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Objectives

1. Make the case for flexibility in dietary carbohydrate content for 
Gestational Diabetes (GDM)

2. Present highlights of clinical trial results from the CHOICE diet 
parallel randomized controlled trial
• A Colorado approach to prevention

3. Discuss implications for long-term metabolic health
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Increasing Prevalence of GDM 2014-2020
with Decreased Large-for-Gestational Age

Valent, A; Garg, B; and Hernandez TL, 2024, in preparation

N= 25,437,281 total births 

-National Center for Health 
Statistics, birth certificates
-n=1,620,820 (6%) with GDM
     

(HDP)

-Despite lower LGA over time, 
LGA prevalence was 15.5% in 
GDM vs. 9.4% in controls5.4% GDM 7.8% GDM

RR 1.43: ↑43%

17.9% LGA 14.2% LGA
RR 0.79: ↓21%

11.1% HDP

14.1% HDPRR 1.27: ↑27%

RR = risk ratio



Nutrition Therapy in GDM: Doomed from the Start?
Anxiety, Rigid Adherence, and Unintended Consequences

Until GDM diagnosis, pregnancy was “normal”…
• Suddenly: High risk pregnancy label, “diet”, ↑rigid control of glucose, ↑surveillance, medications
• Anxiety, fear, depression

Psychology related to nutrition therapy in GDM1-5

• Focus:  rigid restriction of carbohydrate
• Rapid adaptation in late pregnancy is challenging; food selection is mentally taxing
• Infringement on cultural/social beliefs
• Feel confined by the diet

o Narrow range of “acceptable foods,” limited food choices 
• Rigid diet control: the most difficult component to treatment

o Unintended consequences: ↑↑fat intake
• Medicalization of eating

o “It feels like medically promoted disordered eating”

1. Lawson EJ, 1994, Social Health Illn, 16(4):536
2. Hui AL, 2014, Diabetes Educ, 40(5); 668
3. Teixeira PJ, 2015, BMC Med, 13:84 University of Colorado Hospital, circa 2002

4. Martis, R. 2018, BMC Preg Childbirth, 18:91
5. Benton M, 2023, PLOS One, 18(7):e0288395  



A Low-Carbohydrate Diet in GDM is 
Conventional Therapy

• Nutrition therapy is first line treatment for GDM across diagnostic criteria
• Historically, diet designed to blunt post-prandial glycemia1 

o To prevent fetal overgrowth and large-for-gestational age (LGA)—as birthweight, or excess adiposity
o 1990: 40% CHO; 45% fat; 15% protein
o Pre-insulin era:  Joslin diet was 2% carbohydrate, 70-80% fat

• The current evidence does not support one type of diet prescription for primary treatment 
of GDM and the quality of evidence is low2

• Evidence supports: ANY diet modification that improves nutritional pattern once the 
diagnosis is made reduces maternal glucose and birth weight (BW)3,4

o Meta-analysis of 18 RCTs (n=1151 women).  Fasting glucose ↓4mg/dL, postprandial glucose ↓8 
mg/dL.  Lower need for adjunctive medication (35%), birth weight ↓ 171g

• Infants born LGA or with ↑adiposity have higher risk for childhood overweight, insulin 
resistance, hypertension, some leukemias, and later diabetes and cardiovascular disease5

     3. Yamamoto JM, 2018, Diabetes Care, 41:1346
4. Hernandez TL & Barbour LA, 2018 Diab Res Clin Pract, April 03
5. Scifres, CM, 2021, Obstet Gynecol Clin N Am, 48:325

1. 1990, J Am Coll Nutr, 9(4): 320;1991, Diabetes, 40(Suppl 2), 172
2. Han, S, Cochrane Database Systematic Reviews, 2017, 2:CD009275



Fetal
Under-nutrition

Changes in Gene 
Expression/ Organ 

Development

Rapid Catch-up Growth

Glucose-Conserving

bias in metabolism?

Diabetes
Metabolic Disease

CVD

Hertfordshire
Helsinki
Dutch Famine 

Hales & Barker, 1992, Diabetologia; 35:595
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Prevention of childhood obesity and
poor metabolic health begins before birth



Maternal Nutrition: Primary Intervention for 
Manipulation of Gestational Metabolism

Pedersen, 1952
Freinkel, 1980, Diabetes, 29(12):1023
Barbour LA & Hernandez TL, 2018, Clin Ther, Sept 17
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The CHOICE Diet
 Randomized Trial

Highlights of Clinical Trial Results

“…the placenta and
the fetus develop in
an incubation medium 
that is wholly derived
from maternal fuels.”
-Norbert Freinkel
1980 Banting Lecture

Mom’s garden
Hoffman Estates, Illinois

June 2024



Nutrition Arms:
All Meals were Provided through CCTSI Bionutrition Core

• CHOICE  = Choosing Healthy Options
     In Carbohydrate Energy 

o 60% carb, mostly complex
o 25% fat
o 15% protein

• LC/CONV = Conventional Low Carbohydrate
o 40% carb
o 45% fat
o 15% protein

• Both diets
o Eucaloric
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%

Break-
fast
25%

Lunch
25%

Caloric Distribution

Hernandez, TL, 2014, Diabetes Care, 37(5):1254.
R01 DK101659



Hypothesis
7-8 weeks of CHOICE (60% carbohydrate, 
mostly complex) vs. a Conventional low 
carbohydrate diet (40%) would improve 
glycemia, insulin resistance, reduce free 
fatty acids (FFA), and reduce newborn 
adiposity

Hernandez TL, R01 DK101659

Newborn body
Composition
by PEAPOD



RCT: 7-8 wks, All Meals Provided
Lower Carbohydrate vs. Higher Carbohydrate

40% CHO 60% CHO

Carbohydrate, g/d 214 316

Fat, g/d 106 59

Protein, g/d 80 79

Calories, kcal/d 2101 2098

Saturated Fat, g/d 34 18

Sugars, g/d 68 70

At Randomization, ~31 wks
Eucaloric Diets

Adherence >90%, both groups

Carbohydrates were mostly 
complex, low-med GI in both diets

BMI = 32 kg/m2

CHO = CarbohydrateConventional: 40% CHO, 45% Fat, 15% Pro
CHOICE:  60% CHO, 25% Fat, 15% Pro

Hernandez, TL, Diabetes Care, 2023, 46:11 1-10



Participant Characteristics

**Data are
 mean ± SEM

Women with A1 GDM, Baseline
CONVENTIONAL CHOICE

N=59 randomized 28 31

Required Medication/Pregnancy Complication Exclusion 2/3 1/6

Completed the study 23 23

Caucasian/Hispanic/Asian/Black, % 78/17/13/9 74/17/17/0

Weeks gestation, study baseline 31±0.1 32±0.1*

Age, yrs 32±1 33±1

BMI, pre-pregnancy, kg/m2 28±1 30±1

BMI, kg/m2, study baseline 32±1 32±1

Gravida/Para 2/1 2/1

Characteristics at Delivery 
Gestational Age, delivery, wks 39±0.2 39±0.3

Vaginal/C-Section delivery, % 78/4 61/17

BMI at delivery 32±1 34±1

Delta weight (delivery-study baseline), kg 1.8±0.3 2.0±0.4

Total Gestational Weight Gain, kg 11±1.2 10±0.9

Days on Diet 54±2 48±2

Mean±SEM



No Between-Group Differences in 
24-hour Glycemia
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All between-group
Comparisons, >0.05

No increases in glycemic 
measures over time with 
↑insulin resistance

3.3

5.0

6.6

7.7

mmol/L

40% CHO diet:
    (214g/day)

60% CHO diet:
    (316g/day)

1-hr target

2-hr target

Hernandez, TL, Diabetes Care, 
2023, 46:11 1-10



No Between-Group Differences:
 %Time in Range

R01 DK101659

40% CHO-45% Fat
(214g/d)

vs. 
60% CHO-25% fat

(316g/d)

Hernandez, TL, Diabetes Care, 2023, 46:11 1-10



Similar Increase in Triglycerides
on both Diets

40% CHO-45% Fat vs. 60% CHO-25% fat
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Breakfast test meals
30% of total energy intake
Mean±SEM

7-8 wksFasting TG:
CONV: 186
CHOICE: 217

Women on CHOICE
at higher TG at study baseline

Fasting TG:
CONV: 219
CHOICE: 257

Fasting TG increased by ~33-40 mg/dL
in both groups (p<0.001 for both, within group change)

AUC
p>0.05 between groups

AUC
p>0.05 between groups

Hernandez, TL, Diabetes Care, 2023, 46:11 1-10

Women on CONV had 5% higher
Increase in TG over time (p>0.05)
—clinically significant?



Lower Postprandial FFA 
Higher Complex Carbohydrate Diet after 7-8 wks
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AUC
p=0.009 between groups

FFA AUC increased on the Conventional diet and decreased on CHOICE, 
resulting in 21% decreased FFA exposure on Choice compared to CONV 

*p=0.0121% Difference,
AUC

40% CHO-45% Fat
(214g/d)

vs. 
60% CHO-25% fat

(316g/d)
R01 DK101659

Hernandez, TL, Diabetes Care, 2023, 46:11 1-10



Improved Insulin Resistance by HOMA-IR on 
Choice by 36-37 wks Weeks
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CONV 3.1±0.2 3.1±0.3

CHOICE 2.5±0.2 2.8±0.2

Insulin Resistance by 
Matsuda Index

Fasting plasma glucose/insulin, OGTT day

p>0.05

Higher HOMA-IR indicates ↑ insulin resistance
Higher Matsuda Index indicates ↑insulin sensitivity

Hernandez, TL, Diabetes Care, 2023, 46:11 1-10



Primary Outcome: Similar Neonatal Adiposity 
and Cord Blood Insulin between Diets
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Birth weight, g 3303±470 3293±389

Body fat, % 10.25±4.5 10.8±4.3

LGA, % 17 13

SGA, % 4 0

Gender (M/F) 11/12 11/12

TG, mg/dL, cord 48±24 43±12

Glucose, mg/dL, cord 77±21 83±28

Insulin, uIU/L, cord 6.6±5 7.2±3

C-peptide, ng/mL, cord 0.69±0.27 0.83±0.35 Primary Outcome
Mean±SD
LGA=large-for-gestational age; SGA=small-for-gestational age

p>0.05

These data reveal implications for eucaloric conditions

Hernandez, TL, Diabetes Care, 2023, 46:11 1-10



Implications
•••

 for Long-Term

 Metabolic Health

“Top of the World”
Pike’s Peak: 14,115 feet

Colorado Springs, Colorado
August 2023



Choices for Women can 
support a Food as Medicine 

Approach

1 Marshall, N (2022) Am J ObGyn, May;226(5):607-632



A Less Restrictive Carbohydrate 
Approach is Culturally Adaptive

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



A Lifecourse Approach to Prevention of Diabetes and 
Cardiovascular Disease is Urgently needed

Consistent Risk Factors for 
childhood overweight/ Obesity 
can be addressed through 
nutrition in pregnancy1

• ↑pre-pregnancy BMI
• Prenatal tobacco exposure
• Excess GWG
• Higher neonatal birth weight
• Higher neonatal adiposity
• Accelerated infant weight gain

Remember
the U-shaped
curve

Healthy nutrition is a key
component to lifecourse 
prevention of diabetes in 
mother, offspring and families

1. Baidal JAW, 2016, Am J Prev Med; 50(6): 761-779     2. Simmons D, 2024, Lancet; 404(10448):193



In Defense of Carbs: 
 Implications Moving Forward

In our Colorado approach to prevention of fetal overgrowth:
• First controlled data in humans to support that liberalization of higher complex 

carbohydrate results in:
Glucose that meets treatment targets
Lower FFA
No difference in neonatal %fat or cord insulin levels

 Expanding nutrition options in GDM
• Liberalization of high-quality carbohydrates in GDM supports long-term healthy 

lifecourse development trajectories
For women, children, and families
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