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Abstract: While the relationship between eating habits and mental health has been widely studied,
there is limited research focusing on college students during emergency situations such as pandemics.
We conducted an online questionnaire survey to address this gap. Clustering analysis was applied
to identify students’ eating habits, which are possibly more complex than traditional eating habits.
Based on the identified eating habits, the students were separated into five groups. We evaluated the
relationship between eating habits and mental health in these five groups using University Personality
Inventory scores. Based on the results, the largest group—corresponding to slightly less than half of
the participants—had the highest vegetable intake and mental health levels. This aligns with findings
from numerous prior studies. However, our novel discovery was the presence of another group
within those with higher vegetable intake, who had lower levels of mental health. Conversely, a
group with lower vegetable intake had higher levels of mental health; remarkably, students in this
group frequently consumed soft drinks, suggesting that, during the COVID-19 emergency, indulgent
food and drinks may have played a role in enhancing mental health.
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1. Introduction

The pandemic due to the Coronavirus infectious disease that emerged in 2019 (COVID-19) has
impacted various spheres of life. In several countries, social lockdowns were implemented
as part of infection control measures. While Japan did not enforce a lockdown, citizens were
encouraged to exercise self-restraint and reduce outings. These infection control measures
led to changes in people’s behavior owing to the restrictions imposed on their movement.
With limited opportunities for grocery shopping and dining out as a result of restrictions,
significant changes were observed in eating habits. Indeed, a study conducted in Italy shed
light on the alterations in eating habits during the COVID-19 pandemic [1,2]. Generally,
eating habits have been found to influence not only physical but also mental health [3,4].

In this study, we focused specifically on college students. Some college students left
their hometowns and started living alone when they entered college; thus, this can be a
period when individuals first experience autonomy with regard to meals. In Japan, face-
to-face lectures and extracurricular activities were suspended whenever a governmental
state of emergency owing to COVID-19 was declared, making it difficult for students to
lead a normal university life. The uncertainty of college life can have a great psychological
impact. Even before the COVID-19 pandemic, social anxiety disorder was already observed
in young people, raising the risk of depression [5]. Adolescent depression frequently
continues until young adulthood [6]. College students are among the most prone to mental
health problems; in the United States, approximately 71% experienced increased stress
and anxiety owing to COVID-19 [7]. This is consistent with the survey conducted by the
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National Federation of University Cooperative Associations in Japan [8]; therefore, support
to prevent depression is an important strategy in addressing this critical issue for college
students [9,10].

The number of studies addressing the relationship between eating habits and mental
health has increased. A particularly significant eating habit is skipping breakfast, known to
affect students’ grades and motivation; this situation was further worsened by the COVID-19
pandemic [11]. In 25 international studies, the rate of skipping breakfast ranged from 14%
to 88% [12]. In addition, eating habits and food quality, such as processed foods, were
reported to affect mental instability [13], and Japanese-style delicatessen, rich in potatoes,
mushrooms, and vegetables, was reported to enhance health-related quality of life in a
study of female university students [14]. Furthermore, Tominaga et al. showed that mental
health levels were related to consumed food items [15].

These previous studies support the relationship between eating habits and mental
health for individual foods and/or the framework of traditional eating habits, such as
Japanese food or the Mediterranean diet. In this study, we focused on combining the
consumed food items because of the diversification of eating habits owing to the global
development of food transportation, offering various choices not previously available.
Therefore, a binary classification—for example, traditional/non-traditional—may not be
sufficient to assess this type of complexity. Likewise, there is little knowledge on the
relationship between eating habits and mental health during the COVID-19 pandemic.
Hence, we examine the relationship between eating habits and mental health in the presence
and absence of a state of COVID-19 pandemic emergency. Our results have the potential to
clarify adequate dietary content and possible ways to contribute to reducing the prevalence
of mental health disorders among college students, including anxiety during pandemic
and/or extreme novel epidemic situations, especially given that the yearly probability of
occurrence could increase up to threefold in the coming decades [16].

2. Materials and Methods
2.1. Survey Design and Participants

We recruited participants for the online survey, conducted using Google Forms, from
Tohoku University. At the time of the survey—December 2020—no state of emergency
had been issued, and extracurricular activities were possible at Tohoku University. At the
same time, we used the recall method [17,18] to seek information pertaining to April to
May 2020—the first time that a state of COVID-19 pandemic emergency was declared in
Japan—with the same survey form. One hundred and three students responded by the
given deadline.

2.2. Survey Questionnaire on Eating Habits

Our survey used questions related to the participants’ eating habits and intake fre-
quency for each food item (Food Frequency Questionnaire). The food items were taken
from Isobe et al.’s [19] study on the food habits of university students (rice, meat, fish, eggs,
soybeans, vegetables, green and yellow vegetables, fruits, fried foods, potatoes, milk, soft
drinks). Isobe’s 12 food items were based on Ikeda et al. [20], who used 19 items for a
survey of older adults. Furthermore, we incorporated three food items—wheat-based foods,
instant foods, and alcoholic beverages—used in Ikeda et al. [20] but not in Isobe et al. [19].
The remaining four food items used in Ikeda et al. [20], suitable only for older adults, were
not used in this study. We further added two items—snacks and fermented foods—to
the current list of 15 food items. The reasons that we focused on these two items are as
follows. First, some students prefer to eat snacks instead of meals [21]. Second, as the
sales of fermented foods increased during the COVID-19 pandemic [22], we assumed that
they were consumed by students because they were highly conscious about their health,
as well as for their potential to inhibit viral infection [23]. There were five categories of
frequency: not eating at all (1 point), eating once or twice a week (2 points), eating once in
two or three days (3 points), eating once a day (4 points), and eating twice a day (almost



COVID 2023, 3 1723

every meal) (5 points). Additionally, our questionnaire included which food item’s intake
increased under the state of emergency (increase or no change); we subsequently calculated
the percentage of “increase” responses for each group, explained in the next section.

2.3. Questionnaire on Mental Health

Mental health was assessed using the University Personality Inventory (UPI) [24]. The
UPI is commonly used in management offices for student health care to evaluate the mental
health of university students in Japan [15]. For example, Tsudajuku University conducted
its first survey in 1969 to support a better student life over the long term [25]. The UPI
has 60 items to evaluate university students’ physical and mental complaints. Previously,
Sakai [26] investigated the use of a smaller number of UPI items and selected 12 items from
60 items, which we used in our questionnaire. With regard to evaluating the impact of the
COVID-19 pandemic, we conducted a pilot interview survey with 20 students to determine
the items for the evaluation of mental health during the pandemic. As a result, the five
items mentioned by multiple individuals were used as survey items in the UPIC; thus, our
questionnaire consisted of 17 items.

Table 1 shows the UPI items. The six items of “I feel tired”, “I have no appetite”, “I get
tired easily”, “I am having trouble with sleeplessness”, “My eyes feel tired”, and “I feel
dizzy or as if I am about to collapse” pertain to the physical aspect of the UPI (UPIP). The
six items of “I have emotional ups and downs”, “Being pessimistic”, “Feeling too lethargic
to do anything”, “Sometimes anxious or worried about the present or future”, “Loneliness”,
and “Having no one I feel free to talk with about what bothers me” pertain to the mental
aspect of the UPI (UPIM). The five COVID-19-related items (UPIC) are “I feel uneasy about
my income owing to poor economic conditions”, “I want to restart my current school
year even if I take a leave of absence or have to repeat a year”, “I don’t fully understand
local governments’ system of infection control and inspection”, “I’m worried about getting
infected with COVID-19”, and “I may neglect infection control measures”. The UPI total
score (UPIT) is the sum of all 17 items. Participants answered the applicable items in
the UPI both at the time of the state of emergency and at the time of the investigation
(Table 2). Each item checked was given 1 point, resulting in the highest possible score of 17,
equivalent to the lowest level of mental health. As mentioned above, there are four types of
UPI score—UPIP, UPIM, UPIC, and UPIT—with the addition of “e” representing the state
of emergency and “n” representing at the time of the investigation (not under the state
of emergency).

We also investigated the health and dietary awareness of each student. The ques-
tionnaire included five categories of awareness: not conscious at all (1 point), not very
conscious (2 points), average (3 points), conscious (4 points), and quite conscious (5 points).

2.4. Cluster Analysis to Determine the Relationships between Eating Habits and Mental Health

In determining the relationships, we chose hierarchical cluster analysis and heatmap
visualization. We performed a cluster analysis of the matrix consisting of participants
(horizontal) and food intake frequency for each item (vertical). The heatmap was described
based on the results of this cluster analysis (Figure 1). For the cluster analysis of the items’
intake frequency, we transformed them into an adjusted standard deviation score using the
following formula.

Adjusted standard deviation score = 10 × deviation/standard deviation + 50

College students’ eating habits were characterized using a cluster analysis. To enhance
the interpretability of the results, we narrowed down the items under consideration. Car-
bohydrates were represented by rice, which had the highest frequency of consumption,
while protein was represented by meat. Regarding beverages, alcohol was excluded owing
to the inclusion of students below the legal drinking age. Fried and instant foods were
included, taking into account the eating habits of college students. Finally, we selected rice,
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meat, vegetables, green and yellow vegetables, fried food, instant food, and the added food
items: snacks and fermented food.

Table 1. University Personality Inventory (UPI) items. The last letters of the title, P, M and C, indicate
physical, mental, and COVID-19, respectively.

UPIP UPIM UPIC

1 I feel tired I have emotional ups
and downs

I feel uneasy about my
income owing to poor
economic conditions

2 I have no appetite I tend to get pessimistic

I want to restart my current
school year even if I take a leave

of absence or have to repeat
a year

3 I get tired easily I’m too lethargic to
do anything

I don’t fully understand local
governments’ system of infection

control and inspection

4 I’m having trouble
with sleeplessness

I sometimes get anxious
or worried about the

present or future

I’m worried about getting
infected with COVID-19

5 My eyes feel tired I feel lonely I may neglect infection
control measures

6 I feel dizzy or as if I
am about to collapse

I have no one I feel free to
talk with about what

bothers me

Table 2. Questionnaire sheet about the University Personality Inventory.

Under the State of
Emergency (April to

May 2020)
At the Time of the Survey

I feel tired

I have no appetite

I have emotional ups and downs

I’m having trouble with sleeplessness

I may feel uneasy about my income
owing to poor economic conditions

2.5. Statistical Analysis

We displayed the distributions of the UPI scores (UPITe, UPIPe, UPIMn, and UPIMe)
using boxplots including the median ± interquartile values (Figures 2 and 3). Statistical
analysis was performed using a one-way analysis of variance followed by the Tukey–
Kramer test. All statistical analyses were considered significant at p < 0.10, <0.05, <0.01,
and <0.001.

2.6. Ethical Considerations

This study was approved by the Department of Agriculture Tohoku University IRB
Committee (approval number 21-A-03). Informed consent was obtained from all subjects
involved in the study. Responses were anonymous, and no email addresses were collected.
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Figure 1. Heatmap of the intake frequency of each food with the dendrogram of the hierarchical
cluster analysis. The dark color indicates the deviation value of a higher intake frequency, while the
light color indicates that of a lower frequency.

3. Results
3.1. Descriptive Statistics

Two participants had substantial missing values; after excluding them, 101 questionnaires
were used for the analysis. The number of male and female participants was 53 (52.5%) and
48 (47.5%), respectively. The number of participants in the first year was 18 (17.8%), second
was 15 (14.9%), third was 57 (56.4%), and fourth was 11 (10.9%). The average age was 20.6
years. Female participants tended to have lower levels of mental health compared to male
participants (Table 3). Furthermore, mental health levels tended to be lower during a state
of emergency. When examining the results by academic year, students of lower academic
years tended to have lower levels of mental health (Table 4). In particular, first-year students
showed the lowest level of mental health across all aspects during the state of emergency.

Table 3. Scores on the University Personality Inventory (UPI) by gender.

UPITn UPITe UPIPn UPIPe UPIMn UpiMe UPICn UPICe

Male 2.75 2.94 0.77 0.75 1.06 1.47 0.92 0.72
Female 3.42 3.98 0.90 0.98 1.31 1.79 1.21 1.21

Note. T is total, P is physical, M is mental, C is COVID-19, “e” represents the score under the state of emergency,
and “n” represents the score at the time of the investigation.

Table 4. Scores on the University Personality Inventory (UPI) by academic year.

UPITn UPITe UPIPn UPIPe UPIMn UpiMe UPICn UPICe

First year 3.22 4.00 0.83 1.00 1.11 1.94 1.28 1.06
Second year 3.67 3.40 0.87 0.87 1.60 1.60 1.20 0.93
Third year 2.98 3.46 0.79 0.77 1.11 1.63 1.09 1.05
Forth year 2.45 2.45 1.00 1.09 1.09 1.09 0.36 0.27

Note. T is total, P is physical, M is mental, C is COVID-19, “e” represents the score under the state of emergency,
and “n” represents the score at the time of the investigation.
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3.2. Results of Cluster Analysis

The results of the cluster analysis are shown in Figure 1. The participants were divided
into two groups at the top node of the dendrogram; the left branch more frequently con-
sumed fried foods, instant food, and snacks, while the right tended to consume meat, rice,
fermented foods, vegetables, and green and yellow vegetables. These data indicated that
the former group had unbalanced eating habits, while the latter had balanced eating habits.

To examine the characteristics of the participant groups in more detail, we cut the
resulting tree from the clustering analysis at a certain level to identify the clusters. Among
these cuts, the one that maximized the distance between clusters corresponded to two
clusters. However, interpreting the results with only two clusters proved challenging. As a
result, we decided to use the level with a substantial gap, which was five clusters from A to
E (as shown below, by the red line at the top of Figure 1).

To reveal each group’s characteristics, we analyzed the details of food-eating frequency.
Tables 5 and 6 show the deviation value of the frequency of each food item, including
or excluding the items used in the cluster analysis, respectively. The deviation values of
almost all items of groups A and B were higher than the average values. Comparing groups
A and B, we found a difference in the values of meat, snacks, and instant food: Group B
frequently consumed not only snacks but also vegetables and fermented foods.

Table 5. Deviation values of the eating habits used in the cluster analysis for each group.

Group n Rice Meat Greenvege Vege Fermented Fried Instant Snacks

A 45 53.75 55.09 56.15 56.87 54.40 49.73 46.43 47.13
B 10 58.30 49.50 56.15 57.43 59.90 44.33 58.44 58.69
C 19 37.76 42.64 46.34 43.81 43.15 49.10 51.87 54.70
D 7 46.60 49.17 44.32 43.58 44.67 64.23 70.32 58.69
E 20 50.22 46.07 38.56 38.94 43.53 49.31 44.92 44.60

Note. The scores written in bold are the maximum.

Table 6. Deviation values of the eating habits not used in the cluster analysis for each group.

Group n Bread Fish Egg Soybean Milk Potato Fruit Soft drink Alcohol

A 45 52.20 52.76 53.97 53.79 53.59 52.28 52.48 51.29 49.58
B 10 47.24 53.89 50.90 52.54 50.44 53.39 55.00 48.37 49.58
C 19 48.45 48.45 44.77 42.88 47.64 50.42 48.85 46.40 50.64
D 7 55.34 50.13 47.52 52.81 46.64 51.33 46.96 56.22 52.82
E 20 46.03 43.26 46.46 45.99 45.12 42.31 44.08 49.16 49.58

Note. The scores written in bold are the maximum.

Table 5 also shows that group D frequently consumed fried foods, instant foods,
snacks, breads, soft drinks, and alcohol. The deviation value of rice in group E was close to
the average; however, the values of the other items were lower than the average.

The questionnaire sheet about health and dietary awareness and its results are shown
in Figure 2 and Table 7, respectively. As seen in Table 7, group A had the highest food
awareness score; group B had the highest health awareness score; group C had average
awareness scores for both; group D had the lowest food awareness score; and group E had
the lowest health awareness score and a relatively low food awareness score. Table 8 shows
the percentage of “increase” responses for each food item in the questionnaire under the
state of emergency. Fermented foods showed the highest percentage in group B, while
soft drinks had the highest percentage in group E. As for the detailed characteristics of
group B, vegetables, green and yellow vegetables, snacks, soybean, fruits, and alcohol were
relatively higher than in the other groups. We presume that this is because the participants
increased their intake of these food items, as shown in bold in Table 9, for reasons such as
“good health” and “expecting to strengthen immune system”. We also show changes in
eating habits (excluding food items) compared to before COVID-19 in Table 10.
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Figure 2. The distributions of “UPI total emergency” (UPITe) (left) and “UPI physical emergency”
(UPIPe) (right) are shown by the boxplots for each group. The top of each boxplot shows the result of
the Tukey–Kramer test. The statistical significance between the groups is shown by the asterisk.

Table 7. Average values for health and dietary awareness for each group.

Group n health food

A 45 3.44 3.49
B 10 3.70 3.20
C 19 3.00 2.89
D 7 3.00 2.29
E 20 2.85 2.75

Note. The scores written in bold are the maximum.

Table 8. Percentage of “increase” responses for each food item under the state of emergency. The
eight food items listed in the upper part of the table were used in the cluster analysis, whereas the
nine food items listed in the lower part were not used.

Group n Rice Meat Greenvege Vege Fermentd Fried Instant Snacks

A 45 33.33% 8.89% 8.89% 4.44% 20.00% 2.22% 13.33% 17.78%
B 10 10.00% 10.00% 20.00% 20.00% 50.00% 0.00% 30.00% 40.00%
C 19 21.05% 10.53% 0.00% 0.00% 21.05% 5.26% 36.84% 42.11%
D 7 14.29% 28.57% 0.00% 0.00% 28.57% 28.57% 57.14% 28.57%
E 20 30.00% 5.00% 0.00% 0.00% 5.00% 0.00% 20.00% 15.00%

Group n Bread Fish Egg Soybean Milk Potato Fruit Soft
drink Alcohol

A 45 17.78% 4.44% 11.11% 11.11% 6.67% 0.00% 2.22% 11.11% 8.89%
B 10 0.00% 10.00% 10.00% 20.00% 0.00% 0.00% 20.00% 10.00% 20.00%
C 19 26.32% 5.26% 15.79% 5.26% 21.05% 5.26% 10.53% 10.53% 15.79%
D 7 28.57% 14.29% 28.57% 14.29% 0.00% 0.00% 0.00% 0.00% 0.00%
E 20 10.00% 0.00% 5.00% 0.00% 0.00% 0.00% 5.00% 25.00% 10.00%

Note. The scores written in bold are the maximum in each food item.

Table 9. Percentages of reasons for most increased intake of food.

Group Distracted by eating Time saving,
convenient

Cheap,
price-performance Good for health Expecting strengthen

immue system

A 26.67% 26.67% 15.56% 20.00% 8.89%
B 40.00% 20.00% 30.00% 30.00% 10.00%
C 26.32% 52.63% 42.11% 10.53% 0.00%
D 28.57% 57.14% 57.14% 28.57% 0.00%
E 55.00% 35.00% 25.00% 10.00% 5.00%

Note. The scores written in bold are the maximum for each reason.
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Table 10. Changes in eating habits, food expenses, frequency of having breakfast, frequency of
self-catering, and number of foods compared to before COVID-19.

Group Food expenses Breakfast intake Frequency of self-catering Number of foods

Decrease No
change Increase Decrease No

change Increase Decrease No
change Increase Decrease No

change Increase

A 26.7% 51.1% 22.2% 24.4% 66.7% 8.9% 13.3% 53.3% 33.3% 8.9% 80.0% 11.1%
B 40.0% 30.0% 30.0% 20.0% 70.0% 10.0% 20.0% 50.0% 30.0% 10.0% 60.0% 30.0%
C 31.6% 47.4% 21.1% 21.1% 68.4% 10.5% 10.5% 63.2% 26.3% 21.1% 78.9% 0.0%
D 0.0% 57.1% 42.9% 28.6% 57.1% 14.3% 28.6% 42.9% 28.6% 28.6% 57.1% 14.3%
E 15.0% 45.0% 40.0% 20.0% 75.0% 5.0% 15.0% 60.0% 25.0% 5.0% 75.0% 20.0%

Average 22.6% 46.1% 31.2% 22.8% 67.4% 9,7% 17.5% 53.9% 28.6% 14.7% 70.2% 15.1%

Note. The scores written in bold are the maximum.

3.3. Results of Statistical Analysis of UPI Scores

Table 11 shows the number of participants, the percentages of first-year students and
male participants, and the average UPI scores in each group. We performed a chi-squared
test to evaluate the difference in the gender ratio among the five groups; however, the
results were not significant (p = 0.187). In each UPI category, the groups with the highest
and lowest scores are shown in boldface and italics, respectively. Forty-five participants
were categorized in group A. Group E had the lowest score across UPI categories, and
the scores of group A followed. On the contrary, either group B or D had the highest UPI
scores. From the one-way analysis of variance, we observed significant differences in UPITe
and UPIPe scores among the groups. In the case of UPITe, a significant difference was
observed between groups B and E and groups D and E. In the case of UPIPe, based on the
Tukey–Kramer test, a significant difference was observed between groups A and D, groups
B and E, groups C and D, and groups D and E (Figure 2). We expected that there might be
a significant difference in UPIM, but this was not the case, as shown in Figure 3.

Table 11. The averages of the UPI scores. The number of samples, n, and the percentages of first-year
students and male participants.

Group n First grade Male UPITn UPITe UPIPn UPIPe UPIMn UpiMe UPICn UPICe

A 45 20.0% 46.7% 2.84 3.20 0.78 0.69 1.04 1.62 1.02 0.89
B 10 20.0% 60.0% 4.00 4.90 0.90 1.30 1.80 2.40 1.30 1.20
C 19 21.1% 36.8% 3.37 3.95 0.95 1.05 1.37 1.79 1.05 1.11
D 7 28.6% 71.4% 5.00 5.14 1.43 2.29 2.29 1.86 1.29 1.00
E 20 5.0% 70.0% 2.20 1.90 0.60 0.30 0.65 0.80 0.95 0.80

Note. The scores in bold are the maximum, and those in italics are the minimum in each column. T is total, P is
physical, M is mental, C is COVID-19, “e” represents the score under the state of emergency, and “n” represents
the score at the time of the investigation.

In our analysis, the higher vegetable intake group was separated into two subgroups
(A and B). The UPI score of group A tended to be lower than that of group B. We also
focused on people with relatively low vegetable intake. They were separated into three
subgroups (C, D, and E). The UPI score of group D tended to be higher than that of groups
C and E, but significant differences were observed between groups D and C (UPIPe) and
groups D and E (UPITe and UPIPe). From these results, a binary classification using the
intake of a single food is insufficient to capture mental health represented by UPI scores.
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D 7 28.6% 71.4% 5.00 5.14 1.43 2.29 2.29 1.86 1.29 1.00 

E 20 5.0% 70.0% 2.20 1.90 0.60 0.30 0.65 0.80 0.95 0.80 

Note. The scores in bold are the maximum, and those in italics are the minimum in each column. T 
is total, P is physical, M is mental, C is COVID-19, “e” represents the score under the state of 
emergency, and “n” represents the score at the time of the investigation. 
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4. Discussion

We were able to reveal the eating habits of college students in Japan during the COVID-19
pandemic. To reiterate, nowadays, we can consume various foods that we could not acquire
before. This may affect the diversity of college students’ dietary patterns. Using cluster
analysis, we defined five groups of college students according to the intake of various
food items. Previous studies have used traditional dietary patterns, such as Japanese or
Mediterranean, as eating habits [1,3,4,13] or categorized the respondents into two groups
by the intake of a single food, such as vegetables [14]. The changes in eating habits during
the pandemic can be compared to those reported by Grant et al. [1]. Grant et al. [1] revealed
that some individuals increased the consumption of specific foods, specifically vegetables
and sweets or pastries, which aligns with the trends observed in this study. Adherence to
the Mediterranean diet was found in 38% of the participants, close to the proportion of
individuals with traditional eating habits in this study (i.e., those who frequently consumed
rice and vegetables, denoted as group A), which was 45%.

Comparing all five groups, our analysis showed that groups B and D had poorer
mental health. Group B consumed plenty of vegetables and fermented foods but also
snacked a lot. The UPI scores related to COVID-19 (UPICn and UPICe) of group B were the
highest of all groups. It is possible that group B’s high health consciousness and anxiety
regarding the spread of COVID-19 was associated with the increased intake of fermented
foods, vegetables, fruits, and soy products. In Japan, at the beginning of COVID-19, the
consumption of fermented soybean, also called natto, considered a superfood, increased
because fermented foods are believed to be effective in preventing COVID-19 [27] and
recently have proven to contain the vitamins necessary to inhibit such viral infections [23,28].
People in group B also increased their intake of snacks and alcohol, the same as group C,
which had the highest increase in snack consumption. Our results suggested that people in
group B had tried to consume various foods and increased the number of food items that
they consumed compared to before the pandemic, owing to their anxiety about COVID-19.

People in group D had the highest intake of fried foods, instant foods, snacks, bread,
soft drinks, and alcohol. However, they had relatively lower intake of vegetables. Regarding
mental health, they had a relatively low level. Next, groups A and E had higher levels
of mental health and group A had the highest awareness of food and intake of a variety
of foods. The higher level of mental health in the group of people with a relatively high
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amount of vegetables was consistent with previous studies. On the contrary, group E had
the lowest awareness of health and the second-lowest awareness of food. People in group E
had a lower frequency of intake of meat, green and yellow vegetables, fermented foods,
instant foods, snacks, bread, fish, eggs, milk, potatoes, and fruit. Nevertheless, their mental
health was the best among the five groups. Compared to before COVID-19, the intake of
soft drinks in this group increased, which might have relieved stress. For the question
regarding the reason for increasing the intake of food, 50% of group E answered that
consuming soft drinks distracted them. Group C included the highest percentage of female
students (63.2%), and people in this group had the lowest intake of rice. Young women in
Japan tend to avoid rice because of its high carbohydrate content, leading to weight gain.
Our result for group C may reflect this eating habit among young Japanese women.

5. Conclusions

The eating patterns of college students went beyond the established classification of
balanced vs. unbalanced; our cluster analysis clearly revealed divisions into five other
patterns. We revealed each group’s eating habits and mental health status during the
COVID-19 pandemic. Our results showed the following.

• Group A, with 45 participants, was the largest; the proportions of male students and
those in the first grade were 46.7% and 20.0%, respectively. This group had relatively
high vegetable intake, balanced eating habits, and a high level of mental health.

• Group B included 10 participants. The proportions of male participants and those in
the first grade were 60.0% and 20.0%, respectively. This group was similar to group A
in eating habits; however, it had a lower degree of mental health. Group B increased
the intake of some food items owing to anxiety about COVID-19.

• Group C, with 19 participants, had the highest proportion of female participants
(63.2%). Furthermore, the proportion of participants in the first grade was 21.1%. This
group was characterized by the lowest intake of rice. They were at an intermediate
level of mental health.

• Group D, with seven participants, had the highest proportions of male (71.4%) and first-
grade (28.6%) participants. They had the highest intake of fried foods, instant foods,
snacks, bread, soft drinks, and alcohol; their mental health level was relatively low.

• Group E, with 20 participants, had the second-highest proportion of male participants
(70.0%) and the lowest proportion of those in the first grade (5.0%). They had a
relatively low frequency of intake of most foods and increased intake of soft drinks,
which may relieve stress; their mental health was the highest among the five groups.

These results correspond to our primary objective. Our approach is considered a data-
driven definition of eating habits that enables us to accurately capture the relationships
between eating habits and mental health while considering novel epidemic situations.

It should be noted that this study captured a trend over approximately one year, taking
into account the rare, short periods of the presence and absence of emergency pandemic
situations. Nearly half of the students exhibited well-balanced eating habits and had a
high level of mental health. However, it is important to emphasize the observed link
between increased soft drink consumption and stress relief during emergencies such as
the COVID-19 pandemic. Nevertheless, as we mentioned above, given the survey period,
the observed trend might be a short-term one, and the long-term impacts require further
investigation. In fact, it is also reported that long-term consumption of soft drinks may
have a detrimental impact on mental health [29]. In advancing this field of study, future
research should focus on elucidating how eating habits change over time and explore the
relationship between long-term eating habits and mental health.

One limitation of this study is that we obtained data about the situation in April–May,
when the state of emergency was declared, through a recall method. It is essential to
examine the extent to which data obtained through this method can be reproduced when
collected twice. On the other hand, April–May was declared as the first state of COVID-19
pandemic emergency in Japan, and the duration of this situation was uncertain. Conducting
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surveys under such crisis conditions highlights an area that requires further research in
the future.

The presence of pre-existing mental illnesses is indeed valuable information. However,
we omitted this question from the survey because its inclusion might have led to a reduction
in the number of participants. Given the challenges that we faced in recruiting participants
for this study, we made this choice. Nonetheless, obtaining information about baseline
health status, including any pre-existing conditions, remains a future task. The recruitment
of first-year students also posed a challenge because they had not spent enough time on
campus, given the switch to online learning. In similar pandemic situations in the future,
this study could serve as a resource in considering how to follow up with first-year students
and provide support, especially in the context of nutrition.
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