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Abstract

Background: Decreasing selection and consumption of sodium and added sugars in the school
cafeteria setting is important to provide optimal nutrition to children.

Objective: To determine if Louisiana (LA) Health, a school-based obesity prevention
intervention, could successfully reduce children’s selection and consumption of sodium and added
sugars during school lunches vs. the control group.

Design: Food selection, consumption, and plate waste from student lunches (3 consecutive days)
in 33 public schools in rural Louisiana were collected and analyzed using the digital photography
of foods method at baseline and after a 28-month obesity prevention intervention (LA Health)
beginning in 41-6t" grade (87% of children received free or reduced cost lunch). Selection and
consumption of energy, added sugar, and sodium was objectively measured using digital
photography of foods. Mixed models, including Race and BMI, were used to determine if change
in selection and consumption differed by group.

Results: Sodium decreased for selection (=233.1+89.4 mg/lunch, p=0.04) and consumption
(—206.3+65.9, mg/lunch) in the intervention (vs. control) by month 18, and in consumption by
month 28 (-153.5+66.9 mg/lunch, p=0.03). Change in added sugar consumption decreased in the
intervention (vs. control) at month 18 (-3.7+1.6, p=0.05) and at month 28 (-3.5£1.6 tsp/lunch,
p=0.05).
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Conclusions: LA Health decreased the amount of added sugar and sodium selected and
consumed, but not plate waste, by month 28. Results highlight the importance of long-term
interventions and policies targeting provision and selection to improve dietary patterns in children,
with less focus on plate waste.

Trial Registration: clinicaltrials.gov
NCT00289315
https://clinicaltrials.gov/ct2/show/NCT00289315?term=LA+Health&rank=1
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Introduction

Dietary guidelines influence millions of people’s eating patterns through the food served and
mandated by federal programs in the United States (US). The Healthy, Hunger-Free Kids
Act of 2010 highlights the central role school nutrition plays in health among children and
provides updated nutrition standards for the National School Lunch Program (NSLP) in
response to growing obesity trends in US children and adolescents!. Changes include
increasing selection of fruit, vegetable, whole grain, and low-fat and fat-free milk while
lowering total fat, saturated fat, and sodium. The goal is to meet the dietary needs of children
within their required calorie ranges. Upper limits are set for energy, saturated fat, total fat,
and sodium consumption, while no specific guidelines were created for added sugar.

The 2010 Dietary Guidelines for Americans recommend that individuals consume <2300
mg/day of sodium and 1500 mg/day for special populations such as black individuals and
children with cardiovascular disease (CVD), metabolic syndrome, and chronic kidney
disease?. The reduction of dietary sodium has long been a focus of the USDA when setting
school meal guidelines; although very little progress has been made in meeting the
guidelines. Currently over 90% of children in the US consume too much sodium. Excess
consumption of sodium can be associated with high blood pressure leading to heart disease
and stroke, which occur more commonly in adulthood, with origins in childhood?.
Additionally, some studies report that sodium may be implicated in weight gain, possibly
due to increased thirst levels and sugar sweetened beverage consumption patterns*°. Finding
ways to decrease sodium and added sugar in school cafeterias is crucial to providing optimal
nutrition for the 31+ million children that receive most of their meals in the school setting
through the NSLPS.7.

Based on scientific evidence, new recommendations from the American Heart Association
(AHA) are that Americans (= 2years) should not be consuming more than 6 teaspoons of
added sugar per day, which accounts for no more than ~100 kcals/day from added sugar
alone8. Additionally, the 2015-2020 Dietary Guidelines for Americans recently revised their
recommendations for added sugar to be <10% daily kcal from added sugars, but currently
there are no standards for school meals®. Excess sugar intake is associated with dental
caries, obesity, metabolic syndrome, and heart disease810-11, Additionally, it provides extra
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calories with little to no nutritional benefit that children cannot afford since more than one-
third (37.4%) of US children and adolescents are overweight or obesel2:13,

Previous studies testing school based interventions that modify school cafeteria
environments have shown improvements in nutrition measures, including increased selection
and consumption of healthy foods4-17. As previously reported, the LA Health intervention
was a long-term school-based obesity prevention intervention resulting in decreased body
fat. Additionally, secondary outcomes of the intervention revealed improved healthy eating
among children after modification of the school cafeteria environment when compared to the
control group. Results showed a significant decrease in energy, fat, and saturated fat
consumption, as well as improved diet quality calculated using the Healthy Eating Index
(HE1)1418.19 The aim of the current analysis is to determine if a 28-month school-based
obesity prevention intervention (vs. control) reduced children’s selection and consumption
of added sugars and sodium during school lunches. It was hypothesized that the children in
the Louisiana (LA) Health intervention (vs. control) would decrease the amount of added
sugar and sodium selected and consumed at lunch. The LA Health intervention provides a
unique opportunity to examine nutritional changes in components of children’s lunch
consumption using objectively measured food intake data from the school cafeteria setting.
These results could help provide further direction for federal regulation of sodium and added
sugars in school meals as well as guidance for schools to reduce sodium and added sugar in
meals provided.

Participants and Procedures

The Louisiana (LA) Health study was a randomized (by school cluster) controlled trial that
compared two active treatment arms to a control group?®. The intervention arms of relevance
to this paper included a 28-month school-based obesity prevention program that focused on
modification of the school environment to promote healthy eating and physical activity. This
paper focuses on the modification of the cafeteria environment and extends the findings
reported in two earlier papers418, This school environmental program was delivered from
2006 to 2009 to children in 33 elementary schools in rural Louisiana with a high prevalence
of low socioeconomic status (n=1626). The goal of the project was to investigate the efficacy
of a multi-component intervention focused on modifying environmental and behavioral
factors to help prevent inappropriate weight gain in children beginning in 4" -6t grade with
follow-up in 6!-8! grade. The two school-based prevention programs of the LA Health
study were described as primary (environmental) and a combination of primary and
secondary (internet/classroom) prevention strategies. Primary prevention strategies expose
all individuals to the prevention program and, in this case, focused on changes to the school
environment compatible with conventional nutrition recommendations (e.g., five fruits and
vegetables per day, less than 30% of dietary energy from total fat, less than 10% of dietary
energy from saturated fat, and 20 to 30 grams of fiber/day), increasing physical activity by
the promotion of 60 minutes of moderate to vigorous activity per day. Additionally, the
intervention targets the foodservice environment by promoting the Child Nutrition Program
to meet USDA guidelines for the National School Lunch Program?9, the WIC
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Reauthorization Act of 200421, and Act 331 of the Louisiana Legislature related to
advertisement of fast foods and the content of vending machines and concessions in
schools?2, Secondary prevention strategies target affected individuals and, in this study,
relied upon the social learning theory and were designed to target individual behaviors based
on the child’s weight status through computer generated learning modules directed at the
child’s individual weight status. Secondary prevention approaches place greater emphasis on
behavior modification approaches designed to change personal factors such as increased
healthy eating habits, increased physical activity, and decreased sedentary behavior. No
differences in primary (weight change) or secondary outcomes (nutrition measures) were
shown between the primary and primary + secondary arms of the intervention, so data for
this analysis these treatment arms were combined to define and intervention arm and control
arm. Dietary measures were quantified at lunch over at least 3 days for each participant at
baseline, 18 months, and 28 months follow-up. For further details refer to Williamson et
al'®. All children participating in the study signed an assent form to be in the study and all
children and their parents signed consent to participate before data collection.

Measures and Procedures

The digital photography of foods method, which has been found to accurately quantify food
consumption in cafeteria settings19:23-27 \was used to objectively measure food selection,
food consumption, and plate waste of children’s cafeteria lunches over 3 days. Briefly, foods
selected prior to eating were photographed with digital video cameras. Plate waste was
photographed with a second camera after children ate and returned their trays. Children were
aware that their food selection and waste was being captured and the participants in the
research project were identified by an identification card on their tray. Food consumption
was calculated using existing and validated procedures that produce reliable and accurate
food intake measurements among adults?6:27 and children2>28, For this analysis, the data on
selection, consumption, and plate waste for added sugar and sodium in the intervention and
control groups were evaluated to assess change from baseline to follow-up. Intraclass
correlation coefficients (ICCs) were calculated on 30% of the data that were evaluated by
two estimates as a measure of inter-rater agreement to assess the reliability of the digital
photography method. The ICCs for estimates of food selection, consumption, and plate
waste for energy (kcal), sodium, and sugar ranged from 0.97 to 0.99.

Statistical Analysis

All data were collected at the individual child level. All analyses were performed using
intention-to-treat (ITT) principle. Children who had data at baseline and at least 18 months
or 28 months were included in the model. Change in added sugar (tsp/meal) and sodium
(mg/meal) from baseline were the primary outcomes. Change in energy (kcals/lunch) was
included in this analysis for comparison of changes in sodium and added sugar relative to
changes in energy, although these results were previously published elsewhere using a
different statistical model4. Analyses were completed using SAS/STAT® software, Version
9.4 of the SAS System for Windows (Cary, NC, USA). Separate linear mixed models for
repeated measures were used to model observed differentials for energy, added sugar and
sodium from baseline (BL/Week 0) to follow-up measurements (months 18 and 28). Terms
for intervention group, timelD [1). change from BL to 18 months and 2) change from BL to
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28 months], race, and BMI percentile group (underweight/normal weight (UW/NW),
overweight (OW), and obese (OB)) were used in constructing the model along with all
interactions among these terms. Covariates were also included to account for sex, age at
enrollment, and baseline values of energy, sodium, or added sugar. Random effects were
incorporated to address participant-level serial correlations and variability due to
independent school clusters. The subject-level correlations were characterized with a
compound symmetric structure. Linear contrasts of least squares means were constructed to
compare within and between intervention group changes from baseline to 28 months, both
overall and by race and BMI percentile groups. A step down Sidak adjustment was applied
to control type | error rate among the multiple pairwise post hoc comparisons and
significance was set at p<0.05.

Characteristics of the Sample

The study sample included 1626 children (intervention: n=1195, control: n=431) with
approximately 95.6 children per school and can be found in Table 1. The mean (SD) age of
the sample was 10.5 (1.2) y, the sample was 58.6% female and 69.8% black (Table 1).
Children who brought their own lunches were not included in the analysis, but since 87% of
children received free or reduced cost lunch we were able to catch a large majority of the
students. BMI percentile was highly skewed so the data are reported as median (min, max)
and was 78.9 (0.0, 99.9) at baseline. Baseline added sugar selection (control: 17.9+9.5 tsp/
lunch, intervention: 18.0+8.7 tsp/lunch) and consumption (control: 12.2+8.4 tsp/lunch,
intervention: 12.5+7.6 tsp/lunch); as well as sodium selection (control; 1295.7+326.3 mg/
lunch, intervention: 1316.6+£340.8 mg/lunch) and consumption (control: 876.5+305.5 mg/
lunch, intervention: 972.7+335.9 mg/lunch) can be found in Table 1. At baseline, there were
significant differences in sodium consumption between the control and intervention arms.
Also, the study cohort had a higher prevalence of black (69.8%) children in comparison to
white (30.2%) children and this difference was observed in both treatment arms. Differences
between white and black children are discussed briefly below.

Change in Energy: Change in energy selection, consumption, and plate waste (kcals/
lunch) between the intervention and control groups at month 18 and 28 can be found in
Figure 1. There was a significant main effect of treatment*timelD for selection (p=0.002)
and consumption (p<0.001). At month 18, no differences were shown for change in energy
selection, consumption, or plate waste. At month 28, there was a trend for change in energy
consumption (p=0.02), the intervention consumed 75.6+27.4 kcals/lunch less compared to
the control. No other between group differences were found.

Change in Sodium: Change in sodium selection, consumption, and plate waste (mg/
lunch) between the intervention and control groups can be found in Figure 2. There was a
significant main effect of treatment for change in sodium selection (p=0.04) and
consumption (p=0.01). At month 18, change in sodium selection (233.10+89.4 mg/lunch,
p=0.04) and consumption (206.3+81.6 mg/lunch, p=0.01) increased in the control compared
to the intervention. By month 28, change in sodium consumption increased in the control

Int J Obes (Lond). Author manuscript; available in PMC 2019 March 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hawkins et al.

Page 6

compared to the intervention (153.5+66.9 mg/lunch, p=0.03). No other between group
differences were found.

Change in Added Sugar: Change in added sugar selection, consumption, and plate
waste (tsp/lunch) between the intervention and control groups can be found in Figure 3.
There was a significant effect of treatment for consumption (p=0.03). At month 18, change
for added sugar consumption (p=0.02) increased by 2.4+1.9 tsp/lunch in the control, while
no change was shown in the intervention. By month 28, change in added sugar consumption
(p=0.05) significantly decreased by —3.5+1.6 tsp/lunch in the intervention compared to the
control. No other between group difference was found.

Discussion:

To our knowledge, we are the first to examine if a 28-month school-based obesity prevention
intervention can reduce children’s selection and consumption of sodium and added sugars
during school lunches. The results demonstrate that the LA Health obesity prevention
intervention, when compared to the control, is effective at reducing children’s overall
sodium and added sugar consumption in a 28-month intervention to school cafeterias. These
results further demonstrate the effectiveness of the LA Health intervention to increase
measures of healthy eating and dietary quality in children. No meaningful changes were
shown in plate waste measures for energy, added sugar or sodium; therefore, similar to
previously reported results'4, reductions reflect changes to the food provided to, and selected
by, the students. This highlights the role that environment can play in overall health of
children and support adherence to recent updates to school nutrition guidelines?; by
modifying the school cafeteria environment, improvements can be seen in healthy eating and
quality of dietary intake in children, especially over time.

Non-communicable diseases (NCD), such as hypertension (HTN), cardiovascular disease
(CVD), metabolic syndrome, and obesity are the leading cause of death world-wide and they
are most common in lower and middle-income populations2®. While NCDs and associated
complications are commonly found in adulthood, several studies suggest that preventative
actions should be taken in childhood3%-34, Recently the USDA revised the school nutrition
guidelines and created upper limits for the amount of energy, fat, saturated fat, and sodium
and lower limits on fruits, vegetables, meats, grains, and milk to increase the nutritional
density of school cafeteria lunches within their energy ranges. The goal of the LA Health
intervention was to decrease excessive weight gain among children by delivering an
environmental obesity prevention program. To accomplish this aim, the types of foods and
food preparation methods in the intervention schools were altered to promote a healthier diet
(e.g., a lower total fat and saturated fat diet, lower sodium foods, decreased added sugar,
increased consumption of fruits and vegetables, etc.). This provides an ideal sample to
examine nutritional indicators as well as strategies to improve dietary outcomes.

As previously reported, ~45% of children in this study were overweight or obese at
baseline3>. This is consistent with other studies examining a student population with a high
prevalence of low socioeconomic status and suggests that many children are consuming
energy in excess of their appropriate estimated energy requirements (EER) for their
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age1®16.36-38 Energy consumption decreased in the intervention group only by month 28,
and as previously reportedl4, improved measures of healthy eating (via Healthy Eating
Index) were shown for children in the LA Health intervention. The current mixed model-
based analysis was modified from previously reported analyses of the se data to allow
investigation of intervention effects while controlling for race and BMI status. Previously
reported data on the Wise Mind Intervention4:28  which had similar intervention
approaches, revealed significant decreases in energy consumption in the intervention group
during an 18-month intervention. However, it should be noted that subject population of the
Wise Mind Study was almost entirely white children (95% white) and as previously
mentioned, ~70% of the children in The LA Health intervention were black and of lower
socioeconomic status than Wise Mind.

Most people in the US are consuming sodium in excess of daily guidelines (2300 mg/day)
and no meaningful progress has been made in reducing consumption. Similar to adults,
children with high sodium diets often have higher blood pressure and reducing sodium
consumption during childhood has been shown to lower blood pressure. Thus, decreasing
sodium consumption during childhood and early adulthood can help attenuate age-related
increases in blood pressure and possibly help prevent, or delay the onset, of clinical
hypertension. The current guidelines for sodium in school lunches (1230 mg/lunch for
K-5t grade, <1360 mg/lunch for 61"-8t grade, and <1420 mg/lunch for 9-12 grade) were
included due to evidence of a relationship between sodium consumption and blood pressure,
as well as between CVD and blood pressure3®. Healthy People 2020 emphasizes the need to
further decrease sodium in school lunches with the goal of <640 mg/lunch for k-5 grade,
<710 mg/lunch for 6t-8t grade, and <740 mg/lunch for 9"-12 grade by school year 2022—
20230, At baseline, children in the LA Health intervention were selecting ~1300 mg and
consuming ~925 mg during lunch alone. Sodium selection and consumption was moderated
in the children in the LA Health intervention, while the control group increased the amount
of sodium consumed by ~257 mg for selection and ~244 mg for consumption. The increase
in sodium seen in the control group reflected natural changes to the school food environment
which were mitigated by the intervention, further demonstrating the need for interventions
of the school cafeteria environment focusing on all aspects of a school nutrition guidelines.

Children consume ~19 teaspoons of added sugar daily in the US which equates to ~300 kcal.
Children in this study had a baseline added sugar selection of 18 tsp and consumption was
~12 tsp during lunch alone. Sugary foods often take precedence over more healthy foods and
therefore children are overfed energy while being undernourished8. Current guidelines
advise decreasing added sugar in the overall diet, but no specific guidelines have been
established for added sugar. The 2015-2020 Dietary Guidelines for Americans include
guidelines to be set at <10% daily kcals from added sugars (also required on all food labels
by July 2018%1) and the AHA followed that with recommendations of no more than 6
teaspoons per day of added sugar. A recent meta-analysis concluded that sugar consumption
is a determinant of body weight in free-living individuals resulting primarily from an
alteration in energy balance, as shown in studies where sugar consumption is deliberately
increased. A small reduction in body weight was shown when reducing sugars in the diet,
although the effects of long-term reduction of sugar in the diet is lacking#2. Children in the
LA Health intervention decreased their total added sugar intake by ~ 6 tsp per lunch when
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compared to the control group, which equates to ~100 kcals less a day coming from empty
calories. These improvements only account for reductions in lunches served in schools and if
projected over the rest of the day would reflect meaningful daily reductions.

It is suggested healthy eating behaviors should be directed to children since an unhealthy
diet early in life can lead to serious health consequences later in life. The inclusion of
children =2 years of age for sodium and added sugar guidelines is based partly on concerns
with development of taste preferences for salt and sugar dense foods#3-46, Reducing sodium
and sugar in school meals has been a challenge because these foods are appealing to students
and school administrators since these typically sell more, providing additional funds for
schools#748, The LA Health intervention provides crucial environmental and behavioral
strategies for improving healthy eating in children, especially in decreasing sodium and
added sugar consumption. Interventions focused on increasing fruit and vegetable intake,
such as community gardens are suggested as they have shown to increase consumption of

important nutrients and should be used in future studies to target children at an early
49,50
age™™Y,

Small changes can be made in nutrition measures with sustained acceptance from children,
especially over time, to offer children more nutrient dense, but not calorically dense,
meals?8:3851 The LA Health intervention was successful at reducing selection and
consumption of sodium and added sugar during school lunches by month 28. Further, the
results stress the importance of long-term interventions to see effective results in children as
no significant changes were shown at month 18 in this population. Together these data
suggest that policy regarding sodium and added sugar consumption in children is likely an
effective strategy to reduce the risk of overweight and obesity in children, and that rigorous
efforts need to be taken to change behaviors and the environment to improve diet quality for
children. Future studies should focus on further reduction of sodium and added sugar in the
schools, specifically during breakfast and snacks, as well as outside the school setting, with
a special focus on underserved children. Finally, we need to work at various levels to rely
less on the sugar and sodium industry and agree on proper public health guidelines to limit
sodium and added sugar consumption in children.
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Figure 1. Changein energy A) selection, B) consumption, and C) plate waste for control and
intervention from baseline (BL) to 18 and 28 months.

No significant between group changes were shown by month 18 for selection (p=0.51),
consumption (p=0.42), and plate waste (p=0.99). By month 28, change in consumption
(p=0.02) was significantly difference between groups, but not for selection (p=0.08) or plate

waste (p=0.99).
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Figure 2. Changein sodium A) selection, B) consumption, and C) plate waste for control and
intervention from baseline (BL) to 18 and 28 months.

At month 18, change in sodium was significantly lower for the intervention (vs. control) for
selection (p=0.04) and consumption (p=0.01), but not plate waste (p=0.77). By month 28,
change in sodium consumption (p=0.03) was significantly lower for the intervention (vs.
control), while no differences were shown for selection (p=0.07) or plate waste (p=0.77).
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Figure 3. Changein added sugar A) selection, B) consumption, and C) plate waste for control
and intervention from baseline (BL) to 18 and 28 months.

By month 18, change in added sugar consumption (p=0.02) was significantly lower for the
intervention (vs. control), but no differences were shown for selection (p=0.08) or plate

waste (p=0.74). By month 28, change in added sugar consumption (p=0.05) was

significantly lower in the intervention (vs. control), while no differences were shown for
change in consumption (p=0.08) or plate waste (p=0.74).
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Table 1.
Baseline Subject Characteristics
Total Control Intervention
n = 1626 n =431 n=1195 Pvaue
Age 105 (1.2) 10.6 (1.1) 105(1.2) 0.21
Weight$ 43.0(19.4,135.0) 43.0(21.4,1282) 43.0(19.4, 135.0) 0.68
BMI Percentile$ 78.9 (0.0, 99.9) 78.7 (0.0, 99.8) 78.9 (0.0, 99.9) 0.75
Baseline Added Sugar Selection (tsp) (tsp (tsp) 18.0 (8.9) 17.9 (9.5) 18.0 (8.7) 0.84
Baseline Added Sugar Intake (tsp) 12.4(7.8) 12.2 (8.4) 12.5(7.6) 0.48
Baseline Sodium Selection (mg) 1311.1(337.1) 1295.7 (326.3) 1316.6 (340.8) 0.27
Baseline Sodium I ntake (mg) (mg)(mg)” 947.2 (330.8) 876.5 (305.5) 972.7(335.9)  <0.001
BMI Percentile Group 0.72
Underweight/Healthy Weight 911 (56.0%) 246 (57.1%) 665 (55.7%)
Overweight (85 to <95t) 265 (16.3%) 65 (15.1%) 200 (16.7%)
Obese (=95t 450 (27.7%) 120 (27.8%) 330 (27.6%)
School Grade Level 0.43
4th 550 (33.8%) 135 (31.3%) 415 (34.7%)
5th 583 (35.9%) 162 (37.6%) 421 (35.2%)
6th 493 (30.3%) 134 (31.1%) 359 (30.0%)
Gender 0.19
Male 673 (41.4%) 167 (38.8%) 506 (42.3%)
Female 953 (58.6%) 264 (61.3%) 689 (57.7%)
Race" 0.02
Black 1135 (69.8%) (69.8%) 319 (74.0%) 816 (68.3%)
White 491 (30.2%) 112 (26.0%) 376(31.7%)

Continuous measures reported as mean (SD) and compared using two sample t-tests; Categorical measures reported as n (%) and compared using

chi-square test

§gr0ups compared using Wilcoxon rank-sum test, reported as median (min, max)

*
denotes significance between group
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