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Abstract
Growing Right Onto Wellness (GROW) is a randomized controlled trial that tests the efficacy of a
family-centered, community-based, behavioral intervention to prevent childhood obesity among
preschool-aged children. Focusing on parent-child pairs, GROW utilizes a multi-level framework,
which accounts for macro (i.e., built-environment) and micro (i.e., genetics) level systems that
contribute to the childhood obesity epidemic.

Six hundred parent-child pairs will be randomized to a 3-year healthy lifestyle intervention or a 3-
year school readiness program. Eligible children are enrolled between ages 3 and 5, are from
minority communities, and are not obese. The principal site for the GROW intervention is local
community recreation centers and libraries.

The primary outcome is childhood Body Mass Index (BMI) trajectory at the end of the three-year
study period. In addition to other anthropometric measurements, mediators and moderators of
growth are considered, including genetics, accelerometry, and diet recall.

GROW is a staged intensity intervention, consisting of intensive, maintenance, and sustainability
phases. Throughout the study, parents build skills in nutrition, physical activity, and parenting,
concurrently forming new social networks. Participants are taught goal-setting, self-monitoring,
and problem solving techniques to facilitate sustainable behavior change. The GROW curriculum
uses low health literacy communication and social media to communicate key health messages.
The control arm is administered to both control and intervention participants.

By conducting this trial in public community centers, and by implementing a family-centered
approach to sustainable healthy childhood growth, we aim to develop an exportable community-
based intervention to address the expanding public health crisis of pediatric obesity.
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INTRODUCTION
The childhood obesity epidemic continues to be a public health concern given its increasing
prevalence among young children [1, 2], potential reduction in life expectancy [3], and
associated adverse health consequences from childhood to adulthood [4, 5]. Among U.S.
children aged 2 to 5 years, obesity prevalence (Body Mass Index (BMI) percentile ≥95th)
has increased more than two-fold in the past 3 decades from 5.0% to 12.1% [1, 2].
According to recent data from the National Health and Nutrition Examination Survey
(NHANES), obesity disproportionately affects African American and Latino children
between the ages of 2 to 5 years with prevalence rates of 16.2% and 18.9%, respectively [2].
With obese preschool children more likely to become obese adults [6], the risk of obesity for
children, and especially minority children, cannot be overstated. The need for effective
interventions targeting this high-risk population is a public health priority.

Obesity prevention aims to maintain healthy BMI trajectories for children who are not
overweight (BMI <85th percentile), and to prevent progression to obesity for children who
are overweight (BMI ≥85th percentile and <95th percentile). Because rapid weight gain in
early childhood is associated with later obesity, the preschool age is a critical window for
obesity prevention [4]. Focusing preventive efforts on early childhood growth trajectories
provides an opportunity to address the obesity epidemic before children are indelibly
predisposed to obesity [7–9].

There is limited evidence documenting successful behavioral interventions to prevent early
childhood obesity [10–12], and even less evidence concerning which factors may be crucial
to success. Consequently, the Institute of Medicine (IOM) [13] and the Strategic Plan for
NIH Obesity Research [14] call for a community-engaged, culturally-relevant, family-
centered sustainable approach to obesity prevention.

The Growing Right Onto Wellness (GROW) Trial is a multi-level, family-centered,
community-engaged, randomized controlled trial intended to prevent obesity in high-risk
preschool-aged children. The multi-level approach integrates a range of strategies to address
the problem of childhood obesity in the context of a complex set of societal, family, and
individual factors that contribute to the obesity epidemic [15]. This trial builds on successes
from the field of pediatric obesity treatment, considering parents as agents of change, and
implementing a family-based behavioral intervention that focuses on healthy nutrition,
physical activity, and behavioral modifications [5, 10, 16–20]. Finally, GROW is based in
local community centers in order to maximize the use of the built environment [21].

The GROW Trial is one of two unique prevention trials that are part of the Childhood
Obesity Prevention and Treatment Research (COPTR) National Institutes of Health
Consortium. Funded by the National Heart, Lung, and Blood Institute and Eunice Kennedy
Shriver National Institute of Child Health and Human Development (U01 HL103620), the
COPTR consortium seeks to identify and capture common data elements across four field
sites: two focusing on obesity prevention in preschool-aged children, and two focusing on
obesity treatment in school-aged children and adolescents. Each field site has a unique
research study design. This paper describes the design, methodology, and proposed
evaluation of the GROW Trial.
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Study Aims
The primary aim of the GROW Trial is to evaluate the efficacy of a family-centered,
behavioral intervention to prevent pediatric obesity (i.e., BMI trajectory) among children
ages 3–5. There are multiple secondary aims that are designed to evaluate mediators and
moderators of early childhood growth and are linked to the GROW Trial’s multi-level
approach to preventing pediatric obesity (Figure 1). These include the following:

Aim 2: To compare the effect of the intervention in children who made significant
changes in their dietary and/or physical activity behaviors to the effect in children who
did not.

Aim 3: To evaluate the effect of parents’ physical activity levels and dietary behaviors
on children’s levels of the same.

Aim 4: To explore the potential for developing new social networks and their effect on
child nutrition and physical activity.

Aim 5: To evaluate the moderating relationship between genetic risk factors and child
BMI trajectories over the course of the study.

Aim 6: To assess the degree to which implementation of the GROW program
encourages additional lifestyle programming for preschool children and their parents in
the Metro Community Centers.

Theoretical Framework and Conceptual Model
We base our conceptual model on the Centers for Disease Control and Prevention’s theory
that obesity is affected by both micro-level (i.e., genetics) and macro-level systems (i.e.,
built-environment) over time at critical windows of development, such as early childhood
[15]. Recognizing that a child interacts with the environment through the context of family
and community [22], the GROW trial utilizes a conceptual model that accounts for multi-
level exposures, mediators, and moderators of childhood growth (Figure 1). We assess the
interaction between genetics, environment, and behavior over time.

The GROW intervention content is developed around key behavior change techniques and
key principles of Social Cognitive Theory (SCT), with a focus on goal setting, self-
monitoring, problem solving, and self-efficacy [23–25]. According to SCT, individuals are
more likely to engage in behaviors they see modeled or rewarded, as well as those for which
their engagement receives direct reinforcement [25]. Thus, a key component of our
intervention for young children is to involve parents in modeling health-promoting
behaviors to children in the earliest years. Social media/email/print materials provided at
regular intervals throughout the study serve as a consistent “cue to action” to utilize skills
learned in the participant’s built environment to support healthy lifestyles over the three-
year study period.

In addition, the GROW trial focuses on parents as agents of change, which has been
previously shown as a more effective method for improving childhood obesity than
educational interventions alone [26]. The GROW curriculum provides parents with
knowledge in key areas related to preventing obesity, such as nutrition, physical activity,
sleep, and parenting styles. It also builds on that foundation by giving parents the tools
necessary to make those changes for themselves and their children. Using the above
theoretical foundation in social cognitive theory, the intervention teaches parents how to
change their parenting behaviors related to the key intervention messages.

Considering a recently developed taxonomy for common behavioral interventions by Michie
et al, the behavioral components of the GROW Intervention focus on the two clusters of
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“Goals and Planning” and “Feedback and Monitoring,” utilizing the following specific
measures:1) self-monitoring of outcomes and behaviors, 2) problem solving/coping
planning, 3) goal setting (outcomes and behaviors), and 4) review of goals (outcome and
behavior) [27].

MATERIALS AND METHODS
Trial Design Overview

The GROW Trial is a parallel-group, randomized controlled trial (RCT) designed to prevent
childhood obesity by delivering a multi-level, healthy lifestyle intervention to high-risk
parent-child dyads (children ages 3–5) in the built environment.

Parent-child dyads are randomized to either the intervention or control group. The GROW
Intervention (“GROW Healthier” Group) is a three-year, family-centered behavioral
intervention that focuses on skills-building around healthy lifestyles for children and their
parents/primary caregivers. The control condition (“GROW Smarter” Group) is a three-year,
family-centered school readiness and school success program (refer to section on Control
Group). Both groups are exposed to the control condition in order to create a “true”
comparator between treatment groups.

The primary outcome of BMI trajectory considers raw BMI collected at 6 points over the
study period, which allows for characterization of the BMI growth curve during this
dynamic time of early childhood growth. Other measurements are tied to a multi-level
construct of expected mediators and moderators of childhood growth (Figure 1), including:
anthropometrics, accelerometry, diet recall, genetics, social network data, built environment
data, policy changes, and survey data collected over the course of the study period.

By comparing the BMI trajectories for children in the intervention arm with children in the
control arm, we will determine the efficacy of this intervention to prevent the development
of childhood obesity.

Study Setting and Population
Six hundred parent-child dyads with Latino or African-American children ages 3–5 years
from largely underserved neighborhoods are being enrolled. Three hundred dyads are
randomly assigned to each condition. Participants include English and Spanish-speaking
parents/caregivers. “Underserved” is defined by self-report of household participation in or
qualification for one of the following programs/services: TennCare, CoverKids, WIC, Food
Stamps (SNAP), Free and Reduced Price School Lunch and Breakfast, Income-Based
Housing, and/or Families First (TANF). For a full list of inclusion/exclusion criteria see
respective sections below. Prevention is the focus of this RCT; therefore, eligible children
include children in the top tier of normal weight (BMI ≥ 50% and < 85%) and overweight
(BMI ≥ 85% and <95%) categories.

The principal site for the GROW intervention is local community recreation centers in
Davidson County, TN. The GROW trial is a partnership with Nashville’s Metro Parks and
Recreation, Nashville’s Public Library, and the Monroe Carell Jr. Children’s Hospital at
Vanderbilt. We have identified public recreation centers that serve the traditional
underrepresented minority populations in South and Northeast Nashville. Public community
centers are chosen because they provide access to physical activity for those populations at
highest risk for obesity. Additionally, eligible participants are recruited from defined zip
code regions surrounding each community recreational center to reinforce the principle of
utilizing their built-environment to promote and potentially sustain family-centered physical
activity and healthy lifestyles [21].
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Eligibility and Exclusions
Inclusion Criteria—For the purposes of this study, we define the participating index
“parent” as the legal guardian of the child who identifies that they spend the majority of time
with that child at home. Classification of participants’ BMI is based on The Center for
Disease Control and Prevention’s (CDC) guidelines [28]. For children, normal weight is
defined as BMl-for-age between the 50th and 84th percentile. Overweight is defined as
BMl-for-age between the 85th and 95th percentile. Obese is defined as BMI-for-age ≥ 95th
percentile. Inclusion criteria for participation in this study are as follows:

• Three-to-five year old child

• English- or Spanish-speaking

• Child’s BMI ≥50% and < 95%

• Parental commitment to participate in a three year study

• Consistent phone access

• Parent age ≥ 18 years

• Parents and children must be healthy, without medical conditions necessitating
limited physical activity

• Child completion of baseline data collection on height and weight, a minimum of
two diet recall sessions, minimum accelerometry wear time (at least 3 weekdays
and at least 1 weekend day; at least 6 hours of valid time between 5 am and 12 pm),
and at least 90% of survey items completed by the parent within 30 days of child
height and weight collection

• Recruitment from one of two Nashville regions: East Nashville/Region 1 (37206,
37207, 37208, 37213, 37216, 37228, 37189, 37115), surrounding the East
Community Center; and South Nashville/Region 2 (37013, 37203, 37204, 37210,
37211, 37217, 37220), surrounding the Coleman Recreation Center

Exclusion Criteria
• Children who are < 50% BMI or ≥ 95%

• Children outside the specified age range

• Families who do not speak English or Spanish

• Lack of telephone contact

• Lack of parental commitment to participate consistently for a three-year period

• Parents and/or children who are diagnosed with medical illnesses where regular
exercise might be contraindicated

• Parents/children who do not otherwise meet the eligibility criteria listed in the
study population description

• Incomplete baseline data (refer to inclusion criteria above)

Recruitment
Rolling recruitment and enrollment occur for 18 months until a total of 600 parent-child
dyads have been enrolled. Recruitment efforts involve a variety of community sites (e.g.,
daycares, doctors offices, pre-K programs, churches, community service programs) using an
on-site eligibility and pre-screening process. Recruitment strategies are multifaceted and
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include: posters, flyers, mailed brochures/postcards, radio commercials and guest radio
spots, community events, primary care doctor offices, churches, community partner sites
that serve our target population, and word-of-mouth. Additionally, we employ community
liaisons who are well-respected and deeply integrated individuals in the community. They
have specific knowledge and resources to easily reach and effectively communicate with our
target population. Examples of community liaisons include local pastors, former
participants, and directors of public preschool daycare centers. In addition to this, we have
established a Community Advisory Board to help guide our recruitment and retention
processes. Based on our experience recruiting large numbers of minority families in Salud
con La Familia[29] and in the pilot for this intervention, both transportation to and from
data collection sessions and childcare are provided to overcome the most frequently cited
barriers to study participation [30–34].

Informed Consent and Assent
Written informed consent is obtained by all study participants prior to baseline data
collection. Since child participants are under the age of 7 when enrolled, parents/legal
guardians must grant permission for their child’s participation in the research study. As it is
difficult to gauge a preschooler’s assent to participate, children who consistently show
dissenting behavior (i.e., unwilling to be measured at baseline data collection) are excluded
from the study. Consent forms are provided in English and Spanish, presented, and reviewed
with participants in their preferred language. All consent forms are translated by the
Tennessee Foreign Language Institute (TFLI). In addition to providing written consent for
each participant in the language of their choice, we augment our approach with low literacy
populations by using a visual representation of the consent form (Appendix 1). Data are
collected by trained bilingual research staff. This study is approved by the Vanderbilt
University Review Board (IRB No.120643) and is registered at ClinicalTrials.gov
(NCT01316653).

Randomization
Participants are eligible for randomization once the following criteria are met within a 30-
day run-in period: child height and weight are collected, a minimum of two diet recall
sessions are completed, minimum accelerometry wear time is met (at least 3 weekdays and
at least 1 weekend day; at least 6 hours of valid time between 5 am and 12 pm), and at least
90% of survey items are completed.

Assignment to Study Groups—Parent-child dyads are grouped within their respective
community center regions and stratified according to parent dominant language preference
(English versus Spanish). Then dyads within the strata are randomized to the intervention
and control groups using a sequence with randomly permuted blocks of varying size. Block
randomization of this type ensures equal representation at intermittent recruitment points
while minimizing the probability of correctly guessing subsequent condition assignment. To
minimize contamination between the intervention and control groups, once randomized, we
separate data collection sessions, communication, and community-based events.

Blinding—The potential for bias is a concern for any research study and can manifest in
study conduct, data management, data analysis, and interpretation. All study staff have
signed a blinding policy developed by COPTR to address these issues. Key data elements to
be kept un-blinded have been determined a priori. Staff who implement the intervention or
collect data do not have access to group aggregated data that would allow them to bias
implementation or data collection. Also, aggregate level outcome data by group (treatment/
control) is blinded to prevent impact on the study’s outcome. Baseline data are not blinded
to ensure randomization fidelity.
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Retention
Successful retention begins at recruitment. We are implementing a multi-pronged strategy
that includes: 1) obtaining multiple methods of contact from participants at study initiation
that are frequently updated; 2) developing participant tracking databases with clear protocols
for those lost to follow-up; 3) building consistent relationships between study participants
and project staff throughout the study; 4) providing systematic frequent contact via texting
and phone calls; 5) offering tiered financial incentives for continued study participation; and
6) providing scheduling flexibility around participants’ preferences.

Intervention Group: “GROW Healthier”
Intervention Overview—The GROW Trial is a pragmatic clinical trial that matches the
study design to the needs of those who will use the results [35]. Therefore, we offer practical
options that are sensitive and flexible to participant needs [36]. The intervention is divided
into three phases: intensive, maintenance, and sustainability (Figure 2). This tiered
intervention approach is based on effective obesity intervention strategies [37–40]. The 3-
month intensive phase is conducted at the community recreation center and consists of 12
weekly sessions that build skills in nutrition, physical activity, and parenting. Following the
intensive phase, participants are exposed to a 9-month maintenance phase, which consists of
monthly phone coaching calls and monthly GROW sessions at the community center to
reinforce key messages and skills taught in the intensive phase [41, 42]. The sustainability
phase lasts two years and consists of monthly GROW events at recreation centers and
continued engagement through social media and print materials. Below we provide further
details of each of the three-tiered intervention phases.

Interventionists undergo training sessions and certification conducted by the GROW study
team and the Vanderbilt Center for Integrative Health, a credentialed organization that
provides phone-based health coaching training and certification. Bilingual interventionists
lead Spanish-speaking sessions.

Intensive Phase—As part of our pragmatic approach, we offer two modes of intensive
phase delivery, face-to-face or phone call coaching sessions. Both modes contain the
following components: 1) goal check-in with problem solving, 2) interactive didactic taught
by the interventionist, 3) small group/individual discussion, 4) individual goal setting, and 5)
provision of a tangible tool that allows for continued use of new skills attained (mailed to
those who select phone call coaching). In-person sessions also include a hands-on activity
applying information learned with parent and child and also includes a shared meal.
Examples of hands-on activities include practicing games that could be used to decrease
media-use, and food preparation that is kid-friendly.

Goal check-in is a discussion facilitated by the interventionist, where participants
quantitatively assess the success of their goal set at the end of the previous session. The
interventionist engages participants in practical problem solving, applying principles of
motivational interviewing such as reflective listening and summarization.

An interactive didactic session follows, providing a knowledge and skills-building program
based on best-practices for childhood health and developed with input from experts in health
literacy and childhood obesity [43–48]. Each week has three simple core messages (Table 1)
that relate to healthy childhood development. During the interactive didactic, GROW
provides 60-minute physical activity sessions for the index child and free sibling childcare
as needed by participants (“Kids Club”).
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Participants are then encouraged to develop SMART goals (Specific, Measureable,
Achievable, Realistic, Timely), which are tracked throughout the course of the study and
specifically discussed at the subsequent session. For the remaining 30 minutes, index
children join their parents in the session for a hands-on activity to reinforce the lesson
learned and the core principle for the week. Parents are given one tangible tool per session
(e.g., child drinking cup, pedometer, chopsticks, etc), with a total of 12 tangible tools that
are consistent with key messages of each module and serve as a cue-to-action towards
healthy living. Transportation to and from the community center is provided for families if
needed.

Health Literacy: As a part of each weekly session in the intensive phase, parents receive a
booklet to reinforce key messages along with tangible tools to help achieve each weekly
goal (Appendix 2). According to principles outlined by the Institute of Medicine [47], all
materials are designed to reduce health-information complexity: key messages are written
using plain language, simple text, maximal white space, and behavior-oriented images/
pictograms. All session booklets are written at a 5th grade readability level. Moreover, a
panel of experts in health literacy has helped to develop the intervention materials.
Cognitive interviews have been performed using the materials developed with families from
our target populations. Final written modules have been assessed utilizing the Suitability
Assessment of Materials (SAM) instrument [48, 49].

Maintenance Phase—The maintenance phase begins immediately after the intensive
phase and lasts for nine months. During this time, parents receive monthly coaching calls
that reinforce the core messages from the intensive phase. These calls, conducted by their
assigned interventionist (health coach), use motivational interviewing and encourage
participants to continue to set SMART goals and facilitate problem solving. This strategy is
based on successful adult weight loss intervention program that used phone call coaching
[42]. During the maintenance phase, participants will be scheduled to participate in monthly
GROW activities at the community center that range from teaching kitchens to sports
leagues.

Sustainability Phase—The sustainability phase of the intervention takes place during the
second and third year of a dyad’s enrollment, monthly for 24 months. During this time,
participants continue to participate in monthly GROW activities that reinforce key messages
from the intensive phase and are implemented by Parks and Recreation utilizing their
existing infrastructure. These activities occur in neighborhood community centers.
Participants also have continued access to existing activities at their assigned community
center.

Adaptive Intervention for Non-responders (Intervention Group Only)—We
utilize an a priori adaptive intervention approach [50] for children who are not responding
to the intervention based on their BMI trajectories between data collection points. For the
purposes of this adaptive intervention, a child is considered a non-responder if her/his BMI
categorization shifts upward between data collection points (e.g., normal weight shifts to
overweight or obese, overweight shifts to obese). Child BMI change is reported using an
easily understandable and comprehensive growth feedback report and mailed/e-mailed to all
parents after measurements are collected (Appendix 3). The adaptive intervention occurs
after each BMI collection point. The interventionist reviews the feedback report with the
parent via phone call and solicits successes and barriers faced with incorporating GROW
content and associated skills into their everyday lives. Responders receive mailed/e-mailed
feedback reports with a brief verbal feedback of encouragement via phone call coaching.
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Social Media—Social media platforms are used to reinforce targeted behaviors and engage
participants throughout the 3-year intervention. Social media is defined as a means of
interaction between people that allows content to be created, shared, and exchanged within
virtual communities and networks. Participants have access to a WordPress-based privacy-
protected website that is accessible from both mobile devices and computers. WordPress is a
social media tool and content management system that integrates regularly updated content,
on a secured server. It also allows for sustainable integration of other social media platforms
such as Facebook. The website 1) provides frequent updates on key intervention concepts
such as nutrition, physical activity, and parenting skills; 2) encourages use of the built
environment by promoting both GROW and local events; 3) facilitates interaction among
fellow participants and interventionists via a blogging feature; and 4) allows participants to
set and track their individual goals throughout the 3-year intervention. A tutorial of the
website is integrated throughout the intensive phase. Participants who do not have computer
access at home have access immediately before and after intervention sessions at the
community center and at their public libraries.

Control Group: “GROW Smarter”
Participants receive 45-minute school readiness/school success sessions during each of the 6
data collection time points (Table 2). To serve as a true control comparator, the program is
delivered to dyads in both the intervention and control arm. The materials and curriculum
have been newly developed through a partnership with the Nashville Public Library and
involves developing parental skills to support school success while also creating a practice-
based learning environment for parent-child dyads around school success. The curriculum
utilizes key elements of Every Child Ready to Read [51], a project of the Association for
Library Service to Children and the Public Library Association. As children age in the study
and enter elementary school, the parent-child dyad receives a curriculum that integrates core
elements from the Parent Involvement Education curriculum, tested and implemented by the
Parent Institute for Quality Education (PIQE) to improve school success [52]. The core
curriculum is also incorporated in a quarterly newsletter distributed via email and print mail
over a period of 3-years to both study arms. Within the study’s first year, 1 field trip is held
to expose families to local public library facilities, encouraging their use of library resources
and introducing them to library staff. In addition to the quarterly newsletters, participants
receive a calendar of monthly library events in order to continuously engage families with
existing infrastructure in their built environment that integrates the core curriculum.

Library sessions are coordinated with the data collection time points (T2 through T6) to
facilitate attendance and minimize participant burden. Post-randomization library sessions,
data collections, and field trip are separated by treatment groups to minimize contamination.

Participant Timeline
—All data collection for both treatment groups take place at the dyad’s assigned recreation
center, trusted community partner site, or in-home setting (participant preference) at 6 points
in time over a 3 year period (T1–T6): baseline (T1), 3-months (T2), 9-months (T3), 12-
months (T4), 24-months (T5), and 36-months (T6). See Table 3 for primary and secondary
outcomes and Appendix 4 for a full list of measures and timing of data collection.

Incentives: Monetary compensation is provided for participation in data collection sessions.
In addition, all participants from both intervention and control groups receive family
memberships to their respective community recreation center for one year. Families in the
“GROW Healthier” group (intervention condition) are given their recreation center
memberships at the beginning of the intervention and have the opportunity to extend their
memberships for up to three years if they use the facility at least once per month, tracked
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with an electronic membership card. For the “GROW Smarter” group (control condition),
this membership begins at the end of the study and lasts for one year.

Even though this study is designed as a pragmatic clinical trial [53, 54], an incentive
structure is used to encourage participant recruitment and retention. As in all trials, we are
balancing the competing pressures of designing an immediately exportable intervention with
using incentives to facilitate long-term retention necessary to evaluate the intervention’s
efficacy.

Assessment and Measures
Primary outcome measures – common measures—Body mass index (BMI) is the
primary outcome variable of all four COPTR trials. BMI assesses body weight adjusted for
height and in previous studies has been correlated with percent body fat as assessed by dual
energy x-ray absorptiometry [55–58]. When calculated using measured anthropometrics
BMI is highly reliable. BMI demonstrates clinical validity in its associations with type 2
diabetes mellitus [59, 60], hyperinsulinemia [61], blood pressure and hypertension [55, 61,
62], adverse lipoprotein profiles[61–63] and early atherosclerotic lesions among children
and adolescents [64, 65]. Importantly, BMI can be assessed easily in clinical and public
health settings and is generally accepted and well understood. The objective of the BMI
measures is to provide a precise and accurate measure of the impact of the intervention on
relevant aspects of body size in the children studied in COPTR. All consented index children
in the COPTR studies have weight and height measured at the beginning and end of the
intervention (36 months) and at two common interim time points (12 and 24 months). All
baseline anthropometric data will be collected prior to randomization.

Weight and height are measured with the participant in light clothing without shoes. Weight
is measured to the nearest 0.1 kg using research precision grade, calibrated, digital scales.
Height is measured to the nearest 0.1 cm using a free-standing or wall mounted stadiometer.
BMI is calculated as weight in kilograms divided by the square of height in meters.

Secondary Outcomes, Moderators and Mediators
Anthropometric Measurements: In addition to collecting weight and height, waist
circumference, and triceps skinfolds are collected for all index children and index parents.
Waist circumference is measured to the nearest 0.1 cm just above the uppermost lateral
border of the right ilium using a Gulick II tape measure, model 67020. The triceps skinfold
is measured using a Lange skinfold caliper (or a Harpenden caliper if the measurement
exceeds capacity of the Lange skinfold caliper). Measurements are taken in the midline of
the posterior aspect (back) of the arm, over the triceps muscle, at a point midway between
the lateral projection of the acromion process of the scapula (shoulder blade) and the inferior
margin (bottom) of the olecranon process of the ulna (elbow). Triceps skinfolds are
measured to the nearest 0.1 mm. For quality control, 10% of the anthropometric
measurements are measured by two different data collectors.

Physical Activity: Accelerometry data are collected on all index children and index parents
using the GT3X+ monitor. The child and parent each wear a GT3X+ monitor on the right
hip for seven complete days, including sleeping and during water activity (e.g., bathing,
swimming, showering). The ActiGraph GT3X+ assesses acceleration in three individual
orthogonal planes using a vertical axis, horizontal axis, and a perpendicular axis. The GT3X
+ is set to a 40-hertz frequency. The valid wear time criteria (minimum) are 4 days (3
weekdays and 1 weekend day) of at least 6 hours of activity between 5:00 a.m. and 11:59
p.m.
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Dietary Assessment: Dietary intake is measured using 24-hour recall conducted on two
weekdays and one weekend day using NDS-R software. Dietary recalls are collected over
the telephone in English or Spanish. The “Food Amounts Booklet” is used by the respondent
to assist in identifying portion sizes. To avoid collecting days with similar foods, recalls are
not conducted on consecutive days. In addition, in order to capture variability of food
supplies in the home, all three recalls do not occur within a seven-day period. The third
recall is collected more than one week after the first recall. All three recalls are collected
within 30 days. The adult responsible for child feeding (e.g. parents, daycare providers)
reports the child’s intake on a food record form. Full quality assurance checks are conducted
on at least 10% of the dietary recalls according to NDS-R standard protocols.

Social Network Measurement: Recent research has shown that new social networks can
emerge as a result of an obesity prevention intervention with parents and preschool aged
children [66]. Social networking data is collected from participant survey, and analyzed to
determine the following social networking constructs: isolates, density, centrality,
subgroups, transitivity, and cohesion [67]. These are obtained at study start, mid-way, and at
the end of the intensive phase. In addition to measuring new social network features and
how they change over time, we also conduct social network diagnostics by session 6 to
guide interventionists in enhancing group cohesion during face-to-face sessions [68].

Genetic Data: Saliva is collected from interested parent-child dyads participating in the
study [69]. This process is completely voluntary and requires a separate consent process. For
adults and children, saliva is obtained utilizing the Oragene saliva kit and assayed using a
modified version of the Puregene DNA (Gentra, Inc). All biologic data are bio-banked to
assess genetic and epigenetics as a potential moderating variable.

Study Questionnaire—The study questionnaire is administered to the index parent and
measures a variety of domains related to the intervention (see Appendix 4 for measurement
details). The survey is administered by a GROW data collector, with answers recorded
electronically. The survey is administered in either English or Spanish, according to parent
preference. The survey takes about 60 minutes to complete at baseline and about 30–45
minutes at follow-up data collections. COPTR has developed 57 common survey questions,
listed in Appendix 5.

Barriers to Physical Activity Questionnaire: This component of the study survey is based
on the Environmental Supports for Physical Activity Questionnaire [70] to assess individual
perceptions of physical activity supports in the environment, use of the built environment,
current physical activity behavior, and recreation center use. This survey takes about 15–20
minutes to complete and has been validated in previous literature [71].

Geographic Information Systems (GIS): In addition to assessing individual perceptions of
physical activity supports in their environment, Geographic Information Systems (GIS),
ArcMap 10.1 is used to objectively measure how key active living indicators change in
Nashville over time and how these measures relate to the above perceptions. Specifically,
six primary built environment measures demonstrated in our formative phase to affect the
use of one’s built environment to support healthy behaviors, are mapped throughout GROW:
(1) crime; (2) sidewalk and bicycle infrastructure; (3) bus route access; (4) park, recreation
center, and open space access; (5) unattended dogs; and (6) joint use requests. Objectively
measured built environment data are analyzed at the regional level and compared to the
policy environment as well as at the individual level surrounding each participant’s home.
These are assessed annually over the study period.
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Cognitive Assessment Measures: We assess developing executive functioning and IQ
[72].. To measure intelligence, we use the Woodcock-Johnson III Tests of Cognitive
Abilities – Brief Battery. This tool involves a battery of tasks where children expressively
respond to an assortment of pictures and words in a flipbook. To measure executive
functioning, we use Carlson’s Executive Function Scale for Preschoolers (based upon the
Dimensional Change Card Sort Task) [73]. The battery of hands-on tasks (e.g., card sorting)
takes approximately 10 minutes. This is assessed in year one and three.. Trained and
certified cognitive assessors administer these tests individually with each child in their
primary language spoken at home.

Process Measures—The GROW trial process measures include: participation rates
collected via attendance logs; session fidelity checks to ensure consistency and accuracy of
content administration; logs to assess use of recreation center and library outside of
mandatory GROW-related sessions; user log-in to social media; and parent-child satisfaction
with study participation.

For quality assurance, the GROW trial uses a series of range checks and branching logic to
ensure accuracy. All instruments are verified for completeness. During data processing, the
GROW trial conducts 10% quality checks for all anthropometric measurements with
predetermined ranges. Failure to meet these ranges leads to data collector retraining. A
treatment fidelity plan that is applied to both the intervention and control conditions has
been developed following the methodological practices recommended by the Treatment
Fidelity Workgroup of the NIH Behavior Change Consortium [74]. The plan includes
interventionist training and supervision, identification of essential treatment components for
verification, sampling to ensure treatment consistency, control for differences between
interventionists, and use of fidelity measures (e.g., length, number, frequency of session,
participation rates) with the goal of monitoring intervention delivery as intended. Phone
calls undergo the same fidelity assessment, utilizing a software audio program that captures
the utterances of the phone call coach to assess content and process delivery.

Statistical Analyses
Primary analyses—Although childhood obesity is a well-documented public health
concern, most studies have assessed the obesity outcome (e.g., BMI) using only a single
time point or incorporating a pre-post design, leaving us with little knowledge about the
actual shape or growth rate of trajectories of BMI during this critical period of development.
By measuring BMI at multiple time points, we are examining growth trajectories in early
childhood. This allows us to examine the effect of a prevention program on these varying
trajectories [75, 76]. As Barker et al. demonstrated, it is the change in BMI over time in
early childhood, rather than BMI at any single time point, that is linked with health
consequences in adulthood [9]. Moreover, an earlier childhood adiposity rebound is
associated with an increased risk of later obesity [7, 8]. For our primary analysis, which is an
intention-to-treat analysis, we model BMI longitudinally using a quadratic mixed model.
Time is represented by child’s age, centered on age at study enrollment. Gender and
ethnicity are among other variables entered as covariates as well as an interaction between
gender and age to account for differences in trajectories over time by gender. Our hypothesis
is that the change in the quadratic term for the intervention group as compared to the control
group is significantly different from zero at the 0.05 level.

Moreover, in order to determine if the mode of dose delivery (i.e., face-to-face, phone call
coaching) may differentially affect the outcome, we will conduct a sensitivity analysis. In
addition, we plan to conduct other post-hoc tests as appropriate to explore potential
differences in this regard.
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Detectable difference, sample size and power—Refer to Table 4 for the power
analysis of our primary outcome measure. Our sample size estimation, used the Optimal
Design (OD) [77] software consistent with our planned analysis. This software allows us to
examine two-group repeated-measures trials with quadratic change, the same model being
used for the analysis.

This software uses a standardized effect size as defined in Raudenbush and Liu, namely, the
group difference on the polynomial trend divided by the “population standard deviation of
the polynomial trend of interest” [78]. This specification, particularly the denominator, is
quite different from cross-sectional standardized effect sizes such as Cohen’s D, given that,
with a polynomial model (i.e., quadratic), the difference between groups depends on the
point in time examined. In particular, given our hypothesis, we expect that, after adiposity
rebound is reached, the BMI of children in the intervention group will grow more slowly
than that of children in the control group, such that the differences between their mean BMIs
will increase over time. Our expectation implies that we are interested in the significance of
the quadratic term in the model, and expect that the difference between the control and
treatment group quadratic effect will be significantly different from zero.

Currently, the design for the GROW trial includes 600 children, and, though we would
expect to be adequately powered at a smaller number of subjects (i.e., 480), we plan to
recruit 600 subjects to allow for potential attrition. Based on previous data from a similar
study (Salud Con La Familia), we chose a conservative standardized effect size estimate of
0.40 (the default within the Optimal Design program). Our sample size goal of 600
participants would yield 95% power with this effect size. We have multiple measures in
place to keep attrition to a minimum, but even with 20% attrition, a sample size of 480
would yield a power of 90%. Table 4 illustrates how things would change with different
standardized effect sizes.

Secondary analyses: Social Network Analysis—Social network analysis is
conducted using the software packages UCINET and In-Flow. UCINET is used for entering
and analyzing network data and, along with In-flow, for generating network measures and
graphical displays. This data set will thus contain both network and attribute variables at the
individual level of analysis. Applying standard statistical techniques (e.g., linear regression,
logistic regression, etc.) these independent variables are modeled with selected dependent
variables. The analysis examines the change in these social networks over time and their
impact on the main outcomes of interest including: growth trajectories (children’s BMI);
body composition (child and adult), parenting practices (child feeding); physical activity
(child and adult), and total energy intake.

The social network hypothesis suggests that members of a given network group will share
health behavior characteristics more than members of other groups. Variance shared by
individuals who join clusters are measured by an intra-class correlation in a multilevel
model. Using PASS, we made power estimates for a range of ICCs. We have assumed 234
parent-child dyads in network groups of 15–20. As cluster size becomes larger than 20, the
design effect reduces power, and as clusters become smaller, power improves. The 80%
power point was ICC = 0.085. According to Raudenbush, small/medium/large ICCs are .05/.
10/. 15. The proposed study, having 80% power at ICC = .085, can detect small -to-medium
size ICCs with adequate power [79].

Secondary analyses: Genetic Analysis—Genotyping is performed using the
Sequenom MALDI-TOF (Matrix Assisted Laser Desorption-ionization Time-of-Flight)
system, with individualized assay designs created by automated Spectro design software
(Sequenom, San Diego, CA), and assay methods that have previously been described. Next,
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we are examining observed genotype distributions for significant deviation from Hardy-
Weinberg equilibrium frequencies (p < 0.01). Given that this field is advancing rapidly, we
are bio-banking all specimens and re-evaluating our genetic analysis approach after study
completion.

Monitoring
Data monitoring—At all major data collection time points, data are entered directly into a
REDCap database [80]. REDCap is a secure, web-based data management system that
allows direct entry of participant data (e.g., measurements, responses to survey questions,
etc.) into an electronic format. This direct entry system facilitates the process of
downloading and transferring data to the research coordinating unit (RCU). Other REDCap
features include builtin data validity checks as well as automated export procedures for
downloads to Excel and common statistical packages (SPSS, SAS, Stata and R).

Participant Safety—Participants are assessed for adverse events at the time of enrollment
and when the data is collected at each time-point. The Principal Investigator, co-
investigators, study coordinator, interventionists, and all members of the research staff are
responsible for the assessment and reporting of adverse events. All spontaneous reports by
subjects, observations by clinical research staff, and reports to research staff by family or
health care providers are investigated. The investigators assess the relationship of the
adverse event as not related, possibly related or definitely related using standard criteria for
clinical trials.

DISCUSSION
The current study is a multi-level, family-centered, community-engaged healthy lifestyle
randomized controlled trial designed to prevent childhood obesity in high-risk preschool-
aged children over a 3-year period of time. Culturally-tailored, theory-driven, and
extensively refined through its formative phase (e.g., cognitive interviews, focus groups, and
pilots), this study investigates BMI trajectories of children during this critical window of
child development.

This intervention has several distinguishing features: 1) the primary outcome is BMI
trajectory during early childhood [9, 81, 82]; 2) the study is conducted in the built
environment, using public community recreational centers that are routinely available to all
populations, including minority populations, thereby considering sustainability and future
translation as part of the study design; 3) an adaptive intervention is used to account for
children who do not respond to the intervention 4) the intervention utilizes a multi-level
theoretical model, addressing macro-system level components, such as built environment,
mezzo-level components such as parent-child objective physical activity behavior, and
micro-system level components, such as genetics; 5) a low-health literacy approach is used
to design all components of the curriculum to be easily accessible to low literacy
populations; and 6) the intervention actively builds social networks and utilizes social media
to develop and sustain positive healthy behavior, allowing intervention participants to
interact between study contacts guided by their interest and needs.

CONCLUSION
In conclusion, behavioral interventions that address obesity during the early years of life
have enormous potential to prevent childhood obesity and improve lifelong health outcomes.
Given that 60% of overweight preschoolers will go on to become overweight adolescents,
prevention is essential [83]. Moreover, by utilizing the built infrastructure of parks and
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recreation that reaches more than 200 million Americans, pragmatic trials such as GROW,
have the potential to improve the public’s health and prevent childhood obesity.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. GROW Conceptual Model
The primary outcome is early childhood BMI trajectory. This is a multi-level intervention
that considers how the community, family, and individual interact with multiple mediators
and moderators to affect early childhood growth.
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Figure 2. GROW Study Design Overview
*The intervention group will also receive control content
**All intervention sessions will include a tested curriculum with groups of up to 17 dyads
and will promote social network development
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Table 1

Intervention Modules and Key Messages

Session No & Theme Key Messages (from Booklets)

1. Expectations & Set Healthy Goals 1 Plan SMART (How to know if your goal is a good one)

2 Measure & Monitor (How to keep track of goals)

3 Start Small & Stay Positive (How to stay on the right path)

2. Choose Healthy Foods 1 Make Health Choices (How to fill up on “Go” foods each day)

2 More Fiber, Less Sugar (How to take two small steps to healthy eating)

3 Choose 5 Every Day (How to eat enough fruits and vegetables)

3. Be an Active Family 1 Be Active Together (How to start getting active)

2 Keep Track of What You Do (How to make sure you meet your goals)

3 Make It Fun (How to have fun with others to stay active)

4. Find a Fitness Home 1 Your Fitness Home (How to know what your community center offers)

2 Using Your Community Center (How to be active at a community center)

3 Find Your Community Center (How to find your local community center)

5. Healthy Snacks & Drinks 1 Smart Snacking (How to choose healthy snacks for your family)

2 Re-think Your Drinks (How to five your child healthy drinks)

3 Be Sugar Smart (How to have fewer sugary drinks)

6. Use Media Wisely 1 Smart Family Media Time (How to use media instead of media using you)

2 Track Your Media Time (How to monitor your family’s media use)

3 Stay on the Right Track (How to turn it off)

7. Mindful Eating 1 Know When to Eat (How to eat only when you are hungry)

2 Take Your Time (How to slow down and enjoy your food)

3 Plan Ahead (How to plan meal and snack times to help you eat less)

8. Eat Together 1 Eat a Rainbow of Fruits and Vegetables Every Meal

2 Control Your Plate

3 Eat Together as a Family

9. Engaged Parenting 1 Be an Engaged Parent (How to focus on healthy parenting)

2 Be the Mirror (How to set a healthy example)

3 Stay Engaged (How to parent in a distracted world)

10. Plan Healthy Meals 1 Plan Your Meals (How to plan your meals in advance)

2 Find Healthy Foods (How to find healthy foods to buy in the store)

3 Shop on a Budget (How to get more food for your money)

11. Sleep Matters 1 Sleep Matters (Know why sleep is important for you and your family)

2 Your Child & Sleep (Know how much your child should sleep)
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Session No & Theme Key Messages (from Booklets)

3 Plan Ahead & Keep Track (Make sure your child gets enough sleep)

12. Growing Home 1 Review all SMART goals that have been set and tracked over the last 11 weeks

2 Outline phone call coaching and schedule first phone call

3 Discuss using your community center
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Table 2

Control Session Modules and Key Messages

Session Theme Key Messages

1. Getting Ready to
Read

1 Parent/child activities to promote interest in books and learning to read.

2 Introduction and Overview of program;

3 Giving recognition to parents as child’s first teacher and the experts about their children

4 Learning and practicing five things parents can do (read, write, talk, sing and play) with their child to get
ready to read and to encourage a child who is already reading

5 Learning and practicing the techniques of Story Talk and Picture Walk when sharing books with
children

2. Home Is a Learning
Zone

1 Learning games and activities using materials in and around the home

2 Making use of spaces at home for learning and exploring

3 Navigating the library

4 Finding opportunities for exploring and learning in everyday activities is discussed

5 How to provide spaces and a variety of learning materials to use at home is shared.

6 Making simple learning games from materials around the home to promote readiness skills is shared

7 How to use the library as a resource for finding learning activities to use at home

3. Words and Letters in
the World Around Us

1 Promoting language with rhymes, songs and stories

2 Using environmental print every day

3 Using rhymes, songs and stories to promote language and literacy in children

4 Ways parents can share family traditions/stories with their children in songs, rhymes and stories

5 Learning how to use environmental print to help children get ready to read and to increase fluency for
children who are already reading

4. Fun with Play 1 Playing every day encourages language and learning

2 Play is a child’s “work”

3 Importance of interacting with your child in play every day is shared

4 Emphasis on the importance of play as child’s “work”

5 Practice using learning games as a way to promote pre-literacy skills and fluency in young readers and
writers.

6 Learning to follow your child’s lead in play

5. Work that Body,
Feed that Mind!

1 Movement and active learning games

2 Using books & puppets to explore ways to enjoy a healthy lifestyle Experiencing active learning games
that promote physical and cognitive health

3 Using books and puppets to explore ways to enjoy a healthy lifestyle

4 Using books and media to become more informed about healthy choices

6. Preparing for School
Advocacy

1 Ways to prepare your child for school

2 Exploring ideas about helping your child be successful in school and what hinders success

3 Short review of ways parents are already preparing their child for school success

4 Discussion about ways parents can prepare their child for school

5 Group discussions about what school success looks like and what hinders school success
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Session Theme Key Messages

6 Group discussions of scenarios that require parental responses and interactions among child, parent,
teacher, school
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Table 3

Measurements of Primary and Secondary Outcomes

Primary Outcomes - CHILD

Item Measurement Tool Description Method Collection Time

Early Childhood BMI
Trajectory

Scale, stadiometer Change in BMI% over time Weight (kg)/height (m2), CDC
calculator

T1 – T6

Body Fat % (Triceps Skin
Fold)

Caliper Change in % body fat over
time

Caliper T1, T4, T5, T6

Waist Circumference Measuring tape Change in waist
circumference

Measuring tape T1, T4, T5, T6

Secondary Outcomes – PARENT

BMI Scale, stadiometer Change in BMI over time Weight (kg)/height (m2) T1 – T6

Body Fat % (Triceps Skin
Fold)

Caliper Change in % body fat over
time

Staff measured T1, T4, T5, T6

Waist Circumference Measuring tape Change in waist
circumference

Staff measured T1, T4, T5, T6
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Table 4

Power Calculations

Power/Effect Size Sample size for Standardized
Effect size = 0.3

Sample size for Standardized
Effect size = 0.4

Sample size for Standardized
Effect size = 0.5

70% 500 285 186

80% 640 360 232

90% 860 480 308
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