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Abstract: Few young Japanese adults regularly consume a well-balanced diet composed of staples,
main courses, and sides. We hypothesised that adopting the recommended planetary health diet
with regular breakfast consumption would promote well-balanced diets among young Japanese
male undergraduates. This study aimed to examine the structural association between the planetary
health diet with regular breakfast consumption and a well-balanced diet intake. This cross-sectional
study included 142 male engineering undergraduates who completed a 2022 online questionnaire
via Google Forms at a public university in Hyogo Prefecture. The planetary health diet comprises
the consumption of the recommended eight items. A covariance structure analysis was performed in
a hypothetical model with factors (regular breakfast consumption and eight items) potentially asso-
ciated with the intake of a well-balanced diet at least twice daily. After excluding chicken dishes and
nuts from the eight recommended items of the planetary health diet, goodness-of-fit became accept-
able. Frequent consumption of the remaining six recommended items (fish, eggs, soybeans/soybean
products, dairy foods, vegetables, and fruits) was significantly positively correlated with regular
breakfast consumption and a significant positive path to a well-balanced diet. Among male uni-
versity students, regular breakfast consumption and the planetary health diet may lead to a well-
balanced diet.

Keywords: Japanese male undergraduates; planetary health diet; eating breakfast; healthy diets;
dietary quality; health behaviour

1. Introduction

The food-based dietary guidelines issued in 2000 (partly revised in 2016) for the Japanese
population [1] recommend well-balanced meals comprising staples (cereal grains), main
courses (proteins), and sides (vegetables). Furthermore, the ‘Japanese Food Guide Spin-
ning Top” was devised in 2005. Mortality risk from cardiovascular [2,3] and cerebrovascu-
lar [3] diseases decreased in individuals who adhered to the sex- and age-recommended
daily amounts of various food groups, as indicated in the 2005 Japanese Food Guide Spin-
ning Top [4]. The Japanese government has set a goal to ensure that the proportion of
Japanese people who consume meals comprising staple foods, main courses, and side
dishes at least twice daily increases to at least 50% of the population by 2025. However,
the percentage in 2020 remained low at 36.4% [5]. The Hyogo Nutrition and Diet Survey
conducted in 2021 showed that among respondents aged >20 years, compared with males
and females aged 60-69 years (38.9% and 47.3%, respectively), the proportion of those who
consumed meals that comprised staples, main courses, and side dishes at least twice a
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day on ‘6 or 7 days per week’ was the lowest among males and females aged 20-29 years
(26.5% and 25.8%, respectively), followed by males and females aged 30-39 years (27.4%
and 32.7%, respectively); the proportion was the lowest among the younger generation [6].

Besides the problem of not consuming well-balanced diets, younger adults have an-
other problem: skipping breakfast. Daily breakfast consumption is recommended by health
and nutrition professionals and governments worldwide [7]. Consuming breakfast is as-
sociated with better dietary quality [8,9] and helps prevent stroke in Japan [10]. According
to a survey from 28 countries, skipping breakfast was associated with inadequate fruit and
vegetable intake, frequent soft drink intake, not avoiding fat and cholesterol, current binge
drinking, less healthy lifestyles, mental problems, and poor academic performance [11].
It has also been reported that female sex, smoking, night eating syndrome, poor sleep
quality, and being overweight/obese are associated with a higher likelihood of skipping
breakfast [12]. Skipping breakfast decreased the HEI-2010 component scores for total fruit,
whole fruit, whole grains, total dairy, and empty energy and increased the scores for total
vegetables and refined grains [9]. However, decreasing breakfast consumption has been re-
ported in many countries [13]. Similarly, Japan is not exempt from this behaviour; accord-
ing to the 2017 National Health and Nutrition Survey [14], the percentage of individuals
who skipped breakfast was the highest in males and females aged 20-29 years (30.6% and
23.6%, respectively). The Hyogo Nutrition and Diet Survey conducted in 2021 [6] showed
that among the respondents aged > 20 years, the proportion of those who ate breakfast ‘6
or 7 days per week’ was the lowest among males, compared with females, aged 20-29 years
(47.0% vs. 64.9%). It has been suggested that not only unhealthy lifestyles and eating habits,
but also low health awareness, are associated with the habit of skipping breakfast among
Japanese university students [15].

The United Nations” Sustainable Development Goals (SDG) [16] necessitate a transi-
tion to sustainable food systems, which involves major improvements in food production
practices, a substantial shift toward mostly plant-based diets, and marked reductions in
food loss and waste [17], to reduce environmental impacts and achieve a better food fu-
ture. The EAT-Lancet Commission confirmed the need for a shift toward the planetary
health diet [18]; accordingly, the Sustainable Healthy Diets Guiding Principles [19] were
published by the WHO in 2019. Moreover, food-based dietary guidelines implemented
with the assistance of the Food and Agriculture Organization of the United Nations (FAO)
incorporate the need for sustainability. Thus, the planetary health diet is recommended
to achieve the SDGs worldwide. A recent survey in Japan [20] showed an SDG awareness
rate of 86.0%, which had increased by more than 30% and approximately six times from
that in the fourth and first surveys conducted in January 2021 and February 2018, respec-
tively. When stratified by sex and age, SDG awareness was higher among teenage males
(94.6%) and those in their 30s (91.8%). Therefore, relatively young adults are expected
to be slightly more interested in planetary environment-related issues rather than health-
related issues. As breakfast consumption has been associated with better dietary qual-
ity [8,9], we hypothesised that combined adherence to the recommended planetary health
diet and regular breakfast consumption might promote the adoption of a well-balanced
diet among young Japanese males. This theory indicates the need to examine the associ-
ations of planetary health diet consumption with regular breakfast consumption and the
intake of a well-balanced diet to promote a healthy diet among young adults. However,
few studies have examined the association between recommending the planetary health
diet and the consumption of a well-balanced diet. In addition, few studies have comprehen-
sively examined the relationship between regular breakfast consumption and adherence
to the planetary health diet and a well-balanced diet.

In this study, we aimed to comprehensively examine the associations between regular
breakfast consumption and adherence to the planetary health diet and well-balanced diets
among Japanese male university students. The planetary health diet encompasses foods
recommended to achieve the SDGs, and this study assessed the association of the planetary
health diet and eating breakfast with consuming a well-balanced diet in this demographic.
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Recommending the planetary health diet [18,21] should aid in promoting a healthy diet and
ameliorating prevalent issues [6,14], such as poorly balanced diets and irregular breakfast
habits among young adults.

2. Materials and Methods
2.1. Study Design and Participants

This study was conducted at a public university in Hyogo Prefecture, Japan. The pop-
ulation of this study consisted of engineering students aged 18-24 years (the total number
of the enrolled engineering students was 1624: 1397 males and 227 females). Because the
proportion of males aged 20-29 years who ate breakfast ‘6 or 7 days per week’ was lower
than that of females [6], we targeted the engineering students, many of whom were male,
in this study. In this study, we recruited students only through a university portal site,
and by use of flyers and posters. We asked the university students to complete a ques-
tionnaire survey through the notice board of the university portal site and flyers with a
OR code for Google Forms. The response period was from 7 November to 10 December
2022. Posters with QR codes were also displayed at conspicuous locations across the uni-
versity. In total, 222 students responded to the questionnaire. Among them, female stu-
dents (1 = 37) and those who had missing values were excluded, leaving 142 eligible male
students (age: 20.0 & 1.3 years) who were selected (80.6% valid response rate) for analysis
by non-probability.

This study was conducted in accordance with the tenets of the Declaration of Helsinki,
and all procedures were approved by the Ethics Committee of the University of Hyogo
(number 297: this study was approved on 14 November 2022). Information including the
purpose of the study, the right to refuse to participate, and the security of personal infor-
mation was provided to all participants before their participation in this study, and survey
respondents were considered to have consented to participate in this study.

2.2. Measures

The questionnaire was created by the first author by referencing the items of previous
studies and national/prefectural nutrition surveys. The second author evaluated the ques-
tionnaire, and then, all authors discussed and modified the items of the questionnaire. The
questionnaire used in this study included items pertaining to the respondents” character-
istics, including age, frequency of eating a well-balanced diet (6 or 7 days/4 or 5 days/2 or
3 days/<1 day/not at all), living arrangement (living alone or with family), regular exercise
(exercise for >30 min) (3 times per week for >1 year/2 times per week for >1 year/2 times
per week and <1 year continuously/once per week/little or no exercise/no exercise at all), fre-
quency of eating breakfast (6 or 7 days/4 or 5 days/2 or 3 days/<1 day/not at all), attempting
to consume an environmentally friendly diet (working on it already (>6 months)/working
on it already (<6 months)/intend to start soon (within 1 month)/intend to start soon (within
6 months)/interested but not working on it/not interested), and self-reported height and
body weight. Body mass index (BMI) was calculated as body weight (kg)/height (m)%. A
well-balanced diet was defined as the regular consumption of meals composed of staples
(cereal grains), main courses (proteins), and side dishes (vegetables) at least twice daily.

Food constituting the planetary health diet was defined according to the Japanese
food groups and diet with reference to a summary report of the EAT-Lancet Commis-
sion [21], excluding grains, which form a majority of the staple foods consumed in Japanese
diets [22], i.e., the consumption of three ‘limited intake” items (beef, pork, and potato
dishes) and eight ‘optional or emphasised food” items (chicken dishes, fish dishes, egg
dishes, soybeans/soybean products, nuts, dairy foods, vegetable-based dishes, and fruit).
In the Japanese food groups, among legumes, soybeans/soybean products were selected
as one of the emphasised items because they are the most consumed legumes [23]. The
students were asked to choose only one option for the frequency of each item and were
assigned scores as follows: 7 = at least twice daily, 6 = once daily, 5 =5 or 6 times/week,
4 =3 or 4 times/week, 3 =1 or 2 times/week, 2 = 1-3 times/month, and 1 = not at all for each
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item. The reliability of the 11-item (limited intake/optional or emphasised food) scale of
the foods constituting the planetary health diet was confirmed in this analysis (142 par-
ticipants) with a Cronbach’s alpha coefficient of 0.8, which is acceptable for internal con-
sistency. Item analysis revealed that when items were deleted, Cronbach’s alphas for all
but “chicken dishes” (0.806) fell between 0.769 and 0.793. The adjusted item total correla-
tions were slightly lower for “chicken dishes” at 0.216 but ranged from 0.375 to 0.636 for
the others.

2.3. Data Analysis

The mean values for age by well-balanced diet (eating a well-balanced diet regularly:
>4 days/week or not eating a well-balanced diet regularly: <3 days/week or less) were
compared by Student’s t-test, and proportions (BMI, living arrangement) by well-balanced
diet regularity were compared by the chi-square test. The variables of regular exercise,
frequency of eating breakfast, and attempt to consume an environmentally friendly diet
were analysed as an interval scale. Welch’s t-test was used to compare the above-specified
items by well-balanced diet regularity. Then, for the association between a well-balanced
diet and the planetary health diet, the dependent variable was the well-balanced diet, and
the independent variable was the planetary health diet. Binomial logistic regression anal-
ysis (forced entry method) was conducted with age and living arrangement (living alone
or with family) as adjustment factors, and odds ratios and 95% confidence intervals were
calculated. The dependent variable was 1 for eating a well-balanced diet regularly and 0
(standard) for not eating a well-balanced diet regularly. The independent variable was con-
sumption of each item of the planetary health diet “more than 3 times a week (only nuts:
>2 times/week)”, set to 1, and “less than 2 times a week (only nuts: <3 times/month)”, set
to 0 (standard).

We then developed an initial hypothetical model (Figure 1) associating a well-balanced
diet with the consumption of items from the planetary health diet (the eight items [optional
or emphasised]) and breakfast regularity as an effect modifier. We conducted a covariance
structure analysis to validate the hypothetical model. In the analysis, path direction, stan-
dardised estimates, the coefficient of determination, the goodness-of-fit index (GFI), the
adjusted GFI (AGFI), the comparative fit index (CFI), root mean square error of approx-
imation (RMSEA), and Akaike’s information criterion (AIC) were estimated. The model
was modified repeatedly by deleting non-significant paths until the best possible model fit
was achieved. We determined that the goodness of fit of the model was better when the
GFI, AGF], and CFI indices were >0.9, RMSEA was <0.05, and AIC was lower than that
of the other models. The sample size was calculated using RMSEA for the null hypothe-
sis, €0 < 0.1, and RMSEA for the alternative hypothesis, €1 = 0.01, with the power of the
not-close fit test = 0.8, the model degrees of freedom = 19, and a significance level of 5%,
resulting in the minimum sample size being 117 [24]. Statistical analyses were performed
using SPSS version 26 (IBM Japan, Ltd., Tokyo, Japan, 2019), with statistical significance
set at p <0.05.
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Planetary health

Breakfast regularity diets

Well-balanced diets

Figure 1. The initial hypothetical model associating well-balanced diets with the consumption of items
from the planetary health diet (the eight items [optional or emphasised]) and breakfast regularity. The
bidirectional arc arrow shows an association, and the straight arrows indicate significant paths.

3. Results

Table 1 shows the characteristics of the participants and the results of intergroup com-
parison stratified by regular consumption of a well-balanced diet. Comparisons of well-
balanced diet regularity showed a significant intergroup difference (p =0.016) in age (mean
age 19.8 years and 20.3 years, respectively) among participants with and without regular
well-balanced diet consumption. Among participants who consumed a well-balanced diet
regularly, those living with family accounted for the highest percentage (88.4%). In con-
trast, among participants who did not eat a well-balanced diet regularly, 50.7% lived alone,
with a significant intergroup difference (p < 0.001). Comparisons of well-balanced diet
regularity showed no intergroup difference in the frequency of attempts to eat a environ-
mentally friendly diet; however, there was a significant intergroup difference (p <0.001) in
the frequency of eating breakfast 6 or 7 days/week between participants with and without
regular well-balanced diet consumption (72.5% and 43.8%, respectively).

Table 1. Characteristics of participants and intergroup comparison stratified by well-balanced diet
regularity (n = 142).

Characteristics

Eating a Well-Balanced Not Eating a Well-Balanced

Total Diet Regularly ! Diet Regularly ! P
n 142 (100) 69 (48.6) 73 (51.4)
Age? 20.0 + 1.33 19.8 +1.25 20.3 +1.35 0.016
BMI 2, kg/m?
<185 21 (14.8) 9(13.0) 12 (16.4) 0.61
>18.5 and <25 113 (79.6) 55 (79.7) 58 (79.5)
>25 8 (5.6) 5(7.2) 34.1)
Living arrangement 3
Living alone 45 (31.7) 8 (11.6) 37 (50.7) <0.001
Living with family 97 (68.3) 61 (88.4) 36 (49.3)
Regular exercise (exercise for >30 min) *
3 times/week for >1 year 28 (19.7) 13 (18.8) 15 (20.5) 0.90
2 times/week for >1 year 19 (13.4) 11 (15.9) 8 (11.0)
2 times/week, <1 year continuously 22 (15.5) 9 (13.0) 13 (17.8)
Once per week 26 (18.3) 15 (21.7) 11 (15.1)
Little or no exercise 40 (28.2) 17 (24.6) 23 (31.5)
No exercise at all 7 (4.9) 4 (5.8) 34.1)
Eating behaviours
Frequency of eating breakfast 4
6 or 7 days/week 82 (57.7) 50 (72.5) 32 (43.8) <0.001
4 or 5 days/week 19 (13.4) 10 (14.5) 9(12.3)
2 or 3 days/week 17 (12.0) 34.3) 14 (19.2)
<1 day/week 7 (4.9) 2(2.9) 5(6.8)
Not at all 17 (12.0) 4(5.8) 13 (17.8)
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Table 1. Cont.
. Eating a Well-Balanced Not Eating a Well-Balanced
Characteristics Total Diet Regularly ! Diet Regularly ! P
Attempt to consume environmentally
friendly diet 4
Working on it already (>6 months) 14 (9.9) 8 (11.6) 6 (8.2) 0.53
Working on it already (<6 months) 14 (9.9) 8 (11.6) 6(8.2)
Intend to start soon (within 1 month) 8 (5.6) 4 (5.8) 4 (5.5)
Intend to start soon (within 6 months) 22 (15.5) 8 (11.6) 14 (19.2)
Interested, but not working on it 53 (37.3) 26 (37.7) 27 (37.0)
Not interested 31(21.8) 15 (21.7) 16 (21.9)

The data are expressed as mean =+ SE or n (%). ! Eating a well-balanced diet regularly: >4 days/week; not
eating a well-balanced diet regularly: <3 days/week. 2 Student’s t-test was used. ® Ratios were compared by
two independent sample chi-squared tests.  Welch'’s t-test was conducted, as the data were analysed as interval
scales (6 = 3 times/week for at least 1 year; working on it already (>6 months). 5 =2 times/week for at least 1 year;
6 or 7 days/week; working on it already (<6 months). 4 =2 times/week, <1 year continuously; 4 or 5 days/week;
intend to start soon (within 1 month). 3 = once per week; 2 or 3 days/week; intend to start soon (within 6 months).
2 = little or no exercise; 1 day/week or less; interested but not working on it. 1 = no exercise at all; not at all;
not interested).

The results of the binomial logistic regression analysis on the association between the
consumption of a well-balanced diet (more than 4 days a week/less than 3 days a week)
and the planetary health diet (frequent consumption of limited intake/optional or empha-
sised foods) are shown in Table 2. The odds ratios of those eating fish dishes more than
three times a week (odds ratio [95% confidence interval]: 2.76 [1.19, 6.39]), eating soy-
beans/soybean products more than three times a week (2.81 [1.42, 5.55]), eating vegetable-
based dishes more than three times a week (3.51 [1.61, 7.62]), and eating fruit more than
three times a week (3.34 [1.60, 7.00]) were significantly higher among those who consumed
a well-balanced diet regularly than among those who did not eat a well-balanced diet reg-
ularly. After adjusting for age and living arrangement (living alone or with family), those
eating fish dishes more than three times a week (3.01 [1.15, 7.88]), soybeans/soybean prod-
ucts more than three times a week (2.56 [1.20, 5.49]), and fruit more than three times a week
(2.29 [1.03, 5.12]) were significantly more likely to consume a well-balanced diet.

Table 2. The association between a well-balanced diet (more than 4 days a week/less than 3 days a
week) and the planetary health diet (frequent consumption of limited intake/optional or emphasised
food) (n = 142).

. Without Adjustment With Adjustment !
Characteristics Total OR [95% CI] p OR [95% CI] p
n 142 (100)
Beef dishes 2
At least twice daily 1(0.7)
Once daily 3(2.1)
5 or 6 times/week 7 (49) 1.09 [0.55, 2.17] 0.80 0.69 [0.32, 1.49] 0.34
3 or 4 times/week 39 (27.5)
1 or 2 times/week 53 (37.3)
1-3 times/month 34 (23.9) 1 1
Not at all 5 (3.5)
Pork dishes 2
At least twice daily 1(0.7)
Once daily 3(21)
5 or 6 times/week 6(4.2) 1.80 [0.89, 3.60] 0.10 1.58 [0.74, 3.39] 0.24

3 or 4 times/week

40 (28.2)
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Table 2. Cont.
. Without Adjustment With Adjustment !
Characteristics Total OR [950/]0 cIl P OR [9]5% 1 p
1 or 2 times/week 76 (53.5)
1-3 times/month 12 (8.5) 1 1
Not at all 4(2.8)
Potato dishes 2
At least twice daily 1(0.7)
Once daily 3(2.1)
5 or 6 times/week 11.(.7) 1.96 [0.96, 4.03] 0.066 1.63 [0.73, 3.61] 0.23
3 or 4 times/week 30 (21.1)
1 or 2 times/week 55 (38.7)
1-3 times/month 34 (23.9) 1 1
Not at all 8 (5.6)
Chicken dishes 3
At least twice daily 4(2.8)
Once daily 5(3.5)
5 or 6 times/week 14 (9.9) 1.11 [0.58, 2.15] 0.75 1.42[0.67, 2.98] 0.36
3 or 4 times/week 45 (31.7)
1 or 2 times/week 59 (41.5)
1-3 times/month 13 (9.2) 1 1
Not at all 2(1.4)
Fish dishes 3
At least twice daily 1(0.7)
Once daily 2 (1.4)
5 or 6 times/week 2(1.4) 2.76 [1.19, 6.39] 0.018 3.01[1.15, 7.88] 0.025
3 or 4 times/week 26 (18.3)
1 or 2 times/week 72 (50.7)
1-3 times/month 30 (21.1) 1 1
Not at all 9 (6.3)
Egg dishes 3
At least twice daily 4(2.8)
Once daily 22 (15.5)
5 or 6 times/week 27 (19.0) 1.55[0.76, 3.14] 0.23 1.30 [0.59, 2.88] 0.52
3 or 4 times/week 43 (30.3)
1 or 2 times/week 35 (24.6)
1-3 times/month 10 (7.0) 1 1
Not at all 1(0.7)
Soybeans/soybean products 3
At least twice daily 3(2.1)
Once daily 13 (9.2)
5 or 6 times/week 16 (11.3) 2.81[1.42, 5.55] 0.003 2.56 [1.20, 5.49] 0.015
3 or 4 times/week 36 (25.4)
1 or 2 times/week 43 (30.3)
1-3 times/month 25 (17.6) 1 1
Not at all 6(4.2)
Nuts 3
At least twice daily 1(0.7)
Once daily 5(3.5)
5 or 6 times/week 2 (1.4) 1.35[0.63, 2.85] 0.44 1.05[0.46, 2.42] 0.90
3 or 4 times/week 9(6.3)
1 or 2 times/week 20 (14.1)
1-3 times/month 38 (26.8)

Not at all

67 (47.2)
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Table 2. Cont.

- Without Adjustment With Adjustment !
Characteristics Total OR [95% CI] P OR [95% CI] p
Dairy foods 3
At least twice daily 9 (6.3)
Once daily 38 (26.8)
5 or 6 times/week 14 (9.9) 1.52[0.78, 2.98] 0.22 1.01 [0.47, 2.15] 0.99
3 or 4 times/week 20 (14.1)
1 or 2 times/week 32 (22.5)
1-3 times/month 19 (13.4) 1 1
Not at all 10 (7.0)
Vegetable-based dishes 3
At least twice daily 14 (9.9)
Once daily 28 (19.7)
5 or 6 times/week 20 (14.1) 3.51[1.61,7.62] 0.002 2.36 [0.99, 5.62] 0.052
3 or 4 times/week 37 (26.1)
1 or 2 times/week 33 (23.2)
1-3 times/month 7 (4.9) 1 1
Not at all 3(2.1)
Fruit 3
At least twice daily 2(1.4)
Once daily 18 (12.7)
5 or 6 times/week 8 (5.6) 3.34 [1.60, 7.00] 0.001 2.29[1.03, 5.12] 0.043
3 or 4 times/week 19 (13.4)
1 or 2 times/week 36 (25.4)
1-3 times/month 43 (30.3) 1 1
Not at all 16 (11.3)

The data are expressed as 1 (%) or OR [95% CI: confidence interval]. Binomial logistic regression analysis (forced
entry method) was used. The dependent variable was 1 for eating a well-balanced diet regularly and 0 (standard)
for not eating well-balanced diet regularly, and the independent variable was the consumption of each item of
the planetary health diet, with “more than 3 times a week (only nuts: >2 times/week)” set to 1, and “less than
2 times a week (only nuts: <3 times/month)” set to 0 (standard). ! Adjustment factors were employed with age
and living arrangement (living alone or with family). 2 A limited intake of food in the planetary health diet.
3 Optional or emphasised food in the planetary health diet.

In the initial hypothetical model (Figure 1), the results did not show acceptable good-
ness of fit (x> = 69.419, df = 34, GFI = 0.915, AGFI = 0.863, CFI = 0.873, RMSEA = 0.086,
and AIC = 111.419). By excluding chicken dishes and nuts from the eight recommended
items of the planetary health diet, an acceptable goodness of fit was obtained (x> = 24.586,
df =19, GFI = 0.962, AGFI = 0.927, CFI = 0.975, RMSEA = 0.046, AIC = 58.586) (Figure 2).
Frequent consumption of the remaining six items of the planetary health diet, namely fish,
eggs, soybeans/soybean products, dairy foods, vegetables, and fruits, had a significant pos-
itive correlation (0.50, p < 0.001) with breakfast regularity and a significant positive path
(standardised estimate 0.56, p < 0.001) to transition to a well-balanced diet.
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Well-balanced diets

Figure 2. The association of a well-balanced diet with the consumption of items from the planetary
health diet (frequent consumption of the six optional or emphasised items) and breakfast regularity
among Japanese male undergraduates (1 = 142). The numbers in regular font in the path diagram
are standardised estimates (next to the straight arrows) and correlation coefficients (above the bidi-
rectional arc arrow). The numbers in italics are R? values (coefficients of determination). *: p < 0.05,
**: p<0.01, and ***: p<0.001. Goodness of fit: x =24.586, df =19 (p=0.175), GFI=0.962, AGFI = 0.927,
CFI=0.975, RMSEA = 0.046, AIC = 58.586.

4. Discussion

In this study, we investigated whether recommending regular breakfast habits and
the planetary health diet [18,21], including chicken, fish, eggs, soybeans/soybean products,
nuts, dairy foods, vegetables, and fruits, might help ameliorate dietary issues [6,14] such
as poorly balanced diets among young Japanese adults. Accordingly, a structural anal-
ysis of the covariance of the hypothesised model was performed using planetary health
diet consumption, regular breakfast consumption, and well-balanced diet intake among
engineering students at a university in Hyogo Prefecture.

After excluding chicken and nuts, the final hypothetical model of this study com-
prised six of the eight recommended items of the planetary health diet, namely, fish, eggs,
soybeans/soybean products, dairy foods, vegetables, and fruits. In previous studies of di-
etary transition in Japan [25], the frequency of chicken in breakfasts published in Japanese
culinary journals is extremely low compared to that of eggs and dairy products; therefore,
the intake of chicken dishes was excluded from the final model. The analysis also excluded
the intake of nuts, potentially due to their infrequent consumption. Nuts are not commonly
consumed in Japanese dietary habits.

Among the G20 countries, Japan has relatively low per capita food-related greenhouse
gas emissions [26,27]. Furthermore, adherence to a well-balanced diet, characterised by a
combination of staple foods, main courses, and side dishes, as outlined in the 2000 Japanese
food-based dietary guidelines, is currently recommended. The origin of Japanese cuisine
is attributed to ‘honzen ryori’ (honzen cuisine), which was used to entertain guests of the
samurai families in the Muromachi period (AD 1336-1573), and its basic form is ‘ichijyu
sansai’ (one soup and three dishes: vinegared, simmered, and grilled), in addition to rice
and savoury dishes [28-30]. Throughout its extensive history, Japanese food culture has
permeated the existing dietary habits of the Japanese people, which includes eating ‘okazu’
(the main course and side dishes) with rice—the staple food —as the main ingredient. Dairy
products were not a part of the common people’s diet until after World War II. The Ministry
of Health and Welfare (now the Ministry of Health, Labour and Welfare) established a
Ministerial Ordinance on Ingredient Standards for Dairy Products in 1951. This is possibly
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why the current daily intake of Japanese people remains at a low average of 110.7 g [23].
However, in this study, dairy foods were included among the six recommended items
of the planetary health diet. The percentage of adults (age > 20 years) who ate rice for
breakfast daily (17.7% in the 2016 Hyogo Dietary Survey) [31] was lower than that 13 years
ago (24.8% in 2003). In contrast, the highest percentage of breakfast content in the 2016
Hyogo Dietary Survey [31] comprised staple foods (91.9%), whereas dairy foods accounted
for 47.6%, which was higher than the 37.5% and 36.7% contents of main and side dishes,
respectively. This may be due to the intake of dairy foods, along with bread and non-
rice cereals, as a staple for breakfast. Therefore, because they are regularly consumed at
breakfast, dairy foods have been retained as one of the six items in the planetary health diet.

For more than 20 years, the National Health and Nutrition Survey in Japan has indi-
cated that the lower consumption of fish (50.8 g vs. 59.2 g), soybeans/soybean products
(46.2 g vs. 63.4 g), vegetables (222.6 g vs. 268.6 g), and fruits (46.9 g vs. 70.6 g) per day
among young adults than among middle-aged and older adults (age groups 20s vs. 50s,
respectively) constitutes a problem [23]. In this study, dietary issues in young adults were
related to four of the six recommended items in the planetary health diet. Therefore, im-
proving the intake of these items in combination with regular breakfast consumption may
lead to a healthy and well-balanced diet.

The importance of breakfast has been reported in various countries, including result-
ing in higher dietary quality among Australian adults [32] and European adolescents [33]
who consumed breakfast and highlighting the contribution of breakfast to overall dietary
quality among American [9] and Filipinos [34] adults. Previous studies from 28 countries
and from America also suggested skipping breakfast led to unhealthy food intake [9,11].
Among participants who ate a well-balanced diet regularly, 75.4% of them ate breakfast
67 days/week (Table 1). Our results support the previous findings and suggest that eat-
ing breakfast may lead to the consumption of a well-balanced diet. The intake of foods
associated with the planetary health diet may vary slightly in each country. Nonetheless,
the combination of the recommended planetary health diet and regular breakfast consump-
tion may be an effective strategy to improve diet quality not only in Japan but also in other
countries worldwide.

The strengths of the present study include the examination of dietary issues such as
adherence to a balanced diet and skipping breakfast among young Japanese individuals,
which may be ameliorated through an interventional approach that incorporates a focus on
the planetary health diet to achieve the SDGs. Importantly, our study also integrated the
findings that foods that were identified as problematic through low consumption among
male engineering students at a university in Hyogo Prefecture were nearly identical to the
foods recommended in the planetary health diet.

The limitations of this study include the fact that the participants were male engineer-
ing students at a university in Hyogo Prefecture. Therefore, they are not representative
of the 18- to 24-year-old Japanese population. The low response rate was also a serious
limitation. In this study, we recruited students only through a university portal site, flyers,
and posters. The response rate might be higher if the data were collected in the classroom
before or after the class. The difference between the students who responded to the survey
and those who did not is unclear; however, they may have been more interested in diet
and followed dietary recommendations better than others. Further research involving fe-
males and other department participants of different ages should be conducted. Moreover,
because this was a cross-sectional study, we were unable to ascertain a causal relationship
between regular breakfast consumption-related changes in adherence to the recommenda-
tions of the planetary health diet and habituation to a well-balanced diet. An additional
study of the effects of a well-balanced diet through interventional research that promotes
regular breakfast consumption according to the recommendations of the planetary health
diet for young adults will be helpful in this regard. Validation of the questionnaire on
the consumption of each item of the planetary health diet in this study also warrants fur-
ther research, including its reproducibility in participants’ responses. Furthermore, the R?
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values (coefficients of determination) for well-balanced diets in this study model are low
and can only explain the 32% well-balanced diet trend. Because the lifestyle and eating
habit factors as well as the low health awareness associated with eating breakfast among
Japanese university students have been reported [15], future studies including such fac-
tors may clarify a more comprehensive relationship with following a well-balanced diet.
Although there are limitations as described above, few studies have examined the com-
prehensive relationship between regular breakfast intake and adherence to the planetary
health diet or a balanced diet, as in this study, and these findings should be useful in the
future to promote the consumption of a well-balanced diet among young Japanese males.

In summary, we examined the structural associations between planetary health diet
consumption and regular breakfast consumption and well-balanced diet intake in young
males. In male university students, the association of regular breakfast consumption with
adherence to the planetary health diet, which includes foods recommended to achieve the
SDGs, may lead to the consumption of a well-balanced diet.

5. Conclusions

In this study, we have suggested that recommending regular breakfast habits and the plan-
etary health diet, which helps meet the SDGs set by the United Nations, might help ameliorate
dietary issues such as poorly balanced diets among young Japanese male undergraduates.

Author Contributions: Conceptualisation, E.K. and M.N.; methodology, E.K. and M.N.; validation,
E.K.; formal analysis, E.K.; investigation, E.K. and M.N.; resources, E.K. and M.N.; data curation,
M.N.; writing—original draft preparation, E.K.; writing—review and editing, M.N.; visualisation,
E.K,; supervision, E.K. and M.N.; project administration, E.K. and M.N. All authors have read and
agreed to the published version of the manuscript.

Funding: This study was partly funded by the Hyogo Prefectural Governor (no grant number is
available). The Hyogo Prefectural Government had no involvement in the study design, collection,
analysis, and interpretation of the data, and writing of the report. There were no restrictions regard-
ing the submission or publication of this report.

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Declaration of Helsinki, and all procedures were approved by the Ethics Committee of the University
of Hyogo (Code: 297, Date: 14 November 2022).

Informed Consent Statement: Informed consent was obtained from all participants.

Data Availability Statement: The data in this study are available from the corresponding authors
upon request. The data are not available to the public for confidentiality reasons.

Acknowledgments: We would like to thank the staff of the Academic Affairs Division for their as-
sistance in this study.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Food and Agriculture Organization of the United Nations. Food-Based Dietary Guidelines. Japan. Available online: https:
/[www .fao.org/nutrition/education/food-dietary-guidelines/regions/countries/japan/en/ (accessed on 23 August 2023).

2. Oba, S; Nagata, C.; Nakamura, K.; Fujii, K.; Kawachi, T.; Takatsuka, N.; Shimizu, H. Diet based on the Japanese Food Guide
Spinning Top and subsequent mortality among men and women in a general Japanese population. J. Am. Diet. Assoc. 2009, 109,
1540-1547. [CrossRef] [PubMed]

3. Kurotani, K.; Akter, S.; Kashino, I.; Goto, A.; Mizoue, T.; Noda, M.; Sasazuki, S.; Sawada, N.; Tsugane, S.; Japan Public Health
Center based Prospective Study Group. Quality of diet and mortality among Japanese men and women: Japan Public Health
Center based prospective study. BM]J 2016, 352, i1209. [CrossRef] [PubMed]

4. Yoshiike, N.; Hayashi, F.; Takemi, Y.; Mizoguchi, K.; Seino, F. A new food guide in Japan: The Japanese food guide Spinning
Top. Nutr. Rev. 2007, 65, 149-154. [CrossRef] [PubMed]

5. Japan Minister of Agriculture, Forestry and Fisheries. The Fourth Basic Program for Shokuiku Promotion (Provisional

Translation). March 2021. Available online: https://www.maff.go.jp/j/syokuiku/attach/pdf/kannrennhou-30.pdf (accessed on
23 August 2023).


https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/japan/en/
https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/japan/en/
https://doi.org/10.1016/j.jada.2009.06.367
https://www.ncbi.nlm.nih.gov/pubmed/19699833
https://doi.org/10.1136/bmj.i1209
https://www.ncbi.nlm.nih.gov/pubmed/27005903
https://doi.org/10.1301/nr.2007.apr.149-154
https://www.ncbi.nlm.nih.gov/pubmed/17503709
https://www.maff.go.jp/j/syokuiku/attach/pdf/kannrennhou-30.pdf

Int. |. Environ. Res. Public Health 2024, 21, 858 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Hyogo Prefecture. The Hyogo Nutrition and Diet Survey Report in 2021. Available online: https://web.pref.hyogo.lg.jp/kf17/
hyogoeiyoushokuseikatujittaichousa.html (accessed on 29 September 2023). (In Japanese)

Gibney, M.].; Barr, S.I; Bellisle, F.; Drewnowski, A.; Fagt, S.; Livingstone, B.; Masset, G.; Varela Moreiras, G.; Moreno, L.A.;
Smith, J.; et al. Breakfast in human nutrition: The International Breakfast Research Initiative. Nutrients 2018, 10, 559. [CrossRef]
[PubMed]

Bellisle, F.; Hébel, P.; Salmon-Legagneur, A.; Vieux, F. Breakfast consumption in French children, adolescents, and adults: A na-
tionally representative cross-sectional survey examined in the context of the International Breakfast Research Initiative. Nutrients
2018, 10, 1056. [CrossRef] [PubMed]

Zeballos, E.; Todd, J.E. The Effects of Skipping a Meal on Daily Energy Intake and Diet Quality. Public Health Nutr. 2020, 23,
3346-3355. [CrossRef] [PubMed]

Kubota, Y.; Iso, H.; Sawada, N.; Tsugane, S. JPHC Study Group. Association of breakfast intake with incident stroke and coronary
heart disease: The Japan Public Health Center-Based Study. Stroke 2016, 47, 477-481. [CrossRef]

Pengpid, S.; Peltzer, K. Skipping Breakfast and Its Association with Health Risk Behaviour and Mental Health Among University
Students in 28 Countries. Diabetes Metab. Syndr. Obes. 2020, 21, 52. [CrossRef] [PubMed]

Khan, M.S.I; Paul, TK.;; Banna, M.H.A.; Hamiduzzaman, M.; Tengan, C.H.; Kissi-Abrokwah, B.; Tetteh, ].K.; Hossain, F.;
Islam, M.S.; Brazendale, K. Skipping breakfast and its association with sociodemographic characteristics, night eating syndrome,
and sleep quality among university students in Bangladesh. BMC Nutr. 2024, 10, 46. [CrossRef] [PubMed]

Lazzeri, G.; Ahluwalia, N.; Niclasen, B.; Pammolli, A.; Vereecken, C.; Rasmussen, M.; Pedersen, T.P.; Kelly, C. Trends from 2002
to 2010 in daily breakfast consumption and its socio-demographic correlates in adolescents across 31 countries participating in
the HBSC Study. PLoS ONE 2016, 11, e0151052. [CrossRef] [PubMed]

Japan Ministry of Health, Labour and Welfare. The National Health and Nutrition Survey in Japan. 2017. Available online: https:
/[www.mhlw.go jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/h29-houkoku.html (accessed on 29 September 2023).
(In Japanese)

Hirano, H.; Inaba, H. A review of the literature on university students skipping breakfast. ]. Home Econ. Jpn. 2019, 70, 1-13.
(Abstract in English) [CrossRef]

United Nations. Sustainable Development Goals. Available online: https://sdgs.un.org/goals (accessed on 29 September 2023).
Rockstrom, J.; Gaffney, O.; Rogelj, ].; Meinshausen, M.; Nakicenovic, N.; Schellnhuber, H.]. A roadmap for rapid decarbonization.
Science 2017, 355, 1269-1271. [CrossRef] [PubMed]

Willett, W.; Rockstrom, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.; DeClerck, F.; Wood, A;
et al. Food in the Anthropocene: The EAT-Lancet Commission on healthy diets from sustainable food systems. Lancet 2019, 393,
447-492. [CrossRef] [PubMed]

World Health Organization. Sustainable Healthy Diets: Guiding Principles. Available online: https://www.who.int/
publications/i/item/9789241516648 (accessed on 4 January 2023).

Dentsu Macromill Insight, Inc. Dentsu Conducts Fifth Consumer Survey on Sustainable Development Goals (Marketing Re-
ports in 2022). Available online: https://www.dentsu.co.jp/en/news/release/2022/0427-010519.html#:~:text=Survey%20Findings-
,1.,carried%200ut%20in%20February%202018 (accessed on 1 October 2023).

Willett, W.; Rockstrom, ]J. Summary Report of the EAT-Lancet Commission. Healthy Diets from Sustainable Food Systems.
Available online: https://eatforum.org/content/uploads/2019/07/EAT-Lancet_Commission_Summary_Report.pdf (accessed on
29 March 2024).

Japan Ministry of Health, Labour and Welfare. The National Health and Nutrition Survey in Japan. 2015. Available online:
https://www.mhlw.go.jp/bunya/kenkou/eiyou/h27-houkoku.html (accessed on 13 March 2023). (In Japanese)

Japan Ministry of Health, Labour and Welfare. The National Health and Nutrition Survey in Japan. 2019. Available on-
line: https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/r1-houkoku_00002.html (accessed on
8 October 2023). (In Japanese)

MacCallum, R.C.; Browne, M.W.; Sugawara, H.M. Power analysis and determination of sample size for covariance structure
modeling. Psychol. Methods 1996, 1, 130-149. [CrossRef]

Isobe, K.; Yanagisawa, Y. Changes in “meals with bread” and “meals with rice”: An analysis of cookbooks. J. Food Cult. Jpn.
2016, 12, 45-55. (Abstract in English) [CrossRef]

EAT. Diets for a Better Future: Rebooting and Reimagining Healthy and Sustainable Food Systems in the G20 (Uploaded in 2020).
Available online: https://eatforum.org/content/uploads/2020/07/Diets-for-a-Better-Future_G20_National-Dietary-Guidelines.
pdf (accessed on 8 October 2023).

Springmann, M.; Spajic, L.; Clark, M.A.; Poore, J.; Herforth, A.; Webb, P.; Rayner, M.; Scarborough, P. The healthiness and sus-
tainability of national and global food based dietary guidelines: Modelling study. BM]J 2020, 370, m2322. [CrossRef] [PubMed]
Sanjyonishi, S. Sanetaka Koki, Bottom of Vol. 5 [£[#/Afi<% 5 T>]. Takahashi, R., Ed.; Zokugunshoruiju-kanseikai, Ltd.: Tokyo,
Japan, 1963; (Bankrupt in 2006, Now Taken over by Yagi-Shoten, Ltd.: Tokyo, Japan). Available online: http://www.books-yagi.
co.jp/ (accessed on 1 October 2023). (In Japanese)

Yamashina, T. Tokikuni Kyoki, No. 4: Shiryo sanshu [ & EHFC 25 4 (2 kHE4E)]. Toyoda, T., Itakura, H., Eds.; Zokugunshoruiju-
kanseikai, Ltd.: Tokyo, Japan, 1977; (Bankrupt in 2006, Now Taken over by Yagi-Shoten, Ltd.: Tokyo, Japan). Available online:
http://www.books-yagi.co.jp/ (accessed on 1 October 2023). (In Japanese)


https://web.pref.hyogo.lg.jp/kf17/hyogoeiyoushokuseikatujittaichousa.html
https://web.pref.hyogo.lg.jp/kf17/hyogoeiyoushokuseikatujittaichousa.html
https://doi.org/10.3390/nu10050559
https://www.ncbi.nlm.nih.gov/pubmed/29723985
https://doi.org/10.3390/nu10081056
https://www.ncbi.nlm.nih.gov/pubmed/30096946
https://doi.org/10.1017/S1368980020000683
https://www.ncbi.nlm.nih.gov/pubmed/32398192
https://doi.org/10.1161/STROKEAHA.115.011350
https://doi.org/10.2147/DMSO.S241670
https://www.ncbi.nlm.nih.gov/pubmed/32884315
https://doi.org/10.1186/s40795-024-00860-y
https://www.ncbi.nlm.nih.gov/pubmed/38439041
https://doi.org/10.1371/journal.pone.0151052
https://www.ncbi.nlm.nih.gov/pubmed/27027743
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/h29-houkoku.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/h29-houkoku.html
https://doi.org/10.11428/jhej.70.1
https://sdgs.un.org/goals
https://doi.org/10.1126/science.aah3443
https://www.ncbi.nlm.nih.gov/pubmed/28336628
https://doi.org/10.1016/S0140-6736(18)31788-4
https://www.ncbi.nlm.nih.gov/pubmed/30660336
https://www.who.int/publications/i/item/9789241516648
https://www.who.int/publications/i/item/9789241516648
https://www.dentsu.co.jp/en/news/release/2022/0427-010519.html#:~:text=Survey%20Findings-,1.,carried%20out%20in%20February%202018
https://www.dentsu.co.jp/en/news/release/2022/0427-010519.html#:~:text=Survey%20Findings-,1.,carried%20out%20in%20February%202018
https://eatforum.org/content/uploads/2019/07/EAT-Lancet_Commission_Summary_Report.pdf
https://www.mhlw.go.jp/bunya/kenkou/eiyou/h27-houkoku.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/r1-houkoku_00002.html
https://doi.org/10.1037/1082-989X.1.2.130
https://doi.org/10.50859/jfcj.12.0_45
https://eatforum.org/content/uploads/2020/07/Diets-for-a-Better-Future_G20_National-Dietary-Guidelines.pdf
https://eatforum.org/content/uploads/2020/07/Diets-for-a-Better-Future_G20_National-Dietary-Guidelines.pdf
https://doi.org/10.1136/bmj.m2322
https://www.ncbi.nlm.nih.gov/pubmed/32669369
http://www.books-yagi.co.jp/
http://www.books-yagi.co.jp/
http://www.books-yagi.co.jp/

Int. |. Environ. Res. Public Health 2024, 21, 858 13 of 13

30.

31.

32.

33.

34.

Maeda, H. Tairyo-ko nikki, No. 4: Shiryo sanshu [ X# 2 HiC 2 4 (2R E4E)]. Bunko, S., Nagayama, N., Eds.; Yagi-Shoten, Ltd.:
Tokyo, Japan, 2012. Available online: http://www.books-yagi.co.jp/ (accessed on 1 October 2023). (In Japanese)

Hyogo Prefecture. The Hyogo Dietary Survey Report in 2016. Available online: https://web.pref.hyogo.lg.jp/kf17/kf17/28
shokuseikatu-jittaichousa.html (accessed on 8 October 2023). (In Japanese)

Wang, W.; Grech, A.; Gemming, L.; Rangan, A. Breakfast size is associated with daily energy intake and diet quality. Nutrition
2020, 75-76, 110764. [CrossRef] [PubMed]

Giménez-Legarre, N.; Santaliestra-Pasias, A.M.; De Henauw, S.; Forsner, M.; Gonzalez-Gross, M.; Jurado-Fasoli, L.; Kafatos, A.;
Karaglani, E.; Lambrinou, C.P.; Molnar, D.; et al. Breakfast consumption and its relationship with diet quality and adherence to
Mediterranean diet in European adolescents: The HELENA study. Eur. ]. Clin. Nutr. 2022, 76, 1690-1696. [CrossRef] [PubMed]
Angeles-Agdeppa, I.; Custodio, M.R.S.; Toledo, M.B. Breakfast in the Philippines: Food and diet quality as analyzed from the
2018 Expanded National Nutrition Survey. Nutr. ]. 2022, 21, 52. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://www.books-yagi.co.jp/
https://web.pref.hyogo.lg.jp/kf17/kf17/28shokuseikatu-jittaichousa.html
https://web.pref.hyogo.lg.jp/kf17/kf17/28shokuseikatu-jittaichousa.html
https://doi.org/10.1016/j.nut.2020.110764
https://www.ncbi.nlm.nih.gov/pubmed/32248055
https://doi.org/10.1038/s41430-022-01177-4
https://www.ncbi.nlm.nih.gov/pubmed/35927503
https://doi.org/10.1186/s12937-022-00804-x

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Measures 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

