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Objectives. To evaluate a multicomponent obesity prevention intervention among

diverse, low-income preschoolers.

Methods. Parent–child dyads (n=534)were randomized to theNowEverybody Together

for Amazing and Healthful Kids (NET-Works) intervention or usual care in Minneapolis, MN

(2012–2017). The intervention consisted of home visits, parenting classes, and telephone

check-ins. The primary outcomes were adjusted 24- and 36-month body mass index (BMI).

Results. Compared with usual care, the NET-Works intervention showed no signifi-

cant difference in BMI change at 24 (–0.12 kg/m2; 95% confidence interval [CI] = –0.44,

0.19) or 36 months (–0.19 kg/m2; 95% CI = –0.64, 0.26). Energy intake was significantly

lower in the NET-Works group at 24 (–90 kcal/day; 95% CI = –164, –16) and 36 months

(–101 kcal/day; 95% CI = –164, –37). Television viewing was significantly lower in the

NET-Works group at 24 (rate ratio =0.84; 95% CI=0.75, 0.93) and 36 months (rate ratio =

0.88; 95% CI = 0.78, 0.99). Children with baseline overweight or obesity had lower BMI

in the NET-Works group than those in usual care at 36 months (–0.71 kg/m2; 95% CI =

–1.30, –0.12). Hispanic children had lower BMI in the NET-Works group than those in

usual care at 36 months (–0.59 kg/m2; 95% CI = –1.14, –0.04).

Conclusions. In secondary analyses, NET-Works significantly reduced BMI over 3 years

among Hispanic children and children with baseline overweight or obesity.

Trial Registration: ClinicalTrials.gov Identifier: NCT01606891. (Am J Public Health. 2018;

108:1695–1706. doi:10.2105/AJPH.2018.304696)

Childhood obesity is a serious health
problem and disproportionately affects

among subgroups, such as children who are
overweight,4,5 girls,6,7 and racial/ethnic
minorities.8–10,12

The Now Everybody Together for
Amazing and Healthful Kids (NET-Works)
trial was 1 of 4 community-based inter-
vention trials that were part of the Child-
hood Obesity Prevention and Treatment
Research consortium (2010–2017).13,14 The
consortium is a National Heart, Lung, and
Blood Institute–Eunice Kennedy Shriver
National Institute of Child Health and Hu-
man Development–sponsored collaborative
effort to develop and evaluate novel ap-
proaches to prevent or treat childhood obe-
sity.13,14 Supported by an independent
Research Coordinating Unit (University of
North Carolina at Chapel Hill), each field
center tested distinct 3-year interventions
with unique low-income samples and
shared a core set of common measures and
protocols.13,14

The goal of the NET-Works study14 was
to integrate home visiting, community-based
parenting classes, primary care provider in-
teractions, and neighborhood connection
strategies into a synergistic intervention that
targeted low-income, racially and ethnically
diverse parents to prevent obesity among
their preschool-aged children. This article
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children of lower income and racial/ethnic 
minorities.1 The contributors to childhood 
obesity are multifaceted and include the 
neighborhood environment, social in-
fluences, economic factors, the home en-
vironment, parenting behaviors, and child 
behavioral and biological factors.2,3 Pre-
vious pediatric obesity prevention in-
terventions have been less effective than 
expected,4–12 perhaps in part because  of the  
multifaceted nature of the problem.2,3 

Primary prevention interventions in chil-
dren have shown some promising effects
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describes the NET-Works 3-year randomized
trial primary and secondary outcome results.
The researchers hypothesized that the 3-year
NET-Works intervention would signifi-
cantly reduce child BMI increases at 24 and
36 months compared with a usual care com-
parison group. Preplanned subgroup analyses
based on previous research included inter-
vention effect moderation by baseline child
overweight status, sex, and Hispanic ethnicity.

METHODS
The Consort Diagram (Figure 1) shows

participant recruitment, screening, measure-
ment, and retention data. Participants were
recruited in partnership with 12 Minneap-
olis–St Paul, Minnesota, primary care clinics
that serve diverse populations. A child
was eligible for the study if the child

1. Was aged between 2 and 4 years,
2. Had no medical problems that would pre-

clude study participation,
3. Did not use any medications that would

affect the child’s growth,
4. Had body mass index (BMI) greater than

or equal to the 50th percentile according
to Centers for Disease Control and Pre-
vention age and sex reference standards,

5. Had a family income of less than $65 000
per year,

6. Had a parent who agreed to participate in
the study and did not plan to move out of
the state in the next 3 years,

7. Had a parent who was willing and able to
complete the evaluation measures and
participate in intervention activities, and

8. Had a parent who spoke English or Spanish.

was lack of interest in participating in the
study.

Study Design, Measurement
Protocol, and Randomization

The study was a 2-arm, randomized
controlled trial with the child as the unit of
randomization and evaluation.14 Children
whose families completed the minimum
baseline measures were randomized to the
intervention or to a usual-care comparison
group for a 3-year period. These minimum
measures included (1) measured child weight
and height, (2) 2 parent-reported child
24-hour dietary intake recalls, (3) 4 days of
valid child accelerometry data (6 hrs/d mini-
mum), and (4) parent-reported household
demographic questions. The study co-
ordinator assigned children to condition
according to age-by-gender stratified block
randomization schedules. Over an 18-month
period, 534 children were randomized (July
2012–January 2014). All investigators and
data collection staff remained blinded to
random assignments until all follow-up data
were collected.

NET-Works Intervention Program
Intervention settings and strategies were

chosen on the basis of social ecological the-
ory,14 previous research,15,16 and potential for
dissemination and sustainability of the in-
tervention.17,18 The intervention program
consisted of home visiting, community-based
parenting classes, and telephone check-in
calls. Referrals to community resources for
healthy foods and physical activity opportu-
nities were embedded in the home visiting
and parenting class components. Intervention
component curricula were developed and
pilot tested by the researchers and designed to
be synergistic. The home visit setting enabled
behavior and home environment change
strategies to be tailored for individual families,
and the parenting class setting provided group
support for behavior changes. Target be-
haviors and behavior change strategies were
similar across the home visiting and parenting
class components. Planned intervention dose
was the same across all 3 intervention years.

Trained professionals with a minimum of
a bachelor’s degree and several years of ex-
perience working with families and children
conducted the home visiting and parenting

class components. Home visits were about 1
hour in duration and were planned for
monthly intervals with telephone check-in
calls between home visits. Motivational
interviewing and behavior change models
were used as the intervention foundation.19

Parenting classes were held weekly for 12
weeks in the communities where the fami-
lies resided. Efforts were made to accom-
modate family schedules. The study provided
or reimbursed transportation. Referrals to
community resources were designed to
support parent and family use of food and
physical activity resources in their neigh-
borhood and were implemented through
the home visits, parenting classes, and
check-in calls.

Usual Care Comparison Condition
A primary care provider intervention

component was included for both in-
tervention and usual care groups. Providers
were trained to discuss child BMI with the
parent at the annual well-child visit, by using
a study-provided pamphlet with the child’s
BMI percentile and messages about healthful
eating and physical activity for the child. In
addition, parents randomized to the com-
parison condition received quarterly post-
cards that focused on child development and
school readiness.

NET-Works Treatment Fidelity and
Process Evaluation

Treatment fidelity measures were col-
lected throughout the study for each in-
tervention component (home visiting,
parenting classes, and check-in calls) and in-
cluded measures of implementation, dose
delivered and received, and qualitative
measures of intervention engagement.20,21

Home visitors collected treatment fidelity
data following each home- or phone-based
interaction with parents. Parenting class
educators completed treatment fidelity
measures after each class session. Process
evaluation staff not involved in the inter-
vention activities described previously or
the data collection activities described in the
following paragraphs conducted phone sur-
veys with study participants in both condi-
tions every 6 months.

All anthropometric and survey measure-
ments were collected at baseline, 12, 24, and

A BMI of greater than or equal to 50th 
percentile was an eligibility criterion because 
the trial was an obesity-prevention inter-
vention and low-income, racial/ethnic 
minority children with BMI of 50th to 85th 
percentile were considered at risk for excess 
weight gain. Among those screened, 37% of 
children with Spanish-speaking parents and 
15% of children with English-speaking par-
ents were randomized. Among both English-
and Spanish-speaking parents, the primary 
reason for not proceeding from telephone 
screening to enrollment and randomization



ENROLLMENT

YEAR 1 FOLLOW-UP

ANALYSIS

ALLOCATION

Screened (n = 2463)

Randomized (n = 534)

Control (n = 269) Intervention (n = 265)

Retained (n = 261, 97.0%) 

Lost to year 1 follow-up (n = 8)

• Unable to schedule/contact (n = 3)

• Moved (n = 3)

• Declined/refused height/weight (n = 1)

• Investigator withdrawal (n = 1)

Analyzed (n = 269) Analyzed (n = 265)

Excluded (n = 1929) 

• Did not meet inclusion criteria (n = 640)

• Declined to participate (n = 1041)

• Unable to schedule/contact (n = 1)

• Incomplete baseline data (n = 77)

• PI withdrawal (n = 170)

Retained (n = 242, 91.3%)

Lost to year 1 follow-up (n = 23)

• Unable to schedule/contact (n = 10)

• Moved (n = 5)

• Declined/refused height/weight (n = 8)

• Investigator withdrawal (n = 0)

YEAR 2 FOLLOW-UP

Retained (n = 257, 95.5%) 

Lost to year 2 follow-up (n = 12) 

• Unable to schedule/contact (n = 7)

• Moved (n = 2)

• Declined/refused height/weight (n = 2)

• Investigator withdrawal (n = 1)

Retained (n = 226, 85.3%)

Lost to year 2 follow-up (n = 39)

• Unable to schedule/contact (n = 13)

• Moved (n = 10)

• Declined/refused height/weight (n = 15)

• Investigator withdrawal (n = 1)

YEAR 3 FOLLOW-UP

Retained (n = 258, 95.9%)

Lost to year 3 follow-up (n = 11)

• Unable to schedule/contact (n = 2)

• Moved (n = 7)

• Declined/refused height/weight (n = 1)

• Investigator withdrawal (n = 1)

Retained (n = 235, 88.7%)

Lost to year 3 follow-up (n = 30)

• Unable to schedule/contact (n = 2)

• Moved (n = 9)

• Declined/refused height/weight (n = 18)

• Investigator withdrawal (n = 1)

Note. Numbers retained at each follow-up include children who had measured body weight and height at that measurement time point. The 24- and 36-month primary
outcome analyses were conducted using multiply imputed data sets that included measured data from all randomized children (control group n = 269 and intervention
group n = 265) and imputed values for missing body weight and height (analyzed n = 534).

FIGURE 1—CONSORT Diagram for the NET-Works Trial: Minneapolis–St Paul, MN, 2012–2017



accelerometry counts to sedentary, light,
moderate, and vigorous minutes of physical
activity according to accepted cutpoints for
preschool-aged children and adults and

standardized to a 12-hour day.27,28 We cal-
culated percentage of accelerometer wear
time spent in moderate-to-vigorous physical
activity.

TABLE 1—Baseline Characteristics of Participants by Treatment Group in the NET-Works
Trial: Minneapolis–St Paul, MN, 2012–2017

Usual Care (n = 269), % or
Mean 6SD

NET-Works (n = 265), % or
Mean 6SD

All (n = 534), % or
Mean 6SD

Female 50.9 50.9 50.9

Age at randomization, y 3.4 60.7 3.4 60.7 3.4 60.7

2 27.5 28.3 27.9

3 47.6 50.9 49.3

4 24.9 20.8 22.9

Race/ethnicity

Non-Hispanic White 16.0 9.1 12.6

Non-Hispanic Black 18.6 18.1 18.4

Hispanic, any race 55.0 61.9 58.4

Multiracial 7.8 9.1 8.4

Other 2.6 1.9 2.3

BMI 17.4 61.3 17.8 62.2 17.6 61.8

BMI percentile 82.5 613.3 81.0 615.2 81.7 614.3

Normal: 50% to < 85% 48.3 55.1 51.7

Overweight: 85% to < 95% 31.2 20.0 25.7

Obese: ‡ 95% 20.5 24.9 22.7

Weight, kg 16.8 62.5 17.3 63.5 17.0 63.1

Height, cm 98.1 66.5 98.4 66.5 98.2 66.5

Parent female 91.5 92.1 91.7

Parent age, y 30.8 66.1 32.1 66.6 31.4 66.4

Parent race/ethnicity

Non-Hispanic White 20.1 15.5 17.8

Non-Hispanic Black 19.0 19.6 19.3

Hispanic, any race 52.4 56.6 54.5

Multiracial 3.7 4.5 4.1

Other 4.8 3.8 4.3

Primary language

Spanish 50.6 57.0 53.8

English 40.2 36.2 38.2

Other 9.3 6.8 8.1

Parent BMI 30.0 67.4 30.3 66.6 30.1 67.0

Normal: 18 to < 25 kg/m2 28.6 19.5 24.1

Overweight: 25 to < 30 kg/m2 29.0 32.2 30.6

Obese: ‡ 30 kg/m2 42.5 48.3 45.4

Parent weight, kg 76.7 620.4 76.7 618.9 76.7 619.6

Parent height, cm 159.9 68.8 158.9 68.1 159.4 68.5

Highest parental education

< high school 29.0 37.7 33.3

High school 22.3 21.9 22.1

Some college 16.0 12.5 14.2

Technical degree 12.3 10.6 11.4

Bachelor’s degree 12.6 10.6 11.6

Advanced degree 7.8 6.8 7.3

Continued

36 months in the participant’s home by 2 
trained and certified data collection staff who 
were not involved in intervention activities 
and were blinded to random assignment. 
Surveys were verbally administered in English 
or Spanish.

Body Mass Index
Weight and height were measured for 

both the child and the parent, with the 
participant in light clothing without shoes 
according to a standardized protocol.22 

Weight was measured to the nearest
0.1 kilogram by using research precision-
grade, calibrated, digital scales and height 
was measured to the nearest 0.1 centimeter 
by using a free-standing stadiometer
(Seca Corp, Hanover, MD). Measures were 
conducted in duplicate and averaged. 
The BMI was calculated as weight in  
kilograms divided by the square of height 
in meters. The BMI age- and sex-specific 
percentile was calculated for children.23 

We used BMI as the primary outcome 
because BMI-percentile or BMI-z is a 
less-accurate indicator of body fat for 
children in the upper extremes of the 
distribution.24,25

Dietary Intake
Child dietary intake was measured with 

3 parent-reported 24-hour dietary recalls 
conducted on 2 weekdays and 1 weekend 
day with Nutrition Dietary Software for 
Research (Nutrition Coordinating Center, 
Minneapolis, MN) software and pro-
tocol.26 Recalls were averaged to compute 
nutrient intake variables for the child. We 
examined total energy and diet quality
(Healthy Eating Index 2010), dietary fat 
and saturated fat, added sugars, and serv-
ings of fruits and vegetables and sugar-
sweetened beverages.

Physical Activity
Accelerometry data were collected on the 

child and parent by using the GT3·+ and 
GT3· monitors, respectively (Actigraph, 
Pensacola, FL). The minimum valid wear 
time criterion was 4 days (3 weekdays and 
1 weekend day) of at least 6 hours of wear 
time (33% nonzero epochs per hour) between 
5:00 AM and 11:59 PM. We converted



Screen Time
We computed child television viewing

and computer use by using the parent-
reported average hours per day the child
spent watching television (2 questions)
and using a computer (1 question).9 We
computed total weekly average media hours
by adding the estimated average daily hours of
television viewing and computer use.

Demographic Variables
Parents reported demographic information

including child age, sex, race and ethnicity,
parent employment status, household income,
marital status, educational attainment, number
of children and adults living in the household,
childcare hours per week, and food assistance
program (Special Supplemental Nutrition
Program for Women, Infants, and Children
and Supplemental Nutrition Assistance Pro-
gram) participation.

Statistical Analyses
We used 2 general linear mixed models to

evaluate treatment group differences in the
primary outcome, change in child BMI at 24
and 36 months relative to baseline.29,30 One
model predicted BMI at 24months, the other
at 36 months. Fixed effects were treatment
group and the prespecified covariates sex,
baseline age group (2, 3, or 4 years), and
baseline BMI. A random intercept and un-
specified within-cluster covariance matrix
accounted for dependence among in-
tervention children whose parents received
the home visiting component of the in-
tervention from a common home visitor
(NET-Works n = 265; 7 clusters), with each
comparison child designated as a separate
cluster (usual care n= 269 children; 269
clusters).31 We used these same specifications
to evaluate treatment group differences in all
secondary outcomes, adapting the link
function for binary (logit) and Poisson-
distributed (log) variables.

We applied a generalized Holm procedure
to the P values for the 24- and 36-month
treatment group effects to ensure a family-
wise type I error rate of 0.05 for the primary
and secondary outcomes.32 It was performed
by setting critical a to 0.025 for the larger of
the 24- and 36-month effects; if significant,
we tested the smaller at P < .05.

TABLE 1—Continued

Usual Care (n = 269), % or
Mean 6SD

NET-Works (n = 265), % or
Mean 6SD

All (n = 534), % or
Mean 6SD

Parent employment status

Full time 23.8 35.9 29.8

Part time 31.2 24.2 27.7

Not working for pay 45.0 40.0 42.5

Annual household income

£ $14 999 38.7 36.6 37.6

$15 000–$24 999 24.9 25.7 25.3

$25 000–$34 999 15.6 20.4 18.0

$35 000–$44 999 11.2 8.7 9.9

$45 000–$64 999 9.7 8.7 9.2

Parent marital status

Living as married 68.0 69.4 68.7

Not living as married 32.0 30.6 31.3

Household configuration

Dual parent 70.6 73.1 71.9

Single parent 19.7 17.4 18.6

Other 9.7 9.5 9.6

Children living in household

1 25.7 24.9 25.3

2 39.8 34.7 37.3

3 22.3 26.4 24.3

4 or more 12.3 14.0 13.1

Nonparent child care in own home, h/wk

0 64.3 67.6 65.9

1–10 22.3 19.6 21.0

11–20 4.5 2.3 3.4

21–30 4.1 5.7 4.9

31–40 2.6 3.0 2.8

‡ 41 2.2 1.9 2.1

Nonparent child care in other’s home, h/wk

0 59.1 62.6 60.9

1–10 21.6 19.6 20.6

11–20 9.7 8.3 9.0

21–30 3.0 5.7 4.3

31–40 4.8 1.5 3.2

‡ 41 1.9 2.3 2.1

Nonparent child care in child care center, h/wk

0 76.2 77.0 76.6

1–10 8.6 6.0 7.3

11–20 4.8 5.3 5.1

21–30 2.6 1.9 2.3

31–40 5.6 5.7 5.6

‡ 41 2.2 4.2 3.2

WIC participation 69.1 64.9 67.0

SNAP participation 42.5 43.4 43.0

Federal program income 11.2 10.9 11.1

Food security

Secure 65.7 59.4 62.6

Insecure 28.3 34.1 31.2

Insecure with hunger 6.0 6.5 6.3

Note.BMI = bodymass index; cm= centimeter; kg = kilogram;m=meter; SNAP = Supplemental Nutrition
Assistance Program; WIC = Special Supplemental Nutrition Program for Women, Infants, and Children.



assuming n= 500 (n= 250 in each group); 15
intervention children per cluster (ICC);
NET-Works ICC= 0.01–0.03; usual care

ICC=0; SDBMI = 2.35; baseline follow-up
autocorrelation within clusters (NET-Works
r = 0.30–0.50; usual care r = 0) and children
(r = 0.40–0.60)33; and retention (75%–85%).
We powered the trial to detect between-
group differences of Cohen’s d= 0.28
(a=0.025) to 0.31 (a=0.05) for median
values of these assumptions, corresponding
to BMI differences of 0.65 to 0.72 kilograms
divided by the square of height in meters
(kg/m2). The observed ICC among children
with a common home visitor was 0.003 at
24 months and 0.00 at 36 months. The
independent Research Coordinating Unit
statistician replicated primary outcome
analyses.

Planned secondary analyses assessed
whether treatment effects at 24 and 36
months were modified by baseline BMI, sex,
or baseline age. Enrollment among families
of Hispanic ethnicity was higher than anti-
cipated, making a moderation analysis by
ethnicity feasible.

Ad hoc linear mixed models within the
intervention group estimated associations
between intervention participation accumu-
lated from baseline to 24 or 36 months and
change in BMI at 24 or 36 months, with
adjustment for age and sex. We estimated
these associations among intervention families
and separately byHispanic ethnicity status and
baseline child overweight status.

We multiply imputed missing values for
the primary and all secondary outcomes from
all covariates in the primary analytic models
(treatment group, age, sex, baseline BMI,
baseline value, home visitor) and auxiliary
variables (observed outcome values, race/
ethnicity, primary parent education, highest
household education, annual household in-
come). We performed all primary, secondary,
and ad hoc inferential analyses, including esti-
matesof the treatment effect and95%confidence
intervals (CIs), on the 20 imputed data sets.

RESULTS
Cohort demographics are shown in Table

1 by treatment group. Fifty-eight percent of
the children were Hispanic and 62.9% had
annual household incomes of less than
$25 000 per year. We defined postbaseline
retention as having a measured body weight
and height for the child. Overall cohort

TABLE 2—Primary and Secondary Outcomes Results at 12, 24, and 36 Months in the
NETWorks Trial: Minneapolis–St Paul, Minnesota, 2012–2017

Usual Care, No. (%) or
Mean 6SDa

NET-Works, No. (%) or
Mean 6SDa

Treatment Group Effect
(95% CI)b

Anthropometry

Sample size

Baseline 269 265

12 mo 261 (97.0) 242 (91.3)

24 mo 257 (95.5) 226 (85.2)

36 mo 258 (95.9) 235 (88.7)

Body mass index, kg/m2

Baseline 17.4 61.3 17.8 62.2

12 mo 17.4 61.7 17.5 62.6

24 mo 17.7 62.2 17.9 62.9 –0.12 (–0.44, 0.19)

36 mo 18.3 62.7 18.4 63.3 –0.19 (–0.64, 0.26)

BMI-z

Baseline 1.1 60.7 1.2 61.0

12 mo 1.2 60.8 1.2 61.0

24 mo 1.2 60.8 1.2 60.9 –0.05 (–0.17, 0.07)

36 mo 1.2 60.8 1.2 60.9 –0.07 (–0.23, 0.08)

BMI percentile

Baseline 82.5 613.3 81.0 615.2

12 mo 82.2 616.6 79.5 618.9

24 mo 82.1 617.5 81.1 618.1 0.30 (–2.62, 3.22)

36 mo 81.9 618.1 81.1 618.8 –0.33 (–3.93, 3.26)

BMI percentile relative to 95th

percentile

Baseline 95.6 66.9 97.5 612.1

12 mo 96.3 69.6 97.3 614.3

24 mo 96.5 612.2 97.5 615.8 –0.90 (–2.44, 0.63)

36 mo 96.3 614.1 97.2 617.2 –1.17 (–3.30, 0.96)

BMI‡ 95th percentile

Baseline 55 (20.5) 66 (24.9)

12 mo 63 (24.1) 60 (24.8)

24 mo 73 (28.4) 64 (28.3) 0.87c (0.53, 1.42)

36 mo 82 (31.8) 68 (28.9) 0.68c (0.41, 1.14)

Weight, kg

Baseline 16.8 62.5 17.3 63.5

12 mo 19.6 63.4 20.0 64.6

24 mo 22.5 64.3 23.0 65.7 –0.15 (–0.56, 0.27)

36 mo 26.0 65.6 26.5 66.8 –0.29 (–0.91, 0.33)

Waist circumference, cm

Baseline 52.4 64.1 53.3 66.0

12 mo 55.0 65.3 55.4 67.1

24 mo 57.3 66.5 57.5 67.4 –0.06 (–1.10, 0.99)

36 mo 60.6 68.0 60.9 68.7 –0.58 (–1.91, 0.76)

Continued

The a priori power analyses estimated the 
minimum detectable treatment group effect 
on BMI at 24 or 36 months relative to baseline



retention was high: 94.2%, 90.4%, and 92.3%
at 12, 24, and 36 months, respectively (Figure
1). More participants were retained in the
comparison group than in the intervention
group (12 months: 97.0% vs 91.3%; 24
months: 95.5% vs 85.3%; 36 months: 95.9%
vs 88.7%, respectively; all P< .05). Two
children died, before 12 and 24 months, of
causes not attributable to study participation,
and were withdrawn from subsequent
measurements.

NET-Works Treatment Fidelity
Families received an average of 35.4

contacts over 3 years (15.5, 10.9, and 8.6, in
years 1, 2, and 3, respectively). Families re-
ceived an average of 18.3 home visits (of 36
intended; 50% of the intended dose), 9.3 par-
enting classes (25% of the intended dose), and
7.4 check-in calls (58% of the intended dose).

Primary and Secondary Outcomes
There were no significant between-group

differences in the primary outcome of the
child’s adjusted BMI at 24 and 36 months
(Table 2). The differences in BMI z scores and
adjusted odds of being in the 95th percentile
or higher of BMI for age and sex at 24 or 36
months also did not significantly differ by
treatment group. According to parent reports,
NET-Works children consumed fewer ki-
localories (kcal) per day at 24 (–90 kcal; 95%
CI= –164, –16) and 36 months (–101 kcal;
95%CI= –164, –37) comparedwith children
in the usual care comparison group. Intake
of added sugars at 36 months was signifi-
cantly lower among intervention children
(–5.7 g/d; 95% CI = –10.4, –1.0). Changes
in specific foods and beverages targeted by
the intervention (e.g., fruit and vegetables,
sugar-sweetened beverages) did not sig-
nificantly differ by treatment group at 24 or
36 months.

Therewere no significant between-groups
differences in adjusted moderate-to-vigorous
physical activity at either 24 or 36 months.
We observed no significant differences in
change in sedentary, light, moderate, or
vigorous physical activity. Parent-reported
television and computer use was significantly
lower among children in the NET-Works
group compared with children in the usual
care group at 24 months (rate ratio [RR]=
0.84; 95% CI= 0.76, 0.94), and television

TABLE 2—Continued

Usual Care, No. (%) or
Mean 6SDa

NET-Works, No. (%) or
Mean 6SDa

Treatment Group Effect
(95% CI)b

Triceps skinfold, cm

Baseline 11.2 62.7 11.6 63.9

12 mo 11.1 63.4 11.4 64.0

24 mo 11.9 64.6 11.9 64.7 –0.25 (–1.52, 1.02)

36 mo 13.1 65.3 13.1 65.6 –0.35 (–1.62, 0.92)

Primary adult BMI, kg/m2

Baseline 29.9 67.4 30.3 66.7

12 mo 30.2 67.6 30.9 66.6

24 mo 30.4 67.6 31.3 66.9 0.42 (–0.51, 1.35)

36 mo 30.7 67.5 31.1 66.7 –0.20 (–1.10, 0.71)

Dietary intake

Sample size

Baseline 269 265

12 mo 257 (95.5) 227 (85.7)

24 mo 243 (90.3) 217 (81.9)

36 mo 246 (91.4) 230 (86.8)

Energy, kcal/d

Baseline 1052 6323 1040 63329

12 mo 1158 6345 1045 6316

24 mo 1283 6374 1171 6358 –90.3 (–164.3, –16.4)

36 mo 1434 6379 1316 6381 –100.8 (–164.3, –37.3)

Fat, % kcal

Baseline 28.9 66.0 28.7 65.9

12 mo 29.7 65.4 28.7 66.0

24 mo 30.0 65.5 28.9 65.4 –0.75 (–2.05, 0.55)

36 mo 30.0 65.3 29.4 65.4 –0.50 (–1.67, 0.66)

Saturated fat, % kcal

Baseline 10.8 62.9 10.6 63.0

12 mo 10.5 62.6 10.3 62.5

24 mo 10.6 62.4 10.3 62.3 –0.26 (–0.74, 0.21)

36 mo 10.6 62.5 10.3 62.4 –0.16 (–0.67, 0.35)

Healthy Eating Index

Baseline 62.8 612.2 64.7 610.9

12 mo 63.3 612.3 65.0 612.3

24 mo 63.9 611.3 65.3 611.1 0.67 (–1.29, 2.64)

36 mo 64.6 611.4 66.5 611.2 0.89 (–1.40, 3.20)

Added sugars, g/d

Baseline 31.3 620.9 30.7 619.8

12 mo 34.3 619.2 31.3 618.5

24 mo 37.7 619.8 33.9 620.7 –3.31 (–7.33, 0.70)

36 mo 43.2 622.5 37.1 621.2 –5.70 (–10.38, –1.01)

Sugar-sweetened beverages,

servings/d

Baseline 0.5 60.6 0.4 60.6

12 mo 0.4 60.5 0.4 60.5

24 mo 0.4 60.5 0.4 60.6 1.02d (0.72, 1.44)

36 mo 0.5 60.5 0.4 60.5 0.84d (0.63, 1.12)

Continued



viewing alone was significantly lower
among the NET-Works group compared
with the usual care group at 24 (RR= 0.84;
95% CI = 0.75, 0.93) and 36 months
(RR= 0.88; 95% CI = 0.78, 0.99). The
NET-Works group television viewing
hours decreased by 16% and 12% at 24 and
36 months, respectively, relative to the
comparison group.

Moderator Analysis Results
Planned moderator analyses showed that the

adjusted increase in BMI of children who were
overweight or obese at baseline (‡ 85th per-
centile) was significantly less among those in the
NET-Works intervention compared with those
in the usual care group at 24 (–0.44 kg/m2; 95%
CI=–0.87,–0.01) and 36months (–0.71 kg/m2;
95% CI=–1.30, –0.12; Figure 2a). There
were no treatment group differences at 24 or
36 months among children with baseline
BMI less than 85th percentile. Among
Hispanic children, the intervention was
effective in reducing BMI increases at
36 months compared with the children in
the comparison group (–0.59 kg/m2; 95%
CI = –1.14, –0.04; Figure 2b). We did not
observe a significant intervention effect for
BMI at 36 months among non-Hispanic
children. There were no significant differ-
ences in treatment response by child sex or
baseline age.

Primary Outcomes and
Intervention Participation

There were no differences in baseline
BMI among children in the NET-Works
group as a function of Hispanic ethnicity
(P < .99) nor was there an interaction
between overweight status and Hispanic
ethnicity (P < .75).

Hispanic parents participated in more in-
tervention sessions (mean= 39.5; 47% of
planned contacts) compared with non-
Hispanic parents (mean= 27.8; 33%; P < .02).
This difference resulted from Hispanic
parents participating in more home visits
(mean= 20.4; 57%) than non-Hispanic par-
ents (mean= 15.0; 42%; P< .02). We ob-
served no differences in participation overall
or by intervention component among parents
of overweight and nonoverweight children.
Children whose parents participated in more
intervention sessions did not gain less weight

TABLE 2—Continued

Usual Care, No. (%) or
Mean 6SDa

NET-Works, No. (%) or
Mean 6SDa

Treatment Group Effect
(95% CI)b

Fruits and vegetables, servings/d

Baseline 1.8 61.3 1.8 61.2

12 mo 1.9 61.3 1.9 61.2

24 mo 1.9 61.3 2.0 61.3 1.04d (0.93, 1.16)

36 mo 2.1 61.3 2.3 61.2 1.05d (0.97, 1.14)

Fruit and 100% fruit juice, servings/d

Baseline 1.7 61.2 1.8 61.1

12 mo 1.7 61.1 1.7 61.1

24 mo 1.8 61.2 1.8 61.1 0.96d (0.86, 1.06)

36 mo 2.0 61.3 1.9 61.1 0.98d (0.88, 1.08)

Fruit, servings/d

Baseline 1.1 61.0 1.2 60.9

12 mo 1.1 60.9 1.2 60.9

24 mo 1.2 60.9 1.2 60.9 1.05d (0.91, 1.22)

36 mo 1.3 61.0 1.4 60.9 1.03d (0.93, 1.14)

100% fruit juice, servings/d

Baseline 0.6 60.7 0.6 60.7

12 mo 0.6 60.7 0.5 60.6

24 mo 0.7 60.7 0.5 60.7 0.81d (0.67, 0.99)

36 mo 0.7 60.8 0.6 60.7 0.89d (0.71, 1.11)

Vegetables, servings/d

Baseline 0.6 60.6 0.7 60.6

12 mo 0.8 60.7 0.8 60.7

24 mo 0.8 60.6 0.8 60.8 1.03d (0.90, 1.18)

36 mo 0.8 60.6 0.9 60.6 1.09d (0.98, 1.21)

Physical activity

Sample size

Baseline 269 265

12 mo 236 (87.7) 214 (80.7)

24 mo 228 (84.7) 203 (76.6)

36 mo 217 (80.7) 192 (72.5)

Moderate or vigorous, std min/d

Baseline 79.0 624.0 78.0 624.1

12 mo 80.8 625.0 81.2 625.9

24 mo 81.8 626.3 83.3 625.4 2.51 (–3.38, 8.41)

36 mo 78.9 625.5 76.8 623.1 –2.34 (–8.72, 4.03)

Moderate or vigorous, % of weartime

Baseline 11.0 63.3 10.8 63.3

12 mo 11.2 63.5 11.3 63.6

24 mo 11.4 63.7 11.6 63.5 0.35 (–0.47, 1.17)

36 mo 11.0 63.5 10.7 63.2 –0.33 (–1.21, 0.56)

Vigorous, std min/d

Baseline 22.1 610.0 21.1 610.1

12 mo 24.3 610.9 23.7 610.9

24 mo 25.6 612.0 25.8 611.4 1.07 (–1.28, 3.42)

36 mo 25.3 612.2 24.3 611.4 –0.74 (–3.63, 2.15)

Continued



in the intervention group as a whole, nor
were the associations significant within
Hispanic ethnicity and overweight status
subgroups.

Safety Monitoring
There were no serious adverse events that

were probably or definitely attributable to
study participation. Two children died of
causes not attributable to study participation
and were withdrawn from subsequent
measurements.

DISCUSSION
This 3-year, community-based, multi-

component, parent-targeted obesity-pre-
vention intervention designed explicitly for
racially and ethnically diverse, low-income
families did not have significant effects on
child BMI or objectively measured physical
activity at 24 or 36 months. Parent-reported
child energy intake was significantly lower at
both 24 and 36 months in the intervention
group compared with the comparison group.
Planned moderator analyses showed that the
intervention was effective in reducing BMI
increases among children who were over-
weight and obese at baseline. Additional
moderator analyses showed that the in-
tervention was effective in reducing BMI
increases among children of Hispanic
ethnicity.

The multicomponent, high-intensity,
accessible intervention was designed to pro-
vide a consistent level of support to parents
over a 3-year period. Intervention partici-
pation was highest during the initial 12
months, the period in which child BMI
seemed to be stable compared with gains
during the later years of the intervention. It
was initially hypothesized that a longer, more
intense dose would result in larger reductions
in child BMI by the end of 3 years. However,
given the competing priorities in these low-
income families’ lives and changes in life
circumstances over a lengthy period, it seems
necessary to revisit the optimal dose and type
of intervention contact.

In the present study, we observed that
intervention families moved in and out of
various intervention program components
across time. Families may have participated in
home visiting for several months, then taken
a break for several months because of family
circumstances, then later rejoined the
home-visiting program. The continuity in
contact between the families and their home

TABLE 2—Continued

Usual Care, No. (%) or
Mean 6SDa

NET-Works, No. (%) or
Mean 6SDa

Treatment Group Effect
(95% CI)b

Moderate, std min/d

Baseline 56.9 615.2 57.0 615.6

12 mo 56.5 615.5 57.4 616.3

24 mo 56.3 615.8 57.6 615.8 1.45 (–2.08, 4.98)

36 mo 53.6 615.0 52.5 613.9 –1.55 (–5.22, 2.12)

Light, std min/d

Baseline 211.1 630.9 215.2 632.2

12 mo 209.4 630.7 214.1 631.8

24 mo 213.4 633.4 216.6 630.8 1.45 (–6.23, 9.13)

36 mo 212.3 634.1 211.0 630.1 –4.24 (–14.15, 5.67)

Sedentary behavior, std min/d

Baseline 430.0 645.5 426.8 646.7

12 mo 429.9 646.6 424.7 648.9

24 mo 424.8 651.0 420.1 645.8 –3.26 (–16.56, 10.03)

36 mo 428.8 651.4 432.3 643.4 7.47 (–6.63, 21.56)

Media use

Sample size

Baseline 269 265

12 mo 258 (95.9) 226 (85.2)

24 mo 240 (89.2) 205 (77.4)

36 mo 242 (90.0) 217 (81.9)

Television and computer time, hrs/d

Baseline 2.8 61.7 2.8 61.7

12 mo 2.9 61.7 2.6 61.5

24 mo 2.9 61.8 2.5 61.4 0.84d (0.76, 0.94)

36 mo 2.7 61.6 2.4 61.5 0.89d (0.74, 1.07)

Television viewing, hrs/d

Baseline 2.3 61.3 2.2 61.2

12 mo 2.1 61.1 2.0 61.1

24 mo 2.1 61.2 1.7 61.0 0.84d (0.75, 0.93)

36 mo 1.9 61.1 1.7 61.0 0.88d (0.78, 0.99)

Nonacademic computer use, hrs/d

Baseline 0.5 60.9 0.6 61.0

12 mo 0.8 61.0 0.6 60.9

24 mo 0.9 61.0 0.8 60.9 0.86d (0.72, 1.03)

36 mo 0.7 60.9 0.7 60.9 0.94d (0.63, 1.39)

Note. BMI = body mass index; CI = confidence interval; cm= centimeter; g = gram; kcal = kilocalories;
kg = kilogram; m=meter; std = standard.
aUnadjusted means and standard deviations.
bModel-estimated difference (NET-Works minus usual care) in outcomes at 24 and 36 mo, adjusted for
gender, baseline age, and baseline value with imputed data sets.
cModel-estimated odds ratio (NET-Works vs usual care) at 24 and 36 mo, adjusted for sex, baseline age,
and baseline value with imputed data sets.
dModel-estimated rate ratio (NET-Works vs usual care) at 24 and 36 mo, adjusted for sex, baseline age,
and baseline value with imputed data sets.

than children whose parents participated 
less frequently. Intervention participation 
was not significantly associated with 
change in  BMI at 24 or 
36 months among children



and about 1 quarter were already obese (‡ 95th
percentile). Among these children, the in-
tervention was effective in reducing the rate of
BMIgainover the 3 years, comparedwithusual
care group children. These results suggest that
family-based pediatric obesity interventions
may need to focus on children who are already
overweight or obese.

The intervention was more effective
among Hispanic children compared with
non-Hispanic children. In the present study,
Spanish-speaking parents constituted about
25% to 28% of the available parents whowere
initially invited to participate. However, 55%
of the sample randomized was of Hispanic
ethnicity. These results suggest that Hispanic

parents may be attracted to family-based,
child-focused health promotion programs
that target healthful eating, physical activity,
and overall well-child development and that
include a delivery format such as home vis-
iting with supportive telephone calls.

Although participation rates were higher
among Hispanic parents compared with
non-Hispanic parents, participation was not
significantly associated with smaller BMI gain
among children over the 3 years of the in-
tervention. The reasons for the greater ef-
fectiveness among Hispanic children warrant
additional research that captures potential
variables that might help explain the pro-
gram’s effectiveness on child BMI change.
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FIGURE 2—Secondary Analysis of Body Mass Index by Treatment Group and Time by (a) Baseline Body Mass Index and (b) Hispanic Ethnicity:
NET-Works Trial, Minneapolis–St Paul, MN, 2012–2017

visitors enabled families to receive the in-
tervention contact and dose that was feasible 
for them across 3 years. Flexible amounts of 
intervention contact and channels of delivery 
may optimize results for families at different 
time points in their lives. Research that eval-
uates the effectiveness of varied combinations 
of intervention components and dose could be 
a useful approach to better understand how best 
to create family-optimized interventions.34,35

A related issue is whether prevention in-
terventions in young children are most effective 
when focused on children who are already 
overweight or obese.4–6 In the present study, 
about half of the children aged 2 to 4 years were 
already 85th percentile or higher for age and 
sex



Possible variables include parent motivation
and family support for healthful home envi-
ronment and parenting changes, and in-
terpersonal processes between the parent and
the home visitor. Some of these potential
mechanisms are currently being examined
with NET-Works home-visiting process
evaluation data.

Strengths and Limitations
The present study had many unique

strengths, including its low-income, diverse
race/ethnicity sample; multilevel inter-
vention delivered with high fidelity and dose
over a lengthy time period; state-of-the-
science evaluation measures; independent
coordinating center; and excellent cohort
retention over the 3-year study period.

A limitation of the study was the modest
intervention participation relative to the
planned dose and differential retention by
study arm. If intervention children with
higher or more rapidly increasing BMI were
less likely to be retained, these results may
optimistically estimate the treatment effect.
The sample generalizability is tempered by
the requirement that participants complete
a lengthy set of measurements before en-
rollment in the study. The self-report mea-
sures of dietary intake and television viewing
are susceptible to intervention-induced social
desirability bias, although they represent the
current gold standard methods in the field.

Conclusions
A 3-year, multicomponent, multilevel,

parent-targeted behavioral intervention was
successful in decreasing child energy intake
and television-viewing time, but not in re-
ducing BMI increases or increasing physical
activity among preschool-aged children. We
observed significant intervention effects on
reducing BMI increases at 3 years in children
whowere overweight or obese at baseline and
among Hispanic children. Family-level be-
havioral interventions may be most effective
in children who are already overweight and
when delivered through channels that are
attractive to parents and at a dose that is tai-
lored to optimize participation.
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