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Abstract

Objective—To examine the extent to which a WIC intervention improved BMI z-scores and 

obesity-related behaviors among children age 2–4 years.

Methods—In two Massachusetts communities, we implemented practice-changes in WIC as part 

of the MA-CORD initiative to prevent obesity among low-income children. One WIC program 

was the comparison. We assessed changes in BMI z-scores pre- and post-intervention and 

prevalence of obesity-related behaviors of WIC participants. We used linear mixed models to 

examine BMI z-score change and logistic regression models to examine changes in obesity-related 

behaviors in each intervention site versus comparison over two years.

Results—WIC-enrolled children in both intervention sites (v. Comparison) had improved sugar-

sweetened beverage consumption and sleep duration. Compared to the comparison WIC program 

(n=626), we did not observe differences in BMI z-score among children in Intervention site #1 (n= 

198) or #2 (n=637). In sensitivity analyses excluding Asian children, we observed a small decline 

in BMI z-score (−0.08 units/year [95% CI: −0.14 to −0.02], p=0.01) in Intervention Site #2 v. 

comparison.
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Conclusions—Among children enrolled in WIC, the MA-CORD intervention was associated 

with reduced prevalence of obesity risk factors in both intervention communities and a small 

improvement in BMI z-scores in one of two intervention communities in non-Asian children.
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Introduction

Obesity prevalence remains historically high among all age groups, and is a major driver of 

chronic disease, reduced quality of life, and health care costs.1, 2 The only age group of 

children in the United States (U.S.)with recent improvement in national obesity prevalence 

estimates are children age 2–5 years, underscoring the promise of early childhood as a 

critical period for childhood obesity prevention.1 Yet, racial/ethnic disparities in childhood 

obesity persist. Hispanic and black children between age 2–5 years have two- to three-fold 

higher obesity prevalence compared to white counterparts.1 The origins of obesity are 

complex with interlinking, multi-factorial influences ranging across environmental, social-

contextual, family, and biologic levels. Thus, solutions to reduce childhood obesity must 

seek to build multi-sector linkages to support change at the individual, system, and 

community levels.3

The Special Supplemental Nutrition Program for Women, Infants and Children (WIC) 

provides nutrition assessment, counseling, and food benefits to families with income ≤ 185% 

of the U.S. Poverty Income guidelines who have a child under age 5 years, and to pregnant 

and post-partum women. Given the focus of the WIC program in early life, WIC is well-

positioned to serve as the platform for early childhood obesity prevention in high-risk groups 

such as racial/ethnic minority and low-income populations.4–8 Prior childhood obesity 

prevention interventions within WIC demonstrated improvement in WIC provider self-

efficacy in obesity-related counseling and WIC participant obesity-related behaviors, but did 

not evaluate the impact on child weight outcomes. 5, 8–10 A qualitative study of Kentucky 

WIC providers identified time as a barrier to counseling, and stated a need for more 

collaboration with primary health care providers and community agencies.11 Thus, 

incorporating WIC into larger-scale efforts that include primary care and community sectors 

could have lasting impacts on reducing childhood obesity. However, few community-wide 

childhood obesity prevention intervention studies include WIC in their efforts.

The Centers for Disease Control and Prevention (CDC)-funded Massachusetts Childhood 

Obesity Research Demonstration (MA-CORD) Project tests an integrated approach to 

childhood obesity prevention and treatment among children in low-income communities. In 

each of two MA-CORD communities, childhood obesity prevention interventions were 

implemented in the local WIC programs. This article reports the two-year outcomes of the 

WIC intervention delivered as part of MA-CORD among enrolled children age 2–4 years. 

We used a quasi-experimental, pre-post design to compare outcomes for WIC-enrolled 

children in each MA-CORD intervention community to those in a comparison community. 

We hypothesized that children receiving WIC support in the two intervention communities, 
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compared to those receiving WIC support in a demographically-matched Massachusetts 

community, would have slower rates of increase in age- and sex-specific BMI z-score over a 

2-year period. We also hypothesized that compared to WIC-enrolled children in a 

comparison community, WIC-enrolled children in the MA-CORD intervention communities 

would have greater improvements in obesity-related target behaviors.

METHODS

Study overview

We conducted a quasi-experimental trial in two WIC programs – one in each of two 

Massachusetts communities selected to participate as intervention sites for MA-CORD 

based on size, per capita income, and prevalence of childhood overweight and obesity. MA-

CORD built upon a state public health department community level obesity prevention 

initiative, Mass in Motion, to extend the initiative to childhood obesity-focused intervention 

components in multiple sectors. The two Intervention sites and the Comparison site were 

selected from established Mass in Motion communities. The MA-CORD conceptual 

framework, intervention design and evaluation methods have been described in detail.12, 13 

Briefly, MA-CORD spanned several sectors including community health centers; WIC; 

public elementary and middle schools; after-school settings, and the broader community. In 

each of these sectors in both communities, we implemented evidence-based programs to 

promote childhood obesity prevention. We provide a summary of the WIC intervention 

components that were part of MA-CORD and their effectiveness. The intervention start date 

in WIC was September 1, 2012. Children over age 2 years and under age 5 years were 

included in the evaluation. The primary outcome was rate of change in child age- and sex-

specific BMI z-score over a two-year intervention period assessed using electronic WIC 

records from the two intervention and one comparison site.

Eligibility and Recruitment

The MA-CORD WIC study protocol was approved by the human subjects committees of the 

Massachusetts Department of Public Health. Children enrolled in WIC routinely attend 

nutrition assessment and counseling visits where anthropometric measurements (height and 

weight) are performed at least every 6 months. Each child with a qualifying WIC visit at any 

of the two intervention or comparison communities between October 1, 2010 and June 1, 

2015 was eligible for inclusion for the primary outcome of child BMI z-score over time. A 

longitudinal de-identified dataset including child height and weight was extracted from the 

WIC electronic record. Children were considered eligible for inclusion if they had at least 

one visit during the pre-intervention period; had at least one visit 6 months after the 

intervention start date; were between age 2–4 years at the time of the visit; and lived in a 

MA-CORD or comparison community at the time of the visit. To assess child behaviors, we 

surveyed parents of children between age 2–4 years at baseline (September 17, 2012-

February 28, 2013) and post-intervention (January 2, 2015 – May 1, 2015) and entered 

responses into the WIC electronic record. We extracted a de-identified dataset including 

behavioral survey responses during the baseline and 2-year time period from the WIC 

electronic record. A waiver of informed consent was obtained and the institutional review 

board at Massachusetts Department of Public Health (MDPH) approved all protocols.
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WIC Intervention

WIC providers provided usual care for participants in all three sites (2 intervention and 1 

comparison site). In usual care, nutritionists and nutrition assistants provide nutrition 

assessment and counseling to WIC participants during in-person visits at least three, but 

typically four, times yearly. Child weight and height are measured as part of the nutrition 

assessment. In Massachusetts, electronic WIC records calculate child BMI and flag 

abnormal values. Nutrition education is offered each time benefits are issued.

Within the MA-CORD Intervention WIC sites, evidence-informed practice changes formed 

the basis of WIC intervention components and have been described previously.12, 14, 15 

Briefly, MA-CORD WIC intervention components included 1) training of WIC providers in 

best practices and consistent delivery of MA-CORD target behavior counseling and health 

messaging across sectors; 2) development of MA-CORD WIC provider resource and 

training materials; 3) incorporation of MA-CORD patient and family educational materials 

into WIC participant counseling; and 4) linkage of WIC providers to local MA-CORD 

clinical and community obesity prevention initiatives and enhanced healthy weight clinic 

referrals. WIC Provider trainings were implemented in two phases. In the first phase, MA-

CORD staff and MA WIC staff collaborated on the development of full-day childhood 

obesity prevention trainings for WIC providers in WIC Intervention sites. The curriculum 

included a primer on best practices in childhood obesity prevention, rationale for selection of 

target behaviors, a refresher on participant-centered interviewing techniques, and an 

overview of practical approaches to counseling on obesity risk factors. Small-group sessions 

for skills practice used case-based scenarios and participant-centered techniques, and a 

review of existing WIC education materials that aligned with MA-CORD messaging. In the 

second-phase, WIC providers joined with local initiatives to strengthen cross-sector 

collaboration. WIC providers participated in a learning collaborative with members from 

health care, child care, school/after-school, and community sectors. Based on WIC staff 

feedback, we implemented a half-day train-the-trainer program for WIC providers to 

enhance confidence and practices on the topics of child screen time and sleep routines, and 

developed new educational materials on these topics.

The target behaviors of MA-CORD in the WIC sector were elimination of sugar-sweetened 

beverage intake and limitation of 100% juice intake; replacement of non-nutritious foods 

with fruit and vegetables; limitation of screen time to no more than 2 hours daily and 

elimination of televisions from bedrooms; at least 1 hour of moderate to vigorous physical 

activity daily; and an average of 11 hours of sleep for children between age 2–4 years.

Outcome Measurements

In routine practice standardized across the three WIC sites, trained WIC staff measured 

children’s weight using calibrated scales and children’s height using a stadiometer16 and 

entered the data into an electronic record. We extracted longitudinal BMI data of children 

from the electronic WIC records and calculated age- and sex-specific BMI z-scores at each 

visit.17
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For behavioral outcome measures, WIC providers at all three sites interviewed two cross-

sectional samples of parents at routine WIC visits before the intervention began and after it 

concluded. Parents responded to questionnaires in English, Spanish, or Portuguese at routine 

WIC visits for children ages 2–4 years. Trained WIC providers documented parent responses 

in the WIC electronic record at the time of the WIC visit. Detailed descriptions of the 

rationale and sources for cross-sector MA-CORD behavior questionnaires were previously 

described.13 Fruit, vegetable, and beverage intake were measured using five questions. 18, 19 

Child physical activity was reported as days per week that children were physically active 

for a total of at least 60 minutes.20 Daily minutes of screen time watching screens and 

presence of TV in bedroom were assessed in two questions.21 Average sleep time over 24-

hour periods for week and weekend days was measured in two questions.22 We obtained 

child age, gender, race/ethnicity, and city of residence from the electronic WIC record.

Statistical Analysis

Analysis was performed December 2015 through July 2016. For the main outcome of BMI 

z-score, we assessed longitudinal change in individual-level BMI z-scores in each MA-

CORD intervention community compared to change in the comparison community, using 

multilevel, mixed effects linear regression. Models were adjusted for child age, gender, and 

race/ethnicity. By analyzing repeated BMI z-score measures at the individual-level in this 

manner, observations within person over time and within community were taken into 

account. To be considered in the analysis, each child had to have at least one measurement 

before (i.e., “baseline”) and at least one measurement six months after (i.e., “follow-up”) the 

intervention began.

To examine community-level pre-post differences in behavior, we compared two cross-

sectional samples, drawn from all three sites before and after the intervention. Reported 

behaviors were coded dichotomously and reflected meeting vs. not meeting 

recommendations for that behavior (e.g., reporting physical activity at least 1 hour per day/7 

days per week). To assess differences in behavior before and after the intervention, we used 

multi-level multivariable logistic regression models. Regression models were adjusted for 

random effect of community, and for fixed effects of child age, gender, and race/ethnicity. 

An interaction term was computed for each MA-CORD community to assess time by 

community (i.e, intervention compared to control community) effects for each behavior. 

SAS version 9.4 (Cary, NC) was used for all analyses.

RESULTS

Across the two intervention and one comparison sites, 11,876 children age 2–4 years had an 

eligible visit between October 1, 2010 and June 1, 2015 (Figure 1). Of these, 1,474 children 

had at least 1 visit prior to the start of the intervention and 1 visit post intervention. After 

exclusion for implausible height or weight and missing covariate data, 1,461 children met 

eligibility criteria of at least one baseline and one follow-up visit, forming the study sample 

for the longitudinal cohort. Table 1 shows sample characteristics of the longitudinal cohort. 

For race/ethnicity at the pre-intervention period, we found a higher prevalence of WIC-

enrolled children of Asian descent in the comparison community (20.6%) than in 
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Intervention site #1 (2.6%) and Intervention site #2 (0.8%). For the longitudinal cohort with 

BMI data, WIC-enrolled children in the MA-CORD intervention communities also had a 

higher prevalence of overweight and obesity during the pre-intervention period.

For the behavioral survey outcomes, we excluded 65 participants in the pre-intervention 

sample and 74 participants in the post-intervention sample due to missing data. The final 

number considered for analysis was 633 in the pre-intervention sample and 732 in the post-

intervention sample. Table 2 shows characteristics of the sample of children with behavioral 

survey data.

BMI Outcomes

Table 3 shows changes in BMI z-score from the pre-intervention and post-intervention time 

periods by site. In multivariate linear mixed models, both MA-CORD Intervention site #1 

and MA-CORD Intervention site #2 had small decreases in BMI z-score (−0.02 units/year 

[95% CI: −0.11 to −0.07], p-value=0.61; and −0.05 [−0.11 to −0.07, p-value=0.09], 

respectively) compared to the comparison site after implementation of the intervention, but 

these findings were not statistically significant.

We found a higher proportion of children in the comparison site were of Asian descent than 

in each MA-CORD intervention site Since national prevalence data shows that Asian 

children have lower prevalence of overweight and obesity,1 the imbalance in children of 

Asian ancestry between communities could bias our results. Thus, we performed sensitivity 

analyses excluding children with Asian race. (Table 3) In unadjusted multi-level regression 

models, we found that WIC-enrolled children in the Intervention site #2 site had a decrease 

in BMI z-score (−0.08 units/year [95% CI: −0.15 to −0.02], p-value=0.01) compared to the 

comparison site, and that these findings persisted in fully-adjusted models (−0.08 [−0.14 to 

−0.02], p-value=0.01). In sensitivity analyses, Intervention site #1 had no statistically 

significant difference in BMI z-score change over time compared to the comparison.

Change in Behavior Outcomes

Table 4 shows prevalence of obesity-related behaviors among WIC-enrolled children by 

MA-CORD site. Figure 2 shows that in adjusted models, both Intervention site #1 (adjusted 

odds ratio [AOR] 3.90 [95% CI: 2.07,7.35], p <0.001) and Intervention site #2 (3.09 [1.71, 

5.56]), p<0.001]) had greater odds of eliminating SSB consumption over time compared to 

the reference (Figure 2). For limiting juice intake to once daily, only Intervention site #2 

(AOR 2.83 [95% CI: 1.67–4.81], p < 0.001) improved rates more than the Comparison site. 

In Intervention site #1, rates improved for meeting goals for physical activity (AOR 1.91 

[95% CI: 1.03–3.54], p=0.04) and TV in the bedroom (AOR 1.71 [95% CI: 1.00–2.91], 

p=0.05) compared to the Comparison site. Participants in Intervention Site #1 (3.03 [1.76–

5.23], p<0.001) and Intervention site #2 (AOR 2.29 [95% CI: 1.35–3.89], p<0.01) had 

greater likelihood for sufficient sleep (i.e, at least 11 hours nightly on average) compared to 

those in the comparison site. There were no statistically significant differences between 

either MA-CORD intervention site and the comparison community for meeting fruit and 

vegetable intake or screen time target behavior goals over time (adjusted model data not 

shown).
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DISCUSSION

In this multi-sector, multi-level intervention to reduce childhood obesity in low-income 

communities, we found small BMI z-score declines among non-Asian children. When all 

children were included in the BMI z-score analyses, the difference in BMI z-scores were not 

statistically significant. However, differences in race/ethnicity and prevalence of overweight/

obesity existed between communities at baseline. In the comparison community, more 

children were of Asian ancestry and fewer children had overweight or obesity. After 

excluding Asian children, the difference in BMI z-score for WIC-enrolled children in 

Intervention site #2 was statistically significant.

We also found improvements in prevalence of obesity-related behaviors in MA-CORD WIC 

Intervention sites in comparison to the usual care site. Children in WIC Intervention site #1 

showed improvements in elimination of SSB intake, daily physical activity, avoiding TVs in 

bedrooms, and sleep sufficiency. Children in WIC Intervention site #2 had improvements in 

SSB intake, juice intake, and sleep. These results suggest that the MA-CORD intervention 

components positively influenced population-level behavior change among low-income 

children.

MA-CORD is one of the few studies that has implemented and evaluated community-wide 

efforts to reduce childhood obesity in low-income settings in the US, and is unique in its 

inclusion of WIC as an intervention and evaluation sector. In Shape Up Somerville, a multi-

level community-based intervention in Massachusetts, school-aged children (mean baseline 

age 7.61 years) in an intervention community had a −0.06 decrease in BMI z-score 

compared to control sites.23 Shape Up Somerville had school-, home-, and community-

based intervention components, with BMI outcomes measured in school settings. Given the 

similar magnitude of decrease in BMI z-score, our results extend this prior research to 

younger children and support the importance of including WIC in multi-sector interventions.

In addition to the similarities in magnitude of BMI z-score findings between Shape Up 

Somerville and MA-CORD, the impact of MA-CORD WIC Intervention components on 

child BMI z-score and behaviors is supported by the inclusion of a Comparison site that was 

part of the Mass in Motion initiative. The Mass in Motion initiative is a state public health 

initiative that seeks to curb obesity in Massachusetts communities, but did not previously 

include intervention components tailored to early childhood. By including WIC in MA-

CORD Intervention communities and creating age-appropriate and linguistically-tailored 

intervention tools, the MA-CORD WIC Intervention expanded existing Mass in Motion 

efforts to children age 2–4 years. As none of the three sites were restricted from participating 

in other educational campaigns and the comparison site was a Mass in Motion site, our 

results show the effect of including targeted efforts to prevent obesity among young children, 

an age group that shows promise for responding to obesity prevention efforts in national 

data. 1, 24

Children with a healthy weight at age five years are likely to maintain a healthy weight 

throughout childhood, and modifiable early childhood obesity risk factors, including SSB 

consumption, excessive juice intake, lack of physical activity, and insufficient sleep, 
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contribute to development of an unhealthy weight.25 Efforts to reduce early childhood 

obesity risk factors must incorporate settings that will reach children early in life in order to 

successfully reduce subsequent childhood obesity. An estimated 8 million women, infants, 

and children participated in WIC during fiscal year 2015, demonstrating an important 

potential reach for childhood obesity prevention initiatives.26 Given the high prevalence of 

childhood overweight and obesity in MA-CORD intervention communities, our findings 

suggest that a multi-level, multi-sector intervention improved target intervention behaviors 

in WIC-enrolled children who are at disproportionate risk for obesity. These results support 

the inclusion of WIC in multi-sector interventions to promote a healthy weight for low-

income children under age five years, thus reducing disparities in childhood obesity.

The MA-CORD study has several unique features that will inform future efforts to reverse 

the high prevalence of childhood obesity. First, we worked with key WIC stakeholders at 

local and state levels to enhance linkage with existing clinical and community resources. 

Second, the Massachusetts Department of Public Health (MDPH) led the MA-CORD 

intervention implementation and evaluation. The bulk of the intervention components in 

WIC focused on systems-level changes by enhancing WIC providers’ ability to address 

obesity-related behaviors in children through one day of training, a train-the-trainer 

program, and consistent multi-sector linkages that can be replicated in other settings. By 

working with MDPH, WIC, and several other existing infrastructures, we strengthened the 

ability to scale-up the MA-CORD model to disseminate evidence-based interventions. 

Finally, although this paper reports outcomes in WIC-enrolled children, child BMI and 

target behaviors were measured in primary care and school settings, and findings will be 

reported elsewhere. Thus, MA-CORD truly represents a multisector approach to 

implementation and evaluation of childhood obesity prevention interventions in low-income 

communities.

Because the goal of this research was to evaluate the implementation of best practices for 

childhood obesity prevention across multiple sectors and levels in communities, 

randomization of intervention components was not feasible. Some imbalance between 

community demographics may have limited our ability to detect differences between groups 

as the comparison community had more underweight and Asian children than MA-CORD 

sites. Also, we are unable to quantify the effect of sector-specific doses of MA-CORD 

intervention components on BMI or to account for other initiatives to promote healthy 

behaviors that took place in MA-CORD or comparison communities during the intervention 

period. Additionally, because behavior data was obtained from serial, cross-sectional data, 

we were unable to attribute specific behaviors with changes in BMI z-score. Also, because 

behaviors were parent-reported, social desirability on the part of parents or WIC providers 

could have influenced behavior results. To reduce the possibility of reporting bias, we used 

previously validated questions. Additionally, WIC providers performed BMI and behavior 

assessments in either an intervention or a usual care site, not in both, thus reducing the risk 

for bias related to selective reporting. Overall, this research demonstrates the real-world 

effective of implementing interventions shown to be efficacious in BMI reduction.

In conclusion, the MA-CORD intervention was associated with improvements in BMI z-

scores over 2 years in WIC-enrolled children in one of two intervention communities, and 
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improvements in prevalence of intervention target behaviors in both intervention sites. Our 

findings demonstrate that WIC-enrolled children ages 2–4 years living in low-income 

communities with high prevalence of childhood obesity improved obesity risk factors in the 

context of a community-wide intervention.
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STUDY IMPORTANCE QUESTIONS

What is already known about this subject?

• Children in low-income communities have increased risk for obesity.

• The Special Supplemental Nutrition Program for Women, Infants, and 

Children (WIC) provides nutrition education and counseling to low-income 

families.

• Few multi-sector interventions to reduce childhood obesity have incorporated 

WIC.

What does this study add?

• In the context of a quasi-experimental trial, a systems-level WIC intervention 

delivered at two WIC sites as part of the MA-CORD initiative resulted in 

reduction of obesity risk factors among WIC-enrolled children age 2-4 years 

versus a comparison site.

• In sensitivity analyses, the intervention resulted in a small decline in BMI z-

score for one of two intervention sites versus a comparison site.
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Figure 1. 
Participant Flow Diagram for the MA-CORD WIC Intervention

Abbreviations: MA-CORD, Massachusetts Childhood Obesity Research Demonstration 

Study; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children
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Figure 2. 
Adjusted Odds of Increase in Prevalence of Meeting Behavioral Goals among Children Age 

2–4 Years Enrolled in WIC by MA-CORD Intervention Site, Compared to Control Site.a,b

Abbreviations: WIC, Special Supplemental Nutrition Program for Women, Infants, and 

Children; MA-CORD, Massachusetts Childhood Obesity Research Demonstration Study; 

SSB, sugar-sweetened beverage; TV, television.
aIncludes 1,365 WIC-enrolled children age 2–4 years in 2 intervention and 1 comparison 

WIC sites. Intervention components are described in the Methods section.
bLogistic regression models adjusted for town. Adjusted for child age, gender, and race/

ethnicity
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Table 4

Pre-intervention, 2-year Post-intervention, and Changes in Meeting Behavioral Goals among 1,365 Children 

Age 2–4 Years Enrolled in WIC, by Intervention Assignment.

Percent (n)

Fruit and vegetable, 5+ times yesterday Baseline Year 2 Change in Prevalence

 Intervention Site #1 25.0% (46) 29.8% (50) 4.8

 Intervention Site #2 16.8% (28) 23.2% (53) 6.4

 Comparison Site 29.1% (82) 31.8% (107) 2.7

SSB intake (soda and fruit punch), 0 times yesterday

 Intervention Site #1 72.3% (133) 82.7% (139) 10.4

 Intervention Site #2 69.5% (116) 78.1% (178) 8.6

 Comparison Site 79.1% (223) 64.0% (215) −15.1

100% Juice intake, ≤1 times yesterday

 Intervention Site #1 45.1% (83) 48.8% (82) 3.7

 Intervention Site #2 31.7% (53) 48.2% (110) 16.5

 Comparison Site 53.5% (151) 45.2% (152) −8.3

Physical Activity – 7 days per week, 60 min

 Intervention Site #1 63.0% (116) 77.4% (130) 14.4

 Intervention Site #2 67.1% (112) 79.8% (182) 12.7

 Comparison Site 79.4% (224) 80.1% (269) 0.7

Screen time, < 2 hours daily

 Intervention Site #1 67.9% (125) 74.4% (125) 6.5

 Intervention Site #2 70.7% (118) 86.0% (196) 15.3

 Comparison Site 73.8% (208) 81.8% (275) 8.0

TV in bedroom, No

 Intervention Site #1 50.5% (93) 58.3% (98) 7.8

 Intervention Site #2 55.0% (155) 50.0% (168) −5.0

 Comparison Site 47.3% (79) 43.4% (99) −3.9

Sleep, at least 11 hours, weighted daily average

 Intervention Site #1 41.8% (77) 51.8% (87) 10.0

 Intervention Site #2 41.3% (69) 46.9% (107) 5.6

 Comparison Site 53.2% (150) 38.4% (129) −14.8

Abbreviations: WIC, Special Supplemental Nutrition Program for Women, Infants, and Children; MA-CORD, Massachusetts Childhood Obesity 
Research Demonstration Study; SSB, sugar-sweetened beverage; TV, television.
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