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Abstract

Background—Eating habits are developed during the preschool years and track into adulthood, 

but few studies have quantified dietary quality of meals packed by parents for preschool children 

enrolled in early care and education centers.

Objective—Our aim was to evaluate the dietary quality of preschoolers’ sack lunches using the 

Healthy Eating Index (HEI) 2010 to provide parents of preschool children with guidance to 

increase the healthfulness of their child’s lunch.

Design—This study is a cross-sectional analysis of baseline dietary data from the Lunch Is in the 

Bag trial.

Participants—A total of 607 parent–child dyads from 30 early care and education centers in 

Central and South Texas were included.

Main outcome measures—Total and component scores of the HEI were computed using data 

obtained from direct observations of packed lunches and of children’s consumption.

Statistical analysis—Three-level regression models with random intercepts at the early care 

and education center and child level were used; all models were adjusted for child sex, age, and 

body mass index (calculated as kg/m2).

Results—Mean HEI-2010 total scores were 58 for lunches packed and 52 for lunches consumed, 

out of 100 possible points. Mean HEI component scores for packed and consumed lunches were 

lowest for greens and beans (6% and 8% of possible points), total vegetables (33% and 28%), 

seafood and plant proteins (33% and 29%), and whole grains (38% and 34%); and highest for 
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empty calories (85% and 68% of possible points), total fruit (80% and 70%), whole fruit (79% and 

64%), and total protein foods (76% and 69%).

Conclusions—Parents of preschool children pack lunches with low dietary quality that lack 

vegetables, plant proteins, and whole grains, as measured by the HEI. Education of parents and 

care providers in early care and education centers is vital to ensure that preschoolers receive high 

dietary-quality meals that promote their preference for and knowledge of a healthy diet.
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The high prevalence of overweight and obesity among young children is a public health 

concern. In the United States, one of every four children aged 2 to 5 years is overweight or 

obese.1 Dietary factors have been established as significant predictors of weight in 

preschool-aged children,2 where the diet of overweight and obese children is characterized 

by a high consumption of energy-dense snack foods and meals.3,4 Dietary intakes that 

include low-nutrient, high-energy-dense foods can limit children’s intake and preference for 

fruits, vegetables, and whole grains.3,5-7 In addition, research has shown that food 

preferences and eating habits developed during preschool years have a significant impact on 

diet quality in adulthood.4,8,9 Early food-related experiences could define future dietary 

patterns and health consequences, 4,10 and early food preferences are influenced by exposure 

to food.11-14 Therefore, experiences such as eating in early childhood education centers can 

play an important part in determining future food preferences.12,15

Compliance with nutritional guidelines can be used to evaluate and recommend food groups 

and portion sizes to parents of preschool children. Studies have reported that preschooler’s 

sack lunches do not meet the dietary recommendations of the Institute of Medicine’s Dietary 

Reference Intakes.16 Another study analyzed the foods offered by early care and education 

centers in North Carolina and found that preschoolers’ lunches, on average, did not meet 

dietary guidelines.17 Sweitzer and colleagues16 demonstrated that parents are aware that 

lunch provides an important opportunity to receive nutrients for the day; however, most 

packed lunches do not meet the dietary recommendations for preschool children.18,19

Preschoolers’ diets at early care and education centers can be evaluated by comparing the 

meals to guidelines such as Choose MyPlate from the US Department of Agriculture 

(USDA), the Dietary Reference Intakes from the Institute of Medicine, and dietary indices, 

such as the Healthy Eating Index (HEI).20-22 The HEI-2010 has proven to be a valid and 

reliable method to determine compliance with dietary guidelines.22 Specifically, using the 

HEI to evaluate the dietary quality of preschoolers’ lunches provides several advantages for 

research purposes. Dietary data are usually not easily represented by a normal curve; 

however, when diets and meals are analyzed with the HEI-2010, the resulting data resemble 

a Gaussian distribution. Several studies report the validity and reliability of the HEI-2010 as 

a measure of dietary quality for populations, thereby supporting the proposition that the 

HEI-2010 can be used to accurately measure dietary quality22 and is suitable for use with 

complicated statistical models, including hierarchical data. Several studies have used the 

Romo-Palafox et al. Page 2

J Acad Nutr Diet. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



HEI-2010 to evaluate the overall diets as well as particular meals for preschoolers, and have 

shown that it is a valid method in this context.17,23

The aim of this study was to measure and evaluate the dietary quality of preschoolers’ sack 

lunches using the HEI-2010. The individual food components of the lunches packed by 

parents and consumed by their child were analyzed to determine differences in dietary 

quality. To our knowledge, this was the first study to utilize the HEI-2010 to measure the 

dietary quality of lunches packed by parents and consumed by preschool children.

MATERIALS AND METHODS

Study Design

The present study is based on cross-sectional dietary data from the baseline measures in the 

Lunch Is in the Bag trial (D. M. Hoelscher, PhD, RD, LD, CNS, unpublished data, 2015). 

The objective of the multilevel behavior-based Lunch Is in the Bag intervention is to prompt 

parents to pack at least one serving each of fruits, vegetables, and whole grains in preschool 

children’s lunches. The Lunch Is in the Bag trial methodology and study design have been 

described in detail elsewhere (D.M. Hoelscher, PhD, RD, LD, CNS, and C. Roberts-Grey, 

unpublished data, 2015).24

Study Population

A total of 30 early care and education centers in three metropolitan areas of Central and 

South Texas that were licensed by the Texas Department of Family and Protective Services 

enrolled at least 15 preschool children and required parents to provide packed lunches 

participated in the study. Early care and education participation was confirmed with written 

consent from the center’s director. Parent–child dyads were the unit of analysis. The parent–

child dyads were formed by the family member who is primarily responsible for packing the 

child’s lunch and the 3- to 5-year-old child who regularly ate lunch at a participating early 

care and education center. Parents provided written consent for their participation and their 

child’s participation in the study. One parent–child dyad per family was invited to join the 

study, and a total of 607 parent–child dyads participated in the study. All measurements and 

procedures were approved by the Institutional Review Boards at UTHealth/UT Health 

Science Center Houston and the University of Texas at Austin.

Measures and Data Collection

This study utilized baseline data from 607 parent–child dyads across the 30 early care and 

education centers. Baseline measures included demographic information for parents and 

children, child weight status, and the dietary observations of packed lunches and child 

consumption of the lunch foods on two randomly selected nonconsecutive weekdays.24

Demographic Measures—Each parent completed a demographic questionnaire, 

including race/ethnicity, sex, birthdate, and marital status. In addition, parents selfreported 

their own height and weight to enable researchers to calculate body mass index (BMI; 

calculated as kg/m2). Child height and weight were measured at the early care and education 

center by a trained research team using standardized methods and equipment.25
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Lunchbox Observations—Observers were trained by a registered dietitian nutritionist to 

recognize foods commonly found in preschooler’s lunches and visually estimate amounts in 

standard measuring units (eg, cups, pieces, or ounces).24 Before lunchtime, and without the 

children present, the trained observers recorded in detail the type and amount of foods and 

beverages present in the lunchboxes. Observers collected the data in as much detail as 

possible; for example, the individual ingredients of “mixed dishes” were recorded with 

estimated amounts for each ingredient and for the total dish.

Child Lunch Observations—During lunchtime, the trained observers recorded the 

amount of each item consumed by the child, using a standard procedure.24 The amount 

consumed was reported with the same units as the amount packed and, when possible, as 

percent consumed. Both lunchbox observation and child lunch observation for each child 

were conducted for 2 randomly selected nonconsecutive days.24

The Food Intake and Analysis System (Millenium, UT-Houston School of Public Health, 

Houston TX, 2000) was used for coding, entering, and calculating the nutrient analysis from 

each food record. The Food Intake and Analysis System utilizes the Food and Nutrient 

Databases published by the USDA’s Food Surveys Research Group26 and uses the USDA 

food coding system that enables the linking of the food records from Lunch Is in the Bag 

trial with the MyPyramid Equivalents Database (version 2.0 for USDA Survey Foods, 

2003-2004).22 The MPED coding system can in turn be used to calculate the HEI-2010 

component and total scores.22,27 Research has shown that preschooler’s intake is directly 

correlated with the amount of food served.28,29 Analyzing meals that parents packed for 

their preschool children with the HEI-2010 automatically corrects for the amount of food 

present by using an energy density approach. For this study, the HEI-2010 was calculated 

for the 1,196 meals that were recorded at baseline and used to evaluate the dietary quality of 

the preschoolers’ sack lunches that parents packed, as well as the portion consumed by the 

child.

The HEI was developed to measure compliance of diets and meals with the USDA Dietary 

Guidelines.22 The current version, HEI-2010, has been updated from the HEI-2005 to reflect 

the 2010 Dietary Guidelines for Americans (DGA).27 This index uses an energy-density 

approach to evaluate diets and meals against set standards. To control for the size and 

amount of food present, all the HEI-2010 components are reported in functions of 1,000 

kcal. The HEI-2010 total score (range=0 to 100) is computed by adding 12 component 

scores with different maximum values. The first nine components measure adequacy; higher 

component scores indicate larger amounts of each type of food or nutrient present per 1,000 

kcal. The adequacy components are total fruit, whole fruit, total vegetables, greens and 

beans, whole grains, dairy, total protein foods, seafood and plant proteins, and fatty acid 

ratio. The remaining three components represent foods that should be served in moderation 

and are called moderation components; these are reverse-coded in order to reflect higher 

dietary quality when smaller portions of each type of food or nutrient are present per 1,000 

kcal. The moderation components are refined grains, sodium, and empty calories. 

Calculations and codes for the correct allocation of food groups and computation of the 

HEI-2010 component scores are published by the US Department of Agriculture.30
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Quality-Control Procedures

A registered dietitian nutritionist reviewed the data for all lunchbox observations and child 

lunch observations at baseline to ensure that types and amounts of foods were accurately 

coded; this process was done in four stages. First, lunchbox observation and child lunch 

observation raw data were reviewed and cleaned to ensure that serving sizes were accurate 

before initiating the data-entry process. Observers were also trained in the correct use of the 

database in order to accurately code and enter all food items. A second round of data 

cleaning was necessary to certify that all food items had been entered and categorized 

correctly. Third, quality-control checks were completed for 100% of all dietary 

measurements for baseline. Finally, all food items were pulled from the database and a 

separate Excel (2013, Microsoft) spreadsheet was created and reviewed to ensure consistent 

coding of food item names and serving sizes.

Data Analysis

All data were analyzed using SAS software (version 9.4, 2013, SAS Institute, Inc). 

Descriptive and central tendency statistics were obtained to describe the sample and 

examine the distribution of each variable. To account for nonindependence and potential 

clustering of observations, three-level regression models with random intercepts at the child 

and early care and education levels were employed to model outcomes. Regressions were 

also adjusted for possible confounding from child sex, age, and BMI. Regression-adjusted 

means for each HEI-2010 component score for packed in lunches (measured in lunchbox 

observation) were derived from these models. Similarly, regressed means for each HEI-2010 

component score for food consumed (measured during child lunch observation) were 

determined. Subsequently, adjusted means for lunchbox observation and child lunch 

observation were compared to determine whether the HEI-2010 component and total scores 

of the lunch consumed were significantly different from those of the lunch packed.

RESULTS

The mean age of parents in the sample was 36.5 years; almost 90% of the parents included 

in the study were female, with 57% of the sample with an annual family income >$100,000 

(Table 1). Mean age of children was 3.5 years, and most of the children (70%) were within 

the healthy BMI category (5th to 85th percentile).31

The HEI-2010 component scores were derived from lunchbox observation and child lunch 

observation dietary data as mean HEI total and component scores, estimated from multilevel 

regression models adjusted for confounders (Table 2). Across the 607 children, the 

HEI-2010 mean total score for lunches packed was 58 of 100 possible points, with a range 

from 14 to 92; the HEI-2010 mean total score for lunches consumed was 52 and ranged 

from 0 to 95. Mean scores for each of the HEI-2010 component scores of lunches packed 

were different from those of the meals consumed except for fatty acids and sodium 

(P<0.05).

The HEI-2010 standards used to determine whether a meal or diet should receive the 

maximum total and component scores as well as the standard used to determine which 
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would receive a score of 0 are available elsewhere. 27 The number and percent of meals 

(packed and consumed) that achieved the maximum possible scores for each of the 

HEI-2010 individual components, as well as maximum total score, are reported in Figure 1. 

All HEI-2010 scores are expressed in units per 1,000 kcal. Only 1 in 10 of the meals packed 

and consumed had the recommended amount of greens and beans. More than 80% of the 

sample did not provide or consume the recommended amount of vegetables. Approximately 

70% of the sample did not pack or eat enough whole grains and seafood and plant proteins 

to achieve the maximum scores, and 60% to 70% of the meals (packed and consumed) 

included higher than the recommended amounts of refined grains, sodium, and saturated 

fats. In contrast, 50% of the lunches packed and consumed included the recommended 

amounts of dairy and total protein foods and achieved a perfect score for empty calories 

(<19% of energy from empty calories), and most of the meals packed (70%) included the 

recommended amounts of total and whole fruits.

Similarly, the number and percent of meals with a score of 0 for each HEI-2010 individual 

component and total score are reported in Figure 2. Where 49% of meals packed did not 

include any vegetables, >90% did not include any greens, beans, or peas. Parents were likely 

to pack fruit, because only 7% of parents packed no fruit at all; however, when only whole 

fruit (not fruit juice) was evaluated, 14% of parents did not pack fruit. Almost half of the 

meals packed (48%) did not include any whole grains, and 18% of the meals packed had no 

dairy items included. Only 14% of the meals packed did not include any protein foods, but 

60% of the meals did not include any seafood and plant proteins specifically. Poly-and 

monounsaturated-to-saturated fat ratio compliance was also low, with 30% of lunches 

packed with a ratio <1.2. For the HEI components that represent nutrients and foods to 

consume in moderation, 25% of lunches packed had >2 g sodium/1,000 kcal, 17% had >4.3 

equivalents of refined grains/1,000 kcal, and only 1.2% of the meals packed included >50% 

of energy from empty calories. Percent of meals consumed with a score of 0 for each 

HEI-2010 individual component and total scores were consistently higher than the percent 

of meals packed.

Table 3 illustrates examples of lunches and their individual food items that represent the 

highest HEI-2010 total scores, the mean HEI-2010 total scores, and the lowest HEI-2010 

total scores. Individual food items packed for lunches with high, mean, and low HEI-2010 

total and component scores provide an insight into the type of foods that parents pack, as 

well as the corresponding HEI-2010 score. As evidenced by the HEI-2010 total score of the 

meals in Table 3, the lunch for a preschool child with a high score includes food items 

usually associated with foods readily consumed by preschool-aged children. Although 

Lunch 1 included mostly healthful foods, the child who was offered this lunch only 

consumed 50% of some items, therefore reducing the HEI-210 total score from 90.21 to 

78.97. In turn, Lunch 2 was an example of a packed lunch with a score of 86.93, which was 

increased to 91.11, given the foods that the child chose to consume. Lunches 3 and 4 

illustrate how missing one or two food groups in a child’s lunch would significantly 

decrease the HEI-2010 total score. Examples of the lowest HEI-2010 total scores include 

Lunches 5 and 6. Lunch 5 includes convenience foods in individual packaging, which is a 

trend seen in parentpacked sack lunches. Those food items are high in energy density and 

low in nutrient density. Lunch 5 also lacked fruits, vegetables, and whole grains. All the 
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examples in Table 3 demonstrate the individual HEI-2010 components that can be improved 

in the lunches packed by parents, which would in turn increase the nutritional quality of the 

overall diet of these children.

DISCUSSION

In this cross-sectional analysis of lunches packed by parents and consumed by their 

preschool children at early care and education centers, we found shortfalls of key food 

groups and nutrients recommended by the DGA and the Scientific Report of the 2015 

Dietary Guidelines Advisory Committee. The HEI-2010 component scores for this sample 

(Table 2) are comparable to the component scores reported for the diets of the National 

Health and Nutrition Examination Survey data.22 Erinosho and colleagues17 found that 

schools offered meals lacking vegetables (dark and green, orange vegetables and legumes), 

total grains and whole grains, meats and beans, oils, and foods low in saturated fat, solid fat, 

and added sugars.17 Measurement of dietary quality with the HEI-2010 allows for the 

comparison of parent-packed lunches to those provided by early care and education centers. 

In the current study, the mean component scores suggest that parents are packing lunches 

that lack total vegetables, greens and beans, whole grains, and seafood and plant proteins, 

and include foods high in saturated fat, sodium, and empty calories. Although the mean total 

score of this sample at lunch is similar to the population mean score for the overall diet, 

previous studies suggest that parent-packed sack lunches are an easy target to improve 

preschooler’s diets.19 With knowledge of the specific components for which parents are 

scoring high or low, health providers can craft messages that can promote the availability of 

specific foods in order to increase the dietary quality of the lunch.

Results from this study demonstrate that, when compared to the scores for lunches packed 

by parents, children are consuming lunches that have significantly lower component scores 

for total vegetables, greens and beans, total and whole fruit, whole grains, dairy, total 

protein, and seafood and plan proteins, as well as significantly lower scores for empty 

calories. Because sodium, refined grains, and empty-calorie components are reverse-coded, 

lunches with lower amounts of those foods per 1,000 kcal have higher scores for those 

HEI-2010 components. The overall dietary quality of the meals consumed by preschoolers is 

significantly lower than that of the meals packed. These data suggest that nutrition education 

for teachers and parents is necessary to increase the dietary quality of the meals offered and 

consumed at lunch in early care and education centers.

In order to further illustrate parent-packing behavior, the number of meals that achieved the 

maximum score for each of the HEI-2010 components and total scores were evaluated. 

Findings suggest that parents need more guidance regarding the types and amounts of foods 

they are packing in their preschooler’s sack lunches. None of the parent-packed lunches and, 

consequently, none of the meals consumed, achieved 100 of 100 points in the HEI-2010 

total score. The number of consumed meals that scored full points for the different 

HEI-2010 component scores differs, depending on type and amount of individual food items 

that children choose to consume. Evaluating lunches with the HEI-2010 individual 

components is an accurate way to determine areas of opportunity to increase the dietary 

quality of preschooler’s sack lunches. The evaluation of the HEI-2010 total and component 
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scores demonstrates that the dietary quality of the meal can be significantly impacted by the 

type and amount of food consumed. A lunch with a high total packed score can be recorded 

as lower consumed score if the child does not consume a particular food group, such as 

dairy, or chooses to consume items that equate to >50% of energy from empty calories.

Parents are responsible for packing nutritious lunches that are adequate for their child’s 

consumption. But other factors influence the food that is ultimately offered to the child; for 

example, the early care and education center policies. We found that some early care and 

education centers banned items, such as sugar-sweetened beverages, and teachers would not 

offer those items if they were present in the lunch. We also observed that some teachers 

chose which food items to present to their students or would sometimes encourage the child 

to eat or finish certain foods.

Two components of the HEI-2010 that are easy to miss, as evidenced by this sample, are 

greens and beans and seafood and plant proteins. The reason derives from the calculation of 

the HEI, where beans are allocated first to total protein and seafood and plant protein, until 

total protein=5 and seafood and plant protein=5: then beans count toward total vegetables 

and greens and beans. Therefore, the component score for greens and beans depends on the 

total amount of protein present in the meal or diet. The same method is applied to seafood 

and plant proteins, where a nut butter would only count toward this component until total 

protein=5. This knowledge can be used to determine that parents might not be aware that 

replacing animal proteins with plant proteins would result in a lower HEI-2010 total score 

unless they add enough to meet both the total protein and total vegetable requirements. To 

illustrate: 1 oz of meat, 1 egg, 1 tablespoon of nut butter, ¼ cup of cooked dry beans, or ¼ 

oz of nuts or seeds represent a 1-oz equivalent. A 1,000-kcal lunch with 2 tablespoons of nut 

butter or ½ cup of cooked dry beans or ½ oz of nuts or seeds would have enough to achieve 

a perfect score for total protein and seafood and plant protein.

Examples of meals with the highest, mean, and lowest scores were analyzed to clarify the 

specific food items and amounts that parents pack for their preschool child. These data are 

vital to demonstrate to parents of preschool children that it is not impossible, but actually 

quite easy, to pack a high-quality lunch that meets the recommendations for a healthy diet. 

Educated care providers could guide parents on the food items that will provide the highest 

dietary quality. For example, food items that deducted points because of the sodium and 

saturated fat content should be discouraged. The proportion of food groups and nutrients per 

1,000 kcal is modified depending on the child’s consumption of the items in the lunch. 

Therefore, teacher’s input could increase the overall HEI-2010 score of the meal packed 

resulting in a higher dietary quality of the meal consumed. Lunches where the child 

consumed 100% of the food packed might encourage parents to continue sending the same 

food items. But continuous exposure to other food would increase the likelihood of the child 

eventually consuming them.13 Parents should be advised to pack a healthful lunch and not 

be discouraged if the child does not consume all of it.

The large variability of center policies and teacher behaviors are limitations of this study, 

because they are not accounted for in the analysis. Given the large datacollection burden 

from the Lunch Is in the Bag trial, dietary records could not include differences between 
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food items intentionally packed for snacks vs lunch or whether or not the child was 

presented with all food items at lunch. In addition, the presence and use of refrigerators and 

microwaves in the classroom varied from center to center as well as from classroom to 

classroom. Nevertheless, careful training and evaluation of trained observers ensured a high 

level of accuracy and the detail of observed food records, and the results and conclusions of 

this study should be robust. Collaboration between early care and education centers, parents, 

and teachers would be beneficial to promote children’s consumption of healthier lunches. 

Early care and education center policies could guide parents on foods to pack and teachers 

could enforce said policies. An informal survey was conducted in Central and South Texas 

to determine which early care and education centers could be invited to participate in the 

Lunch Is in the Bag trial. In our experience, early care and education centers that cared for 

children with lower socioeconomic status would have supplemental assistance, such as the 

Child and Adult Care Food Program or Head Start. Therefore, these centers would not 

require parents to send complete lunches from home. More research on lower-income 

populations is needed to determine the generalizability of this study.

CONCLUSIONS

The dietary quality of preschoolers’ sack lunches packed by their parents is low when 

measured with the HEI-2010. The HEI-2010 can be used to research the areas of opportunity 

where parents need reinforcement in order to follow the DGA. Even though these lunches 

are not hot meals, such as prepared by many early care and education centers, parents can 

easily follow the HEI-2010 components. For example, it is very common to find fruit in 

preschooler’s lunches, but there seems to be a lack of knowledge or motivation to pack 

vegetables, greens and beans, and seafood and plant proteins, among other things. 

Vegetables can easily be served to children as either raw or as leftovers from the previous 

night’s dinner meal. These findings illustrate the need for more information about the DGA, 

as well as examples of meals that would represent high dietary quality. Education of parents, 

educators, and care providers in early care and education centers is vital to ensure that 

preschoolers receive high-dietary-quality meals that will promote their preference and 

knowledge of a healthy diet they grow and develop.
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Figure 1. 
Percent of meals from the Lunch Is in the Bag trial packed by parents and consumed by their 

preschool child that achieved maximum score for Health Eating Index 2010 components or 

total scores (n=1,196 meals).
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Figure 2. 
Percent of meals from the Lunch Is in the Bag trial packed by parents and consumed by their 

preschool child that scored zero for Health Eating Index 2010 component or total scores 

(n=1,196 meals).
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Table 1

Parent and child demographicsa from the Lunch Is in the Bag Trial

Demographics

Child

Age, y; mean±SDb 3.51±0.69

Calculated BMIc percentile; mean±SD 56.79±29.99

BMI categories; n (%)

 Underweightd 32 (5.54)

 Healthy weighte 416 (71.97)

 Overweightf 75 (12.98)

 Obeseg 55 (9.52)

Race; n (%)

 White 367 (66.01)

 Hispanic 105 (18.88)

 Other 84 (15.11)

Sex; n (%)

 Boy 315 (52.33)

Parent

Age, mean±SD 36.51±5.42

Calculated BMI; mean±SD 24.76±5.07

BMI categories; n (%)

 Underweighth 15 (2.75)

 Healthy weighti 327 (60.00)

 Overweightj 127 (23.30)

 Obesek 76 (13.94)

Sex; n (%)

 Female 499 (89.75)

Race; n (%)

 White 396 (71.74)

 Hispanic 98 (17.75)

 Other 58 (10.51)

Annual family income, $; n (%)

 <59,999 92 (17.43)

 60,000 to 79,999 52 (9.85)

 80,000 to 99,999 83 (15.72)

 >100,000 301 (57.01)

Highest level of education; n (%)

 Some college or less 96 (13.30)

 Associate or bachelor’s degree 274 (49.37)

 Masters or doctorate degree 185 (33.33)
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Demographics

Marital status; n (%)

 With partner 503 (91.12)

a
Numbers for different outcome measures may vary due to missing values.

b
SD=standard deviation.

c
BMI=body mass index; calculated as kg/m2.

d
<5th BMI percentile.

e
≥5th to <85th BMI percentile.

f
≥85th to <95th BMI percentile.

g
≥95th BMI percentile.

h
BMI >18.5.

i
BMI 18.5 to 24.9.

j
BMI 25 to 29.9.

k
BMI ≥30.
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Table 2

Regressed means for Healthy Eating Index 2010 component and total scores for lunches from in the Lunch Is 

in the Bag trial that were packed by parents and consumed by their preschool child (n=607 children)

HEIa-2010 component (maximum points) HEI standard for maximum score Packed Consumed

←meanb±standard error→

Adequacy

Total vegetablesc (5) ≥1.1-c equivalent per 1,000 kcal 1.67±0.09 1.39±0.09**

Greens and beansc (5) ≥0.2-c equivalent per 1,000 kcal 0.39±0.04 0.29±0.04*

Total fruitd (5) ≥0.8-c equivalent per 1,000 kcal 4.02±0.14 3.5±0.14**

Whole fruite (5) ≥0.4-c equivalent per 1,000 kcal 3.94±0.17 3.21±0.17**

Whole grains (10) ≥1.5-oz equivalent per 1,000 kcal 3.82±0.25 3.36±0.25**

Dairyf (10) ≥1.3-c equivalent per 1,000 kcal 6.22±0.2 5.73±0.2**

Total protein foodsg (5) ≥2.5-oz equivalent per 1,000 kcal 3.79±0.11 3.46±0.11**

Seafood and plantg proteinsh (5) ≥0.8-oz equivalent per 1,000 kcal 1.67±0.15 1.45±0.15**

Fatty acidsi (10) (PUFAsj+MUFAsk)/SFAsl >2.5 4.34±0.17 4.56±0.17

Moderation

Sodium (10) ≤1.1 g per 1,000 kcal 5.13±0.21 5.37±0.21

Refined grains (10) 0≤1.8-oz equivalent per 1,000 kcal 6.05±0.18 6.36±0.18*

Empty caloriesm (20) ≤19% of energy 16.94±0.2 13.59±0.2**

Total score (100) Sum of component scores=100 58.01±0.93 52.32±0.93**

a
HEI=Healthy Eating Index.

b
Regressed mean and standard error adjusted to control for cluster effect at the school and child level; as well as child age, sex, and body mass 

index.

c
Includes any beans and peas not counted as total protein foods.

d
Includes fruit juice.

e
Includes all forms except juice.

f
Includes all milk products and derivatives.

g
Beans and peas included when the total protein foods standards was not met.

h
Includes seafood, nuts, seeds, and soy products; also beans and peas counted as total protein foods.

i
Ratio of polyunsaturated fatty acids and monounsaturated fatty acids to saturated fatty acids.

j
PUFA=polyunsaturated fatty acid.

k
MUFA=monounsaturated fatty acid.

l
SFA=saturated fatty acid.

m
Calories from solid fats and added sugars.

*
Significant at the P<0.05 level.
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**
Significant at the P<0.001 level.
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Table 3

Examples of individual food items packed in lunches from the Lunch Is in the Bag trial with high, mean, and 

low Healthy Eating Index 2010 total scores

Food item Amount packed % Consumed

HEIa Total Score HEI Total Score

Packed Consumed

Lunches with high HEI scores

Lunch 1

Banana 1 large (8 to 8.8 in) 0

Sandwich

 Whole-grain bread 1 slice 50

 Nut butter 1 tbsp 50

 Jelly 1 tbsp 50 90.21 78.97

Applesauce 4 oz 0

Crackers 2 pieces 50

Milk 8 fl oz 50

Carrots, raw 1 c 0

Lunch 2

Turkey, deli 0.5 slices 10

Mozzarella stick 0.5 oz 0

Apple, raw 3 slices 33

Corn, cooked 0.5 c 80 86.93 91.11

Sandwich

 Whole-grain bread 2 slices 25

 Nut butter 2 tbsp 25

Milk 9 fl oz 11

Lunches with mean HEI scores

Lunch 3

Fruit cup, cocktail 4 oz 100

Sandwich

 Whole-grain bread 2 slices 75

57.97 57.38

 Turkey, deli 3 slices 75

 Cheese 1 slices 75

100% Fruit juice 4.23 fl oz 100

Potato chips, baked 0.74 oz 100

Lunch 4

Whole-grain bread 1 slice 100

Pear, raw 0.5 c 0

Multigrain cracker 0.5 c 90

57.97 46.34

Weiner 1.5 pieces 100

Mozzarella stick 1 stick 100
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Food item Amount packed % Consumed

HEIa Total Score HEI Total Score

Packed Consumed

Hummus 2 tbsp 75

Fruit-flavored drink 6.75 fl oz 100

Lunches with low HEI scores

Lunch 5

Fruit-flavored drink 6.75 fl oz 100

Beef jerky 0.28 oz 100

Tomato ketchup 1 tbsp 100

Pita wrap

20.63 20.63

 Pita bread 1 large piece 100

 Egg 0.25 c 100

 Bacon 1 tbsp 100

 Cheese 1 tbsp 100

Fruit snacks (gummy) 0.8 oz 100

Lunch 6

Yogurt-covered pretzels 5 pieces 100

Milk, low-fat 1 c 100

Fried cheese sticks 5 pieces 100 15.42 15.42

Handi-Snackb

 Bread sticks, hard 8 pieces 100

 Cheese 2 tbsp 100

a
HEI=Healthy Eating Index.

b
Kraft Foods.
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