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Summary

Background: There are few long-term studies of interventions to reduce weight gain in low-
socioeconomic status children with overweight or obesity. the Stanford GOALS trial evaluated a 3-
year, community-based multi-level, multi-setting, multi-component (MMM) systems intervention,
to reduce weight gain among low socioeconomic status, Latinx children with overweight or
obesity.

Methods: Two-arm, parallel group, randomized, open label, active placebo-controlled trial with
blind assessment over three years. Families from low-income, primarily Latinx communities in
California, USA, with 7-11 year old children with overweight or obesity were randomized to a
multi-level, multi-setting, multi-component (MMM) intervention or a Health Education (HE)
comparison intervention. The MMM intervention included home environment changes and
behavioral counseling, community after school team sports, and reports to primary care providers.
The primary outcome was child body mass index (BMI) trajectory over three years. Secondary
outcomes included one- and two-year changes in BMI. Clinical Trials.gov NCT01642836.
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Findings: 241 families were randomized to MMM (7=120) or HE (7=121). Children were mean
+ SD =9.5 £ 1.4 years of age, 134 (55.6%) female, and 236 (97.9%) Latinx. 238 (98.8%), 233
(96.7%), and 227 (94.2%) participated in 1-, 2-, and 3-year follow-up assessments, respectively. In
intention-to-treat analysis, over three years the difference between groups in BMI trajectory was
not statistically significant (mean adjusted difference (95% Confidence Interval [CI]) = -0.25
(-0.90, 0.40) kg/m2, Cohen’s d'= -.10, p= 0.45). Children in the MMM intervention gained less
BMI over one year (mean adjusted difference (95% CI) = -0.73 (-1.07, -0.39) kg/m?2, d= -.55)
and over 2 years (mean adjusted difference (95% CI) = —0.63 (-1.13, -0.14) kg/m?, d= -.33).
Differential adverse events were not observed.

Interpretation: The MMM intervention did not reduce BMI gain versus HE over 3 years but the
effects over 1 and 2 years in this rigorous trial show the promise of this systems intervention
approach for reducing weight gain and cardiometabolic risk factors in low-socioeconomic status
communities.

Funding: U.S. National Institutes of Health.

Introduction

The United States has experienced dramatic increases in obesity. The prevalence of child and
adolescent obesity has more than tripled since the 1960°s and 1970’s, with the highest rates
in 20152018 among non-Hispanic Black and Mexican-American youth.! Obesity in
children and adolescents is associated with hypertension, dyslipidemias, early
atherosclerotic lesions, prediabetes and type 2 diabetes, and many other medical,
psychological, and social complications.2 While some effective behavioral treatments exist,
clinical childhood obesity treatment programs are often relatively costly and time-
consuming to implement, serve only limited numbers of children, and not available in many
communities.23 Further, outcomes beyond 6 or 12 months are rarely reported.*~” To address
some of these challenges, the Stanford GOALS trial evaluated a 3-year, community-based
multi-level, multi-setting, multi-component (MMM) systems intervention, to reduce weight
gain among low socioeconomic status, Latinx children with overweight or obesity, compared
to a nutrition and health education intervention. The GOALS MMM intervention was
designed to deliver treatment in settings where children and families live and play, and to
interactively target multiple eating, physical activity and screen media behaviors at multiple
levels in multiple settings.

Methods

Stanford GOALS was a two-arm, parallel group, randomized, open label, active placebo-
controlled trial with blind assessment. The methods have been described previously.
Stanford GOALS was part of the NIH-sponsored Childhood Obesity Prevention and
Treatment Research (COPTR) consortium.® The study protocol and procedures were
approved by the Stanford University Administrative Panel on Human Subjects in Medical
Research (#19311) and an independent, NIH-appointed, Data and Safety Monitoring Board
(DSMB). The DSMB also met twice yearly throughout the trial to monitor study progress,
data quality and completeness, and participant safety. Participants were randomized to either
the MMM intervention or a community-based nutrition and health education intervention for
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three years. Participants were assessed at baseline and annually. The primary outcome
measure was BMI trajectory during the three-year study.

Participant Recruitment, Eligibility, Informed Consent and Assent, Randomization and

Masking

Participants were recruited from July 2012 through October 2013, through primary care
providers, clinics, schools, community centers, churches, and other community locations in
low-income, primarily Latinx neighborhoods in Northern California, USA. Potentially
eligible families were scheduled for an initial assessment. Signed consent/assent and HIPAA
authorization were required prior to data collection.

Children were eligible if they were 7-11 years of age on the date of randomization with BMI
> 85t percentile for age and sex on the 2000 U.S. Centers for Disease Control and
Prevention (CDC) BMI reference. Children were not eligible if they were diagnosed with a
medical condition or taking a medication affecting growth; had a condition limiting
participation in interventions or assessments; they or their parent/guardian were unable to
read, understand and complete informed consent in English or Spanish; planned to move
from the area within 36 months; or deemed to have another characteristic that made them
unsuitable for the study.

After completing all baseline measures, households were randomized by computer by a
study statistician to the MMM or Health Education conditions. Efron’s biased coin
randomization1® was used within strata defined by BMI percentile for age and sex at
baseline (= 85t and < 95! percentile, > 95™ percentile). For households with more than one
eligible child, one child was randomly selected at the time of randomization to include in the
analysis. Only the statisticians were aware of which child in a multi-child household was in
the analysis sample. The investigators and all assessment staff remained masked to
experimental assignment until after the final study follow-up assessments and data cleaning
were completed.

The MMM Intervention

The MMM intervention was multi-level, intervening directly with individual children,
parents and families, peer groups, primary care clinics, and the home and community
environments, multi-component, intervening on eating behaviors, physical activity, screen
time and parenting, via behavioral and environmental interventions, and multi-setting,
intervening in homes, community-based after school programs, and primary care clinics.8
The MMM intervention was grounded in Bandura’s social cognitive model! and delivered
over three years for each family. It was designed based on past research and refined with 18-
months of community-engagement, formative research, and pilot studies.8 Latinx cultural
values were incorporated into the intervention, considering both surface structure and deep
structurel? regarding psychological and socio-cultural influences on health and behavior.8
We included strategies from recent social psychological science to promote intrinsic
motivation,13 alter implicit mindsets,14 and affirm values,!® to address psychological threats
to behavior change. Further, we designed specific intervention content and activities to
maximize motivation for participation in the process of behavior change with stealth
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intervention principles.1® The MMM intervention was conceptualized holistically as a
complex systems intervention, including planned interactions, opportunities for mutual
reinforcement, repetition, and positioning complementary elements across the different
levels, settings and components of the intervention, to generate synergistic effects and
accommodate individual and family preferences and life experiences over their three years
of participation.8

GOALS@home included environmental and behavioral interventions delivered to the
children, parents/guardians, and other family members in their home by trained, bilingual
(Spanish and English) health educators, following a protocol. Five modules were designed to
span the three years, and each module included a number of levels requiring mastery of
specific skills before moving forward. First, a module to alter the home environment (4
levels), by replacing plates, bowls, glasses, and serving utensils to promote smaller serving
sizes,17 followed by three modules to promote behavior changes in eating (8 levels),
physical activity (7 levels) and screen time (6 levels), delivered in an order chosen by the
family, and a fifth module on problem solving and maintenance (5 levels). The content was
adapted from prior interventions,18-20 and consistent with U.S. Preventive Services Task
Force recommendations.2

Team GOALS was a community-based after school team sports program designed for
children with overweight and obesity from low socioeconomic status families.22 Team
GOALS was offered weekdays, year-round including a 5-6 week summer program, except
school holidays, in partnership with four community centers run by the local Boys and Girls
Clubs, the County Parks and Recreation Department, and the Police Activities League. Team
GOALS was an environmental intervention, made available in the neighborhoods where
participants were recruited for MMM children to attend as often as they wished. Each
session included 1-1.5 hours of activity plus time for homework. Four sports, soccer, flag
football, basketball, and lacrosse, were rotated seasonally throughout the year with
additional sports introduced with community partners during summers (e.g., track and field,
volleyball, rugby, ultimate frisbee, swimming). Sessions and activities were structured to
keep children moving and coaches were trained by the investigators to provide feedback
promoting intrinsic motivation!® and a growth mindset!# for activity.

Primary Care GOALS provided brief, self-guided, semi-annual reports of GOALS@Home
and Team GOALS progress to help primary care medical providers counsel their
participating patients and reinforce participation.8 Health educators also reviewed copies of
the progress reports with families during GOALS@home visits and encouraged participants
to take their copies to primary care medical visits to review with their providers.

The Health Education Comparison Intervention

The comparison intervention was also delivered over the entire 3 years of participation for
each family, and included two home counseling visits per year, monthly health education
newsletters mailed individually to parents and to children, quarterly neighborhood-based
health education/family fun nights, and 1-2 social field trips per year to the Stanford
campus/athletic events.8 Health Education content focused on nutrition, physical activity,
screen time, chronic disease prevention and general health topics. It was designed as a
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rigorous and ethical active placebo comparison intervention, to limit risks of resentful
demoralization or compensatory rivalry, and include active ingredients which may influence
obesity-related behavior but differed from the conceptually relevant ingredients in the MMM
intervention.

Primary care providers and participating families in both the MMM and Health Education
conditions also received children’s annual blood test results with explanations appropriate
for readers with low health literacy.

Assessments

Assessments were performed in a clinic, community or home setting at baseline, one, two
and three years, by bilingual English/Spanish, trained and certified data collectors, masked
to experimental assignment. Data collectors followed standardized protocols and were
monitored for measurement quality and intra- and inter-rater reliability for key measures
(Supplementary material, Figure S1).8 To enhance participation and limit attrition over the
three-year study we emphasized establishing trust, sensitivity to families’ individual needs,
identify and belonging in Stanford GOALS, and contributing to research. Follow-up visits
were conducted in convenient locations and families were compensated with gift cards for
completing measures ($50 at baseline, 1, and 2 years, and $100 at 3 years) and non-
monetary tokens of appreciation (e.g., t-shirt, drawstring bag, duffel/gym bag).

Primary Outcome Measure

The primary outcome, trajectory of BMI over time, is a measure of change in BMI and
derived by computing a slope for each child by regressing BMI on time, where each child
may have up to 4 BMI measurements, taken at the baseline and 3 annual follow up visits that
contribute to the outcome calculation. BMI was calculated as weight in kilograms divided by
the square of height in meters. Weight and height were measured with the participant in light
clothing without shoes, weight to the nearest 0.1 kg using research precision grade,
calibrated, digital scales and height to the nearest 0.1 cm using a free-standing stadiometer.

Secondary Outcome Measures

Trajectories of percent of the median BMI for age and sex,23:24 waist circumference, waist-
to-height ratio, triceps skinfold thickness, and estimated percent body fat?> were included as
secondary measures of body composition changes for children. Waist circumference was
measured to the nearest 0.1 cm just above the uppermost lateral border of the right ilium.
Triceps skinfold was measured to the nearest 1. mm in the midline of the posterior aspect of
the arm, over the triceps muscle, at a point midway between the lateral projection of the
acromion process of the scapula and the inferior margin of the olecranon process of the ulna.
Trajectories of BMI and waist circumferences were used to assess changes among parents/
guardians but excluded from analysis when a parent reported being pregnant or within three
months after childbirth or miscarriage.

Children’s resting systolic and diastolic blood pressure and heart rate were measured three
times using an automated device (Carescape v100, GE Healthcare) with an appropriate-sized
cuff. The average of the second and third measures were used in analysis.
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Fasting (= 8 hours) blood samples were collected by venipuncture from children at each
assessment. Hemoglobin Alc, glucose, insulin, total cholesterol, LDL-cholesterol, HDL-
cholesterol, triglycerides, high-sensitivity c-reactive protein (hs-CRP), and alanine
aminotransferase (ALT) were measured using standardized protocols with high quality
control.8 Homeostatic model assessment of insulin resistance (HOMA-IR) was calculated
from glucose and insulin measures.2

Children wore triaxial accelerometers (Actigraph GT3X+) on the right hip for seven
complete days, including while sleeping, except during water activity, and repeated if not
worn for at least 6 hours between 5:00am and 11:59pm on at least 3 weekdays and 1
weekend day. Accelerations were assessed at 40-Hertz and processed in 15 second epochs,
and nonwear time was excluded using a previously validated algorithm.2” Weighted (5:2
weekday to weekend day) average percent of time per day and average after school minutes
per day (3pm-6pm, Monday through Friday) of moderate to vigorous physical activity
(MVPA) and sedentary behavior were calculated using previously validated triaxial vector
magnitude thresholds for children in this age group.28 Parents/guardians reported their own
and the other parent’s/guardian’s (if applicable) physical activity.2®

Children reported their screen media use and frequencies of eating breakfasts and dinners
with the television turned on. Parents/guardians reported typical total household television
use.30 Estimates of average total daily energy intake, percent of dietary energy from fat,
average daily added sugar, fiber, servings of sugar-sweetened beverages, and percent of daily
energy consumed while watching screens, were obtained from 24-hour dietary recalls with
children on three randomly selected nonconsecutive days, including two weekdays and one
weekend day, > 7 but < 30-days apart, using the Minnesota Nutrition Data System for
Research (NDS-R) software (University of Minnesota Nutrition Coordinating Center). The
first dietary recall was collected face-to-face and the second and third by phone.

Children reported their overconcern with weight and shape,3! depressive symptoms,32 recent
school grades, and implicit theories of body weight, habit formation, sports ability and
eating habits. Pubertal stages were self-reported,33 and girls reported their age at menarche.
Parents/guardians were assessed for health literacy,34 and reported child and household
sociodemographics (Table 1).

Process Measures

Intervention staff collected implementation data to assess the success of intervention
delivery and individual-level intervention participation (reach, dose delivered, dose received,
and fidelity).

Adverse Events

Parents/guardians were queried about all child and parent/guardian injuries, illnesses or
other medical problems requiring a visit to a medical care provider and related to
participation in the study, and all serious adverse events, since the prior assessment visit.
Adverse events were also recorded and evaluated when they came to study staff attention
between assessment visits.
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We hypothesized that children randomized to the MMM intervention would have
statistically significantly attenuated BMI trajectories over three years compared to children
randomized to the Health Education intervention.8 Linear trajectories of change in BMI
(slopes) were calculated from all available BMI measures for each individual and regressed
on intervention group assignment (centered), with the baseline value of BMI (centered at its
mean) and the Intervention x baseline BMI interaction as covariates, using standard
maximum likelihood linear regression techniques. A two-sided Wald Test was conducted at
the 0.05 level of significance. Consistent with intent-to-treat principles, trajectories of BMI
for children with only a baseline BMI measure were imputed using a joint modeling
multiple imputation approach as implemented in SAS using PROC Ml (version 9.4)
(Supplementary material). This analysis also accommodated deviations from the ideal
measurement schedule. The same analytic approach with multiple imputation was used to
assess changes in the a priori specified secondary outcomes. We also explored baseline (pre-
randomization) sociodemographic, psychological, behavioral, and physiological/physical
measures as possible moderators of treatment effects on BMI trajectories.8:3

Detectable Difference, Sample Size, and Power

The planned sample of 120 children per group provided approximately 90% power to detect
intervention effects of Cohen’s o= 0.40 or greater, for a two-sided a = 0.05, across a variety
of assumptions regarding missing data, correlations of serial BMI measures, and
intervention x baseline BMI interactions (Supplementary material).8

Role of the funding source

Results

The NIH was represented on the Steering and Executive Committees and subcommittees of
the COPTR consortium that contributed to the study design. Dr. Pratt (NIH) participated in
critical revision of this report and the decision to submit the paper for publication. All
authors had full access to the full data in the study and accept responsibility to submit for
publication.

Participant recruitment and flow are displayed in Figure 1. Retention was high, 238 (98.8%)
over 1 year, 233 (96.7%) over 2 years, and 227 (94.2%) over 3 years, with 225 (93.4%)
completing all four measures, 10 (4.1%) completing three, and 3 (1.2%) completing two and
one. Sample baseline demographic characteristics are reported in Table 1 and baseline values
of outcome measures in Tables 2, 3, and Supplementary Tables S1 and S2. Baseline
characteristics show a low socioeconomic status, high-risk, predominantly Latinx sample of
241 families with children with overweight and obesity. Children averaged 9.5 years of age
and 134 (55.6%) were female. About three-quarters had BMI = 95™ percentile for age and
sex, and more than half had evidence of dyslipidemias and/or pre-diabetes. Parents/
guardians were predominantly immigrants, reporting low levels of education, income and
health literacy, and moderate to high use of public assistance programs. 201 (83%) of
participating parents/guardians (mostly mothers) had a BMI = 25 kg/m? and 128 (53%) had
a BMI = 30 kg/m?2.
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Intervention Implementation and Participation

The overall MMM intervention dose received by participants was high but generally fell
over the course of 3 years. Families received a median (interquartile range, IQR) of 35 (27.5
—39) home visits and 11 (6 — 18) phone calls, respectively, completing 26.5 (21 — 30) or
88.3% (70% —100%) of 30 possible GOALS@Home mastery levels. The number of visits,
phone calls and levels completed fell over the course of the three years (Figure 2). 120
(100%) MMM families completed the first module, 114 (95.0%) a second module, 105
(87.5%) a third module, 72 (60.0%) a fourth module and 47 (39.2%) the fifth module. Home
visits were attended by a median (IQR) of 2.43 (2.20 — 2.83) family members; 0.96 (0.93 -
0.98) index children, 0.97 (0.88 — 1.00) index parents, and 0.60 (0.31 — 1.03) other family
members. 120 (100%) MMM families received dishware during the first GOALS@Home
module. Compared to the dishware children were using before, the non-rim surface area of
new plates and volumes of new bowls, glasses and mugs decreased from a mean + SD of
201.8 +72.1t0 172.9 + 4.4 cm? (3.3 + 37.0% smaller), 749.0 + 199.5 to 323.5 + 39.2 ml
(53.3 + 15.6% smaller), 445.9 + 128.0 to 284.9 + 11.8 ml (30.7 + 20.3% smaller), and 369.9
+ 86.8 t0 236.0 £ 8.0 ml (32.5 £16.3% smaller), respectively. For adults, the non-rim surface
area of new plates and volumes of new bowls, glasses and mugs decreased from a mean *
SD of 230.4 + 56.0 t0 172.9 + 4.4 cm? (20.1 + 23.5% smaller), 844.7 + 229.8 to 323.1 +
39.4 ml (58.9 £+ 12.3% smaller), 504.0 + 149.0 to 284.9 + 11.8 ml (39.2 £ 16.3% smaller),
and 427.0 £ 102.9 to 236.1 + 8.0 ml (41.5 £ 14.1% smaller), respectively. After 3 years, 100
(83%) families reported children were still using all small dishware — 104 (87%) plates, 101
(84%) bowls, 104 (87%) glasses, 103 (86%) mugs, 93 (78%) other family members were
still using all small dishware — 96 (80%) plates, 94 (78%) bowls, 96 (80%) glasses, 100
(83%) mugs, and 13 (11%) of families were not assessed.

Children attended Team GOALS after school team sports sessions an overall mean of 137.9
or 22.2%, median (IQR) = 86 (18 — 224) or 14.1% (2.9% - 36.5%) of a possible average
621.1 days, median (IQR) = 613.0 (606 — 626) days, over 3 years (Figure 2). Overall, 51
(42.5%) MMM participants averaged at least one day per week over the entire three years,
falling from 71 (59.2%) during their first six months to 24 (20.0%) in the final sixth six
months of participation. Team GOALS sessions were delivered with high fidelity and
produced substantial activity rates. Systematic, time-sampled direct observations36
demonstrated out of a mean £ SD length of 55.3 £ 9.6 minutes, 41.0 + 7.9 minutes (74.6 +
9.9%) were devoted to fitness, skills practice and game play activities instead of group
management and knowledge, and children were moving 33.8 + 6.9 minutes (61.8 +10.7%),
from when they arrived to when they departed. All five Primary Care GOALS progress
reports were delivered to primary care medical providers for 114 participants (mean 98.2%,
median (IQR) = 100% (100% - 100%)) and shared with 116 families by health educators
(mean 99.0%, median (IQR) = 100% (100% - 100%)).

The Health Education comparison intervention was also delivered with high fidelity. 120
(99.2%), 118 (97.5%), 115 (95.0%), 114 (94.2%), 114 (94.2%), and 112 (92.6%) families
received Health Education home visits one through six, respectively, and a mean of 35.5 of
36 (98.6%, median (IQR) = 100% (100% - 100%) of the monthly Health Education
newsletters were delivered to children and parents/guardians. While not unexpected,20
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family attendance at quarterly neighborhood health education/family fun nights was low,
averaging 0.38 events per family (4.3%, median (IQR) = 0.0% (0.0% - 11.1%) of families).

Changes in child outcomes over 1, 2 and 3 years are reported in Tables 2 and 3, Figure 3,
and Supplementary Table S1 and Figures S2, S3 and S4, and changes in parent/guardian
outcomes are reported in Table S2. The difference between children randomized to MMM
and Health Education in BMI trajectory over 3 years, the primary outcome, was not
statistically significant (mean adjusted difference (95% Confidence Interval [CI]) = —0.25
(-0.90, 0.40) kg/m?2, Cohen’s d= -.10, p= 0.45). Children randomized to the MMM
intervention gained less BMI over one year (mean adjusted difference (95% CI) = -0.73
(-1.07, —0.39) kg/m?2, d'= -.55) and over 2 years (mean adjusted difference (95% CI) =
-0.63 (-1.13, —0.14) kg/m2, d= -.33) than children randomized to Health Education.
Similar patterns of change, with substantial differences between groups over one and two
years but not over three years, were seen for secondary measures of adiposity, percent of
median BMI for age and sex, waist circumference, waist-to-height ratio, triceps skinfold
thickness, and estimated percent body fat (Table 2 and Figure 3), and for rates remission
from severe obesity at baseline (Supplementary Table S1). Favorable changes in children
randomized to the MMM intervention compared to Health Education also were observed
over one and/or two years for other cardiometabolic risk factor changes (diastolic blood
pressure, total cholesterol, LDL cholesterol), physical activity changes (after school minutes
of moderate-to-vigorous physical activity, after school minutes of sedentary behavior,
parent/guardian physical activity), diet changes (total daily energy intake, percent of daily
energy consumed while watching screens, days of eating breakfast while watching TV), and
changes in parent/guardian health literacy. Average daily percent of dietary energy from fat,
percent of daily energy consumed while watching screens, and days per week eating dinner
while watching TV improved more in MMM compared to Health Education children over
three years, (Table 3).

Sensitivity Analysis

Sensitivity analyses for the primary outcome that varied assumptions regarding method of
estimation and missingness yielded results consistent with our primary findings. A
sensitivity analysis that relaxed linearity assumptions regarding BMI changes over time,
however, demonstrated that the BMI trajectory for the MMM group was statistically
significantly attenuated over three years compared to that of the Health Education group, in
contrast to our primary analysis that constrained BMI changes to be linear over time
(Supplementary material).

Moderator Analysis

In pre-specified exploratory analyses, all baseline sociodemographic, psychological,
behavioral and physiological/physical measures were tested as possible moderators of
intervention effects on trajectories of children’s BMI. Over three years, the MMM
intervention had greater effects than Health Education on BMI trajectories (p<0.05) among
children with married parents and lower baseline waist-to-height ratios.
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Dose-Response Analysis

Among families randomized to the MMM intervention, number of completed
GOALS@Home mastery levels were statistically significantly correlated with BMI changes
during year 1 (Spearman /= —0.27) and year 3 (+= -0.21) and the combined number of
completed home visits and phone calls were correlated with BMI changes in year 3 (/=
-0.20). Team GOALS attendance was associated with BMI changes over 1, 2 and 3 years
(r=-0.36, r=-0.32, and r= -0.19, respectively), where greater participation was associated
with less BMI gain (Supplementary Figure S6).

Adverse Events

Systematic annual monitoring of adverse events did not find evidence of differential risks
associated with the MMM and Health Education interventions in children or parents/
guardians (Supplementary material). In addition, changes in overconcern for weight and
shape did not statistically significantly differ between groups (Table 2).

Discussion

The Stanford GOALS randomized controlled trial tested a three-year, community-based,
culturally-tailored, multi-level, multi-setting, multi-component systems intervention,
designed to reduce weight gain among low socioeconomic status, predominantly Latinx
children with overweight or obesity, compared to an active-placebo nutrition and health
education comparison intervention. In an intent-to-treat analysis, children in families
randomized to the MMM group gained an average of about 0.25 kg/m? less than those
randomized to Health Education children over three years, the primary outcome, but the
difference was not statistically significant. Among secondary outcomes, children
randomized to the MMM intervention gained an average of about 0.73 kg/m? less over one
year and about 0.63 kg/m? less over two years than children randomized to Health
Education. Differences between the MMM intervention compared to Health Education in
changes over one and two years were also evident in secondary measures of adiposity and,
over one year for several important obesity-related cardiometabolic risk factor measures,
diastolic blood pressure and total- and LDL-cholesterol. A number of behaviors targeted by
the interventions also changed more in the MMM group over one and/or two years,
including changes in children’s dietary energy intakes and meals eaten with screens, after
school physical activity and sedentary behavior, and parent/guardian physical activity and
health literacy. Over three years, percent of daily energy consumed while watching screens,
dinners eaten with television, and percent of children’s dietary energy from fat fell more in
the MMM group. Parent/guardian marital status and baseline waist-to-height ratio
moderated the effects of the MMM versus Health Education interventions on BMI change
over three years. These and possible moderators of intervention effects on BMI changes over
one and two years may be useful for designing future studies.3>

The one- and two-year outcomes are notable for the effect sizes and length of follow-up,
particularly for a community-based trial in a low socioeconomic status, high risk sample.
Judging the clinical significance of these findings must take into account the effect sizes as
well as potential harms, costs, acceptability and availability of this and alternative
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interventions for the intended population and setting. Most prior intervention studies for
children with overweight and obesity have been in smaller, less socioeconomically-
challenged samples in clinical settings, and rarely report outcomes beyond 6-12 months.*~’
The observed BMI changes and standardized effect sizes compare favorably to the results
reported in recent systematic reviews and meta-analyses of lifestyle/behavioral interventions
for children with overweight and obesity.*~” Prior randomized trials of community-based
interventions to prevent or control obesity in children from racial/ethnic minority, low-
socioeconomic status families have generally failed to find effects on weight-related
measures, even over shorter periods of study.3 In contrast, compared to the Health Education
intervention, the MMM intervention resulted in large relative average changes in body
composition and cardiometabolic risk factors over one and/or two years. These findings and
the observed changes in eating, activity and screen media behaviors suggest it is possible to
substantially reduce trajectories of weight-gain and weight-related risk factors over one and
two years in low-socioeconomic status, Latinx children with theory-driven, family and
community-based environmental and behavioral interventions.

Important features of the MMM intervention may have led to the one- and two-year results
compared to prior studies. The MMM intervention was grounded in social cognitive theory,
emphasizing the interdependent, triadic reciprocal influences of personal, behavioral and
environmental factors on behavior change,1! it was multi-level, multi-setting and multi-
component, culturally-tailored, and designed from substantial formative research and
community input, it included several components previously demonstrated to reduce weight
gain or weight on their own, incorporated innovative strategies from social psychological
science and principles of stealth interventions, and was designed as a systems intervention to
promote synergistic effects and accommodate individualized pathways through the
intervention.8

The rigor of the Stanford GOALS trial bolsters confidence in the results. The outstanding
participant retention, measurement completeness and quality, fidelity of intervention
delivery, intent-to-treat analysis with multiple imputation for missing outcomes, and active
control intervention, all enhanced internal validity. We attribute the high study engagement
in both groups to our strong foundation in theory applied to all aspects of the study
implementation. Because there was no untreated comparison group, however, it is possible
that effect sizes were attenuated by effects of the Health Education comparison intervention.
Implementing the trial in low socioeconomic status neighborhoods using existing
community infrastructure and partnerships, and developing the interventions with
community and participant input, all enhance the potential generalizability of the results.

The substantial group differences observed over one and two years but lack of sustained
statistically significant effects over three years may be explained in part by the fall in
intervention participation over the course of the study. The MMM intervention was designed
to try to overcome some barriers to children’s participation and adherence in clinical and
behavioral obesity treatment programs and included environmental interventions such as
smaller dishware in the home and availability of neighborhood after school team sports, and
behavioral interventions designed to personalize, evolve and maintain motivation over the
entire three years for each family. Yet, there were still steady drop-offs in average
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participation over time. Dose-response analyses lend partial support to this explanation. It is
difficult to maintain participation of children and families in even much shorter behavioral
interventions,*~ particularly among socioeconomically-stressed families with many
competing priorities. Interestingly, age and sex were not found to be possible moderators of
intervention response. It is possible that additional community-level changes can improve
outcomes. These results suggest that developing interventions, or series of complementary
interventions, for low socioeconomic status children that can sustain participation and
effects on body composition over even longer periods of time should be a priority for future
research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

Systematic reviews and meta-analyses find that intensive behavioral interventions can
reduce weight gain in children with overweight and obesity over six to 12 months.
However, these programs are often expensive and time-consuming to implement, not
available in many communities, able to serve only limited numbers of children, and may
be inconvenient for children and families to attend. Prior randomized trials of
community-based interventions to prevent or control obesity in children from low
socioeconomic status, racial/ethnic minority families have generally failed to find effects
on weight-related measures.

Added value of this study

There are few long-term studies of interventions to reduce weight gain in children with
overweight or obesity from low-socioeconomic status families. The Stanford GOALS
randomized controlled trial rigorously tested a novel community-based, multi-level,
multi-setting, multi-component (MMM) intervention model, grounded in behavior
change theory and incorporating cultural tailoring, recent advances in psychological
science, principles of stealth interventions, and a systems perspective, to reduce weight
gain among low socioeconomic status Latinx children with overweight and obesity over
three years. The MMM intervention reduced body mass index (BMI) trajectory over one
and two years, compared to a nutrition and health education control intervention, but the
differences were not statistically significant over three years. Changes were also observed
in additional measures of adiposity, cardiometabolic risk factors, and eating and physical
activity behaviors. Effect sizes were similar to those estimated from meta-analyses of
interventions with shorter follow-up periods.

Implications of all the available evidence

These findings suggest that the community-based MMM systems intervention model has
the potential to successfully reduce weight gain and cardiometabolic risk factors for at
least two years among children with overweight or obesity from high risk, low
socioeconomic status, racial/ethnic minority families. Future research is needed to
develop similar interventions and replicate these findings in other high risk populations
and communities, and to develop additional strategies to sustain impacts over longer
periods.
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Enrolment 605 patients screened

364 excluded
141 did not meet inclusion criteria
151 declined to participate
52 were unable to schedule
16 did not complete baseline measures
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Figure 2:
Trends in participation over 3 years in the GOALS@home and Team GOALS interventions
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3years

Education group (shown in blue) over 1,2, and 3 years. The mean value is shown as a +
(MMM) or o (Health Education) and the median is shown as a horizontal line across the
centre of the box. The box shows IQR, bounded by the 75th percentile above and the 25th
percentile below. The whiskers show the highest observed value at or within 1-5 times the
IQR above the 75th percentile and below the 25th percentile. From all available data (238
individuals over lyear, 233 individuals over 2 years, 227 individuals over 3 years). Means
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and SD at each assessment timepoint and statistical significance for adjusted differences
from the intention-to-treat analysis (241 individuals) are reported in table 2. HE=Health
Education. MMM=multi-level, multi-setting, multi-component.
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All MMM Health Education
Number 241 120 121
Age in years, mean (sd) 9.5(1.4) 95(1.4) 9.5(1.5)
Female, n (%) 134 (55.6%) | 69 (57.5%) 65 (53.7%)

Race/Ethnicity, n (%)

Latinx 236 (97.9%) | 117 (97.5%) 119 (98.3%)
Black 4 (1.7%) 2 (1.7%) 2 (1.7%)
Other 1 (0.4%) 1 (0.8%) 0
Number of adults living in the household. n (%)
1 Adult 13 (5.4%) 8 (6.7%) 5 (4.1%)
2 Adults 137 (56.8%) | 69 (57.5%) 68 (56.2%)
3 Adults 56 (23.2%) | 28 (23.3%) 28 (23.1%)
4 or more Adults 35 (14.5%) 15 (12.5%) 20 (16.5%)
Number of children living in the household, n (%) 27(11) 2.7(11) 27(11)
1 Child 26 (10.8%) 8 (6.7%) 5 (4.1%)
2 children 90 (37.3%) | 69 (57.5%) 68 (56.2%)
3 children 83(34.4%) | 28(23.3%) 28 (23.1%)
4 children 30 (12.4%) | 15 (12.5%) 20 (16.5%)
5 or more children 12 (5.0%) 8 (6.7%) 5 (4.1%)
Families who own their own home, n (%) 42 (17.4%) 23 (19.2%) 19 (15.7%)
Index Parent/guardian age in years, mean (sd) 37.2(6.9) 37.4(7.0) 37.0(6.8)

Index Parent/Guardian female, n (%)

229 (95.0%)

114 (95.0%)

115 (95.0%)

Index Parent/Guardian relationship to child n (%)

Biological Mother 226 (93.8%) | 112 (93.3%) 114 (94.2%)
Step Mother 1 (0.4%) 1(0.8%) 0
Grandmother 1 (0.4%) 0 1 (0.8%)
Aunt 1 (0.4%) 1 (0.8%) 0
Biological Father 12 (5.0%) 6 (5.0%) 6 (5.0%)

Index Parent/Guardian race/ethnicity, n (%)

Latinx 234 (97.1%) | 115 (95.8%) 119 (98.3%)

Black 4 (1.7%) 2 (1.7%) 2 (1.7%)

white 1 (0.4%) 1 (0.8%) 0

other 2 (0.8%) 2 (1.7%) 0
Parent/Guardian marital status, n (%)

Married 207 (85.9%) | 99 (82.5%) 108 (89.3%)

Single-Never Married, Divorced/Separated or Widowed 34 (14.1%) 21 (17.5%) 13 (10.7%)
Maximum household education level, n (%)

8t grade or less 96 (39.8%) 51 (42.5%) 45 (37.2%)
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All MMM Health Education
Attended some high school 57 (23.7%) 26 (21.7%) 31 (25.6%)
High School graduate 41 (17.0%) 20 (16.7%) 21 (17.4%)
Some College/Technical School or Associate’s degree 42 (17.4%) 20 (16.7%) 22 (18.2%)
Bachelor’s degree or higher 5(2.1%) 3(2.5%) 2 (1.7%)
English spoken at home, n (%)
Never 99 (41.1%) | 58 (48.3%) 41 (33.9%)
Sometimes 98 (40.7%) | 42 (35.0%) 56 (46.3%)
About half the time 28 (11.6%) 11 (9.2%) 17 (14.0%)
Most of the time or always 16 (6.6%) 9 (7.5%) 7 (5.8%)
One or more parent born in U.S., n (%) 22 (9.1%) 11 (9.2%) 11 (9.1%)
Female caregiver’s employment status, n (%)
Working full time 73 (30.3%) 36 (30.0%) 37 (30.6%)
Working part time 62 (25.7%) 31 (25.8%) 31 (25.6%)
Not working for pay 106 (44.0%) 53 (44.2%) 53 (43.8%)
Male caregiver’s employment status, n (%)
Working full time 155 (64.3%) | 74 (61.7%) 81 (66.9%)
Working part time 39 (16.2%) 19 (15.8%) 20 (16.5%)
Not working for pay 10 (4.1%) 3(2.5%) 7 (5.8%)
(No male caregiver in household) 37 (15.4%) 24 (20.0%) 13 (10.8%)
Annual total household income, n (%)
Refusal to respond, prefer not to answer 60 (24.9%) 29 (24.2%) 31 (25.6%)
Less than $15,000 37 (15.4%) | 19 (15.8%) 18 (14.9%)
$15,000-24,999 60 (24.9%) | 35 (29.2%) 25 (20.7%)
$25,000-$34,999 36 (14.9%) | 16 (13.3%) 20 (16.5%)
$35,000-$49,999 32(13.3%) | 12 (10.0%) 20 (16.5%)
$50,000 or more 16 (6.6%) 9 (7.5%) 7 (5.8%)
Food Insecurity n (%)
High food security 139 (57.7%) | 70 (58.3%) 69 (57.0%)
Low food security 75 (31.1%) 35 (29.2%) 40 (33.1%)
Very low food security 27 (11.2%) 15 (12.5%) 12 (9.9%)
Receives Supplemental Nutrition Assistance Program (SNAP) benefits, n (%) 98 (40.7%) 52 (43.3%) 46 (38.0%)
Receives Unemployment, Social Security or Disability benefits, n (%) 15 (6.2%) 9 (7.5%) 6 (5.0%)
Child receives free or reduced price school breakfast or lunch, n (%) 218 (90.5%) | 107 (89.2%) 111 (91.7%)
Child medical insurance, n (%)
Uninsured 15 (6.2%) 10 (8.3%) 5 (4.1%)
Public insurance 186 (77.2%) | 88 (73.3%) 98 (81.0%)
Private insurance (Kaiser or other private medical insurance) 40 (16.6%) 22 (18.3%) 18 (14.9%)
Child born in the U.S., n (%) 217 (90.0%) | 107 (89.2%) 110 (90.9%)
TV in the room where child sleeps, n (%) 161 (66.8%) | 87 (72.5%) 74 (61.2%)
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All MMM Health Education
Number of Televisions in home, n (sd) 2.3(1.0) 2.3(0.9) 23(1.1)
Girls: Self-assessed breast maturation, n (% of girls)
Stage 1 38(28.4%) | 22(31.9%) 16 (24.6%)
Stage 2 44 (32.8%) | 21(30.4%) 23 (35.4%)
Stage 3 48 (35.8%) | 25(36.2%) 23 (35.4%)
Stage 4 4 (3.0%) 1 (1.4%) 3 (4.6%)
Stage 5 0 0 0
Girls: Self-assessed pubic hair maturation, n (% of girls)
Stage 1 78 (58.2%) | 40 (58.0%) 38 (58.5%)
Stage 2 26 (19.4%) | 16 (23.2%) 10 (15.4%)
Stage 3 21 (15.7%) 8 (11.6%) 13 (20.0%)
Stage 4 8 (6.0%) 4 (5.8%) 4 (6.2%)
Stage 5 1(0.7%) 1 (1.4%) 0
Girls: Entered puberty (stage 2 or greater for breast and/or pubic hair), n (% of girls) | 100 (74.6%) | 50 (72.5%) 50 (76.9%)
Girls: Menarche, n (%) 12 (9.0%) 6 (8.7%) 6 (9.2%)
Boys: Self-assessed testes maturation, n (% of boys)
Stage 1 44 (41.1%) | 23 (45.1%) 21 (37.5%)
Stage 2 53 (49.5%) | 23 (45.1%) 30 (53.6%)
Stage 3 10 (9.3%) 5 (9.8%) 5 (8.9%)
Stage 4 0 0 0
Stage 5 0 0 0
Boys: Self-assessed pubic hair maturation, n (% of boys)
Stage 1 52 (48.6%) | 25 (49.0%) 27 (48.2%)
Stage 2 44 (41.1%) | 20 (39.2%) 24 (42.9%)
Stage 3 10 (9.3%) 5 (9.8%) 5 (8.9%)
Stage 4 1 (0.9%) 1(2.0%) 0
Stage 5 0 0 0
Boys: Entered puberty (stage 2 or greater for testes and/or pubic hair), n (% of boys) | 74 (69.2%) 33 (64.7%) 41 (73.2%)
Index Parent Health Literacy (NVS), n (%)
High likelihood of limited literacy 130 (53.9%) | 62 (51.7%) 68 (56.2%)
Possibility of limited literacy 77 (32.0%) 41 (34.2%) 36 (29.8%)
Adequate literacy 34 (14.1%) 17 (14.2%) 17 (14.0%)
Child’s unsupervised time at home, mean hours per week (sd) 1.1(3.4) 1.4 (3.9) 0.9 (2.8)
21 Life events experienced in past year, n (%) 59 (24.5%) 32 (26.7%) 27 (22.3%)
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