
Teri L. Hernandez, PhD, RN
Associate Professor of Medicine and Nursing

University of Colorado Anschutz Medical 
Campus

Pediatric Nurse Scientist | Children’s Hospital 
Colorado

Oregon Nutrition Update 2019

Nutrition Therapy
within and Beyond

Gestational
Diabetes

Nutrition Therapy
within and Beyond

Gestational
Diabetes

Early Life
Exposures
Program



Disclosure:
Teri L. Hernandez

Investigations in the
Gestational Origins of Lifelong 
Development

• Funded by NIH, NIDDK
• Cooperative agreement with 

Janssen Research & Development

• No Conflicts of Interest



Learning Objectives
1. Describe the powerful influence of nutrition in 

pregnancy on glucose, [lipids], and infant adiposity
2. Understand some metabolic similarities across 

pregnancy phenotypes
-Lessons from GDM can apply to all pregnancy

3. Summarize recommendations for nutrition in 
pregnancy and GDM based on current evidence



“Implications of 
maternal 

fuels…go far 
beyond 

diabetes in 
pregnancy…”

-Dr. Norbert Freinkel
Banting Lecture, 1980

Nutrition in Pregnancy:  A Powerful Influence
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Poorer Diet Quality before Pregnancy:
↑ GDM Risk Independent of BMI

Nurses Health Study II
Western Diet pattern: more red meat, processed meats, 
refined grains, sweets, french fries, pizza

vs
Prudent Diet Pattern:  more fruit, green leafy vegetables, 
poultry, fish
• ↑red meat

• ≥ 6 servings/week →→ 1.74 fold (95% CI 1.35, 2.26) 
increased risk of GDM vs. <1.5 servings/week

• Per 1 serving increase per day →→ 1.61 (95% CI 1.25, 
2.07) increased risk of GDM 

• ↑ glycemic load (global insulin demand)
• Combined high glycemic load/low cereal-fiber diet →→

2.15 fold (95% CI 1.04, 4.29) increased risk of GDM 
• ↓ fiber

• 10g/day increase in total fiber →→ 26% GDM risk 
reduction (95% CI 9.0, 49)

*Adjusted for age, parity, pre-pregnancy BMI,
diet factors (total calories), smoking, race
family history

Simmons D, 2015, Diab Obes Metabol 17(9):824
Zhang C, 2006, Diabetologia 49(11): 2604
Zhang C, 2006, Diabetes Care, 29(10):2223



Balanced Nutrition is Key:  
Pitfalls with Restriction of One 

Macronutrient Category
• Pre-pregnancy carbohydrate restriction 

was associated with higher odds for 
NTD (aOR = 1.30, 95% CI 1.02-1.67)1       

n=1740 with birth defect/stillborn vs. n=9545 controls

o Inadequate folic acid intake?
• Extremes in protein intake linked with 

low birth weight2

o Both restrictive, excessive intake
• Increased maternal ketones ~ offspring 

neurological development3

Pre-Pregnancy Carbohydrate 
Restriction Predicted Neural
Tube Defects

Desrosiers, 2018

1Desrosiers TA, 2018, Birth Defects Res; 1-9
2Barker DJ, 2013, Clin Obstet Gynecol, 56(3):511
3Discussed in Hernandez TL, 2018, Diab Res Clin Pract, 145:39



Nutrition in Pregnancy: Overall Goals

Carbohydrate Fiber Total Fat Protein

Pregnant 175g 28g ‘Not 
Determined’

71g

Non-
Pregnant

130g 25g ‘Not 
Determined’

45g

% of total 
calories

45-65% 20-35% 10-35%

Energy Intake Adjustments for Pregnancy

Otten JJ, Institute of Medicine, 2006, http://www.nap.edu

Healthy 
Eating 
Patterns are 
emphasized

USDA, 2015

RDA = Recommended daily allowance

*175g/day of
carbohydrate does
not account for 
placental glucose 
consumption



Intrauterine environment: “Incubation medium” 
at the end of a nutritional supply line
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Pedersen, 1952          Freinkel, 1980, Diabetes, 29(12):1023 
Bloomfield F, 2017, Perinatal Research Society
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http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKG21NSWhscCFY89kgodtRAIQg&url=http://www.clipartpanda.com/categories/scale-20clipart&ei=Sta7VaHpKY_7yAS1oaCQBA&bvm=bv.99261572,d.aWw&psig=AFQjCNHsY5frchGpb9QXaB1x97z5g40KhA&ust=1438459793202410


Suggested Postprandial Targets
Based on +1SD from weighted means:
1-hour: <122 mg/dL
2-hour: <110 mg/dL

Goal for Glucose Management: 
“Good” Glycemic Control by mimicking 

Normoglycemia

• 2011: In nearly 50 years of research, only n=255 women
• NW to OW, BMI range 22-28 kg/m2

• Pre-pregnancy BMI vs. BMI at time of study unclear
• Only 1 study had characterized glycemia in obese pregnant women (n=15)

Hernandez TL, 2011, Diabetes Care, 34(7): 1660
Freinkel N, 1980, Diabetes, 29(12):1023
Hernandez TL, 2015, Curr Diab Rep, 15: 565

FBG from HAPO:
80.9±6.9 mg/dL

Should we also
target maternal
lipids????



Metabolic similarities across pregnancy 
phenotypes

Pre-pregnancy BMI is a poor 
predictor of metabolic milieu
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Later Gestation Patterns of Glycemia in 
Obesity and GDM: Strikingly Similar

Week 28-31
GDM just after diagnosis
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Later Gestation Postprandial Lipemia: 
Strikingly Similar in Obesity and GDM

Week 28-31
GDM just after diagnosis



State of the Science: 
Nutrition Therapy in GDM

Nutrition therapy will reach 
all women with the diagnosis 

independent of diagnostic 
criteria



High Potential for Nutrition in 
GDM and Beyond

• Nutrition therapy:  the original and most potent approach to 
treatment of diabetes (Joslin diet was 2% carbohydrate)1,2

• Recognized as the cornerstone to treatment of GDM3

• Pioneers in obstetrics and diabetes recognized that in-utero 
environmental conditions are shaped by maternal nutrition4

• Diet therapy has the potential to effectively treat GDM without 
medication and ↑fetal surveillance5

• Nutrition therapy is the single treatment component that will reach 
every woman with the diagnosis independent of diagnostic criteria 
and GDM phenotype6 1. Mestman JH, 2002, The Endocrinologist; 12:224

2. Hernandez TL, 2014, Curr Diab Rep, 15:565 
3. Gunderson EP, 2004, Curr Diab Rep, 4(5):377
4. Freinkel, 1980, Diabetes, 29(12):1023 
5. Hernandez TL, 2013, Clin Obstet Gynecol, 56(4):803
6. Hernandez TL, 2017, book chapter in press



Challenging the Dogma:  
Nutrition in GDM

• Choosing Healthy Options In Carbohydrate 
Energy = CHOICE™
o High Complex Carb/Low-Fat (HCC/LF)
o 60% carb, mostly complex
o 25% fat
o 15% protein

• ‘Conventional Diet’
o Low-Carb/Conventional (LC/CONV)
o 40% carb
o 45% fat
o 15% protein

• Both diets
o SFA- 35-45%; MUFA- 35-45%; PUFA- 15-20%
o Simple Sugars:  fixed at 70±5g in both diets
o Carbs are ‘complex,’ low-moderate glycemic index
o Fiber is similar (~24g/day in LC, ~29g/day in CHOICE)

Dinner
30%

Snacks
20%

Breakfast
25%

Lunch
25%

Caloric Distribution

Hernandez, TL, 2014, Diabetes Care, 37(5):1254.
R01 DK 101659



Similar 24-hour Glycemia

-Similar patterns
-No difference in nocturnal or FBG
-No difference in mean glucose

1-hour target

2-hour target
CHOICELC/CONV

6%
Difference

91±2      95±2*

LC/CONV
CHOICE

Hernandez, TL, 2014, Diabetes Care, 37(5):1254.

Randomized, Crossover Study:



Higher Insulin Excursion on CHOICE™

*post-breakfast plasma data

Hernandez, TL, 2014 Diabetes Care, 37(5):1254.

CHOICE



CHOICE

Higher FFA on the Conventional Diet

*post-breakfast plasma data

19% 
Difference

Hernandez, TL, 2014 Diabetes Care, 37(5):1254.



What does FFA response to the 
Atkin’s Diet look like?

n=32

Atkin’s diet (20g carb/day)
vs. 55% Carb

after  6 weeks of weight loss

Hernandez TL, 2010,
AJCN, 91(3):578

Also:  Hernandez, TL, 2016,
Diabetes Spectr, 29(2), 82

**Non-pregnant humans



Lower Fasting Glucose on CHOICE™
after 6-7 weeks

Hernandez, TL, 2016, Diabetes Care, 39(1), 39
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Greater insulin-suppression of Lipolysis 
on CHOICE™ after 6-7 weeks 

Hernandez, TL, 2016, Diabetes Care, 39(1), 39
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Lower Infant Adiposity with
CHOICE Exposure

LC/CONV CHOICE

N 6 6

C-section 2 0

Sex (M/F) 2/4 3/3

Gest Age, weeks 39.2±0.4 40.5±0.5

Birth Weight, g 3421±186 3273±104

Adiposity, 
PeaPod, 2wks

12.6±2.0 10.1±1.4

Mean±SEM
p>0.05

Hernandez, TL, 2016, Diabetes Care, 39(1), 39
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State of the Science:  
Insufficient Evidence

2017 

Approaches reviewed across trials:
Glycemic Index (Low, Moderate, Higher) ~ Energy-restricted ~ Dietary Approaches
to Stop Hypertension (DASH) ~ Low vs. Higher Carbohydrate ~ High vs Low Unsaturated Fat
~ Higher vs. Standard Fiber ~ Diet recommendations + behavior advice ~ Soy-protein 
enrichment ~ Ethnic-specific



2018:
Nutrition
modification to 
improve intake from 
baseline in GDM 
reduces maternal 
glucose, BW

-18 RCTs
-1,151 women
-Fasting glucose ↓4mg/dL
-Postprandial glucose
↓8 mg/dL

-Birth weight ↓171g (9 studies)
-Low quality of evidence

Yamamoto JM, 2018
Diabetes Care, 41:1346



Suggestions of Benefit:  
The Case for Higher Quality Complex 

Carbs instead of pure Carb Restriction
Improved
• Maternal glucose control, equal 

to or superior to carbohydrate 
restriction

• Fasting glucose
• Response to OGTT
• A1C
• Insulin action, insulin resistance 

index
• Systolic BP

Decreased
• Total, LDL cholesterol
• Fasting, postprandial lipemia
Vascular Benefits
• ↑total glutathione/anti-oxidant 

capacity
Appropriate GWG when calories not
in excess

Less C-section delivery
Less macrosomia, lower birth weights

Hernandez TL, Barbour LA
2018, Diabetes Res Clin Pract,
Apr 19



A Less Restrictive Nutrition Approach 
is Culturally Adaptive

Hernandez TL, Barbour LA, 2018, Diabetes Res Clin Pract,Apr 19



Individualization…



At Delivery….our work is not done
Poor postpartum diet quality in GDM

2 wks-
4 mos  
Postpartum

BMI
Kg/m2

Protein Carbohydrate Fat Saturated 
Fat

Added 
Sugars

Whole 
Grains

Refined 
Grains

Glycemic 
Index

Fiber

NW (n=29) 24±4 17% 48% 34% 12% 21% 30% 70% 83 24g

Ob (n=11) 32±4 12% 49% 34% 12% 26% 10% 90% 88 20g

GDM (n=9) 31±4 18% 44% 38% 13% 23% 86 13g

Intensive 
GDM 
(n=14)

30±3 18% 46% 36% 12% 9% 21% 78% 84 20g

DGA*
Guideline

15-35% 45-65% <25% <10% <10% ≥50% <50% ≤55 low
56-69 med

25-28g

1. Friedman, American Diabetes Association
2. Barbour, R01DK78645
3. Hernandez, R01DK101659
4. GBD 2017 Diet Collaborators, April 3, 2019, Lancet

*DGA=USDA Dietary Guidelines for Americans, 2015-2020
Intensive GDM:  
Women were randomized to 1 of 2 high quality diets just after diagnosis;  food was provided through delivery

GDM Postpartum: Pattern of ↓Calcium, ↓Potassium, ↓vitamins
Across Women:  ↓fiber, ↑sodium, ↑ refined grains  Patterns recently linked with 

increased worldwide diet-related death/disability4



Prevention of GDM starts long before pregnancy
Pre-pregnancy interventions can include:
• Good nutrition focused on ↑diet quality, healthy eating 

patterns
• Return to normal body weight before conception
• Attention on psychological factors such as anxiety, 

depression, and dysfunctional eating patterns

Nutrition Implications for all pregnant women, children 
and families:
• Focus on increasing diet quality and reinforcing healthy 

eating patterns:  ↑fruits, vegetables, legumes, whole 
grains

• Avoidance of simple sugars: contribute to hyperglycemia
• Fats in moderation: high total and increased saturated 

fats contribute to insulin resistance

Nutrition in GDM and Beyond: 
Nutrition in GDM is Nutrition for all Pregnancy

Hernandez TL, Barbour LA, 2018, Diabetes Res Clin Pract,Apr 19
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