í v m a t e ř s k é m o r g a n i s m u k c e l é ř a d ě a d a p t a č n í c h m e t a b o l i c k ý c h z m ě n , k t e r é 

u m o ž ň u j í s p r á v n ý růst a v ý v o j p l o d u . N a k o n c i 1 . t r i m e s t r u p o s t u p n ě na růs tá i nzu l í nová 

r e z i s t e n c e s v a l o v é a t u k o v é t k á n ě t ě h o t n é ž e n y , k te rá d o s a h u j e s v é h o v r c h o l u v p r ů b ě h u 

t ř e t í h o t r i m e s t r u [ 28 ] . V y s t u p ň o v a n o u l i p o l y t i c k o u a k t i v i t o u d o c h á z í ke sn ížen í o b j e m u 

t u k o v é t k á n ě a zvyšu je se n a b í d k a v o l n ý c h m a s t n ý c h k y s e l i n . T y se p a k s táva j í d o m i n a n t n í m 

z d r o j e m e n e r g i e p r o t ě h o t n o u ž e n u . R o s t o u c í i n zu l í nová r e z i s t e n c e zvyšu je n a b í d k u 

g l u k ó z y p r o vyv í je j íc í se p l o d . T í m j s o u k r y t y z v ý š e n é e n e r g e t i c k é n á r o k y růs tu v d r u h é 

p o l o v i n ě t ě h o t e n s t v í [ 2 9 , 3 0 ] . V ě t š i n a t ě c h t o p r o c e s ů j e ř ízena a k t i v i t o u h o r m o n ů . S těže jn í 

ro l i p ř e b í r a j í v t ě h o t e n s t v í h o r m o n y p r o d u k o v a n é p l a c e n t o u . S o u č a s n ě d o c h á z í ke 

z m ě n á m v s e k r e c i e s t r o g e n ů , p r o g e s t e r o n u , k o r t i z o l u , p r o l a k t i n u a r ů s t o v é h o h o r m o n u 

[29 ] . S na růs ta j í c ím v ě d e c k ý m p o z d n í m j e p a t r n é , že z p o h l e d u p a t o f y z i o l o g i e 

n e p ř e d s t a v u j í ž e n y s G D M h o m o g e n n í s k u p i n u a lze j e r o z d ě l i t d o n ě k o l i k a r ů z n ý c h 

f e n o t y p u . P o w e e t a l . p o p s a l i c e l k e m t ř i r ůzné f e n o t y p y p o d l e r ů z n é h o u p l a t n ě n í 

i n z u l í n o v é r e z i s t e n c e a / n e b o s e l h á n í s e k r e c e i n z u l í n u : 1) s k u p i n a G D M s d o m i n a n t n í 

p o r u c h o u s e k r e c e i n z u l í n u ; 2) s k u p i n a G D M s d o m i n a n t n í p o r u c h o u i n z u l í n o v é c i t l i vos t i 
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a 3) s k u p i n a G D M s k o m b i n a c í o b o u z m í n ě n ý c h p o r u c h [ 31 ] . S t u d i u m z m ě n , k t e r é s to j í za 

z m í n ě n o u i n z u l í n o v o u rez i s tenc í a p o r u c h o u s e k r e č n í f u n k c e / ? - b u n ě k v t ě h o t e n s t v í t a k 

m ů ž e p ř i s p ě t k h l u b š í m u p o c h o p e n í m o ž n ý c h f e n o t y p u g e s t a č n í h o d i a b e t u . Č a s n á 

d i a g n o s t i k a t ě c h t o z m ě n a c í lená l é č b a m ů ž e d á l e o v l i v n i t r iz ika, k te rá j s o u s G D M s p o j e n a . 

B u d e m e - l i v y c h á z e t z p o z n a t k ů o p a t o f y z i o l o g i i d i a b e t u 2 . t y p u , p a k j e v h o d n é z a m ě ř i t 

p o z o r n o s t na m o ž n o u e n d o k r i n n í d y s f u n k c i t u k o v é a s t ř e v n í t k á n ě v t ě h o t e n s t v í . 
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3. Inkretinové hormony a diabetes mellitus 

V p o l o v i n ě 8 0 . le t by l a v e x p e r i m e n t u p r o k á z á n a různá mí ra s t i m u l a c e s e k r e c e i nzu l í nu 

g l u k ó z o u s o h l e d e m na z p ů s o b j e j í h o p o d á n í z d r a v é m u č l o v ě k u . P o k u d j e t o t i ž g l u k ó z a 

p o d á n a p e r o r á l n ě , v y v o l á v ý r a z n ě vyšší s e k r e č n í o d p o v ě ď / ? - b u n ě k p a n k r e a t u , než j e t o m u p o 

p o d á n í g l u k ó z y i n t r a v e n ó z n i c e s t o u . T e n t o f e n o m é n by l nazván i n k r e t i n o v ý m e f e k t e m (obr. 2) 

[ 32 ] . 

Obrázek 2. Inkret inový efekt . 

80 -

Čas (min) 

Schéma sekrece inzulínu v reakci na perorální (modrá) a intravenózni (červená) podání glukózy. Upraveno podle 

Nauck etal. [33] . 

F y z i o l o g i c k ý p o d k l a d i n k r e t i n o v é h o e f e k t u m ů ž e m e h l e d a t v u v o l n ě n í b i o l o g i c k y a k t i v n í c h 

p e p t i d ů , t zv . i n k r e t i n ů . T y t o h o r m o n y j s o u v y t v á ř e n y s p e c i f i c k ý m i e n t e r o e n d o k r i n n í m i 

b u ň k a m i , k t e r é j s o u v e s t ř e v n í s l izn ic i r o z p t ý l e n y m e z i e n t e r o c y t y . D o s k u p i n y i n k r e t i n o v ý c h 

h o r m o n ů ř a d í m e v d n e š n í d o b ě p ř e d e v š í m G L P - 1 ( g l u c a g o n - l i k e p e p t i d e - 1 ) , k t e r ý j e 

u v o l ň o v á n z L - b u n ě k v d i s t á l n í část i t e n k é h o s t řeva a t r a č n í k u a G I P ( g l u c o s e - d e p e n d e n t 

i n s u l i n o t r o p i c p o l y p e p t i d e ) , p r o d u k o v a n ý K - b u ň k a m i d u o d e n a a p r o x i m á l n í h o j e j u n a . 

S t i m u l e m p r o s e k r e c i z m í n ě n ý c h h o r m o n ů j e a b s o r p c e ž iv in b ě h e m f y z i o l o g i c k ý c h t r á v i c í c h 

p r o c e s ů . V s i t uac i na l a č n o j e k o n c e n t r a c e o b o u i n k r e t i n o v ý c h h o r m o n ů nízká ( 1 0 - 1 2 p m o l / l ) . 

P l azma t i c ká k o n c e n t r a c e p a k d r a m a t i c k y s t o u p á n ě k o l i k m i n u t p o p ř í j m u ž i v i n . H l a v n í m i 
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s l o ž k a m i s t ravy s p r o k á z a n ý m s t i m u l a č n í m v l i v e m na u v o l n ě n í i n k r e t i n o v ý c h h o r m o n ů j s o u 

g l u k ó z a , s a c h a r ó z a , t r i g l y c e r i d y a n ě k t e r é a m i n o k y s e l i n y . V r c h o l u d o s a h u j e p l a z m a t i c k á 

k o n c e n t r a c e p ř i b l i ž n ě za j e d n u h o d i n u o d p ř í j m u s t ravy . A k t i v n í f o r m a G I P i G L P - 1 j e 

v o r g a n i s m u v e l m i r ych le d e g r a d o v á n a p o m o c í D P P - 4 ( d i p e p t i d y l p e p t i d á z a - 4 ) na i nak t i vn í 

f o r m u . I n k r e t i n o v é h o r m o n y se váží na s p e c i f i c k é r e c e p t o r y v c í l o v ý c h t k á n í c h o r g a n i s m u . 

O b e c n ě lze za v ý s l e d e k j e j i c h p l e i o t r o p n í h o p ů s o b e n í v o r g a n i s m u p o v a ž o v a t n o r m a l i z a c e 

g l y k é m i e v o b d o b í p o j í d l e . J e d n í m z h l avn í ch m e c h a n i s m ů , k t e r ý m j e t o h o t o c í le d o s a ž e n o , 

j e s t i m u l a c e s e k r e c e i nzu l í nu z / ? - b u n ě k a s u p r e s e s e k r e c e g l u k a g o n u z a - b u n ě k 

L a n g e r h a n s o v ý c h o s t r ů v k ů p a n k r e a t u . Pod í l i n k r e t i n o v ý c h h o r m o n ů na s e k r e c i i nzu l í nu p o 

p e r o r á l n í m p o d á n í g l u k ó z y se o d h a d u j e až na 75 % (v záv is los t i na m n o ž s t v í p o d a n é g l u k ó z y ) . 

V l i v i n k r e t i n o v ý c h h o r m o n ů na s e k r e c i i nzu l í nu a g l u k a g o n u se u p l a t ň u j e v ž d y , k d y ž h l a d i n a 

g l y k é m i e p ř e s á h n e h o d n o t u p ř i b l i ž n ě 3 , 7 m m o l / l . S a m o t n á k o n c e n t r a c e g l u k ó z y p a k o v l i v ň u j e 

sek rec i i nzu l í nu p o d s t a t n ě m é n ě . I n z u l i n o t r o p n í ú č i n e k i n k r e t i n ů j e p ř í t o m n ý p o u z e za 

s o u č a s n é h y p e r g l y k é m i e , n e m ů ž e p r o t o v y v o l a t e p i z o d u h y p o g l y k é m i e . P o k u d t e d y s r o v n á m e 

v š e c h n y s i g n á l y , v ycháze j í c í z o b l a s t i s t řeva a o v l i v ň u j í c í s e k r e c i i nzu l í nu ( g l u k ó z a , i n k r e t i n o v é 

h o r m o n y , a u t o n o m n í n e r v o v ý s y s t é m ) , m a j í za f y z i o l o g i c k ý c h o k o l n o s t í n e j v ý z n a m n ě j š í p o d í l 

i n k r e t i n o v é h o r m o n y [33 ] . 

U o s o b s d i a b e t e m 2 . t y p u ( D M 2 . t y p u ) j e i n k r e t i n o v ý e f e k t v e s r o v n á n í se z d r a v o u 

p o p u l a c í v ý r a z n ě o s l a b e n n e b o d o k o n c e zce la c h y b í (obr. 3) [ 32 ] . P ř e d p o k l á d á se , že h l a v n í m 

d ů v o d e m j e sn ížená r e a k c e na G I P , k t e r ý m á za f y z i o l o g i c k ý c h o k o l n o s t í r o z h o d u j í c í p o d í l na 

i n k r e t i n o v é m e f e k t u [ 34 ] . R e l a t i v n ě z a c h o v a l á ú č i n n o s t G L P - 1 u o s o b s D M 2 . t y p u t a k n e n í 

d o s t a č u j í c í k u d r ž e n í t o h o t o e f e k t u [35 ] . 

S t u d i e s l e d u j í c í s e k r e c i o b o u i n k r e t i n o v ý c h h o r m o n ů u o s o b s D M 2 . t y p u p ř ináš í 

a m b i v a l e n t n í v ý s l e d k y . Rané s t u d i e n a z n a č o v a l y s n í ž e n o u s e k r e č n í o d p o v ě ď G L P - 1 , z a t í m c o 

s e k r e c e G I P u o s o b s d i a b e t e m se n a o p a k zdá la b ý t z v ý š e n á [ 3 6 , 3 7 ] . Po p r ů k a z u s n í ž e n é h o 

i n k r e t i n o v é h o e f e k t u u o s o b s d i a b e t e m se z a č a l o s p e k u l o v a t , zda m ů ž e b ý t t e n t o j e v 

e t i o l o g i c k ý m f a k t o r e m p r o rozvo j s a m o t n é n e m o c i n e b o j e n a o p a k j e j í m d ů s l e d k e m . 

Z v ý s l e d k ů n á s l e d n ý c h s t u d i í se z d á , že v y m i z e n í i n k r e t i n o v é h o e f e k t u nas tává až p o s t a n o v e n í 

d i a g n ó z y d i a b e t u . P řes tože se t e d y i n k r e t i n o v ý s y s t é m s n e j v ě t š í p r a v d ě p o d o b n o s t í n e p o d í l í 

na p ř e c h o d u z f y z i o l o g i c k é h o s t a v u d o k l i n i cky m a n i f e s t n í h o d i a b e t u , m ů ž e v j e h o p r ů b ě h u 

p ř i s p í v a t k p r o g r e s i o n e m o c n ě n í . Z t r á ta h l a v n í h o m e c h a n i s m u s t i m u l u j í c í h o sek rec i i nzu l í nu se 
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t o t i ž p o d í l í na z h o r š e n é m e t a b o l i c k é k o m p e n z a c i , což d r u h o t n ě o v l i v n í f u n k č n í k a p a c i t u 

/ ? -buněk , a t í m d á l e o v l i v n í i n k r e t i n o v ý e f e k t [ 33 ] . 

V s o u č a s n é d o b ě j e i n k r e t i n o v ý s y s t é m v y u ž í v á n k e f e k t i v n í l é č b ě D M 2 . t y p u . J e t o 

p ř e d e v š í m d í k y z a c h o v a n é s c h o p n o s t i G L P - 1 s t i m u l o v a t s e k r e c i i nzu l ínu a t l u m i t s e k r e c i 

g l u k a g o n u u o s o b s D M 2 . t y p u . F a r m a k o l o g i c k á s t i m u l a c e r e c e p t o r u p r o G L P - 1 sn i žu je 

g l y k é m i i , sn i žu je c h u ť k j í d l u , z p o m a l u j e m o t i l i t u ž a l u d k u a p o d í l í se na r e g u l a c i p ř í j m u s tavy . 

T y t o a s p e k t y p a k p ř i sp í va j í ke sn ížen í h m o t n o s t i l é č e n ý c h o s o b . S o u č a s n ě se G I P a G L P - 1 

p o d í l í na r e g u l a c i p r o c e s ů v t u k o v é t k á n i , k o s t e c h a k a r d i o v a s k u l á r n í m s y s t é m u . A g o n i s t é 

r e c e p t o r u p r o G L P - 1 (GLP-1 RA) d o k á z a l i sníž i t v ý s k y t z á v a ž n ý c h k a r d i o v a s k u l á r n í c h p ř í h o d , 

a t í m z l e p š i t p r o g n ó z u n e m o c n ý c h [38 ] . S p o l e č n ě s e f e k t e m na t ě l e s n o u h m o t n o s t a r e g u l a c i 

g l y k é m i e se t a k s ta l i d ů l e ž i t o u s o u č á s t í l é č b y o s o b s D M 2 . t y p u . 

Obrázek 3. Inkret inový e fek t u osob s D M 2. t y p u . 

Z d r a v á osoba O s o b a s D M 2. t y p u 

Schématické srovnání inkretinového efektu u zdravých osob (vlevo) a osob s diabetem 2. typu (vpravo). Sekrece 

inzulínu po perorálním (modrá) a intravenózním (červená) podání glukózy. Upraveno podle Nauck et al. [32] . 
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4. Hormony tukové tkáně a diabetes mellitus 

P o h l e d na v ý z n a m t u k o v é t k á n ě v o r g a n i s m u se v p r ů b ě h u 2 0 . s t o l e t í z n a č n ě z m ě n i l . 

P ů v o d n ě se t u k o v é t k á n i p ř i s u z o v a l a sp íše p a s i v n í r o l e . By la c h á p á n a j a k o p r o s t á z á s o b á r n a 

e n e r g i e , p o s k y t u j í c í o r g á n ů m m e c h a n i c k o u o c h r a n u a u p l a t ň u j í c í se v t e r m o r e g u l a č n í c h 

p r o c e s e c h l i d s k é h o t ě l a . A ž n á s l e d n ě by la o b j e v e n a je j í ak t i vn í e n d o k r i n n í č i n n o s t , spoč í va j í c í 

ve s c h o p n o s t i b u n ě k t u k o v é t k á n ě ( a d i p o c y t y , p r e a d i p o c y t y , i m u n o k o m p e t e n t n í b u ň k y , 

f i b r o b l a s t y ) u v o l ň o v a t c e l o u ř a d u b i o l o g i c k y a k t i v n í c h l á tek ( p e p t i d ů ) . T y t o lá tky s o u h r n n ě 

n a z ý v á m e a d i p o k i n y . V s o u č a s n o s t i n e n í z n á m j e j i c h p ř e s n ý p o č e t , p r a v d ě p o d o b n ě však 

p ř e s a h u j e 6 0 0 [39 ] . Ú č i n k y a d i p o k i n ů m ů ž e m e p o z o r o v a t p ř í m o v t u k o v é t k á n i ( a u t o k r i n n í 

a p a r a k r i n n í p ů s o b e n í ) , k d e v ý z n a m n ý m z p ů s o b e m o v l i v ň u j í m e t a b o l i s m u s a f u n k c i a d i p o c y t ů 

a da l š í ch b u n ě k t u k o v é t k á n ě . N a s y s t é m o v é ú r o v n i ( e n d o k r i n n í p ů s o b e n í ) p a k zasahu j í d o 

ř ízení v z d á l e n ý c h o r g á n ů a s o u s t a v . Z á s a d n í ro l i hra j í v ř ízení i n t e r m e d i á r n í h o m e t a b o l i s m u . 

J s o u r e g u l á t o r e m i n z u l í n o v é s e k r e c e a o v l i v ň u j í s e n z i t i v i t u c í l o v ý c h t k á n í k ú č i n k u i n z u l í n u . 

U p l a t ň u j í se t a k é p ř i m o d u l a c i s y s t é m o v é h o z á n ě t u , p o d í l í se na r e g u l a c i f u n k c e e n d o t e l u , 

k r e v n í h o t l a k u a h e m o s t á z y [ 4 0 , 4 1 ] . 

V s o u č a s n é d o b ě j e p o z o r n o s t u p ř e n a p ř e d e v š í m na s t u d i u m z m ě n v s e k r e c i a d i p o k i n ů 

v p a t o f y z i o l o g i i o b e z i t y a p ř i d r u ž e n ý c h m e t a b o l i c k ý c h a k a r d i o v a s k u l á r n í c h o n e m o c n ě n í . 

D y s f u n k c e t u k o v é t k á n ě j e s p o j e n a s n á r ů s t e m i n z u l í n o v é r e z i s t e n c e , k te rá j e j e d n o u z h l avn í ch 

e t i o l o g i c k ý c h p ř í č i n p o r u š e n é g l u k ó z o v é t o l e r a n c e a p ř i sp í vá t a k ke v z n i k u a p r o g r e s i D M 

2 . t y p u . D á l e b u d o u p o d r o b n ě j i p o p s á n y a d i p o k i n y z k o u m a n é v e x p e r i m e n t á l n í čás t i 

d i s e r t a č n í p r á c e . 

4 . 1 . A d i p o n e k t i n 

P ř e d s t a v u j e e n d o k r i n n í f a k t o r d o m i n a n t n ě s y n t e t i z o v a n ý t u k o v o u t k á n í . J e h o e x p r e s e 

však by la p r o k á z á n a t a k é v b u ň k á c h m i m o t u k o v o u t k á ň ( h e p a t o c y t y , o s t e o b l a s t y , e p i t e l i á l n í 

b u ň k y , p l a c e n t a m i b u ň k y ) . Z p o h l e d u m e t a b o l i c k é h o s y n d r o m u a p o r u c h y m e t a b o l i s m u 

g l u k ó z y p ř e d s t a v u j e a d i p o n e k t i n p r o t e k t i v n í f a k t o r . Př íznivý e f e k t lze h l e d a t h n e d v n ě k o l i k a 

o b l a s t e c h . V a z b o u na r e c e p t o r j e s p u š t ě n a i n t r a c e l u l á r n í k a s k á d a d ě j ů v e d o u c í v k o n e č n é m 

d ů s l e d k u ke zvýšen í c i t l i vos t i c í l o v ý c h t k á n í k ú č i n k ů m inzu l í nu (snížení i n z u l í n o v é rez i s tence ) . 

M i m o t o z m í r ň u j e a d i p o n e k t i n a k t i v i t u s u b k l i n i c k é h o s y s t é m o v é h o z á n ě t u a m í r u o x i d a č n í h o 
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s t r e s u . J e s p o j o v á n s o c h r a n n ý m e f e k t e m na / ? -buňky p a n k r e a t u . Z v y š u j e u t i l i zac i g l u k ó z y 

a o x i d a c i m a s t n ý c h kyse l i n v k o s t e r n í c h s v a l e c h a s o u č a s n ě t l u m í j a t e r n í g l u k o n e o g e n e z i [ 42 ] . 

V s o u l a d u s v ý š e p o p s a n ý m i e f e k t y j s o u v e s t u d i í c h vyšší h l a d i n y a d i p o n e k t i n u s p o j e n y 

s n ižš ím r i z i k e m r o z v o j e D M 2 . t y p u , a n a o p a k j e h o sn ížená h l a d i n a p ř e d s t a v u j e nezáv is lý 

p r e d i k t o r r o z v o j e d i a b e t u [ 43 ] . 

4 . 2 . A - F A B P 

A d i p o c y t á r n í p r o t e i n váza j íc í m a s t n é kyse l i ny ( A - F A B P ) h ra je d ů l e ž i t o u ro l i 

v i n t r a c e l u l á r n í v a z b ě , t r a n s p o r t u a m e t a b o l i s m u m a s t n ý c h kyse l i n v m i t o c h o n d r i í c h 

a p e r o x i z o m e c h u v n i t ř b u n ě k . P o d o b n ě j a k o a d i p o n e k t i n j e i A - F A B P e x p r i m o v á n p ř e d e v š í m 

v a d i p o c y t e c h a m a k r o f á z í c h t u k o v é t k á n ě . A - F A B P h ra je r o v n ě ž d ů l e ž i t o u ro l i v rozvo j i 

i n z u l í n o v é r e z i s t e n c e a a t e r o s k l e r ó z y v s o u v i s l o s t i s m e t a b o l i c k ý p o d m í n ě n ý m c h r o n i c k ý m 

z á n ě t e m [44 ] . J e t o m u p ř e d e v š í m v s i t uac i n a d m ě r n é h o p ř í j m u ka lo r i í . Za f y z i o l o g i c k ý c h 

o k o l n o s t í m ů ž e b ý t p ř í t o m n o s t A - F A B P v b u ň k á c h n a o p a k p r o s p ě š n á , a t o d í k y r e g u l a c i 

u k l á d á n í e n e r g i e v a d i p o c y t e c h , p ř í z n i v é m u v l i v u na i m u n i t n í o d p o v ě ď m a k r o f á g ů a t r a n s p o r t u 

m a s t n ý c h kyse l i n v e n d o t e l i á l n í c h b u ň k á c h . V s i t uac i n e d o s t a t k u e n e r g i e a v y s t u p ň o v a n é 

l i p o l ý z y r e g u l u j e A - F A B P j a t e r n í g l u k o n e o g e n e z i a p ř i sp í vá t a k k u d r ž e n í g l u k ó z o v é 

h o m e o s t á z y [ 44 ] . Z v ý š e n é s é r o v é h l a d i n y A - F A B P n a c h á z í m e u o s o b s D M 2 . t y p u , o b e z i t o u , 

a r t e r i á l n í h y p e r t e n z í , a t e r o s k l e r ó z o u a s r d e č n í m s e l h á n í m [ 4 5 - 4 8 ] . 

4 . 3 . F G F - 1 9 

F i b r o b l a s t o v é r ů s t o v é f a k t o r y (FGF) p ř e d s t a v u j í s k u p i n u b i o l o g i c k y a k t i v n í c h p r o t e i n ů 

s p r o k á z a n ý m a u t o k r i n n í m , p a r a k r i n n í m a e n d o k r i n n í m p ů s o b e n í m , k t e r é j e z p r o s t ř e d k o v á n o 

v a z b o u na s p e c i f i c k é F G F r e c e p t o r y v b u ň k á c h c í l o v ý c h t k á n í . F u n k c e F G F - 1 9 by la d o b ř e 

p o p s á n a v s o u v i s l o s t i s r e g u l a c í s e k r e c e ž l u č e a ž l u č o v ý c h kyse l i n . K e x p r e s i F G F - 1 9 

v e n t e r o c y t e c h d o c h á z í v d ů s l e d k u p r o c e s ů s p o j e n ý c h s p ř í j m e m s t ravy . Po s v é m u v o l n ě n í 

a v a z b ě na p ř í s l ušný r e c e p t o r (FGFR4) sn i žu je v j á t r e c h F G F - 1 9 s y n t é z u ž l u č o v ý c h kyse l i n 

a o v l i v ň u j e m o t i l i t u a p l n ě n í ž l u č n í k u [ 49 ] . S v ý m z p ů s o b e m t a k F G F - 1 9 b r á n í 

e n t e r o h e p a t á l n í m u p o š k o z e n í ž l u č o v ý m i k y s e l i n a m i , k t e r é j s o u z n á m é s v ý m d e t e r g e n t n í m 

p ů s o b e n í m [50 ] . K r o m ě t o h o by la p o p s á n a s o u v i s l o s t t o h o t o a d i p o k i n u s m e t a b o l i c k ý m i 

o n e m o c n ě n í m i . U o s o b s D M 2 . t y p u , o b e z i t o u a n e a l k o h o l i c k o u s t e a t o h e p a t i t i d o u ( N A S H ) 
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b y l y o p a k o v a n ě p r o k á z á n y s n í ž e n é p l a z m a t i c k é h l a d i n y F G F - 1 9 . Z p o h l e d u d i a b e t u se však 

n e j e d n á p o u z e o m a r k e r m e t a b o l i c k é h o p o s t i ž e n í . N a ú r o v n i j a t e r v s t u p u j e F G F - 1 9 d o 

r e g u l a c e m e t a b o l i s m u g l u k ó z y t í m , že v a z b o u na k o m p l e x r e c e p t o r u F G F R 4 / / ? - k l o t h o sn i žu je 

j a t e r n í g l u k o n e o g e n e z i , a n a o p a k s t i m u l u j e s y n t é z u g l y k o g e n u [51 ] . Z h l e d i s k a m o ž n é h o 

t e r a p e u t i c k é h o využ i t í j e z a j í m a v é , že zvýšená e x p r e s e n e b o f a r m a k o l o g i c k é p o d á v á n í F G F - 1 9 

v e d e v e x p e r i m e n t á l n í c h zv í řec ích m o d e l e c h d i a b e t i c k ý c h o b é z n í c h myš í ke z l e p š e n í 

m e t a b o l i c k é h o p r o f i l u [52 ] . 

Obrázek 4. B io log icky akt ivní látky p rodukované tukovou tkání. 
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TNF-alfa = tumor necrosis factor alfa, IL-6 = interleukin 6, PAI-1 = plasminogen activator inhibitors, DPP-4 

dipeptidyl peptidase 4, FGF 27 = fibroblast growth factor 21. Upraveno podle Fasshauer et al. [41]. 
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EXPERIMENTÁLNÍ ČÁST 

E x p e r i m e n t á l n í část disertační p r á c e zahrnuje tři oblasti výzkumu. N e j p r v e bylo cílem 

v r á m c i retrospektivní observace zjistit, zda využití diagnostických kritérií gestačního diabetu 

podle I A D S P G doporučení povede k určení odlišných f e n o t y p u těhotných žen s G D M . 

N á s l e d n ě byla pozornost upřena na časnou fázi těhotenství ( I . trimestr). V e studii případů 

a kontrol jsme posuzovali, zda lze nalézt abnormální sekreci inkretinových hormonů u žen se 

zvýšenou lačnou glykémií v této fázi těhotenství. P o s l e d n í m cílem experimentální práce bylo 

s l e d o v a t změny v produkci vybraných adipokinů u žen s časnou diagnózou gestačního diabetu 

během celého těhotenství. 

5. Využití diagnostických kritérií GDM podle International Association of the 

Diabetes and Pregnancy Study Groups (IADPSG) k posouzení rozdílu 

v antropometrických parametrech těhotných žen a výskytu těhotenských 

komplikací. 

N a základě doporučení pro diagnostiku a klasifikaci hyperglykémie v těhotenství, 

kterou vydala v roce 2 0 1 0 skupina I A D P S G , se Screening G D M provádí mezi 2 4 . a 2 8 . týdnem 

těhotenství. Ke screeningu je doporučeno provést o G T T , při kterém je podáno 7 5 g glukózy. 

B ě h e m testu se hodnotí glykémie před podáním glukózy (0. minuta) a následně v 6 0 . a 1 2 0 . 

minutě testu [ 21 ] . M i m o provedení o G T T ve výše zmíněném období těhotenství je ovšem dále 

doporučeno vyšetřit lačnou glykémii co nejdříve po otěhotnění, tedy již v prvním trimestru 

těhotenství. S m y s l e m tohoto vyšetření je odhalení zjevného, dosud nepoznaného diabetu 

a jeho časné léčby. V této situaci však můžeme rovněž odhalit těhotné ženy s mírnou lačnou 

h y p e r g l y k é m i í , odpovídající diagnostické hodnotě lačné g l y k é m i e o G T T ve 2 . p o l o v i n ě 

těhotenství. I tyto ženy je pak doporučeno sledovat obdobně jako po stanovení G D M 

v pozdější fázi těhotenství [ 21 ] . N a š e studie měla za cíl posoudit, zda lze využitím rozdílného 

způsobu stanovení diagnózy G D M identifikovat ženy s odlišným antropometrickým 

fenotypem v době diagnózy G D M . D r u h ý m cílem bylo posoudit, zda je způsob stanovení 
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d i a g n ó z y G D M u t ě c h t o ž e n s p o j e n s r o z d í l n ý m p r ů b ě h e m t ě h o t e n s t v í a v ý s k y t e m 

n o v o r o z e n e c k ý c h k o m p l i k a c í . 

5 . 1 . M e t o d i k a 

Design studie, zařazovací a vylučovací kritéria 

V s o u l a d u se z á s a d a m i H e l s i n s k é d e k l a r a c e , r e v i d o v a n é v r o c e 2 0 0 8 , by l a u s p o ř á d á n a 

r e t r o s p e k t i v n í o b s e r v a č n í s t u d i e . Z e z d r a v o t n i c k é d a t a b á z e Faku l t n í n e m o c n i c e v O l o m o u c i 

b y l y v y h l e d á n y i n f o r m a c e o ž e n á c h , k t e r é b y l y v t ě h o t e n s t v í s l e d o v á n y p r o p o r u c h u 

m e t a b o l i s m u s a c h a r i d ů . D o s t u d i e b y l y za řazeny p o u z e ž e n y , k t e r ý m by l G D M d i a g n o s t i k o v á n 

v s o u l a d u s d o p o r u č e n í m I A D P S G a u n ichž b y l o m o ž n é p r o v é s t r o z d ě l e n í d o 3 s k u p i n p o d l e 

z p ů s o b u s t a n o v e n í d i a g n ó z y G D M (tab. 3). 

Tabulka 3. Rozdělení žen d o skupin pod le způsobu stanovení d iagnózy gestačního d i a b e t u . 

Skup ina T ý d e n t ě h o t e n s t v í Z p ů s o b v y š e t ř e n í H o d n o t a g l y k é m i e 

Časná FPG 1 . - 1 3 . t ý d e n Lačná g l y k é m i e FPG > 5,1 m m o l / l 

P o z d n í F P G 24 . - 28 . t ý d e n o G T T - 0. m i n u t a FPG > 5,1 m m o l / l 

Pozdn í PPG 24 . - 28 . t ý d e n 
o G T T - 60 . m inu ta 

o G T T - 120 . m inu ta 

P P G > 1 0 , 0 m m o l / l 

PPG > 8 , 5 m m o l / l 

FPG = fasting plasma glucose (lačná glykémie); PPG = postprandial plasma glucose (glykémie po podání glukózy); oGTT = orální 

glukózový toleranční test 

Z da lš í ana l ýzy b y l y n a o p a k v y ř a z e n y ž e n y s p r o k á z a n ý m d i a b e t e m p ř e d t ě h o t e n s t v í m ( D M 1 . 

t y p u , D M 2 . t y p u , M O D Y ) a r o v n ě ž ž e n y , k t e r é s p l ň o v a l y k r i té r ia z j e v n é h o d i a b e t u 

v p r o b í h a j í c í m t ě h o t e n s t v í ( lačná g l y k é m i e > 7 ,0 m m o l / l a / n e b o g l y k é m i e p o zá těž i g l u k ó z o u 

> 11 ,1 m m o l / l ) . 

V š e c h n y ž e n y b y l y p ř i p r v n í k o n t r o l e z a š k o l e n y v z á k l a d n í c h d i e t n í c h a r e ž i m o v ý c h 

o p a t ř e n í c h . L é č b a i n z u l í n e m by la z a h á j e n a p o u z e p ř i s p l n ě n í a l e s p o ň j e d n o h o z n á s l e d u j í c í c h 

k r i té r i í : 1) lačná g l y k é m i e > 5 ,3 m m o l / l ; 2) g l y k é m i e 1 h o d i n u p o j í d l e o p a k o v a n ě > 7,6 m m o l / l 
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n e b o g l y k é m i e 2 h o d i n y p o j í d l e o p a k o v a n ě > 6 ,6 m m o l / l . Ž á d n á ze z a ř a z e n ý c h ž e n n e b y l a 

l é č e n a p o m o c í p e r o r á l n í c h a n t i d i a b e t i k . Z e z á z n a m ů z d r a v o t n i c k é d o k u m e n t a c e b y l y z ískány 

a n a m n e s t i c k é ú d a j e (věk , p o ř a d í t ě h o t e n s t v í ) a v y h o d n o c e n y r i z i kové f a k t o r y r o z v o j e d i a b e t u 

( D M v r o d i n n é a n a m n é z e , G D M v p ř e d c h o z í m t ě h o t e n s t v í , p o r o d n í h m o t n o s t p l o d u > 4 0 0 0 g ) . 

A n t r o p o m e t r i c k é ú d a j e z p o č á t k u t ě h o t e n s t v í ( h m o t n o s t , v ý š k a , B M I ) b y l y v y h l e d á n y 

v d o k u m e n t a c i z p r v n í a m b u l a n t n í k o n t r o l y v t ě h o t e n s t v í . I n f o r m a c e o h m o t n o s t n í m p ř í r ů s t k u 

a z p ů s o b u l é č b y G D M ( d i e t a , l é č b a i n z u l í n e m ) b y l y z ískány z n á s l e d n ý c h a m b u l a n t n í c h k o n t r o l 

v p r ů b ě h u t ě h o t e n s t v í . Ú d a j e o p o r o d n í h m o t n o s t i , z p ů s o b u p o r o d u ( p ř i r o z e n ý p o r o d , 

c ísařský řez) , n o v o r o z e n e c k ý c h k o m p l i k a c í c h ( n o v o r o z e n e c k á h y p o g l y k é m i e , n o v o r o z e n e c k á 

ž l o u t e n k a ) b y l y z ískány p o p o r o d u ze z d r a v o t n i c k é d o k u m e n t a c e g y n e k o l o g i c k é k l i n i ky . 

Laboratorní metody 

B i o c h e m i c k é p a r a m e t r y ( g l y k é m i e , g l y k o v a n ý h e m o g l o b i n , f r u k t o s a m i n ) b y l y 

a n a l y z o v á n y s y s t é m e m C o b a s 8 0 0 0 ( R o c h e , M a n n h e i m , G e r m a n y ) . V z o r k y k t é t o ana l ýze b y l y 

o d e b r á n y r á n o p o n e j m é n ě d v a n á c t i h o d i n o v é m l a č n ě n í b ě h e m p r v n í a m b u l a n t n í k o n t r o l y 

v t ě h o t e n s t v í . 

Statistické metody 

Č í s e l n é h o d n o t y s p o j i t ý c h v e l i č i n j s o u v y j á d ř e n y f o r m o u p r ů m ě r u , m e d i á n u 

a s m ě r o d a t n é o d c h y l k y . Pro t e s t o v á n í r ozd í l u v e s p o j i t ý c h v e l i č i n á c h m e z i s k u p i n a m i by l p o u ž i t 

K ruska l W a l l i s ů v t e s t . Pro t e s t o v á n í r ozd í l u v d i s k r é t n í c h v e l i č i n á c h m e z i s k u p i n a m i by l p o u ž i t 

ch i k v a d r á t t e s t v k o n t i n g e n č n í t a b u l c e . S p e a r m a n ů v k o e f i c i e n t (p) by l p o u ž i t p r o v y j á d ř e n í 

m í r y k o r e l a c e . V š e c h n y h y p o t é z y b y l y t e s t o v á n y na h l a d i n ě s t a t i s t i c ké v ý z n a m n o s t i p < 0 , 0 5 . 

Pro v y h o d n o c e n í d a t by l p o u ž i t s o f t w a r e M A T L A B V e r s i o n 7 . 5 . 0 . 3 4 2 ( R 2 0 0 7 b ) . 

5 .2 . V ý s l e d k y 

Rozdělení dle způsobu diagnózy GDM 

D i a g n ó z a g e s t a č n í h o d i a b e t u by l a v n a š e m s o u b o r u d o m i n a n t n ě s t a n o v e n a p o m o c í 

z v ý š e n é l ačné g l y k é m i e ( s k u p i n a časná FPG a p o z d n í FPG) a t o c e l k e m v 7 3 , 9 % p ř í p a d ů . 

S o u č a s n ě by la v í ce j a k č t v r t i n a s l e d o v a n ý c h ž e n (26,1 %) d i a g n o s t i k o v á n a už v č a s n é fáz i 
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t ě h o t e n s t v í . R o z d ě l e n í s t u d o v a n é h o s o u b o r u d o j e d n o t l i v ý c h s k u p i n p o d l e s t a n o v e n í 

d i a g n ó z y G D M j e u v e d e n o na o b r á z k u 5. 

Základní charakteristika souboru 

V p r v n í čás t i s t a t i s t i c ké ana l ýzy j s m e se z a m ě ř i l i na p o r o v n á n í v š e c h 3 s t u d o v a n ý c h 

s k u p i n na p o č á t k u t ě h o t e n s t v í . V ý s l e d k y j s o u u v e d e n y v t a b u l c e 4 . T ě h o t n é ž e n y se v e 

s l e d o v a n ý c h s k u p i n á c h ne l iš i l y v ě k e m , p o ř a d í m t ě h o t e n s t v í , p ř í t o m n o s t í r i z i kových f a k t o r ů p r o 

rozvo j d i a b e t u an i v p a r a m e t r e c h m e t a b o l i c k é k o m p e n z a c e ( H b A 1 c ) v d o b ě d i a g n ó z y G D M . 

Byl však n a l e z e n v ý z n a m n ý rozd í l v h m o t n o s t i ( r esp . B M I ) , se k t e r o u ž e n y v s t u p o v a l y d o 

t ě h o t e n s t v í . B M I ž e n na p o č á t k u t ě h o t e n s t v í p a k v e v š e c h s k u p i n á c h p o z i t i v n ě k o r e l o v a l o 

s h o d n o t o u H b A 1 c v d o b ě s t a n o v e n í d i a g n ó z y G D M (p = 0 , 3 6 , p < 0 , 0 0 1 ; p = 0 , 2 3 , p < 0 , 0 0 1 ; 

p = 0 , 3 0 , p < 0 , 0 0 1 ) . 

Tabulka 4. Základní charakterist ika soubo ru . An t ropomet r i cká a laboratorní analýza v d o b ě stanovení 

d iagnózy. 

Ce lý s o u b o r Časná FPG Pozdn í FPG Pozdn í PPG p va lue 

Věk ( roky) 31 .6 (32) ± 5 . 3 2 31.1 (31) ± 5.1 31.8 (32) ± 5.5 31 .4 (31) ± 4 . 9 ns 

První t ě h o t e n s t v í 

(%) 
42 .4 (182 /429) 23 .2 (41 /177) 26 .2 (87 /332) 32 (49 /151) ns 

D M v r o d i n ě (%) 59.2 (180 /304) 36 (26 /72) 4 4 (66 /150) 40 (29 /73) ns 

H m o t n o s t (kg) 73.8 (70.8) ± 17.7 78 .3 (76.0) ± 19.1 74.2 (72) ± 1 6 . 7 67.2 (62) ± 1 5 . 7 <0 ,001 

BMI ( k g / m 2 ) 26.3 (25) ± 6.0 27 .9 (27.2) ± 6 . 6 26 .4 (25.0) ± 5.8 24 .4 (22.8) ± 5,2 <0 ,001 

H b A 1 c ( m m o l / m o l ) 31.1 (31) ± 4 . 0 31 .8 (31) ± 4 . 8 30.7 (31) ± 3 . 8 30.8 (31) ± 3 . 2 ns 

F r u k t o s a m i n 

(umo l / l ) 
200 .4 (199) ± 1 7 . 7 211.7 (211) ± 2 0 . 3 195.3 (194) ± 1 5 . 4 197.3 (197) ± 13.7 <0 ,001 

D M = diabetes mellitus; BMI = body mass index; HbA1c = glykovaný hemoglobin. Data jsou zobrazena jako průměr (medián) ± 

směrodatná odchylka; Počet pacientů ve skupinách: časná FPG (n = 109), pozdní FPG (n = 209), pozdní PPG (n = 100); pro testování 

rozdílu mezi skupinami (časná FPG vs. pozdní FPG vs. pozdní PPG) byl použit chi kvadrát test v kontingenční tabulce; p <0.05 je 

považována za statisticky významnou. 
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Obrázek 5. Rozdělení s tudovaného souboru d o skupin p o d l e s tanovení d iagnózy G D M . 

G D M podle IADPSG kritérií Chybějící informace 
(n=429) (n-11) 

G D M umožňující klasifikaci do 
definovaných skupin 

(n=418) 

Časná FPG > 5.1mmol/l 
(n = 109) 

Pozdní FPG > 5.1mmol/l 
(n = 209) 

Pozdní PPG 
(n = 100) 

FPG = fasting plasma glucose (lačná glykémie); PPG = postprandial glucose (glykémie po zátěži stravou); GDM = gestační 

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

Průběh těhotenství 

C e l k o v ý p ř í r ů s t e k t ě l e s n é h m o t n o s t i ž e n s G D M se v j e d n o t l i v ý c h s k u p i n á c h v ý z n a m n ě 

l iš i l . U ž e n , k t e r ý m by l G D M s t a n o v e n na z á k l a d ě z v ý š e n é l ačné g l y k é m i e (časná F P G , p o z d n í 

FPG) by l nav íc t e n t o p ř í r ů s t e k n e g a t i v n ě a s o c i o v á n s B M I na p o č á t k u t ě h o t e n s t v í (p = - 0 , 2 5 , 

p < 0 , 0 5 ; p = - 0 , 2 1 , p < 0 , 0 0 1 ) . P o r o d n í h m o t n o s t p l o d ů se r o v n ě ž m e z i s k u p i n a m i v ý z n a m n ě 

l iš i la. V e s k u p i n ě časná FPG a p o z d n í FPG by la p o r o d n í h m o t n o s t p l o d u p o z i t i v n ě a s o c i o v á n a 

s B M I na p o č á t k u t ě h o t e n s t v í (p = 0 , 2 7 , p < 0 , 0 5 ; p = 0 , 2 3 , p < 0 , 0 0 1 ) . L é č b a G D M p o m o c í 

i nzu l í nu by l a čas tě jš í u ž e n s vyšší l a č n o u g l y k é m i í (časná FPG a p o z d n í FPG) a m ě l a v z t a h 

k t ě l e s n é h m o t n o s t i (p = 0 , 1 9 , p < 0 , 0 0 1 ) , B M I (p = 0 , 2 4 , p < 0 , 0 0 1 ) , a t a k é H b A 1 c v d o b ě 

s t a n o v e n í d i a g n ó z y G D M (p = 0 , 3 0 , p < 0 , 0 0 1 ) . Rozd í l ný z p ů s o b s t a n o v e n í d i a g n ó z y G D M p a k 

v naší s t u d i i n e m ě l v l i v na v ý s k y t s l e d o v a n ý c h n o v o r o z e n e c k ý c h k o m p l i k a c í . J e j i c h č e t n o s t by l a 

v j e d n o t l i v ý c h s k u p i n á c h s r o v n a t e l n á . V ý s l e d k y j s o u u v e d e n y v t a b u l c e 5 . 
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Tabulka 5. Vývoj tě lesné hmo tnos t i , nu tnos t léčby a výskyt novorozeneckých kompl ikací . 

Časná FPG Pozdn í FPG Pozdn í PPG p va lue 

Př í růstek h m o t n o s t i 

(kg) 
9.32 ( 9 . 0 ) + 6.76 12.73 (11.0) ± 8 . 4 7 11.05 (10.0) ± 4 . 6 6 < 0 , 0 5 

Léčba inzu l ínem (%) 14.7 (16 /109) 7.2 (15 /209) 4 (4 /100) < 0 , 0 5 

Po rodn í h m o t n o s t 

(g) 
3372 .2 + 552 .2 3415 .6 + 529 .0 3199 .0 ± 5 6 0 . 5 < 0 , 0 5 

A k u t n í císařský řez 

(%) 
12.5 (9 /72) 1 9 . 9 ( 3 0 / 1 5 1 ) 18.9 (14 /74) ns 

N o v o r o z e n e c k á 

h y p o g l y k é m i e (%) 
14.1 (10 /71) 10 (15 /150) 7 (5 /71) ns 

N o v o r o z e n e c k á 

ž l ou tenka (%) 
43.1 (31 /72) 41 .1 (62 /151) 47 .3 (35 /74) ns 

Data jsou zobrazena jako průměr (medián) + směrodatná odchylka nebo jako % (n/N), p <0.05 je považována za statisticky 

významnou. 

5 .3 . D i s k u s e 

I p ř e s s n a h u o n a l e z e n í k o n s e n z u zůs tává z p ů s o b s t a n o v e n í d i a g n ó z y G D M v č a s n é fáz i 

t ě h o t e n s t v í z n a č n ě k o n t r o v e r z n í t é m a . S tá le se h l e d á v h o d n ý s c r e e n i n g o v ý t e s t a v s o u č a s n é 

d o b ě n e p a n u j e an i v š e o b e c n á s h o d a n a d d i a g n o s t i c k ý m i h o d n o t a m i g l y k é m i e , k t e r é b y b y l y 

v č a s n é fáz i t ě h o t e n s t v í j e d n o z n a č n ě s p o j e n y se z v ý š e n ý m r i z i k e m k o m p l i k a c í p r o m a t k u 

a p l o d v d a l š í m p r ů b ě h u t ě h o t e n s t v í [ 53 ] . Z p o h l e d u p ř í č i ny v z n i k u G D M j e nyn í z v a ž o v á n 

výsky t t ř í r ů z n ý c h f e n o t y p u , s p ř e v l á d a j í c í p o r u c h o u r e z i s t e n c e k i n z u l í n u , p o r u c h o u s e k r e c e 

i nzu l í nu n e b o j e j i c h k o m b i n a c í . T y t o z m ě n y b y l y p o p s á n y j a k v č a s n é , t a k i v p o z d n í fáz i 

t ě h o t e n s t v í . D ů l e ž i t ý m p o z n a t k e m j e , že ž e n y s d o m i n a n t n í p o r u c h o u c i t l i vos t i k i nzu l í nu ma j í 

vyšší r i z iko t ě h o t e n s k ý c h k o m p l i k a c í , s p o j e n ý c h s g e s t a č n í m d i a b e t e m [ 3 1 , 5 4 ] . D o p o s u d však 

n e n í z ř e j m é , zda se t e n t o p r o k á z a n ý p a t o f y z i o l o g i c k ý rozd í l u p l a t ň u j e v o d p o v ě d i na 

s t a n d a r d n í l é č b u g e s t a č n í h o d i a b e t u . 

Jak j e p a t r n é z v ý s l e d k ů naší s t u d i e , k l i n i c ké využ i t í I A D P S G kr i té r i í p r o d i a g n o s t i k u 

G D M u m o ž n i l o i d e n t i f i k a c i t ř í s k u p i n t ě h o t n ý c h ž e n , m e z i k t e r ý m i lze v d o b ě d i a g n ó z y G D M 

naj í t r ozd í l y v a n t r o p o m e t r i c k ý c h p a r a m e t r e c h , a k t e r é se m e z i s e b o u liší v d a l š í m p r ů b ě h u 
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t ě h o t e n s t v í . P ř e d n o s t í naší s t u d i e j e p ř e d e v š í m za řazen í t ě h o t n ý c h ž e n s č a s n o u d i a g n ó z o u 

G D M , k te rá by l a s t a n o v e n a př i c e l o p l o š n é m s c r e e n i n g u v 1 . t r i m e s t r u t ě h o t e n s t v í (časná FPG) , 

a n e z a h r n u j e t a k p o u z e p o p u l a c i t ě h o t n ý c h ž e n se z v ý š e n ý m r i z i k e m v z n i k u d i a b e t u . V n a š e m 

s o u b o r u b y l o t í m t o z p ů s o b e m d i a g n o s t i k o v á n o 2 5 % ž e n . I n f o r m a c e o p r e v a l e n c i t a k t o 

d i a g n o s t i k o v a n é h y p e r g l y k é m i e v č a s n é fázi t ě h o t e n s t v í však c e l o s v ě t o v ě c h y b í , a t o 

p ř e d e v š í m z d ů v o d u s tá le t r va j í c í ch r ozd í l ů v d i a g n o s t i c e g e s t a č n í h o d i a b e t u . V p o p u l a c i ž e n 

s n a d v á h o u ( B M I > 29 ) , by l č a s n ý g e s t a č n í d i a b e t e s v y u ž i t í m I A D P S G kr i té r i í p r o k á z á n u 2 2 , 9 % 

t e s t o v a n ý c h ž e n . S a m o t n á zvýšená lačná g l y k é m i e FPG > 5,1 m m o l / l p a k v t o m t o s o u b o r u 

p ř i s p ě l a k d i a g n ó z e u 78 ,5 % p ř í p a d ů [55 ] . 

Z v ý š e n á lačná g l y k é m i e i d e n t i f i k o v a l a v n a š e m s o u b o r u ž e n y s vyšší t ě l e s n o u h m o t n o s t í 

a B M I v ú v o d u t ě h o t e n s t v í , a t o v s i t u a c i , k d y b y l y d o s c r e e n i n g u z a ř a z e n y t ě h o t n é ž e n y b e z 

o h l e d u na p ř í t o m n o s t r i z i kových f a k t o r ů p r o r o z v o j G D M ( t e d y i n a d v á h y či o b e z i t y ) . T e n t o 

ná lez j e v s o u l a d u s v ý s l e d k y p ř e d c h o z í c h s t u d i í , k d e by la d i a g n ó z a G D M z v ý š e n o u l a č n o u 

g l y k é m i í s p o j e n a s p r ů m ě r n o u h o d n o t o u B M I , o d p o v í d a j í c í p á s m u n a d v á h y [ 2 2 , 3 1 , 5 5 ] . 

T ě l e s n á h m o t n o s t a B M I p ř e d t ě h o t e n s t v í m se t e d y z d á b ý t s i l n ý m p r e d i k t o r e m p r o z á c h y t 

z v ý š e n é l a č n é g l y k é m i e v č a s n é fáz i t ě h o t e n s t v í . V k o n t r a s t u s vyšší h m o t n o s t í na p o č á t k u 

t ě h o t e n s t v í by l c e l k o v ý p ř í r ů s t e k h m o t n o s t i v e s k u p i n ě ž e n s č a s n o u d i a g n ó z o u G D M v naší 

s t u d i i ne jn ižš í . D ů v o d e m p r o t o t o z j i š těn í m ů ž e b ý t de l š í d o b a , p o k t e r o u by la u p l a t ň o v á n a 

res t r i k t i vn í d i e t n í o p a t ř e n í j a k o z p ů s o b l é č b y G D M . J e z d e p a t r n á i n e g a t i v n í k o r e l a c e 

c e l k o v é h o v á h o v é h o p ř í r ů s t k u s h o d n o t o u B M I na p o č á t k u t ě h o t e n s t v í . U ž e n s č a s n o u 

d i a g n ó z o u G D M však by la čas tě j i z a h a j o v á n a f a r m a k o l o g i c k á l é č b a p o m o c í i n z u l í n u . T o j e 

v s o u l a d u s d ř í v e p u b l i k o v a n ý m i s t u d i e m i [56 ] . V y s v ě t l e n í m m ů ž e b ý t n e d o s t a t e č n ý v l i v 

r es t r i k ce s a c h a r i d ů v d o p o r u č e n é d i e t ě na h o d n o t y l a č n ý c h g l y k é m i í , k t e r é p a k u t é t o s k u p i n y 

ž e n o p a k o v a n ě p ř e s a h u j í c í l o v é h o d n o t y a j s o u t e d y d ů v o d e m k z a h á j e n í f a r m a k o l o g i c k é 

l é č b y . 

Č a s n é s t a n o v e n í d i a g n ó z y G D M n e b y l o p r o v á z e n o z v ý š e n o u h o d n o t o u g l y k o v a n é h o 

h e m o g l o b i n u ( H b A 1 c ) . P r ů m ě r n á h o d n o t a H b A 1 c z d o b y s t a n o v e n í d i a g n ó z y by la v n a š e m 

s o u b o r u v p á s m u t y p i c k é m p r o n o r m á l n í m e t a b o l i s m u s g l u k ó z y . N e n í t e d y p r a v d ě p o d o b n é , 

že b y využ i t í I A D P S G kr i té r i í v č a s n é fáz i t ě h o t e n s t v í o d h a l i l o ž e n y s p ř í t o m n o u p o r u c h o u 

m e t a b o l i s m u g l u k ó z y v o b d o b í p ř e d t ě h o t e n s t v í m . J e však p a t r n á p o z i t i v n í k o r e l a c e h o d n o t y 

H b A 1 c s t ě l e s n o u h m o t n o s t í a B M I na p o č á t k u t ě h o t e n s t v í . V ý z n a m n ý rozd í l by l n a o p a k 
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n a l e z e n v h o d n o t á c h f r u k t o s a m i n u . V y s v ě t l e n í lze h l e d a t v p o k l e s u k o n c e n t r a c e a l b u m i n u v e 

d r u h é p o l o v i n ě t ě h o t e n s t v í ( t e d y v d o b ě d i a g n ó z y G D M u s k u p i n y p o z d n í F G M a p o z d n í PPG) 

[ 57 ] . H o d n o t a f r u k t o s a m i n u j e d o m i n a n t n ě t v o ř e n a p r á v ě a l b u m i n e m , a p r o t o b u d e n a l e z e n ý 

rozd í l v k o n c e n t r a c i f r u k t o s a m i n u sp íše s p o j e n se z m ě n a m i k o n c e n t r a c e a l b u m i n u b ě h e m 

t ě h o t e n s t v í než se s k u t e č n ý m n á r ů s t e m n e e n z y m a t i c k é g l y k a c e v o b d o b í 2 - 3 t ý d n ů p ř e d 

p r o v e d e n ý m o d b ě r e m . S o h l e d e m na r e t r o s p e k t i v n í c h a r a k t e r naší s t u d i e však n e b y l o m o ž n é 

p r o v é s t k o r e k c i f r u k t o s a m i n u s k o n c e n t r a c i a l b u m i n u v d o b ě s t a n o v e n í d i a g n ó z y G D M . 

V ý s k y t v y b r a n ý c h p e r i n a t á l n í c h k o m p l i k a c í se v naší s t u d i i m e z i s k u p i n a m i s ta t i s t i cky 

ne l i š i l . V k o n t r a s t u s t í m t o j s o u v ý s l e d k y m e t a - a n a l ý z y 13 s t u d i í , k te rá p o u k á z a l a na z v ý š e n é 

re la t i vn í r iz iko p e r i n a t á l n í ú m r t n o s t i a n o v o r o z e n e c k é h y p o g l y k é m i e u ž e n s č a s n ě 

d i a g n o s t i k o v a n ý m G D M o p r o t i ž e n á m , k t e r ý m by l G D M d i a g n o s t i k o v á n až v e d r u h é p o l o v i n ě 

t ě h o t e n s t v í [ 56 ] . V y s v ě t l e n í r ozd í l u j e m o ž n é h l e d a t v c e l k o v é d o b ě , p o k t e r o u b y l y ž e n y 

s G D M s l e d o v á n y a l é č e n y . N e l z e však p o s o u d i t t íž i G D M , c e l k o v o u d á v k u i nzu l í nu an i v ý v o j 

g l y k e m i c k ý c h p r o f i l ů , p r o t o ž e t y t o i n f o r m a c e n e b y l o m o ž n é p r o r e t r o s p e k t i v n í c h a r a k t e r naší 

s t u d i e z ískat . Č a s n á d i a g n ó z a G D M by la r o v n ě ž s p o j e n a s vyšší p o r o d n í v á h o u p l o d u . P ř í č i nou 

m ů ž e b ý t j iž d ř í v e p o p s a n á h y p e r i n z u l i n é m i e p l o d u v d ů s l e d k u i n z u l í n o v é r e z i s t e n c e a čas tě jš í 

l é č b a i n z u l í n e m [ 3 1 , 5 8 ] . V ý s k y t m a k r o s o m i e n e b y l v naší s t u d i i a s o c i o v á n s ž á d n o u 

z d e f i n o v a n ý c h s k u p i n . Poz i t i vně však k o r e l o v a l s h o d n o t o u B M I , v ě k e m a h o d n o t o u H b A 1 c 

v d o b ě s t a n o v e n í d i a g n ó z y G D M . 

5 .4 . Z á v ě r 

D i a g n ó z a G D M , s t a n o v e n á v s o u l a d u s I A D P S G d o p o r u č e n í m z v ý š e n o u l a č n o u 

g l y k é m i í (FPG > 5 , 1 m m o l / l ) v č a s n é fázi t ě h o t e n s t v í , j e s p o j e n a s vyšší t ě l e s n o u h m o t n o s t í 

a B M I ž e n na p o č á t k u t ě h o t e n s t v í , d á l e j e s p o j e n a se z v ý š e n ý m r i z i k e m l é č b y i n z u l í n e m a vyšší 

p o r o d n í h m o t n o s t í p l o d u . V l i v na v ý s k y t n o v o r o z e n e c k ý c h k o m p l i k a c í n e b o z v ý š e n é r iz iko 

m a k r o s o m i e p l o d u n e b y l v naší s t u d i i p r o k á z á n . 
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6. Sekrece inkretinových hormonů u žen se zvýšenou lačnou glykémií v časné 

fázi těhotenství. 

Přes tože n e n í p a t o f y z i o l o g i e G D M d o s u d p ř e s n ě o b j a s n ě n a , p ř e d p o k l á d á se u p l a t n ě n í 

n e d o s t a t e č n é s e k r e c e i nzu l í nu p ř i z v ý š e n é p e r i f e r n í i n z u l í n o v é r e z i s t e n c i , k te rá se vyví j í b ě h e m 

t ě h o t e n s t v í [31 ] . I n k r e t i n o v é h o r m o n y , m e z i k t e r é ř a d í m e G L P - 1 a G I P , b y m o h l y b ý t z a p o j e n y 

d o m e c h a n i s m ů k o m p e n z u j í c í c h zvýšen í h l a d i n y g l u k ó z y v krv i v d ů s l e d k u i n z u l í n o v é r e z i s t e n c e 

p o z o r o v a n é u t ě h o t n ý c h ž e n [59 ] . Sn í žený i n k r e t i n o v ý e f e k t m ů ž e p ř i s p í v a t ke z h o r š e n é 

k o n t r o l e g l y k é m i e p o j í d l e , k te rá j e c h a r a k t e r i s t i c k á p r o n ě k t e r é f e n o t y p y G D M . K r o m ě 

o v l i v n ě n í s e k r e c e / ? - b u n ě k u p r a v u j í i n k r e t i n o v é h o r m o n y i s e k r e č n í a k t i v i t u a - b u n ě k 

L a n g e r h a n s o v ý c h o s t r ů v k ů p a n k r e a t u (GLP-1 t l u m í a G I P zvyšu je s e k r e c i g l u k a g o n u ) . 

A b n o r m a l i t y v u v o l ň o v á n í g l u k a g o n u b y l y p o p s á n y u o s o b s D M 2 . t y p u , a le j e h o ro le u G D M 

z a t í m z n á m a nen í . Pouze n ě k o l i k s t u d i í z k o u m a l o k o n c e n t r a c e G L P - 1 , G I P a / n e b o g l u k a g o n u 

u ž e n s G D M v e d r u h é p o l o v i n ě t ě h o t e n s t v í , a t o v s i t uac i n a l a č n o n e b o p o j í d l e . V ý s l e d k y 

s t u d i í však b y l y r o z p o r u p l n é [ 6 0 - 6 2 ] . D ů v o d e m n e k o n z i s t e n t n í c h v ý s l e d k ů m ů ž e b ý t 

z a s t o u p e n í t ě h o t n ý c h ž e n s r ů z n ý m p o d í l e m i n z u l í n o v é r e z i s t e n c e a / n e b o s e k r e c e v r á m c i 

p a t o f y z i o l o g i e G D M . 

H l a v n í m c í l e m t é t o s t u d i e b y l o z j is t i t , z d a e x i s t u j e na p o č á t k u t ě h o t e n s t v í rozd í l 

v s e k r e č n í o d p o v ě d i G L P - 1 , G I P a g l u k a g o n u b ě h e m 3 h o d i n o v é h o z á t ě ž o v é h o t e s t u 

s m i x o v a n o u s t r a v o u ( M M T T - m i x e d m e a l t o l e r a n c e t e s t ) , m ě ř e n é h o p o m o c í c e l k o v é p l o c h y 

p o d k ř i v k o u ( A U C ) , m e z i t ě h o t n ý m i ž e n a m i se z v ý š e n o u l a č n o u g l y k é m i í v e s r o v n á n í 

s k o n t r o l n í m i t ě h o t n ý m i a n e t ě h o t n ý m i o s o b a m i . D r u h ý m c í l e m b y l o p o s o u d i t v z t a h m e z i 

p r o d u k c í i n k r e t i n o v ý c h h o r m o n ů a p a r a m e t r y i n z u l í n o v é r e z i s t e n c e a f u n k c e / ? - b u n ě k v č a s n é 

fáz i t ě h o t e n s t v í . 

6 . 1 . M e t o d i k a 

Design studie, zařazovací a vylučovací kritéria 

K o v ě ř e n í t e s t o v a n é h y p o t é z y by l a n a v r ž e n a a z o r g a n i z o v á n a s t u d i e p ř í p a d ů a k o n t r o l 

v s o u l a d u se z á s a d a m i H e l s i n s k é d e k l a r a c e v e z n ě n í z r o k u 2 0 0 8 . P l á n o v a n á s t u d i e by l a p ř e d 
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s v ý m z a č á t k e m r o v n ě ž p o s o u z e n a a s c h v á l e n a E t i c k o u k o m i s í Léka řské f a k u l t y U n i v e r z i t y 

P a l a c k é h o a Faku l t n í n e m o c n i c e v O l o m o u c i ( schvá len í č. 1 2 0 / 1 7 ) . V š e c h n y ú č a s t n i c e 

p o d e p s a l y p ř e d s v ý m v s t u p e m d o s t u d i e i n f o r m o v a n ý s o u h l a s . 

D o s t u d i e b y l y z a ř a z e n y t ě h o t n é ž e n y v č a s n é fáz i t ě h o t e n s t v í (8. - 1 4 . t ý d e n ) . 

D i a g n ó z a z v ý š e n é l ačné g l y k é m i e ( i -FPG) by la z a l o ž e n a na n e j m é n ě d v o u m ě ř e n í c h 

p l a z m a t i c k é g l u k ó z y n a l a č n o > 5,1 m m o l / l a < 7 , 0 m m o l / l v e d v o u r ů z n ý c h d n e c h v p r ů b ě h u 

p r v n í h o t r i m e s t r u (8 . - 1 4 . t ý d e n ) t ě h o t e n s t v í [21 ] . V y l u č o v a c í m i k r i té r i i b y l a : D M 1 . n e b o 

2 . t y p u , s e k u n d á r n í n e b o g e n e t i c k ý t y p d i a b e t u , G D M v a n a m n é z e , o n e m o c n ě n í l e d v i n , j a t e r 

n e b o š t í t n é ž lázy, už ívání d r o g n e b o a l k o h o l u a s o u b ě ž n á m e d i k a c e o v l i v ň u j í c í m e t a b o l i s m u s 

g l u k ó z y a f u n k c i G I T ( g l u k o k o r t i k o i d y , i n h i b i t o r y p r o t o n o v é p u m p y , p r o k i n e t i k a , p a n k r e a t i c k é 

e n z y m y ) . Z d r a v é t ě h o t n é ž e n y m ě l y p o c e l o u d o b u t ě h o t e n s t v í n o r m á l n í h l a d i n u g l u k ó z y , 

v č e t n ě n á s l e d n é h o o G T T m e z i 2 4 . a 2 8 . t ý d n e m t ě h o t e n s t v í . D o k o n t r o l n í s k u p i n y b y l y 

z a ř a z e n y z d r a v é n e t ě h o t n é ž e n y s r o v n a t e l n é h o v ě k u , k t e r é n e m ě l y a n a m n é z u p o r u c h y 

g l u k ó z o v é t o l e r a n c e n e b o d i a b e t u ( v č e t n ě G D M n e b o a n a m n é z y p o r o d u d í t ě t e s v y s o k o u 

p o r o d n í h m o t n o s t í , t j . > 4 5 0 0 g ) . 

Při p r v n í k o n t r o l e b y l y o d v š e c h ú č a s t n i c s t u d i e o d e b r á n y a n a m n e s t i c k é ú d a j e . 

N á s l e d n ě b y l o p r o v e d e n o m ě ř e n í t ě l e s n é h m o t n o s t i a výšky ( 1 . t r i m e s t r t ě h o t e n s t v í ) , b o d y 

m a s s i n d e x (BMI ) by l v y p o č t e n j a k o t ě l e s n á h m o t n o s t / t ě l e s n á v ý š k a 2 ( k g / m 2 ) . 

Toleranční test s mixovaným jídlem (MMTT) 

K p r o v e d e n í t o l e r a n č n í h o t e s t u s m i x o v a n ý m j í d l e m ( M M T T - m i x e d m e a l t o l e r a n c e 

tes t ) b y l o v y u ž i t o 2 0 0 m l k o m e r č n ě d o s t u p n é t e k u t é e n t e r á l n í výž i vy ( F r e s u b i n O r i g i n á l 

D r i n k ® , F r e s e n i u s K a b i , N ě m e c k o ; 1 0 0 m l o b s a h u j e 4 2 0 kJ e n e r g e t i c k é h o p ř í j m u , t j . 3 ,4 g (30 

kJ %) t u k ů , 1 3 , 8 g (55 kJ %) s a c h a r i d ů a 3 ,8 g (15 kJ %) b í l k o v i n ) . T e s t by l p r o v e d e n p o 

1 0 h o d i n o v é m n o č n í m l a č n ě n í m e z i 7. a 1 0 . h o d i n o u rann í v 8. - 1 4 . t ý d n u t ě h o t e n s t v í . V z o r k y 

k rve b y l y o d e b r á n y na z a č á t k u (0 m i n u t ) t e s t u a d á l e 3 0 , 6 0 , 1 2 0 a 1 8 0 m i n u t p o p o ž i t í 2 0 0 m l 

t e k u t é e n t e r á l n í výž i vy . V z o r k y p r o m ě ř e n í G L P - 1 , G I P a g l u k a g o n u b y l y o d e b í r á n y d o 

s p e c i á l n í c h k r e v n í c h z k u m a v e k s i n h i b i č n í m č i n i d l e m s e s t á v a j í c í m z d i p e p t i d y l p e p t i d á z y 4 , 

e s t e r á z y a da l š í ch i n h i b i t o r ů p r o t e á z ( B D P 8 0 0 , B e c t o n , D i c k i n s o n a n d C o m p a n y , F rank l i n 

Lakes , USA) . V z o r k y b y l y n á s l e d n ě d o 3 0 m i n u t o d o d b ě r u k rve s e p a r o v á n y c e n t r i f u g a c í p o 

d o b u 10 m i n u t p ř i 1 0 0 0 g . P lazma by la u c h o v á v á n a v a l i k v o t e c h p ř i - 8 0 ° C až d o da lš í ana l ýzy . 
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Laboratorní analýza 

B ě ž n é b i o c h e m i c k é p a r a m e t r y ( g l u k ó z a , H b A 1 c , i n z u l i n , C - p e p t i d ) b y l y m ě ř e n y 

a u t o m a t i c k ý m a n a l y z á t o r e m C o b a s 8 0 0 0 (Roche) v d e n o d b ě r u k r v e . K o n c e n t r a c e i n k r e t i n ů 

a g l u k a g o n u b y l y m ě ř e n y v a l i k v o t e c h v z o r k ů u c h o v á v a n ý c h př i t e p l o t ě - 8 0 ° C n e j d é l e 

6 m ě s í c ů o d o d b ě r u . H l a d i n a g l u k ó z y by la s t a n o v e n a p o m o c í h e x o k i n á z o v é m e t o d y ( G L U C 3 , 

R o c h e D i a g n o s t i c s G m b H , M a n n h e i m , N ě m e c k o ) . H b A 1 c by l m ě ř e n i o n t o v ě v ý m ě n n o u 

c h r o m a t o g r a f i í a n a l y z á t o r e m A r k r a y A d a m s H A - 8 1 8 0 V (A rk ray C o r p o r a t i o n , K y o t o , 

J a p o n s k o ) . H l a d i n y i nzu l í nu a C - p e p t i d u b y l y s t a n o v e n y p o m o c í k o m e r č n ě d o s t u p n ý c h 

s o u p r a v ( I m m u n o t e c h , M a r s e i l l e , F ranc ie ) p o m o c í i m u n o r a d i o m e t r i c k é h o t e s t u se s p e c i f i c k ý m i 

p r o t i l á t k a m i . N a z á k l a d ě h l a d i n g l u k ó z y a i nzu l í nu n a l a č n o b y l o p r o v e d e n o h o d n o c e n í f u n k c e 

/ ? - b u n ě k p o d l e m o d e l u h o m e o s t á z y ( H O M A - / ? ) , h o d n o c e n í i n z u l í n o v é r e z i s t e n c e m o d e l e m 

h o m e o s t á z y ( H O M A - / ? ) a h o d n o c e n í i n z u l í n o v é r e z i s t e n c e s v y u ž i t í m m o d e l u h o m e o s t á z y 

( H O M A - I R ) [63 ] a k v a n t i t a t i v n í m i n d e x e m k o n t r o l y c i t l i vos t i na inzu l ín ( Q U I C K I ) [ 64 ] . 

P l a z m a t i c k é k o n c e n t r a c e g l u k a g o n u , G L P - 1 a G I P b y l y m ě ř e n y k o m e r č n í m m u l t i p l e x n í m 

t e s t e m ( H u m a n M e t a b o l i c H o r m o n e M a g n e t i c B e a d Pane l , H M H E M A G 3 4 K, M e r c k M i l l i p o r e , 

USA) . C i t l i v o s t by l a 1 3 , 0 p g / m l p r o g l u k a g o n , 1,2 p g / m l p r o G L P - 1 a 0 ,6 p g / m l p r o G I P . 

V a r i a b i l i t a m e z i t e s t y by l a u s o u p r a v < 1 0 % a m e z i t e s t y < 1 5 %. 

Statistické analýza 

V š e c h n y p r o m ě n n é j s o u u v á d ě n y j a k o p r ů m ě r ± s m ě r o d a t n á o d c h y l k a (SD) v p ř í p a d ě 

n o r m á l n ě r o z l o ž e n ý c h d a t n e b o j a k o m e d i á n ( m e z i k v a r t i l o v é rozpě t í ) v p ř í p a d ě n e n o r m á l n í h o 

r o z l o ž e n í d a t . K t e s t o v á n í n o r m á l n o s t i r o z d ě l e n í by l p o u ž i t S h a p i r ů v - W i l k ů v t e s t . Rozd í l y 

v p r o m ě n n ý c h m e z i s k u p i n a m i b y l y a n a l y z o v á n y p o m o c í t - t e s t u p r o n o r m á l n ě r o z l o ž e n é 

p r o m ě n n é n e b o p o m o c í M a n n o v a - W h i t n e y h o U - tes tu p r o p r o m ě n n é s n e n o r m á l n í m 

r o z l o ž e n í m . K v y j á d ř e n í m í r y k o r e l a c e by l p o u ž i t S p e a r m a n ů v k o e f i c i e n t . P r ů m ě r n á p l o c h a 

p o d k ř i v k o u ( A U C ) by la v y p o č t e n a p o m o c í l i c h o b ě ž n í k o v é h o p r a v i d l a v y d ě l e n é h o č a s o v ý m 

i n t e r v a l e m . P < 0 , 0 5 b y l o p o v a ž o v á n o za s t a t i s t i c ky v ý z n a m n é . S t a t i s t i c k é ana l ýzy b y l y 

p r o v e d e n y p o m o c í s y s t é m u P y t h o n . 
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6 . 2 . V ý s l e d k y 

Základní klinická a laboratorní charakteristika a hladiny inkretinových hormonů v jednotlivých 

skupinách 

Kr i té r ia p r o za řazen í d o t é t o s t u d i e s p l n i l o c e l k e m 2 2 t ě h o t n ý c h ž e n s č a s n ě 

d i a g n o s t i k o v a n o u z v ý š e n o u l a č n o u g l y k é m i í ( i -FGP) , 25 z d r a v ý c h t ě h o t n ý c h ž e n 

a 2 4 n e t ě h o t n ý c h z d r a v ý c h k o n t r o l (obr. 6, tab. 6). Ženy s i -FPG m ě l y v ý z n a m n ě vyšší h o d n o t y 

B M I , F P G , H b A 1 c a C - p e p t i d u v e s r o v n á n í se z d r a v ý m i t ě h o t n ý m i ž e n a m i a t a k é v e s r o v n á n í 

s n e t ě h o t n ý m i z d r a v ý m i k o n t r o l a m i . Pouze v e s r o v n á n í se z d r a v ý m i t ě h o t n ý m i ž e n a m i m ě l y 

t a k é nižší H O M A - / ? . Z d r a v é t ě h o t n é ž e n y m ě l y v e s r o v n á n í s n e t ě h o t n ý m i z d r a v ý m i k o n t r o l a m i 

v ý z n a m n ě nižší l a č n o u g l y k é m i i . M e z i s k u p i n a m i n e b y l y z j i š těny ž á d n é rozd í l y v H O M A - I R 

a Q U I C K I . H l a d i n y FPG a H b A 1 c u v š e c h t ě h o t n ý c h ž e n p o z i t i v n ě k o r e l o v a l y s B M I (p = 0 , 3 7 , 

r e s p . p = 0 , 4 9 ) . V čase 0 n e b y l y m e z i t ě h o t n ý m i ž e n a m i p o z o r o v á n y ž á d n é v ý z n a m n é rozd í l y 

v p l a z m a t i c k é k o n c e n t r a c i G L P - 1 , G I P n e b o g l u k a g o n u n a l a č n o . V e s r o v n á n í s n e t ě h o t n ý m i 

z d r a v ý m i k o n t r o l a m i m ě l y o b ě s k u p i n y t ě h o t n ý c h ž e n nižší h l a d i n y G I P . U t ě h o t n ý c h ž e n 

s i -FPG b y l y t a k é v ý z n a m n ě vyšší k o n c e n t r a c e G L P - 1 n a l a č n o v e s r o v n á n í s n e t ě h o t n ý m i 

k o n t r o l a m i (tab. 6, obr. 7). 

Obrázek 6. Vývo jový d iag ram stud ie . 

9 2 žen sp ln i l o zařazovací k r i t é r ia 

V y l o u č e n o (14) 
- 1 4 o d m í t l o účast ve s tud i i 

78 žen za řazeno d o s t u d i e 

N e d o k o n č i l o s tud i i (7) 
- 2 o d m í t l y p o k r a č o v a t v e s tud i i 
- 5 n e t o l e r o v a l o M M T T 

7 1 žen d o k o n č i l o s tud i i 

2 2 t ě h o t n ý c h žen se zvýšenou l ačnou 
g l ykém i í v časné fázi t ě h o t e n s t v í (i-FPG) 

25 zd ravých t ě h o t n ý c h žen 24 zd ravých n e t ě h o t n ý c h k o n t r o l 
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T a b u l k a 6. Z á k l a d n í kl i n i c k á a l a b o r a t o r n í c h a r a k t e r i s t i k a j e d n o t l i v ý c h s k u p i n . 

T ě h o t n é ž e n y i-FPG 
(n = 22) 

Z d r a v é t ě h o t n é ž e n y 
(n = 25) 

Z d r a v é n e t ě h o t n é ženy 
(n = 24) 

Věk ( roky) 3 1 . 6 ± 5 . 0 2 9 . 4 ± 3 . 0 2 9 . 2 ± 3 . 5 

Ges tačn í v ě k ( týdny) 11 .3±2 .1 1 1 . 0 ± 1.9 -

H m o t n o s t (kg) 8 0 . 0 ± 14.5 b c 6 8 . 0 ± 1 2 . 3 a 6 4 . 0 ± 6 . 8 a 

BMI ( k g / m 2 ) 2 8 . 9 ± 5 . 4 b c 2 3 . 4 ± 4 . 0 a 2 2 . 6 ± 2.8 a 

FPG ( m m o l / l ) 5.1 ± 0 . 4 b c 4 . 4 ± 0 . 4 a- c 4 . 7 ± 0 . 3 a b 

H b A 1 C ( m m o l / m o l ) 3 3 . 0 ± 2 . 7 b c 2 9 . 9 ± 2 . 5 a 3 1 . 1 ± 1 . 8 a 

C - p e p t i d ( p g / m l ) 1211 (720) b c 840 ( 3 7 8 ) a 1078 ( 5 2 6 ) a 

Inzul in ( p g / m l ) 348 (381) 3 0 6 (343) 2 9 6 (324) 

H O M A - I R 2.01 (1.85) 1.40 (1.55) 1.59 (1.80) 

HOMA- I3 105 ( 1 0 8 ) b 2 1 4 ( 2 8 3 ) a 173 (143) 

Q U C K I 0 .34 (0.05) 0 .36 (0.05) 0 .36 (0.05) 

GLP-1 ( p g / m l ) 6.4 ( 1 4 . 9 ) c 4.7 (19.9) 2.6 ( 5 . 7 ) a 

GIP ( p g / m l ) 36.3 ( 2 8 . 4 ) c 36.3 ( 3 5 . 5 ) c 56.5 ( 4 6 . 6 ) a b 

G l u k a g o n ( p g / m l ) 49 .2 (31.4) 50 .6 (32.2) 38 .9 (42.2) 

i-FPG = impaired fasting plasma glucose (zvýšená lačná glykémie), BMI = body mass index, FPG = fasting plasma glucose (lačná 

glykémie), HbAlc = glykovaný 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 vyjádřeny jako průměr ± směrodatná odchylka nebo jako 

medián a mezikvartilové rozpětí (pro data s nenormálním rozložením). Laboratorní vzorky odebírány nalačno. 

Rozdíly hodnoceny (p <0.05) na základě t-testu (proměnné s normálním rozložením) nebo Mann-Whitney U-testu (proměnné 

s nenormálním rozložením); a = vs těhotné ženy s i-FPG, b = vs zdravé těhotné ženy, c = vs zdravé netěhotné kontroly. 

Změny hladin glukózy a hormonů během MMTT 

Z m ě n y p l a z m a t i c k ý c h k o n c e n t r a c í g l u k ó z y a s l e d o v a n ý c h h o r m o n ů b ě h e m M M T T j s o u 

u v e d e n y na o b r á z k u 7. Ž e n y s i -FPG m ě l y v e s r o v n á n í se z d r a v ý m i t ě h o t n ý m i n e b o 

n e t ě h o t n ý m i ž e n a m i s ta t i s t i c ky v ý z n a m n ě vyšší h l a d i n y C - p e p t i d u v p r ů b ě h u c e l é h o M M T T 

a vyšší h l a d i n y p l a z m a t i c k é g l u k ó z y v e 3 0 . , 6 0 . a 1 2 0 . m i n u t ě t e s t u . M ě l y t a k é vyšší h l a d i n y 

i nzu l í nu v 6 0 . a 1 2 0 . m i n u t ě M M T T , a le p o u z e v e s r o v n á n í s n e t ě h o t n ý m i ž e n a m i . Z d r a v é 

t ě h o t n é ž e n y m ě l y v e s r o v n á n í s n e t ě h o t n ý m i k o n t r o l a m i v ý z n a m n ě nižší g l y k é m i i 

ve 1 8 0 . m i n u t ě , vyšší C - p e p t i d v 6 0 . a 1 2 0 . m i n u t ě a i nzu l i n v 6 0 . m i n u t ě M M T T . 

T a b u l k a 7 u v á d í A U C p r o h l a d i n y g l u k ó z y a h o r m o n ů v j e d n o t l i v ý c h s k u p i n á c h . P locha 

p o d k ř i v k o u p r o g l u k ó z u (g lukózaAuc), C - p e p t i d (C-pep t idAuc) a i nzu l i n (inzulinAuc) by l a 

v ý z n a m n ě vyšší u t ě h o t n ý c h ž e n s i -FPG v e s r o v n á n í se z d r a v ý m i t ě h o t n ý m i ž e n a m i n e b o 

n e t ě h o t n ý m i k o n t r o l a m i . T y t o rozd í l y však n e b y l y v ý z n a m n é p o k o r e k c i na B M I . Vyšš í h l a d i n y 
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G L P - 1 u všech těhotných žen ve srovnání s netěhotnými kontrolami byly pozorovány pouze 

ve 1 8 0 . minutě M M T T . Během testu nebyly mezi skupinami zjištěny žádné další signifikantní 

rozdíly v hladinách G L P - 1 a nebyly zjištěny ani signifikantní rozdíly v hladinách glukagonu 

a G I P . Nebyly zjištěny žádné významné rozdíly v GLP-1AUC, GIPAUC, glukagonAuc mezi 

vyšetřovanými skupinami (tab. 7 ) . U všech těhotných žen byla zjištěna korelace mezi GLP-1AUC 

a G IPAUC(p = 0 , 4 1 ) a mezi glukagonAuc a G L P - 1 A U C ( P = 0 , 3 7 ) i GIPAUC (p = 0 , 3 6 ) . U těhotných 

žen s i - F P G korelovala glukagonAuc s GLP-1AUC (p = 0 , 4 8 ) , zatímco u zdravých těhotných žen 

existovala korelace mezi glukagonAuc a GIPAUC (p = 0 , 4 9 ) . Korelace mezi vybranými základními 

parametry a GLP-1AUC, GIPAUC a glukagonAuc jsou uvedeny v tabulce 8 . 

Tabulka 7. Plocha p o d kř ivkou (AUC) pro g lukózu a inkret inové ho rmony b ě h e m 3 h o d i n o v é h o M M T T 

u jednot l i vých skupin . 

T ě h o t n é ženy 
i-FPG ( n=22) 

Z d r a v é t ě h o t n é 
ženy (n=25) 

N e t ě h o t n é 
k o n t r o l y 
(n=24) 

p-value 

glukózaAuc ( m m o l / m L / m i n ) 5 . 4 7 ± 1 . 0 0 b c 4 . 4 0 ± 0 . 6 4 a 4 . 4 0 ± 0 . 5 3 a <0 .001 

glukózaAuc ad jus tace B M I 
( m m o l / m L / m i n ) 

5 . 0 5 ± 0 . 8 8 4 . 5 4 ± 0 . 7 3 4 . 6 2 ± 0 . 4 8 NS 

C-pept idAuc ( p g / m L / m i n ) 3037 (833) b ' c 2307 ( 8 2 2 ) a 2 0 9 2 ( 5 5 4 ) a <0 .001 

C-pept idAuc ad jus tace B M I ( p g / m L / m i n ) 2 7 1 6 ( 9 5 4 ) 2477 (941) 2 2 3 5 (760) NS 

inzu l i nAuc (pg /mL /m in ) 1 9 7 9 (973) b ' c 1271 ( 7 3 4 ) a 1001 ( 6 9 2 ) a 0 .007 

inzu l inAucadjustace B M I ( p g / m L / m i n ) 1751 (660) 1485 (940) 1 0 7 9 ( 7 2 3 ) NS 

G L P - 1AUC ( p g / m L / m i n ) 19.0 (53.1) 16.7 (22.3) 16.7 (9.8) NS 

G L P - 1 A U C ad jus tace B M I ( p g / m l 7 m i n ) 19 .6 (54.9) 16.9 (18.5) 17.0 (10.6) NS 

G I P A U C ( p g / m L / m i n ) 3 1 7 ± 1 2 4 2 9 0 ± 8 9 3 0 3 ± 8 0 NS 

G I P A U C ad jus tace B M I ( p g / m L / m i n ) 3 3 6 ± 1 1 9 2 8 6 ± 8 5 2 9 7 ± 8 1 NS 

g lukagonAuc ( p g / m L / m i n ) 6 3 . 2 ± 2 8 . 1 6 1 . 7 ± 3 2 . 9 6 0 . 6 ± 2 9 . 5 NS 

g lukagonAuc ad jus tace B M I ( p g / m L / m i n ) 6 5 . 8 ± 2 6 . 9 6 1 . 6 ± 3 2 . 9 6 0 . 3 ± 2 9 . 4 NS 

i-FPG = impaired fasting plasma glucose (zvýšená lačná glykémie), GLP-1 = glucagon-like peptide 1, GIP = glucose-dependent 

insulinotropic peptide, AUC = plocha pod křivkou během 3 h tolerančního testu s mixovanou stravou, NS = nesignifikantní. 

Rozdíl mezi skupinami byl testován jednosměrnou ANOVA pro normální rozložení proměnných nebo Kruskal-Wallis testem 

v opačném případě. Holm-Bonferroni procedura byla využita pro korekci vícečetného testování. V případě signifikantních rozdílů 

bylo využito párových testů - t-test pro normální distribuci proměnných nebo Mann-Whitney U-test v opačné případě; a = vs 

těhotné ženy s i-FPG, b = vs zdravé těhotné ženy, c = vs zdravé netěhotné kontroly. 
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Tabulka 8. Korelace mezi základními parametry a inkre t inovými ho rmony . 

i FPG Zdravé těhotné Všechny těhotné Netěhotné 

Na lačno AUC Na lačno AUC Na lačno AUC Na lačno AUC 

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

Věk 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 

ÍFPG = impaired fasting plasma glucose (zvýšená lačná glykémie), BMI = body mass index, FPG = fasting plasma glucose (lačná 

glykémie), HbAlc = glykovaný hemoglobin, HOMA-IR = homeostasis model assessment of insulin resistance, HOMA-ji = 

homeostasis model assessment of p-cell function, QUCKI = quantitative insulin sensitivity check index, GLP-1 = glucagon-like 

peptide 1, GIP = glucose-dependent insulinotropic peptide, AUC = plocha pod křivkou během 3 h tolerančního testu 

s mixovanou stravou. Statistická významnost: *p<0.05, ** p<0.01, *** p<0.001. 
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O b r á z e k 7. Z m ě n y v h l a d i n á c h g l u k ó z y a v y b r a n ý c h h o r m o n ů b ě h e m 3 h o d i n o v é h o M M T T . 

T i m e ( m i n ) T i m e ( m i n ) T i m e ( m i n ) 

Z m ě n y p l a z m a t i c k ý c h k o n c e n t r a c í g l u k ó z y a h o r m o n ů b ě h e m M M T T v j e d n o t l i v ý c h s k u p i n á c h . G l u k ó z a , GIP a g l u k a g o n z o b r a z e n y j a k o p r ů m ě r a 95% i n te rva l s p o l e h l i v o s t i . Inzu l in , C - p e p t i d a GLP-1 

nás ledu j í l o g a r i t m i c k o - n o r m á l n í roz ložen í , p r o t o z o b r a z e n y j a k o g e o m e t r i c k ý p r ů m ě r a 9 5 % i n te rva l s p o l e h l i v o s t i . M o d r á = t ě h o t n é ženy s i -FPG, če r vená = zd ravé t ě h o t n é ženy , ze lená = n e t ě h o t n é 

kon t ro l y . 
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6 .3 . D i s k u s e 

V e s t u d i i j s m e t e s t o v a l i h y p o t é z u , zda b u d o u ž e n y se z v ý š e n o u g l y k é m i í n a l a č n o v e 

s r o v n á n í se z d r a v ý m i t ě h o t n ý m i ž e n a m i v y k a z o v a t v č a s n é fáz i t ě h o t e n s t v í z m ě n y v s e k r e c i 

i n k r e t i n o v ý c h h o r m o n ů b ě h e m t o l e r a n č n í h o t e s t u s m i x o v a n o u s t r a v o u . T ě h o t n é ž e n y s č a s n ě 

d i a g n o s t i k o v a n o u z v ý š e n o u l a č n o u g l y k é m i í b y l y v í ce o b é z n í a v y k a z o v a l y z n á m k y p o r u c h y 

f u n k c e b e t a - b u n ě k ( H O M A - / ? ) . A č k o l i m ě l y t y t o ž e n y vyšší h l a d i n y C - p e p t i d u , m a r k e r y 

i n z u l í n o v é r e z i s t e n c e ( H O M A IR, Q U I C K I ) se v e s r o v n á n í s k o n t r o l a m i v ý z n a m n ě ne l i š i l y . 

N a v z d o r y výše u v e d e n ý m z m ě n á m v h o m e o s t á z e g l u k ó z y a s e k r e c i i nzu l í nu n e p r o k á z a l a naše 

s t u d i e v ý z n a m n é rozd í l y v k o n c e n t r a c i G L P - 1 a G I P n a l a č n o a b ě h e m 3 h o d i n o v é h o M M T T . 

P o u z e n ě k o l i k s t u d i í z k o u m a l o k o n c e n t r a c e i n k r e t i n o v ý c h h o r m o n ů (GLP-1 a GIP) 

u t ě h o t n ý c h ž e n s d i a g n ó z o u G D M . V ý s l e d k y však n e b y l y j e d n o z n a č n é . C y p r y k e t a l . nez j is t i l i 

z h o r š e n o u sek rec i G L P - 1 a G I P b ě h e m o G T T u ž e n s G D M [61 ] . V j e j i c h s o u b o r u b y l y t ě h o t n é 

ž e n y s G D M v íce i n z u l i n o r e z i s t e n t n í než ž e n y b e z G D M . S n í ž e n o u s e k r e c i G L P - 1 b ě h e m o G T T 

u t ě h o t n ý c h ž e n s G D M p o z o r o v a l i L e n c i o n i e t a l . [ 62 ] . T y t o ž e n y m ě l y p o d o b n o u h m o t n o s t 

a B M I v e s r o v n á n í se z d r a v ý m i t ě h o t n ý m i k o n t r o l a m i , a le v y k a z o v a l y p o r u c h u č a s n é f áze 

s e k r e c e i nzu l í nu a z h o r š e n o u i n z u l í n o v o u s e n z i t i v i t u . S n í ž e n o u s e k r e č n í o d p o v ě ď G L P - 1 

b ě h e m o G T T zj ist i l i t a k é S u k u m a r e t a l . [ 60 ] . V e své s t u d i i p r o k á z a l i u t ě h o t n ý c h ž e n s G D M 

z h o r š e n o u s e k r e c i i n z u l í n u , a le v p o r o v n á n í se z d r a v ý m i t ě h o t n ý m i ž e n a m i n e p r o k á z a l i rozd í l 

v H O M A - I R . B o n d e e t a l . z k o u m a l i p o s t p r a n d i á l n í o d p o v ě d i G L P - 1 u t ě h o t n ý c h ž e n s G D M 

b ě h e m M M T T [65 ] . S e k r e č n í o d p o v ě d ' G L P - 1 se u t ě h o t n ý c h ž e n s G D M a b e z G D M v p o z d n í 

fáz i t ě h o t e n s t v í (3. t r i m e s t r ) ne l i š i la . P o k u d však s r o v n a l i s e k r e c i G L P - 1 v t ě h o t e n s t v í 

s o b d o b í m 3 -4 m ě s í c e p o p o r o d u , na lez l i sn ížen í G L P - 1 u t ě h o t n ý c h ž e n . M o s a v a t e t a l . z j is t i l i 

nižší h l a d i n y G L P - 1 i G I P n a l a č n o u p a c i e n t e k s G D M [66 ] . T y t o ž e n y v y k a z o v a l y z h o r š e n o u 

f u n k c i / ? - b u n ě k m ě ř e n o u p o m o c í H O M A - / ? . N ižš í h l a d i n y G L P - 1 a G I P b y l y nezáv i s le 

a s o c i o v á n y se z v ý š e n ý m r i z i k e m G D M . F r i t sche e t a l . p ř e k v a p i v ě zj ist i l i z v ý š e n o u s e k r e c i G L P - 1 

a G I P b ě h e m O G T T u ž e n s G D M [67 ] . T y t o ž e n y m ě l y nižší s e k r e c i i nzu l í nu a p o d o b n ý B M I 

ve s r o v n á n í se z d r a v ý m i k o n t r o l a m i . A u t o ř i v y s v ě t l u j í v ý r a z n o u o d p o v ě d ' G L P - 1 j a k o s o u č á s t 

k o m p e n z a č n í h o m e c h a n i s m u p ů s o b í c í h o p r o t i r ez i s tenc i na G L P - 1 u o s o b s G D M . J e n u t n é 

p o z n a m e n a t , že v š e c h n y v ý š e u v e d e n é s t u d i e se z a m ě ř i l y na t ě h o t n é ž e n y , k t e r ý m by l G D M 

d i a g n o s t i k o v á n až v e d r u h é m n e b o na p o č á t k u t ř e t í h o t r i m e s t r u . R o z d í l n é ná lezy p r o t o m o h o u 
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b ý t z p ů s o b e n y r ů z n ý m p o d í l e m i n z u l i n o v é r e z i s t e n c e a / n e b o p o r u c h o u s e k r e c e inzu l ínu 

(v d ů s l e d k u p o r u c h y p r o d u k c e i n k r e t i n ů n e b o i n k r e t i n o v é rez i s tence ) u ž e n s r ů z n ý m i f e n o t y p y 

G D M . V naší s t u d i i s ice ž e n y se z v ý š e n o u l a č n o u g l y k é m i í v p r v n í m t r i m e s t r u ( i -FPG) 

v y k a z o v a l y s n í ž e n o u f u n k c i / ? -buněk , a le k o n c e n t r a c e G L P - 1 n e b o G I P n a l a č n o z m ě n ě n y 

n e b y l y . R o v n ě ž n e b y l y z j i š t ěny ž á d n é v ý z n a m n é z m ě n y v s e k r e c i t ě c h t o h o r m o n ů b ě h e m 

3 h o d i n o v é h o p e r o r á l n í h o M M T T . N a š e s t u d i e t e d y n e p r o k a z u j e , že b y n a r u š e n á s e k r e c e 

i n k r e t i n ů hrá la v ý z n a m n o u ro l i v rozvo j i č a s n é p o r u c h y g l u k ó z o v é h o m e t a b o l i s m u 

v t ě h o t e n s t v í . P o d o b n ě j a k o j i n í [ 60 ,67 ] j s m e an i m y nez j is t i l i u t ě h o t n ý c h ž e n rozd í l y v s e k r e c i 

g l u k a g o n u n a l a č n o n e b o p o zá těž i s t r a v o u . V s o u č a s n é d o b ě p ř e v l á d á názor , že G L P - 1 

i n h i b u j e , z a t í m c o G I P s t i m u l u j e s e k r e c i g l u k a g o n u [68 ] . U v š e c h t ě h o t n ý c h ž e n by la z j i š těna 

v ý z n a m n á p o z i t i v n í k o r e l a c e m e z i p r o d u k c í g l u k a g o n u a o b o u i n k r e t i n o v ý c h h o r m o n ů 

v p r ů b ě h u M M T T . U z d r a v ý c h t ě h o t n ý c h ž e n b y l a v ý z n a m n á k o r e l a c e n a l e z e n a p o u z e m e z i 

g l u k a g o n A u c a G l PAUC, z a t í m c o u ž e n s p o r u c h o u g l y k é m i e n a l a č n o k o r e l u j e g l u k a g o n A u c p o u z e 

s G L P - 1 A U C J e d n í m z p o p i s o v a n ý c h p r o j e v ů i n k r e t i n o v é r e z i s t e n c e j e t a k é sn ížená s c h o p n o s t 

G L P - 1 s u p r i m o v a t s e k r e c i g l u k a g o n u [69 ] . V ý s l e d k y naší s t u d i e však n e n a s v ě d č u j í 

v ý z n a m n é m u p o d í l u z v ý š e n é s e k r e c e g l u k a g o n u v p a t o g e n e z i č a s n é h o G D M . 

J e d n í m z m o ž n ý c h d ů v o d ů , p r o č se v naší s t u d i i i n k r e t i n o v é s e k r e c e m e z i s k u p i n a m i 

ne l i š i la , m ů ž e b ý t z a m ě ř e n í na t ě h o t n é ž e n y s č a s n ě d i a g n o s t i k o v a n o u i -FPG. T y t o v ý s l e d k y 

t e d y ne l ze e x t r a p o l o v a t na ž e n y s n o r m á l n í h l a d i n o u g l u k ó z y v p r v n í m t r i m e s t r u t ě h o t e n s t v í , 

u k t e r ý c h j e G D M d i a g n o s t i k o v á n až v p o z d ě j š í fáz i t ě h o t e n s t v í ( zp rav i d l a v e 2 4 . - 2 8 . t ý d n u ) . 

V naší s t u d i i j s m e M M T T v p o z d ě j š í fáz i t ě h o t e n s t v í n e p r o v á d ě l i , p r o t o n e m ů ž e m e v y l o u č i t , že 

se z m ě n ě n á s e k r e c e i n k r e t i n ů u ž e n s č a s n ě d i a g n o s t i k o v a n o u p o r u c h o u g l y k é m i e n a l a č n o 

m ů ž e o b j e v i t p o z d ě j i . D a l š í m d ů v o d e m a b s e n c e rozd í l ů v s e k r e c i i n k r e t i n ů m e z i s k u p i n a m i 

m ů ž e b ý t n e d o s t a t e č n á e t n i c k á r o z m a n i t o s t . Různá r a s o v á / e t n i c k á p ř í s l u š n o s t j e s p o j e n a 

s r ů z n o u p r e v a l e n c í g l u k ó z o v é i n t o l e r a n c e b ě h e m t ě h o t e n s t v í [ 59 ] . O b e z i t a m a t e k by l a 

s p o j e n a s vyšš ím C - p e p t i d e m a nižší i n z u l í n o v o u s e n z i t i v i t o u i v p r v n í m t r i m e s t r u t ě h o t e n s t v í 

[ 26 ] . D i e t a a m í r n é až s t ř e d n ě i n t e n z i v n í c v i č e n í b y l y ú č i n n é v p r e v e n c i G D M [70 ] . V naší s t u d i i 

j s m e zj ist i l i vyšší h l a d i n y C - p e p t i d u j ak v e s t a v u n a l a č n o , t a k b ě h e m M M T T u ž e n s i -FPG v e 

s r o v n á n í se z d r a v ý m i k o n t r o l a m i . Po a d j u s t a c i na B M I však C -pep t i dAuc n e v y k a z o v a l v ý z n a m n ý 

r o z d í l . P řes tože B M I n e k o r e l o v a l o s p r o d u k c í i n k r e t i n ů n a l a č n o an i p o zá těž i s t r a v o u a ž e n y se 
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z v ý š e n o u l a č n o u g l y k é m i í n e v y k a z o v a l y v ý z n a m n é zvýšen í m a r k e m i n z u l i n o v é r e z i s t e n c e 

( H O M A - I R , Q U I C K I ) , by l a u n i ch p r o k á z á n a sn ížená f u n k c e / ? - b u n ě k ( H O M A - / ? ) . 

6 . 4 . Z á v ě r 

Ž e n y s č a s n ě d i a g n o s t i k o v a n o u z v ý š e n o u l a č n o u g l y k é m i í n e v y k a z o v a l y v p r v n í m 

t r i m e s t r u t ě h o t e n s t v í z m ě n ě n o u s e k r e c i i n k r e t i n o v ý c h h o r m o n ů ( G L P - 1 , GIP) n a l a č n o an i p o 

zá těž i s t r a v o u . T y t o p a c i e n t k y b y l y v í ce o b é z n í a v y k a z o v a l y z n á m k y s n í ž e n é f u n k c e / ? - b u n ě k . 

N a rozd í l o d o b e z i t y se z d á , že n a r u š e n á s e k r e c e i n k r e t i n o v ý c h h o r m o n ů n e h r a j e v č a s n é fáz i 

t ě h o t e n s t v í v ý z n a m n o u ro l i v rozvo j i G D M . 
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7. Plazmatické koncentrace vybraných adipokinů u žen s časnou diagnózou 

gestačního diabetu 

P ř e d p o k l á d á m e , že c i r ku lu j í c í h l a d i n y g l u k o r e g u l a č n í c h a d i p o k i n ů j s o u u ž e n s G D M 

z m ě n ě n y j iž v p r v n í m t r i m e s t r u t ě h o t e n s t v í . Č a s n á i n t e r v e n c e v e s m y s l u d i e t n í c h o p a t ř e n í 

a f a r m a k o l o g i c k é l é č b y b y p a k m o h l a z l e p š i t n e p ř í z n i v ý m e t a b o l i c k ý ú č i n e k a d i p o k i n ů 

a o v l i v n i t j e j i c h k o n c e n t r a c e v d a l š í m p r ů b ě h u t ě h o t e n s t v í . Za t í m t o ú č e l e m j s m e p o r o v n á v a l i 

p l a z m a t i c k é k o n c e n t r a c e a d i p o n e k t i n u , A - F A B P a F G F - 1 9 u ž e n s č a s n ě d i a g n o s t i k o v a n ý m 

G D M s k o n c e n t r a c e m i u z d r a v ý c h t ě h o t n ý c h ž e n a z d r a v ý c h n e t ě h o t n ý c h k o n t r o l . S o u č a s n ě 

j s m e s t u d o v a l i j e j i c h z m ě n y v p r ů b ě h u t ě h o t e n s t v í . 

7 . 1 . M e t o d i k a 

Design studie, zařazovací a vylučovací kritéria 

P r o v e d l i j s m e s t u d i i p ř í p a d ů a k o n t r o l v s o u l a d u se z á s a d a m i H e l s i n s k é d e k l a r a c e v e 

z n ě n í z r o k u 2 0 0 8 . P l á n o v a n á s t u d i e by l a p ř e d s v ý m z a č á t k e m r o v n ě ž p o s o u z e n a a s c h v á l e n a 

E t i c k o u k o m i s í Léka řské f a k u l t y U n i v e r z i t y P a l a c k é h o a F a k u l t n í n e m o c n i c e v O l o m o u c i 

( schvá len í č. 1 2 0 / 1 7 ) . V š e c h n y ú č a s t n i c e p o d e p s a l y p ř e d s v ý m v s t u p e m d o s t u d i e i n f o r m o v a n ý 

s o u h l a s . 

D i a g n ó z a č a s n é h o G D M by la p o d o b n ě j a k o v p ř e d c h o z í s t u d i i s t a n o v e n a na z á k l a d ě 

o p a k o v a n é h o p r ů k a z u l ačné g l y k é m i e FPG > 5 , 1 m m o l / l a < 7 , 0 m m o l / l b ě h e m p r v n í h o 

t r i m e s t r u t ě h o t e n s t v í (8. - 14 . t ý d e n ) [21 ] . V y l u č o v a c í m i k r i té r i i by l a p ř í t o m n o s t D M 1 . n e b o 

2 . t y p u , s e k u n d á r n í h o , g e n e t i c k é h o t y p u d i a b e t u n e b o a n a m n é z a G D M v p ř e d c h o z í m 

t ě h o t e n s t v í . V š e c h n y t ě h o t n é ž e n y b y l y za řazeny d o s t u d i e v p r v n í m t r i m e s t r u a s l e d o v á n y p o 

z b y t e k t ě h o t e n s t v í až d o p o r o d u . Z d r a v é t ě h o t n é ž e n y m ě l y p o c e l o u d o b u t ě h o t e n s t v í 

n o r m á l n í h l a d i n u g l u k ó z y , v č e t n ě o G T T , k t e r ý by l p r o v e d e n m e z i 2 4 . a 2 8 . t ý d n e m t ě h o t e n s t v í 

[ 21 ] . D o k o n t r o l n í s k u p i n y b y l y z a ř a z e n y z d r a v é n e t ě h o t n é ž e n y s r o v n a t e l n é h o v ě k u , k t e r é 

n e m ě l y a n a m n é z u p o r u c h y g l u k ó z o v é t o l e r a n c e n e b o d i a b e t u ( v č e t n ě G D M n e b o a n a m n é z y 

p o r o d u d í t ě t e s v y s o k o u p o r o d n í h m o t n o s t í , t j . > 4 5 0 0 g ) . V š e c h n y ú č a s t n i c e s t u d i e m ě l y 

r o v n ě ž n o r m á l n í f u n k c i š t í t né ž lázy. 
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Při p r v n í k o n t r o l e b y l y o d v š e c h ž e n o d e b r á n y a n a m n e s t i c k é ú d a j e . N á s l e d n ě b y l o 

p r o v e d e n o m ě ř e n í t ě l e s n é h m o t n o s t i , o b v o d u p a s u , s y s t o l i c k é h o (STK) a d i a s t o l i c k é h o (DTK) 

t l a k u k r v e . Byl v y p o č í t á n B M I j a k o t ě l e s n á h m o t n o s t / t ě l e s n á v ý š k a 2 ( k g / m 2 ) . O b v o d p a s u by l 

m ě ř e n v e s t o j e , u p r o s t ř e d m e z i p ř e d n í m k y č e l n í m h ř e b e n e m a d o l n í m o k r a j e m ž e b e r . 

V p r ů b ě h u s t u d i e b y l y v š e c h n y t ě h o t n é ž e n y (s G D M n e b o b e z G D M ) v y š e t ř e n y v p r v n í m (8. -

14 . t ý d e n ) , d r u h é m (24 . - 2 8 . t ý d e n ) a t ř e t í m (34 . - 3 8 . t ý d e n ) t r i m e s t r u . Při k a ž d é n á v š t ě v ě 

by la k o n t r o l o v á n a t ě l e s n á h m o t n o s t , B M I , o b v o d p a s u , STK, D T K , z l a b o r a t o r n í c h p a r a m e t r ů 

p a k g l y k é m i e , H b A l c a h l a d i n y a d i p o k i n ů ( a d i p o n e k t i n , A - F A B P , F G F - 1 9 ) . 

U ž e n s G D M by la j iž b ě h e m p r v n í n á v š t ě v y (v 1 . t r i m e s t r u ) z a v e d e n a časná t e r a p e u t i c k á 

i n t e r v e n c e . Ta s p o č í v a l a v n u t r i č n í e d u k a c i s d o p o r u č e n o u d i e t o u o m e z u j í c í p ř í j e m s a c h a r i d ů 

(175 g s a c h a r i d ů n e b o 3 5 % z p ř í j m u 2 0 0 0 ka lo r i í , m i n i m á l n ě 71 g b í l k o v i n a 2 8 g v l á k n i n y ; 

d ů r a z by l k l a d e n na m o n o n e n a s y c e n é a p o l y n e n a s y c e n é t u k y , z a t í m c o n a s y c e n é t u k y b y l y 

o m e z e n y ) . D á l e by l a d o p o r u č e n a fyz ická a k t i v i t a , spoč í va j í c í v 3 0 m i n u t o v é m c v i č e n í ( chůze 

s t ř e d n í i n t enz i t y ) a l e s p o ň 5 d n ů v t ý d n u . 

F a r m a k o l o g i c k á l é č b a G D M by la u t ě h o t n ý c h ž e n z a h á j e n a , p o k u d b y l o b ě h e m 

t ě h o t e n s t v í s p l n ě n o a l e s p o ň j e d n o z n á s l e d c í c h k r i té r i í : o p a k o v a n á h l a d i n a FPG > 5 , 3 m m o l / l ; 

g l y k é m i e 1 h o d i n u p o j í d l e > 7 , 8 m m o l / l n e b o g l y k é m i e 2 h o d i n y p o j í d l e > 6 , 7 m m o l / l [ 7 1 , 7 2 ] . 

Laboratorní metody 

V z o r k y ž i ln í k rve b y l y o d e b r á n y r á n o p o 1 2 h o d i n o v é m lačněn í . B ě ž n é b i o c h e m i c k é 

p a r a m e t r y séra ( g l u k ó z a , H b A 1 c a C - p e p t i d ) b y l y a n a l y z o v á n y v d e n o d b ě r u k r v e . K o n c e n t r a c e 

a d i p o k i n ů b y l y m ě ř e n y v a l i k v o t e c h , u c h o v á v a n ý c h př i t e p l o t ě - 8 0 °C n e j d é l e p o d o b u 

6 m ě s í c ů . H l a d i n y g l u k ó z y b y l y v sé ru s t a n o v e n y m e t o d o u h e x o k i n á z y ( G L U C 3 , R o c h e 

D i a g n o s t i c s G m b H , M a n n h e i m , N ě m e c k o ) na a u t o m a t i c k é m a n a l y z á t o r u C o b a s 8 0 0 0 (Roche ) . 

H l a d i n y H b A 1 c b y l y m ě ř e n y i o n t o v ě v ý m ě n n o u c h r o m a t o g r a f i í na a n a l y z á t o r u A r k r a y A d a m s 

H A - 8 1 8 0 V (A rk ray C o r p o r a t i o n , K j ó t o , J a p o n s k o ) . H l a d i n y C - p e p t i d u b y l y s t a n o v e n y p o m o c í 

k o m e r č n ě d o s t u p n é s o u p r a v y ( I m m u n o t e c h , M a r s e i l l e , F ranc ie ) s v y u ž i t í m 

i m u n o r a d i o m e t r i c k é h o t e s t u se s p e c i f i c k ý m i p r o t i l á t k a m i . 

A d i p o n e k t i n by l s t a n o v e n p o m o c í i m u n o c h e m i c k é s o u p r a v y H u m a n A d i p o n e c t i n 

ELISA ( B i o v e n d o r L a b o r a t o r y M e d i c i n e Inc. , B r n o , Č e s k á r e p u b l i k a ) p o d l e n á v o d u v ý r o b c e . 

P ro t i l á t k y p o u ž i t é v t é t o s o u p r a v ě j s o u s p e c i f i c k é p r o l i dský a d i p o n e k t i n . C i t l i v o s t t e s t u by l a 
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2 6 n g / m l ; v a r i a č n í k o e f i c i e n t y p ř e s n o s t i (CV) b y l y 4 ,9 % ( in t ra-assay) a 6,7 % ( in te r -assay) . 

H l a d i n y A - F A B P b y l y s t a n o v e n y p o m o c í s o u p r a v y ELISA H u m a n A d i p o c y t e F A B P 4 ( B i o v e n -

d o r L a b o r a t o r y M e d i c i n e Inc.) p o d l e p o k y n ů v ý r o b c e . P ro t i l á t k y p o u ž i t é v t o m t o t e s t u ELISA 

j s o u s p e c i f i c k é p r o l i dský A - F A B P . C i t l i v o s t t e s t u by l a 0 ,08 n g / m l ; C V p ř e s n o s t i b y l o 2 ,5 % 

( in t ra-assay) a 3 ,9 % ( in te r -assay) . H l a d i n y F G F - 1 9 b y l y z ískány p o m o c í t e s t u H u m a n F G F - 1 9 

ELISA ( B i o v e n d o r L a b o r a t o r y M e d i c i n e Inc.) p o d l e p o k y n ů v ý r o b c e . P ro t i l á t k y p o u ž i t é v t o m t o 

t e s t u EL ISA j s o u s p e c i f i c k é p r o l i dský F G F - 1 9 . C i t l i v o s t t e s t u by l a 4 , 8 p g / m l ; C V p ř e s n o s t i b y l o 

6 % ( in t ra-assay) a 7,5 % ( in te r -assay) . 

Statistické metody 

V ý s l e d k y b y l y v y j á d ř e n y p o m o c í m e d i á n ů a m e z i k v a r t i l o v ý c h r o z p t y l ů . Rozd í l y 

v p r o m ě n n ý c h m e z i s k u p i n a m i b y l y h o d n o c e n y s v y u ž i t í m M a n n o v a - W h i t n e y h o U - t e s t u . 

Rozd í l y m e z i v z o r k y v j e d n o t l i v ý c h t r i m e s t r e c h b y l y a n a l y z o v á n y W i l c o x o n o v ý m s i g n e d - r a n k 

t e s t e m . S p e a r m a n o v a k o r e l a č n í ana lýza t e s t o v a l a k o r e l a c e m e z i p a r a m e t r y v e v š e c h 

s k u p i n á c h . K v y j á d ř e n í m í r y k o r e l a c e m e z i p a r a m e t r y p a k by l p o u ž i t S p e a r m a n ů v k o e f i c i e n t 

(p ) . T e s t o v á n í nezáv i s l ých asoc iac í m e z i záv i s l ým i a n e z á v i s l ý m i p r o m ě n n ý m i b y l o p r o v e d e n o 

p o m o c í m n o h o n á s o b n é l i neá rn í r e g r e s n í ana l ýzy . H o d n o t a p < 0 , 0 5 by la p o v a ž o v á n a za 

s ta t i s t i cky v ý z n a m n o u . Pro s t a t i s t i c k o u a n a l ý z u by l p o u ž i t s o f t w a r e S ta t i s t i ca 1 4 . 0 . 

7 .2 . V ý s l e d k y 

Základní klinické a laboratorní parametry a hladiny adipokinů v jednotlivých skupinách 

D o s t u d i e b y l o z a ř a z e n o c e l k e m 2 3 t ě h o t n ý c h ž e n s č a s n ě d i a g n o s t i k o v a n ý m G D M , 

2 9 t ě h o t n ý c h ž e n b e z G D M a 2 5 z d r a v ý c h n e t ě h o t n ý c h . Z á k l a d n í l a b o r a t o r n í p a r a m e t r y 

a h l a d i n y a d i p o k i n ů u v á d í t a b u l k a 9. V p r v n í m t r i m e s t r u m ě l y ž e n y s č a s n o u d i a g n ó z o u G D M 

v ý z n a m n ě vyšší h m o t n o s t , B M I , o b v o d p a s u , F P G , H b A 1 c a h l a d i n u C - p e p t i d u . H l a d i n a 

a d i p o n e k t i n u by l a v ý z n a m n ě sn í žená , z a t í m c o h l a d i n a A - F A B P by la v ý z n a m n ě vyšší . V e v š e c h 

v y j m e n o v a n ý c h p a r a m e t r e c h se t a k ž e n y s č a s n o u d i a g n ó z o u G D M liši ly o d o b o u z b y l ý c h 

s k u p i n ( zd ravé t ě h o t n é ž e n y a z d r a v é n e t ě h o t n é k o n t r o l y ) . 

T ě h o t n é ž e n y b e z G D M m ě l y v e s r o v n á n í se z d r a v ý m i n e t ě h o t n ý m i k o n t r o l a m i 

v ý z n a m n ě vyšší o b v o d p a s u a h l a d i n y C - p e p t i d u , a le nižší h l a d i n y FPG a H b A 1 c . V o b o u 
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s k u p i n á c h by l r o v n ě ž n a l e z e n rozd í l v h l a d i n á c h A - F A B P , k d y by la t a t o h l a d i n a u z d r a v ý c h 

t ě h o t n ý c h ž e n v ý z n a m n ě sn í žená . 

M e z i s k u p i n a m i n e b y l y z j i š těny ž á d n é v ý z n a m n é rozd í l y v h l a d i n ě F G F - 1 9 . A n a l ý z a 

A N C O V A ukáza la s t e j n é v ý z n a m n é rozd í l y v a d i p o k i n e c h m e z i j e d n o t l i v ý m i s k u p i n a m i i p o 

a d j u s t a c i na B M I . 

Tabulka 9. Základní a kl inické paramet ry v jedno t l i vých skupinách. 

T ě h o t n é ž e n y G D M + T ě h o t n é ženy G D M - N e t ě h o t n é ženy 
(n = 23) (n = 29) (n = 25) 

Věk ( roky) 32.0 (27.1-36.2) 30.0 (27.9-32.3) 29 .4 (26.6-33.0) 

T ý d e n t ě h o t e n s t v í ( t ýdny) 11.1 (10.2-11.8) 10.9 (9.9-11.6) -

H m o t n o s t (kg) 80 .2 ( 7 2 . 3 - 8 8 . 9 ) b c 65.1 ( 6 1 . 3 - 7 4 . 9 ) a 63.6 ( 5 9 . 9 - 6 7 . 6 ) a 

BMI ( k g / m 2 ) 28.5 ( 2 5 . 4 - 3 2 . 8 ) b c 23.4 ( 2 0 . 4 - 2 5 . 1 ) a 21.9 ( 2 0 . 3 - 2 3 . 9 ) a 

Pas (cm) 96.3 ( 9 1 . 4 - 9 7 . 8 ) b c 80.5 ( 7 4 . 4 - 8 7 . 5 ) a c 75.5 ( 7 0 . 4 - 8 1 . 6 ) a b 

STK ( m m H g ) 1 2 1 . 9 ( 1 0 9 . 1 - 1 2 9 . 4 ) 120.2 (111.5-127.4) 117.1 (110.0-126.9) 

D T K ( m m H g ) 76 .3 (67.2-81.6) 78 .0 (69.8-81.3) 74 .2 (69.0-80.6) 

FPG ( m m o l / l ) 5.1 (4.9-5.3) b - c 4.3 (4.1-4.4) a,c 4.7 (4.5-4.8) a - b 

H b A 1 c ( m m o l / m o l ) 32.3 ( 3 0 . 6 - 3 4 . 9 ) b c 30.0 ( 2 7 . 5 - 3 2 . 2 ) a c 31.0 ( 3 0 . 9 - 3 3 . 2 ) a b 

C - p e p t i d (pmo l / l ) 922 .4 (533.5-1468.0) 602.1 ( 4 1 6 . 5 - 7 4 8 . 3 ) a 510.5 ( 4 0 5 . 0 - 5 9 5 . 6 ) a 

A d i p o n e c t i n ( eg /mL ) 8 .9 (7 .2 -11 .1 ) b,c 11.1 ( 9 . 8 - 1 3 . 4 ) a 10.6 ( 9 . 3 - 1 2 . 6 ) a 

A - F A B P (ng / m L ) 28 .6 (20.4-39.4) 13.7 ( 1 0 . 8 - 1 6 . 2 ) a c 20.3 ( 1 7 . 7 - 2 6 . 8 ) a b 

FGF-19 ( p g / m L ) 182.2 (101.3-309.3) 216 .4 (131.7-350.5) 266 .6 (164.4-320.3) 

G D M = gestační diabetes mellitus; BMI = body mass index; STK = systolický tlak krve; DTK = diastolický tlak krve; FPG = fasting 

plasma glucose (lačná glykémie); HbAlC = glykovaný hemoglobin; A-FABP = adipocyte fatty acid-binding protein; FGF-19 = 

fibroblast growth factor-19. Hodnoty vyjádřeny jako medián (25. a 75. percentu). Signifikantní rozdíl (p <0.05) podle Mann-

Whitney U-test: a = vs. těhotné ženy s GDM; b = vs. těhotné ženy bez GDM; c = vs. zdravé netěhotné ženy 

Změny klinických parametrů, glykemické kontroly a adipokinů v průběhu těhotenství 

Z m ě n y v y b r a n ý c h k l i n i c k ý c h p a r a m e t r ů , k o n t r o l y g l y k é m i e a a d i p o k i n ů b ě h e m 

t ě h o t e n s t v í j s o u u v e d e n y v t a b u l c e 10 . V š e m p a c i e n t k á m s G D M by la p ř i p r v n í n á v š t ě v ě 

d o p o r u č e n a d i e t n í o p a t ř e n í a p r a v i d e l n á f yz i cká a k t i v i t a . U 3 0 % z n i ch (7 z 23) b y l o n u t n é 

zahá j i t f a r m a k o l o g i c k o u l é č b u . L é č b a by la z a h á j e n a s m e d i á n e m v 15 . t ý d n u (14 -17 ) 

t ě h o t e n s t v í . V e v š e c h p ř í p a d e c h by l p o d á v á n i n z u l i n . V z h l e d e m k č a s n é i n t e r v e n c i G D M 

n e b y l y m e z i t ě h o t n ý m i ž e n a m i s č a s n o u d i a g n ó z o u G D M a t ě h o t n ý m i ž e n a m i b e z G D M v e 

d r u h é m a t ř e t í m t r i m e s t r u v e s r o v n á n í s p r v n í m t r i m e s t r e m z j i š těny ž á d n é v ý z n a m n é rozd í l y 

v h m o t n o s t i , B M I a H b A 1 c . Z a t í m c o se h m o t n o s t a B M I u z d r a v ý c h t ě h o t n ý c h ž e n v p r ů b ě h u 

47 



c e l é h o t ě h o t e n s t v í p o s t u p n ě z v y š o v a l y , d o š l o u t ě h o t n ý c h ž e n s G D M k v ý z n a m n é m u n á r ů s t u 

h m o t n o s t i a B M I až v e t ř e t í m t r i m e s t r u . H l a d i n a l a č n é g l y k é m i e p a k by la v ý z n a m n ě vyšší 

u t ě h o t n ý c h žen s G D M p o u z e v e t ř e t í m t r i m e s t r u . S t e j n ě j a k o v p r v n í m t r i m e s t r u n e b y l y v e 

d r u h é m a t ř e t í m t r i m e s t r u z j i š těny ž á d n é v ý z n a m n é rozd í l y v k r e v n í m t l a k u (STK a D T K ) . Z m ě n y 

v h l a d i n á c h a d i p o k i n ů o d r á ž e l y z m ě n y t ě l e s n é h m o t n o s t i a B M I (tab. 10, obr. 8). K o n c e n t r a c e 

a d i p o n e k t i n u zůs ta l y u t ě h o t n ý c h ž e n s G D M t é m ě ř b e z e z m ě n y . N a p r o t i t o m u se u t ě h o t n ý c h 

ž e n b e z G D M a t a k é u n e t ě h o t n ý c h v ý z n a m n ě sníž i ly . V d ů s l e d k u t o h o n e b y l y z j i š těny ž á d n é 

v ý z n a m n é rozd í l y v h l a d i n á c h a d i p o n e k t i n u m e z i s k u p i n a m i t ě h o t n ý c h ž e n ( G D M + vs G D M - ) 

b ě h e m d r u h é h o a t ř e t í h o t r i m e s t r u . 

A - F A B P se b ě h e m t ě h o t e n s t v í sníži l u ž e n s G D M a zvýši l u ž e n b e z G D M . A - F A B P by l 

t e d y u p a c i e n t e k s G D M v ý z n a m n ě vyšší p o u z e v e d r u h é m t r i m e s t r u , z a t í m c o v e t ř e t í m 

t r i m e s t r u se m e z i s k u p i n a m i ( G D M + vs . G D M - ) ne l i š i l . V o b o u s k u p i n á c h n e b y l y v p r ů b ě h u 

t ě h o t e n s t v í p o z o r o v á n y ž á d n é v ý z n a m n é z m ě n y F G F - 1 9 . H l a d i n y F G F - 1 9 se m e z i s k u p i n a m i 

( G D M + vs G D M - ) v p r ů b ě h u c e l é s t u d i e v ý z n a m n ě ne l i š i l y . 
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Tabulka 10. Změny kl inických pa ramet rů , ad ipok inů a kont ro ly g l ykémie v p růběhu těhotens tv í u žen 

s d iagnózou a bez d iagnózy G D M . 

P r v n i t r i m e s t r 
( 8 . - 1 2 . t ý d e n ) 

D r u h ý t r i m e s t r 
(24. - 28 . t ý d e n ) 

T ř e t í t r i m e s t r 
(34. - 38 . t ý d e n ) 

H m o t n o s t 
G D M + 80.2 (72.3-88.9) 77 .5 ( 6 8 . 0 - 9 3 . 9 ) c 82.0 ( 7 7 . 2 - 9 0 . 0 ) b 

(kg) G D M - 65.1 ( 6 1 . 3 - 7 4 . 9 ) b c 77.0 ( 7 1 . 2 - 8 2 . 2 ) a c 83.2 ( 7 4 . 7 - 9 0 . 5 ) a b 

BMI 
G D M + 28.5 (25.4-32.8) 27 .5 ( 2 3 . 7 - 3 2 . 4 ) c 27.4 ( 2 5 . 8 - 3 3 . 8 ) b 

( k g / m 2 ) 
G D M - 23 .4 ( 2 0 . 4 - 2 5 . 1 ) b c 25 .9 ( 2 3 . 6 - 2 8 . 0 ) a c 28.5 ( 2 5 . 1 - 3 1 . 0 ) a b 

Pas 
G D M + 96.3 ( 9 1 . 4 - 9 7 . 8 ) c 104.5 ( 9 8 . 3 - 1 1 0 . 1 ) c 108.3 ( 1 0 3 . 2 - 1 1 4 . 4 ) a b 

(cm) 
G D M - 80.5 ( 7 4 . 4 - 8 7 . 5 ) b c 96.0 ( 9 0 . 2 - 1 0 2 . 5 ) a c 106.1 (98.7-114.5) a ' b 

STK G D M + 1 2 1 . 9 ( 1 0 9 . 1 - 1 2 9 . 4 ) 120.0 (112.5-129.6) 123.8 (117.3-132.1) 

( m m H g ) 
G D M - 120.2 (111.5-127.4) 118.1 (108.9-120.4) 121.2 (114.0-130.5) 

D T K 
G D M + 76.3 (67.2-81.6) 73 .2 ( 6 9 . 5 - 7 6 . 5 ) c 82.1 ( 7 4 . 7 - 8 5 . 3 ) b 

( m m H g ) 
G D M - 78.0 (69.8-81.3) 71 .2 (64.9-75.1) 77.5 (88.0-81.0) 

FPG 
G D M + 5.1 ( 4 . 9 - 5 . 3 ) b 4.5 ( 4 . 4 - 5 . 0 ) a 4.8 (4.3-5.3) 

( m m o l / l ) 
G D M - 4.3 (4.1-4.4) 4 .2 (4.0-4.9) 4.4 (4.1-4.5) 

H b A 1 c 
G D M + 32.3 ( 3 0 . 6 - 3 4 . 9 ) c 31.0 ( 3 0 . 2 - 3 3 . 1 ) c 36.0 ( 3 2 . 0 - 3 8 . 5 ) a b 

( m m o l / m o l ) 
G D M - 30.0 ( 2 7 . 5 - 3 2 . 2 ) c 29.5 ( 2 8 . 1 - 3 1 . 0 ) c 33.3 ( 3 1 . 0 - 3 4 . 2 ) a b 

A d i p o n e c t i n G D M + 8 .9 (7 .2 -11 .1 ) 8 .9 (7 .7 -10 .3 ) 9.0 (7.3-10.7) 

( eg /m l ) 
G D M - 11.1 (9 .8 -13 .4 ) c 10.2 (7.2-13.5) 9.1 ( 8 . 0 - 1 2 . 1 ) a 

A - F A B P 
G D M + 28 .6 ( 2 0 . 4 - 3 9 . 4 ) b c 2 1 . 8 ( 1 2 . 8 - 2 6 . 2 ) a 23.8 ( 1 9 . 4 - 3 0 . 1 ) a 

( ng /m l ) GDM- 13.7 (10.8-16.2) c 14.3 (11.0-18.0) c 22.4 (13 .4-29 .3) a b 

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) 

G D M = gestační diabetes mellitus; BMI = body mass index; STK = systolický tlak krve; DTK = diastolický tlak krve; FPG = fasting 

plasma glucose (lačná glykémie); HbAlc = glykovaný hemoglobin; A-FABP = adipocyte tatty acid-binding protein; FGF-19 = 

fibroblast growth factor-19. Hodnoty vyjádřeny jako medián (25 a 75 percentu). Signifikantní rozdíl (p <0.05) podle Wilcoxon 

signed-rank test: a = vs. 1. trimestr; b = vs. 2. trimestr; c = vs. 3. trimestr nebo statisticky významný rozdíl podle Mann-Whitney 

U-tesť. = těhotné ženy s GDM (n = 23) vs. těhotné ženy bez GDM (n = 29). 
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Vztah adipokinů ke klinickým a laboratorním parametrům 

U v š e c h t ě h o t n ý c h ž e n (n = 52) by l a p r o v e d e n a k o r e l a č n í ana lýza z á k l a d n í c h ú d a j ů . 

A d i p o n e k t i n v ý z n a m n ě i n v e r z n ě (p < 0 , 0 5 ) k o r e l o v a l s t ě l e s n o u h m o t n o s t í (p = - 0 , 3 4 ) , B M I (p = 

- 0 , 3 9 ) , o b v o d e m p a s u (p = - 0 , 3 1 ) , FPG (p = -0 ,38 ) a H b A 1 c (p = - 0 , 2 3 ) . 

A - F A B P p o z i t i v n ě k o r e l o v a l s t ě l e s n o u h m o t n o s t í (p = 0 ,55 ) , B M I (p = 0 ,52 ) , o b v o d e m 

p a s u (p = 0 ,53 ) , S T K (p = 0 ,17 ) , FPG (p = 0 ,46) a H b A 1 c (p = 0 ,42 ) . 

F G F - 1 9 i n v e r z n ě k o r e l o v a l s t ě l e s n o u h m o t n o s t í (p = - 0 , 2 3 ) , B M I (p = - 0 , 2 0 ) , SBP (p = 

-0 ,39 ) a D T K (p = - 0 , 3 2 ) . V ý z n a m n á i nve rzn í k o r e l a c e b y l a z j i š těna t a k é m e z i h l a d i n a m i 

a d i p o n e k t i n u a A - F A B P (p = - 0 , 1 8 ) . F G F - 1 9 n e k o r e l o v a l an i s a d i p o n e k t i n e m , an i s A - F A B P . 

V ý s l e d k y m u l t i v a r i a č n í r e g r e s n í ana l ýzy nezáv i s l ých f a k t o r ů o v l i v ň u j í c í c h a d i p o n e k t i n , 

A - F A B P a F G F - 1 9 j a k o záv is lé p r o m ě n n é na z á k l a d ě ú d a j ů ze v š e c h t ř í t r i m e s t r ů u v š e c h 

t ě h o t n ý c h ž e n (n = 52) j s o u u v e d e n y v t a b u l c e 1 1 . A d i p o n e k t i n by l nezáv i s le s p o j e n 

s o b v o d e m p a s u a H b A 1 C ; A - F A B P s h m o t n o s t í , SBP a g l u k ó z o u n a l a č n o ; a F G F - 1 9 p o u z e se 

STK. 
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Tabulka 1 1 . Mul t ivar iační l ineární regresní analýza nezávislých faktorů ovl ivňujících ad iponek t i n , A-FABP 

a FGF-19 jako závislé p r o m ě n n é . 

A d i p o n e c t i n 

Nestandardizované koeficienty Standardizované koeficienty 

B SE Beta SE 
t b i g . 

H m o t n o s t 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 

H b A 1 c 0 .530 0.257 0 .175 0 .085 2 .065 0 .046 

A d i p o c y t e - f a t t y ac id b i n d i n g p r o t e i n 

Nestandardizované koeficienty Standardizované koeficienty 
t 

B SE Beta SE 
t a i g . 

H m o t n o s t 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 

H b A 1 c 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 

F ib rob las t g r o w t h f a c t o r - 1 9 

Nestandardizované koeficienty Standardizované koeficienty 
t 

B SE Beta SE 
t j i g -

H m o t n o s t 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 

D T K -0 .015 0 .666 -0 .072 3 .146 -0 .023 0 .982 

BMI = body mass index; STK = systolický tlak krve; DTK = diastolický tlak krve; FPG = fasting plasma glucose (lačná glykémie); 

HbAlc = glykovaný hemoglobin. 
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Obrázek 8. Sérové koncent race ad ipok inů v jedno t l i vých skupinách. 

p < 0 . 0 5 

1 . t r i m e s t e r 

Adiponectin (ng/L) 

2. t r i m e s t e r 3. t r i m e s t e r 
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• a d i p o n e c t i n G D M + 13 ad iponec t i n G D M -

A-FABP (ng/L) 

p < 0 . 0 5 n.s. 

1. t r i m e s t e r 2. t r i m e s t e r 3. t r i m e s t e r 

a A -FABP G D M + 

n.s. 

1. t r i m e s t e r 

FGF-19 (pg/L) 
n.s. 

2. t r i m e s t e r 

1 A-FABP G D M -

n.s. 

— 

3. t r i m e s t e r 

• FGF-19 G D M + • FGF-19 G D M -

G D M = gestational diabetes mellitus; A-FABP = adipocyte fatty acid-binding protein; FGF-19 = fibroblast growth factor-19. 

Hodnoty jsou vyjádřeny jako median a mezikvartilový rozptyl. 
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7 .3 . D i s k u s e 

T a t o s t u d i e p r o k á z a l a , že t ě h o t n é ž e n y s č a s n ě d i a g n o s t i k o v a n ý m G D M ma j í v ý z n a m n ě 

sn í žené k o n c e n t r a c e a d i p o n e k t i n u a z v ý š e n é k o n c e n t r a c e A - F A B P v e s r o v n á n í s t ě h o t n ý m i 

ž e n a m i b e z G D M a n e t ě h o t n ý m i z d r a v ý m i k o n t r o l a m i . O b a a d i p o k i n y k o r e l o v a l y s v i sce rá ln í 

a d i p o z i t o u a k o n t r o l o u g l y k é m i e . A - F A B P p a k i n v e r z n ě k o r e l u j e s a d i p o n e k t i n e m . 

M u l t i v a r i a č n í r e g r e s n í ana lýza ukáza la nezáv is lé a s o c i a c e m e z i a d i p o n e k t i n e m a o b v o d e m 

p a s u a H b A 1 c . A - F A B P by la n a l e z e n a a s o c i a c e s h m o t n o s t í , S T K a h l a d i n o u g l u k ó z y n a l a č n o . 

Jak j e z v ý s l e d k ů d á l e p a t r n é , z a v e d e n í č a s n é i n t e r v e n c e v o b l a s t i ž i v o t n í h o s t y l u ( d i e t a , f yz ická 

ak t i v i ta ) b y l o s p o j e n o s p o s u n e m c i r ku lu j í c í ch k o n c e n t r a c í t ě c h t o a d i p o k i n ů na h o d n o t y 

s r o v n a t e l n é s h o d n o t a m i u z d r a v ý c h t ě h o t n ý c h ž e n . 

V p ř e d c h o z í c h s t u d i í c h b y l o z j i š t ě n o , že h l a d i n a a d i p o n e k t i n u j e u ž e n s G D M nižší. 

S n í ž e n o u h l a d i n u a d i p o n e k t i n u lze nav íc v č a s n é m t ě h o t e n s t v í p o v a ž o v a t za p r e d i k t i v n í m a r k e r 

p r o rozvo j G D M [ 7 3 , 7 4 ] . M e t a a n a l ý z a zah rnu j í c í 2 8 6 5 t ě h o t n ý c h ž e n ukáza la , že m ě ř e n í 

c i r k u l u j í c í h o a d i p o n e k t i n u p ř e d o t ě h o t n ě n í m a na p o č á t k u t ě h o t e n s t v í m ů ž e v é s t k i d e n t i f i k a c i 

ž e n s v y s o k ý m r i z i k e m r o z v o j e G D M [75 ] . K o n c e n t r a c e a d i p o n e k t i n u v p r v n í m t r i m e s t r u m ě l y 

v t é t o a n a l ý z e s o u h r n n o u s e n z i t i v i t u 6 0 , 3 %, s p e c i f i c i t u 8 1 , 3 % a d i a g n o s t i c k ý p o m ě r šanc í 6 ,6 

p r o p r e d i k c i G D M . N a d r u h o u s t r a n u však n a j d e m e i s t u d i e s o d l i š n ý m i závě ry . N a p ř í k l a d 

E b e r t e t a l . u v á d ě j í , že k o n c e n t r a c e a d i p o n e k t i n u j s o u u t ě h o t n ý c h ž e n v e s r o v n á n í 

s n e t ě h o t n ý m i nižší. N a v í c p a k n e j s o u o v l i v n ě n y d i a g n ó z o u G D M [76 ] . R o z p o r y m e z i s t u d i e m i 

m o h o u b ý t z p ů s o b e n y r ů z n ý m i d i a g n o s t i c k ý m i k r i té r i i G D M , c h a r a k t e r i s t i k a m i s t u d o v a n é 

p o p u l a c e , p o č t e m t ě h o t e n s t v í a t a k é i n t e n z i t o u l é č e b n ý c h o p a t ř e n í . Z p o h l e d u 

p a t o f y z i o l o g i c k é h o se p ř e d p o k l á d á , že se sn ížená e x p r e s e a d i p o n e k t i n u v t ě h o t e n s t v í p o d í l í 

na zvýšen í i n z u l í n o v é r e z i s t e n c e , což n á s l e d n ě v e d e ke s n í ž e n é m u v y c h y t á v á n í g l u k ó z y 

v c í l o v ý c h t k á n í c h . V p ř í p a d ě G D M n e n í d y s f u n k c e p a n k r e a t i c k ý c h b u n ě k s c h o p n a p ř e k o n a t 

i n z u l í n o v o u r e z i s t e n c i , v e d o u c í k h y p e r g l y k é m i i [ 77 ] . Nezáv i s l á a s o c i a c e m e z i a d i p o n e k t i n e m 

a H b A 1 c v naší s t u d i i z d ů r a z ň u j e m o ž n o u ro l i a d i p o n e k t i n u v k o n t r o l e g l y k é m i e . T a t o s t u d i e 

t a k é u k a z u j e , že v č a s n é z a v e d e n í i n t e r v e n c í v o b l a s t i ž i v o t n í h o s t y l u n e j e n z m í r n i l o p ř í r ů s t e k 

h m o t n o s t i , a le t a k é z a b r á n i l o d a l š í m u p o k l e s u h l a d i n a d i p o n e k t i n u b ě h e m t ě h o t e n s t v í u ž e n 

s G D M a p o s u n u l o v e t ř e t í m t r i m e s t r u k o n c e n t r a c e a d i p o n e k t i n u na h o d n o t y p o d o b n é t ě m , 

k t e r é b y l y p o z o r o v á n y u z d r a v ý c h t ě h o t n ý c h ž e n . 
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N ě k o l i k s t u d i í z j i s t i l o v ý z n a m n ě z v ý š e n o u h l a d i n u A - F A B P u ž e n s G D M [ 7 8 , 7 9 ] . 

O b d o b n ě j a k o u a d i p o n e k t i n u , t a k i z d e m ů ž e b ý t z m ě n a v h l a d i n á c h A - F A B P s p o j e n a 

s r i z i k e m v z n i k u G D M . N a rozd í l o d a d i p o n e k t i n u j e však t o t o r iz iko s p o j e n o se z v ý š e n í m 

h l a d i n y A - F A B P [80 ,81 ] . Z h a n g e t a l . z a z n a m e n a l i u p a c i e n t e k s G D M t r e n d ke z v y š o v á n í h l a d i n 

A - F A B P v e d r u h é m až t ř e t í m t r i m e s t r u [78 ] . V naší s t u d i i j s m e t u t o t e n d e n c i p o z o r o v a l i t a k é 

u z d r a v ý c h t ě h o t n ý c h ž e n . Za n o r m á l n í c h o k o l n o s t í j e A - F A B P p r o d u k o v á n a d i p o c y t y . 

V o b d o b í t ě h o t e n s t v í se v š a k m ů ž e u v o l ň o v a t t a k é z p l a c e n t y [ 82 ] . C i r ku lu j í c í h l a d i n y A - F A B P 

j s o u s p o j e n y s l i p o l ý z o u a b ě h e m t ě h o t e n s t v í s t o u p a j í v d ů s l e d k u i n z u l í n o v é r e z i s t e n c e . 

N a d m ě r n á e x p r e s e A - F A B P v p l a c e n t ě a d e c i d u e u G D M j e s t i m u l o v á n a p ů s o b e n í m 

p l a c e n t á r n í h o l a k t o g e n u , p r o g e s t e r o n u a s y n e r g i c k ý m ú č i n k e m e s t r o g e n u a p r o g e s t e r o n u , 

j e j i c h ž h l a d i n y j s o u t r v a l e z v ý š e n é až d o p o r o d u [ 83 ] . V č a s n é z a v e d e n í i n t e r v e n c í v o b l a s t i 

ž i v o t n í h o s t y l u a v h o d n á l é č b a G D M b y l y v naší s t u d i i s p o j e n y se s n í ž e n í m A - F A B P . V e t ř e t í m 

t r i m e s t r u t e d y n e b y l y m e z i z d r a v ý m i t ě h o t n ý m i ž e n a m i a p a c i e n t k a m i s G D M ž á d n é v ý z n a m n é 

rozd í l y . N e z á v i s l é a s o c i a c e m e z i A - F A B P a h m o t n o s t í , g l y k é m i í n a l a č n o a S T K o p ě t p o u k a z u j í 

na m o ž n o u ro l i i n z u l í n o v é r e z i s t e n c e p ř i r ozvo j i G D M a j e h o k o m p l i k a c í . A - F A B P p ř i sp í vá n e j e n 

ke z h o r š e n é k o n t r o l e g l y k é m i e , a le t a k é k rozvo j i g e s t a č n í h y p e r t e n z e a p r e e k l a m p s i e [ 84 ] . 

V č a s n á d i a g n o s t i k a a l é č b a G D M j s o u p r o t o d ů l e ž i t é i p r o p r e v e n c i t ě c h t o k o m p l i k a c í . 

N a rozd í l o d n ě k t e r ý c h p ř e d c h o z í c h s t u d i í j s m e nez j is t i l i ž á d n é v ý z n a m n é rozd í l y 

v F G F - 1 9 u ž e n s G D M a z d r a v ý c h t ě h o t n ý c h ž e n v p r ů b ě h u c e l é h o t ě h o t e n s t v í . W a n g e t a l . 

z a z n a m e n a l i s n í ž e n é h l a d i n y F G F - 1 9 v c i r ku lac i u ž e n s G D M d i a g n o s t i k o v a n ý m m e z i 2 4 . a 2 8 . 

t ý d n e m t ě h o t e n s t v í [ 85 ] . U ž e n s G D M by la p o p o r o d u r o v n ě ž z j i š těna sn ížená p l a c e n t a m i 

a s v a l o v á e x p r e s e F G F - 1 9 [ 86 ] . N a p r o t i t o m u n e d á v n á s t u d i e z j is t i la p l a z m a t i c k é k o n c e n t r a c e 

F G F - 1 9 v p u p e č n í k u p o d o b n é j a k o u z d r a v ý c h t ě h o t n ý c h k o n t r o l , což n a z n a č u j e , že G D M 

n e o v l i v ň u j e h l a d i n y F G F - 1 9 u p l o d u [ 87 ] . W a n g e t a l . r o v n ě ž p r o k á z a l i n e z á v i s l o u a i nve rzn í 

asoc iac i m e z i F G F - 1 9 a i n z u l í n o v o u rez i s tenc í u G D M [85 ] . V naší s t u d i i F G F - 1 9 i n v e r z n ě 

k o r e l o v a l s t ě l e s n o u h m o t n o s t í , B M I , S T K a D T K . Po p r o v e d e n í m u l t i v a r i a č n í r e g r e s n í ana l ýzy 

však by l nezáv i s le s p o j e n p o u z e se STK. P ř e d p o k l á d á m e , že i n t e r v e n c e v o b l a s t i ž i v o t n í h o 

s t y l u , z a v e d e n é u ž e n s č a s n ě d i a g n o s t i k o v a n ý m G D M s c í l e m z a b r á n i t n á r ů s t u h m o t n o s t i 

a z v ý š e n é i n z u l í n o v é r e z i s t e n c i , m o h l y z a b r á n i t v ý z n a m n é m u sn ížen í h l a d i n F G F - 1 9 v e d r u h é m 

a t ř e t í m t r i m e s t r u . T o m ů ž e v y s v ě t l o v a t , p r o č n e b y l y v p r ů b ě h u t ě h o t e n s t v í z j i š těny ž á d n é 

rozd í l y m e z i ž e n a m i s G D M a z d r a v ý m i t ě h o t n ý m i ž e n a m i . T o t o z j i š těn í t a k é p o d p o r u j e 
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k o r e l a c e F G F - 1 9 s t ě l e s n o u h m o t n o s t í a B M I . Nezáv i s l á a s o c i a c e m e z i F G F - 1 9 a S T K t a k m ů ž e 

n a z n a č o v a t ro l i F G F - 1 9 v g e s t a č n í h y p e r t e n z i , a le t e n t o p o t e n c i á l n í v z t a h j e t ř e b a o b j a s n i t 

v da l š í ch s t u d i í c h . 

J e d n í m z o m e z e n í t é t o s t u d i e j e z a m ě ř e n í p o u z e na s k u p i n u ž e n s č a s n ě 

d i a g n o s t i k o v a n ý m G D M . S a m o z ř e j m ě ex i s tu j í ž e n y s n o r m á l n í h l a d i n o u g l u k ó z y b ě h e m 

p r v n í h o t r i m e s t r u , u n ichž j e G D M d i a g n o s t i k o v á n až p ř i o G T T m e z i 2 4 . a 2 8 . t ý d n e m 

t ě h o t e n s t v í . J e d n á se o v ě t š i n u p ř í p a d ů G D M . V z h l e d e m k t o m u , že r ůzné p r o j e v y G D M 

m o h o u v y c h á z e t z r ů z n ý c h p a t o f y z i o l o g i c k ý c h m e c h a n i s m ů ( i nzu l ínová r e z i s t e n c e v e r s u s 

p o r u c h a s e k r e c e i nzu l ínu ) , m ů ž e se u r ů z n ý c h f e n o t y p u G D M lišit i p r o d u k c e a d i p o k i n ů . 

V š e c h n y ž e n y s G D M v naší s t u d i i b y l y č a s n ě i n t e r v e n o v á n y , což m o h l o o v l i v n i t p ř i r o z e n ý 

p r ů b ě h z m ě n h l a d i n a d i p o k i n ů . K r o m ě t o h o by la p ř i b l i ž n ě t ř e t i n a ž e n v e s k u p i n ě G D M l é č e n a 

i n z u l í n e m , což p o t e n c i á l n ě m o d i f i k o v a l o p r o d u k c i s l e d o v a n ý c h a d i p o k i n ů . V n e p o s l e d n í ř a d ě 

s t u d i e n e z a h r n o v a l a k o n t r o l n í s k u p i n u ž e n s G D M , k t e r é n e p o d s t o u p i l y t e r a p e u t i c k o u 

i n t e r v e n c i , p r o t o j e z á v ě r o ú č i n k u i n t e r v e n c e p o m ě r n ě o m e z e n ý . S i l n o u s t r á n k o u t é t o s t u d i e 

j e je j í p r o s p e k t i v n í c h a r a k t e r a l o n g i t u d i n á l n í s l e d o v á n í h l a d i n a d i p o k i n ů , v č e t n ě m o ž n é h o 

v l i vu č a s n é t e r a p e u t i c k é i n t e r v e n c e . 

7 .4 . Z á v ě r 

Ž e n y s č a s n ě d i a g n o s t i k o v a n ý m G D M v y k a z o v a l y z m ě n ě n o u p r o d u k c i a d i p o k i n ů j iž 

v p r v n í m t r i m e s t r u t ě h o t e n s t v í . M ě l y z v ý š e n é h l a d i n y A - F A B P a s n í ž e n é h l a d i n y a d i p o n e k t i n u , 

k t e r é k o r e l o v a l y s v i sce rá ln í a d i p o z i t o u a k o n t r o l o u g l y k e m i e ( H b A 1 c ) . V č a s n á d i a g n ó z a G D M 

vyžadu j í c í z a v e d e n í i n t e r v e n c í v o b l a s t i ž i v o t n í h o s t y l u a včasná l é č b a i n z u l í n e m by la s p o j e n a 

n e j e n s p r e v e n c í p ř í r ů s t k u h m o t n o s t i , a le t a k é s n o r m a l i z a c í a d i p o k i n ů na h l a d i n y p o d o b n é 

t ě m u t ě h o t n ý c h ž e n b e z G D M . T a t o z j i š těn í p o d p o r u j í v ý z n a m s c r e e n i n g u G D M v č a s n ý c h 

s t a d i í c h t ě h o t e n s t v í a m o ž n o u ro l i e n d o k r i n n í d y s f u n k c e t u k o v é t k á n ě př i v z n i k u G D M . 
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8. Souhrn výsledků experimentální části 

1 . D i a g n ó z a G D M , s t a n o v e n á z v ý š e n o u l a č n o u g l y k é m i í (FPG > 5 , 1 m m o l / l ) v č a s n é fáz i 

t ě h o t e n s t v í , j e s p o j e n a s vyšší t ě l e s n o u h m o t n o s t í a B M I ž e n na p o č á t k u t ě h o t e n s t v í , 

d á l e j e s p o j e n a se z v ý š e n ý m r i z i k e m l é č b y i n z u l í n e m a vyšší p o r o d n í h m o t n o s t í p l o d u . 

2 . U ž e n s č a s n ě d i a g n o s t i k o v a n ý m G D M (FPG > 5 , 1 m m o l / l ) n e b y l p r o k á z á n čas tě jš í 

v ýsky t n o v o r o z e n e c k ý c h k o m p l i k a c í . 

3. Ž e n y s č a s n ě d i a g n o s t i k o v a n ý m G D M (FPG > 5 , 1 m m o l / l ) n e v y k a z o v a l y v I. t r i m e s t r u 

t ě h o t e n s t v í z m ě n ě n o u s e k r e c i i n k r e t i n o v ý c h h o r m o n ů ( G L P - 1 , GIP) n a l a č n o an i p o 

zá těž i s t r a v o u . M ě l y však s n í ž e n o u f u n k c i / ? -buněk . P o r u c h a s e k r e c e i n k r e t i n o v ý c h 

h o r m o n ů n e h r a j e v t é t o fáz i t ě h o t e n s t v í v ý z n a m n o u ro l i v rozvo j i G D M . 

4 . Ž e n y s č a s n ě d i a g n o s t i k o v a n ý m G D M (FPG > 5 , 1 m m o l / l ) v y k a z o v a l y v I. t r i m e s t r u 

t ě h o t e n s t v í z m ě n ě n o u p r o d u k c i a d i p o k i n ů . M ě l y z v ý š e n é h l a d i n y A - F A B P a s n í ž e n é 

h l a d i n y a d i p o n e k t i n u , k t e r é k o r e l o v a l y s v i sce rá ln í a d i p o z i t o u a k o n t r o l o u g l y k é m i e 

( H b A 1 c). Č a s n ý m z a v e d e n í m i n t e r v e n c í v o b l a s t i ž i v o t n í h o s t y l u a l é č b y i n z u l í n e m navíc 

d o š l o v d a l š í m p r ů b ě h u t ě h o t e n s t v í k n o r m a l i z a c í a d i p o k i n ů na h l a d i n y p o d o b n é t ě m 

u t ě h o t n ý c h ž e n b e z G D M . 
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SEZNAM ZKRATEK 

A - F A B P a d i p o c y t á r n í p r o t e i n váza j íc í m a s t n é kyse l i ny {adipocyte fatty acid-binding 

protein) 

A U C p l o c h a p o d k ř i v k o u (a rea u d e r cu rve ) 

B M I b o d y m a s s i n d e x 

D M d i a b e t e s m e l l i t u s 

D P P - 4 d i p e p t i d y l p e p t i d á z a 4 (dipeptidyl peptidase 4) 

D T K d i a s t o l i c k ý k revn í t l a k 

F G F 19 f i b r o b l a s t o v ý r ů s t o v ý f a k t o r 19 (fibroblast growth factor 19) 

F G F 21 f i b r o b l a s t o v ý r ů s t o v ý f a k t o r 21 (fibroblast growth factor 21) 

FPG lačná g l y k é m i e (fasting plasma glucose) 

G D M g e s t a č n í d i a b e t e s m e l l i t u s 

G I P g l u k ó z o - d e p e n d e n t n í i n z u l i n o t r o p n í p o l y p e p t i d (glucose-dependent 

insulinotropic polypeptide) 

G I T g a s t r o i n t e s t i n a l ní t r a k t 

G L P - 1 g l u k a g o n u p o d o b n ý p e p t i d 1 (glucagon-like peptide 1) 

G L P - 1 R A a g o n i s t é r e c e p t o r u p r o G L P - 1 (glucagon-like peptide 1 receptor agonists) 

G T T g l u k ó z o v ý t o l e r a n č n í t e s t 

H b A 1 c g l y k o v a n ý h e m o g l o b i n 

H O M A homeostatic model assessment 

I A D P S G International Association of the Diabetes and Pregnancy Study Groups 

IL-6 i n t e r l e u k i n 6 

M M T T t o l e r a n č n í t e s t s m i x o v a n ý m j í d l e m (mixed meal tolerance test) 

M O D Y m o n o g e n n í d i a b e t e s (maturity onset diabetes of the young) 

o G T T o r á l n í g l u k ó z o v ý t o l e r a n č n í t e s t 

PAI-1 i n h i b i t o r a k t i v á t o r u p l a z m i n o g e n u t y p 1 (plasminogen activator inhibitor-1) 

PPG g l y k é m i e p o j í d l e (postprandial plasma glucose) 

Q U I C K I q u a n t i t a t i v e insu l in sens i t i v i t y c h e c k i n d e x 

STK s y s t o l i c k ý k r e v n í t l a k 

T N F - a l f a t u m o r nek ro t i zu j í c í f a k t o r a l fa ( r u m o r 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, G D M 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 G D M by fasting glucose or glucose challenge 
tests in early or late pregnancy. Methods: The retrospective observational study enrolled 418 women 
diagnosed with G D M 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 ± 5.2 kg/m 2) 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 ± 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 ( G D M ) belongs to the group of endocrine disorders characterized 
by new-onset hyperglycemia first detected d u r i n g pregnancy [1]. The pathophysio logy 
of G D M is a complex and st i l l not a fu l ly understood issue. H o w e v e r , it appears that 
an increase i n i n s u l i n resistance and an inabi l i ty of beta cells to respond w i t h sufficient 
i n s u l i n secretion are crucial factors for development of G D M i n predisposed pregnant 
w o m e n [2]. A s insul in resistance physiological ly increases i n the second half of pregnancy, 
G D M is most l ikely to be detected d u r i n g this per iod. The condi t ion is associated w i t h 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 mel l i tus , obesity and 
arterial hypertension and cardiovascular complicat ions i n the later l ives of mothers and 
their babies [3-5]. 

Screening for and diagnosing G D M have changed considerably over the years. It 
should be noted that an international consensus has st i l l not been reached i n this area. 
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A c c o r d i n g to recommendations o n the diagnosis a n d classification of hyperglycemia i n 
pregnancy publ i shed i n 2010 by the International Associat ion of Diabetes and Pregnancy 
Study Groups ( IADPSG), G D M 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 w i t h a risk of complicat ions at an odds ratio of 1.75, as s h o w n 
by the H A P O study [3]. Besides the O G T T performed at the specified t ime of pregnancy 
however, fasting glucose levels s h o u l d be measured as soon after conception as possible, 
that is i n the first trimester. The purpose is to identify apparent, previously unrecognized 
diabetes and to treat it early. A t the same time, however, pregnant women w i t h m i l d fasting 
hyperglycemia may also be identified, corresponding to diagnostic thresholds revealed by 
an O G T T in the second half of pregnancy. Based on these recommendations, these w o m e n 
are moni tored i n the same w a y as those diagnosed w i t h G D M later i n their pregnancy, 
a l though not enough studies have been per formed to show the benefit of treating G D M 
early i n pregnancy [6]. 

U s i n g the same diagnostic thresholds for fasting glucose in early pregnancy and i n its 
second half remains rather controversial. This is m a i n l y because unl ike the clearly higher 
risks of complicat ions f r o m elevated fasting glucose i n the second half pregnancy, the 
association has not been confirmed in early gestation. Moreover, it is apparent that the early 
diagnosis of G D M m a d e w i t h fasting glucose tests i n the first trimester has only l imi ted 
correspondence to positive diagnostic results of a two-hour O G T T subsequently performed 
i n the second half of pregnancy [7,8]. A t the same time, the different approaches to 
diagnosing G D M are not considered at al l dur ing further monitoring or therapy. Moreover, 
it is unclear whether early and intensive treatment of G D M m a y contribute to the risk of 
fetal growth restriction and l o w weight gain i n pregnant w o m e n [9]. 

The present study aimed to assess whether different ways of diagnosing G D M (Groups: 
early F P G , late F P G and late PPG) are able to identify women w i t h different anthropometric 
phenotypes at the time of diagnosis. Another objective was to determine whether different 
ways of diagnosing G D M i n these w o m e n are associated w i t h differences i n 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 w i t h the 2008 revision 
of the Declaration of Hels inki . University Hospi ta l Olomouc medical records were searched 
to obtain information on w o m e n monitored for impaired carbohydrate metabolism dur ing 
their pregnancy. Based o n nat ional recommendations, a l l pregnant w o m e n i n the C z e c h 
Republic are screened for G D M regardless of the presence of risk factors for its development. 
The study enrolled only women diagnosed w i t h G D M using the I A D P S G recommendations 
w h o could be classified into three groups by the test method (Table 1). 

Table 1. The sample classified into groups by G D M 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 

Late PPG 24-28 weeks OGTT-minute 60 
OGTT-minute 120 

PPG > 10.0 mmol/L 
PPG > 8.5 mmol/L 

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

We excluded w o m e n diagnosed w i t h diabetes pr ior to their pregnancy (type 1 or 2 
diabetes mellitus, maturity-onset diabetes of the young) as wel l as those meeting the criteria 
of apparent diabetes i n the current pregnancy (FPG > 7.0 m m o l / L and/or p o s t - O G T T 
glucose levels > 11.1 m m o l / L ) . 

D u r i n g their first visit , a l l the w o m e n were educated o n basic dietary and lifestyle 
measures. Insulin therapy was only initiated if at least one of the fo l lowing criteria was met: 
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(1) F P G > 5.3 m m o l / L ; one-hour P P G repeatedly 7.6 m m o l / L or two-hour P P G repeatedly 
>6.6 m m o l / L . N o n e of the enrolled patients received oral antidiabetic drugs. The review of 
medical records y ie lded information on the patients' history (age, parity) and risk factors 
for the development of diabetes (family history of diabetes mel l i tus , history of G D M , 
b i r th weight > 4000 g). Ear ly pregnancy anthropometric data (weight, height, BMI) were 
obtained f r o m records o n the first prenatal visit . Information on weight gains and G D M 
management (diet, insul in therapy) came f rom subsequent antenatal appointments. Data 
on b ir th weight, type of del ivery (vaginal or cesarean), neonatal complications (neonatal 
hypoglycemia, infant jaundice) were retrieved f rom gynecology department records. 

2.2. Laboratory Methods 

Biochemical parameters (glucose, glycated hemoglobin and fructosamine levels) were 
analyzed us ing the Cobas 8000 system (Roche, M a n n h e i m , Germany) . Samples for the 
analyses were collected i n the m o r n i n g f o l l o w i n g at least 12-h fasting d u r i n g the first 
prenatal visit. 

2.3. Statistical Methods 

C o n t i n u o u s variables are expressed as the mean, m e d i a n a n d standard deviat ion. 
Differences i n continuous variables among the groups were analyzed us ing the K r u s k a l -
Wal l is test. Differences i n discrete variables among the groups were assessed by the 
chi-squared test o n contingency tables. Spearman's coefficient was used to express the 
correlation rate. A l l hypotheses were tested at a 0.05 level of significance. Data were 
assessed using M A T L A B Version 7.5.0.342 (R2007b). 

3. Results 
3.1. Classification by GDM Diagnostic Method 

In the sample, G D M was predominant ly diagnosed by increased F P G levels (early 
F P G and late F P G groups), namely i n 73.9% of cases. A t the same time, more than a quarter 
of the w o m e n (26.1%) were identif ied i n early pregnancy (Figure 1). 

G D M according to the IADPSG 
criteria 
(n-429) 

Missing information 
G D M according to the IADPSG 

criteria 
(n-429) (n-ll ) 

G D M allowing classification into 
predefined groups 

(n=418) 

Early FPG > 5.1 m m o l / L 
(n = 109) 

Late FPG > 5.1mmol /L 
(n = 209) 

Late PPG 
(n = 100) 

Figure 1. The sample classified into groups by G D M diagnostic method. 

3.2. Basis Sample Characteristics 

The statistical analysis first focused on comparing al l three groups i n early pregnancy. 
The results are s h o w n i n Table 2. The w o m e n i n the groups d i d not differ i n terms of 
age, parity, presence of r isk factors for the development of diabetes or metabolic control 
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parameters (glycated h e m o g l o b i n levels) at the t ime of G D M diagnosis. H o w e v e r , there 
were differences i n weight (i.e., BMI) at the beginning of their pregnancy. For women i n a l l 
groups, early pregnancy B M I was positively correlated w i t h glycated hemoglobin levels at 
the time of G D M 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 F P G > 5.1 mmol/L Late F P G > 5.1 mmol/L Late P P G p-Value 

Age 31.6 (32) ± 5.32 31.1 (31) ± 5 . 1 31.8(32) ± 5 . 5 31.4 (31) ± 4 . 9 ns 
Family history of D M (%) 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 2) 26.3 (25) ± 6.0 27.9 (27.2) ± 6.6 26.4 (25.0) ± 5.8 24.4 (22.8) ± 5.2 <0.001 

H b A l c (mmol/mol) 31.1 (31) ± 4 . 0 31.8(31) ± 4 . 8 30.7 (31) ± 3 . 8 30.8 (31) ± 3 . 2 ns 
Fructosamine (umol/L) 200.4 (199) ± 17.7 211.7 (211) ± 2 0 . 3 195.3 (194) ± 15.4 197.3 (197) ± 13.7 <0.001 

D M = diabetes mellitus; B M I = body mass index; H b A l c = glycated hemoglobin. Data shown as the mean 
(median) ± standard deviation. Numbers of patients in groups: early FPG (n = 109), late FPG (n = 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 i n overall weight gain among the groups of women 
w i t h G D M . Moreover , i n those diagnosed by increased F P G levels (early F P G a n d late 
F P G groups), this weight gain was negatively associated w i t h B M I 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 F P G and late F P G groups ( G D M 
diagnosed based on increased F P G levels), birth weight was positively correlated w i t h early 
pregnancy B M I ( p = 0.27, p < 0.05; p = 0.23, p < 0.001). Insulin therapy was more frequently 
used to control G D M i n w o m e n w i t h increased fasting glucose levels (early F P G and late 
F P G groups) and was associated w i t h b o d y weight ( p = 0.19, p < 0.001), B M I ( p = 0.24, 
p < 0.001) and glycated hemoglobin at the t ime of G D M diagnosis ( p = 0.30, p < 0.001). In 
the present study, different ways of diagnosing G D M had no effect on the incidence of the 
neonatal complications studied. Thus, the incidence was comparable i n the three groups. 
The results are s h o w n i n Table 3. 

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

Early F P G > 5.1 mmol/L Late F P G > 5.1 mmol/L Late P P G p-Value 

Weight gain (kg) 9.32 (9.0) ± 6.76 12.73 (11.0) ± 8 . 4 7 11.05(10.0) ± 4 . 6 6 <0.05 
Insulin therapy (%) 14.7 (16/109) 7.2 (15/209) 4(4/100) <0.05 

Birth weight (g) 3372.2 ± 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 (n/N). Numbers of patients in groups: 
Early F P G [n = 109), Late FPG [n = 209), Late P P G [n = 100). Differences in discrete variables among the groups 
(Early F P G vs. Late F P G vs. Late PPG) were assessed by the chi-squared test on contingency tables; p < 0.05 is 
considered to be statistically significant. 

4. Discussion 

U s i n g the I A D P S G criteria for G D M i n early pregnancy, we can identi fy a group 
of pregnant w o m e n w h o show differences i n anthropometric parameters and course of 
pregnancy compared w i t h w o m e n w h o were diagnosed later i n pregnancy. In our study, 
w e s h o w e d that early G D M diagnosis ( F P G > 5.1 m m o l / L ) is associated w i t h increased 
body weight a n d B M I at the beginning of pregnancy. A t the same time, early G D M 
diagnosis is accompanied by more frequent i n s u l i n treatment a n d higher b i r th weight . 
There was no association between the method of G D M diagnosis a n d the incidence of 
neonatal complications. 

The main period of pregnancy i n which the screening and diagnosis of G D M 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 d u r i n g this per iod of pregnancy 
and late maternal and neonatal complications. A t the same time, there is a k n o w n associ
ation between hyperglycemia and the incidence of congenital malformat ions i n w o m e n 
w i t h T 1 D M i n early pregnancy. Therefore, there is concern about the negative impact of 
m i l d hyperglycemia i n early pregnancy on fetal development and the subsequent course of 
pregnancy. Despite efforts to reach consensus, the w a y of diagnosing G D M i n early preg
nancy remains a rather controversial topic. Neither has a suitable screening test been found, 
nor have diagnostic thresholds been agreed u p o n for glucose levels in early gestation that 
w o u l d be clearly associated w i t h a higher risk for complications in both mothers and fetuses 
later i n 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 r u l e d out d u r i n g the first antenatal visit , it is recommended to focus on 
pregnant w o m e n w i t h F P G above 6.1 m m o l / L because of the increased risk of developing 
G D M later i n pregnancy and the increased risk of maternal and neonatal complications [10]. 
Wi th regard to the cause of G D M , three different phenotypes are currently considered: pre
vai l ing insul in resistance, impaired i n s u l i n secretion or their combination. These changes 
have been observed i n both early and late pregnancy. A n important f inding is that w o m e n 
w i t h dominant impaired insul in sensitivity are at a higher risk for GDM-re la ted pregnancy 
complications [2,11]. However , it is yet u n k n o w n whether this proven pathophysiological 
difference exists i n response to standard G D M therapy. 

A s seen f r o m the s tudy results, the c l inical use of the I A D P S G criteria for diagnos
i n g G D M facilitated identif ication of three groups of pregnant w o m e n that differed i n 
anthropometric parameters at the time of G D M diagnosis as wel l as in h o w their pregnancy 
progressed. The strength of the s tudy m a i n l y lies i n i n c l u d i n g pregnant w o m e n w i t h an 
early G D M diagnosis m a d e through universal screening i n the first trimester (early F P G 
group), that is not only a popula t ion of pregnant w o m e n at a higher r isk for deve loping 
diabetes. This is h o w 25% of w o m e n in the sample were identified. However , information 
on the global prevalence of hyperglycemia diagnosed this way in early gestation is missing, 
main ly due to persisting differences i n G D M diagnostic methods. A m o n g overweight 
w o m e n (BMI > 29), 22.9% were diagnosed w i t h early G D M using the I A D P S G criteria. In 
the sample, F P G levels of 5.1 m m o l / L or more contributed to the diagnosis i n 78.5% of 
cases [12]. 

In the present study, increased F P G levels identified w o m e n w i t h higher body weight 
and B M I at the beginning of their pregnancy w h e n mothers-to-be were screened irrespec
tive of presence or absence of G D M risk factors (i.e., i n c l u d i n g overweight or obesity). 
This f inding is consistent w i t h results of previous studies showing an association between 
G D M diagnosed by increased F P G levels and mean B M I levels suggestive of an overweight 
condition [2,7,12]. Thus, pre-pregnancy body weight and B M I seem to be a strong predictor 
for increased F P G detected i n early gestation. M a t e r n a l obesity appears to be associated 
w i t h increased i n s u l i n secretion (C-peptide levels) and decreased i n s u l i n sensitivity [13]. 
However , it appears that obesity i n early pregnancy m a y also influence adipokines pro
duct ion. In our previous s tudy we demonstrated increased adipocyte fatty ac id-b inding 
protein a n d decreased adiponect in levels and its correlation w i t h visceral adiposi ty i n 
w o m e n w i t h impai red F P G i n early pregnancy [14]. In contrast to higher body weight in 
early pregnancy, the overall weight gain was lowest i n w o m e n w i t h early G D M diagnosis 
in the present study. This may be explained by longer dietary restrictions as a form of G D M 
management. O u r study d i d not include a control group of pregnant w o m e n w i t h G D M 
who d i d not undergo nutrit ional or pharmacological intervention. Thus, the assessment of 
treatment effect is very l imited. There is also a clear negative correlation between overall 
weight gain and B M I i n early pregnancy. In w o m e n w i t h early G D M diagnosis, however, 
i n s u l i n pharmacotherapy was init iated more frequently. This is consistent w i t h earlier 
observations [15]. This may be explained by a l imited 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 G D M diagnosis was not associated w i t h increased glycated hemoglobin levels. 
In the present study, the m e a n glycated h e m o g l o b i n level at diagnosis was w i t h i n the 
range typica l for n o r m a l glucose metabol ism. It is, therefore, u n l i k e l y that us ing the 
I A D P S G criteria in early pregnancy w o u l d have identif ied w o m e n w i t h impaired glucose 
metabol ism pr ior to their gestation. H o w e v e r , there is a clear posit ive correlation of 
glycated hemoglobin levels w i t h body weight and B M I at the beginning of pregnancy. In 
contrast, there were significant differences i n fructosamine levels. This m a y be explained 
by a drop i n a l b u m i n concentrations i n the second half of pregnancy (i.e., at the time 
of G D M diagnosis i n the late F P G a n d late F P G groups) (14). Since fructosamine levels 
predominant ly reflect a l b u m i n glycation, the differences i n fructosamine concentrations 
are more l ike ly to be associated w i t h changes i n a l b u m i n concentrations rather than the 
actual increase i n non-enzymatic glycation occurring 2-3 weeks prior to sample collection. 
G i v e n the retrospective design of the study, however, fructosamine measurements could 
not be corrected for a lbumin concentrations at the time of G D M diagnosis. 

There were no statistically significant differences i n the incidence of selected perinatal 
complicat ions a m o n g the groups i n our study. This is i n contrast to results f r o m a meta
analysis of 13 studies showing an increased relative risk of perinatal mortality and neonatal 
hypoglycemia i n w o m e n w i t h early G D M diagnosis compared w i t h those diagnosed w i t h 
G D M i n the second half of their pregnancy [15]. The difference m a y be explained by 
the overal l t ime of m o n i t o r i n g and treatment of w o m e n w i t h G D M . However , it was not 
possible to assess the severity of G D M , total i n s u l i n dose or changes i n glycemic profile 
as these data c o u l d not be obtained i n a retrospective study. Ear ly G D M diagnosis was 
also associated w i t h higher b i r th weight. This m a y be due to previously described fetal 
hyperinsulinemia resulting from insul in resistance and more frequent insul in therapy [2,16]. 
Macrosomia (birth weight > 4000 g) was not associated w i t h any of the groups defined i n 
the present study. O n the other h a n d , it was correlated w i t h B M I levels, age and glycated 
hemoglobin levels at the t ime of G D M diagnosis. D u e to the retrospective design of our 
study, it was not possible to perform O G T T between 24 and 28 weeks of gestation i n women 
who were diagnosed w i t h G D M early i n pregnancy based on fasting glycaemia (early F P G 
group). A s suggested by some studies, there is l imi ted correlation between first trimester 
fasting glycaemia and 2-h 75 g O G T T i n the diagnosis of G D M . Therefore, the presence of 
women i n the early F P G group w h o w o u l d not meet the diagnostic criteria for G D M 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 m m o l / L ) i n early pregnancy according to the I A D P S G criteria, is associated w i t h 
increased body weight and B M I at the beginning of pregnancy as wel l as w i t h a higher risk 
for insul in therapy and increased birth weight. The present study failed to show its impact 
on the l ike l ihood of neonatal complications or fetal macrosomia. 
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Abs t rac t 

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 A U C 19.0 (53.1) and GIP A U C 302 (100) pg/mL/min] and 
healthy pregnant women [GLP-1 A U C 16.7 (22.3) and G IP A U C 297 (142) pg/mL/min] or non-pregnant controls [GLP-1 A U C 

16.8 (9.8) and for G IP A U 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 

"Correspondence: 
David Karasek 
david.karasek@fnol.cz 
Full list of author information is available at the end o f the article 

B M C ©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made.The images or 
other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.Toviewacopyofthis 
licence, visit httpj //creativecommons.org/licenses/by/4.0/.The Creative Commons Public Domain Dedication waiver (httpy/creativeco 
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data. 

8 1 

https://doi.Org/1
mailto:david.karasek@fnol.cz


Krys tyn ik et al. Diabetology & Metabolic Syndrome (2023) 15:12 Page 2 o f 9 

B a c k g r o u n d 
Gestational diabetes mellitus ( G D M ) is defined as glu
cose intolerance first detected during pregnancy that 
resolves after delivery. G D M affects 5-30% of pregnan
cies, depending on the diagnostic criteria used [1-3]. 
The pathophysiology of G D M is not yet fully understood, 
although it generally involves relatively insufficient insu
l i n secretion wi th 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 G L P - 1 and GIP have additive 
effects on insulin secretion following their increased pro
duction induced by nutrients f rom the gut [6]. Impaired 
incretin effect may contribute to impaired glucose post
prandial control, which is characteristic of some G D M 
phenotypes. G L P - 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 G D M is still unknown. O n l y a few studies 
have investigated fasting or postprandial G L P - 1 , GIP 
and/or glucagon concentrations i n patients w i t h G D M 
and reported contrasting results [7-14]. These discrep
ant findings may be due to the variable representation 
of women w i t h different G D M phenotypes, i.e. w i t h 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 ( M M T T ) , based on the ingestion of 
a standardized l iquid meal, induces a stronger beta-cell 
response than the oral glucose tolerance test ( O G T T ) in 
the individuals wi th impaired glucose tolerance and type 
2 diabetes [16]. The use of the M M T T probably leads to a 
greater response of both incretin hormones and accord
ing to some authors is better suited to detect small differ
ences i n their secretion, which may explain some of the 
different results also in subjects w i t h G D M [7, 8, 10]. The 
incretin response may also be dependent on the period of 
pregnancy. Little is known about altered incretin produc
t ion i n the early phase of gravidity and its potential role 
in the development of G D M during this period. 

According to current recommendations, the first step 
to diagnose glucose intolerance i n pregnancy should be 
performed during the init ial visit (usually in the first t r i 
mester) to detect women wi th overt diabetes who have 
not been previously diagnosed outside of pregnancy [17]. 

However, there is sti l l debate over the correct diagnos
tic criteria for G D M in the first part of pregnancy. The 
International Associat ion 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 G D M [18]. Unfortunately, these recommendations 
were not derived f rom sufficient cl inical data obtained 
in early pregnancy and have therefore been crit icized. 
Recently, it has been recommended to identify women 
wi th F P G >6.1 mmol/L i n early pregnancy because of the 
increased risk of developing G D M later i n pregnancy and 
the increased risk of pregnancy and neonatal complica
tions [17]. O n the one hand, the I A D P S G recommenda
tions for early screening and detection of G D M are not 
based on sufficient cl inical data, but on the other hand, 
application of the I A D P S G 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 i n the disease process, as shown i n adults and ado
lescents wi th insulin resistance and obesity [20, 21]. Thus, 
we can hypothesize that women w i t h impaired fasting 
glucose in early pregnancy compared to pregnant women 
wi th normal glucose tolerance w i l l show an altered incre
t in response. 

The primary aim of our study was to investigate 
whether there is a difference i n G L P - 1 , GIP, and gluca
gon response during a 3-h oral M M T T measured by total 
area under the curve ( A U C ) between pregnant women 
wi th impaired F P G in the first trimester of pregnancy 
compared to control pregnant and non-pregnant sub
jects. Secondary a im was to examine the relationship 
between incretin production and parameters of insulin 
resistance and beta-cell function. 

Mate r i a l a n d m e t h o d s 
Study design, inclusion and exclusion criteria 
The study was undertaken as a case-control study in 
accordance w i t h the principles of the Declaration of H e l 
sinki as revised in 2008. It was reviewed and approved 
by the Ethics Committee of M e d i c a l Faculty and U n i 
versity Hospital Ol om ouc (approval no. 120/17) and 
informed consent was obtained f rom all participants. 
Pregnant women were eligible for recruitment to the 
study if they were wi th in 8 -14 weeks of pregnancy. A l l 
participants were asked about their personal and medi 
cal history. Weight and height were measured at the first 
antenatal visit (1st trimester of pregnancy), the body 
mass index (BMI) was calculated as body weight/body 
height 2 (kg/m 2). 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 G D M , renal, liver or 
thyroid disease, drug or alcohol abuse and concomitant 
medication affecting glucose metabolism and G I T func
t ion (glucocorticoids, proton pump inhibitors, proki -
netics, pancreatic enzyme products). Healthy pregnant 
women had normal glucose levels throughout their preg
nancy, including the subsequent O G T T 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 G D M or a his
tory of delivering a high bir th weight baby, i.e. > 4.5 kg). 

Mixed meal tolerance test 
Each M M T T was performed wi th standardized l iquid 
meals after 10 h overnight fasting, i n pregnant women 
during the first trimester (8-14 week) of pregnancy. 
Blood samples were collected at baseline and at 30, 60, 
120, and 180 m i n after ingestion of 200 m l of commer
cially available l iquid enteral nutr i t ion (Fresubin O r i g i 
nal Drink®, Fresenius Kabi , Germany; 100 m l contains 
420 kj of energy intake, i.e. 3.4 g (30 kj %) of fat, 13.8 g 
(55 kj %) of carbohydrates, and 3.8 g (15 kj %) of proteins) 
between 7 and 10 am. Samples for measurement of G L P -
1, GIP, and glucagon were collected into special blood 
tubes wi th an inhibitor cocktail consisting of a dipeptidyl 
peptidase 4, esterase and other protease inhibitors (BD 
P800, Becton, Dickinson and Company, Franklin Lakes, 
U S A ) and then separated by centrifugation for 10 m i n 
at 1000 g w i t h i n 30 m i n of blood collection. Plasma was 
subsequently stored i n aliquots at — 80 °C unti l further 
analysis. 

Laboratory analyses 
Routine biochemical parameters (glucose, H b A l C , insu
l in , C-peptide) were measured by an automated analyzer 
Cobas 8000 (Roche) o n the day of blood collection. C o n 
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 ( G L U C 3 , Roche Diagnostics G m b H , M a n 
nheim, Germany). Levels of H b A l C were measured by 
ion exchange chromatography using the Arkray Adams 
H A - 8 1 8 0 V analyzer (Arkray Corporat ion, Kyoto, Japan). 
Insulin and C-peptide levels were determined wi th com
mercially available kits (Immunotech, Marseille, France) 
using an immunoradiometric assay wi th specific antibod
ies. Based on fasting glucose and insulin levels the home
ostasis model assessment of p-cell funct ion ( H O M A - p ) , 
homeostasis model assessment of insulin resistance 

( H O M A - I R ) indexes [22], and quantitative insulin sensi
tivity check index ( Q U I C K I ) [23] were calculated. 

Plasma glucagon, G L P - 1 , and G I P concentrations were 
measured by commercial multiplex assay (Human M e t 
abolic H o r m o n e Magnetic Bead Panel, H M H E M A G -
34 K , Mer ck Mi l l ipore , U S A ) . Sensitivity was 13.0 pg/mL 
for glucagon, 1.2 pg/mL for G L P - 1 and 0.6 pg/mL for GIP. 
Intra- and inter-assay variabilities for the kits were < 10% 
and 15%, respectively. 

Statistical analyses 
A l l variables are summarized as mean ± standard devia
t ion (SD) for normally distributed data or median (inter
quartile range) otherwise. N o r m a l distribution was tested 
by Shapiro-Wilk 's test. Differences in variables between 
the groups were analyzed w i t h the t-test for normally 
distributed variables or wi th the M a n n - W h i t n e y 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 ( A U C ) was calculated using 
the trapezoidal rule divided by the time interval. The dis
tr ibution of G I P A U C is approximately normal . G i v e n the 
distribution of the measurements and the desired power 
of 80% we would need 16 participants i n each group to 
detect a difference of 33% (i.e. 100 pg/mL) in any direc
t ion by a two-tailed t-test. The distribution of G L P - 1 A U C 

is approximately normal after log transformation. Given 
the distribution of the measurements and the desired 
power of 80% we w o u l d 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 wi th 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). A l l participants were of 
Caucasian ethnicity. W o m e n w i t h i - F P G had significantly 
higher B M I , F P G , H b A l c , and C-peptide levels com
pared to healthy pregnant women or compared to non
pregnant healthy controls. O n l y in comparison to healthy 
pregnant women they also had lower H O M A - | 3 . Healthy 
pregnant women had significantly lower F P G compared 
to non-pregnant healthy controls. There were no differ
ences between groups in H O M A - I R and Q U I C K I . F P G 
and H b A l c levels i n all pregnant women positively cor
related wi th B M I (p = 0.37, p = 0.49 respectively). N o 
significant differences in fasting plasma concentration of 
G L P - 1 , GIP, or glucagon between pregnant women were 
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92 women met inclusion criteria 

Excluded (14) 
- 1 4 decline participation 

78 women enrolled 

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

71 women completed study 

22 pregnant women w i th early 
diagnosed fasting plasma impairment 25 healthy pregnant women 24 non-pregnant healthy controls 

F i g . 1 Flow d iag ram o f s tudy par t ic ipants, MMTT m i xed meal to le rance test 

Tab le 1 Basic clinical and laboratory characteristics in individual groups 

P r e g n a n t w o m e n i-FPG (n = 22) H e a l t h y p r e g n a n t w o m e n (n = 2 5 ) N o n - p r e g n a n t 
h e a l t h y c o n t r o l s 
(n = 24) 

age (years) 31.6 ± 5 . 0 29.4 ± 3 . 0 29.2 ± 3 . 5 

gestat iona l age (weeks) 11.3 ± 2.1 1 1 . 0 ± 1 . 9 -
Weigh t (kg) 8 0 . 0 ± 1 4 . 5 b ' c 6 8 . 0 ± 1 2 . 3 a 6 4 0 ± 6 . 8 a 

BMI ( k g / m 2 ) 2 8 . 9 ± 5 . 4 b ' c 2 3 . 4 ± 4 . 0 a 2 2 . 6 ± 2 . 8 a 

FPG (mmo l / L ) 5.1 ± 0 . 4 b i 4 . 4 ± 0 . 4 a c 4 . 7 ± 0 . 3 a ' b 

H b A l c ( m m o l / m o l ) 3 3 . 0 ± 2 . 7 b c 2 9 . 9 ± 2 . 5 a 31.1 ± 1 . 8 " 

C-pept ide (pg /mL) 121 1 ( 7 2 0 ) b c 840 (378) a 1078 (526) a 

Insul in ( p g / m L ) 348 (381) 306 (343) 296 (324) 

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

HOMA -3 105 (108 ) b 2 1 4 ( 2 8 3 ) a 173(143) 

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

GLP-1 (pg /mL) 6 . 4 ( 1 4 9 ) c 4 7 ( 1 9 . 9 ) 2.6 (5.7) a 

GIP ( p g / m L ) 36.3 (28.4) c 36.3 (35.5) c 56.5 ( 4 6 . 6 ) a b 

Glucagon (pg /mL) 49.2 (31.4) 50.6 (32.2) 38.9 (42.2) 

Values are expressed means ±standard deviation or medians and interquartile ranges (for data wi th non-normal distribution). Laboratory samples were taken in a 
fasting state. All investigated women represent the Caucasian populat ion 

Uncorrected differences (p<0.05) according to the t-test (for normally distr ibuted variables) or to the Mann-Whitney U-test (for non-normally distr ibuted variables): 
i-FPG impaired fasting plasma glucose, BMI body mass index, FPG fasting plasma glucose, HbAK glycated hemoglobin A 1 C , HOMA-IR homeostasis model assessment 
of insulin resistance, HOMA-(i homeostasis model assessment of [3-cell funct ion, QUCKI quantitative insulin sensitivity check index, GLP-1 glucagon-like peptide 1, GIP 
glucose-dependent insulinotropic peptide 
a — vs pregnant women wi th Ifpg 
b = vs healthy pregnant women 
c = 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 w i t h i - F P G there were also significantly 
higher fasting G L P - 1 concentrations compared to non
pregnant controls—see Table 1, Fig. 2. 

Changes of glucose and hormones levels during M M T T 

Figure 2 shows changes in glucose and hormone lev
els during the M M T T . W o m e n wi th i - F P G had signifi
cantly higher C-peptide levels throughout the M M T T 
and higher blood glucose levels at 30, 60, and 120 m i n 
of the M M T T compared to healthy pregnant or non
pregnant controls. They also had higher insulin levels 
after 60 and 120 m i n of the M M M T , 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 m i n of the M M T T 
compared wi th non-pregnant controls. Table 2 shows 
A U C for glucose and hormones levels i n individual 
groups. G l u c o s e A U C , C - p e p t i d e A U C , and i n s u l i n A U C were 
significantly increased i n pregnant women w i t h i - F P G 
compared to healthy pregnant women or non-pregnant 
controls. These differences were not significant after 
adjustment for B M I . Higher G L P - 1 levels i n all pregnant 
women i n comparison to non-pregnant controls were 
observed only at 180 m i n of the M M T T . N o other signifi
cant differences in G L P - 1 were detected between groups 
during the M M T T test and there were no significant 
differences in glucagon and G I P levels. N o significant 

differences i n G L P - 1 A U C , G I P A U C , g l u c a g o n A U C between 
investigated groups were detected - see Table 2. 

There was a correlation between G L P - 1 A U C and G I P A U C 

(p = 0.41) and between g l u c a g o n A U C and both G L P - 1 A U C 

(p = 0.37) and G I P A U C (p = 0.36) i n all pregnant women. 
In pregnant women wi th i - F P G , g l u c a g o n A U C correlated 
wi th G L P - 1 A U C (p = 0.48), whereas i n healthy pregnant 
women there was a correlation between g l u c a g o n A U C and 
G I P A U C (p = 0.49). Correlations between selected base
line parameters and G L P - 1 A U C , G I P A U C and g l u c a g o n A U C 

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 w i t h impaired fasting glucose w i l l dem
onstrate an altered incretin response during mixed meal 
tolerance test i n an early phase of pregnancy as compared 
to pregnant women wi th normal glucose tolerance. A s 
expected, women w i t h early diagnosed i - F P G were more 
obese and showed signs of decreased beta-cell func
t ion measured by H O M A - | 3 . A l t h o u g h they had higher 
C-peptide levels, markers of insulin resistance ( H O M A -
IR, Q U I C K I ) did not significantly differ compared to 
controls. Despite the impaired glucose homeostasis and 
insulin secretion, our study d i d not find significant dif
ferences i n G L P - 1 , and GIP concentration during fast
ing state or during 3-h oral M M T T (measured as A U C ) 

T i m e ( m i n ) T i m e (m in ) 0 30 60 i ; 
T i m e (m in ) 

T i m e ( m i n ) T i m e (m in ) l i m e ( m i n ) 

F i g . 2 Changes o f g lucose a n d h o r m o n e s levels d u r i n g MMTT in ind iv idual g roups . Mean and 9 5 % con f i dence intervals are s h o w n for g lucose, GIP 
and g l u c a g o n . Insul in, C-pep t ide a n d GLP-1 f o l l ow approx imate ly l og -no rma l d i s t r i bu t ion so g e o m e t r i c m e a n (equiva lent to a r i thmet ic mean in log 
t rans fo rmed data) and 9 5 % con f i dence intervals are d isp layed. Con f idence intervals were o b t a i n e d in all cases by 10,000 t imes boo ts t rapp ing . B l u e -
for w o m e n w i t h impa i red fast ing plasma g lucose, red—fo r heal thy p regnan t w o m e n , green - for n o n - p r e g n a n t heal thy cont ro ls 
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Tab le 2 Area under the curve dur ing 3 h mixed meal tolerance test for glucose and hormones levels in individual groups 

P r e g n a n t w o m e n H e a l t h y p r e g n a n t N o n - p r e g n a n t h e a l t h y c o r r e c t e d p - va lue 
i-FPG (n = 22) w o m e n (n = 25) c o n t r o l s (n = 24) 

g l u c o s e A U C ( m m o l / m L / m i n ) 5 . 4 7 ± 1 . 0 0 b ' c 4 . 4 0 ± 0 . 6 4 a 4 . 4 0 ± 0 . 5 3 a < 0.001 

g l u c o s e A U C ad jus ted for BMI ( m m o l / m L / m i n ) 5.05 ± 0 . 8 8 4.54 ± 0 . 7 3 4 . 6 2 ± 0 . 4 8 NS 

C - p e p t i d e A U C ( p g / m L / m i n ) 3037 (833) b ' c 2307 (822) a 2092 (554) a < 0.001 

C - p e p t i d e A U C ad jus ted for BMI ( p g / m L / m i n ) 2716 (954) 2477 (941) 2235(760) NS 

i n s u l i n A U C ( p g / m L / m i n ) 1979 (973) b ' c 1271 (734) a 1001 (692) a 0.007 

i n s u l i n A U C ad jus ted for BMI ( p g / m L / m i n ) 1751 (660) 1485 (940) 1 079 (723) NS 

GLP-1 A u c ( p g / m L / m i n ) 19.0 (53.1) 16.7 (22.3) 1 6.7 (9.8) NS 

G L P - 1 A U C ad jus ted for BMI ( p g / m L / m i n ) 19.6 (54.9) 16.9(18.5) 17.0(10.6) NS 

G I P A U C ( p g / m L / m i n ) 31 7 ± 124 2 9 0 ± 8 9 303 ± 8 0 NS 

G I P A U C ad jus ted for BMI ( p g / m L / m i n ) 3 3 6 ± 1 1 9 2 8 6 ± 8 5 2 9 7 ± 8 1 NS 

g l u c a g o n A U C ( p g / m L / m i n ) 6 3 . 2 ± 2 8 . 1 6 1 . 7 ± 3 2 . 9 60.6 ± 2 9 . 5 NS 

g l u c a g o n A U C ad justed for BMI ( p g / m L / m i n ) 65.8 ± 2 6 . 9 6 1 . 6 ± 32.9 60.3 ± 2 9 . 4 NS 

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

i-FP impaired fasting plasma glucose, GLP-1 =glucagon- l ike peptide 1, G/P glucose-dependent insulinotropic peptide, AUC area under the curve dur ing 3 h mixed 

meal tolerance test, NS non-significant 
a = v s pregnant women with i-FPG 
b = v s healthy pregnant women 
c = v s non-pregnant healthy controls 

between pregnant women w i t h impaired fasting glucose 
diagnosed i n the first trimester of pregnancy and age-
matched healthy pregnant controls. 

O n l y a few studies investigated G L P - 1 and GIP concen
trations in women wi th G D M and reported contrasting 
results. Cypryk et al. did not f ind an impaired secretion 
of G L P - 1 and G I P during O G T T i n women w i t h G D M 
[7]. They were more insulin resistant compared to con
trols. Decreased G L P - 1 secretion during O G T T in 
women wi th G D M was observed by Lencioni et al. [8]. 
These women had similar weight and B M I compared to 
the healthy pregnant controls, but they showed lower 
first-phase insulin secretion and insulin sensitivity secre
t ion index. Reduced G L P - 1 responses during O G T T 
were also found by Sukumar et al. [9]. These G D M sub
jects showed impaired insulin secretion, but they d i d not 
differ in H O M A - I R . Bonde et al. investigated postpran
dial G L P - 1 responses i n women wi th G D M during the 
M M T T [10]. They showed reduced postprandial G L P - 1 
secretion compared to 3 - 4 months postpartum, but the 
G L P - 1 response d id not differ f rom women w i t h normal 
glucose tolerance during pregnancy (in the third trimes
ter). Mosavat et al. found lower both G L P - 1 and G I P fast
ing levels in patients wi th G D M [11]. They also had lower 
(5-cell function as measured by H O M A - p . Lower G L P - 1 
and GIP were independently associated wi th a higher risk 
for G D M . Surprisingly, Fritsche et al. detected increased 
G L P - 1 and G I P secretion during O G T T in women wi th 

G D M [12]. These women had lower insulin secretion 
and similar B M I compared to healthy controls. Authors 
explain the pronounced G L P - 1 response as part of a com
pensatory mechanism counteracting G L P - 1 resistance in 
G D M subjects. A l l above mentioned studies focused on 
women wi th G D M diagnosed i n the second trimester. 
Discrepant findings may be due to varied proport ion of 
insulin resistance, and/or impaired insulin secretion 
(due to impaired incretin production or incretin resist
ance) in women wi th different G D M phenotypes. In our 
study, although women w i t h impaired fasting glucose in 
the first trimester showed decreased beta-cell function, 
G L P - 1 or G I P fasting concentrations were not altered 
and no significant changes i n their secretion during a 3-h 
oral M M T T were detected. O u r study thus does not sup
port the possibility that impaired incretin secretion plays 
a major role in the development of early G D M . 

Similar to others [9, 12] we also d i d not detect dif
ferences in glucagon fasting or postprandial secretion 
between pregnant women. G L P - 1 inhibits, whereas G I P 
stimulates glucagon secretion [24]. A significant positive 
correlation between glucagon and both incretin produc
t ion during M M T T was found in all pregnant women. 
In healthy pregnant women there was a significant cor
relation only between g l u c a g o n A U C and G I P A U C , while 
in women w i t h impaired fasting glucose g l u c a g o n A U C 

correlated only wi th G L P - 1 A u c . Inappropriate posi
tive association between glucagon and G L P - 1 secretion 
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Tab le 3 Correlations between baseline parameters and incretins 

iFPG H e a l t h y p r e g n a n t A l l P r e g n a n t N o n - p r e g n a n t 

f a s t i n g AUC f a s t i n g AUC f a s t i n g AUC f a s t i n g AUC 

Age GLP-1 - 0.09 - 0.08 0.21 0.23 0.07 0.12 - 0 . 1 6 - 0.23 

GIF - 0.33 - 0.04 0.18 0.14 - 0.08 0.09 - 0.21 - 0.06 

G lucagon - 0.01 - 0.21 - 0.02 0.09 0.02 -0.04 - 0.26 - 0 . 2 0 

BMI GLP-1 - 0 . 1 5 - 0.42 - 0 . 0 1 - 0.09 0.01 -0.12 - 0.42* - 0.37 

GIF - 0.35 - 0.08 - 0 . 0 1 - 0.36 - 0.17 -0.12 - 0.17 0.08 

G lucagon 0.25 0.10 0.04 - 0 . 1 2 0.09 0.09 - 0.34 - 0.27 

H b A l c GLP-1 0.08 0.02 0.14 0.09 0.15 0.10 0.02 - 0.08 

GIF - 0 .51* - 0.09 - 0.13 - 0.13 - 0.30* -0.08 - 0.15 - 0 . 1 1 

G lucagon 0.30 0.17 0.08 - 0.07 0.11 0.03 - 0.37 - 0.28 

FPG GLP-1 - 0.08 0.02 - 0.47* - 0.15 - 0.19 0.03 0.10 - 0.14 

GIF - 0.43* - 0.16 - 0.50* - 0.27 - 0.36* -0.13 0.02 0.19 

Glucagon 0.26 0.15 - 0.40* - 0.44 * - 0.16 -0.09 - 0 . 1 1 - 0.06 

C-pept ide GLP-1 0.06 - 0.13 0.40* 0.20 0.24 0.05 - 0.02 0.03 

GIF 0.02 - 0.05 0.17 0.41 * 0.08 0.21 0.39 0.37 

G lucagon 0.05 - 0.01 0.17 0.10 0.08 0.06 0 .41* 0.45* 

HOMA-IR GLP-1 0.27 0.12 0.30 0.03 0.29 0.12 - 0.08 0.04 

GIF - 0.18 0.16 0.42* 0.14 0.15 0.15 0.17 - 0.02 

G lucagon 0.34 0.29 0.32 0.26 0.33* 0.27 0.24 0.39 

HOMA-ß GLP-1 0.30 0.13 0.45* 0.05 0.35* 0.08 - 0.08 0.03 

GIF - 0.06 0.11 0.66*** 0.33 0.36* 0.20 0.27 - 0.04 

G lucagon 0.25 0.23 0.45* 0.45 * 0.42** 0.33* 0.36 0.45* 

QUICKI GLP-1 - 0.27 - 0.12 - 0.30 - 0.03 - 0 . 2 9 - 0.12 0.08 - 0.04 

GIF 0.18 - 0.16 - 0.42* - 0.14 - 0.15 - 0.15 - 0 . 1 7 0.02 

Glucagon - 0.34 - 0.29 - 0.32 - 0 . 2 6 - 0.33* - 0 . 2 7 - 0.24 - 0 . 3 9 

iFPG impaired fasting plasma glucose, BMI body mass index, FPG fasting plasma glucose, HbAlc glycated hemoglobin A 1 c , HOMA-IR homeostasis model assessment 
of insulin resistance, HOMA-fi homeostasis model assessment of [3-cell funct ion, 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 . 0 1 

" * p < 0.001 

during M M T T was also detected in C-peptide positive 
individuals w i t h type 1 diabetes [25]. Whether this f ind
ing is clinically significant is debatable. Impaired suppres
sion of glucagon by G L P - 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 G D M . 

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 wi th early diag
nosed i - F P G . These results thus cannot be extrapolated 
to women wi th normal glucose levels during the first 
trimester of pregnancy who are diagnosed wi th G D M 
later according to abnormal o G T T at 24-28. week of 

pregnancy. We d i d not perform M M T T in later stages 
of pregnancy, so we cannot exclude the possibility that 
altered incretin secretion in women wi th 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 w i t h different preva
lence of glucose intolerance during pregnancy [5, 17]. 
The homogenous sample of examined pregnant women 
may be a l imitat ion of this study. 

In contrast to confl ic t ing data on the role of incretins, 
obesity seems to be more important factor for G D M 
development. Materna l obesity was associated w i t h 
higher C-pept ide and lower insul in sensitivity even 
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in the first trimester of pregnancy [26]. Diet and early 
mild-moderate exercise have been effective i n G D M 
prevention [27]. In our study, we found higher levels of 
C-peptide both i n fasting state and d u r i n g the M M T T 
in w o m e n w i t h i - F P G compared to healthy controls as 
wel l . However, after adjustment for B M I C - p e p t i d e A U C 

did not show a significant difference. A l t h o u g h B M I 
did not correlate w i t h both fasting and postprandial 
incret in product ion and w o m e n w i t h impaired fasting 
glucose d i d not show a significant increase i n markers 
of insul in resistance ( H O M A - I R , Q U I C K I ) , they had 
reduced beta-cell funct ion as measured by H O M A - p . 
Obesi ty can impair glycemic compensation not only 
through insul in resistance but also through disrupt ion 
of beta-cell funct ion due to adverse secretion of adi -
pokines [28, 29]. Unbalanced adipokine (low adiponec-
t in , h igh leptin) levels were detected even i n overweight 
w o m e n w i t h early-onset G D M [30]. Recently, we have 
also found i n w o m e n w i t h early G D M altered adi -
pokines product ion (increased adipocyte fatty ac id-
b i n d i n g protein and decreased adiponect in levels) that 
correlated w i t h visceral adiposity and glucose control . 
The introduct ion of lifestyle interventions d u r i n g preg
nancy and early G D M treatment was associated w i t h 
not only prevention of weight gain and w i t h glycemic 
compensation, but also normal izat ion of adipokines 
levels [31]. These findings support the possible role of 
endocrine dysfunct ion of adipose tissue i n the develop
ment of G D M . 

Conc lus ion 
W o m e n w i t h early diagnosed impaired fasting g lu
cose d i d not show altered fasting or postprandial 
incret in secretion i n the first trimester of pregnancy. 
These patients were more obese and showed signs of 
decreased beta-cell funct ion. In contrast to obesity, 
impaired incret in secretion does not seem to play a 
major role i n the early development of G D M . 
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Abbrev ia t i ons 
AUC Area under the curve 
BMI Body mass index 
FPG Fasting plasma glucose 
GDM Gestational diabetes mellitus 
Gl P Glucose-dependent insulinotropic pept ide 
GLP-1 Glucagon-like pept ide 1 
HbA | C Glycated hemoglob in A , c 

HOMA-IR Homeostasis model assessment o f insulin resistance 
HOMA-ß Homeostasis model assessment o f ß-cell funct ion 
IADPSG International association o f 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 
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A b s t r a c t : B a c k g r o u n d : A d i p o n e c t i n , ad ipocyte fatty a c i d - b i n d i n g p r o t e i n ( A - F A B P ) , a n d fibroblast 

g r o w t h factor-19 (FGF-19) b e l o n g to prote ins i n v o l v e d i n glucose m e t a b o l i s m regula t ion . T h e a ims 

of the s t u d y w e r e to c o m p a r e the p l a s m a levels of these prote ins i n w o m e n w i t h ear ly d i a g n o s e d 

gestat ional diabetes m e l l i t u s ( G D M ) to those i n hea l thy controls a n d to invest igate their changes 

d u r i n g p r e g n a n c y after ear ly i n t e r v e n t i o n . M e t h o d s : The s t u d y w a s u n d e r t a k e n as a case-control 

study. E a r l y G D M diagnos is w a s based o n repeated fast ing p l a s m a glucose >5.1 a n d <7.0 m m o l / L 

d u r i n g the first tr imester of p r e g n a n c y a n d exc lus ion of overt diabetes. A g e - m a t c h e d controls c o m 

p r i s e d h e a l t h y p r e g n a n t a n d n o n - p r e g n a n t w o m e n . I n a d d i t i o n to a d i p o k i n e s , c l i n i c a l parameters 

and measures of glucose control were assessed. Results: W o m e n w i t h G D M (n = 23) h a d signif icantly 

lower adiponect in a n d higher A - F A B P levels compared to healthy pregnant (n = 29) or non-pregnant 

(n = 25) controls, w h i l e n o significant differences i n FGF-19 between the groups were f o u n d . The ther

apeutic intervent ion shifted adiponect in and A - F A B P levels i n G D M w o m e n towards concentrations 

of healthy pregnant controls. A d i p o k i n e s were associated w i t h visceral adiposi ty a n d glucose control . 

C o n c l u s i o n : W o m e n w i t h G D M s h o w e d al tered a d i p o k i n e p r o d u c t i o n even i n the first tr imester of 

pregnancy. E a r l y therapeut ic i n t e r v e n t i o n not o n l y i m p r o v e d glucose contro l b u t also n o r m a l i z e d 

i m p a i r e d a d i p o k i n e p r o d u c t i o n . 

K e y w o r d s : gestational diabetes; adiponect in ; adipocyte fatty a c i d - b i n d i n g prote in ; fibroblast g r o w t h 

factor-19 

1 . Introduction 

Accord ing to the International Associat ion of Diabetes and Pregnancy Study Groups , 
the detection and diagnosis of hyperglycemic disorders i n pregnancy involve two phases [1], 
The first is performed dur ing an init ial prenatal visit (usually i n the first trimester) to identify 
w o m e n w i t h overt diabetes not diagnosed before their pregnancy. If the results are not 
diagnostic for overt diabetes but are abnormal (fasting plasma glucose >5.1 m m o l / L but 
<7.0 m m o l / L ) , early gestational diabetes mell i tus ( G D M ) is suspected. Therefore, if overt 
diabetes is excluded, it is recommended that fasting plasma glucose (FPG) levels i n early 
pregnancy >5.1 m m o l / L are also classified as G D M [1]. The second phase is a 75 g oral 
glucose tolerance test (OGTT) performed at 24-28 weeks of gestation i n a l l women who have 
not been previously diagnosed w i t h overt diabetes or G D M to identify the other w o m e n 
w i t h G D M . H i g h e r F P G levels i n the first trimester ( lower than those diagnosed w i t h 
overt diabetes) have been reported to be also associated w i t h an increased risk of adverse 
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pregnancy outcomes [2]. A s there is not enough data suggesting that generalized testing is 
beneficial i n the diagnosis and treatment of G D M before the usual per iod of 24-28 weeks 
of pregnancy, some guidelines recommend early screening i n high-risk patients only [3]. 

E v e n though the pathophysio logy of G D M is not yet fu l ly understood, it generally 
involves relatively insufficient insul in secretion w i t h increased peripheral insul in resistance 
developing d u r i n g pregnancy [4], A d i p o s e tissue dysfunction is a well-described cause of 
increased insul in resistance. Emerging evidence of altered adipokine expression i n women 
w i t h G D M suggests an important involvement of dysfunct ional adipose tissue and its 
impaired endocrine function i n the development of hyperglycemia d u r i n g pregnancy [5]. 
A d i p o n e c t i n a n d adipocyte fatty ac id -b inding prote in ( A - F A B P ) belong to abundant ly 
expressed adipokines closely related to i n s u l i n resistance [6,7]. The beneficial effects of 
adiponect in o n glucose metabol ism inc lude a reduct ion i n in f lammat ion a n d oxidative 
stress and improvement i n i n s u l i n resistance; a protective effect on pancreatic |3-cells; an 
increase i n glucose ut i l iza t ion and fatty acid ox idat ion i n skeletal muscles; a reduction 
i n hepatic glucose product ion ; a n d an increase i n insul in-s t imulated glucose uptake b y 
adipocytes [6,8]. The main function of A - F A B P is the b inding of free fatty acids, but it is also 
i n v o l v e d i n the regulation of inf lammatory and metabolic processes [7,9]. A n i m a l m o d e l 
studies suggest that A - F A B P is an important player i n the regulation of glucose homeostasis. 
Delet ion of the A - F A B P gene protects mice f r o m i n s u l i n resistance and hyper insul inemia 
associated w i t h obesity [10]. Secretion of A - F A B P f r o m adipocytes can regulate hepatic 
glucose product ion and i n s u l i n secretion b y pancreatic |3-cells [7]. Fibroblast g r o w t h 
factor-19 (FGF-19) is a gut hormone w i t h pleiotropic effects. It is secreted m a i n l y by the 
smal l intestine i n response to feeding. In a d d i t i o n to its role i n bile ac id homeostasis, 
FGF-19 activates an insulin-independent endocrine pathway that regulates hepatic protein 
and glycogen metabol ism, inhibits gluconeogenesis, and promotes glucose uptake i n 
adipocytes [11]. L o w e r FGF-19 levels have been observed in patients w i t h type 2 diabetes 
mellitus and obese patients, suggesting that it plays a role i n weight loss [12]. 

Early detection of G D M allows timely intervention to normalize b lood glucose levels 
and prevent adverse pregnancy outcomes. W e hypothes ized that c irculat ing levels of 
glucoregulatory adipokines were altered i n w o m e n w i t h G D M even i n the first trimester 
of pregnancy and that therapeutic intervention m i g h t i m p r o v e their adverse metabolic 
profiles along w i t h impaired adipokine concentrations. To this end, we compared plasma 
concentrations of adiponectin, A - F A B P , and FGF-19 i n w o m e n w i t h early-diagnosed G D M 
w i t h those i n healthy pregnant w o m e n and healthy non-pregnant controls and s tudied 
their changes d u r i n g pregnancy. 

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

The study was undertaken as a case-control study in accordance w i t h the principles of 
the Declaration of He ls ink i as revised i n 2008. It was reviewed and approved by the Ethics 
Commit tee of M e d i c a l Faculty a n d Univers i ty H o s p i t a l O l o m o u c (approval no. 120/17) 
and informed consent was obtained from all participants. The diagnosis of early G D M was 
based o n repeated F P G levels >5.1 m m o l / L and <7.0 m m o l / L d u r i n g 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 G D M . A l l pregnant w o m e n were 
enrolled i n the first trimester a n d f o l l o w e d for the rest of the pregnancy u n t i l delivery. 
Healthy pregnant women had normal glucose levels throughout their pregnancy, including 
the O G T T at 24-28 weeks of gestation [1]. Non-pregnant age-matched controls comprised 
healthy w o m e n wi thout a personal history of glucose intolerance or diabetes ( inc luding 
G D M or a history of delivering a h igh birth weight baby, i.e., >4.5 kg). A l l study participants 
had normal thyroid function. 

Participants were asked about their personal and medica l history. Their b o d y mass 
index (BMI), waist circumference, and systolic and diastolic b lood pressure (SBP and DBP) 
were also measured. The B M I was calculated as b o d y weight/body he ight 2 (kg/m 2 ) . 
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Waist circumference was measured w h i l e s tanding, i n the m i d d l e between the anterior 
iliac crest and the lower border of the ribs. Pregnant w o m e n (with or wi thout G D M ) 
were examined i n the first (8-14 weeks), second (24-28 weeks), and th i rd (34-38 weeks) 
trimesters. Weight, B M I , waist circumference, SBP, DBP, glucose, glycated hemoglobin A 1 C 
( H b A l C ) , 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 
m i n i m u m of 71 g of protein, and 28 g of fiber; monounsaturated and polyunsaturated fats 
were emphasized w h i l e saturated fats were l imi ted , physical activity—30 m i n of exercise 
(medium intensity walking), 5 days/week, and weight controls) was introduced for women 
w i t h G D M already d u r i n g their first visit ( in the first trimester). Some of them were also 
treated w i t h insul in to achieve the glycemic target. The cut-off values for the introduction 
of i n s u l i n therapy were as fo l lows: repeated F P G level >5.3 m m o l / L ; 1-h postprandial 
glucose level >7.8 m m o l / L , or 2-h postprandial glucose level >6.7 m m o l / L [13]. 

2.2. Laboratory Analyses 

Venous b l o o d samples were collected i n the morn ing after a 12-h fast. Routine serum 
biochemical parameters (glucose, H b A l C , and C-peptide) were analyzed on the day of 
blood collection. Concentrations of adipokines were measured i n sample aliquots stored at 
—80 °C for no longer than 6 months. 

Glucose levels were determined us ing the hexokinase method ( G L U C 3 , Roche D i 
agnostics G m b H , M a n n h e i m , Germany) o n the automated analyzer Cobas 8000 (Roche). 
Levels of H b A l C were measured by i o n exchange chromatography us ing the A r k r a y 
A d a m s H A - 8 1 8 0 V analyzer ( A r k r a y Corporat ion , K y o t o , Japan). C-pept ide levels were 
determined w i t h a commercial ly available kit (Immunotech, Marse i l le , France) us ing an 
immunoradiometr ic assay w i t h specific antibodies. 

A d i p o n e c t i n was determined w i t h the immunochemis t ry kit H u m a n A d i p o n e c t i n 
E L I S A (Biovendor Laboratory Medic ine Inc., Brno, Czech Republic) according to the manu
facturer's instructions. The antibodies used i n this kit are specific for h u m a n adiponectin. 
The assay sensitivity was 26 n g / m L ; the precision coefficients of variation (CVs) were 4.9% 
(intra-assay) and 6.7% (inter-assay). 

Levels of A - F A B P were assessed using the H u m a n Adipocyte FABP4 E L I S A kit (Bioven
dor Laboratory Medic ine Inc.) according to the manufacturer's instructions. The antibodies 
used i n this E L I S A are specific for h u m a n A - F A B P . The assay sensitivity was 0.08 n g / m L ; 
the precision C V s were 2.5% (intra-assay) and 3.9% (inter-assay). 

Levels of FGF-19 were obtained w i t h H u m a n FGF-19 E L I S A (Biovendor Laboratory 
M e d i c i n e Inc.) according to the manufacturer 's instructions. The antibodies used i n this 
E L I S A are specific for h u m a n FGF-19. The assay sensitivity was 4.8 p g / m L ; the precision 
C V s were 6% (intra-assay) and 7.5% (inter-assay). 

2.3. Statistical Analyses 

A l l values were expressed as medians and interquartile ranges. Differences i n variables 
between the groups were analyzed w i t h the M a n n - W h i t n e y U-test. Differences between 
samples i n i n d i v i d u a l trimesters were analyzed using the Wilcoxon signed-rank test. A n a l 
ysis of covariates ( A N C O V A ) served to eliminate group differences i n confounding factors. 
Spearman correlation analyses tested correlations between parameters i n a l l groups. The 
Spearman coefficient (p) was used to express the value of correlation. Mul t ivar ia te linear 
regression analyses were used for testing for independent associations between dependent 
and independent variables. Probabi l i ty 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 w o m e n w i t h early diagnosed G D M , 29 pregnant w o m e n 
wi thout G D M , and 25 non-pregnant healthy controls met the el igibi l i ty criteria for this 
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s t u d y . I n the f i r s t t r i m e s t e r , w o m e n w i t h G D M h a d a s i g n i f i c a n t l y h i g h e r w e i g h t , B M I , w a i s t 

c i r c u m f e r e n c e , F P G , H b A l C , a n d C - p e p t i d e l e v e l s c o m p a r e d t o b o t h p r e g n a n t w o m e n 

w i t h o u t G D M a n d n o n - p r e g n a n t h e a l t h y c o n t r o l s . P r e g n a n t w o m e n w i t h o u t G D M h a d 

s i g n i f i c a n t l y h i g h e r w a i s t c i r c u m f e r e n c e a n d C - p e p t i d e l e v e l s , b u t l o w e r F P G a n d H b A l C 

l e v e l s c o m p a r e d to n o n - p r e g n a n t h e a l t h y c o n t r o l s . 

L e v e l s o f a d i p o n e c t i n w e r e s i g n i f i c a n t l y d e c r e a s e d a n d l e v e l s o f A - F A B P w e r e s i g n i f i 

c a n t l y e l e v a t e d i n w o m e n w i t h G D M c o m p a r e d t o b o t h p r e g n a n t w o m e n w i t h o u t G D M 

a n d n o n - p r e g n a n t h e a l t h y c o n t r o l s . I n c o n t r a s t , A - F A B P l e v e l s w e r e d e c r e a s e d i n w o m e n 

w i t h o u t G D M c o m p a r e d t o n o n - p r e g n a n t h e a l t h y c o n t r o l s . T h e r e w e r e n o s i g n i f i c a n t d i f 

f e r e n c e s i n F G F - 1 9 b e t w e e n t h e g r o u p s . See T a b l e 1. A N C O V A a n a l y s i s s h o w e d t h e s a m e 

s i g n i f i c a n t d i f f e r e n c e s i n a d i p o k i n e s b e t w e e n g r o u p s e v e n a f ter a d j u s t i n g f o r B M I . 

Table 1 . Basel ine c l in i ca l a n d laboratory parameters i n i n d i v i d u a l groups . 

Pregnant W o m e n w i t h Pregnant W o m e n N o n - P r e g n a n t 
G D M w i t h o u t G D M H e a l t h y C o n t r o l s 

(n = 23) (n = 29) (n = 25) 

age 
(years) 

32.0 (27.1-36.2) 30.0 (27.9-32.3) 29.4 (26.6-33.0) 

gestational age 
(weeks) 

11.1 (10.2-11.8) 10.9 (9.9-11.6) -

w e i g h t 

(kg) 
80.2 (72.3-88.9) b - c 65.1 (61.3-74.9) a 63.6 (59.9-67.6) a 

B M I 
( k g / m 2 ) 

28.5 (25.4-32.8) b< c 23.4 (20.4-25.1) a 21.9 (20.3-23.9) a 

waist 
(cm) 96.3 (91.4-97.8) b - c 80.5 (74.4-87.5) a<c 75.5 (70.4-81.6) a - b 

SBP 
( m m H g ) 

121.9 (109.1-129.4) 120.2 (111.5-127.4) 117.1 (110.0-126.9) 

D B P 
( m m H g ) 

76.3 (67.2-81.6) 78.0 (69.8-81.3) 74.2 (69.0-80.6) 

F P G 
( m m o l / 1 ) 5.1 (4.9-5.3) b - c 4.3 (4.1-4.4) a - c 4.7 (4.5-4.8) a - b 

H b A l c 

( m m o l / m o l ) 
32.3 (30.6-34.9) b ' c 30.0 (27.5-32.2) a<c 31.0 (30.9-33.2) a - b 

C - pe pt id e 
( p m o l / 1 ) 

922.4 (533.5-1468.0) b - c 602.1 (416.5-748.3) a 510.5 (405.0-595.6) a 

a d i p o n e c t i n 
(ug/mL) 

8.9 (7.2-11.1) b - c 11.1 (9 .8-13.4) a 10.6 (9 .3-12.6) a 

A - F A B P 
(ng/mL) 

28.6 (20.4-39.4) b - c 13.7 (10.8-16.2) a - c 20.3 (17.7-26.8) a ' b 

F G F - 1 9 
( p g / m L ) 

182.2 (101.3-309.3) 216.4 (131.7-350.5) 266.6 (164.4-320.3) 

G D M = gestational diabetes mellitus; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood 
pressure; F P G = fasting plasma glucose; H b A l C = glycated hemoglobin A 1 C ; A - F A B P = 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: a = vs. women with G D M ; b = vs. women 
without G D M ; c = 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 d u r i n g preg
nancy are s h o w n i n Table 2. Lifestyle a n d behavioral changes were recommended to al l 
patients w i t h G D M d u r i n g their first visit , w i t h 30% of them (7 of 23) being treated w i t h 
i n s u l i n ( insul in therapy was init iated at a m e d i a n of 15 (14-17} weeks). Because of the 
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early therapy for G D M , there were no significant differences in weight, B M I , and H b A l C 
between w o m e n w i t h and wi thout G D M d u r i n g the second and th i rd trimesters com
pared to the first trimester. W h i l e w o m e n without G D M gradual ly increased their weight 
and B M I throughout their pregnancy, those w i t h G D M s h o w e d a significant rise i n their 
weight and B M I only i n the third trimester. Those w i t h G D M showed significantly higher 
waist circumference i n the second trimester and higher fasting glucose levels only i n the 
third trimester compared to w o m e n without G D M . A s i n the first trimester, no significant 
differences i n SBP and D B P were f o u n d i n the second and third trimesters. 

Table 2 . Changes i n selected c l in ica l parameters , glucose control , a n d a d i p o k i n e s d u r i n g pregnancy 

i n w o m e n w i t h a n d w i t h o u t G D M . 

First Trimester 
(8-12 Weeks) 

Second Trimester 
(24-28 Weeks) 

Third Trimester 
(34-38 Weeks) 

weight 
(kg) 

G D M + 
G D M — 

80.2 (72.3-88.9) 
65.1 (61.3-74.9) b - c 

77.5 (68.0-93.9)c 

77.0(71.2-82.2)« 
82.0 (77.2-90.0) b 

83.2 (74.7-90.5) a<b 

BMI 
(kg/m 2) 

G D M + 
G D M — 

28.5 (25.4-32.8) 
23.4 (20.4-25.1) b - c 

27.5 (23.7-32.4) c 

25.9 (23.6-28.0) a<c 

27.4 (25.8-33.8) b 

28.5 (25.1-31.0) a - b 

waist 
(cm) 

G D M + 
G D M — 

96.3 (91.4-97.8)c 

80.5 (74.4-87.5) b - c 

104.5 (98.3-110.1)c 

96.0 (90.2-102.5) a- c 

108.3 (103.2-114.4) a - b 

106.1 (98.7-114.5) a - b 

SBP 
(mm Hg) 

G D M + 
G D M -

121.9 (109.1-129.4) 
120.2 (111.5-127.4) 

120.0(112.5-129.6) 
118.1 (108.9-120.4) 

123.8 (117.3-132.1) 
121.2 (114.0-130.5) 

DBP 
(mm Hg) 

G D M + 
G D M -

76.3(67.2-81.6) 
78.0(69.8-81.3) 

73.2 (69.5-76.5)c 

71.2 (64.9-75.1) 
82.1 (74.7-85.3) b 

77.5 (88.0-81.0) 

F P G 
(mmol/L) 

G D M + 
G D M -

5.1 (4.9-5.3) b 

4.3 (4.1-4.4) 
4.5 (4.4-5.0) a 
4.2 (4.0-4.9) 

4.8 (4.3-5.3) 
4.4 (4.1-4.5) 

H b A l c 

(mmol/mol) 
G D M + 
G D M — 

32.3 (30.6-34.9)c 

30.0 (27.5-32.2)c 

31.0 (30.2-33.1)c 

29.5 (28.1-31.0)c 

36.0 (32.0-38.5) a - b 

33.3 (31.0-34.2) a - b 

adiponectin 
(ug/mL) 

G D M + 
G D M -

8.9 (7.2-11.1) 
11.1 (9.8-13.4)c 

8.9 (7.7-10.3) 
10.2 (7.2-13.5) 

9.0 (7.3-10.7) 
9.1 (8.0-12.1)a 

A - F A B P 
(ng/mL) 

G D M + 
G D M — 

28.6 (20.4-39.4) b - c 

13.7 (10.8-16.2)c 

21.8 (12.8-26.2) a 

14.3 (11.0-18.0)c 

23.8 (19.4-30.1)a 

22.4 (13.4-29.3) a - b 

FGF-19 
(pg/mL) 

G D M + 
G D M -

182.2(101.3-309.3) 
216.4 (131.7-350.5) 

210.1 (104.6-360.0) 
192.0 (139.6-289.3) 

193.1 (105.1-250.4) 
205.5 (87.4-302.0) 

G D M = gestational diabetes mellitus; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood 
pressure; F P G = fasting plasma glucose; H b A l C = glycated hemoglobin A 1 C ; A - F A B P = 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: a = vs. 1st trimester; b = vs. 2nd 
trimester; c = vs. 3rd trimester or significant differences according to the Mann-Whitney U-test: = women with 
G D M (n = 23) vs. women without G D M (n = 29). 

Changes i n adipokines reflected changes i n b o d y weight and B M I , see Table 2 and 
Figure 1. A d i p o n e c t i n concentrations remained almost unchanged i n the G D M group 
but d r o p p e d significantly i n controls without G D M . A s a result, there were no significant 
differences i n adiponect in levels between the groups ( G D M + vs. G D M — ) d u r i n g the 
second and th i rd trimesters. A - F A B P decreased i n w o m e n w i t h G D M and increased i n 
those without G D M d u r i n g pregnancy. Thus, A - F A B P was significantly higher in patients 
w i t h G D M only i n the second trimester w h i l e it d i d not differ between the groups i n the 
third trimester ( G D M + vs. G D M — ) . N o significant changes i n FGF-19 were detected in both 
groups d u r i n g pregnancy. FGF-19 levels d i d not significantly differ between the groups 
( G D M + vs. G D M — ) throughout the study. 
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Adiponectin (u.g/L) 

1. t r i m e s t e r 2. t r i m e s t e r 3. t r i m e s t e r 

• a d i p o n e c t i n G D M + • a d i p o n e c t i n G D M -

A-FABP (ng/L) 

1. t r i m e s t e r 2. t r i m e s t e r 3. t r i m e s t e r 

ffl A - F A B P G D M + H A - F A B P G D M -

FGF-19 (pg/L) 

o 

n . s . _ 

x t 

11111 
1. t r i m e s t e r 2. t r i m e s t e r 3. t r i m e s t e r 

13 F G F - 1 9 G D M + O FGF-19 G D M -

Figure 1. Leve ls of a d i p o k i n e s i n different groups . G D M = gestat ional diabetes m e l l i t u s ; A - F A B P = 

adipocyte fatty a c i d - b i n d i n g p r o t e i n ; F G F - 1 9 = f ibroblast g r o w t h factor-19. Va lues are expressed as 

medians (boxes) a n d interquart i le ranges (whiskers) . 

3.3. Relationship of Adipokines to Clinical and Laboratory Parameters 

Univariate correlation analyses of baseline data were performed in a l l pregnant women 
(n = 52). A d i p o n e c t i n was significantly inversely (p < 0.05) correlated w i t h b o d y weight 
( p = -0.34), B M I ( p = -0.39), waist circumference ( p = -0.31), F P G ( p = -0.38), and H b A l C 
( p = -0.23). A - F A B P was positively correlated w i t h body weight ( p = 0.55), B M I ( p = 0.52), 
waist circumference ( p = 0.53), SBP ( p = 0.17), F P G ( p = 0.46), and H b A l C ( p = 0.42). FGF-19 
was inversely correlated w i t h body weight ( p = -0.23), B M I ( p = -0.20), SBP ( p = -0.39), and 
D B P ( p = —0.32). There was also a significant inverse correlation between adiponectin and 
A - F A B P levels ( p = —0.18). FGF-19 was correlated w i t h neither adiponectin nor A - F A B P . 
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Table 3 shows the results of a multivariate regression analysis of independent factors 
affecting adiponectin, A - F A B P , and FGF-19 as dependent variables based on data f rom al l 
three trimesters i n all pregnant women (n = 52). Adiponect in was independently associated 
w i t h waist circumference and F T D A I C ; A - F A B P w i t h weight, SBP, and fasting glucose; and 
FGF-19 w i t h SBP only. 

Table 3. M u l t i v a r i a t e l inear regress ion analys is of i n d e p e n d e n t factors affect ing a d i p o n e c t i n , 

adipocyte fatty a c i d - b i n d i n g prote in , a n d fibroblast g r o w t h factor-19 as dependent variables . 

Adiponectin 

Unstandardized coefficients Standardized coefficients 
Sig. 

B SE Beta SE t Sig. 

weight 0.259 0.464 0.034 0.061 0.558 0.578 

B M I -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 

F P G 0.093 0.226 0.211 0.511 0.414 0.680 

H b A l c 0.530 0.257 0.175 0.085 2.065 0.046 

Adipocyte-fatty acid binding protei n 

Unstandardized coefficients Standardized coefficients 
Sig. 

B SE Beta SE t Sig. 

weight 1.056 0.497 0.313 0.148 2.124 0.035 

B M I 0.168 0.447 0.144 0.382 0.377 0.707 

waist -0 .191 0.370 - 0 . 0 4 7 0.091 - 0 . 5 1 5 0.607 

F P G 0.760 0.246 3.860 1.251 3.087 0.002 

H b A l c 0.332 0.293 0.246 0.217 1.134 0.259 

S B P 1.210 0.287 0.240 0.057 4.214 0.000 

Fibroblast growth factor-19 

Unstandardized coefficients Standardized coefficients 
Sig. 

B SE Beta SE t Sig. 

weight 0.200 0.916 0.895 4.107 0.218 0.828 

B M I -0 .242 0.879 - 3 . 1 2 3 1.340 - 0 . 2 7 5 0.783 

S B P 0.722 0.753 2.157 2.250 0.959 0.039 

D B P -0 .015 0.666 - 0 . 0 7 2 3.146 - 0 . 0 2 3 0.982 
BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; F P G = fasting plasma 
glucose; H b A l C = glycated hemoglobin A1C. 

4. Discussion 

The present study demonstrated that w o m e n w i t h early diagnosed G D M h a d signifi
cantly decreased concentrations of adiponect in and increased concentrations of A - F A B P 
compared to pregnant w o m e n wi thout G D M or non-pregnant healthy controls. Both 
adipokines correlated w i t h visceral adiposity and glucose control. A - F A B P was inversely 
correlated w i t h adiponectin and both adipokines were associated w i t h markers of visceral 
adiposity and glucose control. Multivariate regression analysis showed independent associ
ations between adiponectin and waist and H b A l C , as wel l as between A - F A B P and weight, 
SBP, and fasting glucose levels. Importantly, the introduction of early therapeutic interven
t ion was associated w i t h the shift ing of circulat ing concentrations of these adipokines to 
levels comparable w i t h those in healthy pregnant women. 

In previous studies, adiponectin levels were f o u n d to be lower i n w o m e n w i t h G D M ; 
addit ionally, hypoadiponect inemia i n early pregnancy c o u l d be considered a predict ive 
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marker for G D M development [14-18]. A meta-analysis comprising 2865 pregnant women 
showed that pre-pregnancy and early pregnancy measurements of circulating adiponectin 
may i m p r o v e the identif icat ion of w o m e n at h i g h risk for deve loping G D M [19]. First 
trimester adiponect in concentrations h a d a pooled sensitivity of 60.3%, a specificity of 
81.3%, and a diagnostic odds ratio of 6.6 for G D M prediction. However, there are also some 
conflict ing f indings. For example, Ebert et a l . reported that adiponect in concentrations 
were lower i n pregnant w o m e n compared to non-pregnant w o m e n but were not affected 
by G D M presence [20]. Discrepancies between studies m a y be due to different diagnostic 
criteria, p o p u l a t i o n characteristics, pregnancy rates, and the appl icat ion of treatment 
measures. Decreased adiponect in expression d u r i n g pregnancy is thought to increase 
i n s u l i n resistance, leading to decreased glucose uptake. In the case of G D M , pancreatic 
cell dysfunct ion is unable to overcome i n s u l i n resistance, resulting i n hyperglycemia [8]. 
The independent association between adiponect in a n d H b A l C i n our s tudy highl ights 
the possible role of adiponect in i n glucose control. The present s tudy also shows that 
early implementat ion of lifestyle interventions not only attenuated weight gain but also 
prevented further decreases i n adiponectin levels d u r i n g pregnancy i n women w i t h G D M , 
shift ing their adiponect in concentrations i n the th i rd trimester to levels s imilar to those 
seen i n healthy pregnant women. 

Several studies have found significantly elevated A - F A B P i n women w i t h G D M [21-29], 
w i t h some authors f inding that elevated circulating A - F A B P levels dur ing the first trimester 
were associated w i t h a higher r isk of deve loping G D M [27,28]. Z h a n g et al . reported a 
trend toward increasing A - F A B P levels i n the second to the third trimester i n patients w i t h 
G D M [23]. We found this tendency in healthy pregnant women as wel l . A - F A B P is secreted 
by adipocytes and is also released f rom the placenta i n pregnant w o m e n [30]. Circulat ing 
levels of A - F A B P are associated w i t h l ipolys is and rise due to i n s u l i n resistance d u r i n g 
pregnancy. A - F A B P overexpression i n the placenta a n d dec idua i n G D M is st imulated 
by the action of placental lactogen, progesterone, and the synergistic effect of estrogen 
and progesterone whose levels are steadily elevated unt i l delivery [29]. Early introduction 
of lifestyle interventions a n d appropriate G D M treatment was associated w i t h a reduc
t ion i n A - F A B P i n our study. Therefore, there were no significant differences between 
healthy pregnant w o m e n and patients w i t h G D M i n the th i rd trimester. The independent 
associations between A - F A B P and weight, fasting glucose, a n d SBP once again point to 
the role of i n s u l i n resistance i n the development of G D M a n d its complications. A - F A B P 
contributes not only to impaired glucose control but also to the development of gestational 
hypertension and preeclampsia [31]. Therefore, early G D M diagnosis a n d treatment are 
also important i n preventing these complications. 

Unl ike some previous studies, we found no significant differences i n FGF-19 between 
G D M patients and healthy pregnant controls throughout all trimesters. Wang et al. reported 
decreased circulat ing levels of FGF-19 i n w o m e n w i t h G D M diagnosed at 24-28 weeks 
of gestation [32]. There was also reduced placental and muscular expression of F G F -
19 i n w o m e n w i t h G D M after del ivery [33]. In contrast, a recent s tudy f o u n d plasma 
concentrations of FGF-19 i n the umbil ical cord similar to those in healthy pregnant controls, 
suggesting that G D M does not affect fetal FGF-19 levels [34]. Wang et al. also demonstrated 
an independent and inverse association between FGF-19 and insul in resistance i n G D M [32]. 
In our study, FGF-19 was inversely correlated w i t h b o d y weight , B M I , SBP, a n d DBP. In 
mult iple regression analysis, however, it was independently associated w i t h only SBP. We 
hypothesize that lifestyle interventions introduced to w o m e n w i t h early-diagnosed G D M 
to a v o i d weight gain and increased i n s u l i n resistance c o u l d have prevented significant 
reductions i n FGF-19 levels i n the second and third trimesters. This may explain w h y there 
were no differences between G D M w o m e n and healthy controls d u r i n g pregnancy. This 
f inding supports the correlations of FGF-19 w i t h body weight and B M I . The independent 
association between FGF-19 a n d SBP m a y thus suggest a role of FGF-19 i n gestational 
hypertension, but this potential relationship needs to be elucidated i n further studies. 
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One l imitat ion of this s tudy is the focus o n a group of w o m e n w i t h early diagnosed 
G D M only. Of course, there are women w i t h normal glucose levels dur ing the first trimester 
and diagnosed w i t h G D M fol lowing an O G T T at 24-28 weeks of pregnancy; these make up 
the majority of G D M cases. Since var ied manifestations of G D M m a y stem from different 
pathophysiological mechanisms ( insul in resistance versus i m p a i r e d i n s u l i n secretion), 
adipokine product ion m a y also differ for var ious G D M phenotypes. A l l w o m e n w i t h 
G D M in our study were intervened early w h i c h could have affected their natural course of 
changes i n adipokine levels (i.e., without intervention). Moreover, about a third of w o m e n 
i n the G D M group were treated w i t h insu l in , potential ly m o d i f y i n g the regulation of the 
above prote in product ion . Finally, the study d i d not inc lude a control group of w o m e n 
w i t h G D M w h o h a d not undergone therapeutic intervention, therefore conclusion o n the 
effect of the intervention is rather l imited. The strength of this study lies i n its prospective 
nature and longitudinal monitor ing of adipokines levels, inc luding the potential impact of 
early therapeutic interventions. 

5. Conclusions 

Women w i t h G D M showed altered adipokine production already in the first trimester 
of pregnancy. They h a d increased A - F A B P and decreased adiponect in levels correlating 
w i t h visceral adiposi ty and glucose control . Ear ly diagnosis of G D M necessitating the 
introduction of lifestyle interventions and early treatment was associated not only w i t h the 
prevention of weight gain but also normalizat ion of adipokines to levels similar to those i n 
healthy pregnant controls. These findings support the importance of G D M screening i n 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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