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INTRODUCTION

Childhood Overweight and Obesity

Childhood overweight and obesity has become one of the United States greatest
health concerns. There are a variety of health-related consequencesessotha
overweight and obesity, some of which are immediate threats and others maextong-
Overweight and obesity increase the risk of several conditions and chronic dsedses
as low self-esteem, hypertension, hypercholesterolemia, type 2 diabéies naad
cardiovascular disease amongst several others [1-8].

There are also additional psychosocial risks that have been linked to overweig
and obesity. For instance, obese children and adolescents are often discringimated a
in social settings [2]. This can lead to low-self esteem which can then lead éo poor
academic achievement and social functioning [8pre importantly, obese children and
adolescents are at a greater risk of becoming obese as adults than aresaarmitdren
and adolescents [9, 10]. One study found that nearly 80% of overweight adolescents
aged 10-15 years old became obese adults by the time they reached 25 yed@.of age

The consequences of obesity are vast and may impair long-term health and
decrease an individuals’ quality of life. Children and adolescents who are oliese ha
been found to have risk factors for cardiovascular disease such as hypertension,
hyperlipidemia, and impaired glucose tolerance [2]. In a recent study fiowad that

70% of obese children had at least one risk factor for cardiovascular disease and 39% of



obese children had at least two risk factors for cardiovascular diseas@dt)rically
childhood and adolescent hypertension has affected between 1% and 3% of the
population [6] however, findings from a recent study involving over 5000 children found
hypertension to be present in 5% of the population studied [7]. Furthermore, the
strongest risk factor associated with hypertension was obesitjvgaiak, 3.3).
Hypercholesterolemia, a cardiovascular disease risk factor, has atsadseeiated with
obesity. Results from the 2003-2004 National Health and Nutrition Examination Survey
(NHANES) showed that 10% of children and adolescents had total serum cholesterol
above 200 mg/dL, which is categorized as borderline high. The Bogalusa Helgrtest
longitudinal study involving more than 27,000 subjects ages 5-24 years old, examined
cardiovascular risk factors and found that BMI was the strongest predictor of high
cholesterol levels [4].

Rates of type Il diabetes mellitus in children and adolescents have bessasing

alongside rates of overweight and obesity in children and adolescents [8]. {Hheline
syndrome is a grouping of the most significant risk factors for type 2tdmbeellitus

and cardiovascular disease. Presently 7% of overweight adolescents, 29% of obese
adolescents, and 50% of severely obese adolescents suffer from metatusbongy[1,

11]. In a two year longitudinal study involving over 100 obese children and adolescents
severe obesity and impaired glucose tolerance were found to be the best gretlictor

developing type 2 diabetes [12].



Since the 1970s, the prevalence of overweight among 6-19 year olds has more
than tripled [13, 14]. Similarly, the prevalence of obesity has more than doubled in
children ages 2-5 years and tripled in children ages 6-11 and 12-17 years [13]. One of the
Healthy People 2010 objectives is to reduce childhood and adolescent obesity to less than
5% [15]. Although recognition of the problem has been addressed and efforts have been
made to reverse these trends childhood overweight and obesity rates still rgfnaimhi
2005-2006, 30.1% of children were at or above tHe@Scentile of BMI for age [16].
Obesity-related healthcare costs have increased in a parallel mamgside obesity
rates; among 6-17 year olds obesity-related healthcare costs haack axipl the past
twenty years, reaching $127 million per year [17].

Several factors that contribute to overweight and obesity among children have
been identified in previous research, including a variety of genetic, behawiadal
environmental factors. Individual causes of child obesity have proved to be dxtreme
difficult to identify because a wide variety of factors are likely to plegl@in the
development of excess adiposity among children. While certain genetic faavers
been shown to contribute to an individual's susceptibility to excess weight they cannot
explain the rapid rise in rates of overweight and obesity in the general popyid;

19].

Obesity results from a positive energy imbalance; this could occur from an

increase in energy intake, a decrease in energy expenditure, or a combinatitn of

Data from the Nationwide Food Consumption Survey (NFCS) show that total energy



intake among children 2-18 years old increased from 1778 kcal/day in 1989-91 to 1958
kcal/day in 1994-1996 [20]. A closer look at the NFCS shows that these increases are
associated with consumption of certain foods such as; salty snacks, candy, saft drinks

fruit drinks, French fries, cheeseburgers, and pizza [20]. Increased port®haize

been shown to increase energy intake and risk of excess adiposity [23H28pr to

obesity rates, portion sizes have been steadily increasing over the last adesj@6-

29].

Certain behaviors may potentially contribute to the development of obesity. Lac
of physical activity, poor food choices, and increased sedentary behaviorlidedyatb
contribute to the increasing rate of childhood overweight and obesity [4, 30-33].
Environmental factors can contribute to the ability to make behavioral chaygeding
diet and physical activity. Several environments have been identified as loclasibns t

offer opportunities to improve engagement in physical activity and to eatthyheiit.

Role of Fruitsand Vegetablesin Health
Fruit and vegetable consumption, has been shown to decrease the risk of chronic
diseases such as obesity, cancer, and heart disease [34-37]. However, sligten’
tend to be low in fruit and vegetable consumption [38]. Increasing consumption of low
energy dense foods such as fruits and vegetables has been shown to reduce energy intake
of children [39, 40]. This may be an effective strategy to reduce the rate oieoylar

and obesity in children while simultaneously improving children’s diets.



School-age children may benefit from nutrition education and encouragement to
consume healthy low energy dense foods such as fruits and vegetables. To thaluate
effectiveness of nutrition interventions several variables have been idertibed t
associated with increased intake of fruits and vegetables such as fruit aradbMeget

preferences, knowledge, self-efficacy, and outcome expectations.

Study Objectives

In a current review of the effectiveness of interventions aimed at promating fr
and vegetable consumption in school-aged children, it was found that the interventions
may be effective at increasing fruit and vegetable intake and knowledtpel reeldruit
and vegetables. The purpose of this study was to evaluate the effectivenessitida nut
education curriculum titled “Veggie U: Earth to Table” amofigygade children in terms
of fruit and vegetable knowledge, fruit and vegetable preferences, outcomeaggpsct
and self-efficacy related to fruit and vegetables. The “Veggie U: EartaltieT
curriculum was designed to teach school-aged children the importance tthéuhdeet
that includes fruits and vegetables; however, the effectiveness of thmitnrihas not

yet been evaluated in previous research.

Hypotheses
1) The Veggie U curriculum will have no significant effect on children’s

knowledge of fruits and vegetables within the intervention group.



2)

3)

4)

5)

The Veggie U curriculum will have no significant effect on children’s
preferences for fruits and vegetables within the intervention group.

The Veggie U curriculum will have no significant effect on children’s fruit
and vegetable self-efficacy within the intervention group.

The Veggie U curriculum will have no significant effect on children’s fruit
and vegetable outcome expectations within the intervention group.

The Veggie U curriculum will have no significant effect on children’s

familiarity with fruit and vegetables within the intervention group.



CHAPTER Il

REVIEW OF LITERATURE

Childhood overweight and obesity has become one of the United States greatest
health concerns. The consequences associated with overweight and obesin vaalibe
documented. There are a variety of health-related consequences assothated wi

overweight and obesity, some of which are immediate threats and others maextong-

Prevalence of Childhood Overweight and Obesity

Since the 1970s the prevalence of overweight among 6-19 year olds has more
than tripled [13, 14]. Similarly, the prevalence of obesity among children dxa@sthan
doubled in children ages 2-5 years and tripled in children ages 6-11 and 12-113fars
Data from the National Health and Nutrition Examination Surveys (NHANES) 1976-
1980 and 2003-2006 shows an increase in obesity rates of children at all ages; obesity in
children ages 2-5 years has increased from 5% to 12.4%, in children ages 6-11 years
prevalence has increased from 6.5% to 17%, and for children ages 12-19 years, rates o
obesity have increased from 5.0% to 17.6% [16]. One of the Healthy People 2010
objectives is to reduce childhood and adolescent obesity to less than 5% [15]. Although
recognition of the problem has been addressed and efforts have been made to reverse

these trends childhood overweight and obesity rates still remain high. In 2005-2006,



30.1% of children were at or above thd'§rcentile of BMI for age [16]. Obesity-
related healthcare costs have increased in a parallel manner alongsiteratess
among 6-17 year olds obesity-related healthcare costs have tripled over tinepgst t

years, reaching $127 million per year [17].

Measuring Childhood Overweight and Obesity

The Body Mass Index (BMI) is used to define overweight and obesity in children
and adolescents. BMI is a measure of an individual’'s weight relative to thggit.hei
BMI is relatively easy to measure and calculate and is therefore sisecbanmon
screening tool for assessing overweight and obesity in various populations including
children and adolescents. While BMI is not a direct measure of body fatnesbédra
shown to consistently correlate with body fatness in children and adolescents [41].

When applying BMI measurements to define overweight and obesity in children
and adolescents (age 2-19 years) an individual’s BMI is plotted on the Centers for
Disease Control and Prevention (CDC) year 2000 growth charts, which is used to
establish an individual's BMI-for-age percentile. The CDC defines “atoisk f
overweight” as a BMI at or above the"8Bercentile and below the 8percentile
(equivalent to overweight in adults) and “overweight” as a BMI at or above the 95

percentile (equivalent to obese in adults) [42].



Obesity and Chronic Disease

Overweight and obesity in adults increases the risk of several conditions and
chronic diseases such as hypertension, hypercholesterolemia, type 2 dredities
and cardiovascular disease [1-8]. There are also psychosocial risksaitiked
overweight and obesity, for instance, obese children and adolescents are often
discriminated against in social settings [2]. This can lead to low-¢edrasvhich can
then lead to poorer academic achievement and social functioning [3]

Children and adolescents who are obese also have been found to have risk factors
for cardiovascular disease such as hypertension, hyperlipidemia, and impatcesk g
tolerance [2]. In a recent study it was found that 70% of obese children hast ankea
risk factor for cardiovascular disease and 39% of obese children had awteaskt
factors for cardiovascular disease [5].

Childhood and adolescent hypertension, when adjusted for age, sex, and height, is
defined as a systolic and diastolic blood pressure at or above'tpe@®ntile [43].
Historically childhood and adolescent hypertension has affected betweamd13%oaof
the population [g]however, results from a recent study involving over 5000 children
showed an increase nearly twice that at 5% [7]. Furthermore, the stroskésttor
associated with hypertension was obesity (relative risk, 3.3). The findingjs sfudy
are consistent with the findings of subsequent studies [44, 45]. Childhood hypertension
has been shown to persist into adult hypertension, thus increasing the risk of coronary

artery disease and stroke [46].

10



According to the U.S. Health and Human Services National Institutes of Health
total cholesterol recommendations are as follows: less than 200 mg/dLrablies200-

239 mg/dL is borderline high, and 240 mg/dL and above is high. Results from the 2003-
2004 National Health and Nutrition Examination Survey (NHANES) showed that 10% of
children and adolescents had total serum cholesterol above 200 mg/dL. The Bogalusa
Heart Study, a longitudinal study involving more than 27,000 subjects ages 5-24 years
old, examined cardiovascular risk factors and found that children’s BMI was the
strongest predictor of high cholesterol levels [4]. Therefore, childhood overweight is
strongly linked to future risk of heart disease as well.

Alongside rates of overweight and obesity, the prevalence of type |l esabet
mellitus has also been increasing in children and adolescents [8]. The metabolic
syndrome is a grouping of the most significant risk factors for type 2tdmbeellitus
and cardiovascular disease. Recently the International Diabetes Eed@F)
constructed a definition for metabolic syndrome in children and adolescents that is
consistent with that of adults [47]. The IDF suggests children under 10 yeassrajtag
be diagnosed with metabolic syndrome but should be strongly encouraged to reduce
weight if abdominal obesity is present. For children ages 10-16 years @ldatnet
syndrome is defined as having a waist circumference greater thari'tber@@éntile plus
two or more of the following; raised triglyceride level (>150 mg/dL), ceduHDL
cholesterol (<40 mg/dL), raised blood pressure (systolic >130 mm Hg or dias88ic >

mm Hg), or raised fasting plasma glucose (> 100 mg/dL). The metabadlimaya has

11



been increasing in children and adolescents similarly to increases in ppessgntly
7% of overweight adolescents, 29% of obese adolescents, and 50% of severely obese
adolescents have metabolic syndrome [1, 11]. In a study comparing severely obese
(>99.8" percentile for BMI) and moderately severe®{@0.5" percentile for BMI) obese
children and adolescents with overweight and non-overweight children, it was found that
increasing categories of obesity were correlated with incseagasting glucose, fasting
insulin, triglycerides, systolic blood pressure, decreased HDL cholesterol, and the
incidence of impaired glucose tolerance. Metabolic syndrome was present of 8886
moderately severe obese subjects and in nearly 50% of the severely obesg [gi#ijjec
In the previously mentioned Bogalusa Heart Study, individuals in th@&entile for
BMI had a much higher incidence of metabolic syndrome components and a higher
predictive value for an adult BMI >35 kg#ii5]. In a two year longitudinal study
involving over 100 obese children and adolescents severe obesity and impaired glucose
tolerance were found to be the best predictors of developing type 2 diabetes [12]. In
addition to the diseases mentioned earlier, obesity has also been agsuitiasa
increased risk of several other diseases such as; cancers (end¢a®3ircalon [50],
and breast [51]), liver and gallbladder disease [52, 53], sleep apnea and respiratory
problems [54], osteoarthritis [55], and gynecological problems (abnormal menses
infertility) [56].

Childhood obesity is of great concern because obese children and adolescents are

at a greater risk of becoming obese as adults than are non-obese children @cdradole

12



[9, 10]. One study found that nearly 80% of overweight adolescents aged 10-15gears ol
became obese adults by the time they reached 25 years of age [9]. fiwdidgs have

been observed in obese adults where weight history of obese individuals was tvacked t
their childhood. A study by Freedman, 2001 [57] found that 25% of obese adults were
overweight as children. The severity of obesity in adulthood is also connectetswith i
onset in childhood. In the same study mentioned previously, it was discovered that if
overweight starts before the age of 8 years obesity in adulthood is morethandia

those children who became overweight at a later age [57].

Energy Imbalance

Most experts agree that obesity results from a positive energy balasamuld
occur from an increase in energy intake, a decrease in energy expenditure, or a
combination of both [58]. Although most studies do not show a relationship between
total energy intake and childhood obesity, studies do show that children are consuming,
on average, 10% more calories presently than just 15 years ago [20]. This dispdrity mos
likely can be attributed to the difficulty of accurately assessingrgiettakes using
dietary assessment tools such as dietary recalls and food frequenaymaests. These

methods are subject to underreporting [59].

13



Factors Contributing to Childhood Obesity

While positive energy balance leads to the development of obesity over time,
several factors that contribute to the energy imbalance have been identpgievious
research including genetic, behavioral, and environmental factors. Howelreidual
causes of child obesity have proved to be extremely difficult to indentify beeeaugle
variety of factors are likely to play a role in the development of excess agipoging
children. Twin studies have estimated that adiposity may be 40-70% inhgdi&6d].
Several genes have been identified that may contribute to obesity. Howevemniber
of people in the general population with these genetic propensities is muchHaw¢he
number of people who are obese. For example, individuals with a defect in the leptin or
leptin receptor gene and the hypothalamic leptin-melancortin pathwagtemated to
affect less than 2% of obese adults [60]. While certain genetic factors havehioaa
to contribute to an individual's susceptibility to excess weight they cannot exXpdain t
rapid rise in rates of overweight and obesity in the general population [18, 19].

There is strong evidence that varieties of behavioral factorssoeiated with
the development of excessive adiposity and thus are responsible, in part, for the
increasing rates of childhood obesity in the U.S. and other countries. Poor dietary
choices, lack of physical activity, increased sedentary behavior, and otieaitiny
behaviors all contribute to the increasing rate of childhood obesity [4, 30-33].

Data from the Nationwide Food Consumption Survey (NFCS) show that total

energy intake among children 2-18 years old increased from 1778 kcal/day in 1989-91 to
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1958 kcal/day in 1994-1996 [20]. A closer look at the NFCS shows that these increases
are associated with certain foods such as; salty snacks, candy, soft drihkisirfksi

French fries, cheeseburgers, and pizza [20]. In addition, 50% of the increase in energy
intake can be attributed to increases in consumption of sugar-sweetened bd@éjages

A current review of the dietary factors contributing to childhood obesity found-sugar
sweetened beverages to be the single high-risk dietary practice linkedweig¥vrin

children [62].

Increased portion sizes have been shown to increase energy intake and risk of
excess adiposity [21-25]Similar to obesity rates, portion sizes have been steadily
increasing over the last two decades [26-29]. Very young children, 23oldado not
seem to be affected by this; however, as children age portion sizes have a profatind eff
on energy intake [21, 63]. Several studies have demonstrated the effect of increased
portions sizes resulting in increased energy intakes in children as youngd$ #ear
olds and also in adults [22, 25, 63, 64]. The effect of large portions on energy intake has
been shown to be reduced by permitting children to serve themselves. One study showed
that children ate 25% less of a large entrée when allowed to determine thegiodion
sizes compared to having the larger portion sized served to them [65]. In addition,
education and encouragement of appropriate portion sizes may have the potential to
reduce children’s energy intake and reduce childhood overweight and obesity.

Not only are children consuming more energy than in the past, they also consume

more foods that are low in nutrient density and high in energy, especially sugar-
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sweetened beverages. Additionally, only 25% of children and adolescents amaiogns
the minimum recommended five half-cup servings of fruits and vegetables per day [66].
Because consumption of these foods has been shown to be protective of obesity, children
should be encouraged to increase intake of these foods and replace the low-nutrient
density foods with other more healthy and nutrient-dense food choices [62].

Behavioral changes related to physical activity in the past sevesdeeare also
believed to be responsible for increased obesity rates in the U.S. Americiarchil
today are less active than were previous generations of childrenf laleksocal activity
has been shown to increase risk of overweight, hypertension, hyperlipidemia, and
hypercholesterolemia [4, 30]. Current physical activity recommendatiomsthe
Centers for Disease Control (CDC) suggest children engage in at least 6Gsrafnute
moderate-intensity physical activity daily. Presently only 28% of higbacstudents
meet the current recommendations [67]. Adolescent participation in physicalieduca
at school has dropped from 41% in 1991 to 28% in 2003 [68]. Physical activity can
contribute to reducing childhood overweight and obesity, and may also reduce blood
pressure and improve bone health [69]. Encouraging children to engage in physical
activity at a young age may persist into adulthood. Studies show that plyysataié
children are more likely to be active as adolescents and possibly as adults andythus ma
have a lower risk of obesity compared to those who are inactive [70].

As rates of physical activity have decreased in the past thintg, yba prevalence

of sedentary behaviors through increases in electronic media has likelyéattnea
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children [71]. Sedentary behavior is another contributing factor to the increaseagf
overweight and obesity among children. Multiple studies have shown a positive
association with television viewing time and prevalence of obesity in childie&d].
NHANES 11l 1988-1994 data showed that 26% of US children watched 4 or more hours
of television per day. Furthermore, children who watched 4 or more hours of talevisi
per day had a significantly higher BMI than those who watched less than 2 hoday per
[72]. In addition to displacing time children may spend participating in physiteaity

[73, 74] television viewing and other media engagements (movies, video games and
internet viewing) may also result in increased energy intake througisssxe snacking

[75, 76] and lower children’s metabolic rates [77].

Several environmental variables have also been associated with the development
of obesity among adults and children. Environmental factors can contribute to tlye abilit
to make behavioral changes regarding diet and physical activity. Seifenant types
of environments have been identified as locations that offer opportunities to improve
engagement in physical activity and to eat a healthy diet [58]. For examiptenat
opportunities exist to reduce television viewing time and improve dietary lodbits
children. Parents serve as role models for their children and can therdioraaaf
behaviors such as engagement in physical activity, sedentary behaviors taryd die
choices [58]. Schools can offer breakfast and lunch options that are low-fat, nutrient
dense and meet nutritional recommendations. They can reduce availability afhfaiods

are high in fat and added sugars. Schools can also provide children and adoledtents wit

17



the opportunity to participate in daily physical activity and physical agtdtication.

At the community level several opportunities exist to improve behavioral factors.
Communities can request availability of sidewalks and parks that provide opportunities
for physical activity. In communities that lack sidewalks, bike paths, and nelgidubr
parks children may be discouraged to walk or bike to school or participate in physical
activity [58]. Communities can ask grocers to provide healthier food choices and
promote the consumption of the daily recommended servings of fruits and vegetables.
Lack of availability of reasonably priced, healthful foods has been shown to béea barr
to purchasing healthy foods [78]. The school environment is an excellent place to
educate children on the importance of a healthful diet that includes a large piropbrti
fruits and vegetables. While several nutrition education curriculums exishdve been
evaluated for effectiveness using an evidence-based approach and even friagoeva

results have been published.

Recommendationsfor Fruit and Vegetable Intake
Fruit and vegetable consumption, has been shown to decrease the risk of chronic
diseases such as obesity, cancer, and heart disease [34-37]. However, sligten’
tend to be low in fruit and vegetable consumption [38]. The United States Department of
Agriculture (USDA) sets minimum daily recommendations for all five food groups
Daily amounts for each food group are based on 12 different calorie levels.chilar a

requiring 2000 kcal per day, which represents a 10 year old female engatiieg i
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recommended 60 minutes of daily physical activity, requirements are 2 cupgigse

of fruit and 2.5 cups (5 servings) of vegetables, for a male of the same age ahd activi
level, vegetable recommendations increase to 3 cups, yet only 25% of US chiédren a
eating 5 half-cup servings or more of fruits and vegetables combined daily [66].
Therefore, it is important to find effective means of increasing fruit andaielge

consumption among children.

Health Benefits of Fruitsand Vegetables

The benefits of fruit and vegetable consumption have been well documented.
Several studies have shown that fruit and vegetable consumption reduces the risk of
cardiovascular disease and stroke [35, 79-82]. Fruits and vegetables have also been
shown to reduce the risk of several types of cancer such as: colorectal, phastateral
cavity, breast, esophagus, stomach, pancreas, uterine cervix, and ovarian 88r8g&}s [
The mechanism has yet to be determined, however, many hypotheses exisanBruits
vegetables are excellent sources of carotenoids, vitamins C and E, folatg,fiieta
and many phytochemicals most of which may inhibit several types of cancer [87]
Carotenoids and vitamins C and E are believed to reduce reactive oxygen species, whic
may reduce oxidative DNA damage and mutations and support immune responses [88,
89]. Inadequate folate intake may result in dysfunctional DNA synthesisvedgat

affecting cell proliferation in the immune system [90].
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Increasing consumption of fruits and vegetables may also reduce childhood
overweight and obesity. Fruits and vegetables are generally low in fat agg daesity
(kcal/g) and have high concentrations of water and dietary fiber [91]. Energyyde
defined as the amount of energy in a given weight of food [92]. Fruits and vegetables a
believed to affect body weight due to their low-energy density and high fiber daad wa
content as opposed to their specific macronutrient composition [93]. Many obesity
prevention and treatment interventions for children and adults suggest decreasing intake
of high-fat, high-sugar foods and restricting energy intake [42, 94]. Howbesk t
strategies have often only moderate success, are short-lived, and/or mawp resul
dissatisfaction and feelings of hunger among children [92]. Another approach less
commonly used is to encourage intake of high nutrient-dense foods such as fruits and
vegetables with the intention of displacing intakes of high-fat, high-sugar fatasitv
restricting calories. Studies have shown that people tend to eat the same anmaaht of f
day-to-day with regard to weight [95]. Furthermore, laboratory-based studieslsa
shown people consume less energy when presented with lower energy dense foods (e.g.,
fruit and vegetables) than compared to similar foods of the same weight withea hig
energy density [96-99]. Studies have also shown that energy densities edlezhé¢ogy
intake and weight status in free-living persons [92, 100, 101]. For example, in one study
using this approach subjects (obese parents with non-obese children) were placed in one
of two intervention groups; an “increase fruit and vegetable” group or a “dednegh-

fat, high-sugar” group. Results showed the “increase fruit and vegetatigs' got only
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significantly increased fruit and vegetable consumption but also significketheased
high-fat, high-sugar food intake and showed a greater decrease in ppragnta
overweight than the “decrease high-fat, high-sugar” group after on¢lydd. Other
studies have determined this approach is effective for children as well. Ths oé$wo
of these studies showed that decreasing the energy density of foods seldedl yi
significant reductions in energy intakes of 14% and 18% [39, 40]. The results were
consistent across children with all BMI percentiles. In both of these studigy ene
density reduction was achieved by decreasing fat and sugar and increaseugdfrui
vegetables. This approach may lead to dietary changes that both reduce enexgy intak
while simultaneously improving diet quality.

Contrary to popular belief, several short term studies have indicated thatdeeling
of satiety are achieved, with fewer calories consumed, when givemiengyedensity
foods compared to high-energy density foods [98, 102-104]. For example, in one study
participants were given low-energy density foods then high-energy déowity of equal
volume on alternating days for 5 days. Subjects reported feeling full on ndatheha
calories (1570 kcal compared to 3000 kcal) when given the low-energy density foods
compared to the high-energy density foods [103]. Reducing energy densitgan the
studies was achieved by either substituting vegetables for more enesgyfdeds or by
incorporating characteristics similar to the properties of fruits and atelgstsuch as

increasing the water content or decreasing fat content of the foods servettestor
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studies have indicated that low-energy density diets improve satiety and hedges
while decreasing energy intake.

In a comprehensive review of long-term studies (6 months or greater) on the
effect of energy density on weight loss, results showed that low-energyyddiets
characterized by low-fat and high-fiber content yielded weight loss thmes greater
than low-fat only diets [105]. When considering the benefits of fruits and vegetables
regarding energy density, the form of the food was important, especiaftyifsr When
consumed whole as opposed to puree or as juice, fruits provide greater satiety probably
due to their higher water and fiber content [106, 107]. In studies testing théveffest
of vegetables increasing satiety similar results have been foundy sagepositively
correlated with fiber content [108-111]. Other studies focusing on fiber conbewet, al
not exclusively associated with fruits and vegetables have shown a positiviatassoc
with weight loss. In a review of 22 studies on the effects of a high-fiber digtarethto
a low-fiber diet, 20 out of 22 showed the high-fiber diet resulted in weight loss [112].

Extensive research has been conducted on the relationship between enetgy densi
of food and energy intake and the role fruits and vegetables play in effectidetyng
energy density. However, the direct relationship of fruits and vegetables on bgty wei
has not been thoroughly researched. Most studies have focused on a specific condition or
disease and the role fruits and vegetables may play in treating or redunjpigisys of
such conditions, however, many of these studies have also reported on weight loss as a

secondary measure. For example, in the Multiple Risk Factor Interveniadn Tr
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(MRFIT) subjects were asked to increase fruit and vegetable intake to more than 5
servings a day as well as decrease fat intake below 35% of total calutiexrease
consumption of grains. The results showed that those who increased fruit and vegetable
consumption maintained weight loss and those with the highest fruit and vegetable
consumption lost the most weight [113]. In another study 213 obese adults were
encouraged to reduce energy intake by consuming more low-fat high-complex
carbohydrate foods such as fruits and vegetables. Results indicated 69% of the subjec
lost an average of 13.9 Ibs and after a two year follow-up over 50% had increased or
maintained their weight loss [114]. In a study conducted by Rock et al, 1010 women
previously treated for breast cancer were advised to either incaesamption of fruits

and vegetables and fiber while reducing fat intake to 15-20% of total eneagyngre

group) or were given general dietary guidelines (control). The primargureaas the
effect of decreasing fat intake on BMI. Results indicated no significdetetice

between groups with regard to changes in BMI and fat intake; however, in both groups
increases in vegetables and fiber intake were associated with decneBb4,

independent of other dietary factors [115]. In several studies of cardiac patiesdsah
decreasing blood lipid profiles, decreasing risk of another myocardial infgrot

slowing the progression of coronary artery disease increasing consumptiomscdirfiali
vegetables and decreasing fat intake were recommended. While weightdasst wa
directly advised to any of the subjects, follow-up results indicated that as@gjrbjects

lost a significant amount of weight [116-118].
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Few epidemiological studies exist designed to specifically assetbeavthere is
an association between fruit and vegetable intake and body weight. Furthermore, the
studies available differ in their methodology and show inconsistent resultstulilya s
researching data from the Behavioral Risk Factor Surveillance Systelifference in
fruit and vegetable consumption was found between normal weight women and
overweight women or any weight category among men [119]. Using data from the
Continuing Survey of Food Intakes by Individuals (CSFII) researchers found
significantly fewer vegetables were consumed by obese men than men in lower
categories of BMI [120]. On the contrary, no difference in vegetable consumwpdis
seen between women of different BMI categories. Fruit consumption gracsintly
lower in both obese men and women however. Lastly, in the Cancer Prevention Study
Il, a negative association was shown between vegetable intake and BMI and waist
circumference in both women and men over a period of 10 years [121]. More
epidemiological studies are needed to better understand the relationship beivvesial f
vegetable intake and weight loss, especially in children. However, giversthis i
several clinical trials with adults and children there is strong evideatétit and

vegetables are protective of obesity [39, 40, 101, 103, 105].

Obesity Prevention Intervention
An important aspect to interventions aimed at obesity prevention is at what age

they should begin. Studies show that children learn eating behaviors at a weageatrl|
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Surveys have identified a strong correlation between early food exposure and food
acceptance. In a cross-sectional survey of 564 mothers of preschool children, etgposure
fruits and vegetables after weaning resulted in greater consumption of fruits and
vegetables at ages 2-6 years [122]. In another study repeated exposureety afvari
fruits and vegetables in the first two years of life correlated with apased variety of
fruits and vegetables consumed during ages 6-8 years [123]. This demonstrates the
importance of early exposure to a variety of fruits and vegetables, howeveg cimite:
reaches school-age they start to make independent choices regarding thamadlgeer-
influence begins to affect their dietary choices [124, 125]. Therefore, school-atyerchil
may benefit from nutrition education and encouragement to consume healthy foods to
counter the impact of peer and other influences at that age. Previous research has
identified several variables associated with increased fruit and vegeiiaile.i These
variables are often used to evaluate the effectiveness of an intervention togpromot

increased consumption of fruits and vegetables [126, 127].

Factors Associated with Fruit and Vegetable I ntake
Previous research shows that variables such as fruit and vegetablenpesfere
knowledge, self-efficacy, and outcome expectations have all been assoctated wi
increased fruit and vegetable consumption. These variables are considarathdate
of modifying health behaviors within the Social Cognitive Theory (SCT) model [128].

The SCT model has been used in dietary interventions in previous research [129, 130].
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Fruit and vegetable preferences have been shown to be associated with increased
fruit and vegetable consumption in both children and adults in several studies [127, 128,
131-140]. In a study conducted by Resnicow et al [128], 1398 third grade students (mean
age 8.7 years) were asked to complete a 20-item fruit and vegetable preference
guestionnaire. Students also completed similar questionnaires with regafe to sel
efficacy, outcome expectations, health knowledge and a 7-day food diary torenkeas
and vegetable intake. Results showed that fruit and vegetable preferencesangly
correlated with fruit and vegetable intake. In a similar study 473 boy scdbtanvi
average age of 12.8 years completed questionnaires regarding fruit, 100% juice, and
vegetable preferences, self-efficacy, home availability, and sociehloiés/. Results
showed preferences to be significantly associated with fruit and 100% quiseraption.
When combined with home availability preferences showed a significant dssowah
vegetable consumption [131]. Another study composed of 207 school-children 11-12
years old measured similar psychosocial determinants of fruit and vegetaslenption
such as preferences and self-efficacy, again preferences were found tochaighést
correlation with consumption [136]. In a larger cross-sectional survey of 2468 school-
children aged 11 years old fruit and vegetable consumption was most positively
correlated with fruit and vegetable preferences once again [139].

Knowledge related to fruits and vegetables has also been shown to be strongly
associated with increased fruit and vegetable consumption among adults and childre

[141-144]. In a survey conducted with 2811 adults to estimate knowledge of daily fruit

26



and vegetable recommendations results indicated that only 8% of adults knew thie curre
recommendations suggested eating a minimum of 5 servings of fruits and veggetable
daily. Furthermore, the amount of fruit and vegetable servings adults believedeigey
supposed to eat daily had more impact on their daily consumption of fruit and vegetables
than did taste preferences or childhood eating practices [143]. In a similar sLRGO5
adults, knowledge of the 5 a Day Message was associated with a 22% increase in frui
and vegetable consumption [142]. Fruit and vegetable knowledge has also been shown to
be associated with an increase in fruit and vegetable intake in children [141, 144]. A
recent study developed, implemented, and evaluated a school-based intervention for 5-7
year olds. Subjects (n=213) were randomly assigned to a control group or one of three
intervention groups; nutrition, physical activity, or nutrition and physical agtiighly
significant improvements in nutrition knowledge were seen in the nutrition and combined
groups. In addition, overall fruit and vegetable intake significantly increasdld in a

groups [141]. Another observational study on the determinants of fruit and vegetable
intakes amongst 11-12 year old school-children found knowledge to be associated with a
greater intake of fruits and vegetables [144].

Self-efficacy (or self-confidence) related to fruits and vegetabés also been
associated with increased fruit and vegetable consumption in previous research [131, 136,
139, 142, 145-151]. Fruit and vegetable self-efficacy is defined as the ability to select
prepare, and eat fruits and vegetables [131]. In a survey of 736 middle school students

ages 11-15 years, self-efficacy was found to be the strongest correlatmsing fruits
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and vegetables as a snack choice [147]. In a cross-sectional survey involving 2468
eleven year old school-children fruit and vegetable intake and potential correlates
including self-efficacy, were measured using self-administered quaesires. Results
indicated self-efficacy was one of the strongest correlates of frakdrji39]. In another
study designed to investigate potential psychosocial correlates of fruit aridblege
intake involving 473 boy scouts results showed a significant correlation betweemttui
vegetable self-efficacy and intake [131]. In a study involving 3122 mothers enrolled in
the Special Supplemental Nutrition Program Women, Infants, and Children (@gi@dsr
showed an increase of one standard deviation in fruit and vegetable selfyefficac
produced a mean daily increase of .76 servings of fruits and vegetables [150].

Outcome expectations are defined as the perceived positive and negative
consequences of a behavior [152]. Fruit and vegetable outcome expectations have been
shown to be associated with increased fruit and vegetable consumption, however, most
evidence exists in adult populations with mixed results found in populations of children
[128, 153, 154]. A random digital-dial survey of 838 adults showed fruit and vegetable
outcomes expectations were strongly correlated with vegetable id&&e [In a similar
cross-sectional survey involving 1450 adults, intrinsic motivations for eatindtafbka
diet (outcome expectations) were strongly associated with fruit ancabégaitakes

[154].
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CHAPTER IlI

METHODOLOGY

Resear ch Design and Sampling Procedure

This intervention study was conducted in the fall of 2008. A convenience sample
of children from one elementary school and three different classrooms in a si&we
state in the U.S. were recruited for the study. Two classrooms pariicipates
intervention while one classroom served as the control group. All children attéhded 5
grade at the time of this study.

The school principal was contacted via phone and agreed to participate in the
study after being given a thorough explanation of the study. The principaiecead
signed an informed written consent (Appendix B). THe#de science teacher also
received and signed a teacher confidentiality agreement (Appendix C)tudiie s
protocol was approved by the Institutional Review Board at Oklahoma State ltgivers

(Appendix A).

Subject recruitment
After receiving the signed written informed consent form from the principal and
the signed written teacher confidentiality agreement fromfrgr&de science teacher,
children from the three selected classes were given a written detageription of the
study and a written informed consent form to be taken home and signed by parents
(Appendix D). In addition, written informed assent forms were signed by tlterhil

upon receipt of signed parental informed consent forms (Appendix E). Two classrooms
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were randomly assigned as intervention groups and one classroom servedtas a ¢

group during the study.

Intervention

The intervention groups received a five week nutrition education intervention that
was delivered as part of science classes in the classroom setting bedywesnifer and
October of 2008. The intervention utilized the “Veggie U: Earth to Table” which is a
science-based curriculum designed to improve children’s knowledge of nutrition, with a
focus on making wise food choices. The Veggie U curriculum was designed to be hands-
on and participative with the ultimate goal to illicit behavior change ragafdiit and
vegetable knowledge and consumption combating the rising epidemic of childhood
obesity and connecting children to the relationship between nutrition and agriclture
group of Master Teachers designed the curriculum over the course of 18 months with the
assistance of a nutritionist and a physician. The five week intervention wag gl
last approximately forty-five minutes every day. Each week the childegndd specific
objectives from the Veggie U curriculum taught by the fifth grade sciencesteadleek
one focused on the USDA’s MyPyramid for Kids and planting vegetable seeds to be
grown in the classroom. The second week of the Veggie U curriculum gaveltinerc
an overview of plant parts and soil. The third week focused on healthy eating, more
specifically, balancing energy, understanding food labels, the importaneeetly in the
diet, and introduced children to the nutrients found in fruits and vegetables. Week four
concentrated on how plants grow. During the final week the children learnechadealut

planning, ultimately planning their own meal with vegetables they had growrssfola
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the final day. The intervention utilized nutrition education lectures accontpaitle
seeds, soil, flats, root view boxes, grow lights, and a worm farm for a hands-on
experience allowing the children to see, hear, feel, and taste the propkstiaf,
growing, harvesting and ultimately eating the vegetables they greerVeggie U kits

were provided by the Oklahoma Department of Agriculture, Food, and Forestry.

Data Collection, Procedures, and Instrumentation

Children completed one questionnaire administered in the classroom measuring
several psychosocial scales adapted from previous research and demogfaphation
including age, gender and race. Instruments included measurements of fruit and
vegetable knowledge (6 items), preferences (37 items) [138], self-eff@adems), and
outcome expectations (12 items) [126], (Appendices K-I). Multiple choice andalage-f
items were used to measure knowledge, and 3-point scale items (e.g. | doty't like i
it a little, 1 like it a lot) were used to measure preferences. Sakejfwas measured
using 5-point scale items (e.g. | disagree very much, | disagrele a lam not sure, |
agree a little, | agree very much) and outcome expectations was measngea 8-point
scale item (e.g. disagree, not sure, agree). Sum scores were createddpynddddual
items for each scale. The questionnaires were administered HY gnad® science
teacher over the course of three days one week prior to the intervention and then agai
over three days, three weeks after the completion of the intervention. All quesésnna
had been previously validated using Cronbach’s alpha to assess reliabitiynfeut
expectancies = .67, self-efficacy. = .86, [155] and preferencas= .81, [126]);

however, the knowledge questionnaire was modified from the “Five a Day Ptaygr P
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Survey [126] and the Harvest of the Month Survey developed by the Network for a
Healthy California to reflect the essential pieces of knowledge the inteymesought to

provide.

Statistical Analysis

Descriptive statistics were used to summarize demographic chestaagesf the
entire sample and the intervention and control group including race, gender and age.
Independent t-tests were used to determine whether differences in thee@asured
variables exist between the intervention and control groups at pretest and.posttest
Student’s paired t-test was used to detect potential significant difesr@nthe main
variables within the control and intervention groups from pretest to posttestticatis
Package for the Social Sciences (SPSS) (version 16.0, 2008, Chicago, IL) was used t
perform all statistical tests in the study. The significance for alyaas was set at

p<0.05.
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CHAPTER IV

FINDINGS

A total of 38 §' grade children participated and completed the study (n=20 in the
intervention groups and n=18 in the control group). The average ages of the intervention
group and control group were 10.3+.47 years and 10.0£0 years, respectively. Boys
accounted for 52.6% of the entire sample and girls accounted for 47.4% of the sample.
The children participating in the study were primarily Caucasian (61.5%) aeddam
Indian (25.6%), with the rest being Latino/Hispanic (5.1%), Asian/Pasiander
(2.6%) and African American (2.6%) (Figure 1). Although a total of 60 children (and
their parents) volunteered to participate in the study, complete data from st pret
posttest measurements was obtained from only 63% of the children (n=38).

Students paired t-test analysis within the intervention group yielded acaghif
increase in familiarity with fruits and vegetables from pretest toggig<0.05) (Table
1). There was also a trend observed within the intervention group in childrehaniui
vegetable knowledge which increased from pretest to posttest, however thisarwesa
not statistically significant (p=0.061). No significant changes were oi$énthe
children’s fruit and vegetable preferences, self-efficacy, or outcopexttions. Paired

t-test analysis within the control group showed no significant difference &etiwet and
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vegetable knowledge, preferences, self-efficacy, outcome expectationsjl@rity
from pretest to posttest (Table 2).

Independent t-test analysis indicated that there were no significanéddésr in
fruit and vegetable knowledge, preferences, self-efficacy, outcome expestati
familiarity between the intervention and control groups at pretest (Table 3) @spostt

(Table 4).
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Figure 1: Racial Distribution of Children Participating in the Study
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Table 1:Comparison of Knowledge, Preferences, Self-efficacy, Outcome Etjoact
and Familiarity related to FV within the Intervention Group between Rteatel Post-

test

Paired T-Test

Intervention Pretest Posttest
Variables MeanSD MeanSD P-value
Total Knowledge ° 2.90+1.07 3.45+0.94 .061
Total Preferences for 47.551+8.97 47.151£12.96 .867
Fruit °
Total Preferences for 31.85+5.58 32.85+5.76 470
Vegetables
Total Preferences for 81.10+£12.44 80.00+£16.86 719
Fruit and Vegetables d
Total Self-Efficacy © 87.65+15.03 87.60+17.56 .983
Total Outcome 31.3543.03 30.10+3.67 .091
Expectations f
Total Familiarity with 32.40+3.98 35.05+2.04 .005**
Fruit and Vegetables &

a = Knowledge was measured using a 6 item scagsjigle score ranged from 0-6

b = Preferences for fruit was measured using aeh3 $cale; possible score ranged from 13-39

¢ = Preferences for vegetables was measured ug@agtam scale; possible score ranged from 24-72

d = Preferences for fruit and vegetables was medsusing a 37 item scale; possible score ranged 36111
e = Self-efficacy was measured using a 21 itemesgalssible score ranged from 21-105

f = Outcome expectations was measured using afrPgtale; possible score ranged from 12-36

g = Familiarity was measured using a 37 item sqadssible score ranged from 0-37

**Indicates significance at p<0.05
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Table 2: Comparison of Knowledge, Preferences, Self-efficacy, Outcrpeztations
and Familiarity related to FV within the Control Group between Pre-test atieBbs

Paired T-Test Pretest Posttest

Control

Variables MeantSD MeanzSD P-value
Total Knowledge ® 3.06+1.35 3.44+1.38 .310
Total Preferences for 48.89+11.34 48.56+12.78 .880
Fruit °
Total Preferences for 29.6116.62 30.8316.08 .192
Vegetables
Total Preferences for 79.83+14.88 79.39116.15 .876
Fruit and Vegetables d
Total Self-Efficacy ¢ 90.61+16.07 90.72+18.28 .961
Total Outcome 30.67£3.53 29.89+4.48 428
Expectations f
Total Familiarity with 33.61+5.48 34.67+3.68 468
Fruit and Vegetables &

a = Knowledge was measured using a 6 item sca#sijlge score ranged from 0-6

b = Preferences for fruit was measured using aeh3 scale; possible score ranged from 13-39

¢ = Preferences for vegetables was measured ugagtem scale; possible score ranged from 24-72

d = Preferences for fruit and vegetables was medausing a 37 item scale; possible score ranged 376111
e = Self-efficacy was measured using a 21 itemesgalssible score ranged from 21-105

f = Outcome expectations was measured using @fi?stale; possible score ranged from 12-36

g = Familiarity was measured using a 37 item sgadssible score ranged from 0-37

37



Table 3: Pretest Comparison of Knowledge, Preferences, Self-efficatmgrie

Expectations and Familiarity related to FV between the Intervention Group andlCont

Independent T-Test Intervention Control

Variables MeanzSD MeantSD P-value
Pretest Total 2.90+1.07 3.06%1.35 .695
Knowledge *

Pretest Total 47.55+8.98 48.89+11.34 .688
Preferences for

Vegetables b

Pretest Total 31.85+5.58 29.6116.62 .265
Preferences for Fruit

Pretest Total 81.10+12.44 79.831£14.88 777
Preferences for Fruit

and Vegetables d

Pretest Total Self- 87.65+15.03 90.61£16.07 .561
Efficacy °

Pretest Total Outcome 31.3543.03 30.6743.53 .525
Expectations f

Pretest Total 32.40+3.98 33.61+5.48 437
Familiarity with Fruits

and Vegetables &

a = Knowledge was measured using a 6 item scagsjigle score ranged from 0-6

b = Preferences for fruit was measured using aeh3 $cale; possible score ranged from 13-39

¢ = Preferences for vegetables was measured ugagtem scale; possible score ranged from 24-72

d = Preferences for fruit and vegetables was medausing a 37 item scale; possible score ranged 376111
e = Self-efficacy was measured using a 21 itemesgalssible score ranged from 21-105

f = Outcome expectations was measured using afrPgtale; possible score ranged from 12-36

g = Familiarity was measured using a 37 item sgadesible score ranged from 0-37
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Table 4: Posttest Comparison of Knowledge, Preferences, Self-efficacpnaaut

Expectations and Familiarity related to FV between the Intervention Group andlCont

Independent T-Test Intervention Control

Variables MeanzSD MeantSD P-value
Posttest Total 3.45+0.94 3.44+1.38 .988
Knowledge *
Posttest Total 47.15+12.96 48.56+12.78 .739
Preferences for
Vegetables b
Posttest Total 32.8515.76 30.83+6.08 301
Preferences for Fruit
Posttest Total 80.00+16.86 79.39+16.15 910
Preferences for Fruit
and Vegetables d
Posttest Total Self- 87.60+17.56 90.72+18.28 .595
Efficacy °
Posttest Total 31.10+3.67 29.89+4.48 .874
fC)utcome Expectations
Posttest Total 35.05+2.04 34.67+3.68 .690
Familiarity with Fruits
and Vegetables &

a = Knowledge was measured using a 6 item scagsjigle score ranged from 0-6

b = Preferences for fruit was measured using aeh3 $cale; possible score ranged from 13-39

¢ = Preferences for vegetables was measured ug@agtam scale; possible score ranged from 24-72

d = Preferences for fruit and vegetables was medausing a 37 item scale; possible score ranged 376111
e = Self-efficacy was measured using a 21 itemesgalssible score ranged from 21-105

f = Outcome expectations was measured using afrPgtale; possible score ranged from 12-36

g = Familiarity was measured using a 37 item sqaissible score ranged from 0-37
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CHAPTER V

CONCLUSION

This study investigated the effectiveness of a five week nutrition education
curriculum titled “Veggie U: Earth to Table” on improving psychosocial variables
associated with increased consumption of fruit and vegetables afignade students.

The results of this study indicated that the intervention effectively imgroigdren’s

fruit and vegetable familiarity from pretest to posttest within the intéime group

(p<0.05). In addition, children who received the 5-week intervention slightly increased
their knowledge related to fruit and vegetables from pretest to postteseveipuhe
nutrition education intervention in this study failed to increase the other t@rgete
psychosocial characteristics of the children, such as fruit and vegetdldfisaty,
preferences, and outcome expectations, which have been shown to be associated with
increased fruit and vegetable consumption among children in previous research.

There is strong evidence that fruit and vegetable consumption among school-aged
children is low in the U.S. As mentioned earlier, 75% of U.S. children are consuming
fewer than the recommended five half-cup servings of fruits and vegetables combined
daily [66]. According to the National Alliance for Nutrition and Activity, iretyear
2000 only 1.9% of fruit and vegetables research projects funded by the USDA and the

National Institute for Health (NIH) were devoted to increasing the consomgit fruit
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and vegetables. In order to effectively increase fruit and vegetable cormumpbng
school-aged children more research is needed that specifically thigeibjective.

The results of the present study suggest that the Veggie U nutrition education
curriculum can potentially improve familiarity with and knowledge eslab fruit and
vegetables among school-aged children. In our study, children in the intervention
significantly increased their fruit and vegetable familiarity frontgseto posttest while
children in the control group showed no change in fruit and vegetable familiarity.
Although not a significant result, a positive trend (p=0.061) was also observed in
children’s fruit and vegetable knowledge in the intervention group between puedest
posttest. This finding is noteworthy because previous studies have demonstrated that
improved nutrition knowledge often leads to increased fruit and vegetable consumption
in different populations [141-144]. In a review of several nutrition education study
results, 71% of studies reporting on knowledge outcomes showed significant inareases
knowledge for the intervention groups compared to control groups [156]. The findings of
this study did not result in a significant difference in fruit and vegetable kodge]
however a positive trend (p=0.061) in fruit and vegetable knowledge was observed within
the intervention group from pretest to posttest, possibly suggesting a trend towards
increasing fruit and vegetable knowledge over time. The short duration of the study or
the small sample size may have limited the changes in fruit and vedetableedge
among children participating in the study. Previous studies have shown that a minimum

of 50 hours of nutrition education is needed to impact behavior whereas the students in
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this study only received 18.75 hours [157, 158]. In the present study, the Veggie U
curriculum that was administered in the classrooms was designed to lasiroriwe
minutes a day for five weeks. Thus, it is likely that a larger number of inteyae
sessions would have a greater positive impact on children’s fruit and vegetable
knowledge during the study. Another possible explanation for the statistically non-
significant increase in fruit and vegetable knowledge could be that the evalomathod
of children’s knowledge was not specific enough to the Veggie U curriculumsotoea
short (only 6 items were included in the knowledge scale). Perhaps a new measure of
fruit and vegetable knowledge that would be directly related to the Veggie U aummicul
lessons should be developed in future research- in order to evaluate childreaisdruit
vegetable knowledge more accurately.

In our study, other psychosocial measures associated with fruit and vegetabl
such as preferences for different types of fruit and vegetables, outcomeaggpsct
related to fruit and vegetables, and self-efficacy for eating fruit anetalelgs were
assessed. Although the Veggie U curriculum was not designed to splaifigabve
these variables the main purpose of the study was to evaluate the effestofathes
curriculum in terms of increasing these psychosocial measures. Betasi strong
association with increased fruit and vegetable consumption in previous studes] it ¢
be expected that an increase in these psychosocial variables would lead tednitugas
and vegetable consumption among children. Previous studies have shown that fruit and

vegetable preferences are one of the strongest predictors of fruit and veigéaiblan
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children [127, 128, 131-140]. The results of this study showed no difference in fruit and
vegetable preferences within the intervention group over time (pretest to posttest
Moreover, no differences in preferences were observed between the intervention and
control groups at pretest or posttest. In previous studies, a strong interattidninvi

and vegetable preferences and fruit and vegetable home availability was olfk&tyed

138, 140]. Perhaps including data on home availability of fruit and vegetables in the
present study would provide a better understanding of how children’s fruit anidhlege
preferences change over time and when combined with nutrition education interventions
Parents play a critical role in promoting healthy eating habits; patsgttavior can

either support or counter behavior an intervention is aimed at changing [159]. Involving
parents in the intervention and understanding the level to which a parent may support or
contradict a targeted behavior is imperative to achieving the desired dretfzamge, in

this example, consumption of fruit and vegetables. Another possible explanation for the
non-significant change in fruit and vegetable preferences in the presentstudie a

lack of children’s exposure to different types of fruit and vegetables during the
intervention. In two previous studies, the use of the school food environment has
complemented nutrition education through access to fruits and vegetables in #rgacafet
or school gardens [132, 160]. In the “Kids Choice” study, fruit and vegetables were
provided to the participants at lunch and in the garden-enhanced study participants
planted, harvested, and tasted fruit and vegetables from a school garden. In both studies

fruit and vegetable preferences were increased within the intervention groupmaver t
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Moreover, both interventions lasted significantly longer than the Veggie tvent@n
(eight weeks and seventeen weeks, respectively). Previous research hathah8wl0
taste exposures are necessary to produce long lasting increases ingesfd@h, 162].
Including access to fruit and vegetables within the school food environment, through
school gardens or the cafeteria, could possibly improve the Veggie U currisulum’
effectiveness in increasing children’s preferences for fruit and vegetable

Research on the effectiveness of nutrition-education in schools increasing f
and vegetable preferences and consumption is limited; however, a recent review of 11
studies available was published [163]. In a study conducted by McAleese et al, 2007,
results indicated the 12-week garden plus nutrition-education interventioficsigthy
increased fruit and vegetable intake Bfggade male and female students above the
nutrition-education only group and the control group [164]. Morris et al, [160] found
similar results. In this garden-enhanced nutrition education curriculligrade male
and female children significantly increased preferences for vegetgaen in the
garden (broccoli, snow peas, and zucchini) than the nutrition-education only and control
groups at both posttest and at a 6-month follow-up. Nutrition knowledge was also
significantly increased in both the garden-enhanced nutrition education group and
nutrition-education only group compared to the control group. In a study by Maatjs et
2001, ' grade male and female children in the intervention group, experienced no
significant improvements in fruit and vegetable preferences, however, theigméss to

taste vegetables was significantly increased [165]. Linebergkr2000, observed a
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significant increase in vegetable preferences but not frulf o 3" grade children
receiving a 10-lesson garden-enhanced nutrition-education curriculum, however, no
change was observed in fruit and vegetable intake over time (pretest totpfit]s
Given the results of the previous studies, there is evidence that garden-enhanced
nutrition-education may be effective in improving fruit and vegetable pretesena
intakes of school-age children; however, further work is needed to optimize these
programs and enhance their effectiveness.

Self-efficacy related to fruit and vegetables did not change signifiamiong
children in the intervention group from pretest to posttest in the present study.cl he la
of change in fruit and vegetable self-efficacy can be explained bydhin&t children’s
self-efficacy to eat fruit and vegetables is directly influenced by paegrtt other
individuals within the child’s environment. The potential to increase self-efficdies
upon an individual’s ability to execute a behavior under their control [128]. Children’s
diets are constrained by the school-food environment and the at-home environment, both
of which children have little control over. In addition, self-efficacy to setedsfand
vegetables may be limited by availability of such foods, including fruit andalage
availability data may provide a better understanding of the relationship Ineteite
efficacy and nutrition education. The Veggie U curriculum may have not addreesed t
issues related to self-efficacy adequately and thus no significant impeotem

children’s confidence to consume more fruit and vegetables were observed.
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The psychosocial variable outcome expectations also showed no significant
difference within the intervention group over time (pretest to posttest). Thibena
because previous research suggests outcome expectations have a gredteniathdt
dietary behavior than on children’s [128, 153, 154]. A better understanding of how
outcome expectations affect dietary behavior specifically among ehitahuld provide
important insight to future nutrition education curriculum development for child
populations. For example, inclusion of the health benefits of fruit and vegetables in the
Veggie U curriculum may significantly increase fruit and vegetable outexmpectations

among school-aged children.

Limitationsto the Study

The findings of this study should be interpreted cautiously. As mentionegt earli
important environmental factors such as, availability of fruit and vegetaliesre and
in school and parental influences on children’s psychosocial characteristies)ater
assessed in this study. Additionally, the original design of the study inclutéed da
collection on fruit and vegetable consumption from all children participating iriutig. s
A total of four 24-hr food recalls were going to be obtained from the chittrerweek
before the intervention and three weeks after the intervention (pretest andtpadtiag
with parental feedback about their children’s fruit and vegetable consumption. However,
the collection of dietary data from children and parents was not feasible cheistyuty

due to time constraints and the science teacher’s class schedule. Thuspovezéikpl
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psychosocial variables related to fruit and vegetables without the abildglate them to
children’s actual fruit and vegetable consumption. For instance, the lack of fruit and
vegetable intake data limits the ability to interpret the effect of asem fruit and
vegetable familiarity on fruit and vegetable consumption that was observegrietest
to posttest in the intervention group.

Other major limitations of the present study include the non-randomized design
and small sample size. Additionally, the control children were taught, atediffémes,
but in the same classroom as the intervention children. This could have had a
contamination effect on the control children, while they did not receive the nutrition
lectures they were exposed to the physical components of the Veggie WUlamrsuch
as the worm farm, grow lights, root view boxes, and growing plants. Subsequent studies

should attempt to completely separate all aspects of the intervention froomtra c

group.

Implicationsfor Future Research
Future research of this nature needs to be adequate in duration and provide
follow-up data to understand how long any changes observed last. The design of a future
study should be randomized and include children from a wider diversity of ethnic groups.
Additional studies should focus on whether nutrition education curriculums that include
access to fruit and vegetables, through either school-gardens, in the schedkcafiet

both can increase fruit and vegetable consumption in school-aged children. Furthermo
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an economic analysis of the sustainability of such education curriculums needs to be
evaluated. For example, the Veggie U curriculum costs $300 per classroonchdbh s
garden were added and access to more fruit and vegetables were providedfet¢ha ca
these costs would be increased. An understanding of the practicality of imptementi
such a curriculum throughout the entire school needs to be assessed.

Findings from this study suggest nutrition education curriculums similar to
Veggie U can potentially increase fruit and vegetable familiarit)‘)‘igrﬁde students. By
implementing a similar nutrition education curriculum educators and other scladtbl he
officials can have a positive effect on the fruit and vegetable famil@f# grade
children. Increasing the number of intervention sessions in the Veggie U awnriaot
including the children’s parents in the intervention may improve the effectiv@i¢he
intervention at increasing fruit and vegetable knowledge and consumption. Additionally,
complementing the Veggie U curriculum with a school-garden and /or increased tcce
fresh fruit and vegetables in the cafeteria may also enhance the effesdioétiee
curriculum. Future studies should examine the relationship between psychosocial
variables and fruit and vegetable intakes of the children participating ituthe s

The Veggie U curriculum is a great way to introduce children to the importance of
eating fruit and vegetables, the science of fruit and vegetables, and tluasbiati
between sustainable agriculture and healthy eating. However, increasti@gmd
vegetable consumption in children is much more complex and additional strategies nee

to be incorporated into the Veggie U curriculum to make a positive impact on the

48



psychosocial variables associated with increased fruit and vegetable ptinswsuch as

parental involvement and improvements to the school-food environment.
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Appendix B

Approval from Richmond Elementary School Principal for Research Project

This research project is being conducted by Ryan Fiddler, an M.S. situtlemnDepartment of
Nutritional Sciences at Oklahoma State University. The purpose attiig will be to
investigate the efficacy of the Veggie U “Earth to Table” sciencectlum at increasing fruit
and vegetable knowledge, preferences, outcome expectations, self-eHimddycreasing fruit
and vegetable intake of'§rade school-aged children. The results of this study will helpifigent
effective means of increasing fruit and vegetable intake of schedlualdren. Currently, less
than 15% of school-aged children consume the recommended 5 daily servings afnfalui
vegetables. The results of this study will also help design moreieffantierventions to improve
nutrition status among school-aged children in the U.S.

During the study, parents will be asked to complete a questionndiredl@es questions related
to their child’s daily intake of fruits and vegetables. Simitdoimation from children will be
collected during regular school time. Children will be asked to coenplé&tur 24-hour food
recalls on two separate occasions, once before the implementati@n\edgie-U curriculum
and once again upon completion of the Veggie-U curriculum.

The patrticipation in the study is voluntary.

All information collected from parents and children will be kegifedential. No one will be able
to connect parents’ or children’s names with the collected datd paoents and children will be
assigned ID numbers which will serve as the only way for identifgifgects during the study.
All names and other personal information will be kept in a locked fileeaand only the
primary investigator will have access to this information.

This study has been reviewed and approved by the Oklahoma State Univetisittydnal
Review Board (IRB). If you have questions about the nature of the study yocomtact Dr.
Sheila Kennison, IRB Chair, 219 Cordell North, Stillwater, OK 74078, 405-744-1676 or
irb@okstate.edu

| have read and | fully understand this form. | sign my name freely and aolyntA copy of
this form was given to me.

Date:

Richmond Elementary Principal
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Appendix C: Teacher Confidentiality Agreement

During the course of the Veggie-U “Earth to Table” science curricuhuhtlze
supporting questionnaires it is necessary to protect the confidentiality obgtts
(parents and children) involved in the study. Therefore, it will be necessdmgtfothe
primary investigator, Ryan Fiddler, and the science teacher, Deedeaagjto keep all
data and any other information obtained from the subjects confidential.

If you agree to the above terms, please sign below.

Date:

Science Teacher
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Appendix D
INFORMED CONSENT FOR PARTICIPATION IN THE STUDY

This research project is being conducted by RyddIEt, an M.S. student in the Department of Nutniél
Sciences at Oklahoma State University. The parpbdshis study will be to investigate the efficaufythe
Veggie U “Earth to Table” science curriculum atrig&sing fruit and vegetable knowledge, preferences,
outcome expectations, self-efficacy, and increasinigand vegetable intake &Y' grade school-aged
children. The results of this study will help idiéneffective means of increasing fruit and vedpea
intake of school-aged children. Currently, lesnth5% of school-aged children consume the
recommended 5 daily servings of fruits and vegesblIThe results of this study will also help desiwpre
effective interventions to improve nutrition staareong school-aged children in the U.S.

During the study, parents will be asked to compdetiestionnaire that includes questions relatélletio
child’s daily intake of fruits and vegetables. Tdmmpletion of the questionnaire will take approately
15-20 minutes. Similar information from childreiilviee collected during regular school time. Chdd

will be asked to complete four 24-hour food recalistwo separate occasions, once before the
implementation of the Veggie-U curriculum and oagain upon completion of the Veggie-U curriculum.
There is no risk in participating in this study fau and your child.

The participation in the study is voluntary. Ifuycchild feels uncomfortable while reporting any
information, he/she can choose not to answer aegtin, or to withdraw completely from the study at
any time. You also have the right to withdraw tl@sent for either yourself or your child at amgeiby
notifying the child’s teacher. There is no penddiyrefusal to participate. You and/or your chileth ask
guestions to the primary investigator, Ryan Fiddi¢many time or contact him by telephone at 918-63
3578 or email him at ryan.fiddler@okstate.edu.

All information collected from parents and childneiil be kept confidential. No one will be able to
connect parents’ or children’s names with the ctdld data. Both parents and children will be aesigD
numbers which will serve as the only way for idBsitig subjects during the study. All names andeoth
personal information will be kept in a locked filabinet and only the primary investigator will haczess
to this information. Upon completion of data cotlen names will be discarded and only ID numbeits w
serve as identifiers. It is possible that the mispeocess and data collection will be observedelsgarch
oversight staff responsible for safeguarding tgats and wellbeing of people who participate ireegsh.

This study has been reviewed and approved by th&hOkia State University Institutional Review Board
(IRB). If you have questions about your rightsaagsearch volunteer, you may contact Dr. Sheila
Kennison, IRB Chair, 219 Cordell North, Stillwat&K 74078, 405-744-1676 or irb@okstate.edu

| have read and | fully understand this informedsamt form. The primary investigator, Ryan Fiddrexs
fully explained the study and | agree to particgiatthis study. | also give consent for my childsign my
name freely and voluntarily. A copy of this infoethconsent form was given to me.

Date;

Parent Signature Child’'s Name (Print Clearly)

| certify that | have personally given the full daption of the study and | have explained the reatf the
participation to the subject or his/her legal repraative before asking to sign this form.
Signed:

Pl or authorized assistant
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Appendix E: Assent Form

| agree to participate in a study about my dietelits.

| agree to recall what | ate and drank during a&ipres day for four days in a
row on two different occasions and | agree to catepseveral
guestionnaires about eating fruits and vegetables.

| can tell my teacher if I do not want to do thig/anore.

Yes, | want to help.

No, | do not want to help.

Name:

Date:
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Appendix F- FV Knowledge

We want you to tell us what you know about healthful eating.
Please bubble your answer
1. Eating fruits and vegetables protects you from diseases.

True
False

| don’t know
2. Fruits and vegetables are high in fat and sugar.

True
False

| don’t know
3. Most of the vitamin C we get comes from fruits and vegetables.

True
False

| don’t know
4. Fruits and vegetables that are high in vitamin A are in color.

Red and white
Blue and light brown

Orange and yellow
Brown and purple

| don’t know
5. Almost all fruits and vegetables contain lots of vitamins and

Protein
Minerals
Cholesterol
Fat

| don’t know
6. Which of the following fruits and vegetables are grown in Oklahoma?

Tomatoes

Watermelons
Okra
All of the above
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Appendix G- FV Prefer ences (Baranowski, 2000)
How much do you like these fruits and vegetables? Please bubble your answer

| do not | like this a | like this a | don’t know
like this little IotA R Wﬁat this is
" ™ 0 L)
9 9O &
Apples
Asparagus
Avocados
Blackberries
Blueberries
Broccoli
Cabbage
Cantaloupe
Carrots
Cauliflower
Cherries
Corn
Cucumbers
Eggplant
Grapefruit
Green beans
Honeydew melon
Lettuces
Mushrooms
Olra
Onions
Oranges
Peaches
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Pears

Peas
Peppers
Plums
Potatoes
Pumpkins
Radishes
Spinach
Squash
Strawberries
Sweet potatoes
Tomatoes
Watermelons

Zucchini

| do not
like this

-

28] S 7 R ) [ V) R ) [ ) V7 R ) () ) [ V) R ) [ ¥ R V)

| like this a

little

1)
o,

RN NN RN NP RN NR BN

| like this a
lot

;&é’g

RN NN RN NP RN NR BN

| don’t know
what this is
A

)

v

28] S 7 [ V) [ V) R ) () ) [ V7 R ) () ) [ ¥ R ) [ 58 R V)
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Appendix H- Self-efficacy (adapted from Baranowski, 2000)

Please bubble your answer

| disagree | disagreea |am not

very much little sure

A~ A
9] (¢) " ¥
) —

1. For breakfast | think | can
drink a glass of my favorite juice

2. For breakfast | think | can add
fruit to my cereal

3. For lunch at school, | think |
can eat a vegetable that’s served
4, For lunch at school, | think |
can eat a fruit that’s served

5. For lunch at home | think | can

eat carrot or celery sticks

instead of chips
6. For lunch at home | think | can

eat my favorite fruit instead of
my usual dessert

7. For a snack | think | can
choose my favorite fruit instead
of my favorite cookie

8. For a snack I think | can
choose my favorite fruit instead
of my favorite candy bar

9. For a snack | think | can

choose my favorite raw

vegetable instead of my favorite
cookie

10. For a snack | think | can

choose my favorite raw

vegetable instead of my favorite
candy bar

11. For a snack | think | can

choose my favorite raw

vegetable instead of chips

| agree a
little

(1}
o

| agree
very much

2Y
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12. For dinner | think | can eat a
serving of vegetables

13. For dinner | think | can eat
my favorite fruit instead of my
usual desert

14. | think | can write my favorite
fruit or vegetable on the family’s
shopping list

15. | think | can ask someone in
my family to buy my favorite
fruit or vegetable

16. I think | can go shopping with
my family for my favorite fruit or
vegetable

17. 1 think | can pick out my
favorite fruit or vegetable at the
store and put it in the shopping
basket

18. I think I can ask someone in
my family to make my favorite
vegetable dish for dinner

19. | think | can ask someone in
my family to serve my favorite
fruit at dinner

20. I think | can ask someone in
my family to have fruits and fruit
juices out where | can reach
them

21. | think | can ask someone in
my family to have cut up
vegetables out where | can
reach them

| disagree
very much

00
L)

| disagree a
little

\,0:9

| am not

sure

¢

| agree a
little

(] )]
S/,

| agree
very much
L0

[V]

EY)
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Appendix |- Outcome Expectationsfor Eating FVs (Reynolds, et al.)

How much do you agree or disagree with the
following statements?

1. Eating fruits and vegetables will make me smarter.

2. | will be better at sports if | eat fruits and vegetables.

3. | will get sick more often if | don’t eat fruits and
vegetables.
4. Eating fruits and vegetables will help me grow.

5. I will have healthier skin if | eat fruits and
vegetables.

6. Eating fruits and vegetables will keep me from
getting cancer.

7. If | eat fruits and vegetables, my family will be proud
of me.

8. Eating fruits and vegetables will help me see better
at night.

9. If | eat fruits and vegetables at breakfast, | will be
able to think better in class.

10. Drinking juice will give me quick energy.

11. Eating fruits and vegetables will keep me from
getting cavities.
12. If | eat fruits and vegetables, | won’t get fat.

Please check B your answer
Disagree

1.

Not Sure

Agree

3.

13. How old are you?

Years
14. Areyou O Boy
©) Girl

15. How do you describe yourself? (You may fill out more than one)

O Latino, Hispanic

O Black, African American
O White

) American Indian

O

Asian, Pacific Islander
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