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Abstract
BACKGROUND—Children in Appalachia are experiencing high levels of obesity, in large
measure because of inferior diets. This study screened the dietary intake of third-graders residing
in three rural Appalachian counties in Ohio and determined whether the Food, Math, and Science
Teaching Enhancement Resource Initiative (FoodMASTER) curriculum improved their dietary
intake.

METHODS—Dietary intake was measured for 238 third-graders at the beginning of the
2007-2008 school year and for 224 third-graders at the end of that year. The FoodMASTER
curriculum was delivered to 204 students (test group). Intake was measured using the Block Food
Frequency Questionnaire 2004. The final analysis included 138 students.

RESUTS—The FoodMASTER curriculum did not significantly affect the diets of the students in
the test group, as no significant differences in intake of macronutrients, specific nutrients, or food
groups were found between the test and control groups. Majorities of students did not meet the
Recommended Dietary Allowance or Adequate Intakes for fiber, calcium, iron, vitamin A, and
vitamin E. The students as a whole did not meet the MyPyramid recommendations for any food
group, and nearly one-fifth of their calories came from sweets. Significant differences in
percentages of kilocalories from protein and sweets and in servings of fats, oils, and sweets were
seen between groups of higher and lower socioeconomic status.

CONCLUSIONS—Energy-dense foods are replacing healthy foods in the diets of Ohio children
living in rural Appalachia. The prevalence of poor dietary intake in Appalachia warrants further
nutrition interventions involving programming for nutrition, such as future FoodMASTER
curricula.

NIH Public Access
Author Manuscript
J Sch Health. Author manuscript; available in PMC 2013 November 06.

Published in final edited form as:
J Sch Health. 2010 November ; 80(11): . doi:10.1111/j.1746-1561.2010.00539.x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
nutrition and diet; children and adolescent health; public health; curriculum

The United States has seen a steady climb in childhood obesity over the past 30 years, with
rates now reaching alarming levels.1 In particular, obesity in youth aged 6-11 years has
tripled during the last three decades.2, 3 Children living in rural communities, such as rural
Appalachia, have a heightened risk for poor health outcomes related to overweight because
they are more likely to be of low socioeconomic status (SES) and to have little education,
and they have fewer means of obtaining adequate health care.4, 5 In a study conducted in
West Virginia in 1998-1999, 46% of upper elementary students from three rural counties
were classified as at risk of overweight or actually overweight,6 and, similarly, a study in
Athens County, Ohio, found that 46% of children attending a summer campus program were
either overweight or at risk of overweight.7 Overweight children, like overweight adults,
often display signs of several comorbidities, including type 2 diabetes, formerly considered
almost exclusively a disease of adults, and cardiovascular diseases.8

As rates of childhood obesity and type 2 diabetes rise, disorders such as coronary artery
disease and coronary heart disease will be found in much earlier stages of life.8

Atherosclerosis is the most important underlying cause of coronary artery disease, and
studies have reported the first signs of atherosclerosis as early as age 3 years.9 Progression
of atherosclerosis can be identified in early childhood years by identifying fatty streaks on
the arterial walls,9-12 but a change in diet can dramatically reverse signs of this disease.13 In
the United States, Appalachia has one of the highest rates of mortality from coronary heart
disease,14 but screening the diets of Appalachian children could lead to intervention
programs aimed at reducing childhood obesity and its related comorbidities.

Displacing the basic food groups with foods high in saturated fat and sugar is a common
practice among Appalachian children in Kentucky.15 Correspondingly, previous studies
have shown that many children in both Appalachia and the United States as a whole fall
short of the Recommended Dietary Allowance (RDA) for many key nutrients, like fiber and
calcium.15, 16 Proper dietary practices, such as following the recommendations for food
groups set by the USDA (United States Department of Agriculture) MyPyramid and
exercising regularly, are ways of slowing the progression of obesity and its related
conditions.15 However, barriers such as financial instability and the unavailability of
resources have made it increasingly difficult for Appalachian children to manage their
weight.17 Thus, introducing interventions that promote healthy food choices to young
children in this region would be beneficial.18 Nutritional interventions based at schools are
uniquely positioned to target a wide range of children for 180 days each year and to improve
dietary behaviors in ways that could reduce childhood obesity.19

Currently, screening children for overweight and its associated health risks is primarily the
responsibility of physicians, but in some impoverished areas, such as Appalachia, children
rarely receive advice on weight management.20 Guidance is especially needed in these
poverty-stricken regions because of the link between low SES and the likelihood of being
overweight due to a poor-quality diet.21 Unfortunately, the weight status of children in
regions such as Appalachia is often overlooked because of limited access to health care and
a lack of awareness among caretakers.22, 23 This reality suggests the need for more emphasis
on community- and school-based nutrition interventions for Appalachian communities.20

The purpose of the current study was to examine overall dietary intake in third-grade
students in Appalachian Southeast Ohio and to determine whether a school-based
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intervention program, FoodMASTER (Food, Math, and Science Teaching Enhancement
Resource Initiative), improved the dietary intake of these students. In addition, researchers
were interested in comparing dietary intakes of male and female students and students from
schools with lower and higher SES levels as indicated by participation in the free and
reduced-price lunch program of the National School Lunch Program.

METHODS
Program

FoodMASTER is a compilation of projects aimed at using food as a tool to teach
mathematics and science. In 2005, a Science Education Partnership Award from the
National Center for Research Resources of the National Institutes of Health funded a 3-year
project aimed at creating and assessing a third-grade FoodMASTER curriculum for rural
Appalachian Ohio students. The 45-lesson hands-on curriculum was developed by a team of
experts, including teachers and dietitians, and was implemented in classrooms in Athens,
Meigs, and Washington counties during the 2007-2008 school year. One of the goals was to
assess the nutrient intake of the participating third-graders as a means of directing future
educational interventions aimed at improving dietary intake.

Subjects
A letter was sent to all third-grade teachers in the three counties, inviting their participation
in the FoodMASTER project. The project investigators conducted site visits with each
interested teacher to explain the details of participation. Teachers interested in participating
signed an agreement to express their commitment to the project. The classrooms of the first
10 teachers to return the agreement were assigned to the intervention group, i.e., the group
that received the 45-lesson curriculum (FoodMASTER).

Teachers implementing the FoodMASTER curriculum in their classrooms (N = 10)
participated in a four-day training workshop at Ohio University in July 2007 to prepare for
implementation during the academic year. The teachers were given educational materials for
their students, were introduced to the content, and spent time working through the lesson in
the university test kitchens. In addition, they were instructed on the project’s protocol for
academic year 2007, were provided assessment tools, and were formatively evaluated on the
materials presented to them.

In the beginning of academic year 2007, one teacher from Athens County and one from
Meigs County, who were not participating in the project, volunteered their classrooms as
control classrooms (N = 2). Students and parents in all 12 classrooms (10 participating, two
controls) received explanatory materials and signed a consent form. All third-grade students
with a signed consent form were entered into the study.

Instrument and Procedure
The Block Kids Food Frequency Questionnaire 2004 (BKFFQ) was selected to measure the
dietary intake of third-graders because of its suggested age range of 8 to 17 years and the
fact that it could be administered in about 25 minutes. The BKFFQ, which was designed by
NutritionQuest (Berkeley, Calif), has been used in previous studies and has been validated
for specific nutrients.24-26 The BKFFQ includes 77 food items and requires students to
report the number of days in the past week each item was consumed and the average portion
size consumed on those days. Pictures were provided by NutritionQuest to enhance the
accuracy of reporting on portion sizes. The BKFFQ food lists were developed using the
USDA Nutrient Database for Dietary Studies, Version 1.0. The completed BKFFQs were
sent to NutritionQuest for analysis of nutrients and food group servings. Demographic
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information was self-reported on the BKFFQ. Schools in which 60% or more of students
received free or reduced-price lunches were categorized as lower SES; those with a lower
percentage were categorized as higher SES (this decision was based on the cutoff point of
60% for additional federal funding for the National School Lunch Program and on previous
research).6,27

Project investigators made an appointment with each teacher at the beginning of the
academic year to make a site visit to the classrooms and do a pretest on intake. Teachers in
the test group taught all 45 FoodMASTER lessons during the year. At the end of the
academic year, investigators returned to the classrooms to collect a set of repeated measures
of nutrient intake using the BKFFQ (posttest). Each student was assigned a subject number,
which was used to match pretests and posttests. Only subjects with complete and correct
BKFFQ pretest and posttest data were entered into the sample.

Data Analysis
The independent t test was used to establish that there were no significant differences (p<.
05) between the intervention group and the control group in intake of nutrients at pretest.
Paired-samples t tests were used to test significant differences (p<.05) between the pretest
and posttest in both the intervention (test) group and the control group in terms of nutrient
intake. The independent t test was used to detect differences between the control group and
intervention group at posttest. Because for both groups the pretest and posttest data were
found to be homogeneous and posttests for the control and intervention groups were
homogeneous, researchers used the posttest information, mean score, and frequency
statistics to describe the intake of nutrients.

Means and standard deviations for intake were compared with Dietary Reference Intake
(DRI) tables using RDAs, Adequate Intakes (AI), and Acceptable Macronutrient
Distribution Ranges (AMDR), as appropriate, to determine the frequency of students who
fell below these recommendations. Values from the most recent DRI table of the National
Academy of Sciences for boys and girls aged 4–8 years were used as a reference for
comparison (Dietary Reference Intakes, 2006).28 The seven nutrients selected for this study
(calcium, iron, zinc, vitamin A, vitamin C, vitamin E, and fiber) were chosen based on
previous research suggesting a low intake in this age group.1, 15, 16, 29, 30

In addition to data on the intake of nutrients, the BKFFQ generates data on the daily number
of servings for vegetables; fruits; grains; meats and beans; milk; and fats, oils, and sweets.
Information on the daily number of servings was recoded into cups or ounces for
consistency with recommendations for food groups set forth in MyPyramid for Kids (6-11
years).31

To examine the data further, tests were performed to detect whether there were differences
between socioeconomic groups and genders for the variables of interest. Independent t tests
were performed to compare such differences in the mean scores for RDAs, AIs, and
AMDRs. Normality of the continuous variables was examined using the Kolmogorov-
Smirnov single-sample goodness-of-fit test. While most measures differed significantly
from normal, the assumption of normality is not required for the t test when the sample is
sufficiently large, even when it has fewer than 100 students.32 Statistical analyses were
performed using Statistical Packages for the Social Sciences 16.0 (SPSS).

RESULTS
The BKFFQ was handed out at the beginning of academic year 2007 to 238 students, 204 in
the test group classrooms (N = 10) and 34 in the control group classrooms (N = 2). Usable
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BKFFQs totaled 156 in the test classrooms and 22 in the control classrooms, for inclusion
rates of 76% and 65%, respectively, for the pretest. At the end of the academic year the
BKFFQ was issued to 224 students, 193 in the test group classrooms (N = 10) and 31 in the
control group classrooms (N = 2). Usable BKFFQs for the posttest numbered 161 in the test
classrooms and 27 in the control classrooms, for inclusion rates of 83% and 87%,
respectively. There were 122 students in the test group classrooms and 16 in the control
group classrooms whose questionnaires were used in the final analysis, for inclusion rates of
60% and 47%, respectively. These were the only students with complete and correct BKFFQ
data on both the pretest and posttest. In all, 58% of the original sample remained.
Demographic characteristics of the participants are presented in Table 1.

The intake of macronutrients, specific nutrients, and food groups was examined to determine
whether FoodMASTER had an impact on the third-graders’ diets. No significant differences
in intake of macronutrients, specific nutrients, or food groups were found between the
pretest and posttest for either the test group or the control group or in the posttest between
the test and control group. Thus, researchers aggregated the posttest data for test and control
groups to describe the dietary intake of the population. Overall, the majority of students
(data not shown) fell within the AMDRs for carbohydrates (81%), proteins (83%), and fats
(61%). However, 32% exceeded the AMDR for fat, and 17% fell below the AMDR for
protein. Many students, both male and female, did not meet the RDAs/AIs for key nutrients,
especially fiber and vitamin E (Figure 1). Figure 2 shows the percentages of male and
female students not meeting the recommendations for food groups set forth in MyPyramid
for Kids (6-11 years); in the case of vegetables, 100% of boys and 98.7% of girls did not
meet the recommendation.

No significant differences in the intake of macronutrients were found between boys and
girls, but there were significant differences in the intake of micronutrients and food groups
by gender. For example, boys consumed significantly more iron (p = 0.01), sodium (p =
0.02), and zinc (p = 0.03) than girls (Table 2). Boys also consumed more ounces of meat and
beans (p = 0.03); girls, on the other hand, consumed a higher percentage of saturated fat (p =
0.02) than boys. When the sample was split into higher- and lower-SES groups, the gender
differences for iron, sodium, zinc, and ounces of meat and beans remained significant only
for children in the higher-SES group (data not shown).

In the overall analysis comparing higher- and lower-SES groups, significant differences
were found for intake of one macronutrient, percentage of kilocalories from sweets, and for
servings of fats, oils, and sweets, but no significant differences were found for specified
micronutrients. Children from the higher-SES group had a greater percentage of their
kilocalories coming from protein (p = 0.04), and children in the lower-SES group had a
higher percentage of kilocalories coming from sweets (p = 0.03) and a higher number of
servings of fats, oils and sweets (p = 0.03) (Table 3). Overall, children in the study derived
about one-fifth of their kilocalories from sweets.

DISCUSSION
From this study we can conclude that the diets of third-graders in Appalachian Southeast
Ohio are rather poor, as few students met RDA or AI values for fiber, calcium, iron, vitamin
A, and vitamin E. On the other hand, more than two-thirds of students met the
recommendation for zinc, and the great majority met the recommendation for vitamin C.
Previous research using a sample of children aged 7-10 years produced similar findings for
calcium, vitamin A, and vitamin E but found that the children were meeting the RDA for
iron but not for zinc.29 The findings for low fiber, calcium, iron, and vitamin A are
consistent with a smaller study of third-to fifth-graders in Massachusetts.1 Intake of iron
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along with the other nutrients where intake was poor in the present study could be improved
by encouraging consumption of lean meats, green leafy vegetables, and whole grains.

The failure to find significant differences between the test and control groups for intake of
specific nutrients or of food groups was somewhat surprising but might have several
explanations. One possibility is that overall dietary intake as assessed by the BKFFQ did not
target all of the specific dietary changes emphasized by FoodMASTER. For example, one
FoodMASTER lesson focused on eating whole-grain pastas, but the BKFFQ does not
distinguish between whole-grain and refined pastas. Using a tool that looked more
specifically at behavioral objectives related to the FoodMASTER intervention may have
made a difference in the results. Other possible explanations for the lack of observed
differences between the test and control groups are that the teachers may have stressed the
mathematics and science objectives of FoodMASTER over the nutrition content or that
students learned facts about nutrition but did not use their newly acquired knowledge to
make dietary changes.

The third-graders in our study fell short of meeting the MyPyramid for Kids
recommendations for all the basic food groups, and past studies, such as a national inquiry
conducted by Kennedy and Goldberg, had comparable results.16 A failure to consume the
recommended amounts of the five food groups is consistent with the low intakes of the
nutrients identified above. In the present study, the food groups tended to be replaced with
fat, oils, and sweets; indeed, nearly one-fifth of the kilocalories consumed by the third-
graders were from sweets. This high intake of sweets was even more pronounced among
students from the lower-SES schools, with 21.3% of their total kilocalories coming from
sweets.

We found that girls had a greater intake (by percentage of kilocalories) of saturated fat than
did boys; a similar study analyzing intake of saturated fat among rural West Virginia
children did not show significant differences between boys and girls,6 but the author did find
a noteworthy difference between boys and girls for total intake of fat, but with the boys, not
girls, consuming more. Replacing servings of fat, oils, and sweets with whole foods such as
fruits, vegetables, and whole grains would improve the diet quality of many Appalachian
populations regardless of gender or SES. Our finding that boys consumed significantly more
sodium, iron, and zinc than girls is partially consistent with the earlier study on children
aged 7-10, in which white boys consumed significantly more vitamin A, iron, and zinc than
white girls29 (in our study most participants were white).

Overall, more than 80% of students had intakes of carbohydrate and of protein that were
within the AMDR, which is encouraging. Our findings of connections between higher SES
and getting a higher proportion of kilocalories from protein and between lower SES and a
higher proportion of kilocalories from sweets were both not surprising, as associations
between SES and quality of diet are widely known. Moreover, our findings of higher intakes
of sweets and more servings of fats, oils, and sweets among low-SES populations are
consistent with other similar studies conducted in the Appalachian region.6, 16 The low cost
of energy-dense foods may help explain the higher consumption of these foods among
students with a low SES.

Limitations
This study had several possible limitations. First, accurately measuring dietary intake,
especially in third-grade students, is a complex and rather challenging undertaking. Third-
graders may have difficulty recalling the foods they have eaten, and in the present study the
BKFFQ of numerous students could not be used because of inaccuracy in reporting. Second,
assigning SES using school-level participation rates in the program for free and reduced-
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price lunches, while a method used by previous researchers, is no more than a rough
estimate of SES for the particular students involved.6 Third, the study did not measure the
students’ knowledge of nutrition. Conceivably, the students’ knowledge levels here may
have improved during the course of this study even though their food intake did not change
significantly, but the study was not equipped to make such a finding.

Conclusion
In conclusion, it appears that third-grade students living in Appalachian Southeast Ohio are
not meeting the recommended levels for specific nutrients or the recommendations for food
groups set forth in MyPyramid for Kids. Energy-dense foods consisting of sugar and fat are
replacing healthy foods from the main food groups in the diets of these children. Additional
interventions are indicated to improve the dietary intake of this population. Increased efforts
to reduce the intake of sugar and fat among children in Southeast Ohio, especially children
from lower-SES schools, are warranted. Findings from this study underscore the importance
of programs that focus on changing individual and family dietary behaviors. Future
FoodMASTER programs should include a stronger family component and focus more
specifically on behavioral changes to limit the intake of sugar and fat while increasing intake
of recommended food groups. To achieve long-term effects on children’s food choices,
nutrition education programs focusing on dietary behaviors, such as the FoodMASTER
programs envisioned for the future, should be mainstays in the classroom over multiple
grade levels.

IMPLICATIONS FOR SCHOOLS
Improving dietary quality could reduce the incidence of obesity and its co-morbidities in
communities within Appalachia, and school-based initiatives in health promotion in this
region should be aimed at increasing intake of fruits, vegetables, whole grains, milk, and
lean meat and beans. Specific nutrients such as fiber, calcium, iron, vitamin A, and vitamin
E should be targeted as well. Some differences in dietary intake between boys and girls
indicate a potential need to create or present gender-specific messages on nutrition. For
examples, girls may need more encouragement to consume meats and beans, because in our
study we found that they consumed a smaller amount of these foods than did boys, and they
also consumed less iron and zinc, both of which are found in lean meats and dried beans.
Future research is indicated to explore the potential causes of dietary differences between
boys and girls.

Finally, teachers, school nurses, administrators, and health care professionals need to work
together to research the dietary habits of students and seek ways to improve them. Future
research could include studying the effects of the FoodMASTER curriculum on school-age
children’s knowledge and testing the effects of adding a stronger family component to this
curriculum.
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Figure 1.
Percentage (%) of Male and Female Third-Grade Students in Appalachian Ohio Not
Meeting the RDA/AIs for Specified Nutrients
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Figure 2.
Percentage (%) of Male and Female Third-Grade Students in Appalachian Ohio Not
Meeting the MyPyramid for Kids (6-11 years) Recommendations for Food Groups
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Table 1

Demographic Characteristics of Participants by Gender

Total
Sample Male Female

Item N/n (%) n (%) n (%)

Total participants 138 62 (45) 76 (55)

Race or ethnicity

 African American 1 (0.7) 0 1 (13)

 White 111 (80.4) 54 (87.1) 57 (75.0)

 Hispanic 1 (0.7) 0 1 (13)

 Asian 1 (0.7) 1(16) 0

 American Indian/Alaska Native 1 (0.7) 0 1 (13)

 Other/multiethnic 23 (16.7) 7 (11.3) 16 (21.1)

Group

 Test (intervention) 122 (88) 57 (92) 65 (86)

 Control 16 (12) 5 (8) 11 (14)

Socioeconomic status*

 Higher 101 (73) 46 (74) 55 (72)

 Lower 37 (27) 16 (26) 21 (28)

Age in years 8.5±0.6┼ 8.7±0.6 ┼ 8.32±0.6┼

*
Socioeconomic status determined by the school-level proportion of students receiving free or reduced-price lunch. Higher: <60% of students.

Lower: ≥60% of students.

┼
Mean +/− standard deviation.
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Table 2

Micronutrient Intake of Male and Female Third-Grade Students

Parameter (M±SD) Total Sample Male Female P Value for Difference

Energy (kcals) 1437.78±774.75 1617.75±876.49 1290.96±650.38 0.02*

% kcals from
carbohydrate 56.13±7.99 56.80±8.69 55.57±7.37 0.37

% kcals from protein 13.09±3.02 12.82±3.23 13.30±2.83 0.36

% kcals from fat 32.63±5.71 32.27±6.30 32.93±5.19 0.50

% kcals from saturated
fat 11.32±0.02 10.77±0.02 11.77±0.03 0.02*

% kcals from sweets 18.18±10.30 17.99±11.10 18.34±9.67 0.84

Fiber (g) 11.23±7.48 12.43±8.77 10.25±6.11 0.09

Calcium (mg) 646.70±342.70 651.90±329.52 642.45±355.20 0.87

Iron (mg) 10.05±5.70 11.44±6.63 8.93±4.54 0.01*

Sodium (mg) 2006.31±1117.65 2261.21±1322.86 1798.38±872.32 0.02*

Zinc (mg) 7.65±4.42 8.59±5.06 6.89±3.68 0.03*

Vitamin A, RAE (mcg) 400.06±246.31 406.50±323.41 394.81±258.50 0.78

Vitamin C (mg) 88.13±79.33 86.68±70.43 89.31±86.37 0.85

Vitamin E (mg) 5.26±5.35 5.94±6.12 4.72±4.60 0.18

Cups of vegetables 0.44±0.51 0.43±0.52 0.45±0.51 0.85

Ounces of grains 3.52±2.10 3.87±2.51 3.23±1.67 0.09

Ounces of meats &
beans 3.51±2.69 4.04±3.04 3.07±2.29 0.03*

Cups of milk 1.20±0.89 1.11±0.83 1.28±0.93 0.26

Cups of fruit 0.71±0.54 0.73±0.54 0.68±0.54 0.58

Servings of fats, oils,
sweets 2.92±0.54 3.17±2.73 1.87±1.25 0.12

*
Significant at p < 0.05. M: mean; SD: standard deviation; RAE: retinol activity equivalents.
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Table 3

Dietary Intake of Students from Schools with Lower and Higher Socioeconomic Status (SES)

Parameter (M±SD) Higher SES Lower SES P Value for Difference

Energy (kcals) 1413.31±785.67 1504.57±750.55 0.54

% kcals from
carbohydrate 56.07±7.76 56.29±8.69 0.88

% kcals from protein 13.40±2.97 12.24±3.00 0.04*

% kcals from fat 32.36±5.54 33.38±6.15 0.35

% kcals from saturated
fat 11.33±0.03 11.29±0.02 0.92

% kcals from sweets 17.04±9.97 21.30±10.68 0.03*

Fiber (g) 11.32±7.93 10.96±6.13 0.80

Calcium (mg) 663.40±358.67 603.83±294.95 0.38

Iron (mg) 10.18±5.84 9.70±5.34 0.67

Sodium (mg) 2013.02±1183.78 1988.03±927.70 0.91

Zinc (mg) 7.75±4.64 7.39±3.84 0.68

Vitamin A, RAE (mcg) 418.35±256.26 359.13±212.03 0.15

Vitamin C (mg) 90.94±86.09 80.45±57.26 0.49

Vitamin E (mg) 5.17±5.26 5.55±5.67

Cups of vegetables 0.48±0.56 0.34±0.34 0.18

Ounces of grains 3.65±2.23 3.16±1.71 0.23

Ounces of meats &
beans 3.48±2.73 3.56±2.59 0.88

Cups of milk 1.22±0.93 1.16±0.78 0.73

Cups of fruit 0.72±0.57 0.67±0.47 0.66

Servings of fats, oils,
sweets 2.75±1.47 3.41±1.73 0.03*

*
Significant at p < 0.05. M: mean; SD: standard deviation; RAE: retinol activity equivalents.

Socioeconomic status determined by the school-level proportion of students receiving free or reduced-price lunches: Higher: <60% of students.
Lower: ≥60% of students.
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