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A systematic Examination of the Association between 
Parental and Child Obesity Across Countries1-3

Obesity Risk is Inherited 

Adv Nutr 2017;8:436-48

Paternal OR 1.92
95% CI: 1.74, 2.12

Maternal OR 2.12
95% CI: 1.92, 2.34

Both OR 3.49
95% CI: 2.87, 4.25

4

Is the Trajectory of Body Fatness “Set” In Utero?
Epidemiological Studies



AJCN 2015; 101:302-9

N= 826 mother-infant dyads
Infant adiposity (≤ 72h) – air displacement plethsymography

Prepregnancy BMI
Unadjusted increase per 

1 kg/m2 (95% CI)
Adjusted increase per 

1  kg/m2 (95% CI) Mom: 24 kg/m2
 Baby: 10% fatFat mass, g 4.12 (2.53, 5.72) 5.21 (3.54, 6.89)

Fat-free mas, g 4.48 (099, 7.97) 7.71 (4.50, 10.91) Mom: 40 kg/m2
 Baby: ^ 2%?Percentage of body fat 0.10 (0.06, 0.14) 0.12 (0.08, 0.16) 

Elevated Adiposity is Present at Birth 5

Is the Trajectory of Body Fatness “Set” In Utero?
Epidemiological Studies



Maternal size + Gestational weight gain = Double Insult 

JAMA 2019;321(17):1702-15.

Macrosomia: absolute birth 
weight >4,000 g (~8.75 lbs)
Large for gestational age 
(LGA): birth weight >90th %ile 
for gestational age 

J Peds 2014; 165:509-515



Recommendations for Weight Gain in Pregnancy 

Two out of every three 
pregnant individuals with 
obesity gain excess 
weight in pregnancy



**Adjusted for baseline BMI category (overweight, obese)

8.1±5.29.7±5.4 0.37±.240.44±.24

Obesity (Silver Spring). 2018 Sep;26(9):1396-1404
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Intervention
(N=574)

Standard of care 
(N=565)

Intervention Effect 
Odds Ratio (95% CI) P-value

Fetal/neonatal death 13/574 (2.3%) 22/565 (3.9%)

0.57 [0.28, 1.15] 0.11
Fetal death < 24 weeks 8/574 (1.4%) 18/565 (3.2%)

Fetal death ≥ 24 weeks 2/574 (0.3%) 4/565 (0.7%)

Neonatal death 3/573 (0.5%) 0/565 (0.0%)

Birth weight (g) **, # 3306 ± 588 3268 ± 571 0.15
SGA < 10th percentile # 40/563 (7.1%) 51/543 (9.4%) 0.74 [0.48, 1.13] 0.16
LGA ≥ 90th percentile 60/563 (10.7%) 48/543 (8.8%) 1.23 [0.83, 1.84] 0.31
Macrosomia (birth wt ≥ 4000 g) 48/563 (8.5%) 43/543 (7.9%) 1.15 [0.75, 1.79] 0.52
Birth weight for length z-score #,† -0.18 ± 1.29 -0.27 ± 1.29 0.24
NICU/intermediate nursery stay **, # 71/564 (12.6%) 68/543 (12.5%) 1.05 [0.73, 1.51] 0.80

No effect on size at birth!

Obesity (Silver Spring). 2018 Sep;26(9):1396-1404Is the Trajectory of Body Fatness “Set” In Utero?
Clinical Studies
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Energy Balance

INA: -262 ± 32 kcal/d 
REC: -125 ± 52 kcal/d
EXC: +186 ± 29 kcal/d
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Most et al 2013 J Clin Invest; 129: 4682-4690

Hypothesized reasons why interventions (to date) 
generally have been unsuccessful

Interventions have little specificity
The diet (calorie) goals for pregnant 
women are not well-defined

• IOM: +340 to +450 calories per day in the 2nd 
and 3rd trimester

• ACOG: endorsement, and ‘women with 
obesity may need fewer calories

1

Is the Trajectory of Body Fatness “Set” In Utero?
Clinical Studies



Hypothesized reasons why interventions (to 
date) generally have been unsuccessful

Timing Matters!
Most interventions are too short 
(they begin at 16-20 weeks)

• N= 172 singleton gestation

• Early GWG = pregravid to 16-20 GA
• Late GWG = 16-20 to delivery

2

Davenport et al 2013 Obstet Gynecol; 122: 255-61
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MHO

MUO

Or maybe it has nothing to do with maternal weight or 
weight gain?

MHO

MUO

*

Flanagan et. al, 2021 Obesity

3

Flanagan et. al, 2025 JAMA Network. 



Gestational weight gain is therefore important, but an 
imperfect proxy for the biological environment 

experienced by the fetus. 



Size at birth is one component. Postnatal growth trajectories matter, too. 

Kapral N, et al. Pediatr Obes. 2018
Qiao Int J Obes 2012

Rickman Am J Clin Nut 2025



Why early nutrition 
matters

• Infants consuming milk from a bottle: 85%
• Infants lack ability to self-regulate
• Infants with accelerated weight gain in 

first year: 39%  
• Accelerated weight gain at 0-2yr more 

predictive of youth obesity than any other 
time



Growth is Governed by Energy Balance

• Energy intake is primary driver 
of growth 

• Low energy requirements 
mean infants can easily be 
overfed 

K Ong et. al, Pediatrics 2006 



How much should babies eat

Age of Baby Average Amount of 
Breast Milk or 
Formula per Feeding

Expected Number 
of Feedings per 
Day

Total Ounces per 
Day 

Calories per 
day

Newborn 1 to 2 ounces 8 to 12 feedings 8 to 24 ounces 160 - 480

2 weeks 2 to 3 ounces 8 to 12 feedings 16 to 36 ounces 320 - 720

1 month 3 to 4 ounces 8 to 10 feedings 24 to 40 ounces 480 - 800

2 months 4 to 5 ounces 6 to 8 feedings 24 to 40 ounces 480 - 800

4 months 4 to 6 ounces 6 to 8 feedings 24 ounces 48 ounces 480 - 960

6 to 12 months 7 to 8 ounces 4 to 6 feedings 28 to 48 ounces 560 - 960

Age-specific feeding 
recommendations

*Estimated using 20 kcal/ounce 



Opportunity for growth 
monitoring / nutrition 

tailoring 

The Pediatric Clinician’s Opportunity
… And Challenge

• Clinicians report discomfort managing overfeeding and rapid weight gain

• More comfortable with management of inadequate (9% of infants)

• Only 62.5% perceive primary cause of rapid weight gain to be overfeeding 

Pesch et al. 2021

Infancy

3-5 Days

1 Month

2 Months

4 Months

6 Months

9 Months

12 Months

AAP Periodicity Schedule

“Typically, I do not get concerned. I think if I saw an infant 
crossing [growth] curves rapidly, I would step back and think 
about some syndromes. It would be rare for me to really be 

concerned about just a baby growing rapidly.”

“Usually, I monitor infants gaining too much weight much less than I do 
babies who are gaining too little weight.”



The Pediatric Clinician’s Opportunity
… And Challenge

Pesch et al. 2021

Doctor said my baby is 
overweight?? Haha 

My baby got her 4 months shots 
today.

He started off [the visit] by saying 
my baby is being over fed???

Response: 

That doc sounds very judgmental

Original Poster: 

I didn’t like how he approached it. 
I’m definitely switching doctors. 



Toward Precision Nutrition: 
Dietary Reference Intakes for Energy

DRI for energy is used to provide guidance for maintaining energy (im)balance 
in individuals of a defined age, sex, and weight

Published in 2005; Updated in 2023

Clinical reference standards adopted by the AAP 

Table. Energy Requirement Equations for Children 0-3 yrs
Energy Expenditure Energy Cost of Growth 
Child Age Sex Energy Expenditure Estimate Child Age Sex Energy Cost of Growth 

0 Months -
2.99 Years

M -716.45 – (1.00 * age) + 17.82 * height) +(15.06 * wt) 0-2.99 
months 

M +200
F -69.15 + (80.0 * age) + (2.65 * height) + (54.15 * wt) F +180

3-5.99 
months 

M +50
F +60

6 – 12 
months 

M +20
F +20
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Figure adapted from Rickman et. al 2025 

Overfeeding 
prescription

Physiological 
and/or behavioral 
factors allow for 

“catch-down” 
growth

The Challenge with the DRI



DRI Estimates versus measured energy requirements
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Measured TDEE: 354 ± 47
Predicted TDEE: 395 ± 90

Prediction Error: 16% 

Age: 4-12 Weeks 
7day DLW study 

Unpublished data



Clinical Implications of “Modest” Overfeeding

Mathematical Model of Human Growth and Energy 
Expenditure Dynamics from Birth Through Adulthood

Energy Intake = Energy Expenditure (DLW) + ∆ Energy Stores (Fat/Fat-Free Mass)      

𝑑𝑑 𝜌𝜌𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝑑𝑑𝑑𝑑

= 𝑝𝑝 𝐼𝐼 − 𝐸𝐸 + 𝑔𝑔 𝑡𝑡

𝜌𝜌𝐹𝐹𝐹𝐹
𝑑𝑑𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 1 −  𝑝𝑝 𝐼𝐼 − 𝐸𝐸 − 𝑔𝑔 𝑡𝑡  

Pediatric Growth Model 
Hall et. al, 2013



Understanding infant energy balance can move us 
beyond broad recommendations toward 

individualized guidance for early obesity prevention



Early Obesity Prevention
What will it take to get there? 

Pediatric and community-care engagement 
Parent and caregiver partnership

Translation into public health policy 
and practice

Sustained investment in early-life research 



Thank you! 
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1 in 2 
adults are 
living with 
diabetes or 
prediabetes

1 in 2 
adults are 
living with 

cardiovascula
r disease

3 in 4 
adults are 
living with 

overweight or 
obesity

1 in 3 
childrenBehavioral Factors Sociopolitical Factors

Martin et al. (2024), Circulation
CDC (2023), National Diabetes Statistics Report 
Fryar et al. (2020), NCHS Health E-Stats
O’Hearn et al. (2023), Journal of the American College of Cardiology

Public Health Challenges & 
Advancing Health Equity



RWJF, 2017; Savage et al, 2018 

Recommendations for Supporting 
Growth from the Start

Connecting Caregivers & Integrating High-Quality Care
• Supplemental Nutrition Program for Women, Infants, and 

Children (WIC)
• Regular pediatric well-child visits 



SCIENTIFIC JOURNEY

Age 5

Preschool

Infancy

WIC / 
Community

Prenatal



Dr. Leann L. Birch
Pioneer of Developmental Science in Children’s Eating Behavior

70+
Graduate students &
postdocs mentored

260+
Peer-reviewed

publications

80,000+
Citations of

her research

$30M+
Federal research
funding secured

The Field She Help Build: Leann's Birch's Legacy in Child Nutrition and Eating Behavior
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Girls NEEDS: Where I started
•10-yr NIH longitudinal study 



The legacy of Girls’ NEEDS project

The behaviors we observed at age 5 had antecedents much earlier.

• Individual differences in food responsiveness, picky eating, and overeating cues 
(Abramovitz & Birch, 2000; Fisher et al., 2002; Francis & Birch, 2005) 

• 34–65% of girls reported concepts of dieting and weight loss (Abramovitz & Birch, 2002)

• Weight trajectories were already diverging. Girls with two overweight parents at age 5 
(Francis et al., 2006)

• Steeper BMI increases  
• 8.1× more likely to be overweight by age 13 

• Parent feeding practices were associated with child eating behavior (Birch et al., 2001)

The realization: “We are too late?



Moving the starting line backward

Pregnancy Birth Age 1 Age 2 Age 3 Age 5

What if prevention begins before obesity is visible?



Before weight, there is behavior

• Appetite
• Satiety responsiveness
• Food responsiveness
• Eating in the absence of hunger
• Emotional regulation
• Executive function and self-regulation



Experimental approaches to probing eating regulation

• Portion size

• Energy density

• Eating in the absence of hunger (EAH)

• Restriction / food exposure



What did experiments teach us?

Larger portions → more intake
By ages 4–5, children ate more when served larger portions (Savage, 2012.

Energy density → changes intake
Children eat more when served higher energy-dense foods (Leahy, 2008, Fisher, 2007)

Restriction → changes response to food
Maternal restriction at age 5 predicted greater eating in the absence of hunger later in 
childhood (Birch et al., 2003; Fisher & Birch, 2002). 

)



Hunger assessment

Preference assessment

Free access 
intake

Standard Lunch

Eating in the absence of hunger
The propensity to eat in response to the presence of highly palatable foods despite satiety



Eating in the absence of hunger
From laboratory to classroom to the natural home food environment

Hohman et al. Front Nutr. 2022.



What did experiments teach us?

How much of eating behavior is learned?

Larger portions → more intake
By ages 4–5, children ate more when served larger portions (Savage, 2012.

Energy density → changes intake
Children eat more when served higher energy-dense foods (Leahy, 2008, Fisher, 2007)

Restriction → changes response to food
Maternal restriction at age 5 predicted greater eating in the absence of hunger later in 
childhood (Birch et al., 2003; Fisher & Birch, 2002). 

Girls who eat in the absence of hunger → 4.6 X more likely to be overweight (Fisher, 2002)



The parent enters the picture

What parents do around food matters:

Restriction
Pressure
Structure
Food as reward
Food to soothe
Feeding in response to distress

Parenting may shape how children 
learn to regulate eating.



Responsive Parenting​

Defined as a mother’s/caregiver’s prompt, contingent, & developmentally-appropriate 
interaction with child​

Why target responsive parenting?​

Language development​
Attachment​
Emotional growth​
Social competence​
School readiness​
Self regulation​
Weight status?​

Ainsworth et al., 2015; Black & Aboud, 2011; Guttentag et al., 2014; Landry et al., 2006 ​



The conceptual shift

How do we get children to 
eat healthier?

How do we help children develop 
healthy self-regulation?



Early growth predicts later risk

Baird et al., 2005; Ong & Loos, 2006; Druet et al., 2012; Zheng et al., 2017

• Rapid weight gain and catch-
up growth in infancy → 
greater later adiposity.

• The association supported 
across longitudinal cohorts 



Can we change the trajectory?

What if we intervene before the trajectory 
becomes established?



The Intervention Nurses Start Infants Growing on Healthy Trajectories (INSIGHT) 

Primary Aim: To evaluate a responsive parenting (RP) intervention that is designed to prevent rapid 
infant weight gain and childhood obesity at age 3 years among first-born infants.​

Tell parents WHAT to feed.

Teach parents HOW to respond.

Responsive parenting:
• feeding
• soothing
• sleep
• routines
• active play
• emotional regulation

Responsive
Parenting

emotional 
regulation

sleep

active play routines

feeding soothing



INSIGHT design

Mother-infant dyads (n=279) were randomized to either:
 

Responsive parenting intervention

Safety control group 

Longitudinal Follow-Up



• Sleep through the night

Most parents want their child to…



• Sleep through the night
• Be a “good eater”

Most parents want their child to…



• Sleep through the night
• Be a “good eater”
• Happy, not fussy

Most parents want their child to…



INSIGHT: Responsive Parenting Initiatives for 
Reducing Obesity during Childhood

RWJF, 2017; Paul et al, 2017; Savage et al, 2018 

• Who: Predominantly white, mother-infant dyads
• When: Birth to 30 months (9 contacts)
• What: Responsive parenting versus safety control group
• Delivered by: Home visiting nurses in the home

Key Findings for the Responsive Parenting Group: 
• Less rapid weight gain
• Lower BMI in early childhood
• Less use of food to soothe 
• Less daily screen time​



Responsive Parenting BMI z-score -0.13 
Control BMI z-score +0.15;
 
Absolute difference -0.28 (95% CI -0.01 to -0.53); P=.04 

Z-score difference exceed the 0.20-0.25 difference 
suggested by the United States Preventive Services Task 
Force as clinically meaningful

Paul IM et al. JAMA, 2018

3 Year Primary Outcome: BMI z-score



Did the effects last?

Paul et al. JAMA Pediatr. 2025.

Mean Difference in BMI Between Children Who Received
Responsive Parenting vs Home Safety (Control) 

Interventions
at Each Study Time Point

• An early-life responsive parenting 
intervention → lower BMI from age 3 to 
9 years compared with a control 
intervention.

• In cross sectional comparison, there 
were no study group differences in 
weight-related outcomes at ages 5, 6, 
and 9 years



What actually changed?

Not simply WHAT infants ate

But HOW parents responded

Structure • Feeding responsibility • Soothing • Routines • Sleep



• Lower BMIz at 1 year 
• Sleep longer, better sleep behaviors thru 1 year 
• More vegetables eaten, greater variety at 1 year 
• Mothers use less pressure, more consistent meal routines, less food to soothe 

Spillover effect of INSIGHT on secondborn sibling

Savage et al., Obesity, 2022; Hohman et al., Pediatrics, 2022; Hohman et al., J Nutr, 2020; Ruggiero et al., Am J Clin Nutr, 2019.

2018 Census- 79% of all children under 18 have at least one sibling



Next step: translation to broader population 

• Large trials like INSIGHT demonstrate program efficacy, but....
–Expensive, not feasible on large scale
–Homogenous population – highly educated, high income, low 

depression
–May not translate well to other populations

• How do we translate to broader populations?



Rapid weight gain during infancy may be a key risk factor 
underlying these disparities

Rapid weight gain (RWG) is one of the most consistent factors 
associated with later overweight and obesity

RWG is twice as common among Black infants as it is among 
White infants

Differences in RWG account for > 70% of difference between 
White and Black children’s BMI z scores in early childhood

Woo Baidal et al. American Journal of Preventive Medicine. 2016; Taveras et al. Pediatrics. 2010.  Isong et al. Pediatrics. 2018.



Sleep SAAF: Responsive Parenting Initiatives for 
Reducing Obesity during Childhood

Lavner et al., 2023, Moore et al., 2023

• Who: Black/African American, mother-infant dyads
• Where: Home visits
• When: 3 weeks (~ 2 hour) and 16 weeks (~ 1 hour) 
• What: Responsive parenting versus safety control group
• Delivered by: Community Health Workers in the home

Key Findings for Responsive Parenting Group: 
• Positive effects on sleep (night wakings and total sleep)
• Positive effects on responsive feeding​
• Less pressure to finish the bottle​
• Less rapid infant weight gain (effect size d = 0.24, p = 0.15 



The same parenting behavior may not operate identically across families.

The complication: 
not every infant is 
the same

Temperament

Infant reactivity

Maternal Stress

Food insecurity

Family functioning



The intervention was never really about the infant.

We intervened on the parent-child system.

Mother

Environment

Family

Child



Context changes the equation

• Food insecurity
• Stress
• Family functioning
• Return to work
• Siblings
• Rurality
• Access to resources



Can prevention live where families 
already are?

What happens if we move the intervention into systems 
families already use?



WEE Baby Care Integrated Health Care and Social Care on Responsive 
Parenting to Support Families

Dietz et al. Health Aff (Millwood).2015.



WEE Baby Care – Responsive Parenting Enhancements

Health Care 
(pediatric WCV)

Social Care
(WIC visits)

Policy
(AAP Institute) 

Individuals 
(Mothers of infants)

Inputs WEE Baby Care Study 

Integrated health and social care to 
prevent obesity during childhood

Outputs

Integration 
Successful

Improve 
messaging

Improve 
RP

Improve 
self-efficacy

1 Data sharing between providers 
(pediatrician and WIC nutritionist)

2 Providers trained on responsive 
parenting and risk assessment tool   

3 Early Healthy Lifestyles patient-
reported risk assessment tool in EPIC

4 Printed responsive parenting 
curriculum on feeding, soothing, 
sleep, and interactive play for home

Savage et al. BMC pediatrics. 2018.



Key WEE Baby Care Findings

Savage et al. Childhood Obesity. 2023.

• Infants in responsive parenting intervention 
had:

• lower BMI at 6 months
• less food to soothe non-hunger distress

• Most common education codes documented 
by WIC nutritionists: hunger and fullness, 
food to soothe, and self-soothe to sleep



Key WEE Baby Care Findings

Kling et al. JMIR. 2020 

It is feasible to use advanced health information 
technology strategies to collect patient-reported 
data and share these data between multiple 
providers.

• Pediatricians and WIC nutritionists shared data
• WIC nutritionists were more likely to use data 

and document RP care to coordinate care
• Differences in visit schedules requires flexibility



WEE Baby Care Findings - Early Healthy Lifestyles risk screening tool 

Reduced obesogenic risk behaviors: The 
patient-centered, care-coordinated responsive 
parenting intervention reduced obesogenic 
feeding and sleep risk behaviors among WIC-
enrolled mother–infant dyads. 

Identified infants at risk for later obesity: The 
Early Healthy Lifestyles risk screening tool 
identified modifiable obesogenic behaviors 
associated with later infant weight outcomes, 
supporting its potential for early, tailored 
obesity-prevention counseling.

Ma et al. Pediatric Obesity. 2025; Ma et al. JAMA Network Open. 2025.



ENRICH: Responsive Parenting Initiatives for 
Reducing Obesity during Childhood

Paul et al, 2017; Savage et al, 2018 

• Who: Mother-infant dyads in home-visiting programs
• When: Birth to 24 months
• What: Responsive parenting versus standard care
• Delivered by: Trained home visitors in the home

Study ongoing, more to come!



The field-level evidence

Across families and multiple interventions…

What works?

For whom?

Under what conditions?

Can effects be sustained?

TOPCHILD

• Across 17 RCTs (N = 9,128; 8 countries), early parent-focused interventions did not meaningfully 
reduce child BMI z-score at age 2

Hunter et al. Lancet. 2025.



Another “too late” moment

What if birth is already too late?

Age 5 → Preschool → Infancy → Pregnancy



Intergenerational effects on obesity: 
Opportunities for prevention

Obese Mother

Higher
Birthweight

Obese Child 
Adolescent

Limited success 

Opportunities for Prevention

Nearly 60% of 
overweight/obese 
pregnant women  
exceed IOM 
gestational weight 
gain guidelines



Maternal obesity is not one exposure

Preconception adiposity

Gestational weight gain

Diet and physical activity

Glucose / metabolic health

Stress and sleep

Placenta → fetal growth



An unexpected turn

Instead of one-size-fits-all behavioral intervention:

Control 
systems 

engineering

Continuous 
measurement

Predictive 
modeling

Adaptive 
intervention

Individualized 
gestational 
weight gain



Emails highlighting key topics of how mom’s behaviors impact 
baby (sleep, brain development, food preferences)

Emails on baby’s growth each week (e.g., baby is big as a lime 
this week” and “your baby can now suck her thumb”) 

Action plans, self-selected goals + we set target goals for them 
(e.g., PA guidelines, target food groups) 

mHealth tools behavior tracking, feedback on prior week’s 
eating/exercise, text/email reminders 

Plotting GWG goals, benefits of regulating GWG/healthy 
eating/PA/moving more, sleep hygiene, mood

“Baseline” Intervention

Education*

Goals-Action Plans

Self-Monitoring

Featured Evidence/ 
Baby’s Health

Baby Fun Facts

Exercise Psychology Laboratory

*Content based on gold standard lifestyle programs 
(DPP, Look Ahead) and our past research  



Adaptive Intervention Design

Exercise Psychology Laboratory

Symons Downs, D., Savage, J. S., Rivera, D. E., Smyth, J., Rolls, B. J., Hohman, Emily, E., 
NcNitt, K., Kunselman, A. R., Stetter, C., Pauley, A. M., Leonard, K. S., & Guo, P. (2018). 
Individually-tailored, adaptive intervention to manage gestational weight gain: 
Protocol for a randomized controlled trial in women with overweight and obesity. 
JMIR Research Protocols, 7(6), e150. 
http://www.researchprotocols.org/2018/6/e150/PDF. 
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What we thought vs. what we know

What we thought What the science taught us

Obesity prevention starts in childhood Risk trajectories emerge much earlier

Focus on children's eating Focus on development of self-regulation and 
impacts of sleep and child characteristics

Tell parents what to feed Change how parents respond

Intervene on the child Intervene on the parent–child, family 
systems

A successful trial is the goal Translation and sustainment matter

Birth is the beginning Maternal health may begin the story earlier



The next generation of prevention
• More precise, adaptive interventions- shift from identifying risk factors to 

identifying who responds to what, when, and why.

• Systems-based - Study parenting and the broader environment as an integrated 
system. 

• Expand the field to children historically underrepresented in obesity research—
including children with special health care needs

• Prioritize implementation and scalable interventions that work in real-world 
pediatric care.

Not simply preventing obesity—but promoting healthy development.
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