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Abstract

Early care and education (ECE) centers that require lunch brought from home provide an 

uncluttered view of parent-child dietary interactions in early childhood. Children’s eating from 

parent-provided bag lunches was observed at 30 ECE centers in Texas, with 15 randomly assigned 

to the Lunch is in the Bag intervention to improve the lunch meal and 15 to a wait-list control 

condition. Study participants were parent and child aged 3 to 5 years (N=633 dyads). Data were 
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collected at baseline (pre-intervention) and follow-ups at weeks 6 (post-intervention), 22 (pre-

booster), and 28 (post-booster). Changes effected in the children’s lunch eating—e.g., increase of 

14 percent in prevalence of children eating vegetables (SE=5, P=0.0063)—reciprocated changes in 

parent lunch-packing. Irrespective of intervention, however, the children consumed one-half to 

two-thirds of the amounts of whatever foods the parents packed, and the eat-to-pack ratio did not 

change across time. Thus, children’s lunch eating at the ECE centers appeared to be regulated by 

perceptual cues of food availability rather than food preferences or internal cues of hunger and 

satiety.

INTRODUCTION

Most preschool children, like most people of all ages in the United States (U.S.), eat much 

less than recommended amounts of vegetables, fruit, and whole grains (U.S. Department of 

Health and Human Services, 2015). Vegetables intakes in 2013–14 averaged 0.6 cup 

equivalents for children in the age group 2 to 5 years (Bowman et al, 2017), substantially 

less than the 1 to 1.5 cups recommended in the 2015–2020 Dietary Guidelines, and a small 

but significant reduction compared to intakes in 2003–2004. Average fruit intakes were 1.3 

cup equivalents for children in the age group 2 to 5 years which was within but not at the top 

of the recommended range of 1 to 1.5 cups. Although more than half of the total population 

had grain intakes that met or exceeded recommendations, very few people in the United 

States have diets that meet the recommendation to make half of all grains consumed be 

whole grains. For the period 2013–2014, whole grains intakes by children in the age group 2 

to 5 years averaged 0.9 ounces compared to refined grains intakes that averaged 4.4 ounces 

per day.

This situation indicates continued high need for effective interventions to increase 

vegetables, fruit, and whole grains in the diets of young children because these foods are key 

dietary components for maintaining healthy weight, protecting against certain cancers, and 

reducing risks for diabetes and other chronic diseases (U.S. Department of Health and 

Human Services, 2015). Preschoolers with increased vegetables, fruit, and whole grains in 

their diets have improved nutrient intake and energy balance (Kranz, Hartman, Siega-Riz & 

Herring, 2006), and there is some evidence that children with preferences for fruit and 

vegetables are less likely to be overweight at age 8 and 9 (Lakkakula, Zanovec, Silverman, 

Murphy, & Tuuri, 2008).

Because food preferences are thought to be established by the time a child is 4 years old, 

there is broad recognition of the need to increase vegetables, fruit, and whole grains in the 

diets and preferences of preschool children. Early introduction and frequent exposure to 

vegetables and fruit are shown to be strongly related to children’s later acceptance and 

intake of these foods (Cooke et al, 2004).

Early care and education (ECE) settings is an important portal for reaching children, parents, 

and caregivers with interventions to increase vegetables, fruit, and whole grains in their diets 

(Feine, 2008). As more mothers have entered the labor force, the number of center-based 

ECE facilities in the United States has increased dramatically. The most recent estimate is 

129,000 (National Survey of Early Care and Education Project Team, 2014). More than one-
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third of children 3 to 5 years of age in the United States regularly attend center-based ECE 

facilities (Laughlin, 2013) where, depending on their hours of attendance, they should 

receive as much as one-half to two-thirds of their meals and snacks (Benjamin Neelon & 

Briley, 2011).

Lunch is in the Bag (LunchBag) is a multi-component, multi-level intervention to increase 

vegetables, fruit, and whole grains in preschool children’s lunch meal at ECE centers that 

require the parent to supply bag lunch (Sweitzer et al, 2010). When children bring bag 

lunch, they can eat vegetables, fruit, and whole grains only when their parents have packed 

those foods in the lunch. But parents often pack young children’s bag lunches with little or 

no vegetables or whole grain foods and large amounts of foods with added sugars, fat, and 

salt such as sweets and salty snack foods (Romo-Palafox et al, 2015). As is depicted in the 

intervention logic model shown in Figure 1, this situation may be traceable to multiple 

psychosocial and environmental factors including parents’ lack knowledge, self-efficacy, or 

intention to pack a healthy, safe, and appealing lunch for their preschoolers (Adamo & Brett, 

2013); conflicts in parents’ expectations about the benefits of packing a healthy meal relative 

to the expected benefits of expressing care by catering to the child’s food preferences 

(Hughner & Maher, 2006); parental coercive feeding practices or child fussiness rather than 

cooperative parent-child lunch packing interactions (Webber, Cooke, Hill, & Wardle, 2010); 

lack of availability of vegetables, fruit, whole grains, or other healthy foods in the home 

environment (Wyse, Campbell, Nathan & Wolfenden, 2011); lack of social support from 

other parents, teachers, or leaders of the child’s ECE center for packing a lunch that aligns 

with the dietary guidelines (Sweitzer et al, 2011); or children’s greater acceptance and intake 

of the sweets and salty snack foods in preference to the vegetables and other healthy foods 

packed in their parent-provided bag lunch.

Parents have the power to influence their children’s food preferences and eating habits by 

providing repeated opportunities for the child to see and to taste the foods (Fildes, van 

Jaarsveld, Wardle, & Cooke, 2014), talking with and teaching the child about food (Vollmer 

& Baietto, 2017), and modeling food preferences and eating habits (Fisk et al, 2011). The 

bag lunch instantiates in loco parentis modeling of foods to eat and enjoy for lunch. When 

the parent regularly packs vegetables, fruit, whole grains, and other nutrient-dense foods 

while minimizing foods that are high in added sugar, fat and salt such as sweets and salty 

snack foods, the child is provided repeated exposures to a healthy meal pattern. A plausible 

outcome is the child’s acceptance and habit of eating vegetables, whole grains, and other 

healthy foods instead of surfeits of sugary beverages and cheesy crackers.

Grounded in Social Cognitive Theory (Bandura, 2004), the Theory of Reasoned Action 

(Aijzen & Manstead, 2007), and an ecological approach (Bronfenbrenner & Morris, 2006), 

LunchBag targets multiple leverage points in the development of healthy eating habits in 

early childhood. To directly inform, cue, and support parents’ readiness to pack bag lunches 

that present a healthy meal pattern, the center-level kit provides the ECE center director with 

colorful, easy-to-read LunchBag newsletters to send to the parents. The newsletters present 

menu ideas, portion size information, goal setting and other home practice assignments, as 

well as suggestions for home-based parent-child fun-focused nutrition learning activities.
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Parent-child activity stations are included in the center-level kit for the ECE director to 

install on site at the ECE center to prompt and support parent-child talking and learning 

together about vegetables, fruit, whole grains, and other aspects of a healthy, safe, attractive, 

and tasty bag lunch. The activity stations also provide a forum for idea sharing and feedback 

from other parents.

The classroom kit contains lesson plans and resources for teacher-led activities to encourage 

and support the child’s learning about and becoming willing to request, expect, and enjoy 

foods from all five My Plate groups including vegetables, fruit, and whole grain foods. 

Classroom activities each week include a project (e.g., building a “Grain Train” around the 

classroom walls using empty boxes from whole grain products), a food-related book to read 

at circle time, favorite food show-and-tell at one or two snack times, and daily using a Lunch 

Colors placemat to unpack the lunch bag and receive a “Gold Medal Lunch” certificate to 

take home when the bag contains foods from all five of the My Plate groups. Notes are 

provided for the teacher to send to the parents describing the plan for the week and 

requesting needed items (e.g., favorite vegetable for Vitamin Vegetable Wednesday snack 

time).

Immediately preceding launch of the intervention, the program developers provide training 

to the ECE teachers as well as resource copies of the newsletters and other materials to 

support the ECE center’s role as nutrition educator and advocate. The calendar that is 

included in the center-level kit and covered as a topic in the training specifies the 

intervention sequence for 5 consecutive weeks in the fall of the school year followed 

approximately 23 weeks later by one week of intervention in the spring of the school year--

i.e., a “booster” to the initial five-week dose of intervention (Sweitzer et al, 2014). 

Implementation is estimated to demand approximately 3.25 hours for the ECE center 

director and 3.5 hours for the classroom teacher each week of intervention. Estimated 

engaged time when the intervention is implemented as designed is 16.5 hours for the child 

accumulated at the rate of 2.75 hours per week and 9 hours for the parent accumulated at 1.5 

hours per week.

The schematic of the intervention logic depicted in Figure 1 has an overlay showing which 

aspects of the trial results already are published or disseminated via presentations at 

professional conferences. The intervention effected positive changes in (1) parents’ 

knowledge about how to pack a healthy, safe, appealing bag lunch; (2) parents’ self-efficacy 

and intentions to pack vegetables, fruit, and whole grain foods in the children’s lunches; (3) 

availability of vegetables in the children’s home food environments; (4) parental experience 

of social support via communication from the ECE center about packing vegetables and 

whole grain foods in the children’s lunches; (5) parental expectations regarding the benefits 

of packing whole grains in the lunch; (6) center-level policies and procedures for providing 

nutrition education to the children’s parents; and (7) numbers of servings of vegetables and 

whole grains packed in the children’s lunches and prevalence of parents packing fruit, 

vegetables, and whole grain foods (Potratz et al, 2014; Sharma et al, 2015; Sweitzer et al, 

2011; Roberts-Gray et al, 2016a).
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This current study examined changes in the preschool children’s lunch eating in the context 

of the changes that LunchBag effected in the parents’ lunch packing. The hypothesis stated 

for this secondary aim of the efficacy trial was that, compared to the control condition, 

children in the intervention condition would attain greater frequency of eating vegetables, 

fruit, and whole grain foods at the 6- and 28-week follow-up periods. The study design also 

enabled investigation of the ways in which the changes effected in parents’ packing and 

children’s eating vegetables, fruit, and whole grain foods was accompanied by changes in 

other aspects of the bag lunch —e.g., increases in children’s vegetable intake may be 

accompanied by changes in their intake of meat/beans/eggs/nuts (Leahy, Birch, Fisher, & 

Rolls, 2008), or increase in children’s eating whole grain foods may be accompanied by 

decrease in their consumption of refined grains (Burgess-Champoux et al, 2008).

Children’s acceptance and intake of vegetables, fruit, whole grains, and other healthy foods 

in preference to less nutrient dense foods such as sweets (e.g., sweetened beverages and 

confections such as cookies) and chips (e.g., potato chips or cheesy crackers) is at the heart 

of the intervention logic model. To measure changes in the children’s food preferences, 

servings of the target foods and of sweets and other foods consumed by the children were 

evaluated in proportion to the servings parents packed. Parent-reported frequency of the 

preschool child’s asking for, approving, talking of, and reminding the parent to pack 

vegetables, fruit, and whole grain foods in the lunch bag was evaluated to measure change in 

parent-child cooperation in lunch packing. Effects of the intervention on the children’s 

weight status also were examined.

METHODS

Study Design

LunchBag’s cluster-randomized efficacy trial employed direct observation of the bag 

lunches supplied by the parents and of the children’s eating from those same lunches. This 

measurement strategy provided a clear view of types and amounts of food the parent served 

directly to that specific preschool-aged child via the lunch bag and, in return, which and how 

much of the available foods the child consumed. In line with the timing of the intervention, 

foods packed and consumed were observed at baseline (pre-intervention) and follow-ups at 

weeks 6 (post-intervention), 22 (pre-booster), and 28 (post-booster).

ECE centers that required parents to supply bag lunches were recruited during 2010 and 

2011 via telephone survey and snow-ball referral methods in three metro areas of Texas: 

Austin, San Antonio, and Houston. The centers were randomized to the intervention (N=15 

centers, 351 study-consented parent-child dyads) or to a wait-list control condition (N=15 

centers, 282 study-consented parent-child dyads). The repeated measures enabled analyses 

of initial behavior change achieved with five weeks of intervention in the fall of the school 

year, maintenance of the behavior change after removal of the weekly messages and 

activities, and “boosting” or recovery or other response to reintroduction of all components 

of the intervention for a sixth and final week in the spring of the school year. The study was 

powered to detect change of 0.60 servings of vegetable in the child’s lunch. The Child and 

Adult Care Food Program (CACFP) serving size guide in 2010–2011 for vegetables in the 

lunch meal of children 3 to 5 years of age was ½ cup raw or cooked.
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At intervention ECE centers, LunchBag was made available to all families whose children 

were in classrooms with ages 3 to 5 years irrespective of whether any given family enrolled 

in the study. At control ECE centers, LunchBag was made available at the beginning of the 

school year following completion of the centers’ participation in the trial.

Study Population

Families at the ECE centers were recruited as parent-child dyads. “Parent” was defined as 

the adult family member primarily responsible for packing the child’s lunch. Enrollment in 

the study was limited to one dyad per family. Informed consent procedures and research 

protocol were approved by the Institutional Review Boards of The University of Texas 

Health Science Center in Houston and The University of Texas at Austin.

Data Collection

A structured food record was used in a validated procedure (Sweitzer et al, 2015) for direct 

observation of the contents of the children’s parent-provided bag lunches on two randomly 

selected non-consecutive week days at each of the four measurement periods. The food 

record provided columns for the trained observers to record the types and amounts of foods 

packed in the lunch bag, and then to record during the lunch period the amount of each food 

item the child consumed. A separate food record was completed for each lunch by the single 

observer assigned to that lunch bag. The observer recorded a nominal description of each 

item and specified in standard measuring units (such as 1/2 cup of carrots or 1 slice of bread 

or 4 Tablespoons of raisins) the amount packed and the amount consumed. A total of 11 

observers were trained and supervised to conduct the observations with each observer 

usually having responsibility for observing as many as 5 children’s lunch eating within any 

given classroom or lunch room.

A Registered Dietitian post-coded the food groups and numbers of servings. The coded food 

groups were vegetables, fruit, whole grain, refined grain, dairy, meat/beans/eggs/nuts, 

sweets, and chips. CACFP 2010–2011 serving sizes for the lunch meal of children 3 to 5 

years of age were ½ cup of vegetables or fruit or both, ½ serving of grains, 1 ½ ounces of 

meat or alternate, and ¾ cup of fluid milk. Sweets as coding category was comprised of 

sugary beverages and confections such as candy and cookies. Because the CACFP lunch 

meal pattern requires fluid milk as the beverage, sugary beverages were coded as sweets and 

100% fruit juices were coded as fruit. Although the CACFP meal pattern allows yogurt and 

cheese to be counted as meat alternates, these items were coded as dairy for LunchBag’s 

efficacy trial. Chips as a coding category was comprised of snack foods that are high in 

added fat and sodium such as potato chips, corn chips, and cheese crackers. The rule for 

items for which there was no CACFP serving size guideline (e.g., potato chips) was to 

assign one-half of an adult serving size.

Occurrence was the primary measure of frequency of children’s eating the foods. Numbers 

of servings consumed also were analyzed. Because children cannot eat a food that the parent 

does not pack in the lunch bag, analyses were conducted to control for presence of the food. 

To measure changes in children’s food preferences, separate analyses were conducted to 

estimate proportion consumed of the available food in each of the coded groups.
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Data to measure cooperation in parent-child lunch-packing interactions via the child’s 

requesting and approving the parent’s packing of fruit, vegetables, and whole grain foods in 

the lunch bag were collected with the questionnaire completed by the parent at baseline and 

at each of the follow-up periods. The separate scales for vegetables, fruit, and whole grains 

were adapted from validated instruments for measuring perceived social support for 

purchasing fruits and vegetables (Baranowski et al, 2006). The four items asked “how often” 

(1=never, 2= rarely, 3=sometimes, 4=most of the time, 5=always) the child interacted with 

the parent regarding the food as follows: (1) approved when you packed the food in his or 

her lunch, (2) asked you to pack the food in his or her lunch, (3) reminded you to buy the 

food for his or her lunch, and (4) talked to you about that food for his or her lunch. Range of 

possible scores was 4 to 20 for each of vegetables, fruit, and whole grain foods.

Children’s weight status was measured by the trained data collectors using standard 

protocols previously used in nutrition research with school children to document the child’s 

height and weight. Body Mass Index (BMI) was calculated using the standard method and 

values compared to the U.S. Centers for Disease Prevention and Control (CDC) age and 

gender standards for weight status. Overweight was indicated by BMI between 85th and 95th 

percentile and obesity was indicated by BMI at or above the 95th percentile (Barlow et al, 

2007). Children’s height and weight were measured again after the 28-week follow-up 

observations of the lunch meals.

Data to measure LunchBag implementation were collected at the intervention ECE centers 

during the trial. The ECE directors and teachers completed weekly activity logs to document 

completeness and fidelity of their implementing actions. Trained members of the research 

team used Innovation Configuration rubrics to record their direct observations of qualities of 

implementing actions for the classroom and activity station components. A summary 

questionnaire self-administered by the participating parents and ECE personnel immediately 

following the initial five weeks of intervention provided data to measure acceptability and 

dose. Debriefing interviews were conducted with parents, teachers, and ECE directors to 

evaluate qualities of use, usefulness, and usability of the intervention. More detail about the 

structure and content of each of these tools and procedures is reported elsewhere (Roberts-

Gray et al, 2016b).

Data to measure center characteristics and family demographics were collected at baseline. 

A questionnaire for the ECE center director asked about center size, affiliation, classroom 

groupings, and nutrition-related policies and procedures. Questionnaires for the parents 

asked for demographic information about self and child.

Statistical Analyses

Data representing parents’ lunch packing and children’s lunch eating were analyzed in 

separate multi-level models for each type of food. The hypotheses tested for this current 

study were that the intervention would increase children’s eating vegetables, fruit, and whole 

grain foods from their bag lunches. Intervention effects on children’s eating others of My 

Plate foods and of foods that are high in added sugar, fat, and salt (i.e., sweets and chips) 

were examined to enable inspection of extent to which the changes in intake of vegetables, 

fruit, and whole grains were accompanied by changes in other components of the bag lunch 
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meal. Each multi-level model compared the follow-up with the baseline measure. Three-

level regression models were constructed to allow random effects at the center level, as well 

as at the family level, within and across time periods. Percentage of children eating any 

amount of the given type of food, number of servings eaten, and frequency of the children’s 

requesting or approving the parents’ packing of the food were estimated at each 

measurement period and treatment condition. Intervention effects were evaluated with a 

time-by-treatment interaction term. Analyses were conducted using Proc Mixed or Proc 

Glimmix, depending on the distribution of the outcome, in SAS (version 9.2, SAS Institute, 

Inc., Cary, NC, USA) for restricted maximum likelihood (REML) estimation. Multi-attribute 

evaluation (MAE) methods (Edwards & Newman, 1982) and thematic analysis (Braun & 

Clarke, 2006) were applied to the implementation data. Center characteristics and family 

demographics were analyzed with descriptive statistics.

RESULTS

Center Characteristics

There was diversity of size (30 to 300 children, median = 90) and affiliation of the ECE 

centers. Twenty were affiliated with a church or synagogue, 5 were affiliated with local or 

nationwide organizations or chains, and 5 were stand-alone organizations. All 30 of the ECE 

centers were retained in the study through the 28-week follow-up. Other than increase at the 

28-week follow-up in procedures for providing nutrition education to parents compared to 

baseline, there were no changes in the nutrition environment in the intervention or the 

control centers. Additional detail about characteristics of the ECE centers is presented 

elsewhere (Roberts-Gray 2016a; Potratz et al, 2014).

Family Demographics

With 42% of the participating ECE centers’ eligible parent-child dyads consenting to 

participate in the study, the total number of consented families was 633. Nearly all (91%) 

were retained in the study through the 28-week follow-up. Numbers consented per center 

ranged from 12 to 43 (median=22) in the intervention condition and from 6 to 30 

(median=19) in the control condition. The differences in sizes of the centers and rates of 

families consented per center resulted in more study participants at the intervention centers 

than at the control centers. The intervention condition had relatively larger proportion of 

Hispanic children and parents, fewer parents older than 34, fewer parents with overweight or 

obesity, more parents with college degree, fewer single parents, and higher annual family 

income. These results are presented in Table 1. Statistical analyses of the outcomes data 

included adjustment for these demographic differences, with education preferred over 

income as a covariate because it had fewer missing values.

Across intervention and control conditions, the “parent” in more than half of the 

participating families possessed a college or advanced degree (82%), was of non-Hispanic 

white heritage (72%), provided height and weight self-report that yielded BMI indicative of 

healthy weight (61%), and had annual family income greater than $100,000 (57%). Nearly 

all were female (90%) and married or partnered (90%). Average age was 36.
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Half (50%) of the “child” members were 2 to 3 years of age and half were 4 to 6 years of 

age; 52% were male; 22% had overweight or obesity; and 6% had underweight. A few of the 

parents (N=36) reported the primary language in the child’s home was other than English 

(Spanish=20; Hebrew, Vietnamese, Urdu, or other Asian language=14, European or African 

language=2). None of the parents requested or indicated need for translations of the consent 

documents, intervention materials, or data collection instruments.

Participation in data collection

Numbers of dyads with data at one or more of the lunch observations were 325 or 93% of 

those in the intervention condition and 253 or 90% of those in the control condition. 

Numbers of parents who answered the questionnaires at one or more of the measurement 

periods were 327or 93% of those in the intervention and 250 or 89% of those in the control 

condition.

Implementation of the intervention

Moderate to high scores for fidelity and completeness of implementation were obtained at 

12 of the 15 intervention centers. Prevalence of specific implementing actions was consistent 

with the research team’s pre-trial forecasts except that more parents than expected read the 

newsletters (83% vs 50%) and fewer reported hearing their children talk about the classroom 

activities (4% vs 50%). More detail about implementation is presented elsewhere (Roberts-

Gray et al, 2016b).

Effects of the intervention on percentage of children eating the different types of food

At the 6-week follow-up at the intervention centers the effect size was 14 percent more 

children eating vegetables (SE=5, P=0.0047) and this improvement was sustained through 

the 22-week follow-up (effect size 10 percent, SE=5, P=0.0349) and the 28-week follow-up 

(effect size 14 percent, SE=5, P=0.0063). Compared to baseline, 14 percent more children at 

the intervention centers consumed whole grain foods from their bag lunches at the 22-week 

follow-up (SE=6, P=0.0105). At this same time-point, there was a decrease at the 

intervention centers relative to the control condition in percent of children eating refined 

grain foods from their lunch bags (effect size= −10 percent, SE=5, P=0.0317). Neither of 

these changes, however, was sustained through the 28-week follow-up. There were no 

significant differences in prevalence of children eating fruit, meat/beans/eggs/nuts, or dairy. 

These results are presented in Table 2.

At the 28-week follow-up, the percent of children consuming chips was similar in the 

intervention and control conditions (30% and 29%, respectively), but the difference 

compared to baseline was increase in the intervention condition versus decrease in the 

control condition (effect size 12 percent, SE=5, P=0.0152). In contrast, the percent of 

children consuming sweets decreased at the intervention centers and increased at the control 

centers. Effect size of the change from baseline to follow-up in the intervention compared to 

the control condition was −13 percent at the 22-week follow-up (SE=5, P=0.0099) and −13 

percent at the 28-week follow-up (SE=5, P=0.0104). These results are presented in Table 3.
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Effects of the intervention on numbers of servings the children consumed of the different 
types of food

At the 22-week follow-up there was significant increase in servings of vegetables consumed 

by children in the intervention group, but this effect was not sustained relative to the control 

group at the 28-week follow-up. The effect size of increase in whole grain foods consumed 

at the 6-week follow-up was 0.24 servings (SE=0.1, P=0.014) and this increase was 

maintained at the 22-week follow-up (effect size 0.37 servings, SE=0.1, P=0.0002) but not 

sustained through the 28-week follow-up. The number of servings of refined grains 

consumed by children in the intervention group remained the same through the 6- and 22-

week follow-ups in contrast to steady increase in servings of refined grains consumed by 

children in the control group. The effect size of the difference in amount of change in 

servings of refined grains consumed at the 22-week follow-up relative to baseline for the 

intervention group compared to the control group was −0.34 servings (SE=0.13, P=0.125). 

This positive time by treatment effect was not sustained, however, through the 28-week 

follow-up. There were no changes in servings of fruit or meat/beans/eggs/nuts consumed by 

the children. The time by treatment analyses did show beneficial effect of the intervention on 

servings of dairy foods consumed at the 28-week follow-up (effect size 0.10 servings, 

SE=0.04, P=0.026). These results are presented in Table 4.

There were no differences between the treatment groups in servings of chips consumed, but 

at the 22-week and 28-week follow-up periods, children in the intervention condition 

consumed fewer servings of sweets compared to baseline whereas children in the control 

condition consumed more servings of sweets compared to baseline. The effect size for intake 

of sweets at the 22-week follow-up was −0.23 servings (SE=0.08, P=0.0032) and at the 28-

week follow-up was −0.17 servings (SE=0.08, P=0.0246). These results are presented in 

Table 5.

Intervention effects on children’s food preferences

There was no evidence of change in the children’s food preferences. Results depicted in 

Figure 2 show that the children nearly always consumed some of whatever foods the parents 

packed in the lunch bag. The proportions of food consumed when the parent packed that 

food in the children’s lunch bag was approximately half to two-thirds of whatever amount 

the parents packed irrespective of time and treatment. The baseline proportions consumed 

were 72% of refined grain (SE=9), 70% of whole grain (SE=13), 64% of dairy (SE=9), 62% 

of meat/bean/eggs/nuts (SE=9), 61% of fruit (SE=10), 60% of vegetables (SE=14), 59% of 

sweets (SE=12), and 59% of chips (SE=17). The eat-to-pack ratios did not change with time 

or treatment. This pattern of results is observable in the results presented in Figure 3.

Intervention effects on children’s eating in the context of changes effected in parents’ 
packing of the children’s bag lunches

Inspection of Figure 2 and of Figure 3 reveals that there were no changes in the children’s 

eating without a preceding change in parental packing of the food. This pattern described the 

results when the outcomes were percentages of children eating the foods--e.g., at the 28-

week follow-up, contrary to expectation, there was significant increase in the intervention 

parents’ packing of chips in the lunches and at that same time point there was significant 
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increase in the intervention children’s eating chips from their lunch bags. This pattern also 

described the results when the outcomes were amounts of food eaten measured as numbers 

of servings--e.g., the significant decrease in servings of sweets consumed by intervention 

children at the 22-week follow-up and again at the 28-week follow-up was preceded by 

significant reduction at the 22-week follow-up in servings of sweets packed by intervention 

parents compared to the control group.

There were two occurrences of change in parents’ packing that were not followed by change 

in children’s eating. Percentage of parents packing fruit increased from 91 at baseline to 94 

at the 6-week follow-up and to 93 at the 22-week follow-up while prevalence of children 

eating fruit remained constant at approximately 88 to 89 percent. At the 6-week follow-up, 

servings of vegetables packed by parents increased and children’s eating of vegetables 

appeared to move in the desired direction--i.e., increase from less than one-fourth serving to 

one-fourth serving consumed in the intervention condition whereas in the control condition 

servings of vegetables consumed was stable at less than one-fourth serving. But this result 

was not statistically significant.

Effects of the intervention on parent-child cooperation in lunch packing

In both the intervention and the control conditions, baseline scores indicated the children 

“never” express or exhibit support for packing vegetables, “rarely” provide support for 

packing whole grain foods, but “sometimes” approve, ask for, talk of, or remind the parent 

to pack fruit. The intervention had positive effects on children’s expressing support for 

parental packing of vegetables and whole grain items. Effect size for support of vegetables at 

the 6-week follow-up was 1.27 points (SE=0.30, P<.0.0001) and the increase was sustained 

at the 22- (effect size 0.93 points, SE=0.33, P=0.0049) and 28-week follow-up (effect size 

0.79 points, SE=0.30, P=0.0083). Effect size for support of packing whole grain items at the 

6-week follow-up was 0.75 points (SE=0.35, P=0.031) and was also positive at the 28-week 

follow-up (effect size 0.89 points, SE=0.35, P=0.0109). However, the scores remained below 

the mid-point on the scale measuring children’s approving, asking for, talking of, and 

reminding the parent to pack vegetables or to pack whole grain foods in their bag lunch. 

These results are presented in Table 6.

Effects of the intervention on children’s weight status

From baseline to the 28-week follow-up, BMI decreased in the intervention group from the 

56th percentile to the 52nd percentile (4 percentage point reduction) while the control group 

increased from the 58th percentile to the 61st percentile (3 percentage points increase). The 

net time by treatment change was 6.9 percentage points (P=0.0462).

DISCUSSION

Results of this study provided some support for the hypothesis that young children’s 

frequency of eating vegetables, fruit, and whole grain foods for lunch would increase when 

the multi-level, multi-component LunchBag intervention was implemented at ECE centers 

that require lunch brought from home. The intervention increased the percentage of children 

eating vegetables and whole grain foods for lunch but did not increase the percentage of 
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children eating fruit even when the percentage of parents packing fruit was increased. The 

intervention had the additional positive effects of preventing decrease in children’s lunch 

time consumption of dairy foods and preventing increase in occurrence and amounts of 

sweets consumed. The positive effects for vegetables and for sweets were maintained 

through the 28-week follow-up. The only negative effect was increase at the intervention 

centers in prevalence of parents packing and children eating chips at the 28-week follow-up. 

Potential explanations of this undesired result include the possibility that in their effort to 

increase vegetables some parents in the intervention group were misled by front-of-the-

package claims (Abrams, Duff, & Evans, 2015) and added “veggie” chips to their lunch 

packing or that some control group parents became concerned across time about choking 

hazards of chips for young children.

A surprising result was finding that although the amount of intervention engaged time 

available to the children when the intervention was implemented as intended was 

substantially larger than the amount of intervention engaged time available to the parents, 

changes in children’s lunch eating always were preceded by changes in the parents’ lunch 

packing, and not vice versa. To some extent, that result is explained by the second surprise 

which was seeing that, irrespective of the changes that time and treatment effected in 

parents’ lunch packing and children’s lunch eating, the children consistently consumed half 

to two-thirds of whatever amount of whatever foods the parents packed in the lunch bags. 

This result of the current study parallels outcomes of food laboratory studies showing that, 

“if their parents are not around, elementary school children eat only 60% of the food they 

serve themselves” whereas adults consume 92% of the food they serve themselves (Wansink 

& Johnson, 2015). It also fits what appears to be a developmental pattern in children’s lunch 

eating that is discernable across many years of studies of child nutrition programs in the 

United States. Research on the CACFP showed preschool children consumed approximately 

59% of their lunch food (U.S. Department of Agriculture, 1997), and a recent study of the 

Head Start lunch meal for preschool aged children showed “only 57% of the total food 

served was actually consumed” (Nicklas et al, 2013). Studies of the National School Lunch 

Program (NSLP) showed elementary students consumed 75% and “middle/secondary” 

students consumed 90% of their lunch selections (U.S. Department of Agriculture, 1992 

summarized in Busby & Guthrie, 2009).

A spate of recent evaluations of the impacts of changes in requirements of the NSLP indicate 

that younger children persist in consuming a smaller proportion of the food available in their 

lunch meal compared to older students. Entrée is the meal component most frequently 

reported. Elementary school students consumed 70–80% of their lunch entrée while middle 

school students consumed 80–95% (Smith & Cunningham-Sabo, 2014; Cullen, Chen, Dave, 

& Jensen, 2015). Percent of entrée consumed by preschoolers in the study of Head Start 

lunch meals (Nicklas et al, 2013) was 61%, a figure remarkably akin to the 62% eat-to-pack 

ratio for meat/bean/eggs/nuts in the current study of LunchBag. Other than a study in 

Denmark that showed third and fourth grade school children consumed 77% of their school 

lunch food (Thorsen et al, 2015), information is lacking about proportions of food consumed 

versus conserved through the end of the meal by children in countries outside the United 

States.
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Evidence that younger children conserve to the end of the meal a larger proportion of their 

food than do older children who in turn conserve a larger proportion than do adults points to 

a potential leverage point in the development of healthy eating habits. It seems important for 

parents to know that, in the absence of the parent, preschool aged children eat about half to 

two-thirds of whatever amount of whatever food is served. The current study’s unique 

contribution to this accumulation of evidence regarding the development of children’s eating 

behavior is indications that preschoolers consume (and conserve) proportionally the same 

amounts of vegetables as they do sweets and chips.

Potential explanations of children’s conserving substantial but developmentally diminishing 

amounts of food through the end of the meal have yet to be explored. One possibility is that 

young children’s stage of cognitive development may influence their eating behaviors 

(Contento, 1987; Zienestra, Koelen, Kok, & de Graaf, 2007). Another possibility is that 

conserving some of each of the available foods to the end of the meal is a component of the 

child’s early-emerging system for social reasoning about food (Liberman, Woodwards, 

Sullivan & Kinzler, 2016) such as food sharing (Gurven & Jaeggi, 2015). Or it may be that 

this behavior is a habit acquired from repeated experiences in toddlerhood of the parent 

responding to early language gestures and requests for “more” in ways that teach that having 

a certain amount of food left on the plate or tray is a way to signal “all done.” Finding 

multiple recent studies in the published literature that include statements such as “not clear 

why elementary students waste as much food as they do” and that “future studies should 

investigate why younger elementary school students wasted more food than older 

elementary students” reinforces the call for additional interdisciplinary and cross-cultural 

research to increase understanding of the development of eating behavior in human 

childhood (Epstein, Leddy, Temple, & Faith, 2007; Gahagan, 2012).

Given that early in life most infants and children have preference for sweet and salty flavors 

and aversion to pure vegetable tastes (e.g., Zienestra et al, 2009), it is surprising that 

perceptual cues of food availability rather than children’s preferences appeared to regulate 

young children’s lunch food eating in the current study. When LunchBag effected increases 

in percentage of parents packing vegetables, there was reciprocal increase in percentage of 

children eating vegetables. When the intervention prevented increase in servings of sweets 

packed by the parents it also prevented increase in servings of sweets consumed by the 

children but did not change the eat-to-pack ratio. These results suggest the children’s eating 

was more responsive to perceptual cues of food availability than to internal hunger and 

satiety cues (Birch & Fisher, 1998). Because servings of food packed and consumed in the 

current study were aggregated across multiple food items—e.g., vegetable servings included 

the tomato sauce on pasta and vegetables in mixed dish as well as whole vegetable items 

such as baby carrots—it does not appear that portion size per se (Birch, Savage & Fisher, 

2015) played a systematic role in regulating the children’s eating of foods from their parent-

provided bag lunches.

With or without the intervention, the parents provided and the children consumed ample 

fruit and meat/beans/eggs/nuts; less than recommended amounts of vegetables and fluid 

milk; and surfeits of refined grains and foods that are high in added fat, sugar, and salt. 

Separate analyses of baseline data from LunchBag’s efficacy trial showed that out of the 
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possible 100 points on the Healthy Eating Index (HEI-2010), the average scores were 58 for 

the lunch meal the parent provided in the packed lunch and 52 for the lunch meal consumed 

by the child (Romo-Palafox et al, 2015). The amount of vegetables parents packed in their 

young children’s bag lunches averaged less than half a serving whereas they packed on 

average one to one and a half servings of sweets. It is unlikely that such lunches will assist 

the children to acquire and practice eating habits that help to achieve the nationwide 

objective in the United States to increase vegetables in the diets of persons 2 and older.

The current study indicated little parent-preschooler communication about food. Only 4% of 

the parents in the intervention condition recalled hearing their children talk about the 

LunchBag classroom activities, even though some of the classroom activities were presaged 

by notes from the teachers to the parents requesting that parents send specific items needed 

for the activity (e.g., sending favorite vegetable for snack time show-and-tell). The 

intervention effected increases in parents’ report of social support from the child for packing 

the lunch bag with vegetables and whole grain foods (i.e., asking for, approving, talking 

about, reminding to buy), but the amount of change only slightly lifted the scores from the 

baseline reports of “never” or “rarely.” These results are confirming of communications 

research indicating low levels of parent-child communication about food choices, as well as 

low involvement from children in food selection and preparation (Ndiyae et al, 2013).

CONCLUSIONS

Results of this study have implications for the further refinement of a bioecological process-

person-context-time model (Bronfenbrenner & Morris, 2006) of how lunches brought from 

home contribute to the development of healthy eating habits in early childhood. Three main 

ways in which results of the current study were surprising relative to the a priori model 

undergirding LunchBag were as follows. First, parent disposition toward lunch packing 

appeared inconsistent with recommendations for healthy lunch meal and potentially 

developmentally disruptive (e.g., persistence in packing less than recommended amounts of 

vegetables but large amounts of sweets in the child’s lunch). Second, children’s lunch eating 

appeared to be regulated by perceptual cues of food availability rather than by preferences, 

hunger and satiety cues, or portion size per se. Third, although these circumstances place the 

parent squarely in control of nutrition gatekeeping for the child’s lunch meal, the quality of 

parent performance in packing healthy lunch fell far short of demanding that the child eat, 

enjoy, and learn to expect and to prefer healthy foods instead of surfeits of foods high in fat, 

sugar, and salt. These conclusions about the observed parent-preschooler dietary interactions 

align with those presented in a recent review of research on mother-child meal-time 

interactions during the preschool years (Bergmeier, Skouteris, & Hetherington, 2015). That 

review showed there was no association of maternal reports of feeding practices with 

observed feeding practices, that parenting style was not directly associated with children’s 

eating, and that, therefore, future studies should implement longitudinal observational 

methods to measure parent-child interactions that influence parental feeding practices and 

children’s eating behaviors. The current results suggest that an important variable to observe 

in such studies is the proportion consumed by the child of each type of food served.
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The current study converges with other calls for continued development and implementation 

of innovative and effective parent-and-child focused interventions to facilitate the 

establishment of healthy eating habits in early childhood. Current options include age-

appropriate parent-child food-focused reading and arts activities (Heath, Houston-Price, & 

Kennedy, 2014), mobile games for training vegetable parenting practices (Brand et al, 2015), 

multi-level and multi-component ECE-based interventions (Ward et al, 2016) such as 

LunchBag, and strategies that leverage other social and environmental influences (Johnson, 

2016) to increase young children’s exposure to and their acceptance of healthy foods and 

healthy meal patterns.

Having a higher income and better educated sample relative to the general population of 

families with preschoolers is a limitation of the current study. Although the skew limits 

generalizability of the results, it is important to note that assessment of the children’s weight 

status showed 22% with overweight or obesity, and 6% with underweight thereby 

reinforcing the conclusion that there is need for healthy habit interventions across 

demographics.

Observation of child eating in the absence of the parent was a strength of the study design 

that enabled a view of parent-preschooler dietary transactions disentangled from direct 

social-emotional influence of the parent. An important research task for the future, however, 

is to determine the extent to which the proportions of food consumed versus conserved to the 

end of the meal by children in the presence of the parent is systematically different from the 

ratios obtained in the current study and represented in the research literature on children’s 

eating in nutrition research laboratories, schools, and ECE centers. Results of this study re-

affirm identified need for additional work to understand the dispositions of parent and child 

in the development of eating habits to support a lifetime of good health.
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Figure 1. 
Schematic of the intervention logic model with an overlay denoting trial results reported 

elsewhere that provide context for evaluating child food intake from the lunch bag
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Figure 2. 
Percent of children eating any amount of the food compared to percent of parents packing 

any amount of the food – Data displayed for the Intervention Condition. Results for which 

the time by treatment interaction was significant (P<0.05) are underlined. Results that 

favored the control group are marked
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Figure 3. 
Numbers of servings of food parents packed and numbers of servings of food eaten by the 

children – Outcomes for which the time by treatment interaction term was significant (P<.

0.05) are marked with arrows for the group that benefited (baseline=T0, 6-week follow-

up=T6, 22-week follow-up=T22, and 28-week follow-up=T28)
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Table 2

Percentage of children eating any amount of fruit, vegetables, and whole grain items and other My Plate foods 

from their parent-provided bag lunch shown by time and treatment

Time and domain of child eating Intervention Percent (Standard Error) Control Percent (Standard Error)

Vegetables

 Pre-Intervention Baseline 47 (5.0) 42 (5.0)

 Post-Intervention 6-week follow-up 60 (5.0) *** †† 41 (5.0)

 Pre-Booster 22-week follow-up 56 (5.0) ** † 40 (5.0)

 Post-Booster 28-week follow-up 60 (5.0) *** †† 41 (5.0)

Fruit

 Pre-Intervention Baseline 88 (5.0) 77 (5.0)

 Post-Intervention 6-week follow-up 89 (5.0) 74 (5.0)

 Pre-Booster 22-week follow-up 89 (5.0) 73 (5.0)

 Post-Booster 28-week follow-up 88 (5.0) 74 (5.0)

Whole grains

 Pre-Intervention Baseline 38 (5.0) 39 (5.0)

 Post-Intervention 6-week follow-up 43 (5.0) 36 (5.0)

 Pre-Booster 22-week follow-up 47 (5.0)* † 34 (5.0)

 Post-Booster 28-week follow-up 40 (5.0) 31 (5.0)

Refined grains

 Pre-Intervention Baseline 85 (4.0) 82 (4.0)

 Post-Intervention 6-week follow-up 80 (4.0) 84 (4.0)

 Pre-Booster 22-week follow-up 78 (4.0)* † 85 (4.0)

 Post-Booster 28-week follow-up 83 (4.0) 82 (4.0)

Meats/beans/eggs/nuts

 Pre-Intervention Baseline 88 (3.0) 92 (3.0)

 Post-Intervention 6-week follow-up 89 (3.9) 90 (3.0)

 Pre-Booster 22-week follow-up 91 (3.0) 90 (3.0)

 Post-Booster 28-week follow-up 85 (3.0) 87 (3.0)

Dairy

 Pre-Intervention Baseline 76 (4.0) 76 (4.0)

 Post-Intervention 6-week follow-up 81 (4.0) 77 (4.0)

 Pre-Booster 22-week follow-up 72 (4.0) 77 (4.0)

 Post-Booster 28-week follow-up 74 (4.0) 77 (4.0)

*
within-groups change baseline to follow-up P<.05,

**
P<.01,

***
P<.001

†
treatment-by-time interaction baseline to follow-up P<.05,
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††
P<.01,

†††
P<.001

Percent (standard error) estimated in mixed-effects models of the treatment-by-time interaction that adjusted for repeated measures within families 
and nesting of families within ECE centers. The models were based on data from 4,712 lunches packed by parents for their preschool children. 
Each model compared the given measurement period to baseline. The models also were adjusted for child’s gender and age and for the parent’s 
gender, age, heritage, marital status and education. Percent of children eating the given foods was based on the occurrence of any amount of the 
food consumed on at least one of the two days in the measurement period.
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Table 3

Percentage of children eating foods that are high in added sugar, fat, and salt from their parent-provided bag 

lunch shown by time and treatment

Intervention Percent (Standard Error) Control Percent (Standard Error)

Chips

 Pre-Intervention Baseline 25 (4.0) 36 (4.0)

 Post-Intervention 6-week follow-up 22 (4.0) 31 (4.0)

 Pre-Booster 22-week follow-up 25 (4.0) 30 (4.0)

 Post-Booster 28-week follow-up 30 (4.0) 29 (4.5) †

Sweets

 Pre-Intervention Baseline 62 (5.0) 56 (5.0)

 Post-Intervention 6-week follow-up 58 (5.0)* 56 (5.0)

 Pre-Booster 22-week follow-up 54 (5.0)* †† 61 (5.0)

 Post-Booster 28-week follow-up 55 (5.0) † 63 (5.0)

*
within-groups change baseline to follow-up P<.05,

**
P<.01,

***
P<.001

†
treatment-by-time interaction baseline to follow-up P<.05,

††
P<.01,

†††
P<.001

Percent (standard error) estimated in mixed-effects models of the treatment-by-time interaction that adjusted for repeated measures within families 
and nesting of families within ECE centers. The models were based on data from direct observation of a total of 4,712 lunches packed by parents 
for their preschool children. Each model compared the given measurement period to baseline. The models also were adjusted for child’s gender and 
age and for the parent’s gender, age, heritage, marital status and education. Percent of children eating the given foods was based on the occurrence 
of any amount of the food consumed on at least one of the two days in the measurement period.
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Table 4

Number of servings of My Plate foods the children consumed from their parent-provided bag lunches shown 

by time and treatment

Intervention Mean (Standard Error) Control Mean (Standard Error)

Vegetables

 Pre-Intervention Baseline 0.22 (0.03) 0.15 (0.03)

 Post-Intervention 6-week follow-up 0.26 (0.03)† 0.16 (0.03)

 Pre-Booster 22-week follow-up 0.25 (0.03) 0.17 (0.03)

 Post-Booster 28-week follow-up 0.25 (0.03) 0.16 (0.03)

Fruit

 Pre-Intervention Baseline 0.88 (0.09) 0.81 (0.09)

 Post-Intervention 6-week follow-up 0.92 (0.09) 0.79 (0.09)

 Pre-Booster 22-week follow-up 0.89 (0.09) 0.80 (0.09)

 Post-Booster 28-week follow-up 0.94 (0.09) 0.86 (0.09)

Whole grains

 Pre-Intervention Baseline 0.50 (0.10) 0.61 (0.10)

 Post-Intervention 6-week follow-up 0.61 (0.10)† 0.48 (0.10)

 Pre-Booster 22-week follow-up 0.70 (0.10)**††† 0.44 (0.10)*

 Post-Booster 28-week follow-up 0.55 (0.10) 0.51 (0.10)

Refined grains

 Pre-Intervention Baseline 1.42 (0.10) 1.46 (0.10)

 Post-Intervention 6-week follow-up 1.39 (0.10) 1.58 (0.10)

 Pre-Booster 22-week follow-up 1.43 (0.10)† 1.81 (0.10)***

 Post-Booster 28-week follow-up 1.63 (0.10) 1.55 (0.10)

Meats/beans/eggs/nuts

 Pre-Intervention Baseline 0.75 (0.07) 0.81 (0.07)

 Post-Intervention 6-week follow-up 0.79 (0.07) 0.77 (0.07)

 Pre-Booster 22-week follow-up 0.81 (0.07) 0.79 (0.07)

 Post-Booster 28-week follow-up 0.81 (0.07) 0.79 (0.07)

Dairy

 Pre-Intervention Baseline 0.43 (0.05) 0.45 (0.05)

 Post-Intervention 6-week follow-up 0.49 (0.05)* 0.47 (0.05)

 Pre-Booster 22-week follow-up 0.46 (0.05) 0.54 (0.05)**

 Post-Booster 28-week follow-up 0.49 (0.05)*† 0.41 (0.05)

within-groups change baseline to follow-up P<.05,

**
P<.01,

***
P<.001

†
treatment-by-time interaction baseline to follow-up P<.05,
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††
P<.01,

†††
P<.001

Means (standard errors) are based on mixed-effects models of the treatment-by-time interaction that adjusted for repeated measures within families 
and nesting of families within ECE centers. The models were based on data from direct observations of the total of 4,712 lunches packed by parents 
for their preschool children. Servings were aggregated across specific lunch items (e.g., vegetable servings included the amount of tomato sauce on 
pasta and the amount of vegetables in mixed dishes as well as the amount of whole vegetable items such as baby carrots. Each model compared the 
given measurement period to baseline. The models also were adjusted for child’s gender and age, and for parental heritage, marital status and 
education.
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Table 5

Number of servings of foods that are high in added sugar, fat, salt consumed by the children from their parent-

provided bag lunches shown by time and treatment

Intervention Mean (Standard Error) Control Mean (Standard Error)

Chips

 Pre-Intervention Baseline 0.15 (0.04) 0.24 (0.03)

 Post-Intervention 6-week follow-up 0.14 (0.04) 0.23 (0.04)

 Pre-Booster 22-week follow-up 0.15 (0.04) 0.21 (0.04)

 Post-Booster 28-week follow-up 0.21 (0.04)* 0.24 (0.04)

Sweets

 Pre-Intervention Baseline 0.75 (0.09) 0.69 (0.08)

 Post-Intervention 6-week follow-up 0.68 (0.09) 0.70 (0.08)

 Pre-Booster 22-week follow-up 0.64 (0.09)*†† 0.81 (0.08)*

 Post-Booster 28-week follow-up 0.71 (0.09) † 0.82 (0.08)*

*
within-groups change baseline to follow-up P<.05,

**
P<.01,

***
P<.001

†
treatment-by-time interaction baseline to follow-up P<.05,

††
P<.01,

†††
P<.001

Means and standard errors are based on mixed-effects models of the treatment-by-time interaction adjusted for repeated measures within families 
and nesting of families within ECE centers. The models were based on data from 4,712 lunches packed by parents for their preschool children. 
Each model compared the given measurement period to baseline. The models also were adjusted for child’s gender and age, and parental heritage, 
marital status and education.
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Table 6

Scale scores for parental report of frequency of the child’s approving, asking for, talking of, and reminding to 

pack fruits, vegetables, whole grain items in the child’s bag lunch --Score of 20 translates to “child always 

exhibits all four behaviors” and score of 4 translates to “child never exhibits any of these four behaviors”.

Time and domain of parents’ reports of child’s social 
support Intervention Mean (Standard Error) Control Mean (Standard Error)

Fruit

 Pre-Intervention Baseline 9.81 (0.28) 9.86 (0.31)

 Post-Intervention 6-week follow-up 10.30 (0.29)* 10.06 (0.31)

 Pre-Booster 22-week follow-up 10.35 (0.30)* 9.98 (0.34)

 Post-Booster 28-week follow-up 10.22 (0.31) 9.92 (0.31)

Vegetables

 Pre-Intervention Baseline 5.71 (0.30) 5.72 (0.33)

 Post-Intervention 6-week follow-up 7.10 (0.31)*** ††† 5.85 (0.33)

 Pre-Booster 22-week follow-up 7.12 (0.32)*** †† 6.21 (0.35)

 Post-Booster 28-week follow-up 7.11 (0.31)*** †† 6.34 (0.34)**

Whole grains

 Pre-Intervention Baseline 7.21 (0.28) 7.47 (0.31)

 Post-Intervention 6-week follow-up 8.36 (0.29)*** † 7.88 (0.31)

 Pre-Booster 22-week follow-up 8.45 (0.31)*** 8.10 (0.34)*

 Post-Booster 28-week follow-up 8.38 (0.29)*** † 7.76 (0.32)

*
within-groups change baseline to follow-up P<.05,

**
P<.01,

***
P<.001

†
treatment-by-time interaction baseline to follow-up P<.05,

††
P<.01,

†††
P<.001

Means and standard errors are based on mixed-effects models of the treatment-by-time interaction adjusted for repeated measures within families 
and nesting of families within ECE centers. The models were based on data from questionnaire responses supplied by 377 parents in the 
intervention condition and 251 in the control condition. Each model compared the given measurement period to baseline. The models also were 
adjusted for child’s gender and age, and parental heritage, marital status and education.
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