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Obesity Prevention 
During Infancy



• Approximately 42.4% of adults and 
19.3% of children (ages 2-19) are obese.

• During the pandemic, the national rate of 
obesity among kids ages 2-19 increased 
to 22.4% in 2020.

Sources: Centers for Disease Control and Prevention, 2020; 
Harvard School of Public Health, 2020; State of Childhood 
Obesity, 2020



Trends in obesity 
among children 
and adolescents 
aged 2-19 years, 
by age: United 
States, 1963-1965 
through 2017-
2018





Prevalence of high weight-for-length during Infancy
NHANES 2009-2010

9.7 % of 0 – 2-year-olds are obese

97.7th
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What is food reinforcement?

• The motivation to eat

• It measures how hard someone will work to gain access to a 
specific food

• The reinforcing value of food is mediated, in part, by 
dopaminergic activity

• How does it work? 
https://www.youtube.com/watch?v=JD2G0uqCp4o

https://www.youtube.com/watch?v=JD2G0uqCp4o


Relative Food 
Reinforcement

Choice of food versus non-food 
alternative reward (e.g., reading, 
playing, etc.)



Relative Food 
Reinforcement

Relative reinforcing value of food (RRVfood)
has been measured in:
• Pre-schoolers (Rollins et al., 2014)
• Children (Temple et al., 2008)
• Adolescents (Hill et al., 2009; Epstein et al., 2014)
• Adults (Saelens & Epstein, 1996; Epstein et al., 

2007)

Children with overweight/obesity found food 
more reinforcing than non-food activities

Food

Non-food



Study 1

Kong, K., Feda, D. M., Eiden, R. D., et al. (2015) 
AJCN.

p = 0.009 

p = 0.25 p = 0.04 



Study 2

Kong, K., Feda, D. M., Eiden, R. D., et al. (2015) 
AJCN.

p = 0.01 

p = 0.95 p = 0.02 



Results/Implication

• Infant weight status is associated with FRR

• Strongly driven by the non-food alternatives

• Lack of access to pleasurable alternatives  Obesity

• Can we increase the reinforcing value of non-food alternatives 
among infants who are highly motivated to eat?



Music Together 
Pilot

• Randomized controlled trial (n = 27)

• Music or Playdate (active control)

• The purpose: to assess the effects of a 
6-week music program on the relative 
reinforcing value of food in infants (9 –
15 months) with high motivation to eat



Music Together Pilot

Kong, K., Eiden, R. D., Feda, D. M., 
et al. (2015) Obesity. 

p = 0.002



R01 HD087082: “Enhancing Alternatives 
to Eating in Infants”

• 94 families with 9-15-month-old healthy 
infants who had high FRR

• 24-month music enhancement program 
(Music) vs. play date control (Play)

• 12-month active phase with weekly classes

• 12-month of maintenance phase with 
monthly classes



Change in food reinforcement ratio (FRR)

Kong, Eiden, and Epstein (unpublished)
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• There were differential group 
changes across time for FRR 
(group*month; p = 0.025). 

• The Music group had greater 
decreases compared with the 
Play group from baseline to 12 
months (p = 0.003), but not at any 
other time points.



Change in weight-for-length z-score

Kong, Eiden, and Epstein (unpublished)
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• There were no differential group 
changes across time for infant 
zWFL (group*month; p = 0.483).



Change in weight-for-
length z-score

Kong, Eiden, and Epstein (unpublished)

BOYS
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GIRLS
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• We observed an overall moderation effect 
for zWFL (group*month*sex, p = 0.049) 
with sex moderating group differences.

• Boys showed significant zWFL
attenuation in the Music group compared 
to the Play group from 0 to 12 months (β 
= -0.568, p = 0.036).

• Girls showed significant zWFL
attenuation in the Play group compared 
to the Music group from 0 to 24 months 
(β = +0.624, p = 0.048).



How does a high food reinforcement 
ratio (FRR) develop in some 
individuals and not in others as 
evidenced by 9 months of  age?





(n = 143; age = 13.9 mo; 77% Caucasian) 

FRR





Environmental Enrichment plays a significant role 
in attenuating substance abuse



Enriched environment: a study of  how early 
non-food home environment protects against 

obesity development in infants

An early, enriched, non-food home environment, 
characterized by high quality parenting and 
accessibility to a variety of cognitively-stimulating 
activities, might play a role in:

• The development of a brain reward system 
that favors non-food rewards over food 
rewards

• Enhancing cognitive development for greater 
self-regulatory capacities early in life



Strategic Plan for NIH Nutrition Research
Nutrition in the birth-to-24 Month Period







A recent nutritional assessment of 257 
formula products from 11 countries 
demonstrated that formulas contain a 
mean of 5.9 g of added sugars per 100 mL 
(range, 1.1 - 9.8 g).



Association Between Added Sugars from 
Infant Formulas and Rapid Weight Gain in 

US Infants and Toddlers

Definition of added sugars:

• Those sugars or sweeteners added to foods during 
processing, such as sucrose, dextrose, corn syrup, 
honey, concentrates from fruits and vegetables and 
so on.

• Lactose is a form of added sugar in formula 
products.



Association Between Added Sugars from Infant Formulas 
and Rapid Weight Gain in US Infants and Toddlers



Association Between Added Sugars from Infant Formulas 
and Rapid Weight Gain in US Infants and Toddlers



Association Between Added Sugars from Infant Formulas 
and Rapid Weight Gain in US Infants and Toddlers



Association Between 
Added Sugars from 
Infant Formulas and 
Rapid Weight Gain in 

US Infants and 
Toddlers

Infants, 9 – 12 mo
(n = 97)

Toddlers 13 – 15 mo
(n = 44)

863 ± 200 kcal daily, 
42.6% milk-based 
diet

1030 ± 232 kcal daily, 
8.7% milk-based diet

97.3% consumed 
added sugars, 7% of 
total kcal

100% consumed 
added sugars, 4.2% 
of total kcal

Sources of added 
sugars:
• Formulas (65.5%)
• Baby snacks and 

sweets (5.7%)
• Sweet bakery 

products (5.4%)

Sources of added 
sugars:
• Sweet bakery 

products (20.6%)
• Yogurt (16.8%)
• Mixed dishes (11%)

Kong, Burgess, Morris, et al (2021) J Nutr



Table 3: Nutrition facts for the infant formulas consumed by infants/toddlers in our cohort1

Brand Type kcal Fat (g)
Carb 
(g)

Protein 
(g)

Added Sugar 
(g) n 

Enfamil Gentlease - prepared from powder cow's milk 100.00 5.32 10.84 2.31 2.94 10
Store Brand Gentle - prepared from powder cow's milk 100.00 5.33 10.85 2.31 2.94 4
Enfagrow Premium Next Step LIPIL - prepared from 
powder cow's milk 100.00 5.27 10.44 2.59 3.58 5
Similac Organic - prepared from powder cow's milk 100.00 5.46 10.50 2.06 3.63 1
Enfamil A.R.- prepared from powder cow's milk 100.00 5.01 11.23 2.49 3.98 1
Gerber Good Start Gentle for Supplementing -
prepared from powder cow's milk 100.00 5.09 11.18 2.20 5.16 1
Similac Sensitive - prepared from powder cow's milk 100.00 5.42 11.15 2.15 5.59 1
Enfamil Nutramigen - ready to use hydrolysate 100.00 5.31 10.33 2.78 6.33 2
Enfamil Infant - ready to use cow's milk 100.00 5.26 11.12 1.97 7.01 3
Store Brand Advantage - prepared from powder cow's milk 100.00 5.28 11.16 1.98 7.04 2
Enfamil Infant - prepared from powder cow's milk 100.00 5.33 11.25 1.99 7.10 20
Milk Based formula (NDSR default option) cow's milk 100.00 5.57 10.65 2.06 7.66 1
Similac Advance 20 - prepared from powder cow's milk 100.00 5.57 10.65 2.06 7.66 5
Store Brand Infant- prepared from powder2 cow's milk 100.00 5.32 10.63 2.28 7.73 4

1 All nutrition facts are derived from the Nutrition Data System for Research (NDSR) and the formula brands are listed according to their amount of added 
sugars (1). For every 100 kcal of breastmilk, there are 6.24 g fat, 9.81 g carbohydrates, and 0.78 g protein per output by NDSR (no added sugars have been 
reported in breastmilk). 
2 Examples of a store brand: Parent's Choice, Up and Up

12 oz can of Coca-Cola has 
39 g of added sugars

9 oz of the Store Brand infant 
formula has ~13 g of added sugars







https://www.youtube.com/watch?v=LLrIUrUeBvk

https://www.youtube.com/watch?v=LLrIUrUeBvk


Prevalence of  Hyperpalatable Baby Foods and Exposure 
During Infancy: A Preliminary Investigation

• Only 12% of baby foods were hyperpalatable (HPF)
• Nearly all infants and toddlers has been exposure to HPF either through baby foods or 

adult (table) foods
• Infants consumed 38% of their daily food kcal from HPF
• Toddlers consumed 52% of their daily food kcal from HPF



Conclusion
• Importance of cultivating pleasure in infants via non-food 

alternatives to prevent maladaptive eating behaviors 

• Obesity Prevention: It’s Never Too Early to Start!



Collaborators: Leonard Epstein, Ph.D., Rina Eiden, Ph.D., 
Steph Anzman-Frasca, Ph.D., Katelyn Carr, Ph.D., Tera 
Fazzino, Ph.D., Holly Hull, Ph.D., Debra Sullivan, Ph.D., 
R.D.

Staff members: Katie Morris, M.S., R.D., Paige Guy, 
Rafeya Raquib, Jackie Szabat, M.S., Amy Smith, Ph.D., 
Catherine Serwatka, Stefanie Uwah

Contact email: kkong@cmh.edu
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