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Adult obesity 2007 Adult diabetes 2007Adult obesity, 2007
0-26.2 >30.9

age-adjusted percent

Adult diabetes, 2007
0-7.0 >10.6

age-adjusted percent

CDC’s Division of Diabetes Translation.  National Diabetes Surveillance System 
available at http://www.cdc.gov/diabetes/statistics

MMWR 58; 2009
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Trends in GDM in USA 1989-2004

Age : >35

Do you need B  NO

Age : 25-34

Age: < 25

Getahun; AJOG, 2008



IADPSG recommendations 
f th Di i f GDM i Pfor the Diagnosis of GDM in Pregnancy

iGDM = 1 or more values > threshold

Plasma Glucose mg/dl mmol/l > threshold (%)

FPG 92 5.1 8.3

1-hr OGTT-PG 180 10.0 14.0

2-hr OGTT-PG 153 8.5 16.1

IADPSG, Diabetes Care 2010



In utero Metabolic Programming of Obesity

Ob itObesity
Diabetes

in 

pregnancy

?
Neonatal

Childh d Ob itChildhood Obesity

Catalano; JCEM, 2003





Increase in Term Birth Weight 
1975-20051975-2005

MetroHealth (Cleveland, OH)MetroHealth (Cleveland, OH)
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Body Composition in NeonatesBody Composition in NeonatesBody Composition in Neonates Body Composition in Neonates 

GDM (n = 195) NGT (n = 220)
p-value

Birth Weight (g) 3398 + 550 3337 + 549 ns
Lean body mass (g) 2962 + 405 2975 + 408 ns
Fat mass (g) 436  + 206 362 + 198 0.0002
Body fat (%) 12.4 + 4.6 10.4 + 4.6 0.0001

BMI < 25 (n = 144) BMI > 25 (n = 76)

Birth weight (g) 3284 + 534  3436 + 567 ns
Lean body mass (g)          2951 + 406 3023 + 410 nsy (g)
Fat Mass (g) 334 + 179 416 + 221 0.008
Body Fat (%) 9.7 + 4.3 11.6 + 4.7 0.006

Catalano, AJOG; 2003 Sewell, AJOG; 2006



Adiposity at Birth Predicts  
Adiposity in Children at Age 8Adiposity  in  Children at Age 8
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Wh t th F t hi h F ilit tWhat are the Factors which Facilitate 
Fetal Fat Accretion ? 

maternal glucose/insulin
maternal lipids

maternal cytokinesmaternal cytokines



Diabetes - Induced Fetal Overgrowth: 
the Glucose-Insulin Hypothesis

Jorgen Pedersen, 1953

the Glucose Insulin Hypothesis

Jorgen Pedersen, 1953
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Wh t th F t hi h F ilit tWhat are the Factors which Facilitate 
Fetal Fat Accretion ? 

The changes in maternal environment progress from 
early pregnancy to the end of pregnancy modifying 

placental functionplacental function 

maternal insulin
maternal lipids

maternal cytokines



Maternal Triglycerides in ObeseMaternal Triglycerides in Obese
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Neonatal Fat Mass and Maternal TriglyceridesNeonatal Fat Mass and Maternal Triglycerides
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Placental Pathways for Lipid Transfery p

Maternal TGMaternal TG

Fatty  acids Fatty  acids

Haggarty, Trophoblast Research,2002 



Substrates for Lipid Synthesis
in Primary Trophoblast Cellsin Primary Trophoblast Cells

control glucose

oleate oleate + glucose

lipid accumulation (relative fold change vs control)

oleate oleate + glucose

X 4                                X 3.8

lipid accumulation (relative fold change vs. control)

Radaelli, AJOG; 2009



Changes in Metabolic Genes in 
T H Pl tTerm Human Placenta
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Wh t th F t hi h F ilit tWhat are the Factors which Facilitate 
Fetal Fat Accretion ?

The changes in maternal environment progress from 
early pregnancy to the end of pregnancy modifying 

placental function 

maternal insulin
maternal lipids

maternal cytokines



Placenta and Adipose Tissue have 
Similar Cytokine Profile

Trayhurn, J. Nutr. 2006



Adipo Cytokines in PregnancyAdipo-Cytokines in Pregnancy

maternalmaternal
adipokinesadipokines fetal fetal 

placentalplacental
cytokinescytokines
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Maternal Systemic Inflammation 

L ObLean
n = 53

Obese  
n = 68 p value

Pre-gravid BMI                                            22.0 + 1.9                      38.4 +6.3

Gestational age 38.8 + 0.5 38.8 + 0.6 nsGestational age 38.8 0.5 38.8 0.6 ns

Plasma insulin (μU/ml) 11.8 + 5.6 26.0 + 14.6 0.0001

Plasma glucose (mg/dl) 74 + 7 79 + 11 0.006

Adiponectin (μg/ml) 10 7 + 4 6 9 7 + 4 0 nsAdiponectin (μg/ml) 10.7 + 4.6 9.7 + 4.0 ns

Leptin (ng/ml) 31.9 + 20 72.1 + 34.7 0.0001

IL-6 (ng/ml) 2.4 + 1.4 4.6 + 3.4 0.0001

TNF l h ( / l) 1 4 0 9 1 3 0 5TNF–alpha (pg/ml) 1.4 + 0.9 1.3 + 0.5 ns

CRP (ng/ml) 8074 + 6467 12433 + 7918 0.004

Catalano, Diabetes Care; 2009



Placenta and WAT Resident Macrophagesp g
in Pregnancy with Obesity

CD 68

CD 68

Originate from activated maternal monocytesOriginate from activated maternal monocytes
Localize in tissue stromal compartment

Have similar functional phenotype



Inflammatory Markers in Placenta
and Adipose Tissue of Obese Womenand Adipose Tissue of Obese Women

lean obese

PlacentaMaternal Adipose
4

be
se

 v
s 

le
an 3

2

3

ha
ng

e 
 in

 o
b

1

2

1

2

Fo
ld

 C
h

0

CD14 CD68 MCP1 IL-1     IL-6   TNF-α
0
CD14 CD68 MCP1 IL-1     IL-6   TNF-α

Basu, Obesity. 2010



Long Term Maternal Risks of GDM and g
Obesity During Pregnancy



Pregnancy as a Stress Test for 
Future Metabolic Disorders
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Kim, Diabetes Care; 2002





Prevalence of the Metabolic 
Syndrome

• GDM - 27.2%
• Control - 8 2%• Control 8.2%

H d f d l i t b li• Hazard of developing metabolic 
syndrome 5.6 times (95% CI 2.6 –
12 3) id b (BMI12.3) among pre-gravid obese (BMI 
> 27.3 kg/m2) vs. non-obese 
women.

Verma, JCE&M; 2002





Prevalence of Metabolic Syndrome

GDM – 38.4%
Control – 13 4%Control 13.4%

Ob (BMI 30 k / 2) ithObese women (BMI > 30 kg/m2) with 
previous diet treated GDM had a 7-
f ld i i k f th t b lifold increase risk of the metabolic 
syndrome compared with normal-

i htweight women.
Lauenborg, JCE&M; 2005



Which Factors Could be Modified in 
Obese/Diabetic Pregnant Women g

to 
Limit Fetal Adiposity ?p y



Improve Maternal Insulin Resistance

Insulin sensitizers: metformin/TZDsInsulin sensitizers: metformin/TZDs

? Concern with placental transfer

Nutrient supplements

3 d 6 PUFAomega 3 and 6 PUFAs



Omega 3 and Neonatal % Body FatOmega-3 and Neonatal % Body Fat  
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Molecular Mechanisms of ω-3 PUFAs 

ω3 PUFAsI fl ti ω3 PUFAsInflammation

Insulin resistance

F t id ti ω3 PUFAsFat oxidation
TG poolFat synthesis

TG pool
ω3 PUFAs

ω3 PUFAs

Adiponectin
leptin

ω3 PUFAs
p



Potential Modifications of Maternal Diet

>>>>  Microbiota



Role of the Gut Microbiota in 
E M t b li d M t b li DiEnergy Metabolism and Metabolic Disease

Current Pharmaceutical Design, 2009, P. Cani  &  N. Delzenne



Role of LPS in Human PregnancyRole of LPS in Human Pregnancy  
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Expression of Adipose Tissue 
Genes Related to LPS sensingGenes Related to LPS-sensing

LPS
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Effect of LPS on Cultured Adipose 
CellsCells
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Maternal Plasma Glucose on Probiotic Diet

Laitinen, Br J Nutr; 2009



NICHD HD-22965, PO-50-11089, GCRC-MO-1 RR-80, ADA and 
Diabetes Association of Greater Cleveland



Metabolic Profile of Neonates of Obese Women

Neonates of Neonates of

Metabolic Profile of Neonates of Obese Women

Neonates of
lean mothers

n = 53

Neonates of
Obese Mothers 

n = 68 p value

Gestational age 38.8 + 0.5 38.8 + 0.6 ns
Birth weight (g) 3217 + 452 3320 + 460 ns
Neonatal body fat % 11.6 + 2.9 13.1 + 3.4 0.001
Placental weight  (g) 614 + 152 693 + 184 0.01
Adiponectin (μg/ml) 30.8 + 10.0 30.6 + 9.7 nsp (μg )
Leptin (ng/ml) 8.2 + 4.7 14.7 + 13.6 0.0001
IL-6 (ng/ml) 2.4 + 1.4 3.5 + 2.3 0.01
TNF–alpha (pg/ml) 1.7 + 0.6 1.7 + 0.3 ns
CRP (ng/ml) 121 + 97 202 + 286 nsCRP (ng/ml) 121 + 97 202 + 286 ns

Cord plasma insulin (μU/ml) 7.0 + 3.8 9.2 + 4.7 0.02
Cord plasma glucose (mg/dl) 60 + 13 66 + 14 0.07

Catalano, Diabetes Care; 2009



Estimates of Neonatal Insulin Resistance at BirthEstimates of Neonatal Insulin Resistance at Birth
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I li R i t d Adi it t Bi thInsulin Resistance and Adiposity at Birth 
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Maternal Anthropometrics in 
Relation to % Body Fat in Children at Age 8

Tertile 1 Tertile 2 Tertile 3 p value
(n=21) (n=21) (n=21)

% Body fat (DXA) 19 7+2 6 28 2+2 6 39 3+4 3 0 0001% Body fat (DXA) 19.7+2.6 28.2+2.6 39.3+4.3 0.0001
CDC weight percentile 39.8+27.5 66.0+19.1 88.0+11.4 0.0001

Maternal
Age at delivery (yr) 30.7+3.8 29.8+5.2 31.6+4.6 ns
Height (cm) 167+6 166+7 166+9 ns
Pre-gravid Weight (kg) 64.8+15 66.2+13 84.4+26 0.002
Pre gravid BMI (kg/m2) 23 5+6 1 23 9+4 0 30 8+9 3 0 0001Pre-gravid BMI (kg/m2) 23.5+6.1 23.9+4.0 30.8+9.3 0.0001
Weight Gain (kg) 14.2+6.9 14.3+5.7 11.6+7.6 ns

Catalano; AJCN, 2009



Metabolic Dysregulation in Children at Age 8etabo c ys egu at o C d e at ge 8

Tertile 1 Tertile 2 Tertile 3
( 21) ( 21) ( 21)(n=21) (n=21) (n=21)

p value
Child body fat by DXA (%) 19.7+2.6 28.2+2.6 39.3+4.3 0.0001

Waist circumference (cm) 55 3+5 0 62 0+6 8 72 0+8 0 0 0001Waist circumference (cm) 55.3+5.0 62.0+6.8 72.0+8.0 0.0001

Systolic BP (mm Hg) 105+8 109+5 114+13 0.01

HOMA-IR 1.5+0.5 2.2+1.1 3.4+1.7 0.002HOMA IR 1.5 0.5 2.2 1.1 3.4 1.7 0.002

Triglyceride (mmol/L) 0.62+0.3 0.72+0.32 1.23+0.77 0.009

Leptin (ng/mL) 2.5+0.6 7.6+4.7 15.9+7.0 0.0001p ( g )

Catalano; AJCN, 2009



Maternal Pre-gravid Obesity as a Predictor g y
of Neonatal and Childhood Obesity

@ Birth:
Maternal obesity 
is the strongest predictor of fetal adiposity : accounts for 7% of 
the variance 

Childhood:Childhood:
Pre-gravid BMI > 30    O.R. 5.45 (95% CI 1.62 – 18.4)

Maternal obesity 
accounts for 17.6% of the variance in childhood obesity

Treated GDM appears to be less of a risk factor for childhood 
obesity as compared to maternal pregravid obesityobesity as compared to maternal pregravid obesity


