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OVERVIEW

• Review trends obesity and dietary patterns

• Discuss the role of maternal obesity and prenatal diet in child health 
outcomes

• Describe how maternal obesity and related inutero environment shape 
developmental adaptations in pregnancy which impact offspring 
outcomes

• Review the potential role of nutritional interventions in pregnancy

• Discuss current challenges and future directions
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EPIDEMIOLOGY OF MATERNAL OBESITY AND 

DIETARY QUALITY
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OBESITY IS GLOBAL PUBLIC HEALTH CHALLENGE
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OBESITY AMONG WOMEN IN JORDAN

Bustami et al, J Multidiscip Healthc, 2021
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36%

36% of women in 

Jordan have a c-BMI 

of 4 (obese class 1), 

5 (obese class 2), or 

6 (obese class 3)
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GLOBAL AND 

REGIONAL MEAN IN 

ALTERNATE HEALTHY 

EATING INDEX BY AGE

Miller et al, Nature Food 2022 

By age, most regions had J-

or U-shaped relationships, 

with the highest scores 

observed among the 

youngest (≤5 years) and/or 

oldest age groups 

(≥75 years)
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Miller et al, Nature Food 2022 

GLOBAL AND 

REGIONAL MEAN IN 

MEDITERRANEAN 

DIET SCORE BY AGE
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PART 1: SUMMARY

• Obesity is a global public health challenge with an estimated 1 in 3

women of reproductive age having obesity in the US and in Jordan

• Dietary quality among women of reproductive age is generally poor

• What are the implications on the next generation?



MATERNAL OBESITY, PRENATAL DIET AND 

NEURODEVELOPMENTAL OUTCOMES
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MATERNAL OBESITY IS 

ASSOCIATED WITH 

ADVERSE

NEURODEVELOPMENTAL 

OUTCOMES

Rivera et al. Frontiers in 
Neuroscience. Review. 2015
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Monthé-Drèze et al, Peds Research 2019

MATERNAL OBESITY

IS LINKED TO LOWER 

VISUAL MOTOR 

ABILITIES (VMA) IN 

THE OFFSPRING IN 

EARLY CHILDHOOD

• VMA CORRELATE 

WITH EXECUTIVE 

FUNCTION SKILLS
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DeCapo et al, J biospych 2019

Neuro-inflammatory signaling and 

oxidative stress lead to structural 

brain changes in fetal brains (e.g, 

hippocampus, amygdala and 

hypothalamus) of obese dams:

• Diminished proliferation

• Decreased neurotrophic factors

• Synaptic remodeling

• Reduced migration and maturation 

• Impaired cell signaling 

RODENT MODELS



WHAT EVIDENCE EXIST IN HUMANS THAT OBESITY 

RELATED INFLAMMATION AND DIETARY QUALITY ARE 

LINKED TO IMPAIRED NEURODEVELOPMENT IN THE  

OFFSPRING? 
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Monthe-Dreze et al, Peds Research 2019

Monthe-Dreze et al, Nutrients 2018

Sen et al, J Nutrition 2016

MATERNAL OBESITY IS ASSOCIATED WITH SYSTEMIC AND DIETARY 

PROINFLAMMATORY PROFILES

Monthe-Dreze et al, Peds Research 2019

Maternal obesity is associated with 
• HigherCRP
• Higher systemic omega-6:omega-3 ratio, a marker of 

inflammation 
• HigherDietary inflammation index (DII), a marker of dietary 

inflammation. 
• Index developed to characterize and quantify the 

cumulative inflammatory potential of an individual’s diet.
• The DII score positively correlates with interval changes in 

markers of systemic inflammation in pregnant adults
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Monthé-Drèze et al, Peds Research 2019

THE ROLE OF MATERNAL 

OBESITY-RELATED  

INFLAMMATION (VIVA 

COHORT): 

Monthe-Dreze et al, Peds Research 2019

• Altered maternal fatty acid balance and 
dietary inflammation are associated with lower 
verbal reasoning skills in mid-childhood (MC)

• Higher maternal inflammation and altered 
maternal fatty acid balance are associated 
with impaired visual-motor skills in MC

• Mediation analysis showed that CRP 
explained up to 28% of the relationship 
between maternal obesity and offspring visual 
motor outcomes
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Monthé-Drèze et al, unpublished

THE ROLE OF MATERNAL 

OBESITY-RELATED  

INFLAMMATION (BMI-

BASED PRENATAL 

VITAMINS RCT STUDY, 

NCT02802566) AND 

IMPLICATION FOR TIMING 

OF INTERVENTION

Monthe-Dreze et al, Peds Research 2019
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INFANTS 

EXPOSED TO 

MATERNAL 

OBESITY IN 

UTERO HAVE 

LOWER 

REGIONAL 

BRAIN 

VOLUMES

Monthé-Drèze et al, in preparation

♀

♂

♀
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AMONG NEONATES OF MOTHERS WITH PRE-PREGNANCY OBESITY, IN UTERO EXPOSURE TO 

BETTER DIETARY QUALITY WAS ASSOCIATED WITH GREATER NEONATAL GREY MATTER 

VOLUMES IN SPECIFIC REGIONS THAT PLAY CRUCIAL  ROLE IN ATTENTIONAND BEHAVIOR

Monthé-Drèze et al, in preparation
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THE ROLE OF NUTRITIONAL INTERVENTIONS FOR OPTIMAL BRAIN AND 

NEURODEVELOPMENT: CURRENT LIMITATIONS

Monthe-Dreze et al, Peds Research 2019

• Observational studies suggest a link between prenatal n6:n3 ratio, fish

intake and neurodevelopmental outcomes in children

• However, meta-analysis of all published RCTs looking at the effect of

n-3 PUFA supplementation in pregnancy on child development

outcomes revealed mixed results, largely due to methodological

limitations

• Interventions were started later in pregnancy, missing what may be the

most critical periods of brain development and highest susceptibility to

in utero metabolic disturbances

• Populations with a lower socioeconomic status and at highest risk were

underrepresented and studies lacked racial and ethnic diversity

Makrides et al., JAMA 2010
Gould et al. AJCN 2013
Ramakrishnan et al, AJCN 2016
Nevins et al, J Nutrition 2021
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THE ROLE OF NUTRITIONAL INTERVENTIONS (OMEGA-3 FISH OIL) FOR OPTIMAL BRAIN AND 

NEURODEVELOPMENT: HAVE WE FIGURED THE APPROPRIATE DOSING?

*

*

*p<0.05
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Lean Overweight Obese

• Significant increase in total DHA+EPA (∆% median 

(IQR): 2.3% (0.0, 5.3; p < 0.05)  following 2g /day of n-

3 supplementation in pregnancy

• However, observed effects differed by BMI category 

(Lean: β = 4.03%; CI: 3.24, 4.82; Overweight: β = 

2.14%; CI: 1.17, 3.10; Obese: β = 2.12%; CI: 1.32, 

2.92; p for interaction = 0.000)

• Change observed following supplementation in women 

with obesity was lower by 2.04% total fatty acids (CI: 

−3.19, −0.90) compared to the change seen in women 

with normal BMI, equivalent to a 50% difference in the 

effect size between these two BMI groups.

Monthe-Dreze et al, Nutrients 2018
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THE ROLE OF NUTRITIONAL INTERVENTIONS FOR OPTIMAL BRAIN AND 

NEURODEVELOPMENT: FUTURE DIRECTIONS

• Lack of evidence of an effect is not the same as evidence of that there is “no effect”

• Choosing the right population: Pregnant women with obesity and their offspring may benefit from 

prenatal lifestyle modification (vs. women with normal BMI) due to poorer nutritional status and greater 

dysmetabolism at baseline, and greater susceptibility to adverse outcomes in the offspring 

• Choosing the right timing: early pregnancy/peri-conception is a critical window for brain development

• Choosing the right assessment tools: Apropriate measures of cognition is key. Global assessment of 

cognitive functions (e.g., Bayleys) may not be sensitive enough to detect differences in SPECIFIC cognitive 

processes that may be differentially affected by key nutrients

• For example, specific cognitive outcomes related to DHA  intake include attention, processing speed, 

problem solving, distractibility, higher-order function (Cheatham et al, AJCN 2006)
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PART 2: SUMMARY

• Pre-pregnancy BMI and prenatal diet are associated with adverse offspring brain and

neurodevelopmental outcomes

• Obesity and diet- related dysmetabolism (inflammation, lipotoxicity, altered fatty acid

profiles, oxidative stress, hyperinsulinemia, hyperleptinemia) may be important mediators

in these relationships

• There may be a role for interventions (diet, fish oil?) specifically for higher risk population

(e.g maternal obesity) targeting inflammation/dysmetabolism, though more research is

needed
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MATERNAL OBESITY, PRENATAL DIET, AND CHILD 

GROWTH OUTCOMES
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CHILD OBESITY TRENDS ARE ALARMING

Zayed et al, BMC Public Health 2016 

JORDANUSA

cdc.gov
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CHILDHOOD OBESITY IS ASSOCIATED WITH ADULT OBESITY
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CHILDHOOD OBESITY AND CHRONIC HEALTH PROBLEMS 

THROUGH LIFESPAN

• Annual cost of 
childhood obesity 
in the US is ~$14 
billion/year

Hammond et al., Diabetes Metab Syndr Obes 2010
Trasande et al., Obesity, 2009
Lakshman et al, Circulation, 2012

• Annual cost of adult 
obesity in the US is 
$170 billion/year in 
excess costs
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• Maternal undernutrition
• Maternal overnutrition (Western 

style diet, high-fat/high-fructose)
• Maternal dietary quality

• High omega 6 vs. 3 fatty acids 
• Low protein diets
• Low micronutrients (VitD, B12, 

antioxidants, methyl donors)

DEVELOPMENTAL 

PROGRAMMING

Zhen et al, 2019

Inzani et al., Proceedings of the Nutrition Society 2022

Cirulli et al., Neuroscience 2020
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Bordeleau et al., Front Cell Neurosci. 2021, 

Agarwal et al., Critic Rev in Clin Lab Sci. 2018 

EPIGENETICS MAY PLAY A ROLE
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• Population: Mother-child dyads in project Viva pre-birth cohort with dietary quality indices 
available in pregnancy and ≥ 3 body mass index (BMI) measures in the children 

• Dietary Inflammatory Index (DII)
• Adherence to Mediterranean dietary pattern: Mediterranean diet score (MDS)
• Alternate Healthy Eating Index for Pregnancy (AHEI-P)

• Exposure: Dietary indices were summarized as quartiles. Exposure group were children with in 
utero exposure to the highest quartile of DII (Q4) or the lowest quartile of MDS or AHEI-P (Q1)

• Comparison: Children with in utero exposure to the lowest quartiles of DII (Q1); or the highest 
quartile of MDS or AHEI-P (Q4)

• Outcome: BMI-z trajectories from birth to adolescence 

PRENATAL DIETARY QUALITY IS ASSOCIATED WITH CHILD BMI TRAJECTORIES

Monthe-Dreze et al, AJCN 2021
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Monthe-Dreze et al, AJCN 2021

Dietary 
Inflammatory 
Index

Mediterranean 
Diet ScoreAlternate Healthy 

Eating Index for 
Pregnancy
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THE MODERATING ROLE OF THE PSYCHOLOGICAL STRESS IN 

THE PRENATAL DIET-CHILD GROWTH RELATIONSHIP
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In Utero 

Exposure to 

the Highest 

Quartile of DII 

was Associated 

with Faster 

Adiposity Gain 

Over Time

Monthe-Dreze et al., JAMA Netw Open, 2023



Insert Logo/s

Associations of Prenatal DII with Childhood Adiposity were Stronger Among 

Offspring of Mothers with Higher EPDS (Edinburgh depression scores) in Pregnancy
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Abnormal in utero Pro-

Inflammatory Metabolic 

Environment
- Epi/genetic dysregulation

- Fetal metabolism

- Inflammatory/immune 

dysregulation

- Oxidative StressChildhood

Obesity

Pre-pregnancy Obesity (and diet!)

Adult

Obesity

Neonatal

Adiposity and/or 

Altered Metabolic 

Phenotype

The Cycle of Intergenerational Obesity: Mechanisms
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MATERNAL OBESITY IS ASSOCIATED WITH CHILD BMI 

OBESITY

Voerman et al., PLOS, 2019 
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MATERNAL OBESITY IS ASSOCIATED WITH NEONATAL/FETAL ADIPOSITY AND IMPAIRED 

GLUCOSE METABOLISM MAY PLAY A ROLE

Andrews et al., IJO 2021

MEDIATORS: 

• Fasting blood

Glucose and c-

peptide (markers of 

maternal glucose 

metabolism control)
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NEONATAL ADIPOSITY IS ASSOCIATED WITH 

INCREASED PREVALENCE OF CHILDHOOD 

OVERWEIGHT/OBESITY

Fetal Overgrowth and 

Adiposity May Mediate 

the Associations of 

Maternal Pre-

Pregnancy Obesity 

with Childhood 

Obesity
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Higher Pregnancy Dietary and Umbilical Cord n-3 PUFA is 
Associated with Lower Childhood Obesity Risk

Donahue et al, AJCN 2011
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Omega(n)-3 

Supplementation in 

Overweight/Obese 

Pregnancies is 

Associated with 

Increased Fetal 

Growth AND 

Increased Neonatal 

Fat Free Mass
Monthe-Dreze et al, Nutrients 2021

Specific 

subgroups that 

might get a greater 

benefit: 

• Women with 

obesity

• Women with 

high prenatal 

dietary n6/n3 

PUFA ratio

• Male infants
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Nutritional Programming:  The good, Bad and Ugly  
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Lifestyle Intervention in Preparation for Pregnancy (LIPP): The Right Intervention at the RightTime?

ClinicalTrials.gov NCT03146156

• Study: 200 women with 
history of pre-pregnancy 
obesity are recruited after 
delivery to participate in a 
RCT of preconception lifestyle 
intervention geared towards 
improved nutrition 
(Mediterranean diet) and 
physical activity in 
preparation for their next 
pregnancy. 

• Outcomes:
• Maternal metabolic 

status before and 
during subsequent 
pregnancy

• Child adiposity
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PART 3: SUMMARY

• Pre-pregnancy obesity and prenatal dietary quality are linked to higher offspring BMI and

adiposity from birth to adolescence. In turn, childhood obesity is linked to later adult

obesity and metabolic syndrome.

• Prenatal metabolic dysregulation and epigenetics play important mechanistic roles

• Prenatal psychosocial stress may play an important moderating role

• Trials evaluating the effects of prenatal dietary interventions among women with obesity

on offspring adiposity may require initiation during pre/periconception period as well as

long-term follow-up at least through mid childhood.
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THANK YOU FOR YOUR ATTENTION

CONTACT: CMONTHE-DREZE@BWH.HARVARD.EDU



Q&A



THANK YOU

To register for upcoming webinars, you can visit 

https://nutritioninnovationlab.org/webinar-series. Follow us on 

Facebook (@JordanNutritionInnovationLab) and Twitter 

(@NutriLabJordan) for more updates!

Recordings and slides for each webinar will also be posted on our 

website. 

https://nutritioninnovationlab.org/webinar-series
http://www.facebook.com/JordanNutritionInnovationLab
https://twitter.com/NutriLabJordan


www.feedthefuture.gov


