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Maternal 



All Race/ 

Ethnicity 

Groups 

Non-

Hispanic 

White 

Non-

Hispanic 

Black 

Hispanic Mexican 

American 

Body Mass Index > 30 

20-39y 31.9 

(28.6-35.5) 

26.9 

(23.0-31.3) 

56.2 

(44.3-67.5) 

34.4 

(30.9-38.2) 

37.8 

(33.2-42.7) 

Body Mass Index > 25 

20-39y 55.8 

(49.6-61.9) 

50.7  

(43.1-58.2) 

74.2 

(65.9-81.1) 

65.4 

(59.9-70.5) 

68.8 

(62.1-74.8) 

Flegal, JAMA; 2012 

Prevalence of Obesity by Race/Ethnicity 

in Women of Reproductive Age 

 



Worldwide Prevalence of Obesity 
 
 



Is There a Best Nutritional 

Recommendation/Gestational Weight 

Gain in Pregnancy for Obese Women ? 

 

 

 

  

 

  

 

 

 

 

 



Outcome Intervention 

group 

(n=372) 

Control 

group 

(n=387) 

P value 

Birth weight (g) 4034 (510) 4006 (497) 0.449 

Birth weight centile 70.5 (25.6) 72.8 (25.6) 0.409 

No (%) birth weight > 

4000g 

189 (51) 199 (51) 0.88 

Length at birth (cm) 52.9 (2.7) 52.6 (2.1) 0.189 

Head circumference at 

birth (cm) 

35.8 (1.3) 35.7 (1.5) 0.985 

Ponderal index at birth 2.76 (3.8) 2.75 (0.33) 0.95 

Birthweight difference 

from first pregnancy (g) 

-214.2 (541) -250.8 (512) 0.507 

Walsh, BMJ; 2012 

ROLO Study 



Five-hour Postprandial Response to Breakfast: Low 
CHO/Conventional versus High Complex CHO/Low Fat Diet  

Hernandez, Diabetes Care: 2014 



Maternal Plasma Glucose on Probiotic Diet 

 Laitinen, Br J Nutr; 2009 



Do the 2009 IOM Gestational Weight 

Guidelines Need to be Revised Based on 

Current Literature? 

 

 

 

  

 

  

 

 

 

 

 



Obligatory Components of Weight Gain 

 

• Fetus 2,400  

• Placenta 500  

• Amniotic fluid 500  

• Uterus 800  

• Breast 300  

• Maternal blood 1,300  

• Extracellular fluid 1,500 

 

        total:                                   7,000 - 8,000 g 
  

    Water   

IOM, 2009 

420 

100 

- 

170 

80 

140 

- 

900 - 1,000 g 

Protein 



Variable Components of Weight Gain 

CHO   Lipids   Total 

 

 NIL              variable  0 – 6,000 g          + 9,000g 

 

 

IOM, 2009 



IOM 2009 GWG Recommendations 

Pre-pregnancy 

BMI category 

Total weight gain 

(lb, kg) 

Rate of weight gain 

2nd and 3rd trimester 

(lb/wk, kg/wk) 

Underweight 

(< 18.5 kg/m2) 

28-40, 12.5-18 1.0 (1.0-1.3), 

0.51 (0.44-0.58) 

Normal-weight 

(18.5-24.9 kg/m2) 

25-35, 11.5-16 1.0 (0.8-1.0), 

0.42 (0.35-0.50) 

Overweight 

(25.0-29.9 kg/m2) 

15-25, 7-11.5 0.6 (0.5-0.7), 

0.28 (0.23-0.33) 

Obese** 

(≥ 30.0 kg/m2) 

11-20, 5-9 0.5 (0.4-0.6), 

0.22 (0.17-0.27) 

*Calculations assume a first-trimester weight gain of 1.1-4.4 lb (0.5-2.0 kg) 

** 1990 IOM Recommendation: for obese women (BMI>29), weight gain at least 6.8 kg (15 lb) 



Prevalence of GWG Adequacy by Pre-
Pregnancy BMI 

 Deputy, Obstet Gynecol; 2015 



Garrow, Eur J Clin Nutr; 1995 

Effect of Weight Loss on Fat Free Mass 



Neonatal Measures 

Gestational weight 

gain > 5 kg 

(n=1053) 

Gestational weight 

gain < 5 kg 

(n=188) 

 

p-value 

 

Gestational age (weeks) 38.9 + 1.4 38.8 + 1.4 0.28 

Gender (%) 0.32 

Male 540 (51.3) 89 (47.3) 

Female 513 (48.7) 99 (52.7) 

Birth weight (g) 3466.8 + 491.5 3258.4 + 442.7 < 0.0001 

Length (cm) 50.0 + 2.8 49.3 + 2.3 0.001 

Head circumference 

(cm) 

34.5 + 1.7 34.2 + 1.7 0.02 

Lean mass (g) 2995.4 + 346.9 2855.1 + 321.0 < 0.0001 

Fat mass (g) 471.4 + 192.7 403.4 + 175.3  < 0.0001 

Body fat (%) 13.2  + 4.3 12.0 + 4.2 0.0006 

LGA 139 (13.2%) 14 (7.5%) 0.03 

SGA 51 (4.9%) 18 (9.6%) 0.009 

Catalano, AJOG; 2014 



Weight Loss in Obese Pregnant Women: Risk for Adverse Pregnancy 

Outcomes  

Bogaerts, Obstet Gynecol: 2015 



Plos ONE; 2015 



Lifestyle Interventions in Pregnancy, 
What are the Benefits? 

 

 

 

  

 

  

 

 
 

 

 



For women who were overweight or obese, the antenatal lifestyle advice 

used in this study did not reduce the risk delivering a baby weighing above 

the 90th centile for gestational age and sex or improve maternal pregnancy 

and birth outcomes. 

BMJ, 2014 



Interpretation:  A behavioural intervention addressing diet and 
physical activity in women with obesity during pregnancy is not 
adequate to prevent gestational diabetes, or to reduce the 
incidence of large-for-gestational-age infants. 

Poston, Lancet Diabetes-Endocrinology; 2015 



 

Impact of Inter-Pregnancy Weight 

Change on LGA Infants 

Arun, AJOG; 2013 



Insulin Response and Sensitivity Preconception, Pregnancy, and 

Postpartum 

P=0.3 
P=0.7 

P=0.9 P=0.1 

Berggren, Diabetalogia: 2015 



Basal Endogenous Glucose Production Preconception, Pregnancy, 

and Postpartum 

P=0.2 

Berggren, Diabetalogia: 2015 



Resting Metabolic Rate, CHO and Fat Oxidation Preconception, 

Pregnancy, and Postpartum 

P=0.5 
P=0.5 

P=0.5 

Berggren, Diabetalogia: 2015 



Body composition Preconception, Pregnancy, and 

Postpartum 

P=0.1 

P=0.4 

P=0.4 

P=0.2 

Berggren, Diabetalogia: 2015 



Placental Developmental Changes in 

Insulin Receptor Location 

 

First trimester Third trimester 

Maternal side: 
trophoblast  cells 

Fetal side : 
vascular endothelium 

Desoye, Am J Reprod Immunol; 1993; Histochem; 1994;  Microsc. Res. Tech; 1997  
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O’Tierney-Ginn, JCEM, 2015 

Insulin Response (IVGTT) and Placental Weight 

 

Pre-pregnancy 

Early pregnancy 12-14 weeks 

Late Pregnancy 34-36 weeks 
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O’Tierney-Ginn, JCEM, 2015 

Insulin Response (IVGTT) and Neonatal Adiposity 

 

Pre-pregnancy 

Early pregnancy 12-14 weeks 

Late Pregnancy 34-36 weeks 



Ultrasound Estimates of Placental Volume 

O’Tierney-Ginn, JCEM, 2015 
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Lassance, AJOG, 2015 



Conclusion: 

Obesity in pregnancy impairs mitochondrial steroidogenic function 

through negative regulation of mitochondrial TSPO. 

JCEM; 2014 



What is the Role of Energy Expenditure 

 

 

 

  

 

  

 

 

 

 

 



Neonatal 



Characterizing is Fetal Growth is Birth 

Weight Sufficient? 

 

 

 

  

 

  

 

 

 

 

 



Caucasian  

neonate, 3500 g 

Indian  

neonate, 2700 g 

10-12 % 16-18 % 

Yajnik, The Pune Maternal Nutrition Study 

International Journal of Obesity; 2003 

The Thin-Fat Indian Baby 



Body Composition in LGA Infants 

Measurement GDM (n = 50) CTL (n = 52) P value 

Gestational age at 
delivery (wk)* 

38.0 + 1.2 39.2 + 1.1 0.0001 

Male (n) 31 (62%) 26 (50%) 0.22 

Birth weight (g)* 4058 + 380 4119 + 352 0.13 

LBM (g)* 3400 + 314 3557 + 310 0.0009 

Fat mass (g)* 662 + 163 563 + 206 0.02 

Body fat (%) 16.24 +3.27 13.54 + 4.54 0.002 

*Data are given as Mean + SD 

Durnwald, AJOG; 2004 



Gender Differences in Neonatal 

Body Composition 

Characteristics Male Female 

n Mean +SD Minimum-maximum n Mean +SD Minimum-maximum 

Gestational age, wk 191 38.8 + 0.7 36.0-41.0 164 38.8 + 0.6 36.0-40.0 

Birth weight, kg 194 3.4 + 0.5 1.9-5.0 165 3.2 + 0.4* 2.1-4.8 

Length, cm 192 49.3 + 2.1 39.8-54.4 164 48.5 + 2.0* 42.4-57.1 

Fat mass, kg 184 0.44 + 0.19 0.02-1.12 156 0.40 + 0.15* 0.07-0.87 

Lean mass, kg 184 2.9 + 0.3 1.9-3.9 156 2.8 + 0.3* 2.1-3.9 

Body fat, % 184 12.5 + 3.7 1.1-23.8 156 12.2 + 3.3 2.9-21.0 

Placental weight, g 188 685.8 + 172.7 294.3-1316.5 155 648.5 + 148.9* 298.0-1189.5 

*p<0.05 vs. male infants 

O’Tierney-Ginn, AJOG; 2014 



Relationship Between Maternal Pre-Pregnancy 
BMI and Intracellular Lipid 

Brumbaugh, J Pediatr; 2013 



Does Breastfeeding in Obese Women have 
Similar Benefits for the Offspring as 

Breastfeeding in Normal Weight Women 

 

 

 

  

 

  

 

 

 

 

 



What are the Basic and Translational Research 
Studies which Need to be Performed to Better 
Understand the Pathophysiology of 
Pregnancy? 
 
 Human Physiology 
 Animal, if so which model(s) 
 Epigenetics 
 Microbiome/Probiotics 

 



NICHD HD-22965-19, HD-057236, CTSA-UL-1 RR-024989, ADA  

Diabetes Association of Greater Cleveland 



Oken,  Am J  Epidemiol; 2009 

Probability for Adverse Outcomes (SGA, LGA, Preterm 
Delivery, PP Weight Retention, Childhood Obesity) 

 



 

 

optimizing 

preconception care  

for the  

overweight-obese woman 

 

 

  screening and/or control 

  

hypertension 

diabetes 

 dyslipidemia   

             regular exercise           

 

 

optimizing weight 

 

 

 

  diet              

              

micronutrient/ 

vitamins  

supplements 

 

 

 

trans-disciplinary 

- 

multi-specialty 

strategy 

 

Contraception 

Planed pregnancy 



Weight & Lean Body Mass; Birth through 1 

Year 
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Fat Mass; Birth through 1 Year 
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Obese 

Lean 

% Body Fat; Birth through 1 Year 
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Maternal Characteristics 

Gestational 

weight gain  

> 5 kg 

(n=1053) 

Gestational 

weight gain  

< 5 kg 

(n=188) 

 

p-value 

Age (years) 28.1 + 5.8 28.2 + 5.7 0.67 

Pre-pregnancy height (cm) 160.1 + 7.5 159.3 + 8.2 0.19 

Pre-pregnancy weight (kg) 78.2 + 16.1 87.4 + 21.9 < 0.0001 

Pre-pregnancy BMI (kg/m2) 30.4 + 5.2 34.2 + 7.1 < 0.0001 

25.0 - < 30 627 (59.5) 59 (31.4) 

30.0 - < 40 370 (35.1) 97 (51.6) 

>40 56 (5.3) 32 (17.0) 

Tobacco use + (%) 120 (11.4) 29 (15.4) 0.12 

Parity (%) 0.09 

1 231 (21.9) 30 (16.0) 

2 396 (37.6) 68 (36.2) 

3+ 426 (40.5) 90 (47.9) 

Catalano, AJOG; 2014 



Maternal Characteristics 

Gestational 

weight gain > 5 

kg 

(n=1053) 

Gestational 

weight gain < 5 

kg 

(n=188) 

 

p-value 

Race (%) 0.99 

White 345 (32.8%) 62 (33.0%) 

AA/Black 220 (20.9%) 38 (20.2%) 

Hispanic 469 (44.5%) 85 (45.2%) 

Other 19 (1.8%) 3 (1.6%) 

Glucose status (%) 0.002 

Normal GCT 343 (32.6%) 52 (27.7%) 

Abnormal GCT/NL OGTT 366 (34.8%) 52 (27.7%) 

GDM treated 197 (18.7%) 58 (30.9%) 

GDM untreated 147 (14.0%) 26 (13.8%) 

Weight gain/loss (kg) 14.4 + 6.2 1.1 + 4.4 < 0.0001 

Catalano, AJOG: 2014 



Conclusion:  Weight loss in obese pregnant women was associated 
with reduced perinatal risks but not with the rate of low birth weight 
or small-for-gestational-age neonates in obese women from class III in 
this affluent region.  Stratification of recommended gestational 
weight gain ranges in obese women should be considered.   

Bogaerts, Obstet Gynecol: 2015 



A low-intensity dietary intervention with an Low Gylcemic Index Diet (LGI) 

compared with an Healthy Eating (HE) diet in pregnancy did not result in 

any significant differences in birth weight, fetal percentile, or PI. 

Am J Clin Nutr, 2014 


