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Abstract: The preschool years are a sensitive period for the development of food preferences that will
affect physical growth and life-long health. The promotion of healthy eating and nutritional status
was achieved by adapting the US National Aeronautics and Space Administration (NASA) Mission X
(MX) Program among young children in South Korea. The intervention program was delivered by
nutritional experts and class teachers over 10 weeks. Children from 37 school classes (n = 534) from
7 daycares and kindergartens were randomized into a control group (CG, n = 280) and an intervention
group (IG, n = 254). Parents were surveyed for their children’s characteristics and nutrition quotient
(NQ) at baseline and at the 10-week follow-up. At baseline, 18.8% (boys: 18.9%; girls: 18.8%) of
the subjects were overweight or obese (body mass index ≥ 85th percentile). After the intervention,
the mean differences in various anthropometric measures did not differ significantly between the
groups in a linear regression model adjusted for age, sex, and type of school. The NQ grades were
significantly higher in the IG than the CG after the intervention (p = 0.000). In summary, the 10-week
South Korean MX program improved the eating behaviors and nutrition status of young children.
A further multisector prevention program is needed to prevent childhood obesity in young children.
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1. Introduction

Early childhood is the developmental stage in which growth occurs and diet- and health-related
behaviors are established [1]. Previous research has demonstrated that the formation of even one
unhealthy dietary behavior, such as higher consumption of high-energy dense snack consumption,
over- or undernutrition, and food preferences, in early childhood affects health for a lifetime [2,3].
Nutrient-poor food choices and excessive fat development in early childhood are associated with a
higher risk of long-term non-communicable diseases, including obesity [4,5].

The National Children’s Health Examination in South Korea indicated that 42.5% of young children
with obesity in this population were picky eaters, and 32% watched TV for≥2 h/day based on mandatory
health checkup data [6]. Moreover, during the last 10 years, fat consumption and sugar-sweetened
beverage intake have been increasing, while calcium, fruit, and vegetable consumption have been
decreasing in all age groups, including in children 3 to 5 years old [7].
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Globally, the rise of the importance of the early childhood education setting (ECES) has been
reported [8]. Early childhood education and care have a major role for improving child development
or also as an alternative to family care following the development of the economic status and growing
population of working mothers of preschool children [7]. During the preschool period, healthy
dietary habits and food preferences are learned and formed at home, in early childcare centers,
and in kindergarten. Children obtain more than 70% of their daily nutrition intake in childcare
settings [9]. In South Korea, the Center for Child-Care Foodservice Management was conducted
to improve the variety level of diet provided in child-care centers and kindergartens based on the
Korean dietary reference intake (KDRI, 2015) [10]. However, different levels of nutritional status and
unhealthy eating habits, such as meal regularity and breakfast skipping and higher consumption of
energy-dense/nutrient poor food, are found in young preschool aged children attending kindergarten
or daycare centers [11,12].

Several nutrition education programs have reduced unhealthy dietary behaviors in young children
in Korea [12–14]. Improvements in the nutrition knowledge score [12], nutritional status balance,
and regular diet with a higher frequency of consumption of white milk [13] were shown after the
nutritional education. Furthermore, vegetables & fruits (V/F) consumption and healthy eating behaviors
were higher in the education group than in the control group. Another previous study reported an
improvement of fruit and vegetable intakes as well as preschool children’s emotional and behavioral
outcomes after nutrition education [14]. Therefore, school-based nutritional education needs to be
considered in ECES.

A recent review demonstrated that expert-led multilevel interventions with parental and teacher
engagement successfully altered the diet- and health-related behaviors and anthropometric outcomes
of preschool-aged children [15]. Nevertheless, no study has used a multicomponent approach with
expert nutrition team-based training sessions in a large sample of South Korean preschool children.
The National Aeronautics and Space Administration (NASA) established the Mission X: Train Like an
Astronaut (MX) program to promote diet and fitness in children by motivating them with astronauts’
real training program [16]. We previously found that a 6-week MX program improved the dietary
balance and nutritional knowledge of young preschool children [17].

We aimed to improve the dietary behaviors and nutritional status of preschool children through a
10-week nutrition-themed MX program.

2. Materials and Methods

2.1. Setting and Subjects

The setting for this study included middle-socioeconomic-class daycares and kindergartens.
The Korea Institute of Child Care and Education (KICCE) recruited through daycares and kindergartens
by means of a screening process and interviewing the class teachers and directors. Seven daycares
and kindergartens (1) located in the Gyeonggi area; (2) with middle-income households; and (3) with
healthy 4- to 5-year-old preschoolers were included. The KICCE recruited 37 classes (n = 679) from
the 7 daycares and kindergartens by random sampling for the present randomized controlled study.
Three to seven classes from each school were randomly divided into the intervention group (IG = 339)
or the control group (CG = 340). Two groups (IG and CG) of the participants were from each of the
same daycare and kindergarten, by being assigned random numbers, into two groups. Among the
children, those (1) who did not want their height and weight measured, (2) or were absent or moves to
another area from their school were excluded. All families that completed a consent form (both parent
and child) and the questionnaires were enrolled. This study was approved by the institutional review
board of The Korea Institute of Child Care and Education (KICCEIRB-2016-03).
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2.2. Nutrition-Themed Intervention and Key Concepts

A 10-week nutrition intervention was performed by a team of nutrition professionals with
the cooperation of 14 class teachers at the 7 daycares and kindergartens from May to August 2016.
The nutrition professional team consisted of two registered dietitians and six dietitians from the
Research Institute of Medical Nutrition at Kyung Hee University. Each part of the intervention was
performed by the nutrition professional, and class teachers taught using the provided lesson plans
and materials. All the nutrition sessions were implemented in the intervention groups of the seven
daycares and kindergartens during the same week.

The 10-week nutrition-themed Mission X program was developed by a committee of the KICCE
and nutrition professionals, based on four components of the original National Aeronautics and Space
Administration (NASA) Mission X program [16] and the previously modified Korean version of the
MX program [17] (Supplementary Table S1). The second version of the nutrition curriculum consisted
of four nutrition-themed components from the original U.S. Mission X program: 1. Energy of an
astronaut, 2. Hydration station, 3. Living bones, strong bones, and 4. Reduced gravity, low-fat [16].
The theme and goal of each session were maintained, while the activities and materials of the nutrition
sessions were modified.

The four nutrition-themed sessions were delivered by a nutritional expert team and the class
teachers according to the concept (i.e., science, game activity) of each class. The energy of an astronaut
aimed to teach students about balanced meals and specific nutritional needs by asking them to
categorize and pair different food items based on the five food groups. Previously used educational
materials, such as movie clips, food balance wheels, and food models, were used for this first session of
the program. The second session, hydration station, included think and tell, comparison, game-playing,
and observation methods to highlight the importance of water for health, the signs of dehydration, and
the relationships between the body systems/organs and hydration. The third and fourth sessions aimed
to teach students to recognize calcium-rich foods and formulate healthy food choices. For the living
bones, strong bones session, educational movie clips comparing different bone shapes and structures
were played for the class. Lastly, the reduced gravity, low-fat session employed a fat vest and a healthy
vs. unhealthy snack board to allow students to discover the fat and sugar contents of unhealthy foods
and snacks. All the key concepts of the nutrition sessions were equally offered to the control group
after the 10-week follow-up.

2.3. Nutrition Session Training

The curriculum of the four nutrition-themed sessions were delivered to the class teachers of the
seven daycares and kindergartens and the nutrition professional team by a senior nutrition professional
in a total of three 30-min training sessions. During the training sessions, the class teachers were
provided with lesson plans and materials for teacher-led nutrition-themed activities and were educated
in the key concepts of the MX program and the themed nutrition sessions. The training schedule was
organized by the KICCE with consideration of the schedule of each daycare and kindergarten and the
possibility of teacher participation.

For the energy of an astronaut session, the roles of the five food groups in a balanced diet were
represented in the classroom through a game of pairing food items and a lunchtime food mission
based on the five food groups. The hydration station was modified based on seasonal events and the
schedule of the ECES. The key concept was delivered through practical nutritional messages in the
class and through outdoor activities to promote drinking eight cups of water per day. For the ninth
and tenth weeks of the intervention period, the teachers organized their class time and various themed
activities around the nutritional messages.

After each training session, the nutrition professional team organized a visit schedule for the
four nutrition-themed sessions with the class teachers. During the 10-week intervention, the nutrition
professional team visited the seven daycares and kindergartens to perform the four nutrition sessions,
in accordance with the study protocol.
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2.4. General Characteristics

Before the MX program, the teachers distributed consent forms and questionnaires to the
preschoolers and their parents. At baseline, the parents were surveyed about their children’s general
characteristics, including birth-related characteristics (birth length, birth weight, and gestational age)
and diet-related characteristics (breastfeeding, picky eating, and supplement usage).

2.5. Anthropometric Measurements

In accordance with the study protocol, all preschoolers’ anthropometric data were measured by
trained research staff. Height was measured to the nearest tenth of a centimeter (cm) with a mobile
(Body COM, HM 002, Seoul, South Korea), and weight was measured to the nearest tenth of a kilogram
(kg) on a portable digital scale (CAS, PB-500, Yangju, Gyeonggi-do, South Korea) [18].

Body mass index (BMI) was calculated with the standard equation (body weight [kg]/height [m]2).
We used the sex-age-specific BMI percentiles from the Korean CDC Growth Chart (KCDC, 2017) [19] to
assess each child’s weight status: Those in the 85th percentile and above were considered at risk of
being overweight, while those below the 10th percentile were considered at risk of being underweight.
The rest were considered to have a normal BMI.

2.6. Assessment of Nutrition Quotient (NQ)

The children’s dietary behavior, as self-reported by their parents, was assessed with the nutrition
quotient (NQ) [20,21]. The NQ was developed by the Korean Nutrition Society in 2012, and the
construct was validated in a previous study [21]. The NQ was newly used as a comprehensive system
to evaluate children’s dietary quality, eating attitudes, and behaviors. The NQ questionnaire consists
of 19 items grouped into five factors: Balance (mixed grains, milk, legumes, eggs, and fruit), diversity
(diverse side dishes, kimchi, and vegetables), moderation (fast food, instant noodles, late-night snacks,
street food, and sweets), regularity (meal regularity, eating breakfast, and watching TV/playing
computer games), and practice (checking nutrition labels, chewing well, and washing hands before
meals). The scores of all five factors were summed to yield the total NQ score, ranging from 0 to 100.
Five different grades (highest: 80.9–100, high: 73.8–80.8, medium: 56.5–73.7, low: 47.6–56.4, lowest:
0–47.5) were assigned according to total NQ score. We represented that from high to highest for ‘high’,
and low to lowest for ‘low’ of the NQ score.

2.7. Outcomes

NQ score and grade were the primary outcomes and the secondary outcome was anthropometric
measurements (height, weight, and BMI) of preschool children.

2.8. Statistical Analysis

We compared the differences in dietary behaviors between the allocated study groups (IG vs.
CG) using the t-test and Chi-square test. Paired t-tests were performed to determine the statistical
significance of mean differences in variables between the pre- and post-tests. The mixed effects linear
regression model was used to assess changes in anthropometric variables and NQ between the groups
after adjustment for age, sex, and type of school (daycare or kindergarten).

All statistical analyses were performed in SPSS version 23 for Windows (SPSS Inc., Chicago,
IL, USA). The results are expressed as means and standard deviations for continuous variables and
numbers and percentages for discrete variables. Statistical significance was defined as p < 0.05.

3. Results

Figure 1 displays the intervention procedures of the study in accordance with the study protocol.
Overall, 691 preschool-aged children were enrolled from 37 classes in seven childcare settings in Korea.
At baseline, 12 preschool children opted out due to illness or quitting the daycare or kindergarten.
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In total, 679 children participated in the MX program, and 534 (78.6%) completed the intervention, and
pre-post assessments and were included in the analyses (Figure 1).
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Figure 1. Intervention procedures following as the study protocol. 1 0 week (baseline): anthropometric
measurement (n = 679), self-reported demographic and NQ questionnaires (n = 534), 2 10 week
(follow-up): anthropometric measurement (n = 612), self-reported demographic and NQ questionnaires
(n = 534). This study was approved by the institutional review board of The Korea Institute of Child
Care and Education (KICCEIRB-2016-03).

3.1. Demographic Characteristics of the Study Subjects

The demographic characteristics of the children are summarized in Table 1. The majority of
children attended a daycare center (54.6%). In total, 52.9% of the children were in 4-year-old classes,
and 56.4% were boys. Approximately 6.3% of the children were categorized as underweight, while
11.0% were overweight or obese. Among the subjects, 86.9% were breastfed, half were picky eaters, and
49.0% took supplements regularly. No significant differences in birth- and diet-related characteristics
(birth length, birth weight, gestational age, breastfeeding, picky eating, and supplement usage) were
observed between the intervention and control groups (Table 1).

Table 1. Demographic characteristics of the intervention group (IG) and control group (CG).

Variables Total (n = 679) Intervention Group
(n = 339)

Control Group
(n = 340)

Type of school (n, %) 1

Daycare center 371 (54.6) 1 155 (45.7) 216 (63.5)
Kindergarten 308 (45.4) 184 (54.3) 124 (36.5)

Age (n, %)
4 years 359 (52.9) 166 (49.0) 193 (56.8)
5 years 320 (47.1) 173 (51.0) 147 (43.2)

Sex (n, %)
Boy 383 (56.4) 182 (53.7) 201 (59.1)
Girl 296 (43.6) 157 (46.3) 139 (40.9)
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Table 1. Cont.

Variables Total (n = 679) Intervention Group
(n = 339)

Control Group
(n = 340)

Body mass index (n, %) 2

BMI < 10th%ile 41 (6.3) 22 (6.8) 19 (5.9)
10th %ile ≤ BMI < 85th%ile 535 (82.7) 269 (83.0) 266 (82.3)
85th%ile ≤ BMI 71 (11.0) 33 (10.2) 38 (11.8)

Birth-related (mean ± SD) 3

Birth length (cm) 50.7 ± 4.4 50.8 ± 4.1 50.6 ± 4.7
Birth weight (kg) 3.2 ± 0.9 3.2 ± 1.2 3.3 ± 0.4
Gestational age (weeks) 39.2 ± 2.3 39.2 ± 2.2 39.1 ± 2.5

Diet-related (n, %)
Breastfeeding 464 (86.9) 244 (88.1) 219 (85.2)
Picky eating 265 (49.6) 130 (46.9) 134 (53.2)
Supplement usage 317 (49.0) 166 (59.9) 151 (59.9)

1 Values are presented as n (%) or mean ± SD. 2 Anthropometric measurements at baseline (n = 647). 3 Self-reported
demographic questionnaires at baseline (n = 534). No significant difference between groups was found by the
Chi-square test for categorical variables and Student’s t-test for continuous variable.

3.2. Pre-to-Post-Intervention Changes in Anthropometric Measurements

Pre-to-post-intervention changes in BMI are shown in Table 2. The mean BMI (kg/m2) at baseline
was 16.2 ± 2.4 for the boys and 15.9 ± 1.5 for the girls (data not shown). Significant changes in
anthropometric variables were observed in both groups after the intervention (p < 0.05). However,
none of the mean differences differed significantly between the groups in the mixed effects linear
regression model adjusted for age, sex, and type of school.

Table 2. Changes in anthropometric measurement of the preschoolers after participating in the Mission
X program.

Variables
Intervention Group

(n = 280)
Control Group

(n = 254)

Baseline Follow-Up ∆ Change [95%CI] Baseline Follow-Up ∆ Change [95%CI] p †

Height (cm) 110.9 ± 5.7 1 112.6 ± 5.8 *** 1.7 [−0.2, 0.1] 110.3 ± 6.0 112.0 ± 6.0 *** 1.6 [−0.2, 0.1] 0.907
Weight (kg) 19.7 ± 2.8 19.9 ± 3.0 *** 0.2 [−0.2, 0.0] 19.6 ± 3.1 19.9 ± 3.4 * 0.3 [−0.2, 0.0] 0.215

BMI (kg/m2) 2 16.0 ± 1.4 15.7 ± 1.5 *** −0.3 [−0.1, 0.0] 16.1 ± 1.5 15.8 ± 1.6 *** −0.3 [−0.1, 0.0] 0.268
BMI-Z 0.03 ± 1.03 −0.21 ± 1.10 *** −0.23 [−0.07, 0.02] 0.11 ± 1.12 −0.10 ± 1.19 *** −0.21 [−0.08, 0.01] 0.311

BMI-SDS 0.13 ± 1.41 −0.15 ± 1.43 *** −0.28 [−0.11, 0.03] 0.24 ± 1.54 −0.04 ± 1.62 *** −0.28 [−0.12, 0.02] 0.322
1 Values are Mean ± SD. 2 BMI: Body mass index. * Significantly different between the groups by paired-t test
at * p < 0.05, *** p < 0.001. † Group x time interaction effects adjusted for age sex, and type of school (daycare or
kindergarten) in the mixed effects linear regression model (random intercept: individual).

3.3. Pre-to-Post-Intervention Changes in Children’s Dietary Behavior Based on NQ Score

Pre- and post-intervention measures of NQ (balance, diversity, moderation, regularity, and
practice) by study group are shown in Table 3. The total NQ score of the IG increased significantly
(from 64.1 to 66.0, p < 0.05) after the intervention program. A change in fruit consumption of the
balance factor was significantly greater in the IG than in the CG (2.0 vs. −1.5, p < 0.05). The moderation
factor score, which evaluates the intake of energy-dense and high-sodium foods (fast food and instant
noodles), was significantly higher in the IG than in the CG (0.5 vs. −1.2, p < 0.05). Changes in meal
regularity of the regularity factor was significantly greater in the IG than in the CG (3.4 vs. 1.2, p < 0.05).
Among the practice factors, hand-washing received significantly higher scores in the IG than in the CG
(4.6 vs. −0.7, p = 0.000) (Table 3).
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Table 3. Changes in 19 items of the NQ of the children after participating in the Mission-X program
according to their group.

Variables

Intervention Group
(n = 280)

Control Group
(n = 254)

Baseline Follow-Up ∆ Change
(SD) Baseline Follow-Up ∆ Change

(SD) p †

Total score 1 64.1 ± 10.5 66.0 ± 9.5 *** 2.0 (8.6) 63.7 ± 10.8 63.6 ± 11.6 −0.1 (9.5) 0.050 †

Balance 2 56.3 ± 15.6 56.7 ± 14.7 0.4 (11.6) 56.2 ± 14.7 55.9 ± 14.7 1.1 (14.3) 0.907
Wholegrain 57.1 ± 32.2 55.5 ± 31.0 −1.9 (27.9) 57.9 ± 32.6 60.2 ± 32.0 2.7 (24.6) 0.477
Fruit 69.1 ± 22.7 71.1 ± 22.0 2.0 (21.4) 70.9 ± 21.7 69.2 ± 24.0 −1.5 (22.9) 0.050
Milk 64.2 ± 26.1 62.7 ± 28.3 −1.0 (20.1) 59.1 ± 27.5 62.7 ± 27.5 * 3.7 (25.1) 0.272
Legume 42.1 ± 28.7 40.5 ± 24.8 −1.7 (24.1) 41.7 ± 25.2 41.5 ± 23.2 0.5 (25.6) 0.975
Egg 55.1 ± 25.8 54.1 ± 25.3 −1.0 (26.3) 55.7 ± 28.2 57.8 ± 26.0 2.6 (24.1) 0.020

Diversity 60.4 ± 21.8 64.2 ± 21.7 ** 3.8 (20.5) 59.2 ± 20.0 58.9 ± 20.5 0.0 (17.1) 0.318
Vegetables 59.4 ± 26.3 61.0 ± 25.5 1.6 (26.6) 59.5 ± 24.3 58.1 ± 24.8 −1.0 (24.5) 0.104
Kimchi 66.5 ± 36.6 71.3 ± 33.5 5.1 (32.4) 67.6 ± 34.7 65.4 ± 35.8 −1.7 (31.1) 0.837
Side dishes 55.7 ± 25.6 61.2 ± 27.8 ** 5.5 (27.5) 50.4 ± 27.6 53.3 ± 26.3 3.1 (23.7) 0.758

Moderation 78.2 ± 10.6 78.7 ± 13.6 0.5 (11.9) 77.9 ± 11.9 76.3 ± 12.7 * −1.2 (11.6) 0.024
Sweet food 41.3 ± 32.5 40.0 ± 32.9 −1.2 (28.7) 37.6 ± 30.2 36.4 ± 27.9 −0.3 (28.8) 0.094
Fast food 82.0 ± 14.2 82.6 ± 17.7 0.8 (18.7) 81.4 ± 14.9 78.8 ± 15.5 * −1.9 (17.2) 0.325
Instant noodles 85.3 ± 15.1 85.7 ± 19.3 0.3 (18.5) 84.7 ± 14.6 83.5 ± 16.2 −0.9 (13.2) 0.010
Late night snack 88.2 ± 19.8 87.0 ± 24.0 −1.4 (21.0) 90.8 ± 17.7 85.7 ± 23.2 *** −4.5 (22.1) 0.105
Street food 86.0 ± 18.4 85.0 ± 21.4 −0.6 (21.1) 84.1 ± 20.4 86.7 ± 19.3 2.5 (22.4) 0.795

Regularity 73.7 ± 15.7 74.2 ± 15.9 0.7 (16.6) 74.1 ± 14.8 73.2 ± 15.7 −0.4 (14.8) 0.460
Breakfast 89.5 ± 24.5 90.2 ± 25.3 1.2 (28.5) 91.3 ± 22.7 88.9 ± 25.0 −1.8 (26.6) 0.553
Meal regularity 70.6 ± 18.6 74.0 ± 20.6 3.4 (23.5) 71.5 ± 19.4 72.2 ± 18.7 1.2 (21.2) 0.046
TV watching 45.6 ± 24.9 45.6 ± 22.4 −0.1 (21.5) 46.3 ± 25.2 46.3 ± 25.4 0.5 (18.6) 0.230

Practice 61.8 ± 17.5 65.8 ± 16.6 *** 4.0 (16.3) 60.1 ± 18.1 60.7 ± 17.7 1.1(18.1) 0.162
Chewing 69.6 ± 23.3 73.9 ± 23.4 4.5 (22.5) 67.5 ± 23.8 67.2 ± 23.3 −0.2 (21.7) 0.607
Label reading 41.3 ± 34.5 44.0 ± 31.1 3.0 (30.6) 38.5 ± 35.5 41.5 ± 33.0 4.3 (36.2) 0.808
Washing hands 76.5 ± 23.5 80.7 ± 24.1 4.6 (25.4) 76.2 ± 25.1 75.2 ± 24.5 −0.7 (26.8) 0.000
1 Values are mean ± SD. 2 Five factors of nutrient quotient (NQ): Balance, diversity, moderation, regularity, and
practice. * Significantly different between the groups was found by paired t-test at * p < 0.05, ** p < 0.01, *** p < 0.001.
† Group x time interaction effects adjusted for age sex, and type of school (daycare or kindergarten) in the mixed
effects linear regression model (random intercept: individual).

3.4. Pre-to-Post-Intervention Changes in Children’s Nutritional Status Based on NQ Grade

In both groups, all preschool children were divided into low to high grades of the NQ according
to their nutritional status (Figure 2). The NQ grades differed significantly between the IG and the CG
only after the intervention (p = 0.000). At baseline, 26.8% of participants were in the low, 53.6% in
the medium, and the rest of the participants were in the high grade of the NQ in the IG. After the
intervention, only 11.9% of the low and 69.8% of the medium participants were observed in the IG.
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4. Discussion

The present study evaluated the effectiveness of a 10-week nutrition-themed intervention to
improve the eating habits and nutritional status of preschool-aged children attending daycare centers or
kindergartens in South Korea. The intervention targeted the daycare and kindergarten curriculum and
provided teacher support. Certain healthful dietary behaviors, such as increasing fruit consumption
and reducing energy-dense food and snack consumption, were improved in the IG compared to the
CG. However, none of the mean differences in anthropometric variables (BMI, BMI-z, BMI-SDS) were
found to differ between the IG and the CG in the regression model. These findings suggest that a
school-based intervention involving teacher training, educational materials, and activities improved
the nutritional status of preschool-aged children and promoted food-related behaviors that prevent
childhood obesity.

Globally, 42 million children under the age of 5 years are overweight or obese [22]. A recent
population-based longitudinal childhood obesity study described the persistence of excess weight
gained between the ages of 4 and 6 years [23]. A higher BMI caused by excessive fat accumulation
in early childhood hastens the onset of obesity and non-communicable diseases (NCDs) later in life.
Previous systematic reviews have suggested that school-based childhood obesity prevention studies
can effectively reduce the proportion of overweight children [24,25]. Another study demonstrated that
the mean BMI z-score was non-significantly lower in the intervention arm after an obesity prevention
program delivered through a school [26]. In line with this finding, none of the mean differences in
anthropometric measures differed between the groups in the present study; however, the BMI status of
each group was significantly lower after the program. This might be explained by natural growth and
seasonal changes that contribute to the development and weight status of young children. Additionally,
within each ECES, the children and class teachers of the two groups mixed frequently for school
activities and lunch. This may have motivated children in the CG to improve their weight status. Both
IG and CG were in a normal weight status before and after the 10-week intervention study. It showed
the harmless and valuable sides of the MX-program to promote physical growth and development in
preschool children.

According to the World Health Organization (WHO, 2017), a healthful diet and lifestyle are key
factors within a sustainable supportive environment and community [27]. It is well known that young
children’s unhealthy eating habits and food choice are connected to long-term health consequences on
mortality and morbidity in adulthood [28]. Howerton and colleagues analyzed seven previous studies
and found that nutrition education effectively reduced unhealthy dietary behaviors in children [29].
Consistent with this, reduced unhealthy dietary behaviors, such as high intakes of discretionary
foods, fast foods, and instant noodles, and increased V/F and dairy food consumption, [12–14] and
nutrition knowledge score and nutritional status with balanced and regular diet were reported after
the educational intervention in South Korea. Likewise, in preschool-aged children from our study,
healthful dietary behaviors were improved in the IG, while unhealthful eating habits were reduced.
Previous studies were implemented in a childcare center with only 6-year-old children [12] or focusing
on only single content-V/F consumption [13,14]. In the present study, a large number of 4 to 5 preschool
children participated in a nutritional theme-based MX-program for 10 weeks to promote children’s
nutritional status and eating behaviors. Nutritional improvement in young children’s eating habits,
dietary intake, and V/F intake, and decreased intake of total fat and saturated fat, fewer sweeten
beverages, and poor energy dense and nutrient foods were effective dietary outcomes in the preschool
setting intervention to prevent diet-related disease, including childhood obesity [15]. Therefore, our
study showed the effectiveness of the nutritional intervention focusing on food and dietary factors.

In 2014, a 6-week MX intervention program was adapted from the original NASA Mission X
(MX) program to prevent obesity among 5-year-old preschool children in South Korea [17]. Desirable
improvements in dietary balance, healthful food intake, and nutritional knowledge were found in
young children in that study. Consistent with this previous research, we found that the total NQ
score (the diversity and practice factors in particular) increased only in the IG after the intervention.
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In addition, 15% of the children in the IG with a low score improved to the medium score, while no
change in score was observed in the CG. Meanwhile, increased consumption of fast food and late-night
snacks was found in the CG. These results indicated the feasibility of preventing childhood obesity by
reducing unhealthy eating behaviors in young children.

Overconsumption of energy-dense and nutrient-poor foods is associated with increased risks of
obesity, cardiovascular disease, and metabolic abnormalities [30]. Although the childcare setting is a
unique place in which young children establish diet- and health-related behaviors, the home setting
remains the predominant environment for discretionary food intake to prevent childhood obesity [31].
Therefore, caregivers at home and class teachers in ECES should share the responsibility of fostering
healthful dietary habits in preschool-aged children.

The US MX program addresses healthful eating and fitness through the theme of human space
exploration [16]. The content of this program is flexible, with various MX activities and web-based
materials that can be modified and implemented in different settings at no cost. ECES could be
an opportune setting for the modification of diet- and health-related behaviors in a large number
of preschool children to support their healthy growth and development [3]. Previous systematic
reviews have found that interventions in ECES significantly improved young children’s fruit and
vegetable intake [32,33] and reduced their total and saturated fat intake. In particular, multicomponent
interventions addressing both dietary and physical activity behaviors led to significant changes in
children’s weight status [29]. However, no differences in anthropometric outcomes have been reported
compared with strategies delivered by professionals. Even fewer positive diet-related outcomes
have been found in childcare educator-led studies [30]. Another previous study, educational training
and technical assistance of multi-component intervention, was supportive of implementation by
organizing obesity-related food availability, classroom activities, and practices [34]. Additionally,
teachers’ knowledge and self-efficacy affect the improvement of the health and nutritional status of
preschool children by facilitating a nutrition and PA promoting environment in their classroom. The Toy
Box-study reported that health promotion efforts with a multifactorial evidence-based approach and
obesity prevention strategies by employing behavioral models found that increased the total diet
quality and dietary equilibrium in the intervention group of European preschool children [35–37].

For the educational component, staff group education and training sessions with educational
materials and activities are mostly used in childcare settings [38]. The present nutrition-themed MX
program for young children was delivered by a nutrition professional team together with class teachers
for the 10-week intervention period. Curricula promoting healthful behaviors, such as eating balanced
meals, understanding the importance of water, consuming calcium-rich foods, and eating healthy
foods and snacks, were designed to help children make good lifestyle choices related to food and
nutrition. These nutrition-themed sessions may have helped the children to choose foods based on the
role-model of an astronaut with a real training course. Furthermore, these themes allowed teachers
to reinforce the nutrition concepts in their own classes. During the 10-week intervention with four
different food- and nutrition-related strategies, preschool children played games (pairing food items
based on the five food groups, hydrating an astronaut), observed examples (simulated urine samples,
different bone shapes and structures), and discovered the fat and sugar contents of food items. This
complementary delivery system effectively improved diet-related behaviors in young children.

A major strength of this study is that it is the first to promote healthful dietary behaviors in South
Korean preschool-aged children by adapting four nutrition-related components of the NASA MX
program with the cooperation of ECES class teachers. This study demonstrated that obesity-related
constructs in a nutrition-themed approach could be implemented by nutrition staff and trained
teachers using educational materials, science-based experiments, and games/activities. Lastly, the same
nutrition sessions, activities, and materials were provided to the CG by the nutrition team staff after
the 10-week intervention.

Nevertheless, there were a few limitations to the present study. The participating preschool-aged
children were stratified sampled from middle-income households in only one region within the
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Gyeonggi area of Korea. This might limit the generalizability of our findings to other childcare settings,
regions, or socioeconomic classes of other countries. However, we recruited two types of preschools,
which is representative in Korea. Although some of the findings were favorable, children’s dietary
behaviors were assessed based on their parents’ self-report of NQ to improve the rate of response.
Further tools with ease of access are needed to evaluate the nutritional status of young children in
school settings.

5. Conclusions

In conclusion, the effectiveness of a 10-week South Korean NASA MX-based program was
evaluated by using NQ, 3% of the total NQ score, and 20% of the medium grade nutritional status of
young children aged 4 to 5 years in the IG after the intervention program. This finding indicated that
the effectiveness of a teacher-led NASA MX-based program, which is focused on learning the science
behind nutrition and physical activities. This easily acceptable program, such as web interactive
education materials focusing on fitness and health, can be an effective means of improving nutrition and
health-related behaviors in the school or community setting. Sustainable and multisector prevention
programs need to be implemented to promote early childhood development, healthy eating behavior,
and an active lifestyle in real-life settings.
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