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DISORDERS OF GLYCEMIA    
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ADA Position Statement, 2004    

 



The “Pedersen hypothesis”    
 

Pedersen et al. “Blood Sugar in Newborn Infants of Diabetic Mothers” Acta Endocrinol 1954 

 



  Maternal  metabolic  disorders  of  

glucoglucoglucogluco----homeostasishomeostasishomeostasishomeostasis, ranging from 

slightly impaired glucose tolerance to 

overt diabetes, since they provide an 

excess of substrates, are able to are able to are able to are able to 

provoke provoke provoke provoke an increased stimulation of 

the fetal β-cell with consequent 

hyperinsulinemia, which is in turn 

responsible for fetal hypersomatism as 

seen clinically at birth from a higher 

incidence of macrosomia   

P. E. Polani, 1973   



Potential long-range  effects upon the fetus of altered  interactions in maternal 

fuels during pregnancy. Fuel-mediated teratogenesis as the basis for 

 long-range anatomic and functional  changes. 

POTENTIAL TERATOLOGY:    

PREGESTATIONAL   HYPERGLYCAEMIA    

GESTATIONAL   HYPERGLYCAEMIA    

ORGAN    BEHAVIOURAL    ANTHROPOMETRIC-    

METABOLIC    

Weeks of Pregnancy    

Norbert Frienkel ,1980 (modified)    



The Pedersen/Freinkel hypothesis,     
supplemented by the “perinatal programming” hypothesis,     

on “fuel-mediated functional teratogenesis”     

Pedersen et al. “Blood Sugar in Newborn Infants of Diabetic Mothers” Acta Endocrinol 1954 

Freinkel N. “Of pregnancy and progeny. Banting lecture 1980. Diabetes 1980 

Dorner G. et al. “Perinatal hyperinsulinism as possible predisposing factor for diabetes mellitus, obesity and 
enhanced cardiovascular risk in later life.” Horm Metab Res 1994 

 



 

Hyperglycaemia and placental damage    

Any insult of the diabetic environment early in pregnancy will alter the 
placenta in a period critical for later development and, hence, have long-term 
effects unless counteracted by adaptive responses. Diabetic insults at later 
stages in gestation such as in GDM will only have short-term effects 
predominantly on placental function 

 

Pre-gestational Hyperglycaemia – Long term effects     

Gestational Hyperglycaemia     

- Short term effects     

(modified) 



Fetal insulin will have direct effects on the placenta, such as inducing 
alterations in gene expression and stimulating endothelial glycogen synthesis.  
In addition, indirect effects mediated by fetal hypoxia on placental structure 
can be regarded as adaptive feedback responses to ensure adequate oxygen 
supply 

Inflammatory 
status 

Endotelial damage 

Villous immaturity 

Placentomegaly 

Hyperglycemia and placental damage    

Thickening of the basement membrane 
of the chorionic  villi in diabetic 

pregnancies decreasing oxygen transfer. 

 



 

STILLBIRTH    

 

AMINOACIDSAMINOACIDS        

FFAFFA//TGTG        

INSULININSULIN        

MATERNAL 
HYPERGLICEMIA
/EXCESS OF 
NUTRIENTS    

GLUCOSEGLUCOSE        

FETAL SUBSTRATE    

 TRANSFER    

FETAL 
HYPERINSULINEMIA    

 

FETAL SUBSTRATE 
UPTAKE    

�NEONATAL HYPOGLICEMIA    

�R.D.S.    

�MIOCARDIOPATHY    

PLACENTAL       
DAMAGE 

 

MACROSOMIA 

CESAREAN SECTION 
SHOULDER DISTOCIA 

       ERITROPOIESIS     

 

POLICITEMIA    

HYPERBILIRUBINEMIA    

�RISK DEEP VESSEL THROMBOSIS    

�BLOOD HYPERVISCOSITY    

 

FETAL HYPOXIA    

AND ACIDOSIS    

 

NEONATAL 
METABOLIC  

COMPLICATIONS    



 

I CRITERI CHE PER PIÙ DI 40 ANNI SONO STATI UTILIZZATI 
PER LA DIAGNOSI DI DIABETE GESTAZIONALE: 

        NON AVEVANO COME SCOPO PRIMARIO NON AVEVANO COME SCOPO PRIMARIO 
DI IDENTIFICARE GRAVIDANZE A DI IDENTIFICARE GRAVIDANZE A 
RISCHIO DI OUTCOME PERINATALE RISCHIO DI OUTCOME PERINATALE 
AVVERSO AVVERSO   

�     Sono stati ripresi dai criteri per la 
diagnosi di diabete al di fuori della 
gravidanza 

�     Sono stati scelti per identificare donne ad 
alto rischio di sviluppare diabete dopo la 
gravidanza 

UN PO’ DI STORIA…    
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IV Workshop 

20092009  19641964  
4545  anni senza anni senza 

consensusconsensus  



We may be asking the We may be asking the wrong question wrong question with with 
the the wrong tool wrong tool to identify pregnant to identify pregnant 
women at risk for complicationswomen at risk for complications..  
 

If the outcome variable is the health of If the outcome variable is the health of 
the fetus and neonatethe fetus and neonate, , it is time to it is time to 
reassess the question and askreassess the question and ask: :   

“WHAT TEST BEST IDENTIFIES     
GLUCOSE TOXICITY     
FOR THE FETUS?”    

Petitt JB, Jovanovic L.  Clin Chem 2006. Editorial 





HAPO STUDY 
ENDPOINTS    

Correlazione fra glicemia materna e:    

� Frequenza parti cesarei 
� Frequenza macrosomia 
� Iperinsulinemia fetale 
� “Obesità” neonatale (spessore delle pliche) 
�  Ipoglicemia neonatale 
� Altre morbilità 

� SOGLIA VS CONTINUUM 

� SE CONTINUUM,  

   DEFINIZIONE DI CUT OFF 
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Relative concentration of glucose    



Categorie di concentrazione     
di glucosio    

        Digiuno Digiuno         11hh        22hh        

        mgmg//dldl        mmolmmol//ll        mgmg//dldl        mmolmmol//ll        mgmg//dldl        
mmolmmol//

ll        

11        <<7575        <<4.24.2        <<110110        <<6.26.2        <<8888        <<4.94.9        

22        7575--7979        4.24.2--4.44.4        110110--129129        6.26.2--7.27.2        8888--103103        4.94.9--5.85.8        

33        8080--8484        4.54.5--4.74.7        130130--149149        7.37.3--8.38.3        104104--123123        5.95.9--6.86.8        

44        8585--8989        4.84.8--4.94.9        150150--169169        8.48.4--9.49.4        124124--141141        6.96.9--7.87.8        

55        9090--9494        5.05.0--5.25.2        170170--199199        9.59.5--10.510.5        142142--159159        7.97.9--8.88.8        

66        9595--9999        5.35.3--5.55.5        199199--218218        10.610.6--11.611.6        160160--177177        8.98.9--9.89.8        

77        >>100100        >>5.55.5        >>219219        >>11.711.7        >>178178        >>9.99.9        



OUTCOME e CATEGORIE GLICEMICHE    
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C-peptide Categoriy  and    

 neonatal  features    

0

5

10

15

20

25

30

1 2 3 4 5 6 7

Weigth>90 °°°° percentile     

0

5

10

15

20

25

30

1 2 3 4 5 6 7

Skin-thickness >90 °°°° percentile     

0

1

2

3

4

5

6

7

8

1 2 3 4 5 6 7

Clinical neonatal hypoglycaemia     

0

5

10

15

20

25

30

35

40

1 2 3 4 5 6 7

Biochem . neotatal hypogycaemia     

  

 

% % 

% % 

 

 

 

 



 

 

Because associations were 
continuous with no obvious 

thresholds  at which risks 
increased, it was concluded 

that a consensus was 
required to translate these 

results into clinical practice.     

committee of “experts” to resolve issues  

 

International Association of Diabetes and Pregnancy Study Groups 

(IADPSG)    
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Relative concentration of glucose    

IADPSG CONSENSUS PANEL, 2008 



Categorie di concentrazione     
di glucosio    

        Digiuno Digiuno         11hh        22hh        

        mgmg//dldl        mmolmmol//ll        mgmg//dldl        mmolmmol//ll        mgmg//dldl        
mmolmmol//

ll        

11        <<7575        <<4.24.2        <<110110        <<6.26.2        <<8888        <<4.94.9        

22        7575--7979        4.24.2--4.44.4        110110--129129        6.26.2--7.27.2        8888--103103        4.94.9--5.85.8        

33        8080--8484        4.54.5--4.74.7        130130--149149        7.37.3--8.38.3        104104--123123        5.95.9--6.86.8        

44        8585--8989        4.84.8--4.94.9        150150--169169        8.48.4--9.49.4        124124--141141        6.96.9--7.87.8        

55        9090--9494        5.05.0--5.25.2        170170--199199        9.59.5--10.510.5        142142--159159        7.97.9--8.88.8        

66        9595--9999        5.35.3--5.55.5        199199--218218        10.610.6--11.611.6        160160--177177        8.98.9--9.89.8        

77        >>100100        >>5.55.5        >>219219        >>11.711.7        >>178178        >>9.99.9        

 



 
 

 

24-28 SETTIMANE    

OGTT 75 g    OGTT OGTT 7575  gg        

Diagnosi di DIABETE GESTAZIONALE     

se uno o piuno o piùù  valori sono al di sopra           

International Association of Diabetes and Pregnancy Study Groups 

(IADPSG) Consensus Panel    
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Plasma Glucose Concentrations at Specified OR    

Glucose    Odds Ratio    

mg/dl*    1.5    1.75    2.0    

FPG    90    92    95    

1-Hr PG    167    180    191    

2-Hr PG    142    153    162    

*Mean of threshold values for : birthweight, cord serum C-peptide,     

  % body fat >90th percentile    

 



Frequencies of Outcomes: 
Glucose Values < or > Threshold    

Outcome    

%  All Values 
< Threshold    

% Any >  
92/180/153    

Birthweight >90th percentile    8.3    16.2    

Cord C-peptide >90th 
percentile     

6.7    17.5    

% Body fat >90th percentile     8.5    16.6    

Preeclampsia    4.5    9.1    

Preterm birth (<37 weeks)    6.4    9.4    

Shoulder dystocia/birth injury    1.3    1.8    

Primary Cesarean section    16.8    24.4    
    



Potenziale applicazione della 
glicemia a digiuno dell’HAPO 

  

88%    17,4%    

  



 

SEGNI INDIRETTI DI “FETAL OVERGROWTH”    

CA > 75°°°°PERCENTILE    

POLIDRAMNIOS    

ECCESSIVO    

AUMENTO PONDERALE    

Linee Guida IOM 2009    

INCREMENTO SINFISI-FONDO    

> 4 cm ogni 4 settimane    



8.3%    

22%    

40%    

 

J Perinat Med, 1997; 25(2): 197-204    

LGA INFANTS    

 



NEONATAL  BODY PROPORTIONS, AGA INFANTS    

 

Group differences of ANOVAGroup differences of ANOVA    GCTGCT--//--  vs vs GCTGCT--/+ /+ vsvs  GCTGCT+/+ +/+ pp<<..00010001  J Perinat Med, 1997; 25(2): 197-204    
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MATERNAL AND FETAL 

OUTCOMES 

FPG ≥≥≥≥ 92 mg/dl    

(177) 

FPG ≤≤≤≤ 92 mg/dl    

(562) 

Statistical  

significance 

PREGRAVIDIC BMI 21.24±0.43 26.74±8.18 n.s. 

G.A. at birth 39.7±0.7 39.2±0.21 n.s. 

AGA 82/111 (73.88%) 284/363 (78.24%) n.s. 

SGA 12/111  (10.81%) 54/363 (14.87%) n.s. 

LGA    17/111 (15.32%)    25/363 (6.89%)    P=0.01    

PI  ≥ 2.85 30/111 (27.02%) 95/363 (26.17%) n.s. 

Birth weight≥≥≥≥4000 g    14/111 (12.61%)    20/363 (5.5%)    P=0.01    

Birthweight ≥ 4500 g 2/111 (1.8%) 2/363 (0.55%) n.s. 

Mean birthweight 3285.61±162.63 3850±579.83 n.s. 

Mello GMello GMello GMello G...., , , , Mecacci FMecacci FMecacci FMecacci F...., , , , Nardini CNardini CNardini CNardini C. . . . et alet alet alet al. : . : . : . : Personal dataPersonal dataPersonal dataPersonal data    

739 MOTHERS WITH NEGATIVE SCREENING TEST FOR GDM    

followed by Careggi University Hospital, Florence  (January 2011-October 2012)    



 

…ed allora…    

…che fare…    



 

DIABETE GESTAZIONALE: 
CONSEGUENZE DEL NON TRATTAMENTO 

OOOO....LangerLangerLangerLanger, , , , AJOG AJOG AJOG AJOG 2005200520052005    

% 



Crowther L.A.  NEMJ 2005 



 

    

ROUTINE CARE     ROUTINE CARE     ROUTINE CARE     ROUTINE CARE     ROUTINE CARE     ROUTINE CARE     ROUTINE CARE     ROUTINE CARE     

((((((((N N N N N N N N = = = = = = = = 510510510510510510510510))))))))        
INTERVENTION     INTERVENTION     INTERVENTION     INTERVENTION     INTERVENTION     INTERVENTION     INTERVENTION     INTERVENTION     

((((((((N N N N N N N N = = = = = = = = 490490490490490490490490))))))))        
PPPPPPPP        

BIRTH WEIGHTBIRTH WEIGHTBIRTH WEIGHTBIRTH WEIGHT    3482348234823482    ++++    660660660660    3335333533353335    ++++    551551551551    < < < < ....001001001001    

LGALGALGALGA    22%22%22%22%    13%13%13%13%        < < < < ....001001001001    

MACROSOMIAMACROSOMIAMACROSOMIAMACROSOMIA    21%21%21%21%    10%10%10%10%    < < < < ....001001001001    

PREECLAMPSIAPREECLAMPSIAPREECLAMPSIAPREECLAMPSIA    18%18%18%18%    12%12%12%12%    0.020.020.020.02    

SGASGASGASGA    7%7%7%7%    7%7%7%7%    nsnsnsns    

IMPORTANZA DEL TRATTAMENTOIMPORTANZA DEL TRATTAMENTOIMPORTANZA DEL TRATTAMENTOIMPORTANZA DEL TRATTAMENTO    

 

  

Crowther L.A., et al. NEJM 352:2477-86, 2005 



 

IMPORTANZA DEL TRATTAMENTO    



Treatment of Mild GDM Reduces 
Adverse Outcome     

NEONATAL    

OUTCOME    

NICHD RCT    

P    

Not treated    Treated    

BW>90TH 
PERCENTILE    

14.5    7.1    <0.001    

C-PEPTIDE>95TH 
PERCENTILE    

22.8    17.7    0.07    

NICU 
ADMISSION    

11.6    9.0    0.19    

SHOULDER 
DYSTOCIA    

4.0    1.5    0.02    

    Landon MB et al. NEJM 2009,361:1339-48    
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WHAT DOES “EUGLYCEMIA” MEAN FOR THE FLORENTINE GROUP?    



  FPG FPG 7171  ±±±±±±±±  88        

11h  h  109109  ±±±±±±±±1616        

22h  h  9999  ±±±±±±±±  1010        

 

What does “euglycemia” mean for the Florentine group?    

 



What is Normal?    

Statistical Evaluation of CGMS Data     
What is NormalWhat is Normal??        

Statistical Evaluation of CGMS Data Statistical Evaluation of CGMS Data         

mg/dl    



GLICEMIA     

PRE-PRANDIALE     

71±±±±6,3 mg/dl    

ADA    

4th IW    

MELLO et al. 
2001    

ACOG    

QUALI TARGET??    



4th IW    

ADA    

ACOG    

MELLO et al. 
2001     

QUALI TARGET??    

GLICEMIA 1h 
POSTPRANDIALE    

108±±±±5,9 mg/dl    



QUALI TARGET??    

GLICEMIA 2h 
POSTPRANDIALE    

97±±±±6,6 mg/dl    

ADA    

ACOG    

4th IW    

MELLO et al. 
2001    



0

5

10

15

20

25

30

27-28 29-30 31-32 33-34 35-36 37-38

Repeated measures of ANOVA  p<.0028  Group differences GROUP 1 vs GROUP 2 vs GROUP 3 Repeated measures of ANOVA  p<.0028  Group differences GROUP 1 vs GROUP 2 vs GROUP 3 
weeks 

% 

Anterior abdominal wall thicknessAnterior abdominal wall thickness  

0

5

10

15

20

25

30

27-28 29-30 31-32 33-34 35-36 37-38

weeks 

  
No of No of 
casescases  

11hh--pp glucose pp glucose 
excursion  excursion  ((mgmg//dldl))  

Daily glucoseDaily glucose  

((mgmg//dldl))  

Group Group 11        4848        ≤≤≤≤≤≤≤≤1515        8181,,99±±±±±±±±5.55.5        

Group Group 22        7979        ››1515≤≤≤≤≤≤≤≤3030        8484,,11±±±±±±±±6.16.1        

Group Group 33        5454        ››3030≤≤≤≤≤≤≤≤4545        8585,,66±±±±±±±±6.46.4        

181 pregnant women with normal glucose tolerance    

Mid-thigh subcutaneous area 

% 

Post prandial glucose excursion     

in non -diabetic pregnancies     

Post prandial glucose excursion     

in non -diabetic pregnancies     

Growth rates of fetal fat body mass     



GOOD CONTROL    
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EXCELLENT CONTROL    
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Glucose Glucose ((mgmg//dldl))  HbAHbA11c c (%)(%)  

 

MACROSOMIA <100 

 STILLBIRTHS <110 

 MISCARRIA
GE <

160 

 SAFE 

 ADA 

 Safe!?  CONG ANOMAL <140 

GLYCEMIC THRESHOLDS FOR PREVENTION OF 
DIABETIC FETOPATHY COMPLICATIONS     

O.Langer, Diab Rev 1996    

 Italian g
roup  



 

 

 

 

 

 

    

    

 

 

 

 

La mancanza di uniformità internazionale, riguardo l'approccio 
all’accertamento e alla diagnosi di GDM, ha sempre 
rappresentato un grande ostacolo  
 

 

 

Recommendations on the Diagnosis and Classification of 

Hyperglycemia in Pregnancy  

Gravidanza fisiologica    

A g g i o r n a m e n t o 2 0 1 1 

Sistema nazionale per le linee guida 

 

 

Screening e diagnosi di GDM    





Epidemiologia 

L’Italia è uno dei Paesi ad alto sviluppo nei quali il tasso di 
morte in utero è diminuito maggiormente negli ultimi 20 anni. 

2,18 

Fonte dati ISTAT (Italia), ARS (Toscana) 



EDUCATION OF BOTH PATIENTS AND PROFESSIONAL CARE TA KERS    

PRECONCEPTIONAL COUNSELLING     

to evaluate maternal conditions that can interfere with fetal growth     

NORMALIZATION OF GLYCEMIC LEVELS     

reproducing physiological circadian rythm     

ASSESSMENT OF FETAL GROWTH     

TIMING OF DELIVERY AND NEONATAL CARE     

GRAZIE PER LGRAZIE PER L ’’ATTENZIONEATTENZIONE         

To obtain a To obtain a To obtain a To obtain a ““““healthy newbornhealthy newbornhealthy newbornhealthy newborn”””” 
    we have to start  from the soil and the rootswe have to start  from the soil and the rootswe have to start  from the soil and the rootswe have to start  from the soil and the roots 

caring for itcaring for itcaring for itcaring for it, , , , day by dayday by dayday by dayday by day, , , , like a treelike a treelike a treelike a tree 

 
MAMMA MIA!!!    



Un grazie speciale a 
tutto il gruppo 

Careggi University Hospital, Prenatal 
Medicine-High Risk Pregnancy Unit, Florence 

mellog@unifi.it    



 



GRAZIE PER  
L’ATTENZIONE 

GRAZIE PER  
L’ATTENZIONE 

Careggi University Hospital, Prenatal Medicine-High Risk Pregnancy Unit, Florence 
mellog@unifi.it    



 

• FINE 



 

Alla Prima visita valutazione della glicemia plasmatica 

per identificare la presenza  di diabete preesistente diabete preesistente 

alla gravidanzaalla gravidanza::  

••  glicemia a digiuno glicemia a digiuno ≥≥  126126  mgmg//dL dL ((7,007,00  mmolmmol//ll))  

••glicemia random glicemia random ≥≥  200200  mgmg//dL dL ((11,111,1  mmolmmol//ll) )   

••HbAHbA11c c ≥≥  6,5%6,5%  

  

EE’’  necessario che i risultati siano confermati in un necessario che i risultati siano confermati in un 

secondo prelievosecondo prelievo..  
 



    

Curva da carico con Curva da carico con 75 75 g di glucosio g di glucosio ((OGTT OGTT 75 75 gg))  

a 16-18 settimane  e/o  a 24-28 settimane in base a fattori di 

rischio definiti: 

• a 16-18 settimane di età gestazionale, alle pazienti con almeno 

una delle seguenti condizioni: 

- Diabete gestazionale in una gravidanza precedente 

 - Indice di massa corporeo  (BMI) pregravidico ≥ 30 

-    Riscontro, precedentemente o all’inizio della gravidanza , di valori di 

glicemia plasmatica compresi fra 100 e 125 mg/dL ( 5,6-6,9 mmol/L) 

Se la prima determinazione è risultata normale la curva deve essere 

ripetuta a 24-28 settimane 

 



• a 24-28 settimane di età gestazionale, alle pazienti con almeno una delle 

seguenti condizioni: 

- Età ≥ 35 anni 

- Indice di massa corporea pregravidico ≥ 25  

- Macrosomia fetale in una gravidanza precedente ( ≥ 4,5 Kg) 

-  Diabete gestazionale in una gravidanza precedente anche se con 

determinazione normale a 16-18 settimane 

- Anamnesi familiare di diabete (parente di primo grado con diabete di 

Tipo 2) 

- Famiglia originaria di aree ad alta prevalenza di diabete: Asia 

Meridionale (India, Pakistan, Bangladesh), Caraibi ( per la popolazione 

di origine africana),Medio Oriente ( Arabia Saudita, Egitto, Giordania, 

Siria, Omar, Kuwait, Libano). 

 



 

 

 

 

 

 

    

    

 

 

 

 

La mancanza di uniformità internazionale, riguardo l'approccio 
all’accertamento e alla diagnosi di GDM, ha sempre 
rappresentato un grande ostacolo  
 

 

 

Recommendations on the Diagnosis and Classification of 

Hyperglycemia in Pregnancy  

Gravidanza fisiologica    

A g g i o r n a m e n t o 2 0 1 1 

Sistema nazionale per le linee guida 

 

 

Screening e diagnosi di GDM    



 The “modified Pedersen hypothesis”    

Pedersen et al. “Blood Sugar in Newborn Infants of Diabetic Mothers” Acta Endocrinol 1954 



 

DIABETE GESTAZIONALE 

DEFINIZIONE 

Intolleranza ai carboidrati di vario Intolleranza ai carboidrati di vario Intolleranza ai carboidrati di vario Intolleranza ai carboidrati di vario 
grado e severitgrado e severitgrado e severitgrado e severitàààà, , , , con inizio o primo con inizio o primo con inizio o primo con inizio o primo 

riconoscimento durante la riconoscimento durante la riconoscimento durante la riconoscimento durante la 
gravidanzagravidanzagravidanzagravidanza    

IV International Workshop Conference on GDM, 1997 

Diabetes Care ,1998 


