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Abstract

Early-onset severe obesity in childhood presents a significant clinical challenge signaling an urgent need for effective and sustainable
interventions. A large body of literature examines overweight and obesity, but little focuses specifically on the risk factors for severe
obesity in children ages 5 and younger. This narrative review identified modifiable risk factors associated with severe obesity in children
ages 5 and younger: nutrition (consuming sugar sweetened beverages and fast food), activity (low frequency of outdoor play and excessive
screen time), behaviors (lower satiety responsiveness, sleeping with a bottle, lack of bedtime rules, and short sleep duration), and socio-
environmental risk factors (informal child care setting, history of obesity in the mother, and gestational diabetes). The lack of literature on
this topic highlights the need for additional research on potentially modifiable risk factors for early-onset severe obesity.
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Infroduction
!- 2011 report by the Institutes of Medicine (IOM)

Committee on Obesity Prevention Policies for Young

Children, “Early Childhood Obesity Prevention Po-
licies,” focused on factors that influence the risk for obesity in
a young child, drawing much needed attention to policy and
prevention efforts in this area.! While the IOM report thor-
oughly described this population as a whole, it did not dif-
ferentiate modifiable risk factors for young children with
overweight, obesity, and severe obesity.! A paucity of litera-
ture exists on the nutrition, activity, behavioral, and socio-

environmental determinants of severe obesity in children 5
years and younger. Severe obesity is currently defined as
a BMI 2120% of the 95th percentile for BMI for children
ages 2-18 and previously as a BMI >99th percentile.?
Among children under 2 years of age, overweight is defined
as weight-for-length (WFL) >95th percentile; however,
there is no consensus on a definition for obesity or severe
obesity.> In the United States, 8.1% of children under 2
years have overweight; 2% of 2- to 4-year olds enrolled in
the Special Supplemental Nutrition Program for Women,
Infants and Children (WIC) have severe obesity, with
higher rates among Hispanic and American Indian/Alaska
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Native populations.*> Growth patterns in children with
severe obesity have been shown to diverge early in life (by
2—4 months) with a 2.5-fold risk of developing severe
obesity by age 5 or 6 and high incidence of persistence into
adulthood.®® Studies have utilized various definitions of
severe obesity for the purpose of stratifying risk and dem-
onstrating persistence in children ages 5 and younger, in-
cluding infancy.”1°

National guidelines encourage medical providers to screen
for obesity and stratify care based on severity.? Despite these
recommendations, less than half of providers reported using
current BMI percentile cutoffs for diagnosing overweight,
obesity, or severe obesity.!! The guidelines do not provide
direction to medical providers on screening for obesity in
children <2 years of age despite the fact that only 1-in-5
children with severe obesity at age 2 will have improvement
of their weight status by adulthood.® Recent studies indicate
a continued increase in obesity rates, with significant in-
creases in severe obesity in children ages 2-5.'2

In 2014 the American Academy of Pediatrics Institute for
Healthy Childhood Weight (IHCW) and the Children’s
Hospital Association (CHA) convened the Expert Exchange
(EE), an interdisciplinary team of 40 participants from ter-
tiary care obesity programs at 21 children’s hospitals across
the United States. A subgroup of the EE conducted a focused
literature search to assist in identifying and defining behav-
iors associated with severe obesity in young children (5 years
and younger). An additional subgroup focused on the med-
ical and genetic risk factors for this same population.' This
narrative review provides an overview of current literature
specific to modifiable risk factors for severe obesity in
children 5 years of age and younger, with a discussion of
nutrition, activity, behaviors, and socio-environmental risks
relevant for implementing targeted interventions. Due to a
lack of research specific to severe obesity in children 5 and
younger, the approach to the assessment and treatment of
this population at high risk for subsequent morbidity is not
well established in research or clinical practice. Selective
supporting references to overweight/obesity were utilized as
background in each risk factor category where evidence
was weak or lacking in young children with severe obesity.
Table 1 describes the studies with a specific focus on eating,
activity, or behaviors in the young child (0-5 years) with
severe obesity.”->-10:14-19

Defining Early-Onset Obesity

Significant emphasis has been put on early life risk for
obesity. Blake-Lamb et al., describe an ““early life obesity
prevention program,’’ referring to the first 1000 days in the
life of a child, recognizing the importance of intervention
at this early stage.?’ The 2011 IOM report on early child-
hood obesity mentions ‘‘early onset of childhood obesity”’
and the 2016 National Academies report uses the term
“obesity in the early years” both referring to children ages
5 and younger.?! Using these reports as a stepping stone,
“early onset™ is used herein to expand on the highest risk
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for children in this age group and describe children ages 5
years and younger with severe obesity.

Risk Factors: Nutrition

Infant weight gain has been shown to be a risk factor for
obesity and severe obesity.*” Evidence around rapid infant
weight gain and overweight has been associated with bottle
feeding, bottle size, weaning patterns, feeding to schedule,
mode of milk delivery, timing of solid food introduction,
and milk composition (breast milk vs. formula).?* > How-
ever, Colon and Ramey illustrate that the direct association
between breastfeeding and improved child health (including
BMI and obesity) is most likely multifactorial.?” Current
national recommendations for obesity prevention continue
to support the use of exclusive breastfeeding for 6 months
and breastfeeding in combination with complimentary foods
for at least 1 year.! It has also been shown that eating pat-
terns associated with increased risk of obesity (e.g., high
intake of sweets and grains; low intake of fruits and vege-
tables) are often developed by 12 months of age, entrenched
by 24 years of age,?® and predict lack of variety in fruit and
vegetable preferences by age 8.2

When looking at differentiating factors for children 5
years old and younger with severe obesity, breastfeeding,
fruit and vegetable intake, sugar sweetened beverage (SSB),
juice, coffee/tea, and fast food consumption have all been
examined. In a national sample of children ages 2—5 with
severe obesity (N=123) and normal weight (N=3907),
Tester et al., demonstrated that children who had never been
breastfed had increased odds of severe obesity (odds ratio
[OR] 1.9, 95% CI 1.3-2.8).!? In a retrospective chart review
of 67 one to 4-year olds presenting for overweight treatment,
Welch et al., described children with severe obesity (defined
as 2160% of ideal body weight, without a control group),
being significantly more likely to have never breastfed
compared to breastfed >6 months (64% vs. 42%, respec-
tively, p=0.037).° In kindergarteners with (N=400) and
without severe obesity (N=6400), Flores and Lin were able
to demonstrate a significant difference in ages of early
introduction to formula (2.5 months+0.2 months vs. 3.7
months £ 0.1 months, respectively, p<0.01) and compli-
mentary foods (4.1 months+0.1 months vs. 4.5 months + 0.04
months, respectively, p=0.04).!7

Baughcum et al., provide a descriptive portrayal of 140
children ages 2—5 with severe obesity (without a compar-
ison group) who present for tertiary care weight manage-
ment treatment: 47% of parents reported no daily fruit
intake, 61% reported no daily vegetable intake, and 29%
reported daily consumption of SSBs.'* In addition, Flores
and Lin were able to demonstrate that the consumption of
fruit, at least once a week in kindergarten-age children,
offered a protective effect against severe obesity (OR 0.3,
95% CI 0.1-0.7).!7 Several studies show a strong rela-
tionship between SSB intake, excess adiposity, BMI, and
BMI z-score.!”!® For example, in a large retrospective
chart review comparison of children ages 3-5 years with
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obesity (N=775) versus severe obesity (N=355), Ford et al.,
found that those with severe obesity were significantly more
likely to drink >2 SSB/day.'® Findings from Flores and Lin
support this showing that consumption of at least one SSB
per week in kindergarteners was associated with double the
odds of severe obesity (OR 2.3, 95% CI 1.4-3.7).!7 Welch
et al., also showed that children ages one to four with severe
obesity presenting for nutrition evaluation were significantly
more likely to drink >9 ounces of juice per day than drink no
juice (62% vs. 45%, respectively, p=0.037).° In addition to
SSB and juice, Flores and Lin found that 2-year-old children
who drank coffee or tea between meals or at bedtime had
triple the odds (OR 3.3, 95% CI 1.3-8.5) of severe obesity by
kindergarten.!” Finally, among those presenting for tertiary
care weight management in a descriptive study without a
control group, Baughcum et al., describe 61% of families
with children 5 years and younger with severe obesity report
consuming fast food once per week or more.'*

Risk Factors: Eating Behaviors

Infants who have larger appetite ratings, greater enjoy-
ment of food, faster rate of eating, and lower satiety re-
sponsiveness tend to have higher body weight and more
rapid weight gain over 6- and 12-month periods during
infancy.*® Food seeking behavior driven by hyperphagia is
a well-recognized behavioral characteristic in syndromic
or genetic obesity disorders in childhood, such as Prader—
Willi Syndrome.?! Food seeking and hyperphagia can also
be seen in children ages 8—12 without identified genetic
abnormalities and are associated with reduced satiety re-
sponsiveness and greater “loss of control” when eating.>
A systematic review of 41 studies suggested no association
between food neophobia and overweight or obesity, while
a statement could not be made about the association be-
tween picky eating and weight status, possibly due to
varied definitions of picky eating.’*3

Little research has addressed eating behaviors in children
5 years old and younger with severe obesity. Baughcum’s
descriptive study of 140 children ages 2—5 years with severe
obesity presenting to a tertiary care multidisciplinary obesity
center examined parental responses to an intake question-
naire completed prior to their initial appointment: 68% of
parents reported at least one problematic child eating be-
havior, with ‘““child snacks too much” as being the most
frequently reported (51%), followed by “child eats too fast”
(34%). Approximately half of parents endorsed their child
engaging in mindless eating (51%), with 32% reporting
eating in front of a TV or computer and 31% endorsing
boredom eating. There were no comparison groups, so it is
unknown what the frequency of maladaptive eating behav-
iors would be for children in other weight categories.'*
Gross et al., described eating behaviors in children with
(N=108) and without severe obesity (N=41).>* This study
was inclusive of children 5 and younger and reported that
children with severe obesity ages 2—12 years old who
presented for weight management had lower Satiety
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Responsiveness” on the Child Eating Behavior Ques-
tionnaire compared to children with obesity.>* In addition,
girls aged 2—12 with severe obesity reported higher ““En-
joyment of Food” and measured lower on ““Slowness of
Eating,” compared to girls with obesity.**

Risk Factors: Household Routine,
Sleep, Activity, and Screen Time

Structured family routines (e.g., bedtime, screen time,
and family meals) have been shown to decrease the odds of
a preschooler having obesity.>>*¢ Shorter sleep duration
and less physical activity are associated with higher risk of
overweight/obesity in children.’’-3°

Sleep, screen time, and physical activity have been
studied in children 5 years and younger with severe obesity.
Flores and Lin found that lack of bedtime rules and taking
an infant (9 months old or less) outside less than a few times
per month were associated with increased risk of severe
obesity in kindergarten (79% vs. 35% and 80% vs. 33%,
respectively) in those with a cluster of common risk factors
(crossing BMI percentiles at an early age, low education
level, and higher maternal age).!” In a cross-sectional study
of 2- to 5-year olds with severe obesity compared to normal
weight counterparts, Tester et al., found that those with
severe obesity were more likely to have three or more hours
of screen time (OR 1.7, 95% CI 1.1-2.7), and 27.1% of
children with severe obesity had four or more hours of screen
time compared to 14.7% of children with normal weight
(p<0.05)." Baughcum et al., describes activity among 2- to
S5-year olds with severe obesity presenting for tertiary care
weight management, with 74% reported playing outside for
more than 1 hour per day and 27% were in an organized sport,
while only 56% reported <2 hours of screen time daily.'* In a
bivariate analysis, Flores and Lin showed that kindergar-
teners with severe obesity (BMI >99th%) compared to
those without severe obesity (BMI <99th%) were less
likely to participate in organized athletic activities outside
of school (32.6% vs. 44.5%, respectively, p=0.01),'” and
Ford et al., demonstrated that children ages 3—5 years with
severe obesity (vs. those without severe obesity) are more
likely to get 60 minutes of activity outside of physical edu-
cation (PE) <5 times per week (53% vs. 40.7%, p<0.05).'8

Baughcum et al., also assessed for sleep patterns in her
study of a treatment-seeking population of preschoolers
with severe obesity and found that 58% of families re-
ported at least one sleep problem, including snoring, in-
terrupted sleep, or difficulty sleeping.'* Ford et al., utilized
a large health system to perform a retrospective chart re-
view on children who had been identified to have obesity.
Among this population, children ages 3-5 with severe
obesity (BMI £120% of 95th%; N=353) had shorter sleep
duration (<8 hours/night) more frequently compared to
children with moderate obesity (BMI 100%-119% of
95th%; N=762) (9.4% vs. 5.4%, respectively, p<0.05).18
Clifford et al., report on a behavioral intervention study of
41 young children (ages 2—5) with a mean BMI z-score of
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2.36 consistent with severe obesity.'> They showed that
each additional hour of sleep per night was associated with
a 0.14 unit decrease in BMI z-score and in 186 fewer
calories consumed. !>

Risk Factors: Socio-Environmental
Determinants

Food insecurity, geographic areas with higher priced
fruits/vegetables, nonparental child care, and greater time
spent in child care have shown an association with obesity
and increased BMI in young children. 40+

Socio-environmental determinants seem to influence
prevalence of severe obesity in children 5 years and
younger. Lower parental education, poverty, and a higher
number of adults in the household predicted severe obe-
sity in preschool-aged children and kindergarteners.'”:'®
Specifically, Welch et al., reported that among 1- to 4-year-
old children presenting to a multidisciplinary hospital-based
nutrition evaluation clinic, children with severe obesity
were more likely to have public versus private insurance
(»=0.0004).° In a nationally representative longitudinal
study that followed children from birth to kindergarten
entry, with severe obesity compared to those without se-
vere obesity at kindergarten entry, Flores and Lin dem-
onstrate that severe obesity was associated with family
income ever below the poverty threshold (p=0.01), lower
parental educational attainment (p <0.01), and more adults
in the home (p<0.01).!” Similarly, in an analysis of chil-
dren ages 2—5 from a large NHANES dataset, Tester et al.,
revealed that lower parental educational attainment was
associated with greater odds (compared to children without
severe obesity) of having a child with severe obesity (OR
2.4, 95% CI 1.5-3.9) and children from a single caregiver
household had twice the odds of severe obesity (OR 2.0,
95% CI 1.3-3.0).'? Finally, Flores and Lin found that at-
tending a formal child care center was protective with an
odds of severe obesity in kindergarten being thrice lower
for center-based child care attenders versus nonattenders
(OR 0.3, 95% CI 0.1-0.9)."7

Risk Factors: Maternal Health

Much attention has focused on maternal factors that may
be associated with obesity and severe obesity in the young
child, including maternal weight status, gestational weight
gain, and gestational diabetes. While many studies have
demonstrated the correlation between maternal obesity and
childhood adiposity,*° few have stratified this risk for
young children with severe obesity. Several studies report
that high maternal BMI (obese or severely obese) is often
associated with early-onset severe obesity in the offspring.
Welch et al., found that 1- to 4-year-old children with se-
vere obesity presenting to a nutrition evaluation clinic more
frequently had a mother with obesity.? In a separate study
evaluating characteristics of preschoolers presenting for
tertiary care obesity treatment, Bauchcum et al., reported
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that maternal BMI was associated with child BMI z-score.'*
Flores and Lin demonstrated that maternal severe obesity
before pregnancy was associated with triple the odds of
the child having severe obesity by kindergarten (OR 3.4,
95% CI 1.9-5.8).!7 Similarly, in a retrospective chart re-
view, Gittner et al., reported that maternal prepregnancy
BMI was on average lowest in the normal weight cohort
and highest in the cohort of children with severe obesity.’
Flores and Lin found that maternal gestational diabetes was
associated with a three-fold adjusted odds of severe obesity
by kindergarten (OR 2.9, 95% CI 1.5-5.5)."7 A recent re-
port by Satkunam et al., looking at two large cross-sectional
Ontario datasets, supports these findings, with maternal
prepregnancy BMI associated with increased odds of severe
obesity (WHO BMIz >3) in 17- to 24-month-old children
(OR 1.04, 95% C10.94-1.15).'° Mirza et al., as a part of the
same EE Workgroup, recently reviewed the genetic and
medical risk factors in children 5 years and younger and
found supporting evidence around prenatal factors and se-
vere obesity in young children.!?

Discussion

Nutrition, activity, and behavioral and socio-environmental
factors clearly influence infant and early childhood excess
weight gain; however, many of the existing studies have fo-
cused on overweight/obesity without distinguishing those
with severe obesity. Differing definitions for severe obesity in
the young child, lack of a definition for severe obesity among
children younger than 2 years, and emerging studies re-
commending a change in current practice (using WHO BMI
vs. WFL) all contribute to this lack of data.®*¢ Without a
consistent definition, primary care providers are unable to
identify those children <2 years old who already have severe
obesity or those at most risk of developing severe obesity, and
epidemiologists are unable to consistently capture data and
risks. Consistent terminology and measures of severe obesity
are needed for screening, identification, and understanding
outcomes/national changes.*’

Rates of obesity and severe obesity in children 5 and
under have continued to trend upward.'? Children with
early-onset severe obesity display more pronounced obe-
sogenic behaviors/risk factors compared to their peers with
overweight or obesity. In those presenting for treatment,
parents of children with severe obesity note behaviors of
decreased satiety, greater enjoyment of food, and faster
eating speed compared to children with obesity in obser-
vational studies.** Shorter sleep duration, lack of bedtime
rules, increased screen time, less involvement in team
sports, and less frequent time outside in infancy are all
observed in children ages 5 and under with severe obesity.
Observational studies on children ages 5 and under with
severe obesity presenting for treatment of weight suggest
never being breastfed; decreased fruit and vegetable con-
sumption, increased SSB, juice, coffee/tea, and fast food
consumption are seen at increased frequency in this popu-
lation.”*!*1°  An infant presenting to their pediatric
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primary care provider with a cluster of socio-environmental
risk factors (poverty, maternal gestational diabetes or
obesity, or multiple adults in the household) and WFL or
BMI >85th percentile may warrant increased involvement
and support for the family,*® before the child reaches the
threshold of severe obesity in infancy or early childhood.
Further research is needed to identify potential modifiable
intervention targets, such as eating/feeding behaviors and
parenting practices/strategies, and identify ways to mitigate
the impact of poverty on obesity early in life.

There are several limitations to this narrative review. First,
there is a limited body of literature on this topic area. The
studies listed in Table 1 have small sample sizes of children
with severe obesity (NV=41-688), variable definitions of se-
vere obesity (five different definitions), and primarily utilize
cross-sectional study designs (including two observational
studies without control groups), which limit the ability to
draw causal inferences or determine conclusive priorities for
treatment. In addition, there are significant gaps in the liter-
ature, including those related to child behaviors (e.g., tan-
trums, oppositional behaviors, and food restriction), prenatal
exposure and the intrauterine environment, including pre-
conception BMI/pregnancy weight gain and gestational dia-
betes, and early nutritional habits (breastfeeding and early
solid food introduction) in the child with early-onset severe
obesity. While several studies describe factors associated
with severe obesity, most have focused on older age groups.

Conclusions

This narrative review provides a summary of the lit-
erature on nutrition, activity, and behavioral and socio-
environmental risk factors associated with severe obesity
in children 5 years and younger and highlights the need
for stratification of samples by obesity severity in studies
where possible, additional research on potentially modifi-
able risk factors, and clear definitions of obesity and severe
obesity in children 2 years and younger. Ultimately, a better
understanding of these risk factors will inform the devel-
opment of assessment tools and targeted interventions for
this vulnerable subgroup of young children.

Acknowledgments

The Children’s Hospital Association and the American
Academy of Pediatrics were the primary project sponsors
for the Expert Exchange.

Author Disclosure Statement

No competing financial interests exist.

References

1. Early Childhood Obesity Prevention Policies. Institute of Medi-
cine. Available at www.nationalacademies.org’/hmd/Reports/2011/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

475

Early-Childhood-Obesity-Prevention-Policies.aspx Last accessed
March 23, 2018.

. Kelly AS, Barlow SE, Rao G, et al. Severe obesity in children and

adolescents: Identification, associated health risks, and treatment
approaches: A scientific statement from the American Heart As-
sociation. Circulation 2013;128:1689-1712.

. Barlow SE, Expert Committee. Expert committee recommenda-

tions regarding the prevention, assessment, and treatment of child
and adolescent overweight and obesity: Summary report. Pedia-
trics 2007;120(Suppl 4):S164-S192.

. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of child-

hood and adult obesity in the United States, 2011-2012. JAMA
2014;311:806-814.

. Pan L, Park S, Slayton R, et al. Trends in severe obesity among

children aged 2 to 4 years enrolled in Special Supplemental Nu-
trition Program for women, infants, and children from 2000 to
2014. JAMA Pediatr 2018;172:232-238.

. Smego A, Woo JG, Klein J, et al. High body mass index in infancy

may predict severe obesity in early childhood. J Pediatr 2017;183:
87-93.el.

. Gittner LS, Ludington-Hoe SM, Haller HS. Infant obesity and

severe obesity growth patterns in the first two years of life. Matern
Child Health J 2014;18:613-624.

. Ward ZJ, Long MW, Resch SC, et al. Simulation of growth tra-

jectories of childhood obesity into adulthood. N Engl J Med 2017,
377:2145-2153.

. Welch KR, Ariza AJ, Wieczorek JL, Binns HJ. Characteristics of

obese children aged 14 years at a referral clinic. J Natl Med Assoc
2008;100:884—891.

Satkunam M, Anderson L, Carsley S, et al. Severe obesity in
children 17 to 24 months of age: A cross-sectional study of
TARGet Kids! and Better Outcomes Registry & Network (BORN)
Ontario. Can J Public Health 2018. [Epub ahead of print]; DOI:
10.17269/541997-018-0065-2.

Rausch JC, Perito ER, Hametz P. Obesity prevention, screening, and
treatment: Practices of pediatric providers since the 2007 expert
committee recommendations. Clin Pediatr (Phila) 2011;50:434-441.

Skinner AC, Ravanbakht SN, Skelton JA, et al. Prevalence of
obesity and severe obesity in US children, 1999-2016. Pediatrics
2018. [Epub ahead of print]; DOI: 10.1542/peds.2017-3459.

Mirza N, Phan T-L, Tester J, et al. Expert exchange workgroup on
children aged 5 and younger with severe obesity: A narrative re-
view of medical and genetic risk factors. Child Obes 2018. [Epub
ahead of print]; DOI: 10.1089/chi.2017.0350.

Baughcum AE, Gramling K, Eneli I. Severely obese preschoolers
in a tertiary care obesity program: Characteristics and manage-
ment. Clin Pediatr (Phila) 2015;54:346-352.

Clifford LM, Beebe DW, Simon SL, et al. The association between
sleep duration and weight in treatment-seeking preschoolers with
obesity. Sleep Med 2012;13:1102—-1105.

Lo JC, Maring B, Chandra M, et al. Prevalence of obesity and
extreme obesity in children aged 3-5 years. Pediatr Obes 2014;9:
167-175.

Flores G, Lin H. Factors predicting severe childhood obesity in
kindergarteners. /nt J Obes (Lond) 2013;37:31-39.

Ford MC, Gordon NP, Howell A, et al. Obesity severity, dietary
behaviors, and lifestyle risks vary by race/ethnicity and age in a
Northern California cohort of children with obesity. J Obes 2016;
2016:4287976.

Tester JM, Phan T-LT, Tucker JM, et al. Characteristics of chil-
dren 2 to 5 years of age with severe obesity. Pediatrics 2018.
[Epub ahead of print]; DOI: 10.1542/peds.2017-3228.


www.nationalacademies.org/hmd/Reports/2011/Early-Childhood-Obesity-Prevention-Policies.aspx
www.nationalacademies.org/hmd/Reports/2011/Early-Childhood-Obesity-Prevention-Policies.aspx

Downloaded by FLORIDA HOSPITAL from www.liebertpub.com at 04/30/19. For personal use only.

476

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Blake-Lamb T, Boudreau AA, Matathia S, et al. Strengthening
integration of clinical and public health systems to prevent
maternal-child obesity in the First 1,000 Days: A Collective Im-
pact approach. Contemp Clin Trials 2018;65:46-52.

National Academies of Sciences, Engineering, and Medicine.
Obesity in the Early Childhood Years: State of the Science and
Implementation of Promising Solutions: Workshop Summary. The
National Academies Press: Washington, DC, 2016.

Mihrshahi S, Battistutta D, Magarey A, Daniels LA. Determi-
nants of rapid weight gain during infancy: Baseline results from
the NOURISH randomised controlled trial. BMC Pediatr 2011;
11:99.

Li R, Fein SB, Grummer-Strawn LM. Do infants fed from bottles
lack self-regulation of milk intake compared with directly breastfed
infants? Pediatrics 2010;125:¢1386—1393.

Li R, Magadia J, Fein SB, Grummer-Strawn LM. Risk of bottle-
feeding for rapid weight gain during the first year of life. Arch
Pediatr Adolesc Med 2012;166:431-436.

Wood CT, Skinner AC, Yin HS, et al. Bottle size and weight gain
in formula-fed infants. Pediatrics 2016;138:¢20154538.

Lumeng JC, Taveras EM, Birch L, Yanovski SZ. Prevention of
obesity in infancy and early childhood: A National Institutes of
Health Workshop. JAMA Pediatr 2015;169:484-490.

Colen CG, Ramey DM. Is breast truly best? Estimating the effects
of breastfeeding on long-term child health and wellbeing in the
United States using sibling comparisons. Soc Sci Med 2014;109:
55-65.

Nestle Nutrition Institute. Evolution and quality of the diet in the
first four years of life. 2008. Available at http://medical.gerber
.com/docs/default-source/pdfs/2711_lv-fits2008-obesitysocietyinsert_
final-fpo.pdf?sfvrsn=0 (last accessed March 19, 2018).

Skinner JD, Ziegler P, Pac S, Devaney B. Meal and snack patterns of
infants and toddlers. J Am Diet Assoc 2004;104(Suppl 1):565-s70.

van Jaarsveld CHM, Llewellyn CH, Johnson L, Wardle J. Pro-
spective associations between appetitive traits and weight gain in
infancy. Am J Clin Nutr 2011;94:1562—-1567.

McCandless SE, Committee on Genetics. Clinical report—Health
supervision for children with Prader-Willi syndrome. Pediatrics
2011;127:195-204.

Boutelle KN, Peterson CB, Crosby RD, et al. Overeating phe-
notypes in overweight and obese children. Appetite 2014;76:95—
100.

Brown CL, Vander Schaaf EB, Cohen GM, et al. Association of
picky eating and food neophobia with weight: A systematic re-
view. Child Obes 2016;12:247-262.

Gross AC, Fox CK, Rudser KD, et al. Eating behaviours are dif-
ferent in youth with obesity and severe obesity. Clin Obes 2016;6:
68-72.

Anderson SE, Whitaker RC. Household routines and obesity in US
preschool-aged children. Pediatrics 2010;125:420—428.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

PORTER ET AL.

Jones BL, Fiese BH, STRONG Kids Team. Parent routines, child
routines, and family demographics associated with obesity in
parents and preschool-aged children. Front Psychol 2014;5:374.
Jago R, Baranowski T, Baranowski JC, et al. BMI from 3-6y of
age is predicted by TV viewing and physical activity, not diet. /nt J
Obes 2005 2005;29:557-564.

Taveras EM, Rifas-Shiman SL, Oken E, et al. Short sleep duration
in infancy and risk of childhood overweight. Arch Pediatr Adolesc
Med 2008;162:305-311.

Bonuck K, Chervin RD, Howe LD. Sleep-disordered breathing,
sleep duration, and childhood overweight: A longitudinal cohort
study. J Pediatr 2015;166:632—639.

Black L, Matvienko-Sikar K, Kearney PM. The association be-
tween childcare arrangements and risk of overweight and obesity
in childhood: A systematic review. Obes Rev Off J Int Assoc Study
Obes 2017;18:1170-1190.

Morrissey TW, Jacknowitz A, Vinopal K. Local food prices and
their associations with children’s weight and food security. Pe-
diatrics 2014;133:422-430.

Metallinos-Katsaras E, Must A, Gorman K. A longitudinal study of
food insecurity on obesity in preschool children. J Acad Nutr Diet
2012;112:1949-1958.

Catalano PM, Farrell K, Thomas A, et al. Perinatal risk factors for
childhood obesity and metabolic dysregulation. Am J Clin Nutr
2009;90:1303-1313.

Whitaker RC. Predicting preschooler obesity at birth: The role
of maternal obesity in early pregnancy. Pediatrics 2004;114:
€29—-e36.

Woo Baidal JA, Locks LM, Cheng ER, et al. Risk factors for
childhood obesity in the first 1,000 days: A systematic review. Am
J Prev Med 2016;50:761-779.

Roy SM, Spivack JG, Faith MS, et al. Infant BMI or weight-for-
length and obesity risk in early childhood. Pediatrics 2016;137:
€20153492.

Flegal KM, Ogden CL. Childhood obesity: Are we all speaking the
same language? Adv Nutr 2011;2:159S-166S.

Hassink SG. Early child care and education: A key component of
obesity prevention in infancy. Pediatrics 2017;140. DOI: 10.1542/
peds.2017-2846.

Address correspondence to:

Brooke Sweeney, MD

Center for Healthy Lifestyles and Nutrition

Children’s Mercy Hospital Kansas City

University of Missouri Kansas City School of Medicine
Kansas City, MO 64108

E-mail: brsweeney@cmh.edu


http://medical.gerber.com/docs/default-source/pdfs/2711_lv-fits2008-obesitysocietyinsert_final-fpo.pdf?sfvrsn=0
http://medical.gerber.com/docs/default-source/pdfs/2711_lv-fits2008-obesitysocietyinsert_final-fpo.pdf?sfvrsn=0
http://medical.gerber.com/docs/default-source/pdfs/2711_lv-fits2008-obesitysocietyinsert_final-fpo.pdf?sfvrsn=0

