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a b s t r a c t
Time and place of study: 2010–2015; international. Given the high levels of obesity in young children, numbers
of children in out-of-home care, and data suggesting a link between early care and education (ECE) participation
and overweight/obesity, obesity prevention in ECE settings is critical. As the ﬁeld has progressed, a number of interventions have been reviewed yet there is a need to summarize the data using more sophisticated analyses to
answer questions on the effectiveness of interventions. We conducted a systematic review of obesity prevention
interventions in center-based ECE settings published between 2010 and 2015. Our goal was to identify promising
intervention characteristics associated with successful behavioral and anthropometric outcomes. A rigorous
search strategy resulted in 43 interventions that met inclusion criteria. We developed a coding strategy to assess
intervention strength, used a validated study quality assessment tool, and presented detailed descriptive information about interventions (e.g., target behaviors, intervention strategies, and mode of delivery). Intervention
strength was positively correlated with reporting of positive anthropometric outcomes for physical activity,
diet, and combined interventions, and parent engagement components increased the strength of these relationships. Study quality was modestly related to percent successful healthy eating outcomes. Relationships between
intervention strength and behavioral outcomes demonstrated negative relationships for all behavioral outcomes.
Speciﬁc components of intervention strength (number of intervention strategies, potential impact of strategies,
frequency of use, and duration of intervention) were correlated with some of the anthropometric and parent engagement outcomes. The review provided tentative evidence that multi-component, multi-level ECE interventions with parental engagement are most likely to be effective with anthropometric outcomes.
© 2016 Elsevier Inc. All rights reserved.

1. Introduction
Childhood obesity continues to be a global public health problem
whereby the number of overweight or obese infants and young children
(0 to 5 years) increased from 32 million globally in 1990 to 42 million in
2013 (Facts and Figures on Childhood Obesity, 2014). In the US, 22.8% of
preschool aged children (2–5 years) were classiﬁed as overweight or
obese (Ogden et al., 2014). Although obesity rates have recently decreased among this age group, racial/ethnic and socio-economic disparities continue (Ogden et al., 2014). The high rates and disparities are of
concern, given that children who are overweight by age 5 are more likely to be obese later in life (Cunningham et al., 2014). To reduce lifetime
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risk of obesity, the Institute of Medicine recommends that obesity prevention interventions begin before the age of 5 (Early Childhood
Obesity Prevention Policies, 2011).
Obesity-related diet and physical activity patterns of preschoolers do
not meet national guidelines (Cortes et al., 2013; Hinkley et al., 2012;
Kranz et al., 2006; Wilson et al., 2009). Children, especially those from
racial/ethnic minorities and low-income communities in the U.S., eat
too few fruits, vegetables, and whole grains, and consume too many energy dense snacks and beverages (Piernas and Popkin, 2011; Reedy and
Krebs-Smith, 2010). Similarly, only half of preschool-aged children engage in the recommended 60 min of physical activity per day, and
many exceed recommended limits for screen time, averaging 4 h per
day (Beets et al., 2011; Tandon et al., 2011). Thus, interventions to improve eating and activity behaviors of preschool children are needed.
Although home environments are important for shaping eating and
activity behaviors, N63% of U.S. mothers with preschool-aged children
work outside the home (The State of America's Children, 2013) and 70
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to 80% of children with working mothers spend on average 35 h per
week in formal early care and education settings (ECE) (America's
Children: Key National Indicators of Well-Being, 2009; Larson et al.,
2011a, 2011b; Ogden et al., 2012; Ward et al., 2008), mostly in centerbased care (Child Care Costs on the Upswing, Census Bureau Reports,
2013). For children in fulltime center-based care, approximately 50%
of their daily dietary intake comes from meals and snacks served on
site, and this location may be the main source of their physical activity
(Bollella et al., 1999; Gubbels et al., 2014; Padget and Briley, 2005).
Given the numbers of children enrolled and the amount of time spent
in this setting, promoting healthy eating and physical activity in ECE settings are integral to obesity prevention (Obesity in the Early Childhood
Years, 2016). Because U.S. children who attend child care are at increased risk for obesity (Gubbels et al., 2010; Neelon et al., 2015; Woo
Baidal et al., 2016), identifying successful interventions in these settings
is critical, so they can be recommended for wide implementation.
Many reviews of obesity prevention efforts in ECE settings have been
published (Blake-Lamb et al., 2016; Ciampa et al., 2010; D'Onise et al.,
2010; Hesketh and Campbell, 2010; Kreichauf et al., 2012; Larson et
al., 2011a; Laws et al., 2014; Ling et al., 2016; Mikkelsen et al., 2014;
Nelson et al., 2003; Nixon et al., 2012; Skouteris et al., 2011;
Summerbell et al., 2012; Wolfenden et al., 2012), including a paper by
Sisson and colleagues published in this journal (Sisson et al., 2016).
Using broad inclusion criteria, Sisson et al. identiﬁed 71 ECE interventions, with more than two-thirds published since 2010. With this recent
growth in ECE intervention studies, it is important for review papers to
move beyond the single question of whether an intervention is generally effective and explore which speciﬁc characteristics and strategies
contribute to intervention effectiveness.
In addition to adding a more comprehensive analysis, this review
was also designed as a follow-up to the Larson et al. (2011a) review
paper, which summarized child care-based intervention studies that
covered the 10-year period between 2000 and 2010. The goal of the current study was to systematically review obesity prevention interventions in center-based ECE settings published 2010–2015 in order to
identify the most promising intervention characteristics associated
with successful behavioral and/or anthropometric outcomes. We hypothesized that more comprehensive and intensive interventions
would be more effective. To accomplish this goal, we developed a coding strategy to assess intervention strength and allow for examination
of several study questions:
1. Is intervention strength related to successful behavioral and/or anthropometric outcomes?
2. Are interventions that incorporate parent engagement more effective than those that do not?
3. Can speciﬁc intervention elements be identiﬁed that relate to desired
outcomes, including number of intervention strategies used, potential impact of the strategies, and frequency and duration of these
strategies?
4. Is overall study quality related to successful behavioral and/or anthropometric outcomes?
2. Methods
2.1. Search strategy
The Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines were used (Moher et al., 2009). Separate
searches (healthy eating, physical activity, and screen time) were conducted in three databases (PubMed, ERIC, and Web of Science) in December 2015, and search terms and methods are available in an online
appendix (Appendix 2). Each search string contained four tailored components and corresponding terms: ECE setting; healthy eating, physical
activity, or screen time; behavioral and anthropometric outcomes; and
intervention-related. These searches returned 7494 results. After

duplicates were removed, 6824 results were imported into EndNote
for title and abstract review. Twenty-two additional papers were identiﬁed, nine of which were included, after cross-referencing included papers and recent reviews. Fig. 1 describes this process in more detail.
2.2. Inclusion and exclusion criteria
Papers were included if they were: peer-reviewed, published between 2010 and 2015, took place primarily in a center-based ECE setting, targeted children ages 0–6 years, included an intervention
targeting healthy eating, physical activity and/or screen time, used an
objective or validated measure of dietary intake, physical activity,
screen-time, or anthropometric outcomes, provided a statistical measure of intervention success, and were published in English. All study
designs, except case studies, were included if a pre- and post-evaluation
was conducted.
2.3. Selection and data extraction
Two authors (EW & AC) each reviewed titles and abstracts, identifying 86 papers for full text review. EW and AC independently reviewed
each article and extracted information using a template that included
information on study design, location, sample characteristics, intervention components, and outcomes; meetings were held to discuss scoring
and identify discrepancies. Any disagreements remaining following this
discussion were resolved by consensus with a third reviewer who also
read the full text (blinded to the other reviewers' decisions). One author
from a pool of ﬁve (ML, DW, KH, AW, and AT) reviewed summary entries to validate the extracted data and afﬁrm inclusion of the paper.
The goal of this review was to reach consensus; thus, statistics evaluating level of agreement were not computed.
2.4. Evaluation of intervention strength
For the purpose of this review we deﬁned intervention strength as a
composite of the number of intervention strategies used, their potential
impact, and the frequency and duration of their use. This coding method
is similar to ones used to characterize community health efforts for obesity prevention (Fawcett et al., 2015; Schwartz et al., 2015b). Individual
intervention strategies were identiﬁed as described in the outcome
paper and treated individually unless presented as part of a package
(e.g., tool kit). Each intervention strategy was identiﬁed, evaluated for
potential impact (scores 4 vs 1), and weighted by intensity (scores 1–
4) and frequency (scores 1–4). Based on previous literature and ecological models (Sallis and Owen, 2015), high impact intervention strategies
included changes in food, physical activity, and screen time environments or policies that provided ongoing support or structure for behavior change (e.g., revising menus or nutrition policies; providing more
physical activity in the ECE setting; and in-person staff training). Low
impact strategies included educational activities that encouraged individuals to make changes (e.g., ﬁeld trips, information, posters, and
games). High impact parent engagement included in-person strategies
such as parent trainings or family days, while low impact strategies
were more passive (e.g., sending materials home). Frequency of use
was based on how often each strategy was employed. For example, if
the intervention included the use of a weekly DVD, it was scored as a
3 on frequency (i.e., not daily but ≥1/week). A policy change such as increasing daily outdoor time by 30 min was scored as a 4 since it was in
place during the entire intervention period. Duration of an intervention
strategy was coded based on the length of the intervention period; thus
there was one code per study. Two authors assessed intervention
strength scores for each component (healthy eating, physical activity
and screen time combined, and/or parent engagement). Disagreements
were resolved by consensus. A cumulative strength score was then tallied. See Table 1 for a description of the coding scheme.
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Healthy Eating

Physical Activity

2,428 articles identified in
PubMed, ERIC, and Web of
Science

Screen Time

4,346 articles identified in
PubMed, ERIC, and Web of
Science

223 duplicates
removed
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720 articles identified in
PubMed, ERIC, and Web of
Science

388 duplicates
removed

3,958 articles imported into
EndNote

2,205 articles imported into
EndNote

22 articles identified using
references of included
papers or recent reviews

59 duplicates
removed

661 articles imported into
EndNote

6,760 articles removed through
title and abstract review*

Primary Reasons for Exclusion:
Intervention not in Early Care and
Education setting
Intervention did not target preschool age
children
Intervention targeted parents/community
Intervention did not target dietary intake,
physical activity, or screen time
Not objective/valid outcome measure
No pre/post measure
Published before 2010
Not peer-reviewed

86 articles included in full text
review*

47 articles included in review

Fig. 1. Study selection ﬂow diagram. Time and Place of Study: 2010–2015; International. *Some of the papers included in the full text review were returned by two or all three of the search
strings.

2.5. Assessment of intervention success
For each study, reported outcomes were coded in a systematic manner to determine intervention success. Dietary outcomes were not included if insufﬁcient detail was provided on variety or quality of the
food or food groups measured to determine desired direction (e.g.,
only grains consumed reported, but focus was increasing whole grains;
only total milk consumption was reported, but without differentiation
between full-fat and low/non-fat varieties). For physical activity outcomes, light physical activity was not coded. For anthropometric outcomes, only relative measures (e.g., BMI z-scores) were coded when
both relative and absolute measures were reported. Both in-school
and at-home behavioral outcomes were included. If studies included
overlapping outcomes (e.g., MPA, VPA, and MVPA), all were coded.
Sub-group analyses (e.g., boys, girls) were included when provided.
When multiple analysis models were used, only outcomes from the adjusted models were included. To enhance comparability among studies,
only immediate post-intervention outcomes (not mid-point or maintenance outcomes) were included. Finally, only outcomes that were favorably and statistically signiﬁcant (p b 0.05) were coded. To translate
coded outcomes into intervention success, we calculated two measures:

1) overall intervention success (calculated as a percentage of successful
outcomes to total number of outcomes (Σ successful outcomes / Σ all
outcomes ∗ 100)); and 2) any intervention success, where individual
study success was a dichotomous outcome (any successful outcome
vs. no successful outcome). These measures were calculated for healthy
eating, physical activity/screen time, and anthropometric target areas if
provided. The overall intervention success and dichotomous success
scores (any) were used as the dependent variables in the hypothesis
testing.

2.6. Quality assessment
Methodological quality of each study was assessed by two authors
using the Quality Assessment Tool for Quantitative Studies from the Effective Public Health Practice Project (Quality Assessment Tool for
Quantitative Studies, 2009). Ratings were compared and consensus
reached on the ﬁnal global rating. Given the nature of ECE studies
where child care staff often provide intervention delivery, the
question, “were study participants aware of research question?” was
not coded.

Table 1
Intervention strength coding and scoring.
Number of strategies

Potential impact
rating

Frequency
rating

Duration rating

Strength score

Tally of speciﬁc intervention
strategies

4 = High
(policy or
environmental)
1 = Low
(information,
education)

4 = Daily
3 = Not daily
but ≥1×/week
2 = b 1×/week
but N1×/month
1 = 1×/month
or less

4 = N 9 months
3 = N 6 months
but ≤ 9 months
2 = ≥ 3 months
but ≤ 6 months
1 = b 3 months

Σ of all intervention strategy score ratings
Intervention strategy score rating = potential impact +
frequency + duration
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2.7. Analytic approach to hypothesis testing
All analyses were carried out in IBM SPSS Statistics for Windows,
Version 23.0. Statistical tests included partial correlations between intervention strength scores and intervention success, adjusting for Quality Assessment score. Percent intervention success and intervention
components (number of strategies, potential impact, frequency, and intervention duration) also were correlated. Study Quality Assessment
scores and intervention success scores (continuous and dichotomous
variables) were correlated as well. Finally, independent samples ttests were conducted to compare studies with and without some key
characteristics: RCTs vs non-RCTs and mode of intervention delivery
(child care staff vs externally-delivered). All statistical tests were twotailed with alpha set to 0.05. However, these analyses are considered exploratory given the novelty of the review approach. Due to low sample
sizes, correlations were interpreted when r ≥ 0.30, regardless of p-value.
Throughout the results, we note both statistical signiﬁcance and this exploratory standard.

classes. The median potential impact score sum for all strategies was 14
(range 4–39).
3.2.5. Number, frequency and duration of strategies used
The total number of strategies used within healthy eating, physical
activity/screen time, and parental engagement ranged from 1 to 15,
with 5 strategies as the median. The median strategies for healthy eating, physical activity, and parental engagement were 2 (range 0–6), 3
(range 0–9), and 1 (range 0–4) respectively. The average frequency of
intervention strategies ranged from once a month or less to daily, with
the median average frequency being less than once per week, but
more than once per month.
3.2.6. Intervention strength score
The median intervention strength score was 40 (range 8–122).
Strength scores for healthy eating and physical activity/screen time
components were similar (median 23, range 5–51; and median 23.5,
range 9–64, respectively). The median strength score for parent engagement was much lower at 15 (range 4–28).

3. Results
3.3. Outcomes measured
3.1. Study characteristics
Papers (n = 47) included in this review described 43 unique interventions (see Table 2). Six additional papers describing intervention
protocols were used to code intervention strength and quality. Of
these interventions, over half took place in the US (53%), followed by
Australia (14%), Germany (9%), and Switzerland (6%). The remaining
studies took place in Switzerland, Chile, and Belgium (2 studies each),
and England, Colombia, Spain, and Turkey (1 study each). Although
some interventions were designed for any child enrolled in the center,
measured child age in the studies ranged from 2 + to 6 years and
were considered preschool interventions. Sample sizes ranged from 23
to 2062 children. The majority of papers included were RCTs (32), but
other study designs included non-experimental pre-post (9), within
subject cross-over (4), and longitudinal follow-ups to RCTs (2). Generally, the studies took place in child care settings where many participants
were low to middle socio-economic status (SES).

Of the 43 interventions, 18 included one or more valid or objective
measure for dietary intake, 31 for physical activity, 5 for screen time,
and 24 for anthropometric outcomes. Measures of dietary intake included observation or plate waste (11), validated parent survey (5), food
frequency questionnaires reported by parents (3), 24-h recalls (2),
and food records (2). Measures of physical activity included accelerometers (16), motor development (10), direct observation (5), pedometers
(3), shuttle run (2), standing jump measure (2), obstacle course (1), and
a questionnaire from the National Health and Nutrition Examination
Survey (1). For anthropometric measures, the bulk of the studies used
BMI (23), followed by body fat (7), waist circumference (4), waist-toheight ratio (1), weight (1), and mid-upper arm circumference (1). All
ﬁve screen time measures were validated proxy reports from parents
and caregivers. Physical activity and screen-time outcomes were combined in the analyses.
3.4. Study quality

3.2. Intervention characteristics
3.2.1. Intervention duration
Duration of the interventions ranged from 8 days to 3 years, with
most lasting 4–6 months.

Using the Quality Assessment Tool for Quantitative Studies (2009), 9
studies received a strong global rating, 14 received a moderate rating,
and 20 received a weak rating.
3.5. Effect of interventions

3.2.2. Mode of delivery
Approximately half of the interventions were delivered primarily by
child care staff (56%). Other modes of delivery included: primarily by
external experts (14%), primarily by the research team (12%), combination of child care staff and external experts (12%), or combinations of research staff, center staff, external experts, and parents (7%).
3.2.3. Target behaviors
Seven of the 43 interventions targeted healthy eating only, 17
targeted only physical activity, 9 targeted healthy eating and physical
activity, 1 targeted physical activity and screen time, and 9 targeted
healthy eating, physical activity, and screen time.
3.2.4. Type of strategies
Strategies to improve healthy eating included menu changes, nutrition education, changing meal service approaches, and food tastings.
Strategies to improve physical activity included structured physical activity lessons, staff training, and take-home activity cards or resources.
Twenty-ﬁve of the 43 interventions included a parental engagement
component with strategies ranging from newsletters, CDs, or other
handouts to more active strategies such as parent workshops or cooking

3.5.1. Healthy eating
Of the 18 studies that included a dietary intake measure, the majority (72%) demonstrated at least one signiﬁcant impact. Only ﬁve studies
showed no effect on dietary intake. Percent successful outcomes ranged
from 0 to 100%. Some studies demonstrated positive impacts on dietary
intake, but only within speciﬁc food groups or nutrients such as fruits,
vegetables, or sugar.
3.5.2. Physical activity/screen time
The majority (77%) of the 31 studies that measured changes in physical activity, ﬁtness, or motor skills demonstrated at least one signiﬁcant
intervention effect. The remaining 7 studies showed no effect. Percent
successful outcomes ranged from 0 to 100%, with a median of 50%.
Only one of the 5 studies that measured screen time demonstrated a
positive intervention effect.
3.5.3. Anthropometrics
Ten of the 24 studies with an anthropometric measure demonstrated at least one successful intervention effect. Percent successful outcomes ranged from 0 to 100%, with a median of 0%.
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Table 2
Characteristics of included interventions, summary of results, quality assessment, and total intervention strength scores.
First author
and year

Study design
Location
Duration

Alhassan et al.
(2012)

Design: RCT
Location: United
States, MA
Duration: 6 months

Alhassan et al.
(2013)

Alkon et al.
(2014)

Sample: 2 centers,
8 classrooms,
N = 78
Age: 2.9–5 yrs
SES: Low
R/E: 61%
Latino/Hispanic,
39% AA
Design: RCT
Sample: 2 centers,
Location: United
8 classrooms,
States, MA
N = 75
Duration: 4 weeks
Age: 2.9–5 yrs
SES:NP
R/E: NP
Design: RCT
Sample: 17
Location: United
centers, N = 552
States, CA, CT, NC
Age: 3–5 yrs
Duration: 7 months SES: Low
R/E: 46% White,
17% Latino, 16%
AA, 14% Asian, 7%
other

Annesi et al.
(2013a)

Design: RCT
Location: Southeast
United States
Duration: 8 weeks

Annesi et al.,
2013b

Design: RCT
Location: Southeast
United States
Duration: 9 months

Annesi et al.
(2013c)

Baskale and
Bahar
(2011)

Bell et al.
(2015)

Bellows et al.
(2013)

Characteristics of
samplea

Sample: 32
classrooms,
N = 275
Age: 3.5–5.6 yrs
SES: Low-mid
R/E: 100% AA

Sample: 26
classrooms,
N = 1154
Age: 4–5 yrs
SES: Low - mid
R/E: 86% AA, 9%
Latino, 3% White,
2% other
Design: RCT
Sample: 17
Location: Southeast classrooms,
United States
N = 273
Duration: 9 months Age: 4–5 yrs
SES: All at/below
130% of federal
poverty line
R/E: 100% AA
Design: Pre/post
Sample: 6 schools,
experimental with 2 from each
control
income bracket,
Location: Turkey
N = 238
Duration: 1 yr
Age: 5 yrs
SES: Low, middle,
high
R/E: NP
Design: Pre/post
Sample: 20
cohort
centers, N = 236
Location: Australia Age: 2–4 yrs
Duration: 1 month SES: NP
R/E: NP

Design: RCT
Location: United
States, CO
Duration: 18 weeks

Sample: 8 centers,
N = 274
Age: 3–5 yrs
SES: Low
R/E: 59% Hispanic,
32% White

Exposure or intervention

Valid outcome type(s) and
measures

Key/signiﬁcant ﬁndings

LMS-based PA program
including structured PA
activities vs. unstructured
free play time. Teacher
trainings and lesson
plans/resources provided.

Type: PA
Measures: PA via
accelerometer, and LMS via
TGMD-2.

PA: Decrease in sedentary
QA: Strong
time and increase in leaping ISS: 26
skills.

Based on SPARK. Normal
outdoor play time +
additional 30 min of
structured outdoor play 3
days/week. Teacher
trainings.
Child Care Health
Consultant worked with
provider to write/update
nutrition and PA policies.
Provided NAP SACC
workshops for center staff.
On-site consultations,
phone calls, emails, posters,
info sheets.
Start for Life Program.
30 min structured PA, 4 h of
teacher training. Daily gross
motor skills and behavior
skill training, goal setting
and self-monitoring with
achievement charts, logs,
and certiﬁcates. Activity
binder.
Start for Life Program

Type: PA
Measures: PA via
accelerometer.

PA: Decrease in sedentary
time and increase in
vigorous PA.

QA: Moderate
ISS: 23

Type: PA & Anthro
Measures: PA measured via
OSRAP. BMI.

PA: NS.
Anthro: Decrease in zBMI

QA: Weak
ISS: 89

Type: PA
Measures: PA measured via
accelerometer.

PA: Improved MVPA and
VPA in individuals and
classrooms.

QA: Strong
ISS: 30

Type: PA & Anthro
Measures: PA measured via
accelerometer. BMI.

PA: Increased time in MVPA
and VPA. Anthro: Decrease
in BMI.

QA: Strong
ISS: 40

Start for Life Program

Type: PA & Anthro
Measures: PA measured via
accelerometer. BMI.

PA: Greater % participating
in MVPA and VPA.
Anthro: Decrease in BMI.

QA: Strong
ISS: 43

Nutrition education
intervention based on
Piaget's theory. Included
play and visual materials,
followed by observations of
food selection and
consumption.

Type: DI & Anthro
Measures: Food
consumption frequency.
MUAC. BMI.

DI: Improved white meat
and ﬁsh, leafy and root
vegetables, citrus fruits and
other fruits, lower intake of
sugar and processed fruit
juice. Anthro: NS.

QA: Moderate
ISS: 14

The Start Right, Eat Right
program. Teacher training
and improved school
healthy eating policies and
menu.

Type: DI
Measures: Plate waste

QA: Weak
ISS: 30

Mighty Moves. Teacher-led
activities on stability,
locomotor, or manipulation.
Food Friends nutrition
program with binder, CD,
activity mats, ﬂashcards,
balls, beanbags, scarves,
puppets, ropes, and parent

Type: PA & Anthro
Measures: PA and gross
motor skills via
pedometers and PDMS
respectively. BMI.

DI: Increased consumption
of fruit, vegetables, protein,
carbohydrates, minerals
(Ca, Na, K, Mg, P, Zn),
riboﬂavin, niacin, and folate.
Decreased consumption of
discretionary foods, fats and
oils, % saturated fat.
PA: Improved gross motor
skills, stability, and
manipulation.
Anthro: NS

Quality
assessment/intervention
strength score

QA: Weak
ISS: 45

(continued on next page)
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Table 2 (continued)
First author
and year

Study design
Location
Duration

Characteristics of
samplea

Bonis et al.
(2014)

Design: RCT
Location: United
States, LA
Duration: 6 months

Sample: 26
centers, N = 251
Age: 3–5 yrs
SES: NP
R/E: NP

Bonvin et al.
(2013)

Design:
Single-blinded RCT
with 1:1 random
assignment.
Location:
Switzerland
Duration: 9 months

Sample: 58
centers, N = 1467
Age: 3.3 avg yrs
SES: 17.5% low
parental EL
R/E: 57.9% migrant

Cespedes et al.
(2013a,
2013b)

Sample: 14
Design: RCT
Location: Colombia preschools,
Duration: 5 months N = 1216
Age: 3–5 yrs
SES: NP
R/E: NP

Cosco et al.
(2014)

Design: Pre/post
Location: United
States, NC
Duration: 1 month

De Bock et al.
(2012)

Design: Cluster RCT Sample: 18
Location: Germany schools, N = 377
Duration: 6 months Age: 3–6 yrs
SES: 16.3% low
maternal EL
R/E: 32.4% migrant

De Bock et al.
(2013)

Design: Cluster RCT Sample: 37
Location: Germany centers, N = 809
Duration: 6 months Age: 4–6 yrs
SES: 25% low
maternal EL, 55%
middle, 20% high
R/E: 37% migrant

De Coen et al.
(2012)

Design: Cluster RCT
Location: Belgium
Duration: 2 yrs

Sample: 31
schools, N = 1102
Age: 3–6 yrs
SES: High and low
R/E: NP

De Craemer
et al. (2014)

Design: Cluster RCT
Location: Belgium

Sample: 27
schools, N = 1150

Sample: 27
centers, N = 804
Age: 3–5 yrs
SES: NP
R/E: NP

Exposure or intervention

materials. Teacher training.
4 workshops delivered by
dietitians (certiﬁed NAP
SACC consultants) to center
staff, TA for center staff,
nutrition and PA
information distributed to
parents/guardians. Used
NAP SACC to choose 3–4
areas for improvement and
created a facility
improvement plan.
Youp'là Bouge. Teacher
training, rearrangement of
the built environment,
parental involvement, daily
activity recommendation.
Center received ﬂyers,
$1500, and advice. Centers
encouraged to hold a parent
information and discussion
session. Parent ﬂyers.
Sesame Workshop Healthy
Habits. Daily (1 h)
classroom and play
activities including
storybooks, posters, videos,
games, and songs. “Healthy
family day” parent
workshop, weekly
newsletters. Teacher
trainings, guide.
Preventing Obesity by
Design. Assistance to change
the outdoor environment.
POEMS site assessment.
Seed grants. Teacher
training workshops,
webinars. TA. Website,
renovation evaluation.
Come Aboard the Health
Boat. State-sponsored
health promotion program.
External nutrition experts
delivered 15 nutrition
sessions, 5 sessions with
parents. Activities included
familiarizing children with
different food types,
preparation methods,
cooking, eating meals
together, and healthy
drinks.
Parents and preschools
received a website, video, and
printed book. Trained gym
teachers coordinated parent
activities, encouraged
participation, and
documented implementation.
Most project ideas designed
de novo by the child care
community.
Prevention of Overweight
among Pre-school and School
Children (POP). Community
meetings. Teacher manual,
improved playground & snack
policy. Parent handouts.
Teacher meetings, ﬁnancial
incentive. External support
from regional health boards.
Toy Box. Teachers' guide,
activities, newsletters, tip

Valid outcome type(s) and
measures

Key/signiﬁcant ﬁndings

Quality
assessment/intervention
strength score

Type: PA
Measures: PA via
accelerometer

PA: Increase in MVPA, VPA
and total PA in intervention
group.

QA: Moderate
ISS: 52

Type: PA & Anthro
Measures: PA measured
using the Zurich
Neuromotor Assessment.
PA measured using
accelerometer in a subset
of participants. BMI.

PA: NS
Anthro: NS

QA: Moderate
ISS: 41

Type: Anthro
Measures: BMI.

Anthro: NS
36 mo f/u: Decrease in
underweight and increase
in normal weight

QA: Moderate
ISS: 66

Type: PA
Measures: PA measured via
CARS

PA: Children were more
likely to be engaged in
non-sedentary activity.
Connected single and
double loops associated
with higher activity than
linear/straight pathways.

QA: Weak
ISS: 15

Type: DI & Anthro
Measures: Parental
questionnaire asking fruit,
vegetable, water, and
sugary drink consumption.
Measured BMI,
waist-circumference,
WTHR, and total body fat.

DI: Increase in fruit and
vegetable consumption.
Anthro: NS.

QA: Moderate
ISS: 32

Type: PA & Anthro
Measures: PA via
accelerometer. BMI, and
body fat measured.

PA: Less sedentary and more QA: Strong
physically active.
ISS: 31
Anthro: NS.

Type: DI, ST & Anthro
Measures: DI data via
parental semi-quantitative
FFQ. ST via parent survey.
BMI.

DI: NS.
ST: NS.
Anthro: Improved BMI in
low-SES children.

QA: Weak
ISS: 96

Type: PA
Measures: PA via

PA: Increase in VPA and
MVPA.

QA: Moderate
ISS: 38
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Table 2 (continued)
First author
and year

Study design
Location
Duration

Characteristics of
samplea

Exposure or intervention

Key/signiﬁcant ﬁndings

Quality
assessment/intervention
strength score

Duration: 24 weeks Age: 4–6 yrs
SES: Low, middle,
high
R/E: NP

accelerometer.

Finch et al.
(2010,
2014)

Design: Cluster RCT
Location: Australia
Duration: 4 months

Type: PA
Measures: PA via
pedometers.

PA: N.

QA: Moderate
ISS: 64

Fitzgibbon
et al. (2011),
Kong et al.
(2015)

Design: RCT
Location: United
States, IL
Duration: 14 weeks

Type: PA, DI, ST & Anthro
Measures: PA via
accelerometer, ST via
parent survey, DI via 24 h
recall, food records, and in
school observation. BMI
measured. Kong: 1 yr f/u.

PA (2011): Increase in
MVPA min/day, MVPA
min/h, & vigorous activity
min/day.
DI: NS.
ST: NS.
Anthro: NS.

QA: Weak
ISS: 53

Fitzgibbon
et al. (2013)

Design: RCT
Location: United
States, IL
Duration: 14 weeks

Type: PA, DI, ST & Anthro
Measures: PA via
accelerometer, ST via
parent survey, DI via 24 h
recall, food records, and in
school observation. BMI
measured.

PA: NS.
DI: NS.
ST: NS.
Anthro: NS.

QA: Weak
ISS: 48

Hardy et al.
(2010)

Design: Cluster RCT
Location: Australia
Duration: 20 weeks

Type: PA
Measures: PA via the
TGMD-2 checklist.

PA: Improved locomotor,
object control and total
FMS.

QA: Weak
ISS: 38

Harnack et al.
(2012)

Design:
Randomized
crossover trial
Location: United
States, MN
Duration: 6 weeks

Type: DI
Measures: Meal
observation. Lunch
observation data entered
into NDSR.

DI: Fruit, vitamin A, and
QA: Weak
folate intakes were higher
ISS: 18
when fruits and vegetables
served ﬁrst. Fruit, vegetable,
and total calorie intake
higher in provider
portioned meals.

Herman et al.
(2012)

Design: Pre/post
Location: United
States, PA, TX, AZ,
RI, NY
Duration: 6 months

Type: Anthro
Measures: BMI

Anthro: Decrease in BMI and QA: Moderate
% obese.
ISS: 67

Huss et al.
(2013)

Design: Repeated
exposure,
randomized,
cross-over
quasi-experimental
study
Location: United
States, IN
Duration: 12 weeks
Design: Parallel
Cluster 2-arm RCT
Location: Australia

Type: DI
Measures: Researchers
measured plate waste and
entered data into the NDSR.
Parent survey.

DI: Serving dessert after
meal increased energy
intake from main course
and dessert. Serving dessert
with meal decreases total
energy intake.

QA: Weak
ISS: 16

Type: PA & Anthro
Measures: PA via the
TGMD-2 and

PA: Improved jump and
overall movement skill.
Anthro: NS.

QA: Moderate
ISS: 22

Jones et al.
(2011)

cards, hand puppet, and
posters. Teacher training.
Environmental changes to
increase PA. Parent
newsletters, tip cards, and
posters.
Sample: 20
FMS sessions; structured
centers, N = 459
activities; staff role
Age: 3–5 yrs
modeling; limiting small
SES: NP
screen recreation and
R/E: NP
sedentary time; and any
activity promoting physical
environment.
Sample: 18
Hip-Hop to Health Jr.
centers, N = 669
Teacher training. Education
Age: 3–5 yrs
lessons targeting reductions
SES: Low
in dietary fat and television
R/E: 94% AA, 3%
viewing, and increases in
Latino, 3%
fruits, vegetables, and
multiracial/other
physical activity. 20 min PA.
Parent workshops, CD, and
newsletters.
Sample: 4 centers, Family-Based Hip-Hop to
N = 147
Health. Education lessons
Age: 3–5 yrs
targeting reductions in
SES: Low
dietary fat and television
R/E: 94% Latino, 2% viewing, and increases in
AA, 4%
fruits, vegetables, and
multiracial/other
physical activity. Emphasis
on family environment and
parenting. 20 min nutrition
lesson and 20 min PA. 6, 90min classes for parents.
Sample: N = 29
Munch and Move. Teacher
centers, N = 430
training, resources, grant,
Age: 4.4 avg yrs
and expert advice. Program
SES: 47.7% low
included games, learning
R/E: 63%
experiences, examples of
non-English spk
policy statements, fact
sheets etc.
Two serving styles:
Sample: 1 center,
(1) Fruits and vegetables
N = 57
ﬁrst: fruits and non-starchy
Age: 2–5 yrs
SES: 41.5% high
vegetables served family
school, 49.1% some style 5 min in advance of
college or assoc.
meal; and
degree
(2) Provider portioned
R/E: 75.5% AA, 5.7% meals: plate prepared for
Hispanic/Latino,
each child according to
13.2% multiracial,
CACFP guidelines.
3.8% American
Indian, 1.9% White
Sample: 75
Eat Healthy, Stay Active!
centers, N = 112
Teacher training and TA
Age: 3–5 yrs
provided. Parent training
SES: Low parental
and incentives. Nutrition
EL
and PA lessons, and ﬁeld
R/E: Parents were
trips to farmer's market and
33.3% White, 32.4% grocery store for children.
Hispanic/Latino,
14.8% AA
Sample: 4
Four combinations of
classrooms,
portion size of main course
N = 23
and dessert: (1) reference
Age: 2–5 yrs
portion, dessert with lunch;
SES: NP
(2) reference portion,
R/E: 56.5%
dessert after lunch; (3) large
portion (50% larger), dessert
Caucasian, 30.4%
Asian, 13.!% other with lunch: (4) large
portion, dessert after lunch.
Sample: 2 centers, Jump Start. Teacher
N = 97
training; structured lessons
Age: 3–5 yrs
and unstructured activities

Valid outcome type(s) and
measures

(continued on next page)

S44

D.S. Ward et al. / Preventive Medicine 95 (2017) S37–S52

Table 2 (continued)
First author
and year

Study design
Location
Duration

Characteristics of
samplea

Duration: 20 weeks SES: NP
R/E: NP

Krombholz
(2012)

Design: RCT
Location: Germany
Duration:
20 months

Sample: 22
centers, N = 559
Age: 4.59 avg yrs
(intervention);
4.53 avg yrs
(control)
SES: NP
R/E: NP
Monsalves
Design: Cohort
Sample: 1 school
Alvarez et al. Location: Chile
N = 70
(2015)
Duration: 6 months Age: 3.2 avg yrs
(boys); 3.3 avg yrs
(girls)
SES: NP
R/E: NP
Sample: 8 centers,
Natale et al.,
Design: RCT
N = 307
2013, 2014
Location: United
Age: 2–5 yrs
States, FL
Duration: 6 months SES: Low
R/E: 36% AA, 34%
White, 18% other,
14% unknown

Nicaise et al.
(2012)

Design: Cross
sectional at two
time points
Location: United
States, CA
Duration: 1 yr

O'Dwyer et al.
(2013)

Design: Cluster RCT
Location: England
Duration: 6 weeks

Penalvo et al.
(2013a,
2013b,
2015)

Design: Cluster RCT
Location: Spain
Duration: 1–3 yrs

Sample: 24
schools, N = 2062
Age: 3–5 yrs
SES: NP
R/E: NP

Puder et al.
(2011),
Burgi et al.
(2012)

Design: Cluster RCT
Location:
Switzerland
Duration: 1 school
yr

Sample: 40
preschool classes,
N = 652
Age: 5.2 avg yrs
SES: 38% of low
parental EL
R/E: 72% migrant

Roe et al.
(2013)

Design: Cross-over
design

Sample: N = 61
Age: 3–5 yrs

Sample: N = 50
pre, N = 57 post
Age: 4–5 yrs
SES: NP
R/E: White (70.2%
& 63.2%), Hispanic
(7.0% & 13.2%),
Asian (12.3% &
13.2%), AA (10.4%
& 10.3%)
Sample: 12
schools, N = 240
Age: 4.5 avg yrs
SES: NP
R/E: 84.3% White

Key/signiﬁcant ﬁndings

Quality
assessment/intervention
strength score

Type: PA & Anthro
Measures: Motor skills via
MoTB 3–7 and standing
broad jump. BMI and skin
fold measured.

PA: NS.
Anthro: NS.

QA: Moderate
ISS: 39

Physical activity classes
including circuits with
jumps, sprints, carrying
medicinal balls, gallops, and
crawling.

Type: PA & Anthro
Measures: Motor skill tests
performed SLJ and 12 m
run. BMI.

PA: Decrease in 12 m run
time and increase in SLJ.
Anthro: NS.

QA: Weak
ISS: 17

Healthy Inside-Healthy
Outside (HI-HO) program.
Teacher training, weekly TA
visits. Parent monthly
dinner, monthly
newsletters, and at-home
activities. Schools
developed new policies and
menus to increase PA and
healthy eating.
Renovation of outdoor
space. L-shaped path
transformed into a looping
path, grassy hill was
created, and
climbing/sliding structures
removed to create more
open space.

Type: PA, DI, ST & Anthro
Measures: PA and ST
questions were extracted
from NHANES and
modiﬁed (parent report);
FFQ used for parents and
teachers. BMI.

DI: Decrease in junk food
consumption, increase in
mean fresh fruit and
vegetable consumption.
ST: Decrease in time spent
at computer and TV.
PA: NS.
Anthro: NS.

QA: Strong
ISS: 91

Type: PA
Measures: PA measured via
OSRAC-P and
accelerometer.

PA: Increase in observed
MVPA and decrease in
observed sedentary time.

QA: Weak
ISS: 12

Type: PA
Measures: PA via
accelerometer.

PA: Increase in activity, %
MVPA & % Total PA.

QA: Weak
ISS: 20

Type: DI & Anthro
Measures: DI via
questionnaire. BMI, skin
fold, and waist
circumference.

DI: NS.
Anthro: NS.

QA: Moderate
ISS: 89

Type: PA, DI, ST & Anthro
Measures: PA via 20 m
shuttle run test. Secondary
outcomes: agility, balance,
PA via accelerometer, DI via
FFQ. ST via parent survey.
BMI, % body fat, and waist
circumference.

Puder:
PA: Increase in aerobic
ﬁtness and agility.
DI: Increase in healthy
eating habits
Anthro: Decrease in percent
body fat, waist
circumference, and sum.
Burgi:
PA: Decrease in shuttle run
NM & HEL, obstacle course
M & LEL.
Anthro: Decrease in % body
fat NM & M, waist NM & M,
body fat HEL, waist HEL &
LEL.
DI: Serving a variety of
vegetable and fruit vs. no

QA: Strong
ISS: 96

Exposure or intervention

Valid outcome type(s) and
measures

for children. Lesson focuses
on one FMS and
unstructured activities let
the children practice the
new skill. Equipment
provided for unstructured
activities.
Physical education lessons
and additional physical
activity time in school.
Teacher Training.

accelerometer. BMI.

Teacher resource pack with
20 activity cards, user
manual, lesson plans, sign
posting information, and a
poster promoting active
play.
Program Si! Teacher
training, classroom
materials, online resources,
and access to a blog to share
best practices between
schools. PA/DI lessons and
take home activities. Annual
health fair for families.
Ballabeina intervention.
Children participated in
weekly PA sessions, and
received education on
healthy eating, media use,
and sleep. Teacher training.
Parent information leaﬂets,
activity cards with CD, and
discussion sessions
promoting PA, healthy food,
limitation of TV use, and
sufﬁcient sleep. Improved
environment.

Teachers offered children a
healthy snack, either a

Type: DI
Measures: Meal

QA: Weak
ISS: 8
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Table 2 (continued)
Study design
Location
Duration

Characteristics of
samplea

Exposure or intervention

Valid outcome type(s) and
measures

Key/signiﬁcant ﬁndings

Location: United
States, PA
Duration: 8 days
over the course of
4 weeks

SES: NP
R/E: 56% White,
29% Asian, 11% AA,
4% Paciﬁc Islander

observation. Uneaten
pieces counted and plate
weight recorded.

variety increased selection
and consumption of these
foods.

Roth et al.
(2010,
2015)

Design: Cluster RCT
Location: Germany
Duration: 1 yr

Sample: 41
schools, N = 709
Age: 4–5 yrs
SES: Intervention
group = 23.3%
low, 50% mid,
26.7% high
R/E: NP

Type: PA & Anthro
Measures: PA via
accelerometer and obstacle
course. BMI and skin fold
measured.

PA: Increase in MVPA,
motor skills performance,
explosive leg strength, and
jumping coordination.
Anthro: Decrease in sum of
four skin folds.

QA: Strong
ISS: 56

Salazar et al.
(2014)

Design: RCT
Sample: 4 centers,b
N = 265
Location: Chile
Duration: 5 months Age: 4–5 yrs
SES: Low
R/E: NP

single type vegetable/fruit
vs. a variety of 3 types.
Uniform-sized pieces were
served family style, and
children ate as much as they
wanted.
Prevention through Activity in
Kindergarten Trial (PAKT).
Daily physical activity lessons,
classroom materials, teacher
training, and homework
cards. Parents received
interactive lectures and
newsletters with health tips
and activities.
Teacher education materials
and training. Parent
workshops, leaﬂets, and
family event. Nutrition and PA
education for children.

Design: Within
subjects crossover
design
Location: United
States, CT
Duration: 3 weeks

Sample: 1 center,
N = 85
Age: 3–5 yrs
SES: NP
R/E: 81% Hispanic

PA: Increase in VPA and
decrease in minimal
activity.
DI: Decrease in energy
intake and fat intake.
Anthro: Decrease in sum of
skin fold and % body fat.
DI: Offering fruits and
vegetables before a meal did
not consistently lead to
larger serving or
consumption of these foods.
Milk consumption was
signiﬁcantly higher in
combined intervention for
both meals.

QA: Weak
ISS: 44

Schwartz et al.
(2015a)

Type: PA, DI, & Anthro
Measures: PA via
accelerometer. DI via plate
weight and food intake
questionnaire for foods
consumed at home. Total
body fat and skin fold sum.
Type: DI
Measures: DI via standard
weighing methods.

Sharma et al.
(2011)

Design:
Convenience
sample — pre/post
pilot intervention.
Location: United
States, TX
Duration: 6 weeks

Sample: 2 centers,
N = 75
Age: 3–5 yrs
SES: Low
R/E: Hispanic & AA

Type: PA & DI
Measures: PA via SOFIT-P.
DI via meal observation.

PA: NS.
DI: NS.

QA: Weak
ISS: 31

Veldman et al.
(2015)

Design: Pilot RCT
Location: Australia
Duration: 8 weeks

Sample: 4
preschools,
N = 60
Age: 2.5 avg yrs
SES: NP
R/E: NP

Williams et al.
(2014)

Design: Pre/Post
RCT
Location: United
States, NY
Duration:
6–10 weeks

Sample: 24
centers, N = 1143
Age: 3–5 yrs
SES: NP
R/E: 40% Latino,
24% White, 27%
AA, 9% other

Winter and
Sass (2011)

Design: Pre/Post
quasi-exp matched
sites
Location: United
States, TX
Duration: 24 weeks

Sample: 4 centers,
N = 405
Age: 3–5 yrs
SES: Low
R/E: 95% Latino

Witt and
Dunn
(2012)

Design:
Randomized
Pre/Post
Location: United

Sample: 17
centers, N = 263
Age: 4–5 yrs
SES: NP

First author
and year

Two variations of family-style
feeding were compared to
usual practice: (1) fruits,
vegetables, and milk were
served before the main meal
(ﬁrst course); and (2) fruits,
vegetables, and milk were
served before the main meal
and meats and grains were
removed from the table after
the ﬁrst serving
(combination).
Coordinated Approach to
Child Health for Early
Childhood (CATCH Early
Childhood). There were four
major components of the
intervention: (1) Teacher-led,
nutrition-based classroom
curriculum “It's Fun to Be
Healthy!;” (2) Teacher-led PA
Box; (3) Parent education and
tip-sheets; (4) Teacher
training.
Active Beginnings Program.
Focused on three skills
(balance, kick (stationary
ball), and broad jump).
Teacher training and daily
lessons/activities sought to
improve these three gross
motor skills.
Eat Well Play Hard in Child
Care. Part of NY SNAP-Ed.
Multilevel messaging to
preschool children, their
parents, and center staff.
RDNs selected 6 of 10
modules to use in classrooms
and with parents separately.
Healthy & Ready to Learn.
Child activities: set of
children's books and
corresponding activities for
parents/teachers to do with
children. Increased daily
MVPA. Teacher and parent
training.
Color Me Healthy. Uses color,
music, and exploration of the
senses to teach children about
healthful eating and PA. Circle

Type: PA
PA: Improved overall gross
Measures: TGMD-2 and Get motor score and stationary
Skilled, Get Active checklist ball kick.

Quality
assessment/intervention
strength score

QA: Weak
ISS: 16

QA: Weak
ISS: 15

Type: DI
Measures: Parent survey of
low-fat and fat-free milk,
cups of fruits and
vegetables consumed,
requesting vegetable or
fruit as snack, offering of
vegetables as snack.
Type: PA & Anthro
Measures: PA via the
Brigance Diagnostic
Inventory of Child
Development-II, and SOFIT
tool. BMI.

QA: Strong
DI: More likely to drink
ISS: 40
low-fat or fat-free milk;
increase in vegetable intake.
Increase in child-initiated
vegetable snacking.

PA: Improved gross motor
skills on the Brigance
non-locomotor and
locomotor scores. Anthro:
NS.

QA: Weak
ISS: 47

Type: DI
Measures: DI measured via
plate weight to calculate %
of snack consumed.

DI: Increase in consumption
of overall fruit, strawberry,
cantaloupe, grape,
pineapple, overall

QA: Weak
ISS: 41

(continued on next page)
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Table 2 (continued)
First author
and year

Yin et al.
(2012)

Zask et al.
(2012a,
2012b),
Adams et al.
(2009)

Study design
Location
Duration

Characteristics of
samplea

States, ID
Duration: 6 weeks

R/E: NP

Exposure or intervention

time lessons and 1 imaginary
trip each week. Take home
activities for parents. Teacher
training prior to program
implementation on circle
time lessons and imaginary
trips.
Design: Pre/Post
Sample: 4 centers, Míranos! Motor skill
quasi-experimental N = 384
development, structured
Location: United
Age: 3–5 yrs
outdoor play, nutrition
States, TX
SES: NP
education and activities,
Duration: 18 weeks R/E: 90%
integration of health literacy
Mexican-American into classroom activities, staff
development and wellness,
and engagement of parents
for support at home.
Design: Cluster RCT
& longitudinal f/u
Location: Australia
Duration:
10 months, and
3 yr f/u

Sample: 31
centers, N = 560
children.
Age: 4, 5, and 8 yrs
SES: NP
R/E: NP

Tooty Fruity Veggie. Increased
PA through games,
playground alterations, small
grants for sports equipment,
parent workshop, monthly
newsletter. School menu
improvement and policy
changes, posters, DVD for
parents, workshops for
parents, education for the
students, staff acting as role
models, water access.

Valid outcome type(s) and
measures

Key/signiﬁcant ﬁndings

Quality
assessment/intervention
strength score

vegetable, celery, cherry
tomato, and broccoli. Fruit
and veg snacks increased.

Type: PA, DI, ST & Anthro
Measures: PA via LAP-3 and
pedometer on three
consecutive days. DI via
NDSR and aggregated plate
waste measure. ST via
parent survey. BMI.

Type: PA & Anthro
Measures: PA via TGMD-2.
BMI and waist
circumference measured.

PA: Improved gross motor
development center and
outdoor play intensity.
DI: Improved consumption
of fruits, vegetables, and
low-fat milk.
ST: NS.
Anthro: Weight gain was
less for combined center
and home intervention.
PA: Improved movement
skills, raw locomotor, and
object control scores.
F/U: Girls maintained their
object control skill
advantage.
Anthro: Decrease in BMI
z-score and waist
circumference.

AA: African American.
BMI: body mass index.
CACFP: Child and Adult Care Food Program.
CARS: Children's Activity Rating Scale.
CMH: Color Me Healthy.
DI: dietary intake.
EL: education level.
FFQ: Food Frequency Questionnaire.
FMS: fundamental movement skills.
F/U: follow up.
HEL: high education level.
LAP-3: Learning Achievement Proﬁle Version 3.
LEL: low education level.
LMS: locomotor skill.
M: migrant.
MoTB: Motor Test Battery.
MUAC: mid-upper arm circumference.
MVPA: moderate to vigorous physical activity.
N: sample size at baseline.
NAP SACC: Nutrition and Physical Activity Self-Assessment for Child Care.
NDSR: Nutrition Data System for Research.
NM: non-migrant.
NP: not provided.
NS: not signiﬁcant.
OSRAC-P: Observational System for Recording Activity in Children-Preschool Version.
OSRAP: Observation System for Recording Activity in Preschools.
PA: physical activity.
POEMS: Preschool Outdoor Environment Measurement Scale.
PDMS: Peabody Developmental Motor Scales.
QA: quality assessment.
RDNs: registered dietitian nutritionists.
R/E: race/ethnicity.
SLJ: standing long jump.
SNAP: Supplemental Nutrition Assistance Program.
SOFIT-P: System for Observing Fitness Instruction Time for Preschoolers.
SPARK: Sports, Play, and Active Reaction for Kids.
ISS: Intervention Strength Score.
ST: screen time.
TA: teaching assistant.
TGMD: Test of Gross Motor Development.
VPA: vigorous physical activity.
WTHR: weight to height ratio.
a
Sample size noted is based on the reported sample size at baseline; the ﬁnal sample on which data analysis was performed may be smaller.
b
Center no. based on Methods section; differed from abstract.

QA: Moderate
ISS: 88

QA: Moderate
ISS: 122
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4.4. Is the overall quality of the study related to desired behavioral and anthropometric outcomes?

4.1. Is intervention strength related to successful behavioral and/or anthropometric outcomes?
When correlating strength scores to percent successful outcomes/
total outcomes, no signiﬁcant positive correlation was observed for either a healthy eating or physical activity behavior outcome, with or
without the inclusion of parent engagement (see Table 3). In fact, all
of these correlations were unexpectedly in the negative direction. The
strength of physical activity plus parent engagement and healthy eating
plus parent engagement scores were both correlated greater than
+ 0.30 with percent successful anthropometric outcomes, although
this was not the case for the combined interventions.
When strength scores were correlated with the dichotomized outcome measure (some success vs. no success), physical activity intervention scores were correlated with physical activity outcomes N0.30, but
again, negatively. Correlations between healthy eating intervention
strength scores and healthy eating outcomes were also unexpectedly
negative, and the correlation between healthy eating plus parent engagement and any healthy eating outcome was greater than − 0.30.
By contrast, all six intervention strength scores were positively correlated with any successful anthropometric outcome, with correlations all
N0.30 and two reaching statistical signiﬁcance (p b 0.05).

4.2. Are interventions that incorporate parent engagement more effective
than those that do not?
Correlations of intervention strength scores with anthropometric
outcomes were consistently higher when parent engagement scores
were included. This pattern was stronger with the dichotomous anthropometric outcomes.

4.3. Can speciﬁc intervention elements be identiﬁed that relate to desired
outcomes?
Of the 28 correlations shown in Table 4 relating number of strategies, potential impact, frequency, and duration to outcomes, seven
were N0.30. Four of the seven were observed in parental engagement
components.

As shown in the last row of Table 3, QA global rating score was positively correlated to both continuous and dichotomous outcomes for
healthy eating, physical activity, and anthropometric outcomes, but
only the healthy eating continuous correlation was N 0.30.
Independent samples t-tests were conducted to compare RCTs with
studies that did not meet RCT criteria on the primary outcomes (HE, PA/
ST, anthropometric) for percent desired outcomes. Given the small sample sizes, none of the comparisons reached signiﬁcance. However, we
observed a consistent trend, with non-RCT studies showing a greater
percent of positive outcomes across all four measures, with mean differences ranging from 7 to 16%.
We also compared those interventions delivered solely by child care
providers to those that were externally-delivered (i.e., external experts,
research staff, or some combination). A trend was observed for externally-delivered interventions that showed a greater percent of positive
outcomes across three of the four measures, with differences ranging
from 9 to 26%. The anthropometric outcome, however, did not show
this trend, with a difference of only 1.5% between the groups.
5. Discussion
Healthy eating, physical activity, and obesity prevention interventions in ECE settings have been an active area of study, with 43 interventions published between 2010 and 2015. Because of the extensive
growth of interventions for obesity prevention (Larson et al., 2011b;
Sisson et al., 2016), it is critical to understand which speciﬁc intervention characteristics and strategies contributed to intervention effectiveness. As such, we undertook a systematic review and created a coding
scheme to examine the relation of intervention strength to healthy eating, physical activity/screen time, and anthropometric outcomes, based
on the hypothesis that more intensive interventions should yield better
outcomes.
In our review, we found that all of the intervention strength scores
were correlated N0.30 with at least one signiﬁcant anthropometric outcome. The strength scores included healthy eating interventions, physical activity/screen time interventions, and combined interventions. If
this pattern is conﬁrmed with further studies, the implication is that
more comprehensive, multi-component, multi-level interventions
with frequent and long-term implementation in ECE settings are more

Table 3
Partial correlations between intervention strength scores and intervention outcomes (% all or any) for healthy eating, physical activity/screen time and anthropometric targetsa, controlling
for study quality.
Intervention strength scoreb

PA outcomes
(% all)

PA strength

−0.262 (31)
p = 0.161
−0.159 (31)
p = 0.403

PA + PE strength

HE outcomes
(% all)

−0.064 (18)
p = 0.807
−0.123 (18)
p = 0.639

HE strength
HE + PE strength
PA + HE strength
PA + HE + PE strength
Study QA global rating: quantitative

(n = 31)
0.052
p = 0.781

(n = 18)
0.394
p = 0.105

Anthropometric outcomes
(% all)

PA outcomes
(any)

0.265 (22)
p = 0.245
0.333 (22)
p = 0.140
0.269 (15)
p = 0.352
0.395 (15)
p = 0.162
0.226 (13)
p = 0.480
0.296 (13)
p = 0.350
(n = 24)
0.199
p = 0.350

−0.389 (31)
p = 0.034
−0.349 (31)
p = 0.059

PA = physical activity &/or screen time; HE = healthy eating; PE = parent engagement; QA = quality assessment.
a
Intervention strength: Σ intervention strategies coded for potential impact, frequency, & duration.
b
Number of interventions with the speciﬁc targets appears in parentheses.

HE outcomes
(any)

−0.245 (18)
p = 0.343
−0.458 (18)
p = 0.064

(n = 31)
0.249
p = 0.177

(n = 18)
0.289
p = 0.244

Anthropometric outcomes
(any)
0.333 (22)
p = 0.140
0.488 (22)
p = 0.025
0.433 (15)
p = 0.122
0.584 (15)
p = 0.028
0.396 (13)
p = 0.203
0.498 (13)
p = 0.100
(n = 24)
0.204
p = 0.339`
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Table 4
Correlations between number of strategies used, potential impact of strategy used, frequency of strategy use, and duration of intervention and intervention outcomes (% successful).
Components of intervention strength

Physical activity/screen time outcomes

PA/ST Intervention Strength Score
Strategies (#)

N = 31
−0.185
p = 0.320
−0.249
p = 0.177
−0.230
p = 0.212
−0.094
p = 0.617

Potential Impact Score
Frequency Score
Intervention Duration Score
HE Intervention Strength Score
Strategies (#)
Potential Impact Score
Frequency Score
Intervention Duration Score
PE Strength Scorea
Strategies (#)
Potential Impact Score
Frequency Score
Intervention Duration Score

N = 18
0.352
p = 0.152
0.467
p = 0.051
0.121
p = 0.633
0.103
p = 0.684

Healthy eating outcomes

Anthropometric outcomes

N = 18
0.196
p = 0.435
0.232
p = 0.355
0.024
p = 0.924
−0.161
p = 0.524
N = 13
0.294
p = 0.330
0.534
p = 0.060
−0.065
p = 0.833
−0.154
p = 0.616

N = 22
0.423
p = 0.050
0.092
p = 0.684
0.276
p = 0.213
0.259
p = 0.245
N = 15
0.353
p = 0.197
0.149
p = 0.595
0.140
p = 0.618
0.303
p = 0.273
N = 20
0.052
p = 0.826
0.171
p = 0.470
−0.067
p = 0.778
0.348
p = 0.133

PA/ST—physical activity/screen time; HE—healthy eating; PE—parent engagement.
a
Includes only studies with parent intervention components.

likely to be effective at helping children maintain or achieve healthy
weights. These ﬁndings are generally consistent with ecological models
of behavior (Sallis and Owen, 2015) and recommendations from the Institute of Medicine (Accelerating Progress in Obesity Prevention:
Solving the Weight of the Nation, 2012) and other authoritative groups
favoring multi-level comprehensive interventions (Huang et al., 2009).
We found that parent engagement components added to the effectiveness of ECE interventions. In all cases, correlations between intervention strength and at least one signiﬁcant anthropometric outcome
were higher when the strength of parent engagement was included in
the overall score (+0.16 for physical activity interventions; +0.15 for
health eating interventions; + 0.10 for combined interventions, see
Table 3). Consistent with prior literature (Golley et al., 2011, Skouteris
et al., 2011; Sussner et al., 2006), our results support the critical role parents play in shaping a young child's behaviors early in life and that without actively engaging them, interventions may not be successful.
Surprisingly, we found that the correlation between intervention
strength and percent of all signiﬁcant anthropometric outcomes was
lowest for the combined interventions; parent engagement components improved this relationship slightly. However, when any successful outcome was considered, the strength score for combined healthy
eating and physical activity interventions including parent engagement,
was one of the higher correlations (r = 0.498). Perhaps, combined interventions are not sufﬁciently powered on all outcomes that are
included.
Conﬁdence in the main ﬁndings with anthropometric outcomes
should be tempered by inconsistencies across the two methods of quantifying outcomes. Prior reviews have categorized whether a study had
any signiﬁcant intervention effect on a given outcome (Blake-Lamb et
al., 2016; Larson et al., 2011a; Laws et al., 2014; Ling et al., 2016;
Mikkelsen et al., 2014; Nixon et al., 2012; Sisson et al., 2016). Due to
concerns about overestimating success, we also computed the percent
of signiﬁcant ﬁndings in the desired direction as a continuous measure
of outcomes. The latter approach was expected to roughly adjust for
the number of measures taken and tests conducted. The two approaches
produced mainly inconsistent results. Intervention intensity correlations with the continuous outcome indicators were consistently lower

than correlations with the dichotomous anthropometric outcomes.
One possible explanation is that studies with multiple anthropometric
outcomes may have some measures with less sensitivity to change.
Two patterns seen with the dichotomous outcomes were generally replicated with the continuous outcomes. Correlations with continuous anthropometric outcomes were higher when parent engagement was
included in the intervention strength score. Correlations with continuous anthropometric outcomes tended to be higher for single-behavior
interventions compared to combined interventions. Only the physical
activity plus parent engagement and the healthy eating plus parent engagement intervention scores were correlated with continuous anthropometric outcomes N0.30.
Our behavioral outcome ﬁndings were anomalous. For healthy eating intervention strength and dietary intake outcomes, all four correlations were negative. Similarly, all four correlations between physical
activity intervention strength and physical activity outcomes were negatively correlated. Thus, none of the ﬁndings supported the hypothesis
that more comprehensive ECE interventions produce better behavioral
outcomes. This pattern suggests a paradox whereby the strength of interventions was correlated with less favorable behavioral outcomes
but more favorable anthropometric outcomes. The explanation that
measuring dietary and physical activity behaviors in young children is
imprecise is insufﬁcient given that measurement error should bias correlations toward zero, not negative.
We offer two potential explanations for these unexpected ﬁndings
related to behavioral outcomes. Visual inspection of the data indicated
that outliers may play a role in the negative correlations, which is not
surprising given the small number of studies. For example, the
scatterplot of physical activity intervention strength with physical activity continuous outcomes (not shown) demonstrated that the intervention with the highest intervention strength had no signiﬁcant
intervention effects, which appeared to enhance a negative correlation.
A more troublesome explanation may be that “stronger” interventions,
with multiple components and complex environmental and policy
changes over extended durations, may be particularly difﬁcult to implement. The challenges of implementation may be ampliﬁed when child
care staff are instructed to deliver the interventions. Thus, we
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hypothesize that comprehensiveness may be negatively associated with
feasibility and ﬁdelity of implementation. Physical activity intervention
strength was more negatively related to behavioral outcomes than
healthy eating intervention strength. This could be due to many healthy
eating intervention components being implemented by food service
workers who are more likely to have relevant training and support
than child care workers whose wages are low and are generally not
trained in providing physical activity. The critical role of implementation of prevention interventions was demonstrated in a review of 500
studies (Durlak and DuPre, 2008). Effect sizes were two to three times
higher in studies with good implementation of interventions. Thus, it
will be important to document and analyze implementation in future
studies.
There was limited evidence that speciﬁc intervention components
were particularly important. The negative (though nonsigniﬁcant) correlations between physical activity intervention scores and physical activity outcomes were repeated. Seven of 28 correlations between
intervention components and outcomes was N 0.30, with four drawn
from the parent engagement components. Further research is needed
to identify whether some intervention components contribute more
to outcomes than other components. Also, there were no signiﬁcant differences by study design (RCT vs. non-RCT) or by method of implementation (externally-delivered vs. child care staff).
Demonstrating increased interest in early childhood as an important
time for intervention, several reviews on obesity prevention interventions in this age group have been published in recent years
(Blake-Lamb et al., 2016; Ciampa et al., 2010; D'Onise et al., 2010;
Hesketh and Campbell, 2010; Kreichauf et al., 2012; Larson et al.,
2011a; Laws et al., 2014; Ling et al., 2016; Mikkelsen et al., 2014;
Nelson et al., 2003; Nixon et al., 2012; Sisson et al., 2016; Skouteris et
al., 2011; Summerbell et al., 2012; Wolfenden et al., 2012). The present
paper overlaps in some ways with these reviews; however, it makes
several unique contributions. First, previous work generally focused either on infancy (birth-two years) or early childhood (two-six years);
however, the present review theoretically included children from
birth to age six. It is important to note that no studies included in this
review reported measurements for children ages birth to two years.
Second, though several previous studies focused exclusively on the
ECE setting (Kreichauf et al., 2012; Larson et al., 2011a; Mikkelsen et
al., 2014; Nixon et al., 2012; Sisson et al., 2016; Zhou et al., 2014),
many other reviews have included multiple intervention sites such as
home, primary care, and mixed-setting interventions (Blake-Lamb et
al., 2016; Ciampa et al., 2010; D'Onise et al., 2010; Hesketh and
Campbell, 2010; Laws et al., 2014; Ling et al., 2016, Skouteris et al.,
2011; Wolfenden et al., 2012). Considering the signiﬁcant time that millions of young children spend in child care in the U.S. and globally, it was
justiﬁed to focus only on interventions in ECE settings for the present review. Third, the present paper only included studies with objective or
validated outcome measures. Fourth, several prior studies also examined the potential effects of parental involvement in ECE settings
(Golley et al., 2011; Ling et al., 2016; Sisson et al., 2016; Skouteris et
al., 2011; Sussner et al.). To our knowledge, this review is the ﬁrst to
code and quantitatively assess the impact of parental engagement intervention components on dietary intake, physical activity/screen time,
and anthropometric outcomes. Fifth, previous reviews estimated the
impact of interventions on outcomes by any positive effect
(Blake-Lamb et al., 2016; Larson et al., 2011a; Laws et al., 2014; Ling et
al., 2016; Mikkelsen et al., 2014; Nixon et al., 2012; Sisson et al.,
2016). The present review makes a contribution by also examining the
overall intervention success (calculated as the percentage of successful
outcomes to total number of outcomes). Finally, the present review contributed a novel intervention strength coding tool and methods for incorporating those coding results into quantitative analysis to answer
key questions about intervention characteristics and effectiveness.
An important strength of this review was the focus on examining the
role of intervention strength in study outcomes. A coding system was
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developed to help capture the comprehensive, multi-level, multi-component nature of interventions given that they are the most likely to
be effective (Sallis and Owen, 2015; Accelerating Progress in Obesity
Prevention: Solving the Weight of the Nation, 2012). The coding was designed to roughly quantify components of interventions expected to
predict better outcomes. By summarizing intervention components on
a common metric, we were able to conduct a quasi-quantitative analysis
that we hoped would be more informative than a narrative review.
Given the lack of details presented in the published papers, the intervention strength metric may not have captured all of the study information. For example, there was not enough information to code speciﬁc
intervention strategies across studies, and implementation of strategies
was rarely reported. The content validity of the intervention strength
coding was supported by similar indices used to assess childhood obesity interventions in the Healthy Communities Study (Fawcett et al.,
2015) and to quantify intervention dose in community interventions
(Schwartz et al., 2015b).
Though the intervention intensity coding system generated a wide
range of scores, there was limited evidence to support the main hypothesis that ECE intervention strength is related to outcomes of healthy eating, physical activity and obesity prevention. Though nonsigniﬁcant, the
pattern of ﬁndings supported tentative conclusions that intervention
strength was positively correlated (r ≥ 0.30) with the dichotomous anthropometric outcomes, and stronger parent engagement interventions
tended to improve outcomes as noted by two signiﬁcant correlations.
These positive ﬁndings are particularly notable because the outcome
measures were objective or validated. Our ﬁndings provide encouragement that well-designed ECE interventions may be able to play an important role in obesity prevention. However, other analyses did not
support the intervention intensity hypothesis, raising the possibility
that the positive results are not replicable. The negative correlations of
intervention intensity scores and behavioral outcomes raise many questions. It was also surprising that the strength of single behavior interventions in general had higher correlations with anthropometric
outcomes than did the combined diet and physical activity interventions, which could be related to issues of study power. Although our assessment of intervention strength is innovative and could add to the
research literature, questions remain about our scoring. We encourage
other investigators to develop alternate coding systems for intervention
strength and compare results to the present approach.
Additional strengths of the study were the careful methods of the
systematic review, use of a rigorous quality assessment method, and
coding of study characteristics, study quality, and intervention strength
by two raters. Several aspects of the review limit conclusions that can be
drawn. We were unable to include intervention results from unpublished studies, a problem which has been recently noted among pediatric obesity interventions registered in the Clinical Trials Registration
Database (Cui et al., 2015). To decrease publication bias, future intervention studies should always register trials with powered primary outcomes prior to study implementation. Due to the small number of
studies with long-term follow-up (n = 10) and the variation in the follow-up time period (3 months to 3 years), only outcomes at the end of
the intervention were analyzed. Measuring dietary and physical activity
behaviors in young children is very challenging, so measurement limitations could explain some of the inconsistent and unexpected ﬁndings.
The small number of studies used in correlations resulted in low statistical power, and several moderate-strength correlations (e.g., r N 0.40)
were nonsigniﬁcant. Meta-analytic methods were not used, though a
meta-analysis could not have evaluated the strength of the overall intervention and its components as was done here.
6. Conclusion
Preventing obesity in young children could have lifelong beneﬁts,
and many recent studies have evaluated obesity prevention interventions in preschool children. The exploratory, but quantitative, approach
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to the present review of ECE interventions revealed that stronger interventions, with parent engagement and environmental and policy components, tended to be positively related to anthropometric outcomes.
Thus, the best evidence suggests that comprehensive, multi-level obesity prevention interventions in ECE can be recommended. The present
review raised several questions that should be priorities for future
research.
• Important unanswered questions about the extent and quality of intervention implementation should be addressed in future studies, including the role of intervention complexity.
• Anomalous ﬁndings regarding intervention strength and behavioral
outcomes should be examined further.
• Feasibility and effectiveness of single-behavior versus combined
physical activity and healthy eating interventions requires more focused study.
• The intervention strength scoring system developed is similar to other
systems (Fawcett et al., 2015), and we welcome other investigators to
use and improve it.
• Importantly, it may be more productive to evaluate improved implementation of already-effective interventions than to study novel combinations of intervention strategies.

Conﬂict of interest
The authors declare no conﬂict of interest.
Transparency document
The Transparency document associated with this article can be
found in the online version.
Appendix A. Supplementary data
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ypmed.2016.09.033.
References
Accelerating Progress in Obesity Prevention: Solving the Weight of the Nation. Institute of
Medicine, Washington, D.C. (Available from: http://www.nationalacademies.org/
hmd/~/media/Files/Report%20Files/2012/APOP/APOP_rb.pdf).
Adams, J., Zask, A., Dietrich, U., 2009. Tooty Fruity Vegie in preschools: an obesity prevention intervention in preschools targeting children's movement skills and eating behaviours. Health Promot. J. Austr. Off. J. Austr. Assoc. Health Promot. Prof. 20,
112–119.
Alhassan, S., Nwaokelemeh, O., Ghazarian, M., Roberts, J., Mendoza, A., Shitole, S., 2012. Effects of locomotor skill program on minority preschoolers' physical activity levels.
Pediatr. Exerc. Sci. 24, 435–449.
Alhassan, S., Nwaokelemeh, O., Lyden, K., Goldsby, T., Mendoza, A., 2013. A pilot study to
examine the effect of additional structured outdoor playtime on preschoolers' physical activity levels. Child Care Pract. 19, 23–35.
Alkon, A., Crowley, A.A., Neelon, S.E., Hill, S., Pan, Y., Nguyen, V., Rose, R., Savage, E.,
Forestieri, N., et al., 2014. Nutrition and physical activity randomized control trial in
child care centers improves knowledge, policies, and children's body mass index.
BMC Public Health 14, 215.
America's Children: Key National Indicators of Well-Being, 2009,. Forum on Child and
Family Statistics. F.I.F.o.C.a.F. Statistics, Washington, D.C.
Annesi, J.J., Smith, A.E., Tennant, G., 2013a. Cognitive-behavioural physical activity treatment in African-American pre-schoolers: effects of age, sex, and BMI. J. Paediatr.
Child Health 49, E128–E132.
Annesi, J.J., Smith, A.E., Tennant, G.A., 2013b. Effects of a cognitive-behaviorally based
physical activity treatment for 4- and 5-year-old children attending US preschools.
Int. J. Behav. Med. 20, 562–566.
Annesi, J.J., Smith, A.E., Tennant, G.A., 2013c. Reducing high BMI in African American preschoolers: effects of a behavior-based physical activity intervention on caloric expenditure. South. Med. J. 106, 456–459.
Baskale, H., Bahar, Z., 2011. Outcomes of nutrition knowledge and healthy food choices in
5- to 6-year-old children who received a nutrition intervention based on Piaget's theory. J. Spec. Pediatr. Nurs. 16, 263–279.
Beets, M.W., Bornstein, D., Dowda, M., Pate, R.R., 2011. Compliance with national guidelines for physical activity in U.S. preschoolers: measurement and interpretation. Pediatrics 127, 658–664.

Bell, L.K., Hendrie, G.A., Hartley, J., Golley, R.K., 2015. Impact of a nutrition award scheme
on the food and nutrient intakes of 2- to 4-year-olds attending long day care. Public
Health Nutr. 18, 2634–2642.
Bellows, L.L., Davies, P.L., Anderson, J., Kennedy, C., 2013. Effectiveness of a physical activity intervention for Head Start preschoolers: a randomized intervention study. Am.
J. Occup. Ther. 67, 28–36.
Blake-Lamb, T.L., Locks, L.M., Perkins, M.E., Woo Baidal, J.A., Cheng, E.R., Taveras, E.M.,
2016. Interventions for childhood obesity in the ﬁrst 1,000 days. A systematic review.
Am. J. Prev. Med.
Bollella, M.C., Spark, A., Boccia, L.A., Nicklas, T.A., Pittman, B.P., Williams, C.L., 1999. Nutrient intake of Head Start children: home vs. school. J. Am. Coll. Nutr. 18, 108–114.
Bonis, M., Loftin, M., Ward, D., Tseng, T.S., Clesi, A., Sothern, M., 2014. Improving physical
activity in daycare interventions. Childhood Obes. (Print) 10, 334–341.
Bonvin, A., Barral, J., Kakebeeke, T.H., Kriemler, S., Longchamp, A., Schindler, C., MarquesVidal, P., Puder, J.J., 2013. Effect of a governmentally-led physical activity program on
motor skills in young children attending child care centers: a cluster randomized controlled trial. Int. J. Behav. Nutr. Phys. Act. 10, 90.
Burgi, F., Niederer, I., Schindler, C., Bodenmann, P., Marques-Vidal, P., Kriemler, S., Puder,
J.J., 2012. Effect of a lifestyle intervention on adiposity and ﬁtness in socially disadvantaged subgroups of preschoolers: a cluster-randomized trial (Ballabeina). Prev.
Med. 54, 335–340.
Cespedes, J., Briceno, G., Farkouh, M.E., Vedanthan, R., Baxter, J., Leal, M., Boffetta, P., Hunn,
M., Dennis, R., et al., 2013a. Promotion of cardiovascular health in preschool children:
36-month cohort follow-up. Am. J. Med. 126, 1122–1126.
Cespedes, J., Briceno, G., Farkouh, M.E., Vedanthan, R., Baxter, J., Leal, M., Boffetta, P.,
Woodward, M., Hunn, M., et al., 2013b. Targeting preschool children to promote cardiovascular health: cluster randomized trial. Am. J. Med. 126, 27–U71.
Child Care Costs on the Upswing, Census Bureau Reports, 2013. U.S. Census Bureau. Public
Information Ofﬁce, Washington, D.C. (Available from: http://www.census.gov/
newsroom/releases/archives/children/cb13-62.html).
Ciampa, P.J., Kumar, D., Barkin, S.L., Sanders, L.M., Yin, H.S., Perrin, E.M., Rothman, R.L.,
2010. Interventions aimed at decreasing obesity in children younger than 2 years: a
systematic review. Arch. Pediatr. Adolesc. Med. 164, 1098–1104.
Cortes, D.E., Millan-Ferro, A., Schneider, K., Vega, R.R., Caballero, A.E., 2013. Food purchasing selection among low-income, Spanish-speaking Latinos. Am. J. Prev. Med. 44,
S267–S273.
Cosco, N.G., Moore, R.C., Smith, W.R., 2014. Childcare outdoor renovation as a built environment health promotion strategy: evaluating the preventing obesity by design intervention. Am. J. Health Promot. 28, S27–S32.
Cui, Z., Seburg, E.M., Sherwood, N.E., Faith, M.S., Ward, D.S., 2015 Dec 10. Recruitment and
retention in obesity prevention and treatment trials targeting minority or low-income children: a review of the clinical trials registration database. Trials 16, 564.
Cunningham, S.A., Kramer, M.R., Narayan, K.M., 2014. Incidence of childhood obesity in
the United States. N. Engl. J. Med. 370, 1660–1661.
De Bock, F., Breitenstein, L., Fischer, J.E., 2012. Positive impact of a pre-school-based nutritional intervention on children's fruit and vegetable intake: results of a cluster-randomized trial. Public Health Nutr. 15, 466–475.
De Bock, F., Genser, B., Raat, H., Fischer, J.E., Renz-Polster, H., 2013. A participatory physical
activity intervention in preschools. A cluster randomized controlled trial. Am. J. Prev.
Med. 45, 64–74.
De Coen, V., De Bourdeaudhuij, I., Vereecken, C., Verbestel, V., Haerens, L., Huybrechts, I.,
Van Lippevelde, W., Maes, L., 2012. Effects of a 2-year healthy eating and physical activity intervention for 3–6-year-olds in communities of high and low socio-economic
status: the POP (Prevention of Overweight among Pre-school and school children)
project. Public Health Nutr. 15, 1737–1745.
De Craemer, M., De Decker, E., Verloigne, M., De Bourdeaudhuij, I., Manios, Y., Cardon, G.,
2014. The effect of a kindergarten-based, family-involved intervention on objectively
measured physical activity in Belgian preschool boys and girls of high and low SES:
the ToyBox-study. Int. J. Behav. Nutr. Phys. Act. 11, 38.
D'Onise, K., Lynch, J.W., Sawyer, M.G., McDermott, R.A., 2010. Can preschool improve child
health outcomes? A systematic review. Soc. Sci. Med. 70, 1423–1440 (1982).
Durlak, J.A., DuPre, E.P., 2008. Implementation matters: a review of research on the inﬂuence of implementation on program outcomes and the factors affecting implementation. Am. J. Community Psychol. 41, 327–350.
Early Childhood Obesity Prevention Policies, 2011. Institute of Medicine, Washington,
D.C..
Facts and Figures on Childhood Obesity, 2014. World Health Organization. Available
from:. http://www.who.int/end-childhood-obesity/facts/en/.
Fawcett, S.B., Collie-Akers, V.L., Schultz, J.A., Kelley, M., 2015. Measuring community programs and policies in the Healthy Communities Study. Am. J. Prev. Med. 49, 636–641.
Finch, M., Wolfenden, L., Morgan, P.J., Freund, M., Wyse, R., Wiggers, J., 2010. A cluster
randomised trial to evaluate a physical activity intervention among 3–5 year old children attending long day care services: study protocol. BMC Public Health 10, 534.
Finch, M., Wolfenden, L., Morgan, P.J., Freund, M., Jones, J., Wiggers, J., 2014. A cluster randomized trial of a multi-level intervention, delivered by service staff, to increase
physical activity of children attending center-based childcare. Prev. Med. 58, 9–16.
Fitzgibbon, M.L., Stolley, M.R., Schiffer, L.A., Braunschweig, C.L., Gomez, S.L., Van Horn, L.,
Dyer, A.R., 2011. Hip-Hop to Health Jr. Obesity Prevention Effectiveness Trial: postintervention results. Obesity 19, 994–1003.
Fitzgibbon, M.L., Stolley, M.R., Schiffer, L., Kong, A., Braunschweig, C.L., Gomez-Perez, S.L.,
Odoms-Young, A., Van Horn, L., Christoffel, K.K., et al., 2013. Family-based hip-hop to
health: outcome results. Obesity 21, 274–283.
Golley, R., Hendrie, G., Slater, A., Corsini, N., 2011. Interventions that involve parents to
improve children's weight-related nutrition intake and activity patterns—what nutrition and activity targets and behaviour change techniques are associated with intervention effectiveness? Obes. Rev. 12, 114–130.

D.S. Ward et al. / Preventive Medicine 95 (2017) S37–S52
Gubbels, J., Kremers, S., Staﬂeu, A., Dagnelie, P., De Vries, N., Van Buuren, S., Thijs, C., 2010.
Child-care use and the association with body mass index and overweight in children
from 7 months to 2 years of age. Int. J. Obes. 34, 1480–1486.
Gubbels, J.S., Raaijmakers, L.G., Gerards, S.M., Kremers, S.P., 2014. Dietary intake by Dutch
1- to 3-year-old children at childcare and at home. Nutrients 6, 304–318.
Hardy, L.L., King, L., Kelly, B., Farrell, L., Howlett, S., 2010. Munch and Move: evaluation of a
preschool healthy eating and movement skill program. Int. J. Behav. Nutr. Phys. Act. 7.
Harnack, L.J., Oakes, J.M., French, S.A., Rydell, S.A., Farah, F.M., Taylor, G.L., 2012. Results
from an experimental trial at a Head Start center to evaluate two meal service approaches to increase fruit and vegetable intake of preschool aged children. Int.
J. Behav. Nutr. Phys. Act. 9.
Herman, A., Nelson, B.B., Teutsch, C., Chung, P.J., 2012. “Eat Healthy, Stay Active!”: a coordinated intervention to improve nutrition and physical activity among Head Start
parents, staff, and children. Am. J. Health Promot. 27, e27–e36.
Hesketh, K.D., Campbell, K.J., 2010. Interventions to prevent obesity in 0–5 year olds: an
updated systematic review of the literature. Obesity 18, S27–S35.
Hinkley, T., Salmon, J., Okely, A.D., Crawford, D., Hesketh, K., 2012. Preschoolers' physical
activity, screen time, and compliance with recommendations. Med. Sci. Sports Exerc.
44, 458–465.
Huang, T.T., Drewnosksi, A., Kumanyika, S., Glass, T.A., 2009. A systems-oriented multilevel framework for addressing obesity in the 21st century. Prev. Chronic Dis. 6, A82.
Huss, L.R., Laurentz, S., Fisher, J.O., McCabe, G.P., Kranz, S., 2013. Timing of serving dessert
but not portion size affects young children's intake at lunchtime. Appetite 68,
158–163.
Jones, R.A., Riethmuller, A., Hesketh, K., Trezise, J., Batterham, M., Okely, A.D., 2011. Promoting fundamental movement skill development and physical activity in early
childhood settings: a cluster randomized controlled trial. Pediatr. Exerc. Sci. 23,
600–615.
Kong, A., Buscemi, J., Stolley, M.R., Schiffer, L.A., Kim, Y., Braunschweig, C.L., Gomez-Perez,
S.L., Blumstein, L.B., Van Horn, L., et al., 2015. Hip-Hop to Health Jr. Randomized Effectiveness Trial: 1-year follow-up results. Am. J. Prev. Med.
Kranz, S., Hartman, T., Siega-Riz, A.M., Herring, A.H., 2006. A diet quality index for American preschoolers based on current dietary intake recommendations and an indicator
of energy balance. J. Am. Diet. Assoc. 106, 1594–1604.
Kreichauf, S., Wildgruber, A., Krombholz, H., Gibson, E.L., Vogele, C., Nixon, C.A.,
Douthwaite, W., Moore, H.J., Manios, Y., et al., 2012. Critical narrative review to identify educational strategies promoting physical activity in preschool. Obes. Rev. Off.
J. Int. Assoc. Study Obes. 13 (Suppl. 1), 96–105.
Krombholz, H., 2012. The impact of a 20-month physical activity intervention in child care
centers on motor performance and weight in overweight and healthy-weight preschool children. Percept. Mot. Skills 115, 919–932.
Larson, N., Ward, D.S., Neelon, S.B., Story, M., 2011a. What role can child-care settings play
in obesity prevention? A review of the evidence and call for research efforts. J. Am.
Diet. Assoc. 111, 1343–1362.
Larson, N., et al., 2011b. Preventing Obesity Among Preschool Children: How can Childcare Settings Promote Healthy Eating and Physical Activity? Robert Wood Johnson
Foundation, Princeton, NJ.
Laws, R., Campbell, K.J., van der Pligt, P., Russell, G., Ball, K., Lynch, J., Crawford, D., Taylor,
R., Askew, D., et al., 2014. The impact of interventions to prevent obesity or improve
obesity related behaviours in children (0–5 years) from socioeconomically disadvantaged and/or indigenous families: a systematic review. BMC Public Health 14.
Ling, J., Robbins, L.B., Wen, F., 2016. Interventions to prevent and manage overweight or
obesity in preschool children: a systematic review. Int. J. Nurs. Stud. 53, 270–289.
Mikkelsen, M.V., Husby, S., Skov, L.R., Perez-Cueto, F.J., 2014. A systematic review of types
of healthy eating interventions in preschools. Nutr. J. 13, 56.
Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G., 2009. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 6, e1000097.
Monsalves-Alvarez, M., Castro-Sepulveda, M., Zapata-Lamana, R., Rosales-Soto, G., Salazar,
G., 2015. Motor skills and nutritional status outcomes from a physical activity intervention in short breaks on preschool children conducted by their educators: a pilot
study. Nutr. Hosp. 32, 1576–1581.
Natale, R., Scott, S.H., Messiah, S.E., Schrack, M.M., Uhlhorn, S.B., Delamater, A., 2013. Design and methods for evaluating an early childhood obesity prevention program in
the childcare center setting. BMC Public Health 13.
Natale, R.A., Lopez-Mitnik, G., Uhlhorn, S.B., Asfour, L., Messiah, S.E., 2014. Effect of a child
care center-based obesity prevention program on body mass index and nutrition
practices among preschool-aged children. Health Promot. Pract. 15, 695–705.
National Academies of Sciences, Engineering, and Medicine, 2016. Obesity in the Early
Childhood Years: State of the Science and Implementation of Promising Solutions:
Workshop Summary. The National Academies Press, Washington, DC http://dx.doi.
org/10.17226/23445.
Neelon, S.B., Andersen, C.S., Morgen, C.S., Kamper-Jørgensen, M., Oken, E., Gillman, M.W.,
Sørensen, T.I., 2015. Early child care and obesity at 12 months of age in the Danish
National Birth Cohort. Int. J. Obes. 39, 33–38.
Nelson, G., Westhues, A., MacLeod, J., 2003. The long-term impact of preschool prevention
programs: looking to the future. Prev. Treat. 6 (no pagination speciﬁed).
Nicaise, V., Kahan, D., Reuben, K., Sallis, J.F., 2012. Evaluation of a redesigned outdoor
space on preschool children's physical activity during recess. Pediatr. Exerc. Sci. 24,
507–518.
Nixon, C.A., Moore, H.J., Douthwaite, W., Gibson, E.L., Vogele, C., Kreichauf, S., Wildgruber, A.,
Manios, Y., Summerbell, C.D., 2012. Identifying effective behavioural models and behaviour change strategies underpinning preschool- and school-based obesity prevention interventions aimed at 4–6-year-olds: a systematic review. Obes. Rev. 13, 106–117.
O'Dwyer, M.V., Fairclough, S.J., Ridgers, N.D., Knowles, Z.R., Foweather, L., Stratton, G.,
2013. Effect of a school-based active play intervention on sedentary time and physical
activity in preschool children. Health Educ. Res. 28, 931–942.

S51

Ogden, C.L., Carroll, M.D., Kit, B.K., Flegal, K.M., 2012. Prevalence of obesity and trends in
body mass index among US children and adolescents, 1999–2010. JAMA 307,
483–490.
Ogden, C.L., Carroll, M.D., Kit, B.K., Flegal, K.M., 2014. Prevalence of childhood and adult
obesity in the United States, 2011–2012. JAMA 311, 806–814.
Padget, A., Briley, M.E., 2005. Dietary intakes at child-care centers in central Texas fail to
meet food guide pyramid recommendations. J. Am. Diet. Assoc. 105, 790–793.
Peñalvo, J.L., Santos-Beneit, G., Sotos-Prieto, M., Martínez, R., Rodríguez, C., Franco, M.,
López-Romero, P., Pocock, S., Redondo, J., et al., 2013a. A cluster randomized trial to
evaluate the efﬁcacy of a school-based behavioral intervention for health promotion
among children aged 3 to 5. BMC Public Health 13, 656.
Peñalvo, J.L., Sotos-Prieto, M., Santos-Beneit, G., Pocock, S., Redondo, J., Fuster, V., 2013b.
The program SI! Intervention for enhancing a healthy lifestyle in preschoolers: ﬁrst
results from a cluster randomized trial. BMC Public Health 13, 1208.
Peñalvo, J.L., Santos-Beneit, G., Sotos-Prieto, M., Bodega, P., Oliva, B., Orrit, X., Rodriguez, C.,
Fernandez-Alvira, J.M., Redondo, J., et al., 2015. The SI! Program for cardiovascular
health promotion in early childhood: a cluster-randomized trial. J. Am. Coll. Cardiol.
66, 1525–1534.
Piernas, C., Popkin, B.M., 2011. Increased portion sizes from energy-dense foods affect
total energy intake at eating occasions in US children and adolescents: patterns and
trends by age group and sociodemographic characteristics, 1977–2006. Am. J. Clin.
Nutr. 94, 1324–1332.
Puder, J.J., Marques-Vidal, P., Schindler, C., Zahner, L., Niederer, I., Burgi, F., Ebenegger, V.,
Nydegger, A., Kriemler, S., 2011. Effect of multidimensional lifestyle intervention on
ﬁtness and adiposity in predominantly migrant preschool children (Ballabeina): cluster randomised controlled trial. Br. Med. J. 343.
Quality Assessment Tool for Quantitative Studies, 2009. Effective public health practice
project. Available from. http://www.ephpp.ca/PDF/Quality%20Assessment%20Tool_
2010_2.pdf.
Reedy, J., Krebs-Smith, S.M., 2010. Dietary sources of energy, solid fats, and added sugars
among children and adolescents in the United States. J. Am. Diet. Assoc. 110,
1477–1484.
Roe, L.S., Meengs, J.S., Birch, L.L., Rolls, B.J., 2013. Serving a variety of vegetables and fruit
as a snack increased intake in preschool children. Am. J. Clin. Nutr. 98, 693–699.
Roth, K., Mauer, S., Obinger, M., Ruf, K.C., Graf, C., Kriemler, S., Lenz, D., Lehmacher, W.,
Hebestreit, H., 2010. Prevention through Activity in Kindergarten Trial (PAKT): a cluster randomised controlled trial to assess the effects of an activity intervention in preschool children. BMC Public Health 10, 410.
Roth, K., Kriemler, S., Lehmacher, W., Ruf, K.C., Graf, C., Hebestreit, H., 2015. Effects of a
physical activity intervention in preschool children. Med. Sci. Sports Exerc. 47,
2542–2551.
Salazar, G., Vasquez, F., Concha, F., Rodriguez, M.D., Berlanga, M.D., Rojas, J., Munoz, A.,
Andrade, M., 2014. Pilot nutrition and physical activity intervention for preschool
children attending daycare centres (JUNJI); primary and secondary outcomes. Nutr.
Hosp. 29, 1004–1012.
Sallis, J.F., Owen, N., 2015. Ecological models of health behavior. In: Glanz, K., Rimer, B.,
Viswanath, V. (Eds.), Health behavior: Theory, research & practice, (5th Ed.) JosseyBass/Pfeiffer, San Francisco, pp. 43–64.
Schwartz, M.B., O'Connell, M., Henderson, K.E., Middleton, A.E., Scarmo, S., 2015a. Testing
variations on family-style feeding to increase whole fruit and vegetable consumption
among preschoolers in child care. Childhood Obes. 11, 499–505.
Schwartz, P., Rauzon, S., Cheadle, A., 2015b. Dose matters: an approach to strengthening
community health strategies to achieve greater impact. Discussion Paper. National
Academy of Medicine, Washington, D.C. Available from:. (http://www.nam.edu/
perspectives/2015/dosematters).
Sharma, S., Chuang, R.-J., Hedberg, A.M., 2011. Pilot-testing CATCH Early Childhood: a preschool-based healthy nutrition and physical activity program. Am. J. Health Educ. 42,
12–23.
Sisson, S.B., Krampe, M., Anundson, K., Castle, S., 2016. Obesity prevention and obesogenic
behavior interventions in child care: a systematic review. Prev. Med. 87, 57–69.
Skouteris, H., McCabe, M., Swinburn, B., Newgreen, V., Sacher, P., Chadwick, P., 2011. Parental inﬂuence and obesity prevention in pre-schoolers: a systematic review of interventions. Obes. Rev. Off. J. Int. Assoc. Study Obes. 12, 315–328.
Summerbell, C.D., Moore, H.J., Vogele, C., Kreichauf, S., Wildgruber, A., Manios, Y.,
Douthwaite, W., Nixon, C.A., Gibson, E.L., 2012. Evidence-based recommendations
for the development of obesity prevention programs targeted at preschool children.
Obes. Rev. Off. J. Int. Assoc. Study Obes. 13 (Suppl. 1), 129–132.
Sussner, K.M., Lindsay, A.C., Gortmaker, S.L., Kim, J., 2006. The role of parents in
preventing childhood obesity. Futur. Child. 16, 169–186.
Tandon, P.S., Zhou, C., Lozano, P., Christakis, D.A., 2011. Preschoolers' total daily screen
time at home and by type of child care. J. Pediatr. 158, 297–300.
The State of America's Children 2010, 2013. Children's Defense Fund, Washington, DC.
Available from:. http://www.childrensdefense.org/library/state-of-americaschildren/2014-soac.pdf.
Veldman, S.L., Okely, A.D., Jones, R.A., 2015. Promoting gross motor skills in toddlers:
the active begginings pilot cluster randomized trial. Percept. Mot. Skills 121,
857–872.
Ward, D.S., Benjamin, S.E., Ammerman, A.S., Ball, S.C., Neelon, B.H., Bangdiwala, S.I., 2008.
Nutrition and physical activity in child care: results from an environmental intervention. Am. J. Prev. Med. 35, 352–356.
Williams, P.A., Cates, S.C., Blitstein, J.L., Hersey, J., Gabor, V., Ball, M., Kosa, K., Wilson, H.,
Olson, S., et al., 2014. Nutrition-Education Program improves preschoolers' at-home
diet: a group randomized trial. J. Acad. Nutr. Diet. 114, 1001–1008.
Wilson, T.A., Adolph, A.L., Butte, N.F., 2009. Nutrient adequacy and diet quality in nonoverweight and overweight Hispanic children of low socioeconomic status: the
Viva la Familia Study. J. Am. Diet. Assoc. 109, 1012–1021.

S52

D.S. Ward et al. / Preventive Medicine 95 (2017) S37–S52

Winter, S.M., Sass, D.A., 2011. Healthy & ready to learn: examining the efﬁcacy of an early
approach to obesity prevention and school readiness. J. Res. Child. Educ. 25, 304–325.
Witt, K.E., Dunn, C., 2012. Increasing fruit and vegetable consumption among preschoolers: evaluation of Color Me Healthy. J. Nutr. Educ. Behav. 44, 107–113.
Wolfenden, L., Wyse, R.J., Britton, B.I., Campbell, K.J., Hodder, R.K., Stacey, F.G., McElduff, P.,
James, E.L., 2012. Interventions for increasing fruit and vegetable consumption in
children aged 5 years and under. Cochrane Database Syst. Rev.
Woo Baidal, J.A., Locks, L.M., Cheng, E.R., Blake-Lamb, T.L., Perkins, M.E., Taveras, E.M.,
2016. Risk factors for childhood obesity in the ﬁrst 1,000 days: a systematic review.
Am. J. Prev. Med.
Yin, Z.N., Parra-Medina, D., Cordova, A., He, M.Z., Trummer, V., Sosa, E., Gallion, K.J., SintesYallen, A., Huang, Y.L., et al., 2012. Miranos! Look at us, we are healthy! An environmental approach to early childhood obesity prevention. Childhood Obes. 8, 429–439.

Zask, A., Adams, J.K., Brooks, L.O., Hughes, D.F., 2012a. Tooty Fruity Vegie: an obesity prevention intervention evaluation in Australian preschools. Health Promot. J. Austr. 23,
10–15.
Zask, A., Barnett, L.M., Rose, L., Brooks, L.O., Molyneux, M., Hughes, D., Adams, J., Salmon, J.,
2012b. Three year follow-up of an early childhood intervention: is movement skill
sustained? Int. J. Behav. Nutr. Phys. Act. 9.
Zhou, Y.E., Emerson, J.S., Levine, R.S., Kihlberg, C.J., Hull, P.C., 2014. Childhood obesity prevention interventions in childcare settings: systematic review of randomized and
nonrandomized controlled trials. Am. J. Health Promot. 28, e92–103.

