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ABSTRACT Background and purpose. The association between the experience of nutrition 

teacher’s class (NTC) during elementary school and dietary pattern in adolescence remains unclear. 

This study aimed to explore the association between receiving a nutrition teacher’s class (NTC) 

during elementary school and dietary patterns in adolescence. Methods. This study participants 

were one high school students comprising 352 boys and 321 girls recruited between May and July 

2020.Data on the experience of receiving NTC and individual characteristics were obtained using 

self-administered questionnaires. Dietary intake data were obtained using a validated brief-type 

self-administered diet history questionnaire for elementary to high-school-age students 

(BDHQ15y). Dietary patterns were identified using principal component analysis with varimax 

rotation performed using 67 food and beverages items from the BDHQ15y stratified by sex. 

Multiple logistic regression analysis (p < 0.05) was used to analyze the proportion of high dietary 

pattern scores more than 75 percentile based on the experience of receiving NTC. Result. After 

adjusting potential confounding factors, among the students who received NTC, the odds ratio 

(OR) of a high score of healthy Japanese dietary pattern in boys was 1.85 (95% confidence interval, 

1.09–3.15), and that of the snack foods pattern in girls was 0.52 (95% confidence interval, 0.31–

0.90) compared with those who did not receive NTC. Conclusion. Receiving NTC during 

elementary school may improve dietary patterns in adolescence. 
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INTRODUCTION 

Nutrition education aims to improve 

dietary habits, behaviors, nutrition literacy, and 

lifestyle, contributing to human health. In particular, 

nutrition education has been counteracting health 

problems such as overweight and obesity in 
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elementary school-age students.1 Therefore, the 

nutrition education program has been increasingly 

adopted in the school curricula worldwide.2-6  

 A previous interventional study reported 

that nutrition education classes and farm tours 

increase knowledge of vitamins and minerals and 
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improve vegetable consumption behavior among 

elementary school students.7 Another interventional 

study suggested that both lecture- and experience-

based nutrition education methods improved dietary 

habits and nutritional knowledge among elementary 

school students after being followed.8 In addition, 

nutrition education interventions for elementary 

school students and their parents have improved their 

nutrition label literacy.9 However, the above evidence 

indicates a short-term positive effect of nutrition 

education on students. Although an interventional 

study with 1-year follow-up revealed that nutrition 

education positively affects body mass index (BMI),10 

limited long-term studies exist.  

 In Japan, nutrition education has been 

called “Shokuiku,” and the Basic Act on Shokuiku 

(Food and Nutrition Education) was established in 

2005.11 Shokuiku mainly targets primary and middle 

school students to obtain knowledge of and ability to 

choose appropriate food and nutrition through their 

experiences that aim to develop children’s cultivation 

of humanity and acquisition of life skills. To enhance 

school-based Shokuiku programs, the Diet and 

Nutrition Teacher System was established in April 

20072 and has been conducted in Japan since then. An 

interventional study in Japanese elementary schools 

indicated that a school-based nutrition education 

program, including a 45-minute lecture and 

homework, increased the knowledge level among 

students.12 Moreover, one cross-sectional study 

suggested that people who received nutrition 

education at elementary and middle school tended to 

have a more positive attitude toward nutrition 

education.13 However, the effect of nutrition education 

during elementary school age on dietary patterns in 

adolescence remains unclear. 

Systematic reviews have reported that 

unhealthy dietary patterns during childhood and 

adolescence are related to the risk of cardiometabolic 

alterations,14,15 waist circumference, blood pressure,14 

and higher levels of several pro-inflammatory 

biomarkers.16 Therefore, improving unhealthy dietary 

patterns during childhood and adolescence is 

important to future health outcomes. Providing 

nutrition education during elementary school days 

may be a beneficial strategy for establishing good 

dietary patterns in adulthood. This study thus aims to 

explore the association between the experience of 

receiving nutrition education from nutrition teachers 

in elementary school and dietary patterns in 

adolescence among Japanese high school students. 

 

METHODS 

Study Population 

The students of 10th–12th grades in a private high 

school in Hokkaido, Japan, were recruited between 

May and July 2020 for this study. We administered a 

self-administered anonymous questionnaire and 

requested the participants to fill it out and return it via 

a class teacher. Questionnaires were filled out 

anonymously. We explained the purpose of the survey 

and obtained oral informed consent to the participants 

face-to-face in their classrooms. This study was 

conducted in accordance with the guidelines of the 

Declaration of Helsinki, and the study protocol was 

approved by the Ethics Committee of Rakuno Gakuen 

University (2020, No.20-2).  

Data Collection and Measures 

The question asked to the participants regarding their 

experience of nutrition teacher’s class (NTC) during 

elementary school was, “Did you receive nutrition 

education from nutrition teachers during elementary 

school?” The participants responded yes, no, or 

unknown. For lifestyle factors and individual 

characteristics, we recorded living arrangement (with 

family or dormitory), school club activity 
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(participating or not participating), frequency of 

breakfast (every day, 4–6 days/week, 2–3 days/week, 

or ≤1 day/week), and having anemia (yes or no). A 

previous scoping review reported that parental 

involvement is one of the dominant teaching strategies 

for nutrition education programs.17 Thus, participants 

were asked whether their parents are interested in 

“Shokuiku” by participants answering yes or no. A 

validated brief self-administered diet history 

questionnaire (BDHQ)18 was used to assess the 

preceding month’s dietary intake of elementary-to-

high-school-age students (BDHQ15y) regarding the 

consumption frequency of 67 foods and beverages 

commonly consumed by the Japanese population. 

Total daily energy intake was calculated based on 

daily food intake information and the Japanese food 

composition table.19 We obtained the height and body 

weight data from participants who answered questions 

present in the BDHQ15y. Body mass index (BMI) was 

calculated as weight (kg) / height (m).2 

Dietary Pattern 

Dietary patterns were identified by principal 

component analysis with varimax rotation, which was 

performed using 67 food and beverages items from the 

BDHQ15y. Referring to previous studies using the 

BDHQ,20-22 we applied dietary patterns by considering 

eigenvalues, scree plots, and extracted factor 

interpretability. Dietary pattern scores were calculated 

by summing the factor loadings weighted by daily 

food intake. Factor loadings indicated positive or 

negative associations with the dietary patterns. Food 

with a positive factor loading indicated a positive 

association with dietary patterns; conversely, food 

with a negative factor loading was negatively 

associated with dietary patterns. A high dietary pattern 

score indicated sufficient adherence to dietary patterns. 

Dietary patterns were analyzed according to sex. 

Outcome Measures 

We assessed the outcome measures using a high 

dietary pattern score. A high dietary pattern score was 

defined as 75 percentiles or higher scores in the 

distribution of each dietary pattern score. 

Statistical Analyses 

We categorized the distribution of lifestyle factors and 

individual characteristics based on the experience of 

receiving NTC in elementary school into two groups: 

no or unknown and yes. A logistic regression model 

was used to calculate the odds ratios (ORs) (95% 

confidence intervals (CIs)) of a high score of each 

dietary pattern scores based on the experience of 

receiving NTC after adjusting for potential 

confounding factors. We selected confounding factors 

using an analytical framework for a directed acyclic 

graph (DAG),23 which applied a minimum adjustment 

model (Figure 1). The multivariable-adjusted model 

included grade, school club activity, anemia, and 

interesting to “Shokuiku” in parent. All analyses were 

performed using JMP Pro 12.1.0 software (SAS 

Institute Inc. Cary, NC, USA). The level of 

significance was set at p < 0.05. 

 

RESULTS 

A total of 826 individuals were eligible for study 

participation, and 764 participants (92.5%) returned 

the questionnaire. Of them, participants with missing 

data on height and body weight (n =14), those with 

less than 600 kcal or 4,000 kcal or more of total energy 

intake (n = 59), and those who did not answer 

questions about their experience of receiving NTC 

during elementary school (n = 18) were excluded from 

this study. Thus, 673 participants (352 boys and 321 

girls) were included in the final analysis. 

The characteristics of the study participants, 

grouped based on their experience of receiving NTC 

in elementary school, are presented in Table 1. 

Regarding the experience of receiving NTC, 54.5% 
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were boys and 61.1% were girls. Among boys, those 

who had an experience of receiving NTC comprised a 

higher proportion of 10th-grade students, had 

breakfast every day, and had a lower participation 

proportion in school club activities than those who had 

not received NTC. Among girls who had an 

experience of receiving NTC, the prevalence of 

anemia was higher than that of those who had not 

received NTC.  

Table 2 presents the factor loading matrix for 

the major dietary patterns among boys identified by 

principal component analysis. The first factor was a 

healthy Japanese dietary pattern characterized by a 

high intake of fish, diverse vegetables, mushrooms, 

seaweed, and soybean products such as natto and tofu. 

The second factor was the high intake of 

confectioneries, noodles, and fats such as butter and 

margarine, named as snack foods pattern. The third 

factor was the animal food pattern characterized by a 

high meat intake, such as chicken, pork, beef, yogurt, 

and cheese. The first to third dietary patterns 

accounted for 8.4, 5.8, and 4.8%, respectively, of the 

variance in food intake and explained 19.0% of the 

variability. 

Table 3 presents the factor-loading matrix for 

the major dietary patterns among girls identified by 

principal component analysis. The first and third 

factors of the snack foods pattern in girls represented 

similar results to the first and second factors of the 

healthy Japanese dietary pattern in boys. However, the 

second factor, named the Japanese breakfast pattern, 

is characterized by a high intake of eggs, soybean 

products, vegetable pickles, fruits, yogurt, and cheese. 

The first to third dietary patterns accounted for 8.1, 4.9, 

and 4.8%, respectively, of the variance in food intake 

and explained 17.8% of the variability. 

Table 4 presents the ORs (95% Cis) for the 

proportion of a high-score group of each dietary 

pattern among boys and girls. Among boys, after 

adjusting for all related variables, the OR higher than 

the median value for healthy Japanese pattern score in 

those who had an experience of receiving NTC was 

1.85 (95% CI, 1.09–1.85) compared with those who 

had not received NTC. Among girls, after adjusting 

for all related variables, the OR higher than median 

value for snack foods pattern score in those who had 

an experience of receiving NTC was 0.52 (95% CI, 

0.31–0.90) compared with those who had not received 

NTC.
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Figure 1. Analytical framework selected confounders using a DAG 

NTC: Nutrition teacher’s class; BMI: Body Mass Index;  

Shokuiku: A common name the nutrition education in Japan  
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Grade 10th 58 ( 36.3 ) 103 ( 53.7 ) 52 ( 41.6 ) 91 ( 46.4 )

11th 45 ( 58.1 ) 45 ( 23.4 ) 34 ( 27.2 ) 56 ( 28.6 )

12th 57 ( 35.6 ) 44 ( 22.9 ) 39 ( 31.2 ) 49 ( 25.0 )

BMI (kg/m
2
) <18.5 20 ( 12.5 ) 29 ( 15.1 ) 14 ( 11.2 ) 22 ( 11.2 )

18.5～24.9 123 ( 76.9 ) 144 ( 75.0 ) 102 ( 81.6 ) 162 ( 82.7 )

≥25.0 17 ( 10.6 ) 19 ( 9.9 ) 9 ( 7.2 ) 12 ( 6.1 )

Living arrangement With family 117 ( 73.1 ) 136 ( 71.2 ) 83 ( 66.4 ) 134 ( 69.0 )

Dormitory 43 ( 26.9 ) 55 ( 28.8 ) 42 ( 33.6 ) 60 ( 30.9 )

School club activity Participating 69 ( 44.0 ) 65 ( 34.2 ) 47 ( 38.2 ) 87 ( 44.9 )

Not participating 88 ( 56.1 ) 125 ( 65.8 ) 76 ( 61.8 ) 107 ( 55.2 )

Having breakfast Everyday 80 ( 50.0 ) 112 ( 58.3 ) 71 ( 56.8 ) 107 ( 54.6 )

4–6 days/week 14 ( 8.8 ) 20 ( 10.4 ) 14 ( 11.2 ) 24 ( 12.2 )

2–3 days/week 34 ( 21.3 ) 26 ( 13.5 ) 15 ( 12.0 ) 34 ( 17.4 )

≤1 day/week 27 ( 16.9 ) 34 ( 17.7 ) 24 ( 19.2 ) 30 ( 15.3 )

Unknown 5 ( 3.1 ) 0 ( 0.0 ) 1 ( 0.8 ) 1 ( 0.5 )

Anemia 19 ( 12.5 ) 17 ( 9.1 ) 14 ( 11.3 ) 39 ( 19.9 )

Parents are interested in "Shokuiku" Yes 107 ( 67.7 ) 126 ( 66.0 ) 88 ( 71.5 ) 137 ( 69.9 )

No 51 ( 32.3 ) 65 ( 34.0 ) 35 ( 28.5 ) 59 ( 30.1 )

An experience of received NTC

Boys (n =352 ) Girls ( n = 321)

Data are mean and standard deviation or n (%).

NTC: Nutrition teacher's class

Table 1 Characteristics of the 673 high school students according to experience of received nutrition teacher's class during elementary school

YesNo or unknown

n = 192n = 160 n = 196n = 125

YesNo or unknown
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Healthy Japanese Snack foods Animal foods

Chicken -0.31 0.57

Pork and beef 0.59

Ham, sausages and bacon 0.64

Liver 0.26

Squid, octopus, shrimp and clam 0.40

Small fish with bones 0.34

Canned tuna 0.28

Dried fish and salted fish 0.28

Oily fish 0.42

Non-oily fish 0.39

Seafood paste products 0.30

Eggs 0.38

Tofu and tofu products 0.40

Natto 0.35

Salted green and yellow vegetable pickles 0.45

Other salted vegetable pickles 0.34

Raw cabbage and lettuce 0.51 -0.27

Green leafy vegetables 0.60

Cabbage 0.66

Carrots and pumpkins 0.60

Radishes and turnips 0.59

Other root vegetables 0.57

Boiled tomato and stewed tomato 0.34

Mushrooms 0.60

Seaweeds 0.51

Cakes, cookies and biscuits 0.57

Japanese sweets 0.54

Rice crackers 0.49

Ice cream -0.28 0.54

Snacks made from wheat flour 0.61

Chocolates 0.26

Buckwheat noodles 0.27

Japanese wheat noodles 0.26

Chinese noodles 0.39

Spaghetti and macaroni 0.33

French fries and potato chips 0.49

Potatoes 0.39

Butter 0.46

Margarine 0.40

Rice -0.49 -0.60

Miso soup 0.26 -0.28 -0.46

Yoghurt 0.43

Cheese 0.49

Water -0.28 -0.26

Table 2 Factor loading matrix for major dietary patterns identified by principal component analysis

among boys

Factor loadings less than ±0.25 shown by a blank for simplicity.

Natto: Fermented soyabeans; Tofu: Soyabean curd
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Healthy Japanese Japanese breakfast Snack foods

Pork and beef 0.28

Ham, sausages and bacon 0.43

Squid, octopus, shrimp and clam 0.30

Oily fish 0.32 -0.26

Non-oily fish 0.28

Seafood paste products 0.36

Eggs 0.50

Tofu and tofu products 0.39 0.27

Natto 0.41

Salted green and yellow vegetable pickles 0.33 0.31

Other salted vegetable pickles 0.26

Raw cabbage and lettuce 0.69

Green leafy vegetables 0.71

Cabbage 0.73

Carrots and pumpkins 0.75

Radishes and turnips 0.70

Other root vegetables 0.56

Boiled tomato and stewed tomato 0.33 0.27

Mushrooms 0.53

Seaweeds 0.55

Cakes, cookies and biscuits -0.47

Snacks made from wheat flour -0.46 0.32

Chocolates -0.51

Citrus fruit including oranges 0.32

Strawberries, persimmons and kiwi

fruit 0.53

Other fruits 0.44

Breads -0.27

Japanese wheat noodles 0.36

Chinese noodles 0.38

Spaghetti and macaroni 0.30

French fries and potatoe chips 0.40

Potatoes 0.34

Butter 0.29

Mayonnaise 0.42

Tomato ketchup 0.29

Worcestershire sauce and soy sauce 0.29 0.33

Rice -0.67

Miso soup -0.38

Yoghurt 0.44

Cheese 0.32

Cola and sweetened soft drinks -0.27

Table 3 Factor loading matrix for major dietary patterns identified by principal component

analysis among girls

Natto: Fermented soyabeans; Tofu: Soyabean curd

Factor loadings less than ±0.25 shown by a blank for simplicity.
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DISCUSSION 

In the current study, we analyzed dietary patterns in 

adolescent high school students, grouped based on 

their experience of receiving NTC during elementary 

school. We observed that participants who received 

NTC exhibited higher scores for healthy Japanese 

dietary patterns among boys and lower scores for 

snack food patterns among girls than those who did 

not receive NTC. To the best of our knowledge, this is 

the first study to suggest an association between 

dietary patterns and the experience of receiving NTC 

in elementary school.  

A previous study on Japanese university 

students suggested that those with experience 

receiving NTC during elementary school had a higher 

intake of vegetables and eggs than those who did not 

receive NTC,24 which is similar to the results of the 

present study. However, few reports exist on the long-

term effects of nutrition education on dietary patterns 

from school age to adolescence. A prospective study 

that underwent a 2-year follow-up indicated that 

increased fruit and vegetable intake followed the 

nutrition education intervention among elementary 

school students.25 In addition, a recent cohort study in 

the age range of 14 to 22 years reported that a 

defective dietary pattern established in adolescence 

may continue into young adulthood.26 These studies 

support our findings. 

The association between an experience of 

receiving NTC during elementary school and dietary 

patterns in this study showed different trends among 

boys and girls. A previous systematic review among 

adolescents reported that unhealthy dietary patterns 

characterized by energy-dense snacks, fatty foods, and 

animal foods are associated with a risk of overweight 

and obesity; conversely, healthy dietary patterns such 

as vegetables, fruits, and fish may reduce that risk.27 

Therefore, participants with experience of receiving 

NTC can be considered focusing on eating healthy 

foods, as seen among boys, and reducing snack foods, 

as observed in girls. In addition, a previous cross-

sectional study suggested that girls tend to eat more 

Yes

Boys

 Healthy Japanese 1.00 ( reference ) 1.85 ( 1.09 – 3.15 ) 0.023

 Snack foods 1.00 ( reference ) 1.05 ( 0.62 – 1.79 ) 0.849

 Animal foods 1.00 ( reference ) 1.02 ( 0.61 – 1.70 ) 0.946

Girls

 Healthy Japanese 1.00 ( reference ) 1.19 ( 0.49 – 1.45 ) 0.533

 Japanese breakfast 1.00 ( reference ) 1.23 ( 0.71 – 2.15 ) 0.456

 Snack foods 1.00 ( reference ) 0.52 ( 0.31 – 0.90 ) 0.019

NTC: Nutrition teacher's class

*
A high dietary pattern scores was defined as 75 percentile or more in distribution of each

dietary pattern score.

Adjusted for grade, school club activity, anemia and parents are interested in "Shokuiku"

Table 4 Odds ratio and 95% confidence interval for proportion of each high dietary pattern

scores according to experience of received nutrition teacher's class during elementary

school
*

n = 192

n = 196

No or unknown

n = 160

n = 125

An experience of received NTC
P
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snacks while watching television than boys.28 In the 

present study, despite girls having a higher intake of 

vegetables, fish, eggs, and confectioneries, and had a 

lower total energy intake than boys (Data not shown). 

Therefore, the gender difference observed in the 

association between the experience of receiving NTC 

and the dietary pattern is primarily the disparities in 

dietary behaviors and food preferences between boys 

and girls. 

Primary and middle schools in Japan 

constitute 6,924 nutrition teachers,29 accounting for 

approximately 24.0% of the assigned nutrition 

teachers. Schools in Japan still have the vacancy to 

assign more nutrition teachers. Therefore, the 

Japanese government need to promoting increased 

employment of nutrition teachers to enhance NTC, 

contributing to future health for Japanese and not only 

improving dietary patterns among primary and middle 

school students. 

In the present study, notably, we have 

assessed dietary intake using BDHQ15y and 

estimated dietary patterns using principal component 

analysis. Dietary patterns determined by the factor-

loading matrix of food items are useful for 

understanding the dietary characteristics of 

adolescents. We also detected dietary patterns 

stratified by sex, which assessed the characteristics of 

the association between NTC received during 

elementary school and dietary patterns in adolescence. 

Further, we adjusted for confounding factor 

characteristics of high school students, such as grade, 

living arrangement, and club activity. The present 

study survey had a high response rate of 92.5%, which 

is noteworthy. However, this study has some 

limitations. First, we only collected subjective data on 

whether the participants received NTC during 

elementary school; quantitative data regarding the 

NTC frequency and content were not obtained. 

Therefore, we could not evaluate the quantitative data 

on the relationship between receiving NTC and 

dietary patterns. Second, we did not obtain data on 

parental dietary behaviors and nutrition literacy. 

Parental dietary behavior and whether they received 

adequate nutrition education are significantly 

associated with dietary patterns among their 

children.30-33 However, we analyzed that adjusted for 

the factor parents are interested in “Shokuiku”, 

reduced the bias of the involved parent, and reinforced 

the validity of the study findings. Finally, the 

relatively small sample size may have affected the 

statistical power of the analysis. Therefore, further 

studies with larger sample sizes are warranted. 

In conclusion, the current study demonstrates 

that the experience of receiving NTC during 

elementary school is related to dietary patterns in 

adolescence. Enhancing NTC through the elementary 

school curriculum may improve literacy regarding 

healthy food choices among adolescents in the future. 

Present study may useful to educationists or policy 

makers formulate policy, systems for an effective 

nutrition program that may develop children’s 

physical and mental growth. However, the effect of 

receiving NTC in elementary school on health 

outcomes after adolescence requires further 

investigation. 
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