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Abstract

Background: While teachers and school nurses may not be able to provide nutrition education to students because of their other
duties, registered dietitians have the necessary training in counseling, nutrition education, nutrition therapy, and food service man-
agement to be effective at childhood obesity prevention.
Objectives: The purpose of eating good and moving like we should (EGMLWS), a school-based intervention, was to create a successful
program to prevent and reduce childhood obesity in the Mississippi Delta by providing nutrition education by a registered dietitian.
Methods: The subjects were 1,891 third (school year 2012 - 2013) and fourth graders (2013 - 2014) in 7 Mississippi schools in the north
Mississippi River Delta region. The school-based nutrition and physical activity education program was designed to address over-
weight and obesity in the Mississippi Delta and north Mississippi regions by helping children make healthier nutrition and physical
activity choices. The registered dietitian provided nutrition education and consulted to make school menus healthier and more ap-
pealing. Pre-and post-school year heights and weights were measured.
Results: Paired t-tests showed significantly lowered mean BMI in 5 schools (P < 0.05); no change in 2 schools and no change over all
schools, although all schools had individuals with decreased BMI.
Conclusions: School-based nutrition interventions that feature a registered dietitian can make an impact. The EGMLWS program
improved the nutrition knowledge and nutrition-related attitudes of north Mississippi Delta third and fourth graders and signifi-
cantly improved BMI in 5 of 7 schools.
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1. Background

As stated by Zylke and Bauchner (1) the recent reports
of the prevalence of obesity in the United States (US) (2)
“are neither good nor surprising”. While obesity rates have
decreased in children aged 2 to 5 years from 13.9% in 2003
- 2004 to 9.4% in 2013 - 2014, they have remained stable for
children aged 6 to 11 years at around 17% since 2007 - 2008,
and increased for adolescents aged 12 to 19 years from 10.5%
in 1993 - 1994 to 20.6% in 2013 - 2014 (2). Mississippi persis-
tently has some of the highest rates of childhood obesity
in the nation; the prevalence of overweight and obesity for
all K-12 students was 41.8% as compared to 40.9% in 2011 (3)
and has some of highest rates for hypertension, atheroscle-
rosis, and diabetes (4, 5).

Most of the progress against childhood obesity, seen in
many states, has been with Caucasian children (6). African
American youth across all age groups are more likely to
be obese, are at greater risk for chronic diseases, and are
more likely to become unhealthy adults than their white
counterparts (5, 7). The underlying causes of child health
disparities in Mississippi can be tied to the complex inter-

play of the multiple social determinants of child health
(SDCH), including the environment in which children are
born, grow, live, learn, and play (8). Another causative fac-
tor is lack of access to healthcare services (9).

Currently, about 30,000 nurses serve in the 110,000 el-
ementary schools of the US (10), and national survey data
from the school health policies and programs study shows
that school health services are mostly delivered by nurses
(11). However, the data also indicate that most services
are rendered to individual students and that most nurses
do not have the time to run obesity prevention programs
(12). After a systematic review, Wainwright et al. (9) con-
cluded that although there is a need for quality research
to provide evidence of the clinical effectiveness of school
nursing, that the traditional roles: health assessment, first
aid, and support of children with diagnosed medical con-
ditions such as asthma or epilepsy are well documented
in nursing literature. The researchers then report that al-
though school nurses are now being asked to take a role
in health promotion, that little evidence has been docu-
mented of any activity toward this effort.

In its recent position paper on pediatric obesity (13),
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the academy of nutrition and dietetics advocates for “mul-
tilevel approaches that involve various components or sec-
tors of influence” and suggests that registered dietitians
play a role in these interventions. School-based health
initiatives have been effective in addressing health dis-
parities among Mississippi students (14), and a variety of
federal and state mandates have been enacted regarding
in-school meals, health education, and physical activity
(6, 15). However, the assessment, implementation, and
evaluation components of these legislative actions have
tended to be underfunded and difficult for schools to im-
plement, especially in school districts with limited finan-
cial resources (16, 17). Free nutrition and physical activity
curricula are available, but many teachers do not have the
time, training, and/or skills to research and use these re-
sources. Child nutrition programs play an important role
in children’s consumption patterns and have the poten-
tial to educate children about eating healthy food (18), but
directors have regulations and responsibilities that may
limit time to foster creativity and culinary excellence (19).
Registered dietitians have the necessary training in coun-
seling, nutrition education, nutrition therapy, and food
service management to be very effective at childhood obe-
sity prevention. However, less than 1% of the child nu-
trition program directors in Mississippi are registered di-
etitians, a statistic that is similar in many states. School-
based nutrition interventions have shown positive effects
on body mass index (BMI) values in elementary children,
but mixed results have been reported (20-23), and few in-
terventions have been conducted with African American
children (24). Also, as stated by Roseman et al. (25) who rec-
ommended multi-component interventions, the opportu-
nities for extended impact in school-based interventions
may be limited when faced with the challenges of the
school schedule, academic testing, state-mandated curric-
ula, and multiple levels of school administration.

2. Objectives

The purpose of this project was to determine if a nutri-
tion education program for Mississippi Delta elementary
schools, that featured registered dietitians, would have an
effect on the nutrition and physical activity knowledge
of the students and their attitudes toward nutrition and
physical activity. The main objectives of the program were
to:

1. Increase nutrition knowledge of third graders by
providing nutrition lesson plans to teachers and showing
them how to incorporate that education across the cur-
riculum.

2. Encourage increased fruit and vegetable consump-
tion through the starting and maintenance of school gar-

dens and classroom education.
3. Working with school nutrition directors/ managers

to make school lunch menus healthier and more appeal-
ing.

4. Encourage system level change by helping schools
meet the criteria for the USDA’s Healthier US school chal-
lenge (HUSSC) (26), a nationwide program designed to en-
courage healthier school meals and other foods available
at school, based on the dietary guidelines for Americans,
physical activity, and nutrition education.

3. Methods

Eating Good and Moving Like We Should (EGMLWS),
is a school-based nutrition and physical activity educa-
tion program designed to address overweight and obesity
in the Mississippi Delta and north Mississippi regions by
helping children make healthier nutrition and physical ac-
tivity choices. The University of Mississippi Institutional
Review Board and (when existing) the review boards of the
school districts involved approved the research protocol
and associated activities.

3.1. Subjects

The subjects were 1,891 third (school year 2012 - 2013)
and fourth graders (2013 - 2014) in 7 Mississippi schools
in the north Mississippi River Delta region. Baseline char-
acteristics can be found in Table 1. The group was fairly
even with regards to gender with 53.02% males (n = 1,003)
and 46.98% females (n = 888), but not with regards to race
(83.5% African American, 10.7% white, and 5.8% Hispanic).

As shown in Figure 1, when pre-intervention BMIs were
sorted according to age- and gender-specific percentiles, 18
males (1.81%) were underweight (below the 5th percentile),
428 (42.72%) were in the normal range between the 5th and
85th percentiles, 222 (22.13%) were overweight (between the
85th and 95th percentiles, and 335 (33.34%) were classified
as obese (above the 95th percentile). Pre-intervention, 21
(2.36%) girls were underweight, 436 (49.14%) were normal
weight, 166 (18.62%) were overweight, and 265 (29.88%) were
obese.

In the spring of 2012, superintendents of all school
districts in the northern half of the Mississippi Delta re-
gion were sent an introductory email with a brief descrip-
tion of the project and a request for an appointment to
explain the project further. Seven schools in 6 school dis-
tricts agreed to all the program’s components, including:
a 15-minute nutrition education class once per week, two
5-minute classroom physical activity sessions per day, the
start-up of a school garden, a review of school breakfast
and lunch menus by the project’s registered dietitian, and
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Figure 1. Pre-Vs. Post-Intervention Percentages of Participants by BMI Weight Percentile

collection of heights and weights at the beginning and
ending of the school year. Although the schools varied in
size (which led to a variation in sample sizes, all 7 schools
were in districts that were located in rural counties, had
more than 90 percent of their students eligible for free or
reduced school lunch, and had student populations that
were more than 80 percent African American (27). The stu-
dents in all schools went to physical education classes once
per week.

3.2. Measures

Data was collected from pre- and post-surveys designed
to measure student knowledge and determine nutrition-
related attitudes and eating behaviors. The surveys were
administered at the beginning of the school year (during
the last week of August) and at the end of the nutrition ed-
ucation for the school year (the last week in April). The sur-
vey questtions are found in Tables 2 and 3. Pre-and post-
school year heights and weights were measured during the
first full month (September) and the last full month (May).

Heights were measured using a portable wall-mounted
measuring tape (white stature meter height measure mea-
suring tape 200 cm/2M). Weights of the children, in light
clothing and without shoes, were measured to the nearest
0.1 pound with a portable digital scale (Tanita HD-384 digi-
tal scale).

3.3. Procedure

EGMLWS, a multi-faceted program, designed to rein-
force nutrition and healthy eating messages in a variety of
ways, was conducted in 7 schools during the 2012 - 14 school
years. Third and fourth graders were subjects the first year,
but only The EGMLWS project team included an associate
professor who managed data analysis, a registered dieti-
tian who taught nutrition classes in the classrooms, and a
health education specialist who coordinated the program.
All project staff members provided nutrition lesson plans
to teachers, helped schools to start and maintain school
gardens, and taught cooking classes to children and par-
ents.
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Table 1. Baseline Demographic Characteristics of Participantsa

Variable Overall Sample (n = 1,891)

Age, y 8.4 ± 0.4

Gender

Males (n = 1003) 53.02

Females (n = 888) 46.98

Ethnicity

White 10.7

Black 83.5

Hispanic 5.8

Height (inches)

Total (n = 562) 54.16 ± 3.15

Minimum - maximum 45.13 ± 65.63

Males 54.01 ± 2.90

Females 54.33 ± 3.40

Weight (lbs.)

Total 83.75 ± 26.81

Minimum - maximum 45.8 ± 216.0

Males 82.46 ± 24.15

Females 87.34 ± 29.35

aValues are expressed as Means ± SD or (%).

Table 2. Differences Between Pre- and Post-Intervention Measures of Nutrition and
Physical Activity Attitudes and Behaviors When Evaluated Using t-Test

Measured
Responses

Pre-Eating Good
(Percent

Responses), n =
1,891

Post-Eating Good
(Percent

Responses), n =
1,891

P Value

1. I want to eat
healthy.

37.8 62.2 0.045

2. I would snack
on vegetables.

25.9 56.4 0.039

3. I would eat
fruit for a snack.

42.4 90.4 < 0.001

4. I shared
nutrition lessons
with family.

16.5 53.4 < 0.001

5. I have
exercised with
my family.

19.6 66.4 < 0.001

Implementation of the nutrition education involved
preparation of lesson plans, development and delivery of
teacher training, modeling the instruction and evaluation
of student knowledge. Lesson topics were developed from
the selected consumer messages of ChooseMyPlate.gov
(28) and from the nutrition education resources on the

Table 3. Differences Between Pre- and Post-Intervention Measures of Nutrition and
Physical Activity Knowledge When Evaluated Using t-Test

Measured
Responses

Pre-Eating Good
(Percent

Responses), n =
1,891

Post-Eating Good
(Percent

Responses), n =
1,891

P Value

1. Eating healthy
food is only
important for
overweight
people.

82.4 23.9 < 0.001

2. Exercise is only
important for
overweight
people.

71.1 15.6 < 0.001

3. I do not have to
get diabetes.

26.4 73.6 < 0.001

4. A diet is the
food you eat
daily.

32.4 78.4 < 0.001

5. You have to go
to the gym to get
physical activity.

54.9 22.5 < 0.001

6. Correct
identification of
fiber on a food
label.

33.7 73.9 < 0.001

7. Correct
identification of
calories on a food
label.

27.8 79.8 < 0.001

Mississippi Department of Education’s Office of Healthy
School’s website. One main theme was selected for each
month of the school year, and included topics like “Make
half your grains whole.”, “Vary the colors of your fruits and
vegetables.”, and “Go lean with protein” (28). Then lesson
plans for each week were developed by the EGMLWS project
team, which included a registered dietitian and a health
education specialist. At the beginning of each school year,
the dietitian and health education specialist conducted 1-
hour training with the third- and fourth-grade teachers on
how to deliver the nutrition lessons. The registered dieti-
tian delivered the lessons every other week, and the teach-
ers delivered the lessons on alternate weeks.

As another part of the nutrition and physical activity
education, fruit and vegetable gardens were started at each
school. Sizes and styles varied depending on the amount
of land that was available and the level of support pro-
vided by the school’s teachers, parents, and staff. Teachers
brought their classes out at least once per week to plant,
observe growth, and perform other work such as pulling
weeds and hoeing around the plants. On average, the gar-
dens were 15 feet wide by 20 feet long and contained 4 to
6 raised beds with soil that was enhanced with peat moss
and fertilizer. EGMLWS provided seeds and some start-up
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plants and the lumber for the raised beds. In 3 schools
project staff built the raised beds as well. Parents or other
volunteers built the others.

All the menus for the schools’ child nutrition pro-
grams were reviewed by the EGMLWS registered dietitian.
In addition to verifying that the menus met the nutrition
standards in the national school lunch and school break-
fast programs (29), the registered dietitian reviewed ven-
dor invoices to monitor prices paid for food, and checked
the USDA Foods Available list (30) to see if some foods could
be ordered through the USDA food and nutrition service
food distribution program. Although most of the menus
already conformed to the USDA meal pattern requirements
(29), the registered dietitian worked with the child nutri-
tion program directors to make modifications to decrease
excess calories and/or increase acceptability of the food.

3.4. Statistical Analysis

Demographic data and beginning heights and weights
were analyzed using descriptive statistics, and body mass
index (BMI) was calculated for each child. BMI is an index
of body mass divided by the square of height expressed as
kg/m2 and provides a relative weight that allows compar-
isons of weight between individuals or between an indi-
vidual and an ideal weight. Because in those individuals
between 2 and 20 years of age, height and therefore weight
often change rapidly with age, BMI will not necessarily pro-
vide the best measure of comparisons (31). However, BMI
in children are often classified according to age and gen-
der specific percentiles of the general population, which
is easy for the general public to understand (32). All statis-
tical analysis was conducted using IBM SPSS Statistics for
Macintosh, Version 23.0.

4. Results

Measurement of pre-and post-year heights and
weights in seven schools indicated that 27% of the stu-
dents had some decrease in BMI from 2012 to 2014.
Twenty-five percent of the 160 students in school 1 had a
significant decrease based on paired t-test with a α = 0.05.
Other decreases seen were 47.62% (n = 21 of 44 students)
in school 2, 10.02% (n = 20 of 200 students) in school 3,
108.18% (n = 33 of 306 students) in school 4, and 28.47%
(n = 295 of 1035 students) in school 5. (α = 0.05 for all).
Although 35.71% (n = 28) of 78 students in school 6 and
15.71% (n = 11) of 68 students in school 7 showed decreased
BMIs, the differences were not significant.

While obesity rates for African-American Mississippi
students has increased every year since 2005 (24), the pri-
marily African-American population of this study demon-

strated a shift from obesity to overweight and from over-
weight to normal. When sorted according to age- and
gender-specific percentiles, as was done with the pre-
intervention BMIs, post intervention, the numbers shifted
to 10 (1.00%) underweight (below the 5th percentile), 503
(50.17%) in the normal range between the 5th and 85th per-
centiles, 171 (17.05%) overweight (between the 85th and 95th

percentiles, and 319 (31.78%) obese (above the 95th per-
centile). Post intervention, 14 (1.54%) girls were under-
weight, 478 (53.81%) were normal weight, 159 (17.94%) were
overweight, and 237 (26.71%) were obese.

As seen in Table 2, pre- and post-intervention measures
of nutrition and physical activity attitudes and behaviors
showed a movement toward healthier habits. All mea-
sured responses showed significant (P < 0.001 to 0.05)
shifts toward answers that indicated healthier attitudes
and behaviors. However, eating fruit for a snack started
out as a more popular choice and became even more pop-
ular than choosing vegetables. Exercising with the family
started out and became more popular than sharing nutri-
tion lessons with them.

Knowledge increased significantly (P < 0.001) for every
question when pre- and post-intervention nutrition and
physical activity knowledge was measured. Before inter-
vention, 82.4% of respondents thought that good nutrition
was only important in the obese. Following the program,
76.1% of those children responded that everyone should
eat healthfully. Prior to the program, 71.1% of children
responded that physical activity was more important for
overweight people than anyone else. After, 85% indicated
that physical activity was important for everyone. Also,
the number of children who indicated they thought they
could prevent themselves from getting diabetes increased
from 26.4% of all responses to 73.6% of all responses.

Although all the wellness coordinators of the partici-
pating school districts were aware of the HUSSC and were
interested in completing the application, they did have
questions about the application and only one school had
achieved bronze level. All the coordinators took advantage
of the individualized training for the HUSSC process from
EGMLWS program staff with each school receiving an aver-
age of 3.2 hours of coaching. Only 3 of the 7 schools actually
submitted their applications. One school reached bronze
medal level.

5. Discussion

The purpose of EGMLWS was to create a successful
program to prevent and reduce childhood obesity in the
Mississippi Delta. This program was a multi-component
school-based nutrition intervention conducted during the
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2012 - 2014 academic years. The results reported here de-
scribe the program’s effectiveness in decreasing the BMIs
and improving nutrition related attitudes, behaviors, and
knowledge.

Significant numbers of students achieved decreases
in BMI in 5 of the 7 schools. Also, although no signifi-
cant difference was found in BMI across all schools, there
was no significant increase, and each school had students
with some decrease in BMI with the percentages rang-
ing from 15.71% to 47.62%. In addition, the percentages
of obese participants decreased for both boys (33.34% pre-
intervention to 31.78% post-intervention) and girls (29.88%
pre-intervention to 26.71% post-intervention).

These results supported the findings of several sys-
tematic reviews of school-based nutrition interventions,
which report moderate evidence of BMI reduction (24, 25).
One of these reviews, Lavelle et al. (33) found that inter-
ventions that targeted overweight/obese children reduced
their BMI by 0.35 (95% CI: 0.12, 0.58, P = 0.003). Those deliv-
ered to all children reduced BMI by 0.16 (95% CI: 0.06, 0.25,
P = 0.002). After conducting a randomized controlled trial,
Gortmaker et al. (34) reported that planet health, a school-
based intervention, led to a reduction in the prevalence of
obesity among girls (P < 0.05), but not for boys.

The nutrition education that was delivered by the reg-
istered dietitian and the classroom teachers also had an
impact. The children were not only eager to learn about
nutrition (as reported by both teachers and the dietitian),
they did learn. Knowledge increased significantly (P <
0.001) for every question when pre- and post-intervention
nutrition and physical activity knowledge was measured,
and pre- and post-intervention measures of nutrition and
physical activity attitudes and behaviors showed a move-
ment toward healthier habits. Studies have shown that
increases in knowledge and attitudes can lead to desired
health behaviors. In a randomized controlled trial in 47
fourth-grade California classrooms (1713 students), Larsen
et al. (35) tested program efficacy, and a secondary analysis
of archival data tested program dissemination. The pro-
gram featured seven nutrition lessons delivered by class-
room teachers over a 4- to 10-week time period. Child nu-
trition knowledge and attitudes and parent willingness to
serve new foods were positively affected, and consumption
of low-nutrient high-density foods and sugar-sweetened
beverages decreased while consumption of proteins and
grains increased.

It should be noted that although the project targeted
3rd and 4th grade teachers and classrooms, all of the schools
housed other grades and their teachers also received the
training, because it was conducted as the schools’ teacher
professional development. The registered dietitian was
also invited to these classrooms as a guest speaker and

to do healthy food tastings. Some of the teachers from
other grades in each school incorporated the lesson plans.
Heights and weights of the children in the other grades
were not recorded due to constraints on researchers’ time
and personnel.

Although only 3 of the 7 wellness coordinators submit-
ted HUSSC applications, all made progress in identifying
areas of strength and weakness in their health policies.
Most cited lack of nutrition education for all students and
daily physical activity as the primary factors for not be-
ing able to qualify. The 3 applications that were submitted
used EGMLWS for the nutrition education component, and
this helped one school earn its bronze medal level certifica-
tion.

One of the most appreciated services of the registered
dietitian was the review of the schools’ menus and pro-
duction records. She was able to suggest healthier ways
to cook certain foods, ways to make foods taste better,
and how to save money by using foods from the USDA’s
food distribution program. This service supports domes-
tic nutrition programs and American agricultural produc-
ers through purchases of domestic agricultural products
for use in schools and institutions, and applications may
be made to receive food at no cost to the child nutrition
program. All the schools were able to trim their food bud-
get as a result of these consultations with the registered
dietitian, but for one school the outcome was dramatic.
Through the use of the USDA food distribution program
and suggestions about the type of foods purchased, the
registered dietitian was able to save the school $30,000
from its annual food budget for the 2012 - 2013 school year.

Although the results of our study showed lowering
or maintaining of BMI in schools that are more than 80%
African Americans, there were limitations. First, the lack
of a control group of schools renders the results less reli-
able than those from a randomized controlled trial. Sam-
ple sizes from each school varied because of the differ-
ences in the size of the schools. Also, we did not observe
every teacher providing nutrition education, and while
we have no reason to believe otherwise, we cannot cate-
gorically confirm that all nutrition education sessions or
physical activity breaks were executed to the standards set
forth in the teacher training or modeled by our team. Geo-
graphical distances may have interfered with the amount
of programming delivered by the program as with Prelip
et al. (36). Also, lack of researchers’ time, teachers’ and
school’s schedules, and the need for individual interviews
with third-grade children did not allow for repeat collec-
tion of data on multiple days. Waist circumference and
percent body fat data were also not collected, likely reduc-
ing impact of the intervention. Results were not catego-
rized by race because 3 of the schools had student popu-
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lations that were greater than 99% African American and
the overall sample population was 83.5% African American.
Because the study was conducted in the rural Mississippi
Delta region, results may not be generalizable to schools in
urban locations or that have a more diverse student popu-
lation.

Although the prevention of childhood obesity is chal-
lenging, especially in areas with fewer resources, school-
based nutrition interventions that feature a registered di-
etitian can make an impact. The EGMLWS program im-
proved the nutrition knowledge and nutrition-related at-
titudes of north Mississippi Delta third and fourth graders
and significantly improved BMI in 5 of 7 schools. This,
with the fact that BMI did not raise over all schools and
that there was some lowering of BMI in every school is
encouragement that school-based interventions can favor-
ably impact BMI in primarily African American popula-
tions. School-based interventions that feature registered
dietitians show promise in the prevention of childhood
obesity, but more research is needed to identify the com-
ponents that are most successful in impacting behavior
change.
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