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ABSTRACT

The prevalence of obesity among youth in the USA is currently >18% with projections that more than half of today’s children will be obese as
adults. The growth trajectory of children more likely to become obese is determined by weight in earliest childhood, and childhood body mass
index (BMI) tracks through adolescence and adulthood. Childhood consequences of obesity include increased risk of asthma, type 2 diabetes
mellitus, orthopedic disorders, and reduced academic performance. Health implications of obesity in adulthood include premature coronary artery
disease, hypertension, type 2 diabetes, stroke, and certain cancers, contributing to the leading causes of adult mortality. Early childhood obesity
is influenced by prenatal exposure to maternal obesity and environmental obesogens, and is associated with poverty, food insecurity, and poor
nutritional quality. New strategies for primordial prevention of early childhood obesity require focusing attention on growth parameters during
the first 2 y of life, with support for increasing the duration of breastfeeding, and improvements in dietary quality and availability, particularly the
reduced consumption of added sugars. Reducing the prevalence of obesity among adolescent females and reducing exposure to environmental
obesogens may reduce the prevalence of transgenerational obesity. The reduction of early childhood obesity could improve population health,
quality of life, and longevity throughout the life course. Adv Nutr 2020;11:1071–1078.
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Introduction
Despite major national and state-level efforts, by 2016 the
prevalence of obesity in the USA had increased to 39.8%
among adults (compared with 33.7% in 2007–2008) and
to 18.5% among youth <18 years of age (from 16.8% in
2007–2008) (1, 2). Based on 2016 levels of childhood obesity
in the USA, simulated growth trajectories predict 57% of
today’s children will be obese at the age of 35 y (3). The
consequences of obesity contribute to the leading causes of
death and disability among adults: cardiovascular diseases
including premature coronary artery disease, hypertension,
atrial fibrillation and stroke, cancer, osteoarthritis, type 2
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diabetes, and chronic kidney and liver diseases (4). In
contrast to adults, mortality related to obesity among youth
is rare (5), contributing to complacency regarding the health
implications and morbidity of childhood obesity, including
early onset of type 2 diabetes and hypertension. Obesity-
related conditions progress through adulthood affecting all
areas of adult well-being and life expectancy (6). Thus, it is
imperative that public policy interventions be implemented
to alter the development of obesity in childhood.

Growth trajectories for obesity are established in infancy
and early childhood, and track into adulthood (3). Previous
publications have recommended initiating screening for
childhood overweight and obesity at ages 6–12 y, however,
this may miss an important window during which obesity
may be developing in many younger children (7–9). By
waiting until age 6 y, these positions fall into the category
of primary prevention of obesity-related health morbidities.
This review summarizes contemporary data on lifelong
health consequences of pediatric obesity, pediatric obesity
growth trajectories, causes of childhood obesity, and new
strategies for the prevention and reduction of early childhood
obesity, including population-level, primordial efforts to
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Box 1: Key points
� Childhood obesity often begins in utero and early

infancy. Maternal obesity, excessive weight gain
during pregnancy, and rapid weight gain during the
first 2 y of life are associated with childhood obesity.

� Children who are obese by age 5 y are more likely
to be obese as adolescents, and adolescents with
obesity are highly likely to be obese as adults.

� Obesity during childhood is associated with in-
creased risk of asthma, type 2 diabetes, orthopedic
disorders, and reduced academic performance.

� Obesity during pregnancy is associated with in-
creased risk of miscarriage, birth defects among
newborns, and adult obesity among offspring.

� Obesity during adulthood contributes to the major
causes of adult mortality: premature coronary
artery disease, hypertension, stroke, chronic kidney
and liver disease, and many types of cancer.

� New strategies for primordial prevention of early
childhood obesity include achievement of healthy
maternal weight prior to pregnancy, widespread
adoption of breastfeeding for the first 6 mo of life,
careful monitoring and intervention for excessive
weight gain during the first 2 y of life, reducing
consumption of added sugars, such as juices, among
children, improving dietary quality and availability
for children, and reducing exposures to environ-
mental obesogens.

reduce the risk factors predisposing to obesity, and the life
course health consequences and costs of childhood obesity
(10, 11) (Box 1).

Current Status of Knowledge
Childhood obesity: causes and growth trajectories
Extensive data now exist to help understand the etiology
of obesity as a multigenerational disease that begins during
fetal life, with multiple contributing causes as summarized
in Table 1 (12). Viewing obesity as a lifetime disease, with
origins preconception, in utero, and during early infancy
with intergenerational effects is essential to guide efforts to
reduce obesity and cardiovascular disease of adulthood.

Prenatal causes.
Preconception maternal and paternal dietary quality, weight
status, assisted reproductive technology involving embryo
culture, and environmental exposures alter the developmen-
tal plasticity of gametes, and subsequent fetal programming,
resulting in postnatal cardiometabolic disease risk (12,
13). Prenatal or early life exposure to endocrine disruptor
chemicals (also known as obesogens), such as air pollutants
or pesticides, at a critical time for differentiation of mes-
enchymal stem cells into either adipocytes or osteoblasts may

result in enhanced adipocyte numbers, which is considered
irreversible and may be transmitted across future generations
(13).

A mother who begins pregnancy obese has a significantly
higher risk of late childhood obesity in her offspring
(OR = 4.47; 95% CI: 3.99, 5.23) (14). The prevalence of
prepregnancy obesity in the USA in 2015 was ∼26%, a 2%
absolute increase since 2011 (15). For the developing fetus
in the setting of maternal obesity, exposure to increased
concentrations of inflammatory cytokines, hypermethyla-
tion of DNA, and histone modification produce epigenetic
changes associated with increased risk of obesity in both
the child and subsequent generations (13). Estimates of
the proportion of childhood overweight/obesity prevalence
attributable to maternal overweight, obesity, and excessive
gestational weight gain ranged from 10% to 22% in a recent
meta-analysis (14).

Early childhood contributions to obesity.
Methodologic issues complicate the assessment of the effect
of feeding infants formula versus breast-feeding for the first
6 mo of life on childhood obesity. A 2013 meta-analysis
suggests a longer duration of breastfeeding results in a
13% lower prevalence of childhood obesity (16). Exclusive
breastfeeding for the first 6 mo of life is recommended with
a Healthy People 2020 target in the USA of 60%, compared
with the current level of 25% (17, 18). Breastfeeding is lowest
among families living under 200% of the USA poverty level,
lower maternal educational attainment, younger maternal
age, and among African Americans or Hispanics compared
with Caucasians (19).

The health effects of a suboptimal diet and high BMI
contributed to an estimated 11 million deaths among adults
globally in 2017 (20). The rapid and fundamental changes
in food and beverages has translated into the consumption
of 80% of calories from packaged foods and beverages
among Americans, with >70% considered ultraprocessed
foods (21). The contribution of added sugars to poor
cardiometabolic health, obesity, and type 2 diabetes mellitus
(DM) is well-documented (22). Among US children ages 2 y
and above, added sugars accounted for 14% of daily caloric
intake in 2013–2018, versus the recommended intake <5–
10% of total calories for children and adolescents (23). The
consumption of sugar-sweetened beverages, accounting for
more than half of dietary added sugars in the USA, begins in
the first year of life, with 43% of infants and 72% of toddlers
consuming ≥1 sugar-sweetened beverage or dessert daily
in 2009 (24). Sugar-sweetened beverage consumption has
been positively associated with higher BMI among children
(24–26).

Socioeconomic factors and obesity.
Poverty, food insecurity, social stressors, rural environments,
and lower educational attainment of parents are important
associates of early childhood obesity (27–29). Young children
with obesity are more likely to live in poverty and in
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TABLE 1 Risk factors for the development of childhood obesity during prenatal, neonatal/infancy, and childhood/adolescent periods

Period Risk factors (individual, family, and societal levels)

Prenatal Maternal prepregnancy obesity or malnutrition
Maternal smoking, diabetes, hypercholesterolemia
Exposure to environmental toxins/endocrine disruptors
Excessive weight gain during early pregnancy
Paternal obesity
Antibiotic exposure
Genetic variants and syndromes

Neonatal and infancy Preterm or caesarean delivery
Birth weight >4 kg
Formula feeding or short duration of breastfeeding <4 mo
Rapid weight gain during infancy, especially first 6 mo
Prolonged or repeated exposure to broad-spectrum antibiotics in first 23 mo
Exposure to environmental toxins/endocrine disruptors
Consumption of unhealthy diet: excess added sugars

Childhood and adolescence Social: poverty, low educational attainment, food insecurity, family stressors
Family: parental obesity; family history of hypertension, dyslipidemia, early cardiovascular disease, or stroke
Physical: inadequate exercise, increased screen time, inadequate sleep, obstructive sleep apnea
Poor nutritional intake: obesogenic diet including excessive intake of sugar-sweetened beverages and ultraprocessed/fast

foods

households with lower educational attainment (28, 29).
Food insecurity, defined as a lack of dependable, regular
access to high-quality food, affects ≥12% of households
and almost 17 million children in the USA who do not
know when, or how adequate, their next meal will be (30).
Obesity is present in 30% of Hispanic children living in
households with food insecurity, with the highest rates of
obesity (40%) among American Indians (31, 32). Episodic
household food shortages are associated with the con-
sumption of more energy-dense/nutrient-poor foods when
available, with the average added sugar intake over 70 g
daily, compared with the recommended level of 25 g or less
daily (33).

Pediatric obesity growth trajectories.
The growth trajectory of children more likely to become
obese is determined by weight in earliest childhood, and
childhood BMI tracks through adolescence and adulthood
(27, 34). Infants and toddlers with rapid postnatal growth,
as evidenced by crossing weight-for-length percentiles in the
first 3–6 mo of life or accelerating BMI between the ages of
2–6 y, were more likely to be obese by age 12–14 y (34, 35).
Between 70 and 90% of children with obesity in kindergarten
were obese through age 14 y, independent of sex, race, or
socioeconomic backgrounds (34, 35). Approximately 70–
80% of adolescents with overweight or obesity will be obese
as adults (36, 37).

Clinical presentation and health implications of obesity
in childhood
Health implications of obesity affect virtually every organ
system, with some effects well-recognized in childhood,
whereas other long-term effects manifest in adulthood.

Morbidity associated with obesity in childhood and
adolescence.
In addition to well-known comorbidities of childhood
obesity as summarized in Table 2, additional adverse health
effects of obesity among children and adolescents include
reactive airway disease and increasing prevalence of type
2 DM (38, 39). The risk of asthma among youth with
obesity is almost twice that of normal weight children
(38). Prediabetes with abnormal fasting glucose and elevated
hemoglobin A1c is prevalent among 17% of youth in the
USA, and is highly associated with obesity (40). Type 2
DM, once diagnosed in middle-aged adults with obesity, is
increasingly detected among adolescents by age 14 y. Type
2 DM increased to an incidence of 13.8/100,000 among
US youth aged 10–19 y in 2014–2015, and is projected to
quadruple between 2010 and 2050 (39, 41). By adulthood,
these youth have experienced years of chronic exposure
to metabolic and atherogenic abnormalities, who have
higher odds of diabetic-related complications and premature
cardiovascular mortality compared with those with type 1
DM (42). Moreover, those with type 2 DM who develop acute
myocardial infarction have increased complication rates and
mortality (43).

Effects of obesity on reproductive health.
For adolescent and young adult females, obesity is associated
with polycystic ovarian syndrome, decreased fertility, and
increased risks of complications of miscarriage, preterm
delivery, or stillbirth with pregnancy (44, 45). Offspring
born to obese women are at increased risk of birth defects,
including congenital heart disease, as well as elevated blood
pressure and lipid abnormalities (46, 47). The likelihood of
obesity in young adulthood for offspring of obese parents has
increased by 2- to almost 6-fold, depending on if 1 or both
parents were obese (48).
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TABLE 2 Lifelong health consequences of obesity (6, 49, 50, 51)

Domain Example

Psychological Sports and social isolation
Bullying and cyber-texting
Attention deficit disorder
Work bias
Low self-esteem
Depression

Neurological Cognitive dysfunction
Reduced school performance
Headaches
Pseudotumor cerebri
Stroke

Pulmonary Asthma
Obstructive sleep apnea

Cardiovascular Elevated blood pressure, hypertension
Left ventricular hypertrophy
Decreased cardiac contractility
Lipids: elevated cholesterol and

triglycerides, low high-density
lipoprotein

Premature atherosclerosis, ischemic heart
disease

Atrial fibrillation
Heart failure

Gastrointestinal Nonalcoholic fatty liver disease, cirrhosis,
and end-stage liver disease

Gallstones
Gastroesophageal reflux

Renal Chronic kidney disease
Urolithiasis

Endocrine Early puberty
Insulin resistance
Diabetes mellitus, type 2

Reproductive Polycystic ovarian syndrome
Infertility
Miscarriage
Preterm birth
Macrosomia
Birth defects

Musculoskeletal Pes planus, genu valgum
Slipped capital-femoral epiphysis
Blount’s disease of knees
Lower extremity fractures
Degenerative joint disease/arthritis
Gout

Skin Striae
Acanthosis nigricans
Venous stasis disease

Cancer Meningioma, thyroid, breast
(postmenopausal), esophageal
adenocarcinoma, liver, gall bladder,
pancreas, kidney, uterus, ovarian,
colorectal, multiple myeloma

Effects of obesity on adult-onset, chronic noncommunica-
ble diseases.
The life-long consequences of obesity from childhood
into adulthood include increased risk of cardiovascular
disease, cancer, disability, and shortened life expectancy (6,
52–55). Obesity-related cardiovascular disease accounted
for >4 million deaths and 120 million disability-adjusted
life-years globally in 2015 (6). The economic burden of caring

for obesity-related cardiovascular diseases is staggering: total
costs are estimated to increase in the USA by $28 billion
dollars annually between 2015 and 2035, from the current
level of ≥$351 billion dollars (4, 56).

The origins of atherosclerotic vascular disease asso-
ciated with childhood obesity have been documented
for several decades, although the clinical consequences
of hypertension, premature ischemic heart disease, and
stroke become clinically apparent in adulthood (36, 52,
54, 57). The age at incident cardiovascular events is
decreasing in some demographic groups and may be a
principal driver of the plateau in national age-adjusted death
rates due to cardiovascular diseases over the past decade
(4).

The pathophysiology of adipose tissue promoting and
accelerating cancer development shares a common pathway
of proinflammatory changes with cardiometabolic disorders
(58). By adulthood, excess weight is associated with a
higher risk of ≥13 different types of cancer, accounting
for 40% of all cancers diagnosed in 2014 (59). These
cancers, particularly colon cancer, are being diagnosed with
increasing frequency among young adults with obesity (60).
Improved awareness of the role of obesity in the promotion
of multiple forms of cancer should lend urgency to the
need for prevention, treatment, and control of childhood
obesity.

Strategies for the prevention of early childhood obesity
The US Healthy People 2020 goal aimed to lower the
proportion of obesity among young children aged 2–5 y
from 10.4% in 2008 to 9.4%; the 2030 goals are in progress
(61). Comprehensive recommendations to address obesity in
older children and adults focus on individual nutritional and
behavioral changes, which demonstrate limited success (17,
49). Primordial prevention of overweight and obesity in early
childhood incorporating environmental, societal, and policy
changes may have the largest impact and opportunity for
lasting improvement in cardiovascular health across future
generations, with strategies listed in Table 3 (10, 11, 17,
62, 63).

Broaden support for early breastfeeding.
Improving the rate of initiation and duration of exclusive
breastfeeding for the first 6 mo of life could be expected
to reduce childhood obesity by ≥13–30% (64, 65). Gov-
ernmental and health care policy support and changes in
infant formula purchasing agreements are necessary to in-
crease participation in the effective Baby-Friendly Hospitals
Initiative for successful breastfeeding (66). A major barrier
to continued breastfeeding includes the need to return
to work soon after birth, which disproportionately affects
lower income households (67). Extending paid maternity
leave has been associated with increased rates and longer
duration of breastfeeding; in turn, this can be expected to
reduce obesity in later childhood and adulthood by ≥12–15%
(64, 68).
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TABLE 3 New strategies for primordial prevention of early childhood obesity

Domain Recommendation

Support for early breastfeeding Increase proportion of deliveries at Baby-Friendly Hospitals
Extend support for breastfeeding for first 6 mo of life

Focus attention on growth in first 2 y of life Family screening for newborns at increased risk of development of obesity
Monitor crossing of height-for-length percentiles in first 2 y of life
Family-based feeding interventions

Reduce consumption of added sugars in children’s diets Target reduction of added sugars to <12 g daily for first 3 y of life
Reduce fruit juice intake in first years of life

Improve dietary quality and availability Subsidize fruit and vegetables
Invest in nutritional support for highest risk populations Expand SNAP food supplementation benefits

Increased support for food banks
Reduce obesity among adolescent females Educational and activity programs

Require physical education throughout high school
Ensure healthy options for school lunch and afterschool programs
Food delivery programs for highest risk adolescents

Increase efforts to reduce exposure to environmental
obesogens

Restrict pesticide usage

Reduce exposure to environmental obesogens
Invest in research regarding obesogens effects during pregnancy and early childhood

SNAP, Supplemental Nutritional Assistance Program.

Focus attention on growth parameters in the first years of
life.
Identifying families and newborns at increased risk of obesity
as listed in Table 2 could prompt early home health visits
and more frequent weight and feeding monitoring (17).
Avoidance of fruit juices in the first year of life, with efforts to
make water the normative beverage after the age-appropriate
consumption of milk is advocated (69).

Reduce the consumption of added sugars in children’s
diets.
The implementation of taxation on sugar-sweetened bev-
erages could reduce consumption by >25% and result in
estimated reduced direct medical costs of $23 billion dollars
annually by 2025, in addition to averting over 101,000
disease-attributable disability-adjusted life years (70). In
January 2017, a 1.5 penny-per-ounce sugar-sweetened and
artificially sweetened beverage tax was implemented in
Philadelphia to support prekindergarten education, resulting
in both a net 27% decline in sugar-sweetened and artificially
sweetened beverage purchasing based on sales volume and
the creation of new programming (71).

Improve dietary quality and availability.
Specific policy strategies to modify the poor diet that is
the leading cause of cardiovascular disease globally have
been proposed (72–74). A combined approach of subsidies
for fruits, vegetables, nuts, and whole grains of 15–30%
with taxation of sugar and sugar-sweetened beverages was
estimated to produce the greatest reduction in cardiovascular
disease and reduction of disparities in disease burden
(73). Marketing of calorie-dense, nutrient-poor products
to children, supported by enormous federal subsidies, are
demonstrated as important contributors to childhood and
adolescent obesity (72).

Invest in nutritional support for populations at highest
risk of obesity in childhood.
Recommendations to modify the federal Supplemental Nu-
tritional Assistance Program (SNAP) to benefit families at
highest risk of suboptimal nutrition include restrictions to
purchasing taxable products not consumed for nourishment
and incentives to increase purchasing of healthy foods (75).
An analysis of the impact of SNAP changes estimated
that over 5 y, >11,900 cardiovascular deaths in adults
would be averted, while achieving health care cost savings
of >$5 billion dollars annually (75). By reducing food
insecurity and improving dietary quality for children, the
improvements in health quality and cost savings could be
even greater (73).

Reduce obesity among adolescent females.
Healthy People 2020 aims to reduce the proportion of obese
adolescents to a target of 16%; currently, over 21% of adoles-
cent females are obese. Reducing obesity in adolescent and
young adult females could be expected to reduce childhood
obesity by 10–22%, with ongoing effects for subsequent
generations. Food banks and medically tailored meals (low-
fat or low-glycemic index meals with reduced calories)
may be successful in reducing obesity among adolescents at
highest risk (76).

Increase research, governmental, and industry efforts to
guide reduced exposure to environmental obesogens.
Environmental chemical exposures contribute health care
costs that may exceed 10% of the global domestic product
(77). Obesogens are estimated to contribute ≥2% to 4% of
obesity prevalence; however, this may be underestimated
due to the irreversible, transgenerational effects of exposures
in early childhood. To reduce environmental exposure to
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endocrine-disrupting chemicals which contribute to obesity,
legislation is necessary (77).

Improve the economics of direct health care costs of obesity.
Direct health care costs related to childhood and adult obesity
are estimated at >$275 billion dollars annually (56, 63).
Medical costs related to children with obesity accounted for
≥$14 billion dollars annually in 2008 and childhood obesity
has since increased by 10% (78). Small weight reductions
of 1% in early childhood obesity among children aged 6 y,
requiring expenditure of $103 million dollars, are projected
to result in annual savings in adult medical expenditures of
$845 million dollars annually (62). Paid maternity leave has
been shown to increase breastfeeding duration, which would
reduce childhood and adult obesity by ≥15%. Estimates
of cost savings related to breastfeeding are impressive: if
90% of US families could comply with recommendations to
breastfeed exclusively for the first 6 mo of life (a high goal
compared with the 25% rate in 2018, and the Healthy People
2020 goal of 61%), then $13 billion dollars in annual health
care costs would be saved (18, 79, 80).

Conclusions
Obesity is a severe, chronic disease associated with short-
ened life expectancy due to cardiovascular events, diabetes,
chronic kidney disease, and several forms of cancer. Deter-
minants of obesity in childhood are well established before
the age of 5 y, with these children especially likely to become
obese adults. New policies directed at reducing obesity at
the earliest stages by targeting the nutritional environments
and well-being of infants, toddlers, and preschool children
could alter the trajectory of childhood and adult obesity
and improve population health, longevity, and quality of life
throughout the life course. Starting early isn’t an option, it’s
essential.

Acknowledgments
The authors’ responsibilities were as follows—all authors:
wrote, read and approved the final manuscript.

References
1. Hales CM, Fryar CD, Carroll MD, Freedman DS, Ogden CL. Trends in

obesity and severe obesity prevalence in US youth and adults by sex and
age, 2007–2008 to 2015–2016. JAMA 2018;319(16):1723–5.

2. Fryar CD, Carroll MD, Ogden CL. Prevalence of overweight, obesity,
and severe obesity among children and adolescents aged 2–19 years:
United States, 1963–1965 through 2015–2016. In: National Center for
Health Statistics, editor. Hyattsville (MD): Health E-Stats; 2018.

3. Ward ZJ, Long MW, Resch SC, Giles CM, Cradock AL, Gortmaker SL.
Simulation of growth trajectories of childhood obesity into adulthood.
N Engl J Med 2017;377(22):2145–53.

4. Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW,
Carson AP, Chamberlain AM, Chang AR, Cheng S, Das SR, et al. Heart
disease and stroke statistics—2019 update: a report from the American
Heart Association. Circulation 2019;139(10):e56–e528.

5. Heron M. Deaths: leading causes for 2017. Natl Vital Stat Rep
2019;68(6):1–77.

6. The Global Burden of Disease 2015 Obesity Collaborators. Health
effects of overweight and obesity in 195 countries over 25 years. N Engl
J Med 2017;377(1):13–27.

7. Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van
Horn L, Greenlund K, Daniels S, Nichol G, Tomaselli GF, et al.
Defining and setting national goals for cardiovascular health promotion
and disease reduction: the American Heart Association’s strategic
impact goal through 2020 and beyond. Circulation 2010;121(4):
586–613.

8. Steinberger J, Daniels SR, Hagberg N, Isasi CR, Kelly AS, Lloyd-Jones
D, Pate RR, Pratt C, Shay CM, Towbin JA, et al. Cardiovascular health
promotion in children: challenges and opportunities for 2020 and
beyond: a Scientific Statement from the American Heart Association.
Circulation 2016;134(12):e236–55.

9. Grossman DC, Bibbins-Domingo K, Curry SJ, Barry MJ, Davidson
KW, Doubeni CA, Epling JW, Jr, Kemper AR, Krist AH, Kurth
AE, et al. Screening for obesity in children and adolescents: US
Preventive Services Task Force recommendation statement. JAMA
2017;317(23):2417–26.

10. Gillman MW, Ludwig DS. How early should obesity prevention start?
N Engl J Med 2013;369(23):2173–5.

11. Van Horn L, Vincent E, Perak AM. Preserving cardiovascular health in
young children: beginning healthier by starting earlier. Curr Atheroscler
Rep 2018;20(6):26.

12. Fleming TP, Watkins AJ, Velazquez MA, Mathers JC, Prentice AM,
Stephenson J, Barker M, Saffery R, Yajnik CS, Eckert JJ, et al. Origins of
lifetime health around the time of conception: causes and consequences.
Lancet 2018;391(10132):1842–52.

13. Shafei AE, Nabih ES, Shehata KA, Abd Elfatah ESM, Sanad ABA,
Marey MY, Hammouda A, Mohammed MMM, Mostafa R, Ali MA.
Prenatal exposure to endocrine disruptors and reprogramming of
adipogenesis: an early-life risk factor for childhood obesity. Child Obes
2018;14(1):18–25.

14. Voerman E, Santos S, Patro Golab B, Amiano P, Ballester F, Barros H,
Bergstrom A, Charles MA, Chatzi L, Chevrier C, et al. Maternal body
mass index, gestational weight gain, and the risk of overweight and
obesity across childhood: an individual participant data meta-analysis.
PLoS Med 2019;16(2):e1002744.

15. Deputy NP, Dub B, Sharma AJ. Prevalence and trends in prepregnancy
normal weight—48 states, New York City, and District of Columbia,
2011–2015. MMWR 2018;66(51–52):1402–7.

16. Horta BL, Victora CG. Long term effects of breastfeeding: a systematic
review. World Health Organization. 2013;74.

17. Institute of Medicine. Early childhood obesity prevention policies goals,
recommendations, and potential actions. Washington (DC): 2011.

18. Centers for Disease Control and Prevention. Breastfeeding Report Card:
United States, 2018. Atlanta (GA): 2019.

19. Anstey AH, Chen J, Elam-Evans LD, Perrine CG. Racial and
geographic differences in breastfeeding—United States, 2011–2015.
MMWR 2017;66(27):723–7.

20. Afshin A, Sur PJ, Fay KA, Cornaby L, Ferrara G, Salama JS, Mullany EC,
Abate KH, Abbafati C, Abebe Z, et al. Health effects of dietary risks in
195 countries, 1990–2017: a systematic analysis for the Global Burden
of Disease study 2017. Lancet 2019;393(10184):1958–72.

21. Baldridge AS, Huffman MD, Taylor F, Xavier D, Bright B, Van Horn
LV, Neal B, Dunford E. The healthfulness of the US packaged food
and beverage supply: a cross-sectional study. Nutrients 2019;11(8):
1704.

22. Singh GM, Micha R, Khatibzadeh S, Lim S, Ezzati M, Mozaffarian
D; Global Burden of Diseases Nutrition and Chronic Diseases Expert
Group. Estimated global, regional, and national disease burdens
related to sugar-sweetened beverage consumption in 2010. Circulation
2015;132(8):639–66.

23. US Department of Health and Human Services and US Department of
Agriculture. 2015–2020 Dietary Guidelines for Americans, 8th edition
2015 [Internet] [accessed 2019 Sep 1]. Available from: https://health.
gov/dietaryguidelines/2015/guidelines.

24. Saavedra JM, Deming D, Dattilo A, Reidy K. Lessons from the Feeding
Infants and Toddlers study in North America: what children eat, and
implications for obesity prevention. Ann Nutr Metab 2013;62 (Suppl
3):27–36.

1076 Deal et al.

https://health.gov/dietaryguidelines/2015/guidelines


25. de Ruyter JC, Olthof MR, Seidell JC, Katan MB. A trial of sugar-free or
sugar-sweetened beverages and body weight in children. N Engl J Med
2012;367(15):1397–406.

26. Ebbeling CB, Feldman HA, Chomitz VR, Antonelli TA, Gortmaker
SL, Osganian SK, Ludwig DS. A randomized trial of sugar-
sweetened beverages and adolescent body weight. N Engl J Med
2012;367(15):1407–16.

27. Smego A, Woo JG, Klein J, Suh C, Bansal D, Bliss S, Daniels SR, Bolling
C, Crimmins NA. High body mass index in infancy may predict severe
obesity in early childhood. J Pediatr 2017;183:87–93 e1.

28. Tester JM, Phan TT, Tucker JM, Leung CW, Dreyer Gillette ML,
Sweeney BR, Kirk S, Tindall A, Olivo-Marston SE, Eneli IU.
Characteristics of children 2 to 5 years of age with severe obesity.
Pediatrics 2018;141(3):e20173228.

29. Ogden CL, Fryar CD, Hales CM, Carroll MD, Aoki Y, Freedman DS.
Differences in obesity prevalence by demographics and urbanization in
US children and adolescents, 2013–2016. JAMA 2018;319(23):2410–8.

30. Seligman HK, Schillinger D. Hunger and socioeconomic disparities in
chronic disease. N Engl J Med 2010;363(1):6–9.

31. Papas MA, Trabulsi JC, Dahl A, Dominick G. Food insecurity increases
the odds of obesity among young Hispanic children. J Immigr Minor
Health 2016;18(5):1046–52.

32. Adams AK, Tomayko EJ, Cronin KA, Prince RJ, Kim K, Carmichael
L, Parker T. Predictors of overweight and obesity in American
Indian families with young children. J Nutr Educ Behav 2019;51(2):
190–8.

33. Au LE, Zhu SM, Nhan LA, Plank KR, Frongillo EA, Laraia BA, Gurzo
K, Ritchie LD. Household food insecurity is associated with higher
adiposity among US schoolchildren ages 10–15 years: the Healthy
Communities study. J Nutr 2019;149(9):1642–50.

34. Cunningham SA, Kramer MR, Narayan KM. Incidence of childhood
obesity in the United States. N Engl J Med 2014;370(5):403–11.

35. Geserick M, Vogel M, Gausche R, Lipek T, Spielau U, Keller E, Pfaffle R,
Kiess W, Korner A. Acceleration of BMI in early childhood and risk of
sustained obesity. N Engl J Med 2018;379(14):1303–12.

36. Juonala M, Magnussen CG, Berenson GS, Venn A, Burns TL, Sabin
MA, Srinivasan SR, Daniels SR, Davis PH, Chen W, et al. Childhood
adiposity, adult adiposity, and cardiovascular risk factors. N Engl J Med
2011;365(20):1876–85.

37. Charakida M, Khan T, Johnson W, Finer N, Woodside J, Whincup PH,
Sattar N, Kuh D, Hardy R, Deanfield J. Lifelong patterns of BMI and
cardiovascular phenotype in individuals aged 60–64 years in the 1946
British Birth Cohort study: an epidemiological study. Lancet Diabetes
Endocrinol 2014;2(8):648–54.

38. Azizpour Y, Delpisheh A, Montazeri Z, Sayehmiri K, Darabi B. Effect
of childhood BMI on asthma: a systematic review and meta-analysis of
case-control studies. BMC Pediatr 2018;18(1):143.

39. Mayer-Davis EJ, Lawrence JM, Dabelea D, Divers J, Isom S, Dolan L,
Imperatore G, Linder B, Marcovina S, Pettitt DJ, et al. Incidence trends
of type 1 and type 2 diabetes among youths, 2002–2012. N Engl J Med
2017;376(15):1419–29.

40. Casagrande SS, Menke A, Linder B, Osganian SK, Cowie CC.
Cardiovascular risk factors in adolescents with prediabetes. Diabet Med
2018:1202–9.

41. Divers JM-DE, Lawrence JM, Isom S, Dabelea D, Dolan L, Imperatore
G, Marcovina S, Pettitt DJ, Pihoker C, Hamman RF, et al. Trends
in incidence of type 1 and type 2 diabetes among youths—selected
counties and Indian reservations, United States, 2002–2015. MMWR
2020;69(6):161–5.

42. Dabelea D, Stafford JM, Mayer-Davis EJ, D’Agostino R, Jr, Dolan L,
Imperatore G, Linder B, Lawrence JM, Marcovina SM, Mottl AK, et al.
Association of type 1 diabetes vs type 2 diabetes diagnosed during
childhood and adolescence with complications during teenage years
and young adulthood. JAMA 2017;317(8):825–35.

43. Afanasiev SA, Garganeeva AA, Kuzheleva EA, Andriyanova AV,
Kondratieva DS, Popov SV. The impact of type 2 diabetes mellitus
on long-term prognosis in patients of different ages with myocardial
infarction. J Diabetes Res 2018;2018:1780683.

44. Catalano PM, Shankar K. Obesity and pregnancy: mechanisms of short
term and long term adverse consequences for mother and child. BMJ
2017;356:j1.

45. Mitanchez D, Chavatte-Palmer P. Review shows that maternal obesity
induces serious adverse neonatal effects and is associated with
childhood obesity in their offspring. Acta Paediatr 2018;107(7):1156–
65.

46. Tan HC, Roberts J, Catov J, Krishnamurthy R, Shypailo R, Bacha F.
Mother’s pre-pregnancy BMI is an important determinant of adverse
cardiometabolic risk in childhood. Pediatr Diabetes 2015;16(6):419–26.

47. Persson M, Cnattingius S, Villamor E, Soderling J, Pasternak B,
Stephansson O, Neovius M. Risk of major congenital malformations in
relation to maternal overweight and obesity severity: cohort study of 1.2
million singletons. BMJ 2017;357:j2563.

48. Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. Predicting
obesity in young adulthood from childhood and parental obesity. N
Engl J Med 1997;337(13):869–73.

49. Styne DM, Arslanian SA, Connor EL, Farooqi IS, Murad MH,
Silverstein JH, Yanovski JA. Pediatric obesity-assessment, treatment,
and prevention: an Endocrine Society clinical practice guideline. J Clin
Endocrinol Metab 2017;102(3):709–57.

50. Steele CB TC, Henley SJ, Massetti GM, Galuska DA, Agurs-Collins T,
Puckett M, Richardson LC. Vital signs: trends in incidence of cancers
associated with overweight and obesity—United States, 2005–2014.
MMWR 2017;66(39):1052–8.

51. Bray GA, Heisel WE, Afshin A, Jensen MD, Dietz WH, Long M,
Kushner RF, Daniels SR, Wadden TA, Tsai AG, et al. The science of
obesity management: an Endocrine Society scientific statement. Endocr
Rev 2018;39(2):79–132.

52. Franks PW, Hanson RL, Knowler WC, Sievers ML, Bennett PH,
Looker HC. Childhood obesity, other cardiovascular risk factors, and
premature death. N Engl J Med 2010;362(6):485–93.

53. Twig G, Yaniv G, Levine H, Leiba A, Goldberger N, Derazne E, Ben-
Ami Shor D, Tzur D, Afek A, Shamiss A, et al. Body-mass index in 2.3
million adolescents and cardiovascular death in adulthood. N Engl J
Med 2016;374(25):2430–40.

54. Khan SS, Ning H, Wilkins JT, Allen N, Carnethon M, Berry JD, Sweis
RN, Lloyd-Jones DM. Association of body mass index with lifetime
risk of cardiovascular disease and compression of morbidity. JAMA
Cardiology 2018;3(4):280–7.

55. Sung H, Siegel RL, Rosenberg PS, Jemal A. Emerging cancer trends
among young adults in the USA: analysis of a population-based cancer
registry. Lancet Public Health 2019;4(3):e137–e47.

56. Wang YC, McPherson K, Marsh T, Gortmaker SL, Brown M. Health
and economic burden of the projected obesity trends in the USA and
the UK. Lancet 2011;378(9793):815–25.

57. Baker JL, Olsen LW, Sorensen TI. Childhood body-mass index and
the risk of coronary heart disease in adulthood. N Engl J Med
2007;357(23):2329–37.

58. Weihrauch-Bluher S, Schwarz P, Klusmann JH. Childhood obesity:
increased risk for cardiometabolic disease and cancer in adulthood.
Metabolism 2019;92:147–52.

59. Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini F, Straif
K; International Agency for Research on Cancer Handbook Working
Group. Body fatness and cancer–viewpoint of the IARC working group.
N Engl J Med 2016;375(8):794–8.

60. Berger NA. Young adult cancer: influence of the obesity pandemic.
Obesity (Silver Spring, Md) 2018;26(4):641–50.

61. Wang YC, Orleans CT, Gortmaker SL. Reaching the Healthy People
goals for reducing childhood obesity: closing the energy gap. Am J Prev
Med 2012;42(5):437–44.

62. Trasande L. How much should we invest in preventing childhood
obesity? Health Aff (Millwood) 2010;29(3):372–8.

63. Sonntag D. Why early prevention of childhood obesity is more than
a medical concern: a health economic approach. Ann Nutr Metab
2017;70(3):175–8.

64. Horta BL, Loret de Mola C, Victora CG. Long-term consequences
of breastfeeding on cholesterol, obesity, systolic blood pressure and

Prevention of early childhood obesity 1077



type 2 diabetes: a systematic review and meta-analysis. Acta Paediatr
2015;104(467):30–7.

65. Tambalis KD, Mourtakos S, Panagiotakos DB, Sidossis LS. Association
of exclusive breastfeeding with risk of obesity in childhood and early
adulthood. Breastfeed Med 2018. doi:10.1089/bfm.2018.0117.

66. Bass JL, Gartley T, Kleinman R. World Health Organization Baby-
Friendly Hospital Initiative Guideline and 2018 implementation
guidance. JAMA Pediatr 2019;173(1):93–4.

67. Kim JH, Shin JC, Donovan SM. Effectiveness of workplace lactation
interventions on breastfeeding outcomes in the United States: an
updated systematic review. J Hum Lact 2019;35(1):100–13.

68. Chai Y, Nandi A, Heymann J. Does extending the duration of legislated
paid maternity leave improve breastfeeding practices? Evidence from
38 low-income and middle-income countries. BMJ Glob Health
2018;3(5):e001032.

69. Heyman MB, Abrams SA; Section On Gastroenterology, Hepatology,
and Nutrition and Committee on Nutrition. Fruit juice in infants,
children, and adolescents: current recommendations. Pediatrics
2017;139(6):1–10, e20170967.

70. Long MW, Gortmaker SL, Ward ZJ, Resch SC, Moodie ML, Sacks
G, Swinburn BA, Carter RC, Claire Wang Y. Cost effectiveness of
a sugar-sweetened beverage excise tax in the U.S. Am J Prev Med
2015;49(1):112–23.

71. Roberto CA, Lawman HG, LeVasseur MT, Mitra N, Peterhans A,
Herring B, Bleich SN. Association of a beverage tax on sugar-
sweetened and artificially sweetened beverages with changes in beverage
prices and sales at chain retailers in a large urban setting. JAMA
2019;321(18):1799–810.

72. Ludwig DS, Blumenthal SJ, Willett WC. Opportunities to reduce
childhood hunger and obesity. JAMA 2012;308(24):2567–8.

73. Penalvo JL, Cudhea F, Micha R, Rehm CD, Afshin A, Whitsel L, Wilde P,
Gaziano T, Pearson-Stuttard J, O’Flaherty M, et al. The potential impact
of food taxes and subsidies on cardiovascular disease and diabetes
burden and disparities in the United States. BMC Med 2017;15(1):
208.

74. Mozaffarian D, Angell SY, Lang T, Rivera JA. Role of government policy
in nutrition—barriers to and opportunities for healthier eating. BMJ
2018;361:k2426.

75. Mozaffarian D, Liu J, Sy S, Huang Y, Rehm C, Lee Y, Wilde P, Abrahams-
Gessel S, de Souza Veiga Jardim T, Gaziano T, et al. Cost-effectiveness
of financial incentives and disincentives for improving food purchases
and health through the US Supplemental Nutrition Assistance Program
(SNAP): a microsimulation study. PLoS Med 2018;15(10):e1002661.

76. de Ferranti SD, Milliren CE, Denhoff ER, Quinn N, Osganian SK,
Feldman HA, Ebbeling CB, Ludwig DS. Providing food to treat
adolescents at risk for cardiovascular disease. Obesity (Silver Spring)
2015;23(10):2109–17.

77. Attina TM, Hauser R, Sathyanarayana S, Hunt PA, Bourguignon JP,
Myers JP, DiGangi J, Zoeller RT, Trasande L. Exposure to endocrine-
disrupting chemicals in the USA: a population-based disease burden
and cost analysis. Lancet Diabetes Endocrinol 2016;4(12):996–1003.

78. Trasande L, Liu Y, Fryer G, Weitzman M. Effects of childhood
obesity on hospital care and costs, 1999–2005. Health Aff (Millwood)
2009;28(4):w751–60.

79. Bartick M, Reinhold A. The burden of suboptimal breastfeeding in the
United States: a pediatric cost analysis. Pediatrics 2010;125(5):e1048–
56.

80. Anstey EH, MacGowan CA, Allen JA. Five-year progress update on
the Surgeon General’s call to action to support breastfeeding, 2011. J
Womens Health (Larchmt) 2016;25(8):768–76.

1078 Deal et al.


	Perspective: Childhood Obesity Requires New
Strategies for Prevention
	Introduction
	Current Status of Knowledge
	Childhood obesity: causes and growth trajectories
	Clinical presentation and health implications of obesity in childhood
	Strategies for the prevention of early childhood obesity

	Conclusions
	Acknowledgments
	References


