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Saturated Fat Exposure and the Impacts of School Kitchen Infrastructure on School Meal

Selection and Consumption

Abstract

Subsidized meals provided through the National School Breakfast and Lunch programs,
which are administered by the U.S. Department of Agriculture (USDA), provide nearly 30
million Federally subsidized lunches and 15 million Federally subsidized breakfasts to children
each school day. These programs can play a significant role in overall childhood dietary quality,
as students who participate in both the SBP and NSLP may consume as much as fifty percent or
more of their daily calories at school. Because childhood is a critical time to set food preferences
school meals are also powerful intervention points to promote healthy dietary patterns that can
help lower diet-related disease posed by excess saturated fat, and sodium consumption and
limited fresh fruit and vegetable intake across the life course.

The passage of the Healthy Hunger Free Kids Act (HHFKA) in 2010 provided USDA
with the for first opportunity in 30 years to make significant nutrition reforms to the SBP and
NSLP. Since its implementation in 2012, the HHFKA’s updated nutrition regulations have
placed caps on the saturated fat content of school meals, detailed a phased decrease in sodium
content, and mandated increased offerings of fruits and vegetables to students. These improved
guidelines have not only been shown to increase consumption of fruits and vegetables, but also

provide students with more nutritious meals than those typically brought from home.



Despite these documented improvements, many school districts nationally continue to
struggle to fully realize the intended benefits of the nutrition regulations on student dietary
quality, namely excess saturated fat and sodium intake coupled with vegetable consumption
below recommended levels.

This dissertation employs three unique data sets collected by the author to investigate
these issues. Chapter 1 utilizes a nationally representative sample of publicly available school
menus from the 2018/19 school year to examine the daily prevalence of meal combinations that
exceed USDA saturated fat and sodium guidelines. Chapter 2 utilizes direct observation plate
waste data to examine differences in meal selection and consumption between students in
schools serving pre-packaged meals and students who receive fresh meals prepared on-site in
school kitchens. Lastly, Chapter 3 utilizes pre/post intervention plate waste data to examine the
impacts on selection and consumption of a school kitchen renovation where students transitioned
from being offered pre-packaged meals to meals prepared on-site halfway through the school
year. Collectively, these works can help inform evidence-based continuous improvements to
how we regulate and administer USDA school meal programs to best support child dietary

health.
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Chapter 1: Daily Saturated Fat and Sodium Content of Elementary School Meals in a large
sample of 128 geographically diverse school systems in the United States
Scott A. Richardson, MBA, Juliana F.W. Cohen, ScM, Steven L. Gortmaker, Ph.D, Matthew M.

Lee, MS, Eric B. Rimm, ScD



Abstract
Background: Subsidized meals provided through the National School Breakfast and Lunch
programs are an important source of daily nutrition for nearly 30 million school-aged students
across the United States. Despite federal regulations limiting saturated fat and sodium levels on
a weekly average basis, daily nutrient content of these meals is not regulated, leading to potential
large fluctuations and intake well in excess of dietary recommendations.
Objective: To assess the daily prevalence of potential school meal combinations that exceed the
USDA’s weekly average reimbursable meal thresholds for saturated fat and sodium in U.S.
elementary schools.
Methods: Four weeks of publicly available school breakfast and lunch menus with associated
nutrition data were collected from a stratified random sample of 128 school districts to inform an
imputed dataset of all possible daily reimbursable meal offerings. Daily distributions of total
meal sodium and saturated fat content were then compared against weekly average USDA
nutrient thresholds to assess the national prevalence of daily meals in excess of school meal
guidelines.
Results: Most sample districts' menus (97.7% for breakfast, 100.0% for lunch) contained
reimbursable meal combinations on a daily basis that exceed USDA weekly average dietary
guideline thresholds for saturated fat and/or sodium.
Conclusions: Widespread availability of meals exceeding average sodium and saturated fat
guidelines suggest that concern about child overnutrition through school meals is warranted.
Daily entrée saturated fat and sodium caps should be considered to limit prevalence of meal

combinations that well exceed current guidelines.



Background

The School Breakfast Program (SBP) and National School Lunch Program (NSLP),
which are administered by the U.S. Department of Agriculture (USDA), provide nearly 30
million federally subsidized lunches and 15 million federally subsidized breakfasts to children
each school day.*

For school meal program participants, school meals can provide more than half of a
child's daily calories and therefore are instrumental in helping children meet their daily dietary
recommendations.? Currently, school-aged children in the United States consume more saturated
fat and sodium than recommended for long-term health.>* Coupled with the fact that
elementary school meals can play an important role in lowering childhood sodium and saturated
fat intake, they also set the foundation for lifetime taste preferences which are established
through diet at a young age.>®

More than 40% of the sodium consumed each day by US children comes from 10 types
of food, including breads and rolls, pizza, sandwiches, cold cuts and cured meats, soups, burritos
and tacos, savory snacks, chicken, cheese, eggs and omelets, all of which feature prominently on
school menus.®

Current SBP and NSLP nutritional guidelines, implemented in 2012 as part of the
Healthy Hunger Free Kids Act (HHFKA), made notable improvements to nutrient standards by
providing age-appropriate upper limits for sodium and saturated fat content in school meals
where none existed prior.*® Today, most district menu planners utilize menu planning software
that helps them comply with current nutrient regulations. However, this software is typically
designed to aid districts in meeting federal regulations which require offering meals that do not

exceed weekly average limits. These weekly average guidelines were originally recommended



by the Institute of Medicine Committee on Nutrition Standards for National School Lunch and
Breakfast Programs, which was requested by USDA to consider student acceptability, program
participation, and industry's ability to respond to the need for low-sodium products when making
their recommendations for sodium levels in school meals.!*  Despite its positive influence on
lowering overall sodium in school meals, this weekly average nutrient approach leaves a
regulatory gap which enables schools to offer meal combinations which can substantially exceed
USDA guidelines on a daily basis while remaining technically compliant across a given week as
long as they are balanced with lower to moderate sodium and saturated fat meals across a given
week. 12

To our knowledge, no previous studies have investigated the full range of saturated fat
and sodium from reimbursable breakfasts and lunches available to elementary school students
through the SBP and NSLP on a daily basis. The current study aims to fill this gap in the
literature by examining daily saturated fat and sodium exposure from K-5 breakfasts and lunches
in US school districts to inform potential legislative remedies to lower childhood sodium and

saturated fat intake.

Methods
Study Design and Sampling Frame

Inclusion criteria for the sampling frame of this cross-sectional ecological study consisted
of all operational, non-charter, coeducational public school districts serving K-5 students and
participating in the NSLP across all 50 states and Washington, DC based on the comprehensive

list of districts maintained by the National Center for Education Statistics!® (n=12,736).



A total of 128 districts were selected via stratified random sampling across 77 strata by
USDA Food and Nutrition Service region (n=7)%* and total district K-5 enrollment (n=11).

Sample district demographic details are outlined in Table 1.1.



Table 1.1 Sample district mean (SD) K-5 student enrollment by region and size tier

Region
Size North Mid South Mid Mountain  South West overall
Tier East Atlantic  East West Plains West (=19)  (n=128)
(n=14) (n=20) (n=22) (n=16) (n=17) (n=20)

Tier 1 164 220 284 328 288 171 311 252
(n=14) (183) (106) (134) (183) (177) (89) (146) (134)
Tier 2 1,225 1,360 1,322 1,168 1,072 1,092 1,700 1,277
(n=14) (322) (193) (529) (225) (314) (187) (228) (305)
Tier 3 2,370 2,533 2,122 2,232 2,982 2,880 4,005 2,732
(n=14) (504) (434) (33) (153) (236) (1,198) (383) (739)
Tier 4 5,194 5,288 4,576 5,257 5,976 5,853 4,983 5,304
(n=14) (6) (374) (57) (480) (1,245) (1,107) (53) (677)
Tier 5 7,574 8,194 8,462 8,382 7,810 8,633 8,559 8,230

(n=14)  (285) (315) (560)  (2,107) (120) (2,069)  (1,294) (993)

Tier6 12,894 14302 15696 11,468 14,011 17,076 11,648 13,871
(n=14) (3310)  (3,946) (1,198)  (959) (4,675)  (2,039)  (232)  (2.854)

Tier7 .. 24452 23529 2402 21766 23804 24540 23898
(n=13) 2% (1178)  (3692) (2848)  (2830)  (2.848)  (2614)  (2,263)
Tiers 35730 30312 0. 3BESL 2370 3249 33038
(n=8) 6812 (2587) °* (5853)  (703)  (6476)  (4,087)
Tierg 56,042 46464 46,252 50,528
(n=5) (6.087)  (722) BIBT - 5oe7) OO (7 .456)
Tier10 75799 71,402 . s 73,924
(n=5) (10,996)  (10,827) ’ (8,056)
Tier 11 . 140,734 . 228826 212,115
(n=7)  *70:050f (25132) 1093841 105.649% ~ 112,607) (131,697)

Overall 39567 22582 31,355 19,337 12,851 22,857 36,608 26,374
(n=128) (124,259) (25,612) (41,920) (41,250)  (13591)  (27,856) (74,388)  (56,284)

1 Only one district met the sample selection criteria.

t This district operates two distinct food service models: a "scratch cooked" menu for certain schools and a
"pre-packaged" menu for others. Both menus contributed to our analyses as "separate” districts.

* No district met the sample selection criteria.



Sampled districts that did not publish current menus with associated calorie, saturated fat,
and sodium content, or whose menus and nutritional information could not be located with a
detailed online search, were replaced with additional randomly selected districts from within the
same stratum until a maximum of two districts per stratum were selected or the available district
list within each stratum was exhausted. There were only two exceptions to these criteria. The
first was the inclusion of one larger midwestern district (the only district of its size in the region)
which posted carbohydrate counts for menu items, allowing for accurate estimation of other
nutrient values. The second exception was the inclusion of two distinct menus with full
nutritional information — one for pre-packaged meals served in schools without kitchens and one
for scratch-cooked meals served in schools with kitchens — posted by one larger northeastern
district (again, the only district of its size in the region) which accounts for the discrepancy
between district sample size (n=128) and menu sample size (n=129) in our dataset.

Eighty percent of sample districts (n=103) meeting the inclusion criteria were selected
within the first five searches. Another ten percent (n=13) were identified within the first ten
searches. Half of the remaining ten percent (n=6) required up to twenty searches prior to
identification as meeting the inclusion criteria, while the remainder (n=6) of districts required
more than twenty searches. The main limitation was that most districts posted monthly menus to
their websites, many did not include nutritional information.

A total of 2,865 days of elementary breakfast and lunch menus from 128 sample districts
were collected as available in October (n=121) , November (n=6) , and December (n=2) 2019 to
provide representative menu day cycles (mean days per district=22.2, sd=2.0) which typically

repeat across the school year.*®



Data Cleaning and Coding

Menus were downloaded in PDF format and electronically converted to spreadsheet form
or, where necessary (n=13), transcribed directly into Microsoft Excel (v. 2107) for cleaning and
formatting prior to importation into R statistical analysis software (version 4.0.3, 2020-10-10).

Each line of this initial data set consisted of a unique menu item coded by district, day,
and USDA mandated meal component(s) including “Meat/Meat Alternate”, “Grain/Bread”,
“Vegetable”, “Fruit”, and “Fluid Milk".}” Desserts, while not required, but allowed under USDA
guidelines, were also coded. All data were error-checked against their downloaded menu PDFs
and nutrient data ranges were examined by district and meal component type for implausible
calorie, saturated fat, and sodium values.

Missing calorie, saturated fat, and/or sodium values were identified for estimation in
3.6% of menu items. Where possible, missing values were populated by finding exact product
matches within the data set or via internet search for a products USDA Child Nutrition label.®
Remaining missing values were populated from similar items within a given district's menu,
updated from menus posted by the district later in the 2019/20 school year, or, where suitable
proxies were not available within a district, estimated by identifying like items from similarly
sized and geographically proximal districts within the data set.

Following estimation of missing values, a random sample of five percent of unique menu
items was selected from the comprehensive data set and compared again against downloaded
menus. This last step confirmed a low data entry error rate of 2.5% with no discrepancies

significantly altering the nutrient profiles of any menu item.



Imputation of Meal Combinations and Estimation of Overages

A comprehensive data set of all possible unique, creditable, and plausible meal
combinations was then generated for each district day (breakfast n=959,448, lunch n=
2,304,349). “Creditable” meals are those that qualify for federal reimbursement under the Offer
versus Serve (OVS) Provision of the SBP/NSLP by being comprised of no less than three of five
meal components (meat/meat alternative, grain/bread, vegetable, fruit, and fluid milk) and at
least one serving of fruit or vegetable as required by USDA.*®

"Plausible meal combinations” refers to the addition of condiments and dressings to
entrees and side vegetables which, when included on menus, were combined with appropriate
entrée and vegetable side items to create new unique menu items (e.g. "hamburger + ketchup",
"garden salad + ranch dressing", etc.) prior to meal combination imputation to avoid
combinations unlikely to occur in a natural school setting (e.g. "peanut butter sandwich +
ketchup”, "pizza + ranch dressing", etc.).

These meal combinations were then coded for compliance/non-compliance with current
weekly average USDA sodium (<=540mg/day for breakfast, <=1,230mg/day for lunch) and
saturated fat (<=10% of total calories per day for breakfast or lunch) guidelines for K-5 menus.?°

National daily mean percentage of meal combinations exceeding these guidelines were

calculated as the grand mean of daily district percent overages by nutrient.

Entrée Sub-Analyses
In sub-analyses, we restricted meal combinations only to those which included entrees as

they have been shown to be selected by a majority of students as one or two (meat/meat



alternate, grain) of the three required components and tend to contribute the majority of sodium
and saturated in meals.?*2

Sub-analyses were conducted on breakfast and lunch entrees to estimate sodium and
saturated fat contribution to meal combinations and nutrient levels by entrée class. Breakfast
entrees were classified into two categories by inclusion/exclusion of a meat/meat alternate
component, which is not required by USDA for the SBP. Lunch entrees were classified into
fifteen mutually exclusive categories typically available in the NSLP including "Asian-inspired",
"Breakfast for Lunch”, "Breaded Chicken", "Breaded Fish", "Burger", "Cold Deli Sandwich",
"Hot Sandwich", "Pasta", "Pizza, Calzones, and Stromboli", "Peanut Butter and Jelly",

"Southwestern”, "Other — with meat"”, "Other — vegetarian", and "Grain Only".

Statistical Analyses

Logistic regression models, adjusted for geographic region and district size, were used to
estimate associations between entrée, saturated fat, and sodium and the likelihood of meal
combinations to exceed USDA guidelines. The upper entrée nutrient thresholds in the logistic
regression models (400mg sodium / 4.5¢g saturated fat for breakfast, 1,000mg sodium / 6g
saturated fat for lunch) were selected to allow for the inclusion of the most commonly selected
beverage — a 1% low-fat fluid milk, which contributes ~1.5g of saturated and ~130mg of sodium

to meals — without exceeding USDA weekly average nutrient thresholds.

Results
Imputation of meal combinations generated 959,465 unique reimbursable breakfast

combinations and 2.3 million unique reimbursable lunch combinations across 2,864 district

10



menu days, with a wide range of daily saturated fat and sodium levels distributed around the

SBP/NSLP guidelines for both breakfasts and lunches. Prevalence of daily meal combinations

exceeding USDA nutrient thresholds are detailed in Table 1.2.

Table 1.2 Mean percent of meal combinations over USDA guidelines*

PERCENT (CI) (%) OF MEALS
EXCEEDING USDA WEEKLY

MEAL AVERAGE GUIDELINES
MENU TYPE
SFA (BY % OF
CALORIES) SODIUM
SBP All Combinations 10.6 11.0
(n=2,864) (10.0-11.1) (10.3-11.6)
Without Entrée 0.2 0.1
(n=2,855)7 (0.1-0.3) (0-0.1)
With Entrée 12.0 12.7
(n=2,864) (11.3-12.6) (12.0 - 13.5)
) , ) B 25.0 27.0
With Entrée & Condiment (n=762)F (22.5-27.5) (24.6 — 29.5)
NSLP All Combinations 34.0 12.4
(n=2,864) (33.1-34.9) (11.8 - 13.0)
Without Entrée 2.8 0.1
(n=2,850)7 (25-3.1) (0.0-0.2)
With Entrée 36.7 13.3
(n=2,864) (35.7-37.7) (12.7 - 14.0)
With Entrée & Condiment 38.9 26.9
(n=1,209) (36.9 - 41.0) (25.2 - 28.7)

* n= Total district menu days; Mean percentages estimated within district by day and then across all
district menu days. Note: Cl: 95% Confidence Interval, SBP: School Breakfast Program, NSLP:

National School Lunch Program

+ Smaller sample size is a function of not all districts offering this combination on all menu days.

11



Overall, 10.6% (95% CI: 10.0 — 11.1) of possible daily breakfast combinations and
34.0% (95% CI: 33.1 — 34.9) of possible daily lunch combinations exceeded the USDA standard
of <=10% of total calories from saturated fat, while 11.0% (95% CI: 10.3 — 11.6) of breakfast
combinations and 12.4% (95% CI: 11.8 — 13.0) of lunch combinations exceeded sodium
thresholds of <=540mg and <=1,230mg, respectively. Daily overages were markedly higher for
meal combinations that included an entrée and/or a condiment. Among meals containing
entrees, 12.0% (95% CI: 11.3 — 12.6) of possible daily breakfast combinations and 36.7% (95%
Cl: 35.7 — 37.7) of possible daily lunch combinations exceeded the USDA saturated fat
guidelines, while 12.7% (95% CI: 12.0 — 13.5) of breakfast combinations and 13.3% (95% CI.
12.7 — 14.0) of lunch combinations exceeded sodium guidelines. Among meals containing
entrees with condiments, 25.0% (95% CI: 22.5 — 27.5) of possible daily breakfast combinations
and 38.9% (95% CI: 36.9 — 41.0) of possible daily lunch combinations exceeded the USDA
saturated fat guidelines, while 27.0% (95% CI: 24.6 — 29.5) of breakfast combinations and
26.9% (95% CI: 25.2 — 28.7) of lunch combinations exceeded sodium guidelines. Overage
percentages by specific breakfast and lunch component combination types can be found in
Supplemental Tables 1.1 and 1.2.

Daily average percentages of imputed combinations exceeding USDA sodium guidelines
ranged from 0 — 42.5% for breakfasts and 0 — 38.4% for lunches. Daily average percentages for
meals exceeding 10% of calories from saturated fat ranged from 0-40.3% for breakfasts and 0-
55.8% for lunches. Considerable variability in daily overage percentages was observed both by
region and district size. Overall, the highest concentration of possible breakfast combinations
exceeding USDA sodium guidelines occurred among the smallest and largest districts in our

sample, particularly among smaller southeastern and larger southwestern districts. The smallest

12



and largest eastern districts sampled, along with several mid-sized western districts contained the
highest concentration of imputed breakfast combinations exceeding 10% of calories from
saturated fat. Smaller districts, joined by mid-sized districts in the southeast and southwest
accounted for the highest concentration of imputed lunch combinations exceeding 1,230mg of
sodium, while southwestern districts of all sizes had the highest concentration of lunch
combinations exceeding 10% of calories from saturated fat. Specific results by strata can be

found in the Supplemental Tables 1.3 — 1.6.

Entrée Sub-analysis

Level of sodium and saturated fat for both breakfast and lunch entrees were strongly
associated with meal combinations exceeding USDA guidelines. Odds ratio calculations (see
Table 1.3) indicate that breakfasts which included entrees with greater than 400mg of sodium
were more than 1,200 times as likely to exceed USDA sodium guidelines (OR:1,260, Cl 1,202 —
1,322) than when entrees had <350mg of sodium. Breakfasts containing entrees with greater
than 4.5¢ of saturated were nearly 450 times as likely to exceed 10% of calories from saturated
fat (OR:448, Cl 443 - 463) than breakfasts with entrée <3.5¢ sat fat. Similarly, lunches with
entrées containing more than 1,000mg of sodium (vs <700mg) or 6g saturated fat (vs <4g) were
both strongly associated with exceeding USDA guidelines for both sodium (OR: 257, CI 253 —

261) and saturated fat (OR: 120, CI 119 — 121).

13



Table 1.3 Association between entrée nutrient and meal combination over USDA

guideline
Unadjusted Adjusted*
Variable  Category
Odds Ratio 95% CI Odds Ratio 95% CI
SBP entrée sodium
<350mg (RC) 1.0 1.0
350 —399mg 50 48 — 53 60 57 -63
>=400mg 1,143 1,092 - 1,196 1,260 1,202 - 1,322
NSLP entrée sodium
<700mg (RC) 1.0 1.0
700 — 999mg 19 19-19 19 18-19
>=1,000mg 283 279 —288 257 253 - 261
SBP entrée SFA
<3.59 (RC) 1.0 1.0
3.59 —4.49¢g 34 33-35 28 27-29
>=4.5¢ 356 346 — 367 448 443 — 463
NSLP entrée SFA
<4g (RC) 1.0 1.0
49 —5.999g 14 13-14 13 13-13
>=6g 121 119 -122 120 119-121

Note: RC: Reference category, Cl: Confidence interval, SBP: School Breakfast Program, NSLP:

National School Lunch Program

* Adjusted for district size and geographic region

While a majority of breakfast and lunch entrées contained less than our highest threshold

category for saturated fat and sodium in breakfast and lunch entrees, a majority of imputed meal

combinations that exceeded USDA guidelines contained entrées that fell into these higher

categories, suggesting that these could serve as daily entrée nutrient limits to reduce or eliminate

meal combination overages. For example, Figure 1.1 illustrates the distribution of saturated fat
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and sodium in entrees, with a threshold level indicated by the vertical dotted line. Al indicates
that 81.2% of unique breakfast entrées in our dataset fell at or below 400mg of sodium. If we
only choose the imputed meals which contain the entrees above this threshold, the distribution of
total meals above the USDA sodium meal limit is indicated by A2. Thus, 75.0% of imputed
meal combinations containing an entrée and exceeding the USDA breakfast sodium guideline
(<=540mg) contained an entrée with greater than 400mg of sodium. For lunches, 88.2% of
unique entrées fell at or below 1,000mg of sodium (C1), while 69.4% of meal combinations
containing an entrée and exceeding the lunch sodium guideline (<=1,230mg) contained an entrée
with greater than 1,000mg of sodium (C2).

Results for entrée saturated fat at both breakfast and lunch followed a similar pattern.
86.1% of unique breakfast entrées contained <=4.5¢g of saturated fat (B1), whereas 68.6% of
meals containing an entrée and exceeding the guideline (<=10% calories from saturated fat)
contained an entrée with more than 4.5g of saturated fat (B2). 76.9% of unique lunch entrées
contained <=6g of saturated fat (D1), while 49.3% of meal combinations containing an entrée
and exceeding the guideline (<=10% calories from saturated fat) contained an entrée with more

than 69 of saturated fat (D2).

Entrée Types

Cold sandwiches typically containing processed deli meats and/or cheese showed the
highest sodium levels (942mg, CI: 915 - 969), while vegetarian and grain-only (eg. rolls, plain
pasta, seasoned rice) entrees contained the least (404mg, CI: 372 - 437). "Tex Mex" style entrees
(eg. burritos, fajitas, tacos, etc.) contained the highest saturated fat content on average (6.0g, Cl:

5.8 — 6.2), while Asian-inspired dishes (eg. General Tso's Chicken, Mandarin Chicken, etc.) had

15



the lowest saturated fat content on average (1.8g, CI: 1.7 - 2.0). A comparative table and chart of
typical lunch entrée nutrient content can be found in the Supplemental Table 1.7 and

Supplemental Figure 1.1.
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Discussion

Prior to the implantation of the HHFKA, the major sources of saturated fat, and sodium
in NSLP lunches offered were combination entrees, such as pizza, entree salads, sandwiches with
meat or cheese, and Tex-mex style items.?* Results from our national scan indicate that this
remains the case today. Despite the fact that most school districts nationwide do now offer a
variety of possible meal combinations in adherence with weekly USDA guidelines, students in
most districts in our sample were still presented with entrees that contributed to meal
combinations in excess of these thresholds on a daily basis, suggesting that a targeted
intervention focused on the "center of the plate™ could have a substantive impact on bringing a
majority of daily K-5 meal nutrient levels in line with weekly guidelines.

Since its implementation in school year 2012-2013, The Healthy, Hunger-Free Kids Act
of 2010 has resulted in a transformation that has resulted in students consuming more fruit,
vegetables, and whole grains and fewer starchy vegetables through their school meals.?>2®  Over
the same period, children in poverty, who are particularly vulnerable to obesity?” and rely on
school meals for a greater percent of their total calories, have seen their odds of prevalent
obesity reduced by 9 percent annually.?® These are facts that should be celebrated as a testament
to the power of continual science-based improvements in public health nutrition policy. Despite
these laudable achievements, HHFKA guidelines initially designed to reduce sodium content of
meals gradually over a 10-year period through two intermediate reduction targets, have been
stuck at Target 1 (1,230mg weekly average), largely through industry lobbying efforts that
characterized further sodium reductions as impractical.2%=°

Our results suggest otherwise. There was considerable variability in nutrient levels

across the breadth of "traditional™ school entrees such as pizza, sandwiches, and burritos in our
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sample, suggesting that specific entrée products selected by districts, rather than type of entrée,
play an outsized role in determining the total nutrient content of meal combinations. Given the
odds of exceeding USDA guidelines as entrée nutrient levels increase, we believe that setting
reasonable daily limits specifically on entrée saturated fat and sodium levels would reduce
potential exposure to daily overnutrition by K-5 students while allowing districts to retain a
majority of current menu items, either through replacement or reformulation of higher sodium
and saturated fat offerings.

For instance, replacement of breakfast entrees in excess of 4.5 grams of saturated fat and
400mg of sodium (with condiments) would address nearly 68% of saturated and sodium
overages in our sample while impacting just 23.5% of entrees. Similarly, setting lunch entrée
nutrient thresholds at no more that 6g of saturated fat and 1,000mg of sodium (with condiments)
would address 62.4% of overages and entail replacing 29% of entrees. Each of these cut-points
is set low enough to allow students to continue to select a milk (which typically contributes
130mg of sodium and ~1.5¢g of saturated fat per eight fluid ounces) and/or a side vegetable with a
moderate amount of sodium from salad dressing, while keeping total meal nutrient content
within existing guidelines. We believe this provides a targeted and practical approach to
reducing daily sodium and saturated fat levels with minimal disruption to school district

operations and supply chains.

Strengths and Limitations
This study has a number of limitations that should be considered. First, these data
represent K-5 menus only, so our findings may not be generalizable to middle or high school

menus. Furthermore, because this analysis also examined school breakfast and lunch data

19



exclusively, it cannot be generalized to school snacks, dinners, or student lunches brought from
home. These data also rely on the accuracy of the menu and nutritional information publicly
available through the districts’ websites, so daily district- or school-level operations (particularly
product and production fidelity to posted menus) correlate with the information posted for the
public.

Another limitation in our analysis is the inability to weight our results to account for the
selection or consumption of more popular meal components. That said, plate waste results from
a number of studies all show that selection and consumption of entrees are consistently higher
than for other meal components, thus our analyses of meals containing entrees is likely a close
approximation to actual intake.332

Furthermore, we believe our estimates of the true distribution of saturated fat and sodium
in school meal combinations is likely conservative for a few reasons. Firstly, we believe that
equally weighting all lunch components offered by districts, including traditionally less popular
items that tend to contain less saturated fat and sodium (eg. sunflower butter sandwiches,
vegetarian entrees, garden salads, etc.), likely understates the true sodium levels in school meals.
Furthermore, condiments such as ketchup or ranch dressing were not always listed on school
menus (and were therefore not assumed in all meal imputations), even though it is likely that
these are typically offered to students when they are served hamburgers, chicken nuggets, and
side vegetables. Lastly, our analyses did not consider additional nutrient intake from ala carte
sales or food brought from home that may be shared among students.

In conclusion, we believe that this study's large nationally representative sample provides
a realistic picture of the true distribution of saturated and sodium in school meals today. Our

data highlight that, despite the success of the HHFKA in reducing the saturated fat and sodium
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content of school meals since its 2012 implementation, there is still room for policy
improvements that would enhance the healthfulness of meals fed to over 30 million school
children daily.>* We propose that setting daily limits at 4.5g SFA and 400mg sodium for
breakfast entrees and 6g SFA and 1,000mg sodium and saturated fat for lunch entrees could

substantially reduce the daily over consumption of these nutrients by US school children.
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Chapter 2: Examining differences in student selection and consumption of pre-packaged
lunches versus those prepared on-site in a large New England school district
Scott A. Richardson, MBA, Eric B. Rimm, ScD, Steven L. Gortmaker, Ph.D, Matthew M. Lee,

MS, Juliana F.W. Cohen, ScM
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Abstract
Background: Subsidized meals provided through the National School Breakfast and Lunch
programs are an important source of daily nutrition for millions of U.S. students. Aging school
infrastructure has led some school districts to rely on pre-packaged meals to feed students over
the past few decades. It is unclear how student meal selection and consumption in these schools
differs from students who attend schools where meals are prepared on-site.
Objective: The aim of this study was to assess differences in student selection and consumption
of lunches between schools serving pre-packaged meals from those serving lunches prepared on-
site in full-service kitchens.
Design: Weighed plate waste measurements of 2,045 lunch trays collected in Fall 2018 from
1,329 3"-8" graders at seven K-5 and three K-8 schools (8 receiving pre-packaged meals, 2
receiving meals prepared on-site in full-service kitchens) in a large urban school district in New
England.
Statistical analyses performed: Descriptive statistics and mixed-model linear regressions
controlling for grade, sex, and repeated observations nested within individual were used to
examine difference in meal component selection, portion size, consumption, and waste by meal
service type.
Results: Selection of entrees was high (>98%) across meal service types. Portion sizes of
entrées prepared on-site were larger [191g (95% CI1 1869 — 1969)] than pre-packaged entrées
[174g (95% CI 170g — 177g)]. Entrées prepared on-site were consumed at a higher rate [66.3%
(95% CI 64.1% — 68.5%)] than pre-packed entrées [53.6% (95% CI1 51.4% — 55.8%)]. After
controlling for grade, sex, and individual, entrée consumption was 269 (95% CI 4.6% — 11.7%)

higher in schools serving meals prepared on-site than in schools serving pre-packaged entrees.
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Fruits were similar in offering and portion size across meal service type, as was their selection
(>80%). Students across meal service types consumed just under half of their fruit, with 41.9%
(95% CI 38.5% — 45.3%) consumption in schools receiving meals prepared on-site versus 43.9%
(95% ClI 41.05% — 46.9%) consumption in schools with pre-packaged offerings. Comparison of
milk selection and consumption across schools was complicated by the fact that two schools, one
small K-5 school offering pre-packaged meals and one large K-8 school offering meals prepared
on-site did not serve flavored milk. In schools with pre-packaged meals, flavored milk was
selected by 62.1% (95% CI 58.7% — 65.5%) of students 37.9% (95% CI 29.9% — 45.9%)
selection by students offered meals prepared on-site. Among flavored milk selectors,
consumption was 11.5% (95% CI 0.9% — 22.1%) higher (~1/8 carton) in schools offering meals
prepared on-site than in schools offering pre-packaged meals. Plain milk selection in schools
offering pre-packaged meals was 22.5% (95% CI1 19.6% — 25.3%) versus 39.9% (95% CI 35.6%
—44.1%) in schools offering meals prepared on-site. There was no difference in plain milk
consumption among selectors after controlling for sex, grade, and individual. Vegetable
selection was 27.2 (95% CI 21.9% — 32.5%) percentage points higher in on-site preparation
schools, but consumption among selectors was similar compared with pre-packaged meal
schools. Vegetable portions and waste were 62.3% (95% CI 59.3% — 65.4%) and 124.4% (5009)
(95% CI1 121.1% — 127.6%)) larger, respectively, in pre-packaged meal schools than on-site
preparation schools.

Conclusions: Schools serving meals prepared on-site did a better job of regulating vegetable
serving sizes, which led to similar student consumption with lower waste. Vegetable waste in

pre-packaged meal schools can be lowered by offering pre-packaged vegetables in ¥% or ¥ cup
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portion sizes which would allow students to select a %2 cup minimum to fulfill USDA

requirements while having the option to select additional vegetable portions as they wish.

Background

The National School Lunch Program (NSLP) and School Breakfast Program (SBP),
which are administered by the U.S. Department of Agriculture (USDA), provide nearly 30
million Federally subsidized lunches and 15 million Federally subsidized breakfasts to children
each school day.® These programs can play a significant role in overall childhood dietary
quality, as students who participate in both the SBP and NSLP may consume as much as fifty
percent or more of their daily calories at school.3®

School meals served during the academic year are subject to meal pattern and nutrition
regulations detailed in the Healthy Hunger Free Kids Act (HHFKA), implemented in 2012. The
HHFKA mandates that five meal components — 1) Meat/Meat Alternate and 2) Grain/Bread
(typically served together as an entrée), 3) Vegetable, 4) Fruit, and 5) Fluid Milk — must be
offered in minimum quantities to students at lunch.” In particular, fruit and vegetables must be
offered in minimum amounts of 1 cup and % cup, respectively. Despite these minimum offering
requirements, the Offer versus Serve (OVS) Provision of the NSLP, implemented in the 1970s to
minimize food waste and now utilized by more than 80% of public school districts nationally,
allows students to choose just three of the five required meal components, as long as one
component is a minimum % cup of fruit or vegetable.®® This mandated offering and required
selection of a fruit or vegetable has been shown to increase their selection and consumption by

students.3940

25



Despite the resulting uptick in vegetable selection at lunch, fresh vegetable selection and
consumption in the NSLP remains low. The most recent USDA audit of the NSLP found that
only 68.3% of elementary students selected a vegetable as part of their school lunch, just 23.6%
selected raw vegetables (as opposed to French fries or other cooked vegetables), and mean
vegetable waste was 31%.*

School kitchen infrastructure, particularly districts' ability to prepare food on-site, may
play a role in food selection and waste. The district in this study is an exemplar of our national
trend of aging infrastructure. As one of the oldest districts in the country, more than 60% of its
buildings were constructed prior to the passage of the National School Lunch Act in 1946.
Schools of this age were constructed during an era when many students, particularly those in
elementary grades, walked home for lunch. As a result, these buildings were not designed with
preparation kitchens from which to serve students meals prepared on-site. Over the last 40 years,
many of these schools were outfitted with warming ovens used to quickly reheat pre-packaged
meals purchased from an outsourced vendor prior to be offered to students on a service line often
located in a gymnasium, hallway, or basement. A 2012 National Center for Education Statistics
school infrastructure audit concluded that the national average age of public schools was 44
years, suggesting that this issue may be national in scope.*> A survey conducted by the Pew
Charitable Trusts the same year bolsters this concern — it found that 27.7% of schools planned to
meet NSLP requirements through purchases of ready-to-eat foods that arrive ready to serve with
only minimal preparation.*?

The operational challenges associated with reliance on pre-packaged meals is that they
may limit a district's ability to offer appealing options for students while customizing portion

sizes to meet NSLP offered-versus-served requirements without forcing students to take more
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food than they want. The aim of this study was to assess this potential impact by examining
differences in student meal component selection and consumption between schools offering pre-
packaged meals to those offering meals prepared on-site. To our knowledge, this is the first study
utilizing direct measure plate waste to examine differences in student meal selection and

consumption between these two lunch operating models.

Methods
Research Design and Study Population

To examine differences in student selection and consumption, a cohort of ten schools
offering pre-packaged meals (n=8) and meals prepared on-site (n=2) in a large urban New
England school district were selected for plate waste analysis. This study included third through
fifth graders participating in the NSLP across all ten schools and sixth through eighth graders in
one pre-packaged meal school and both on-site preparation schools. All schools offered
universal free meals under the USDA Community Eligibility Provision.** The study protocol
was reviewed and approved by the Merrimack College IRB, Assurance # FWAQ00014062.
Schools for this study were selected as part of another study investigating changes in student
consumption resulting from a school kitchen renovation program funded by a local charitable
foundation designed to enable on-site meal production. These data represent pre-intervention
baseline differences between intervention and controls for that intervention study. Details on the
impact of the conversion from pre-packaged meals to meals prepared on-site are detailed

elsewhere.*
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Data Collection Schedule and Timeline

Two days of weighed plate waste data were collected at each school from one school per
day from early October through early December 2018. All data were collected on non-
consecutive days within school to minimize potential autocorrelation of dietary intake by
students. Attendance records provided by the district confirm that testing dates were
representative of typical school attendance levels for grades 3-8 on all study days. Attendance by
school is detailed in Supplemental Table 2.1 and examples of the district's outsourced and

traditional on-site preparation lunch menus are provided in Supplemental Figures 2.1 — 2.2.

Data Collection

A representative sample (n = 25) of each food item offered was weighed prior to lunch
service on each study day to provide stable base weight estimates from which to assess student
consumption. Flavored milk was unavailable in one pre-packaged meal school and one on-site
preparation school. Lunch trays was labeled with a unique number in permanent marker at the
center of the tray and along all four sides to ensure visibility in the presence of food. Prior to
lunch service, all trash cans were removed from the cafeteria.

During lunch service, the contents of each tray were recorded with a timestamp by a
research assistant as students exited the lunch line. Once students were seated and eating their
lunches, researchers quickly circulated among tables to record the name, sex, grade, homeroom,
and tray number of each student on paper forms. As students completed their meals, RAS
collected their trays and placed them aside for weighing after the end of the lunch period.

Students who did not select a school meal (roughly 1/3 of students present on data collection
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days) were excluded from data collection. The remnants of meals brought from home were
collected and discarded.

Following the end of lunch service, research assistants worked in teams of two to weigh
and record each meal component remaining on the tray in grams using a commercially available
food scale (MODEL.: Nourish Kitchen Scale #0480, Greater Goods, LLC). Each item present on
a tray was weighed and recorded, including empty packaging (eg. empty milk carton) and food
remnants. Fully consumed items (eg. orange peel, apple core, empty cardboard sandwich boat or
plastic vegetable container) were additionally noted to enable the calculation of the starting
weight of the edible portion of food offered to students. Plate waste data were entered into a
spreadsheet (Microsoft® Excel® 2016 MSO 16.0.14228.20216 32-bit) formatted with drop-

downs and data validation to minimize data entry errors.

Statistical Analyses

Descriptive statistics and linear mixed models adjusted for sex, grade, and repeated
observations of individual students were used to estimate the differences in meal component
selection, portion sizes, consumption, and waste between meal service types. Regressions were
conducted in R using the 'nlme: Linear and Nonlinear Mixed Effects Models' package (Jose
Pinheiro, Douglas Bates, Saikat DebRoy, Deepayan Sarkar and the R Development Core Team

(2013), R package version 3.1-108).

Results
Plate waste from a total of 2,299 lunch trays were collected for this study. Point of sale

tray contents, student information, and plate waste data were synced by school, date, and tray
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number to provide a subset of trays (n=2,045) from unique students who had a minimum of one
day of plate waste data (n=1,329 total students). Table 2.1 describes the study sample
distribution by grade, sex, and race/ethnicity. Details of the study sample stratified by students

with one (n=613) or two (n=716) days of observations can be found in Supplemental Table 2.2.

Table 2.1. Sample size by grade, sex, race or ethnicity, and meal service type

PRE-PACKAGED (n=8)  PREPARED ON-SITE (n=2)

Total Trays (#) 1,223 822
Grade 3 379 96

Grade 4 377 138

Grade 5 371 137

Grade 6 322 181

Grade 7 378 126

Grade 8 278 144

I Total Subjects (#) I 815 I 514
Grade 3 259 62

Grade 4 249 80

Grade 5 239 85

Grade 6 242 118

Grade 7 262 85

Grade 8 182 84

Female sex (%) 48.1 52.7

Race or Ethnicity (%)

Hispanic 54,7 66.5

African American 35.4 17.8

White, non-Hispanic 6.5 12.3

Other racial or ethnic groups® 34 3.4

2 Only one school offering pre-packaged meals enrolled 6™ — 8" grade students.

® Percentages are among NSLP Fall 2018 participants in grades 3-8 as reported by the school district.
¢Includes Asian, Native American, Native Hawaiian or Pacific Islander, and multiracial racial and ethnic
groups.
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Differences in selection, portion size, consumption, and waste were observed by meal
component across meal service type, the largest of which were entrée portion sizes and
consumption, flavored milk selection and consumption, and vegetable portion sizes and waste.
Unadjusted comparisons of selection percentage, portion sizes, consumption and waste by meal
service type can be found in Table 2.2. Table 2.3 provides point estimates of these differences,
adjusted for grade level, sex, and repeated observations within individual student. Specific
findings by meal component are detailed below. Full regression outputs for estimated
differences in selection, portion size, consumption and waste between meal service types can be

found in Supplemental Tables 2.3 — 2.6.
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Table 2.2. Mean (95% CI) component selection, portion size, consumption, and waste by

meal service type

PRE-PACKAGED

PREPARED ON-SITE

SELECTION (%)?
Entrée

Vegetable

Fruit

Plain Milk

Flavored MilkP

98.5 (97.7 — 99.4)
55.8 (52.4 — 59.2)
80.1 (77.4 — 82.9)
22.5 (19.6 — 25.3)
62.1 (58.7 — 65.5)

99.6 (99.1 — 100.0)
82.1(78.8 — 85.4)
88.1 (85.3 - 90.9)
39.9 (35.6 — 44.1)
37.9 (29.9 - 45.9)

PORTION SIZE (g)°

Entrée? 174 (170 - 177) 191 (186 — 196)
Vegetable® 112 (109 — 116) 69 (67 — 72)
Fruit 105 (103 — 107) 115 (113 - 116)
Milkf 245 (245 — 246) 243 (242 — 243)
CONSUMPTION (g)*
Entrée 91 (87 — 95) 125 (120 — 130)
Vegetable 20 (17 — 23) 28 (26 — 31)
Fruit 44 (41 - 47) 45 (42 — 49)
Plain Milk 113 (99 — 126) 132 (120 — 144)
Flavored Milk 155 (147 — 163) 190 (169 — 210)
CONSUMPTION (%)
Entrée 53.6 (51.4 — 55.8) 66.3 (64.1 — 68.5)
Vegetable 21.3(18.6 — 24.1) 39.4 (36.7 — 42.0)
Fruit 43.9 (41.0 - 46.9) 41.9 (38.5 - 45.3)
Plain Milk 46.1 (40.6 — 51.6) 54.6 (49.5 — 59.6)
Flavored Milk 63.2 (60.0 — 66.5) 77.1(68.8 — 85.5)
WASTE (g)"
Entree 83 (78 - 87) 66 (61— 71)
Vegetable 92 (88 — 97) 41 (39 — 43)
Fruit 62 (58 — 65) 69 (65 — 74)
Plain Milk 132 (118 — 145) 110 (98 — 123)
Flavored Milk 90 (82 — 98) 56 (36 — 77)
WASTE (%)
Entrée 46.4 (44.2 — 48.6) 33.7 (31.5-35.9)
Vegetable 78.7 (75.9 - 81.4) 60.6 (58.0 — 63.3)
Fruit 56.1 (53.1 —59.0) 58.1 (54.7 — 61.6)
Plain Milk 53.9 (48.4 — 59.4) 45.4 (40.4 — 50.5)
Flavored Milk 36.8 (33.5 - 40.0) 22.9 (14.5-31.2)

a Students were classified as "selectors" if they chose meal component on at least one day of observations.
b Calculated across a subset of schools (pre-packaged meals n=7, on-site preparattion n=1) where flavored milk was offered

¢ Refers to edible portion chosen by students without packaging, milk cartons, rinds, pits, or seeds.
dIncludes meat/meat alternates, grains, and condiments.

¢ Does not include vegetables offered as part of entrées.

fIncludes non-fat chocolate milk, 1% plain milk, plain skim milk, and lactose free milk.

9 Among selectors, calculated by subtracted remaining edible portion weight on tray from edible portion size estimates.

" Among selectors; refers to remaining edible portion only.
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Table 2.3. Adjusted? differences (95% CI)® in selection percentage, portion size,
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consumption, and waste of meal components prepared on-site versus pre-packaged
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Entrees

Student selection of entrées was uniformly high (>98%) across school meal service type
with students in on-site preparation schools selecting them 1.6% (95% CI 0.4% — 2.8%) more
often than students in pre-packaged meal schools. On-site preparation schools served slightly
larger entrees [18g (95% CI 12g — 249)] to their students who consumed 8.1% (95% CI 4.6% —
11.7%) more than pre-packaged meal school students. Corresponding adjusted entrée waste was
only 8g (95% CI 1g — 169) lower in on-site preparation schools than in pre-packaged meal

schools.

Fruit

Fruit offerings were similar across meal service type (typically an apple, banana, grapes,
orange or pear), with the only substantive difference being that students in schools with pre-
packaged meals often received their fruit wrapped in cellophane. Fruit selection was similarly
high between meal service types with 80.1% (95% CI 77.4% — 82.9%) of pre-packaged meal
school students selecting a fruit versus 88.1% (95% CI 85.3% — 90.9%) of students in on-site
preparation schools. Fruit portion size and consumption was also similar across schools with
pre-packaged meal school students consuming an average of 43.9% (95% CI 41.0% — 46.9%) of
their 1059 (95% CI 103g — 107¢) offerings compared with their on-site preparation school peers

who consumed 41.9% (95% CI 38.5% — 45.3%) of their 115g (95% CI 113g — 116g) portions.

Milk
Comparisons of overall milk selection across meal service models was complicated by

the fact that two schools (one small K-5 school offering pre-packaged meals and one large K-8
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school with on-site meal preparation) did not offer flavored milk. Across all schools, plain milk
was selected by 22.5% (95% CI 19.6% — 25.3%) of pre-packaged meal school students versus
39.9% (95% Cl1 35.6% — 44.1%) of their peers in on-site preparation schools. Sub-analysis of the
eight schools offering flavored milk indicated that it was selected by 62.1% (95% CI 58.7% —
65.5%) of students in pre-packaged meal schools, but by only 37.9% (95% CI1 29.9% — 45.9%)
of students in the one school with on-site meal preparation where it was offered.

Milk serving sizes — standard 8 ounce cartons — were essentially identical across schools.
While consumption and waste of plain milk was similar across meal service type after adjusting
for grade, sex, and student, adjusted flavored milk consumption was 29g (95% CI 2g — 550)

higher (~1/8 carton) among students receiving meals prepared on-site.

Vegetables

Significant differences in selection, portion sizes, and waste between meal service type
were observed among vegetables. Vegetables were selected by 55.8% (95% CI 52.5% — 59.7%)
of pre-packaged meal school students compared with 82.1% (95% CI 78.8% — 85.4%) of
students in on-site preparation schools. Absolute vegetable consumption among vegetable
selectors was similar across meal service type, however, with students in on-site preparation
schools consuming just 4g (95% CI 0.2g — 8g) more (equivalent to ~1/2 a baby carrot) than their
peers receiving pre-packaged meals.

The starkest differences between vegetables by meal service type were in portion sizes
and waste in schools offering pre-packaged meals. Mean vegetable portions in schools offering
pre-packaged meals were 46g (95% CI 41g — 50q9) larger (~ % cup) than portions offered in

schools with on-site preparation. Given the similar consumption levels of vegetables across meal
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service type, mean vegetable waste was 509 (95 CI 44g — 55g) higher in pre-packaged meal
schools as well, suggesting that both portion size and school-level factors may play a role in
driving vegetable waste.

Figure 2.1 details the mean portion size and consumption in grams of specific vegetables
offered across schools on days data collection days with specific vegetables indicated by the
letters "A" through "1". With the exception of small portions of raw broccoli (label "A™) lettuce
("B") and tomato ("C") that were offered in smaller packaging to be served in combination with
other vegetables, the majority of vegetables served in pre-packaged meal schools (depicted in
red) were offered and discarded in higher volumes than vegetables offered in on-site preparation
schools. Pre-packaged items such as side salads, peas, and green beans ("D", "E", and "F",
respectively) were associated with the largest amounts of waste due to their portion sizes, despite
having similar consumption rates as other pre-packaged vegetables. Comparisons of cucumbers
("G™) and corn ("H"), which were served in both pre-package meal schools and on-site
preparation schools, indicate similar consumption levels, but higher waste among the larger pre-
packaged offerings. Despite being offered in larger portions, black beans ("I1") offered in on-site
preparation schools had high consumption. A comparison of vegetable portions and waste by

vegetable and meal service type is detailed in Supplemental Table 2.7.
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Figure 2.1. Mean (95% CI) vegetable portion size (g) and consumption (g) by vegetable and
meal service type.
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Our results show that while food waste was relatively high across all grades regardless of

meal component, grade, and meal service type, there are considerable differences between pre-

packaged meals served in pre-packaged meal schools and meals prepared on-site in full-service

school kitchens. Most notable among our results was the significantly lower selection
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percentage, coupled with higher portion sizes and waste of vegetables among pre-packaged meal
school students, despite similar consumption levels by students selecting vegetables across meal
service type. Our results align with the vegetable selection findings of the USDA School
Nutrition and Meal Cost Study which found that 68.3% of elementary students selected a
vegetable as part of their school lunch.*® Our observed vegetable waste percentages were
significantly larger than the 31% they observed, however.

Vegetable selection in school lunches has been shown to be driven by a number of factors
including the attractiveness of the offering of the day, whether staff pre-plate items, and even
students' place in the lunch line and their subsequent amount of time to eat.*” When the updated
rules associated with the Healthy Hunger Free Kids Act were proposed in 2010 they garnered
significant public comments regarding the potential for increased plate waste. In particular,
many commenters noted that requiring students to take additional food, coupled with larger
mandated vegetable portion sizes, might lead to increased waste by students have enough time to
eat a larger quantity of food.*® While vegetable waste can be driven by any combination of these
factors and subsequent studies have found these fears to be somewnhat overstated,*** our
findings suggest that portion size may play a role in vegetable food waste among students who
select vegetables as part of their reimbursable meal.

The operational challenge facing districts that offer pre-packaged vegetables purchased
from vendors who only offer one size option resides in the tension between meeting the OVS
requirements of offering a minimum %4 cup versus serving a minimum %2 cup to students who opt
to select them. While more research is clearly warranted to understand more definitively both
the effects of pre-packaging and serving sizes on vegetable selection and consumption, our

results suggest that interim steps should be considered to limit vegetable waste in the short term,
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along with its associated economic and environmental costs. We propose that, particularly for
schools that must serve pre-packaged vegetables currently, manufacturers offer vegetables in
both ¥4 or % cup servings, instead of only the maximum % cup required to be offered under
NSLP guidelines. We believe that doing so would allow students to embody the old adage, "take
all you want, but eat all you take", maximizing consumption while minimizing waste in the short
term, until additional data are available to inform further policy recommendations.

This study has several limitations to note prior to drawing conclusions to inform national
school meal policy. Its primary limitation is the lack of random selection of schools due to
logistical constraints within the district, which allows for potential confounding. While
demographically similar schools were successfully enrolled, the possibility of confounding by
unmeasured variables remains. Another potential limitation is the limited number of schools
with full-service kitchens, as well as the number of days of observations, which increases the
likelihood that preference for specific menu items could have skewed our results. Additionally,
only students in one low income, urban school district were included. However, the menu items
offered across both pre-packaged meal schools and on-site preparation schools were similar to
large urban school districts across the United States, thus these results are likely generalizable to
other low-income students of similar ages, who may benefit the most from school-based nutrition
interventions.®® Despite these limitations, this study's primary strength is its substantial sample
size across multiple schools coupled with several days of precise pre- and post-intervention

longitudinal plate waste measurements.
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Chapter 3: Examining student plate waste following a conversion from pre-packaged
lunches to meals prepared on-site: a longitudinal cohort study
Scott A. Richardson, MBA, Eric B. Rimm, ScD, Steven L. Gortmaker, Ph.D, Matthew M. Lee,

MS, Juliana F.W. Cohen, ScM
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Abstract
Background: Subsidized meals provided through the National School Breakfast and Lunch
programs are an important source of daily nutrition for millions of students across the United
States. Aging school infrastructure has led some districts to rely on pre-packaged meals to feed
students over the past few decades. It is unclear how investments in infrastructure upgrades that
would enable districts to prepare food on-site in school kitchens might influence student
selection and consumption of school meals.
Objective: The aim of this study was to assess changes in student selection and consumption of
school lunches following a conversion from pre-packaged meals to lunches prepared on-site, the
introduction of salad bars on the lunch line, and removal of flavored milk offerings.
Design: Quasi-experimental difference-in-difference analysis of pre/post direct observation
weighed plate waste measurements collected in Fall 2018 and Spring 2019 from 595 3¢-5"
graders at eight elementary schools (four intervention, four controls) in a large urban school
district in New England.
Statistical analyses performed: Descriptive statistics and mixed-model linear regressions
controlling for grade, sex, intervention, and observations nested within individual were used to
examine changes in meal component selection and consumption.
Results: Student selection and consumption of vegetables increased by 31 grams (95%CI 189 —
439) (equivalent to ~3.25 carrot sticks or grape tomatoes) in intervention schools relative to
controls, while student selection and consumption of milk decreased by 46g (95%CI 18g — 43Q)
(~1/5 of an 8 ounce milk carton). Entrée and fruit selection and consumption did not change

significantly.
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Conclusions: Removal of flavored milk may lead to an initial decline in milk selection and
consumption. Increased offerings of fresh unpackaged vegetables can increase student

acceptance and consumption.
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Background

The National School Lunch Program (NSLP) and School Breakfast Program (SBP),
which are administered by the U.S. Department of Agriculture (USDA), provide nearly 30
million Federally subsidized lunches and 15 million Federally subsidized breakfasts to children
each school day.> These programs can play a significant role in overall childhood dietary
quality, as students who participate in both the SBP and NSLP may consume as much as fifty
percent or more of their daily calories at school.>

School meals served during the academic year are subject to meal pattern and nutrition
regulations detailed in the Healthy Hunger Free Kids Act (HHFKA), implemented in 2012. The
HHFKA mandates that five meal components — 1) Meat/Meat Alternate and 2) Grain/Bread,
typically served together as an entrée, 3) Vegetable, 4) Fruit, and 5) Fluid Milk — must be offered
to students at lunch.>* Under the Offer versus Serve (OVS) Provision NSLP, which is utilized by
more 80% of public school districts nationally, students must choose a minimum of three meal
components, one of which must be a fruit or vegetable, in order for their lunch to qualify for
federal reimbursement.>® This mandated offering and required selection of fruits and vegetables
have been shown to increase student consumption of fruits and vegetables.>®" Despite this
uptick, vegetable selection and consumption in school lunches remains low. The most recent
USDA audit of the NSLP found that only 68.3% of elementary students selected a vegetable as
part of their school lunch and just 23.6% selected raw vegetables (as opposed to French fries and
other cooked vegetables).>®

School kitchen infrastructure may play a key role in districts' ability to provide appealing
meals for students. A 2012 National Center for Education Statistics school infrastructure audit

concluded that the national average age of public schools was 44 years.>® A survey conducted by
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the Pew Charitable Trusts the same year found that 24% of schools cited a need to remodel or
upgrade kitchens in order to meet the improved nutritional guidelines of the HHFKA.®® While
54% of districts surveyed expected to increase scratch cooking to meet the new requirements,
27.7% planned to meet the requirements through increased purchases of ready-to-eat foods that
arrive ready to serve with only minimal preparation.®*

While it is unclear what impact increasing offering of ready-to-eat food may have had on
student meal component selection and consumption in those districts, a recent initiative in a large
school district in New England switching many of its schools from pre-packaged “heat and
serve” meals to lunches prepared on-site provides an opportunity to test the inverse.

The district undergoing the initiative is one of the oldest operating school districts in the
United States, with more than 60% of its buildings constructed prior to the passage of the
National School Lunch Act in 1946. Prior to that era, students typically walked home for lunch,
thus many of these aging schools lack adequate preparation kitchens from which to serve
students. These schools are typically outfitted with warming ovens used to quickly reheat pre-
packaged meals purchased from an outsourced vendor prior to be offered to students on a service
line often located in a gymnasium, hallway, or basement.

Beginning in summer 2017, the district partnered with a private foundation to launch an
initiative which entailed a rolling schedule of retrofitting the district's schools lacking kitchens
with the sinks, ovens, cooled/heated serving lines, and other equipment necessary to enable on-
site scratch cooking of meals from fresher ingredients. Students in these renovated schools are
encouraged to customize their meals by allowing them to request specific "deconstructed" entrée
components to their liking (as opposed to being forced to take an entire entrée) as they proceed

along the lunch line. Students are also provided with an array of daily fresh vegetables placed
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just before the point of sale on each lunch line which allows them to customize a salad. While
fresh fruit offerings across these schools are typically similar to unrenovated schools, flavored
milk is also removed as an offering following each renovation. Examples of the district's
outsourced and post-intervention elementary school menus are provided in Supplemental Figures
3.1and 3.2.

During the 2018/19 academic year, pre- and post-intervention plate waste data were
collected from a cohort of intervention and control schools to assess changes in student meal
component selection and consumption. To our knowledge, this is the first study utilizing direct
measure plate waste to examine the impact on student meal consumption following an
intervention that removed flavored milk and replaced pre-packaged meals with meals prepared

on-site.

Methods
Research Design and Study Population

To test the impact of the intervention on student selection and consumption, a cohort of
elementary schools (n=4) slated to receive renovations midway through the 2018/19 school year
was selected by the district for plate waste analysis. Due to the district's established construction
timeline, random assignment to the intervention (n=4) was not possible, so a cohort (n=4) of
demographically similar schools scheduled to receive the intervention in subsequent years was
selected to serve as a control, enabling a quasi-experimental difference-in-differences approach
to assess student consumption attributable to the intervention. The study included third, fourth,

and fifth graders participating in the NSLP across all eight schools. All schools offered universal

45



free meals under the USDA Community Eligibility Provision.®? The study protocol was

reviewed and approved by the Merrimack College IRB, Assurance # FWA00014062.

Data Collection Schedule and Timeline

A total of four days (two days pre-intervention, two days post-intervention) of weighed
plate waste data were collected at each school. Baseline data were collected at one school per
day from early October through early December 2018. Follow-up data were collected at one
school per day in Spring 2019. Post-intervention data collection at intervention schools was
scheduled to allow for a suitable exposure period at each intervention school to minimize
potential novelty effects (mean= 65 days, SD= 8.6). All data were collected on non-consecutive
days within school to minimize potential autocorrelation of dietary intake by students.
Attendance records provided by the district confirm that testing dates were representative of
typical school attendance levels for grades 3-5 on all study days. Attendance by school is

detailed in Supplemental Table 3.1.

Data Collection Methods
Pre-lunch preparation

A representative sample (n = 25) of each food item offered was weighed prior to lunch
service on each study day to provide stable base weight estimates from which to assess student
consumption. Lunch trays was labeled with a unique number in permanent marker at the center
of the tray and along all four sides to ensure visibility in the presence of food. Prior to lunch

service, all trash cans were removed from the cafeteria.
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During lunch service

The contents of each tray were recorded with a timestamp by a research assistant as
students exited the lunch line. A digital photo was also taken of each tray as students exited the
line to provide a backup to the paper records.

Once students were seated and eating their lunches, researchers quickly circulated among
tables to record the name, sex, grade, homeroom, and tray number of each student on paper
forms. As students completed their meals, RAs collected their trays and placed them aside for
weighing after the end of the lunch period. Students who did not select a school meal were
excluded from data collection. The remnants of meals brought from home were collected and

discarded.

Post-lunch service

Research assistants worked in teams of two to weigh and record each meal component
remaining on the tray in grams using a commercially available food scale (MODEL.: Nourish
Kitchen Scale #0480, Greater Goods, LLC). Each item present on a tray was weighed and
recorded, including empty packaging (eg. empty milk carton) and food remnants. Fully
consumed items (eg. orange peel, apple core, empty cardboard sandwich boat or plastic
vegetable container) were additionally noted to enable the calculation of the starting weight of
the edible portion of food offered to students. Plate waste data were entered into a spreadsheet
(Microsoft® Excel® 2016 MSO 16.0.14228.20216 32-bit) formatted with drop-downs and data

validation to minimize data entry errors.
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Statistical Analyses

Descriptive statistics and mixed-model linear regressions, adjusted to account for sex,
grade, and individual observations nested within student and school were used to estimate
changes in student selection and consumption. Regressions were conducted in R using the
'nIme: Linear and Nonlinear Mixed Effects Models' package (Jose Pinheiro, Douglas Bates,
Saikat DebRoy, Deepayan Sarkar and the R Development Core Team (2013), R package version

3.1-108).

Results

Plate waste from a total of 2,710 lunch trays were collected for this study. Point of sale
tray contents, student information, and plate waste data were matched by school, date, and tray
number to provide a longitudinal subset of trays (n=1,907) from unique students who had a
minimum of one day of plate waste data pre-and post-intervention (n=595). Table 3.1 details the
sample, which was well balanced between study arms by both grade and sex. Slight differences
were observed between fourth and fifth grade participation in intervention versus control schools

due to class field trips which occurred in both arms on a few study days.
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Table 3.1 Intervention and control groups by grade, sex, and race or ethnicity

CHARACTERISTIC  '(uGo1S ey SCHOOLS (nmd)
| Total Trays (#) . 855 ; 1,052 |
Grade 3 295 381
Grade 4 337 286
Grade 5 223 385
| Total Subjects (#) | 264 | 331 |
Grade 3 89 124
Grade 4 105 91
Grade 5 70 116
Female sex (%) 54.5 44.4

Race or Ethnicity (%)T

Hispanic 52.7 50.4

African American 41.8 32.1

White, non-Hispanic 2.5 12.9

Other racial or ethnic groups™ 3.0 4.6

I
+ Percentages refer to all SBP/NSLP participants within each school as reported by the school district.

* Includes Asian, Native American, Native Hawaiian or Pacific Islander, and multiracial racial and ethnic groups.
Notable changes to meal component selection and consumption were observed in the
intervention schools, specifically increased overall vegetable selection and consumption and
decreased overall milk selection and consumption. Table 3.2 details the unadjusted mean pre-

and post-intervention selection and consumption by study arm.
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Table 3.2 Unadjusted mean (95% CI) student meal component selection (%) and

consumption (g)
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Meal Component Selection

While no significant change was observed in the percentage of students selecting entrees
across either intervention or control schools, significant changes to vegetable and milk selection
were observed in intervention schools following the intervention, where mean vegetable
selection increased from 59.1% (95% CI 53.2 — 65.0) to 90.9% (95% CI 87.4 —94.4) and mean
milk selection decreased from 79.9% (95% CI 75.1 — 84.7) to 51.1% (95% CI 45.1 — 57.1). The
only significant change in control schools was in fruit selection, which increased modestly from
73.1% (95% C1 68.3 — 77.9) to 84.6% (95% CI 80.7 — 88.5). Unadjusted changes in student
meal component selection are illustrated in Figure 3.1 and regression results for selection are

detailed in Table 3.3.
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Figure 3.1 Unadjusted change in mean student meal component selection (%0)
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Table 3.3 Meal component selection percentage (%) difference-in-difference regression

estimates
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Meal Component Consumption

Significant changes in crude overall mean consumption were observed for vegetables,
fruit, and milk in intervention schools. Mean overall vegetable consumption increased from 9g
(95% CI1 7 — 11) to 38g (95% CI 34 — 42) and mean overall fruit consumption rose from 34g
(95% CI 29 — 39) to 559 (95% CI 50-60), while mean overall milk consumption decreased from
100g (95% CI 88 — 112) to 51g (95% CI 41 — 61). In control schools, crude mean overall entrée
consumption increased from 879 (95% CI1 81 — 93) to 103g (95% CI1 98 — 108) and mean overall
fruit consumption increased from 31g (95% CI 27 — 35) to 429 (95% CI 39 — 45). Table 3.2 and
Figure 3.2 detail the changes in unadjusted mean student consumption by meal component and
study arm.

Regression models controlling for grade, sex, and repeated observations within individual
nested within school attenuated the significance of the change in overall fruit consumption
associated with the intervention, but indicated a significant increase in overall vegetable
consumption of 31g (95% CI 18 — 43) (equivalent to ~3.25 carrot sticks or grape tomatoes) and a
significant decrease in overall milk consumption of -46g (95% CI -63 — -29) (~1/5 of an 8 ounce
carton of milk). No significant change in overall entrée or lunch consumption was observed in

either study arm. Regression results for meal component consumption are detailed in Table 3.4.
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Figure 3.2 Unadjusted change in mean student meal component consumption (g)

ENTREE CONSUMED (g) FRUIT CONSUMED (g)
150 150
125 125
100 @gﬁﬁ 100
75 75

50 50 EA

25 25
0 0

PRE POST PRE POST

—O— INTERVENTION  —O— CONTROL —O— INTERVENTION  —O— CONTROL

VEGETABLE CONSUMED (g) MILK CONSUMED (g)
150 150
125 125
100 100
75 75
50 50
25 / 25
0 © 0

PRE POST PRE POST

—O— INTERVENTION  —O— CONTROL —O— INTERVENTION  —O— CONTROL

55



Table 3.4 Meal component consumption (g) difference-in-difference regression estimates

ENTREE VEGETABLE FRUIT MILK
INTERCEPT 78 (63 —94)° 7(2-12)" 36 (20 — 53)° 97 (63 —130)°
INT SCHOOLS® 1 (-24 - 26) -0.4 (-8-8) -2 (-24 - 20) 9 (-36 — 54)
TIME TREND® 17 (4 -31)* 05(-8-9) 8 (-6 — 22) -2 (-14-10)
DIDf -7 (-26 — 12) 31 (18 - 43)¢ 12 (-8 - 31) -46 (-63 — 29)°
FEMALE (REF) - - -
MALE 6 (-0.3-12) 0.7 (-2-3) -5(-9-0) 18 (6 — 30)°
GRADE 3 (REF) - - - _
GRADE 4 -05(-8-7) 2(-1-5) 3(-2-98) -28 (-43 - 13)°
GRADE 5 19 (11 - 26)° 3(0.4-6) 1(-4-6) -4 (20 - 11)
R%c 0.33 0.44 0.20 0.57
2 p<0.05
® p<0.01
¢ p<0.001

d Intervention group specific effect (to account for average permanent difference from control)
¢ Time trend common to intervention and control groups
f Difference-in-difference estimator (true effect of treatment)

Sub-analyses by baseline selection behavior

While the analyses above highlight mean overall post-intervention changes by meal

component, they do not elucidate potential heterogeneous changes in selection and consumption

patterns by students who were either baseline selectors or baseline non-selectors of specific meal

components, or of baseline lunch non-participants who opted to select a lunch post-intervention.

To assess changes in these sub-populations, we conducted sub-analyses of selection and

consumption in each group.
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Sub-analysis of baseline selectors

Sub-analysis of baseline selectors, defined as students who selected a given meal
component at least once pre-intervention, indicated higher post-intervention fruit and vegetable
selection and lower milk selection among students in intervention schools versus control schools.
Regression models controlling for sex, grade, and repeated observations within student nested
within school indicated that mean fruit and vegetable consumption among prior selectors was
higher in post- intervention schools [18g (95% CI1 6 —30) and 349 (95% CI 17 — 51),
respectively], while mean milk consumption was 429 (95% CI -76 —-9) lower. Supplemental

Table 3.2 details these results.

Sub-analysis of baseline non-selectors

Sub-analyses of students who did not select milk or vegetables at baseline indicated
higher post-intervention vegetable selection and lower milk selection in intervention schools
versus control schools. Regression models controlling for sex, grade, and repeated observations
within student nested within school indicated that mean vegetable consumption attributable to
the interventions among prior non-selectors was 33g (95% CI 24 — 43) higher in post-

intervention schools. Supplemental Table 3.3 details these results.

Sub-analysis of baseline non-participants

Sub-analysis of baseline non-participants, defined as students who we had no baseline
longitudinal measures on, also indicated higher post-intervention vegetable selection and lower
milk selection in intervention schools versus control schools. Regression models controlling for

sex, grade, and repeated observations within student nested within school indicated that the only
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significant consumption difference was 31g (95% CI 15 — 47) higher vegetable consumption in

post- intervention schools. Supplemental Table 3.4 details these results.

Discussion

In our study of a large diverse urban area school systems where intervention schools
shifted from a healthy pre-packaged meal to an on-site scratch cooked meal with enhanced
access to fresh vegetables and the elimination of flavored milk, we found that children were
more likely to increase vegetable selection and consumption, but decrease milk selection and
consumption. We did not find substantial changes in either entrée or fruit selection or
consumption.

A wide array of cafeteria-based interventions designed to increase student acceptance and
consumption of school meals have been documented in the decade since implementation of the
Healthy Hunger Free Kids Act. The most rigorously evaluated of these documenting increased
student fruit and vegetable intake have tended to focus on the presentation and palatability of
meal components, increased variety of fruit and vegetable offerings, encouraging students to try
fruits and vegetables, and giving students greater autonomy in portion size selection.®*%® Qur
findings align with and build upon this prior research.

To our knowledge, this is the first plate waste study to assess the impact of removing
flavored milk and switching from pre-packaged meals to meals prepared on-site. It is important
to note that there is great variability in the marketplace of "pre-packaged" school meals, a
catchall term that applies equally to shelf-stable, frozen, or fresh meals, each of which may have

different nutritional, palatability, and cost profiles. In the case of this study, the pre-packaged
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meals under study were prepared fresh by at a central kitchen facility in nutritional compliance
with USDA regulations, and subsequently delivered to schools daily.

Similarly, the term "meals prepared on-site” connotes the preparation of a meal from
nothing but raw ingredients. In reality, most cooking in school kitchens is more aptly described
as "light cooking and assembly", as most schools, including those in our study, do not bake their
own bread, grind their own chuck steak for fresh hamburgers, or broil raw chicken and chop
fresh tomatoes into salsa for inclusion in burritos. As such, the main differences we tested
between school lunch operating models was the influence that entrée packaging, increased fresh
vegetable variety, and the removal of flavored milk had on student selection and consumption.
That said, our findings are worth the attention of school nutrition policy makers and food service
directors who may be contemplating cafeteria infrastructure and staff training funding and
investments.

Given the substantial costs and disruption of retrofitting kitchens into outdated school
infrastructure, policy makers and school districts should consider which cafeteria interventions
might provide the highest return on investment before making a wholesale shift in their
operations. Most notably, our findings that the intervention did not impact entrée selection or
consumption suggest that schools should consider whether a shift to preparing entrees on-site
would result in healthier center-of-plate options with lower sodium and saturated fat for their
students.

Similarly, while our findings showed that milk selection and consumption did decrease in
the short term after flavored milk was removed mid-year, policy makers and districts should note
that the literature on this subject is inconclusive and, thus, not reject the possibility of removing

flavored milk out of hand. Two studies conducted before enactment of the HHFKA found that
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removal of flavored milk resulted in 11% and 26.0% lower milk selection, respectively, more
recent research has found that students with access to only white milk resume consuming similar
quantities of milk once they have had time to adjust to the change.”®"® As a result, schools may
still consider removing flavored milk as a strategy for decreasing student sugar intake, which is
not currently regulated in school meals.

The clearest takeaway from our findings is the potential impact that increasing student
exposure to a greater variety of daily fresh vegetable options, which was associated with
significantly higher student vegetable selection and consumption. As a result, both schools with
kitchens and those utilizing pre-packaged meal services due to lack of cooking infrastructure
should all consider how they might increase their variety of fresh vegetable offerings to students
daily on the lunch line.

This study has several limitations. Its primary limitation is the pre-study specification of
the intervention schools by the school district, which necessitated a quasi-experimental approach
to control for potential confounding. While demographically similar control schools were
successfully enrolled, the possibility of confounding by unmeasured variables remains. Future
studies using randomized intervention and controls should be conducted to isolate a potential
causal effect to better inform policies regarding how vegetables should be offered in the NSLP.

Another limitation is the lack of ability to control for student breakfast intake (either at
home or at school), which may have played a role in student hunger levels and subsequent lunch
consumption. Additionally, only elementary students in a low income, urban school district
were enrolled in our study. However, our results are likely generalizable to other low-income
elementary students, who may benefit the most from school-based nutrition interventions.

Future studies should examine the effect of similar interventions at the middle and high school
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levels and across other demographic and socio-economic strata. The primary strength of this
study is its substantial sample size across multiple schools coupled with several days of precise

pre- and post-intervention longitudinal plate waste measurements.
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Supplemental Tables

Supplemental Table 1.1 Percentage (95% CI) of reimbursable breakfast combinations
exceeding USDA guidelines*

MEAL SATURATED FAT SATURATED FAT SODIUM
COMBINATION (GRAMS) (BY %)
EFFM (n=2,860) 8.3 (7.7-9.0) 10.7 (10.1 - 11.4) 14.1 (13.3 - 15.0)
EFF (n=2,850) 6.6 (6.0 -7.2) 12.1 (11.4 - 12.9) 6.6 (6.0 -7.2)
EFM (n=2,860) 8.6 (8.0 -9.2) 13.7 (13.0 - 14.5) 14.4 (13.6 - 15.2)
FFM (2,855) 0.0 0.2(0.1-0.3) 0.1 (0.0-0.1)

*n= district menu days; E=Entrée, V=Vegetable, F=Fruit (students can select two fruits at
breakfast), M=Milk, D=Dessert, C=Condiment
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Supplemental Table 1.2 Percentage (95% CI) of reimbursable lunch combinations
exceeding USDA guidelines*

MEAL

COMBINATION

(GRAMS)

SATURATED FAT SATURATED FAT

(BY %)

SODIUM

EF (n=2,765)
EFC (n=1,020)
EFD (n=171)
EFDC (n=64)
EFM (n=2,830)
EFMC (n=1,062)
EFMD (n=176)
EFMDC (n=67)
EV (n=2,809)
EVC (n=1,619)
EVD (n=178)
EVDC (n=109)
EVF (n=2,848)
EVFC (n=1,678)
EVFD (n=181)
EVFDC (n=112)
EVFM (n=2,848)
EVFMC (n=1,678)
EVFMD (n=181)
EVFMDC (n=112)
EVM (n=2,847)
EVMC (n=1,678)
EVMD (n=181)
EVMDC (n=112)
VFM (n=2,812)
VFMC (n=1,365)
VFMD (n=175)
VFMDC (n=89)

13.7 (12.8 — 14.6)
15.4 (13.5 — 17.3)
30.9 (25.6 — 36.1)
29.5 (20.0 — 38.9)
18.4 (17.6 — 19.3)
20.1 (18.2 - 22.0)
30.9 (26.3 - 35.6)
33.3 (24.1 - 42.5)
17.6 (16.7 — 18.5)
225 (21.1 - 23.9)
34.6 (29.3 — 40.0)
45.7 (37.9 - 53.5)
15.3 (14.5 — 16.1)
21.3 (20.0 — 22.7)
30.0 (25.0 - 35.0)
41.9 (34.6 — 49.2)
22.1 (21.2 - 23.0)
27.1 (25.7 — 28.5)
35.6 (30.8 — 40.4)
47.0 (40.0 - 54.0)
22.2 (21.3 - 23.1)
27.2 (25.8 — 28.6)
35.5 (30.7 — 40.3)
46.7 (39.6 — 53.7)

0.03 (0.0 - 0.1)

0.0
2.3 (0.6 -3.9)
3.8(0.8-6.8)

44.6 (43.3 — 45.9)
41.7 (39.1 — 44.4)
48.2 (42.6 — 53.9)
44.2 (33.7 — 54.6)
32.9 (31.9 - 34.0)
34.7 (32.4 - 37.0)
35.2 (30.7 — 39.6)
38.7 (29.6 — 47.8)
52.1 (50.9 — 53.3)
52.6 (50.8 — 54.4)
56.2 (50.8 — 61.6)
63.2 (56.0 — 70.4)
37.4 (36.3 - 38.5)
41.0 (39.3 — 42.6)
41.6 (36.3 — 46.8)
49.7 (42.5 - 56.9)
30.6 (29.6 — 31.6)
33.2 (31.7 - 34.6)
33.7 (29.0 - 38.3)
40.0 (33.2 — 46.8)
40.5 (39.5 — 41.5)
43.1 (41.6 — 44.6)
42.4 (37.7 - 47.2)
50.2 (43.4 — 56.9)
1.8 (1.5 2.0)
5.1 (4.4 —5.8)
12.4 (8.5 16.2)
17.6 (11.0 — 24.2)

3.1(2.7-3.6)
6.1(4.8-7.3)
6.0 (3.5 8.6)
7.9 (2.5 - 13.4)
4.6 (4.1 -5.0)
14.2 (12.5 — 15.9)
10.4 (7.4 - 13.4)
22.0 (13.9 - 30.0)
7.2 (6.6 —7.8)
16.3 (15.1 - 17.5)
12.8 (9.6 — 16.0)
25.6 (19.7 — 31.5)
6.3 (5.8 - 6.8)
15.7 (14.6 — 16.9)
11.9 (9.1 - 14.7)
22.5 (17.4 — 27.6)
11.6 (11.0 — 12.3)
25.3 (23.9 — 26.6)
21.2 (17.4 — 24.9)
39.1 (33.6 — 44.6)
11.6 (10.9 — 12.3)
25.3 (23.9 - 26.7)
21.1 (17.3 - 24.8)
38.8 (33.3 - 44.4)
0.04 (0.0 - 0.1)
0.1(0.0-0.2)
0.0
0.0

*n= district menu days; E=Entrée, V=Vegetable, F=Fruit (students can select two fruits at

breakfast), M=Milk, D=Dessert, C=Condiment
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Supplemental Table 1.3 Percent (Cl) (%) of breakfast combinations exceeding

USDA sodium guideline (>540mg) by region/size

Region
Size ] _ ]
Tier North East Mid Atlantic South East Mid West
(n=322) (n=461) (n=488) (n=363)

Tier 1 16.5 42 .5 25.2 20.3
(n=309) (13.2-19.8) (39.8-45.2) (19.1-31.3) (13.7 - 26.9)

Tier 2 335 4.1 17.1 2.3
(n=303) (30.6 — 36.5) (1.9-6.3) (11.8 - 22.3) (1.6 - 3.0)

Tier 3 13.4 1.1 18.9 3.6
(n=318) (11.4 - 15.4) (0.1-2.0) (12.6 — 25.2) (0.6 - 6.6)

Tier 4 8.9 8.1 6.3 8.3
(n=317) (3.2-145) (4.0-12.2) (2.4-10.2) (25-14.1)

Tier 5 2.4 6.4 13.8 55
(n=304) (1.5-3.2) (1.4-11.4) (11.1-16.4) (3.0-8.0)

Tier 6 0.4 9.4 411 3.4
(n=319) (0.0-1.0) (5.7 -13.0) (35.6 — 46.6) (0.6 - 6.3)

Tier 7 75 2.7 11.8 1.9
(n=298) (0.9-14.0) (1.4-4.1) (7.5-16.2) (0.3-3.5)

Tier 8 * 7.9 134 17.8
(n=236) (3.7-12.0) (10.2 - 16.7) (6.2 -29.3)

Tier 9 * 2.1 6.5 -
(n=185) (0.0-5.3) (4.8-8.1)

Tier 10 * 6.1 13.7 -
(n=114) (2.7-9.5) (7.6 - 19.9)

Tier 11 7.0 - 155 7.0
(n=161) (5.8-8.1) (11.4 -19.5) (0.9-13.0)

Overall 115 9.2 16.6 7.3
(n=2,864) (9.8-13.2) (7.7-10.7) (15.0-18.2) (5.7-9.0)

Note: n= district menu days, Cl: 95% Confidence interval
* No district met the sample selection criteria.

75



Supplemental Table 1.3 (Continued)

Region
Size ;
Tier Mour_1ta|n South West Overall
Plains West (n=437) (n=2.864)
(n=356) (n=437) B o
Tier 1 11.8 10.2 8.3 19.6
(n=309) (9.0-14.7) (5.6 - 14.8) (3.5-13.1) (17.5-21.8)
Tier 2 13.1 4.2 2.1 10.6
(n=303) (10.6 — 15.5) (2.2-6.2) (0.0-4.2) (9.1-12.2)
Tier 3 22.3 12.2 26.1 13.9
(n=318) (19.0 - 25.6) (6.4-18.1) (19.0-33.1) (12.0-15.9)
Tier 4 3.0 22.1 11.6 9.7
(n=317) (1.3-4.7) (13.7 - 30.4) (6.7 - 16.5) (7.7 -11.8)
Tier 5 7.6 9.9 3.2 7.0
(n=304) 4.1-11.2) (6.9-12.8) (2.2-4.2) (5.8-8.2)
Tier 6 3.0 11.9 0.0 9.9
(n=319) (0.0 -6.6) (5.8 -18.0) (0.0-0.0) (7.8 -11.9)
Tier 7 8.9 5.2 5.2 6.1
(n=298) (5.0-12.9) (3.1-7.2) (1.6 -8.9) (4.7 -17.6)
Tier 8 3.7 10.6 10.5 10.1
(n=236) (0.9-6.4) (7.6 - 13.6) (49-16.1) (8.1-12.0)
Tier 9 13.0 8.3 0.0 5.8
(n=185) (8.2-17.8) (4.7 -12.0) (0.0-0.0) (4.3-7.3)
Tier 10 * 28.3 - 13.7
(n=114) (16.0 - 40.5) (9.7 -17.8)
Tier 11 * 34.3 14.0 15.5
(n=161) (22.0 - 46.6) (8.2-19.8) (12.4 -18.7)
Overall 9.6 12.8 8.5 11.0
(n=2,864) (8.3-10.8) (11.0 - 14.6) (6.9-10.0) (10.3-11.6)

Note: n= district menu days, Cl: 95% Confidence interval
* No district met the sample selection criteria.
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Supplemental Table 1.4 Percent (Cl) (%) of breakfast combinations exceeding

USDA SFA guideline (>10% kcals) by region/size

Region
Size ] _ ]
Tier North East Mid Atlantic South East Mid West
(n=322) (n=461) (n=488) (n=363)

Tier 1 19.8 31.8 22.0 13.6
(n=309) (14.5-25.1) (29.9 - 34.6) (15.6 — 28.3) (8.3-19.0)

Tier 2 40.3 0.9 17.1 49
(n=303) (38.7-41.9) (0.1-1.6) (11.6 — 22.6) (4.0-5.7)

Tier 3 9.3 1.8 11.7 8.9
(n=318) (4.8-13.8) (0.1-3.6) (6.1-17.2) (5.8-12.0)

Tier 4 13.9 1.7 7.6 35
(n=317) (9.0-18.7) (0.0-3.7) (2.8 -12.5) (0.0-7.7)

Tier 5 8.8 3.3 75 11.7
(n=304) (56.3-12.3) (0.0-6.5) (5.3-9.6) (7.5-16.0)

Tier 6 1.8 4.2 34.8 5.8
(n=319) (0.0-3.8) (0.9-7.4) (28.6 — 41.0) (4.0-7.5)

Tier 7 4.2 2.7 5.2 6.4
(n=298) (2.2-6.2) (1.0-4.4) (2.3-8.1) (3.9-8.9)

Tier 8 * 14.2 104 11.0
(n=236) (9.9-18.4) (7.3-13.5) (3.5-18.5)

Tier 9 * 3.0 9.2 -
(n=185) (1.0-5.1) (6.8-11.5)

Tier 10 * 9.2 10.3 -
(n=114) (4.9-135) (5.6 - 15.0)

Tier 11 215 - 18.5 13.7
(n=161) (19.8 - 23.2) (13.7-23.2) (5.9-21.5)

Overall 145 7.4 13.9 8.3
(n=2,864) (12.7 - 16.3) (6.2-8.7) (12.3-15.4) (6.9-9.7)

Note: n= district menu days, Cl: 95% Confidence interval
* No district met the sample selection criteria.
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Supplemental Table 1.4 (Continued)

Region
Size ;
Tier Mour_1ta|n South West Overall
Plains West (n=437) (n=2.864)
(n=356) (n=437) B o
Tier 1 8.9 10.2 5.3 16.1
(n=309) (5.8-12.1) (5.9-145) (0.4-10.1) (14.1-18.2)
Tier 2 9.4 5.7 3.4 11.4
(n=303) (6.3-12.6) (3.6-7.7) (0.5-6.3) (9.6 -13.2)
Tier 3 5.9 14.6 42.0 13.4
(n=318) (3.2-8.6) (9.0-20.2) (37.1-46.9) (11.3-15.5)
Tier 4 21.7 5.1 17.5 10.0
(n=317) (17.7 - 25.7) (1.9-8.3) (11.1-23.9) (8.2-11.9)
Tier 5 2.2 11.5 55 7.2
(n=304) (0.6 - 3.8) (8.5-14.5) (3.8-7.2) (6.0 -8.3)
Tier 6 4.8 9.9 7.1 9.7
(n=319) (1.5-8.1) (4.1-15.7) (3.4-10.8) (7.8 -11.6)
Tier 7 5.6 4.4 2.7 4.4
(n=298) (1.1-10.1) (2.3-6.5) (0.5-4.9) (3.5-5.4)
Tier 8 16.5 14.7 10.5 13.0
(n=236) (13.8-19.2) (10.7 - 18.6) (5.5-15.5) (11.3-14.7)
Tier 9 12.4 6.0 7.8 7.1
(n=185) (7.3-17.6) (3.1-8.8) (4.8-10.8) (5.8 -8.5)
Tier 10 * 16.3 - 11.1
(n=114) (8.1 -24.6) (8.0-14.1)
Tier 11 * 15.7 3.2 13.3
(n=161) (6.6 —24.9) (1.2-5.2) (10.7 - 15.8)
Overall 9.5 9.9 10.6 10.6
(n=2,864) (8.3-10.8) (8.5-11.2) (9.0-12.3) (10.0-11.1)

Note: n= district menu days, Cl: 95% Confidence interval
* No district met the sample selection criteria.
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Supplemental Table 1.5 Percent (Cl) (%) of lunch combinations exceeding USDA
sodium guideline (>1,230mg) by region/size

Region
Size ] _ ]
Tier North East Mid Atlantic South East Mid West
(n=324) (n=461) (n=488) (n=362)

Tier 1 35.4 26.8 12.7 105
(n=309) (30.9 - 39.8) (19.4 - 34.1) (6.2-19.2) (6.1 -14.8)

Tier 2 7.7 18.7 11.6 20.9
(n=301) (4.6 -10.7) (14.1-23.2) (6.6 —16.7) (17.2-24.7)

Tier 3 27.3 6.0 8.3 5.1
(n=318) (20.4 - 34.2) (1.9-10.0) (5.7 -10.8) (2.6 -7.7)

Tier 4 26.8 8.1 25.4 14.9
(n=314) (23.3-30.3) (5.6 - 10.5) (20.1 - 30.8) (9.7 -20.1)

Tier 5 15.1 16.0 21.1 11.6
(n=304) (11.4 - 18.8) (10.2 - 21.9) (16.9 — 25.3) (6.7 - 16.4)

Tier 6 3.7 10.6 35.7 9.6
(n=319) (1.1-6.3) (6.9-14.3) (30.4 -40.9) (4.8-14.5)

Tier 7 3.4 2.8 14.2 14.6
(n=303) (0.9-5.9) (1.3-4.3) (8.8 -19.6) (10.8 - 18.3)

Tier 8 * 4.3 20.5 11.8
(n=236) (2.2-6.5) (16.5-24.5) (3.0-20.5)

Tier 9 * 53 9.4 -
(n=185) (3.2-7.3) (6.0-12.8)

Tier 10 * 35 50 -
(n=114) (1.6 -5.3) (24-7.7)

Tier 11 8.0 - 59 4.5
(n=161) (4.3-11.7) (2.7-9.1) (1.1-7.9)

Overall 16.4 10.2 155 12.0
(n=2,864) (14.5-18.4) (8.8-11.7) (13.9-17.0) (10.4 - 13.6)

Note: n= district menu days, Cl: 95% Confidence interval
* No district met the sample selection criteria.
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Supplemental Table 1.5 (Continued)

Region
Size ;
Tier Mour_1ta|n South West Overall
Plains West (n=437) (n=2.864)
(n=354) (n=438) B o
Tier 1 9.2 15.6 1.3 16.1
(n=309) (5.7-12.8) (10.6 — 20.5) (0.5-2.1) (13.8-18.3)
Tier 2 14.6 38.4 6.1 16.6
(n=301) (9.6 - 19.5) (30.4 - 46.5) (0.5-11.7) (14.3 -18.8)
Tier 3 12.0 13.4 115 11.9
(n=318) (8.5-15.5) (9.7 -17.1) (6.7 - 16.3) (10.1-13.7)
Tier 4 2.4 23.7 3.2 14.5
(n=314) (0.6 - 4.3) (16.4 - 31.1) (1.2-5.2) (12.6 — 16.5)
Tier 5 10.1 18.8 5.6 14.1
(n=304) (6.6 — 13.6) (16.5-21.1) (3.2-8.1) (12.5-15.6)
Tier 6 11.5 11.7 8.1 12.9
(n=319) (6.9-16.1) (7.5-15.8) (3.9-12.3) (11.0 - 14.8)
Tier 7 6.0 7.1 5.8 7.8
(n=303) (3.5-8.5) (3.5-10.7) (0.7 -11.0) (6.3-9.3)
Tier 8 18.7 18.7 9.1 13.9
(n=236) (10.3-27.1) (13.7 - 23.8) (4.3-13.9) (11.6 - 16.2)
Tier 9 10.8 9.8 12.0 9.0
(n=185) (5.6 - 16.1) (7.3-12.3) (7.3-16.7) (7.5-10.5)
Tier 10 * 14.4 - 6.3
(n=114) (4.3-245) (3.8-8.8)
Tier 11 * 0.0 6.0 5.1
(n=161) (0.0-0.0) (2.6 -9.4) (3.6 - 6.6)
Overall 10.6 16.0 6.5 12.4
(n=2,864) (9.0-12.2) (14.3-17.7) (5.3-7.8) (11.8 -13.0)

Note: n= district menu days, Cl: 95% Confidence interval
* No district met the sample selection criteria.

80



Supplemental Table 1.6 Percent (Cl) (%) of lunch combinations exceeding USDA
SFA guideline (>10% kcals) by region/size

Region
Size . : :
Tier North East Mid Atlantic South East Mid West
(n=324) (n=461) (n=488) (n=362)

Tier 1 32.8 39.5 36.4 34.1
(n=309) (24.8-40.7) (33.0-46.0) (28.5—-44.3) (26.3-41.8)

Tier 2 43.6 26.4 30.0 28.5
(n=301) (37.8 -49.5) (20.2 - 32.6) (23.2-36.7) (25.3-31.7)

Tier 3 22.2 26.2 34.8 314
(n=318) (19.2-25.2) (19.5-32.9) (28.5-41.1) (23.0-39.8)

Tier 4 55.4 31.7 21.0 16.5
(n=314) (50.4 - 60.5) (24.6 - 38.9) (15.6 — 26.3) (11.8-21.2)

Tier 5 45.8 315 51.3 44.9
(n=304) (39.9-51.6) (22.6 —40.3) (44.9 -57.8) (34.8 -55.0)

Tier 6 15.1 30.8 55.8 25.7
(n=319) (11.3-18.9) (24.6 - 37.0) (49.3-62.4) (19.5-31.9)

Tier 7 27.4 19.5 26.0 41.6
(n=303) (21.2-33.6) (16.7 —22.4) (21.5-30.6) (35.7—-47.4)

Tier 8 * 36.0 34.3 26.5
(n=236) (30.8-41.1) (29.1-39.6) (14.2-38.7)

Tier 9 * 30.5 29.3 *
(n=185) (25.7 - 35.3) (23.2-35.3)

Tier 10 * 45.6 25.6 *
(n=114) (38.9-52.3) (20.9-30.3)

Tier 11 2.4 * 27.6 39.6
(n=161) (0.8-3.9) (21.9-33.2) (28.6 —50.6)

Overall 31.9 319 33.8 31.6
(n=2,864) (29.3-34.4) (29.8 - 34.0) (31.8-35.8) (29.0-34.2)

Note: n= district menu days, Cl: 95% Confidence interval
* No district met the sample selection criteria.
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Supplemental Table 1.6 (Continued)

Region
Size ;
Tier Mour_1ta|n South West Overall
Plains West (n=437) (n=2.864)
(n=354) (n=438) a e

Tier 1 36.5 44.4 25.3 35.4
(n=309) (27.9-45.1) (36.7 —52.1) (17.6 - 33.0) (32.4 - 38.3)

Tier 2 39.0 545 40.6 37.2
(n=301) (30.8 -47.3) (46.3 -62.7) (30.5-50.7) (34.3-40.1)

Tier 3 33.8 43.6 37.9 32.7
(n=318) (26.3-41.4) (37.6 — 49.6) (28.8 - 47.0) (30.0 - 35.4)

Tier 4 315 36.1 26.3 30.6
(n=314) (24.4 - 38.5) (27.8 -44.4) (18.8 - 33.9) (27.8 - 33.3)

Tier 5 24.8 45.0 26.9 38.5
(n=304) (18.9 - 30.8) (40.2 - 49.7) (22.5-31.4) (35.7-41.2)

Tier 6 44.6 20.8 471 34.2
(n=319) (37.2-52.0) (15.2 - 26.5) (39.3-54.9) (31.4-37.0)

Tier 7 314 37.8 29.9 30.7
(n=303) (24.4 - 38.5) (31.5-44.0) (21.3-38.5) (28.2 - 33.1)

Tier 8 36.1 32.2 30.7 33.3
(n=236) (26.5 - 45.6) (26.2 - 38.2) (21.4 - 40.1) (30.3-36.4)

Tier 9 38.3 41.5 28.4 33.6
(n=185) (31.6 - 45.0) (35.2-47.7) (21.7 - 35.0) (30.8 - 36.4)

Tier 10 * 43.7 x 37.0
(n=114) (31.0 - 56.3) (32.5-41.4)

Tier 11 * 51.6 34.3 31.6
(n=161) (34.6 — 68.6) (29.8 - 38.8) (27.4 — 35.8)

Overall 35.0 40.3 329 34.0
(n=2,864) (32.4 - 37.6) (37.9-42.7) (30.4 - 35.5) (33.1-34.9)

Note: n= district menu days, Cl: 95% Confidence interval
* No district met the sample selection criteria.
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Supplemental Table 1.7 Mean nutrient content by lunch entrée type

Entrée Type n Mg‘ ;102 Fé)(g) Mealzgss(f,gilgil) (mg)
DELI 486 4.6 (4.4—-4.8) 942 (915 - 969)
HOT SANDWICH 358 51(48-54) 766 (737 —794)
ENTREE SALAD 639 53(5.1-5.6) 744 (717 -771)
TEXMEX 1,398 6.0 (5.8-6.2) 707 (689 —725)
HOT DOG 429 43 (4.1-4.5) 694 (672 -717)
BREADED CHIX 1,065 2.8(2.7-2.9) 644 (632 - 657)
BURGER 451 55(.3-5.6) 637 (616 — 658)
PASTA 504 53(5.0-5.6) 632 (605 — 658)
PIZZA 600 57(5.5-5.9) 622 (605 —638)
ASIAN INSPIRED 324 1.8 (1.7-2.0) 606 (560 — 652)
OTHER 563 4.0(3.8-4.2) 595 (572 -619)
BREADED FISH 137 23(2.1-25) 555 (516 —594)
PBJ 104 4.8(4.3-5.2) 497 (461 — 532)
VEGETARIAN 350 34 (3.1-3.7) 404 (372 —437)
GRAIN ONLY 366 0.8 (0.7-0.9) 191 (178 —203)
OVERALL 8,269 44(43-44) 633 (626 — 640)
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Supplemental Table 2.1. District-reported student attendance by school, grade, and

study date

PRE- GRADE 3rd 4th 5th gth 7th gth

PACKAGED  paTe 1 2 1 2 1 2 1 2 1 2 1 2
T11/13,

School 1 T11/20 72 75 73 73 79 81 - _ _ L
T10/23,

School 2 R10/25 55 57 57 55 36 38 - _ _ L
M11/19,

School 3 M11/26 22 22 23 23 23 23 - _ _ _
T10/30,

School 4 T11/06 50 54 52 51 43 47 - _ _ L
W10/17,

School 5 W10/24 47 45 56 57 50 53 _ _ _ _
M11/26,

School 6 T12/04 21 21 23 25 19 19 _ _ _ _
R11/1,

School 7 R11/8 38 38 44 43 37 38 - _ _ -
W10/10,

School 8 R10/18 47 51 61 60 40 40 47 47 34 34 26 26
PREPARED CGRADE 3 4 5h 6" 7t g
ON-SITE  paTE 1 2 1 2 1 2 1 2 1 2 1 2

R10/11,

School 9 M10/23 43 42 44 42 38 36 35 36 15 15 22 22
W11/14,

School 10 W12/05 82 79 103 99 100 98 120 125 88 83 75 80
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Supplemental Table 2.2 Sample size by days of observations, grade, sex,
meal service type

PRE-PACKAGED PREPARED ON-SITE

OB SDE)%\\(/?A('? ::ON S ONE TWO ONE TWO
Total Subjects (#) 407 408 206 308
Grade 3 139 120 28 34

Grade 4 121 128 22 58

Grade 5 107 132 33 52

Grade 6° 16 8 55 63

Grade 7° 15 11 44 41

Grade 8° 9 9 24 60

Female sex (%) 47.4 48.8 53.4 52.3

2 Only one pre-packaged meal school enrolled 6™ — 8™ grade students.

85



|eAlalul 3duapIjuod %S6:10

7000>d,
100>d,
G00>d,

"s|00yds [eaw pafiexoed-aid si dnoif sauslayey

"S1uapnls AqQ uoljeAIasqo pareadal pue ‘xas ‘apeib 10j 1snlpe S|apoIA «

Supplemental Table 2.3. Adjusted component selection difference (%, 95% CI)2 of meals

prepared on-site versus pre-packaged meals
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Supplemental Table 2.4. Adjusted component portion size difference (g, 95% CI)2 of meals

prepared on-site versus pre-packaged meals
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Supplemental Table 2.5. Adjusted component consumption difference (g, 95% CI)2 of

meals prepared on-site versus pre-packaged meals
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Supplemental Table 2.6. Adjusted component waste difference (grams, 95% CI)2 of meals

prepared on-site versus pre-packaged meals
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Supplemental Table 2.7. Mean vegetable portion size and waste (95% CI) by vegetable and
meal service type

SERVING SIZE (9) WASTE (g)
PRE- PREPARED PRE- PREPARED
PACKAGED ON-SITE PACKAGED ON-SITE
Carrot, Raw 91 (84 - 98) 63 (54 - 71) 90 (83 -97) 55 (42 - 67)
114 (110 - 119 (113 -
Corn 117) 126) 57 (5-108) 46 (36 — 55)
Cucumber 111 (12553 75 (70 — 80) 70(48-92)  31(21-41)
Green Beans, Hot 112 (15173 98 (89-107) 102 (98— 106) 510
. 138 (134 - 121 (114 -
Side Salad 143) 62 (58 — 65) 129) 40 (4 - 76)
Broccoli, Raw 26 (23 -29) - 16 (10 - 22) -
Edamame 102 (96 — 108) - 86 (72 — 101) -
102 (100 —
Garbanzo Beans 105) - 91 (82 - 100) -
Lettuce 35 (33-38) - 30 (26 — 34) -
123 (120 - 115 (104 -
Peas, Hot 125) - 126) h
Tomato, Raw 43 (41 - 45) - 37 (32 -41) -
136 (133 - a
Three Bean Salad 140) - 122 -
Black Beans, Cold - 104 (96 -112) - 38 (9-67)
Broccoli, Steamed - 69 (65 —74) - 43 (41 - 45)
Celery - 46 (42 - 51) - 26 (4 —48)
Sweet Potato Fries - 49 (46 - 52) - 29 (27 -32)
Taco Topping - 44 (42 — 46) - 34 (31-37)

2 Only one student selected this item.
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Supplemental Table 3.1 District-reported student attendance by school, grade, and study

day
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Supplemental Table 3.2 Post-intervention selection and consumption changes among

baseline selectors?
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Supplemental Table 3.3 Post-intervention selection and consumption patterns of baseline

non-selectors®?
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Supplemental Table 3.4 Post-intervention selection and consumption patterns of baseline

non-participants?
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Supplemental Figure 1.1 Mean (95% CI) nutrient content by lunch entrée type

SATURATED FAT (g)

Supplemental Figures

8
Tex Mex
. |
6 P|z|za | Entree
- Salad
ll?u_rger |
PBJ —— —
| | 1 Deli
Y Pasta | ie'
Hot Dog Hot .
| Other . Sandwich |
| |
4 . ——
Vegetarian I
1
| Breaded
Chicken
Breaded -
Fish
2 .
|
Asian
Inspired
Bread
0 T T T T
0 200 400 600 800

SODIUM (mg)

95

1000



Supplemental Figure 2.1. Example of pre-packaged lunch menu
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Supplemental Figure 2.2. Example of on-site preparation lunch menu

“19pinoad Ajunpoddo jenba ue si uonynisul siyL

abueyd o} 3gns s1 nuapy .

JebeuUewW UAYDYY JNOA FSIAPE PUB ISINU JOOYDS
3y} 0} yeads aseald LGiaje pooj B aney nok j| .

TBION e5eeld
suoRdo [eaw ueuelaban saedlpUI A, @

(S]00Y2S auemy JNUBad JO)) JBNNGUNS
v paoe(das aq (| JORNG Jnuead sajedlpul .S, @

paweu Apesjo ale sjusipabul ue se sjnu 331
o sjnuead uleluoo Jey) SWal nuaW |y«

Ajiep pasayo aJe SjuswIpuod jo Aaueay e

Ayiep
pasajo sajqeaban pue syny ysay jo Aaueay e

18} MO| 2JB SISIIYD pUB UBD| B SIBYY

you uresb ajoym ase sponpoid uresb |y .

3181000yD ¢ 'Uleid 1EJUON “Uleld %1
S8316UD AW youn
ureld JBjUON B Uleld % b
SEIOUS AW Tsepeorg

sjuapnIs ||e 10}
334 S younT pue jsepjeaig

Pl

209 pue geso aib6a pue snwwny
209 puUE qel ejoues pue unBop
A sUowpUeS Kji3r pue Japng inuead
Suondo

GounT 09 pue qeio UeleIebeA Alleq e1q1ssod

sb6a pajioq paey pue

'$y21s @saayd ‘nbok pajinyy “ejouesb Jo 2)iq
uoweuurd 1o sya1s weyesb se4 + ajes ‘sjabeq
uieab ajoym ‘s|eatad sebns mo) ‘sieq aazaaz
Pa}I0SSE “JBq S3IDY 88 woer :3PN)IUI ABW YOIym
iAnvp paalo sway 3suj2uvan poo Jo Ryaunn v

W4 ysaug
PE[eS UepIeY JOo/pUR 1j0220sg
AJUessIoN) Jeppaug pue 110930.8 IO
peaig
J1ue Y sjeqiealy pue paybeds

unig ysaid
oungisepeaig | o

unig ysaiy
Pe[eS YorUdS
SN JO/PUR GO 8} UO W0D
JaBinquiey Jo Jabingasaayd 10
pog 201y umoig pue
11032018 ‘UaD Medual Dag

Wnug ysaug
|ebeg e uo
asaay) pue abesnes Aaxyn| Om

unig ysaiy
PE[RS UepIRD Jo/pue
sebpap 0jejod 18eMmS Peiseoy
A$9)g 959D JO 0que) g
35330 pue JApUa | UNIWD JO
qns
3533yD) pue %eals SPesLUoH

N4 ysaud
SaLEM UIRID UM 7

unid ysaig
syons L1960
pue joue) Jo/pue WD) jeeMmS
Pejes Jesaed uaod JO
2822
9593yD 10 €Z21d UKD Ojeyng

¥nig ysaig
SIS Ise0L U3 Q7

N4 ysasg
pejes
uspIeS JojpuE $80;8j0d PaYSeH
OJRWO L pue 8INRe
W YOMPUES Ysid paxeg JO
peaig
WOD Y YONSWNIQ UKD D88

Hnig ysaig
WNosig e uo aseayD pue 653 (o7 4

unig ysasg
pejes uspies 1o
/pue seBpap 018104 19eMS pejsecy
253340
pue £axin ] Y peles Jay0 JO
,59Ug 9593UD

Wnig ysasg
yompues sepjeasg
SU4EM UOWRULID PUE UIDIYD {7

W4 ysasg
sjoued
Aqeg Jojpue sueeg yoejg uizzis
JUeSSI0ID) 953340 PUE ¥EIS JO
sbuiddo ysaid ywa
1RYS Ayounig e uo sode] jaag

Ung ysaly
suIsiey pue uolweuuld
L [ESWIEO FpEWIWOH 7

Wnig ysasy
peles Jequinang
PUE 0JeWO ] JO/PUE 11099015
ang lleqiesyy 1938 10
259940
Ppue juOJedR} Payeg U0

Wi ysaud
[86eg e uo 3s33y)
pue abesneg Aayny NN

Wnug ysaugy
SO0JRWO
AusyD so/pue pefes eeayolyd
as99yD
pue A2xn | Y pees Jayd Jo
1B221d 353340 O €221 |[eqieapy

Ynug ysaig
ouung isepeaig G |,

Wnig ysazg
pees
uepieg iojpue sjoLe) pejsecy
ojewoy
PUE 80N¥aT WM UNG UBleMEH
uo Yawpues uayoy) Adsud 1o
301y WMOIg JAAO OPESING O]i0d

g ysaug
ynosig e uo asaay) pue 663 gl

ynug ysaug
sjoied
Aqeg Jo/pue sueeg xyoejg unzziS
Jebinquiey Jo Jabingasaayd JO
sbuiddo ysai4 pue uaxoIyy
Ui soyoeN odueig 0sanD

ynig ysaud
SHNS 1580 YousLy ) |

W4 ysalg
pejes Jequinany pue ojewo,
Jo/pue sebpep Ojejod PRUOSERS
,59Ug 959940 JO
0y umoig
YA sdIyD Ul ysid PAYES won

ynug ysasg
YOWMpUES 1sepiealg IReM
uoweuurd pue usyILd g |,

Unid ysaid
pejes yoeuds snyo
Jo/pue Suejueld pexeg UsAO
dnp Suiddig
5183 Ui Ajed jaag uedlewer Jo
W yueg uaxoyd

Wnig ysaig
|obeg e uo IsaD

pue abesneg Aaxyn) m w.

ynug ysasy
SHORS joued
pue J9]9D Jo/pue woD 199ms
uIRoIYD ojeyng
Y paddo | pejes uspieo 10
>§
3539y 10 BZ2Id UIYD DA

B ysalg
unosig
B U0 3sasy) pue 663 N _‘

WRug ysalg
sebpap) ojejod jeams
pajsecy Jo/pue pejes eedyoyd
sebinquen 1o Jebingaseayd JO
201y umoig
Jan0 uoIyD SBuRIO uLepuey

unid ysaig
SHONS 15801 YouaLy | |

nud ysaig
PE[RS UepJRY JO/pUR 1022045
AUBSSIoND JEPPIYD PUE 1109908 JO
peaig
JueD Y sjieqiesyy pue paybeds

g ysaid
onung isepeaig ()|

unig ysaly
S80S JequInany Jojpue
sebpap 0jejod j0emMsS pejsecy
PE(eS euny
W paddo] pejes uspes JO
4S9Ug 9599YD JO OqUIOD
g ISIIYD PUE JIPUIL UIPIYD

uni4 ysaid
SaUE UIRIO B0UM

100YoS ON
Ae@ snquinjod

¥ni4 ysai3
syous Aieje0
PpUB jOLRD JO/PUR UIOD 198MS
Peles JesaeD uaNIID JO
£822id
35330 10 £2Z21d UNIYD Oleyng

wnig ysasg
S¥US I5E0L UouR G

unig ysaig
pees
UBPIBD JO/PUR S8OJRIO PRYSEHY
QlRWo L pue N4
Wi YOMPUES Ysld PaXeg JO
peaig
WI0D Y YORSWNIQ USHOD DS

HRig ysaug
ynosig e uo asaay) pue 663 V

yrug ysaigy
Pejes uepies 10
/pue sebpep 01ejod JeemS PeiSeoy
asedYD
pue fayinL ywa peies Jayd Jo
AS3Ug @s33yD

Wnu4 ysasd
yampues isepjeasg
UM UOIBUUID PUB USND ©

unig ysalg
sjoued
Aqeg Jojpue sueeg ¥oejg uizzis
JUBSSI0ID 9SIIYD pue jeans JO
sbuiddo | ysaid4 ywa
11BYS Aysunug e uo sode) jaag

Wnig ysaig
suisiey pue uoweuuld

U [EWIEO SpEWSWOH 7

Wnig ysasy
pejes /equinond
PUe 0jRWO JO/pUE [10900Ig
qns ileqiedp j998 JO
,2593UD
pue uoJedRY Pareg UINO

W4 ysasg
|obeg e uo
asaay) pue abesneg Aaxn| F

Avalyd

AVASYNHL

AVASINGIM

AvasanlL

AVANOW

nua\ 19¢0320 8-M

97



Supplemental Figure 3.1 Example of pre-intervention lunch menu
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Supplemental Figure 3.2 Example of post-intervention lunch menu
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