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Abstract: Introduction: The COVID-19 pandemic and the lockdowns have affected many aspects
of university students’ daily lives, including their dietary habits. This study aimed to evaluate
the change of diet quality of university students before and during the COVID-19 period, and the
factors associated with unfavorable changes in diet quality. Methods: An online cross-sectional
study was performed in May 2021 among Rouen (France) university students. Socio-demographic
characteristics, body mass index, depression, academic stress, risk of eating disorders and food
security were collected. The French “Programme National Nutrition Santé-Guidelines Score 2”
(PNNS-GS2) was used to access diet quality. Results: A total of 3508 students were included, 74.4%
were female, the mean age was 20.7 (SD = 2.3), and 7.0% were in a situation of food insecurity.
The PNNS-GS2 score decreased between the pre- and the COVID-19 pandemic period for 33.1%
of university students. The associated factors with the decrease in the PNNS-GS2 score were food
insecurity, financial insecurity, not living with parents, depression, academic stress, eating disorders,
being in the two first years of study and having been infected by COVID-19. Conclusions: Diets with
healthy components decreased for one-third of university students since the COVID-19 pandemic,
and this was shown to be associated with food insecurity, poor mental health and eating disorder.
This study provides important information to help public health authorities and universities give
better support to student health feeding programs during pandemics and lockdowns.
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1. Introduction

The year 2020 was highly impacted by the coronavirus disease 19 (COVID-19) outbreak.
It was declared by the World Health Organization (WHO) as a public health emergency
in January 2020 and categorized as a world pandemic in March of 2020 [1]. In order to
reduce the virus transmission, countries worldwide had to take extreme measures. In
France, the first lockdown was implemented on 17 March 2020 [2]. This measure was
partially lifted on 11 May 2020 [3]. A second lockdown occurred in November 2020 and
was lifted in mid-December 2020, and a third occurred between 3 April and 3 May 2021 [4]
with lighter restrictive measures such as curfews and various restrictions on going out in
public. During the lockdowns, people had to stay at home and only “essential” activities
such as medical activities and food shopping were permitted. Universities immediately
closed and left students with many uncertainties and much stress pertaining to how they
would successfully complete the academic year [5]. Online teaching developed quickly,
and examination methods had to be redesigned. Student were particularly impacted by the
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crisis and the restrictive measures of the lockdowns [6]. Some students had to face a loss of
their main source of income and suffer financial insecurity leading to food insecurity [7,8].
Poorer dietary outcomes were found in university students with food insecurity compared
with food-secure students in the few studies performed before the COVID-19 pandemic [9].
Student mental health was poorer during this period due to the prevalence of higher stress
levels, depression symptoms and eating disorders [10-12].

This period of social restrictions designed to limit the transmission of the virus led
to changes in lifestyle for most of the general population, especially changes in dietary
habits [13,14]. Studies showed that people tend to have more unhealthy food consumption
and meal patterns during lockdowns [15]. Sales in fresh food, fresh fruits, vegetables
and fish decreased during lockdowns [16], whereas the consumption of comfort food and
snacks increased compared to before the lockdown [17]. Overall, student diet quality
was poorer with less fruit and vegetable consumption and more snacking [18,19]. It
appears important to continue to evaluate food behavior in university students during the
COVID-19 pandemic period one year after the first lockdown. The aim of this study was to
assess the components relating to a healthy student diet before and during the COVID-19
pandemic period in May 2021 and to identify associated factors leading to unfavorable
changes in diet quality.

2. Materials and Methods
2.1. Study Design and Participants

A cross-sectional study was conducted at University of Rouen (Rouen, Normandy
region, France) with an anonymous online questionnaire sent by email in May 2021. Partic-
ipants included were students aged 18 or more, and in the University of Rouen. The Rouen
University Hospital’s Institutional Review Board, without mandatory informed consent
(E2020-22), approved the observational study.

2.2. Data Collection
2.2.1. Socio Demographics Characteristics

These characteristics included gender, age, curriculum (categorized in four curricula:
Law and Economics, Healthcare, Literature and Humanities, and Sciences) and academic
year of study (four categories: year 1, year 2, year 3, and year 4 and more). Students pro-
vided data regarding their living situation: with their parents or not. Students were asked
whether they had sufficient financial resources during the COVID-19 lockdown. Students
were also asked if they had been infected by COVID-19. Students” weight and height were
also collected in order to calculate the body mass index (BMI) using the standard formula
(BMI weight [kg]/height [m?]) and were classified as: underweight (BMI < 18.5), normal
weight (BMI between 18.5 and 24.9), overweight (BMI between 25.0 and 29.9) and obesity
(upper 30.0)

2.2.2. Eating Habits

The French dietary guideline score “PNNS-GS2” (Programme National Nutrition
Santé, Guidelines Score 2) was developed by Chaltiel et al. [20]. Cut-offs and associated
scorings were defined with the support of nutrition experts who were involved in the de-
velopment of the guidelines of the 2017 French dietary recommendations [21]. PNNS-GS2
was used to assess the healthier components: fruits and vegetables, nuts, legumes, cereals,
dairy and fish. For example, one question was the following: “On average, how many portions
(80 g) of fruit and vegetables do you eat per DAY” during the pre-COVID-19 period and the last
month.” For each component, 1.0 to 2.0 points were accorded if the student reached the
guideline and 0.0 to 0.5 points if the guideline was not reached (Table 1). The total score was
standardized and weighted according to the level of evidence of the association between
food groups and health: a weight of 3 for fruits and vegetables, 2 for cereals and fish and
1 for nuts, legumes and dairy products were calculated to according this formula: Score
PNNS GS2 = X(componentii x weightimax (abs(componenti))) [20]. The PNNS-GS2 score
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ranked from 0 to 14. A higher score indicates a better diet, closer to the national guidelines.
Data were retrospectively collected for the two periods: the pre-COVID-19 period and the
COVID-19 period (May 2021). Two groups of university students were identified according
to the change of their PNNS-GS2 score: students with a decrease, and students with an
increase or no change between the two studied periods. Food security was established
using the validated six-item Food Security Survey Module (FSSM): a score of 0-1 indicated
food security; 24, low food security; and 5-6, food insecurity [22]. Eating disorders were
assessed by the French version of the validated five-item SCOFF (Sick, Control, One stone,
Fat, Food) questionnaire to evaluate if they presented an eating disorder or not [23].

Table 1. Programme National Nutrition Santé—guidelines score 2 (PNNS-GS2): components
and scoring.

Servings Score

0-3.5 0

Fruits and vegetables (weight 3) 3.5-5 0.5
5 servings/day 5-7.5 1
>7.5 2
0 0

Nuts (weight 1) 0-0.5 0.5
1 handful/day 0.5-1.5 1
>1.5 0

. 0
Legumes (weight 1)

2 servings/week 0-2 05
& >2 1
0 0

Cereals (weight 2) 0-1 0.5
Every day 1-2 1

>2 1.5
0-0.5 0

Dairy (weight 1) 0.5-1.5 0.5
2 servings/day 1.5-2.5 1
>2.5 0
0-1.5 0
Fish (weight 2) 1.5-2.5 1

2 servings/week 2.5-3.5 0.5
>3.5 0

PNNS-GS2 (Programme National Nutrition Santé, Guidelines Score 2); National guidelines: Score > 1 Adapted
from Chaltiel D et al.

2.3. Mental Health

Depression was measured using the validated CESD-8 (Center for Epidemiologic
Studies-Depression) scale [24]. A score was established with a range from 0 to 24; higher
scores indicated a higher frequency of depressive behaviors. Academic stress was as-
sessed with four items: “increased academic workload”, “stress with changes in teaching
methods”, “concern about not being able to validate the academic year” and “difficulty
in keeping up with e-learning courses”, using a Likert scale (0 totally disagree to 4 totally
agree). A score from 0 to 16 was calculated.

2.4. Statistical Analysis

Qualitative variables were reported as percentages and continuous variables as mean
with standard deviation (SD). Comparisons between before and during the COVID-19
period (May 2021) were obtained with a McNemar test for paired qualitative data. Concern-
ing the PNNS-GS2 score, the comparison was conducted with a Student ¢-test for paired
data. Comparisons for each variable in terms of changes in PNNS-GS2 score were obtained
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with a Chi2 test for independent qualitative data. Bonferroni’s post-hoc correction was
performed for univariate analysis, with a p < 0.004 as significant.

To identify factors associated with a decrease in the PNNS-GS2 score, a multivariate
logistic regression was fitted. Variables with a p < 0.20 in univariate analysis were included
in the multivariate model. Adjusted odds ratios (AOR) and 95% confidence intervals (95%
CI) were presented. All statistics were made using R.

3. Results

A total of 3508 students were included (response rate: 11.7%) with a mean age of
20.7 years (SD = 2.0 years) and 74.4% were women. The students were mostly in the
first year of study (36.3%) and in a healthcare curriculum (31.4%). During the COVID-19
pandemic, 49.0% of the students did not live with their parents. Mild and food insecurity
concerned 11.3% and 7.0% of the university students, respectively. The risk of eating
disorder was detected by the SCOFF test among 46.6% of the university students (Table 2).

Table 2. Characteristics of the university students according to the change of the PNNS-GS2
(n = 3508).

Decrease in No Change or Increase Total
PNNS-GS2 n =1163 in PNNS-GS2 n = 2345 n = 3508 P
Women (%) 77.0 73.0 744 0.01
Age mean (SD) 20.7 (2.3) 20.8 (2.3) 20.7 (2.3) 0.40
Curriculum (%) 0.07
Healthcare 28.7 32.8 314
Law and Economics 18.1 17.4 17.6
Literature and Humanities 26.5 26.1 26.2
Sciences 26.7 23.7 247
Academic year of study (%) 0.007
1 38.8 35.1 36.3
2 26.4 26.0 26.1
3 17.9 17.2 174
4 and more 16.9 21.7 20.2
Not living with parents (%) 61.6 42.8 49.0 <0.0001
Insufficient financial resources (%) 31.0 12.9 18.9 <0.0001
Have been 1nfe(c(;f)d by COVID 19 216 17.0 185 <0.0001
Body Mass Index (%) 0.39
Underweight 10.7 10.7 10.7
Normal weight 69.9 70.7 70.4
Overweight 13.2 13.7 13.5
Obesity 6.2 49 54
Food security (%) <0.0001
Security 66.2 89.4 81.7
Mild insecurity 19.7 7.2 11.3
Insecurity 14.1 3.4 7.0
Eating disorders (%) 58.6 40.6 46.6 <0.0001
Depression/24 mean (SD) 12.9 (5.8) 10.2 (5.8) 11.1 (5.9) <0.0001
Academic stress/16 mean (SD) 12.0 (3.3) 10.6 (3.8) 11.0 (3.7) <0.0001

PNNS-GS2: Programme National Nutrition Santé, Guidelines Score 2.

The PNNS-GS2 score was 5.0 (SD = 2.3) in the pre-COVID-19 period and 4.7 (SD = 2.3)
in the COVID-19 period (p < 0.0001), for women it was 4.9 (SD = 2.3) and 4.6 (SD = 2.3)
(p < 0.0001), and for men it was 5.3 (SD = 2.3) and 4.9 (SD = 2.5) (p < 0.0001). The PNNS-GS2
score decreased for 33.1% of the university students between these two periods. Cereals
were the only food which had more than 50% of compliance with the dietary recommen-
dations. Significant decreases were found between the pre-COVID-19 and the COVID-19
period for the consumption of fruits (p < 0.01), cereals (p < 0.01), fish (p < 0.0001 and
dairy (p < 0.0001) (Figure 1). Figure 2 specifies the improvement and the worsening of
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the compliance with the national dietary guidelines between the pre- COVID-19 and the
COVID-19 period (May 2021) according to the components.

57.1
€0 55.2
50
40
310 32.7
® 30 28.2 28.3
20.2 20.9 20.2

20 18.6

9.9 9.9
) I I
0

Fruits* Nuts Legumes Cereals* Dairy** Fish**

M Pre-COVID-19 m COVID-19 (May 2021)

Figure 1. Compliance with the national dietary guideline components in the pre-COVID-19 period
and the COVID-19 period (May 2021) according to the components among university students
(n =3508). * p < 0.05,** p < 0.001.

12.7

Fruits Nuts Legumes Cereals Dairy Fish

M Guidelines compliance: Yes pre-COVID-19 /No COVID-19 period
B Guidelines compliance: No pre-COVID-19/yes COVID-19 period

Figure 2. Improving or worsening of the compliance with the national dietary guidelines between the
pre-COVID-19 and the COVID-19 period (May 2021) according to the components among university
students (n = 3508).

Factors significantly associated with the decrease in the PNNS-GS2 score were the
following: being in science curricula, not living with parents, having been infected by
COVID-19, not having enough financial resources, being in a food insecurity situation,
CESD-8 scores, academic stress scores and having an eating disorder (Table 3).
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Table 3. Factors associated with the decrease in the PNNS-GS2; logistic regression (1 = 3508).

AOR 95% CI p
Women 1.13 (0.93-1.37) 0.09
Curriculum
Healthcare 1.04 (0.83-1.31) 0.91
Law and Economics Ref
Literature and Humanities 0.99 (0.79-1.25) 0.77
Sciences 1.28 (1.00-1.62) 0.05
Academic year of study
1 1.61 (1.29-2.01) <0.0001
2 1.34 (1.05-1.70) 0.01
3 1.32 (1.02-1.70) 0.03
4 and more Ref
Not living with parents 1.86 (1.59-2.2) <0.0001
Insufficient financial resources 1.47 (1.18-1.81) <0.0001
Have been infected by COVID 19 1.28 (1.06-1.56) 0.01
Food security
Security Ref
Mild insecurity 2.26 (1.78-2.88) <0.0001
Insecurity 2.71 (1.97-3.74) <0.0001
Eating disorders 1.38 (1.17-1.63) <0.0001
Depression 1.03 (1.02-1.05) <0.0001
Academic stress 1.05 (1.02-1.07) <0.0001

AOR: Adjusted Odds Ratio; CI: Confidence Interval.

4. Discussion

This study highlights the change in healthy components of the diet of university
students according to the French dietary guideline one year after the beginning of the
COVID-19 pandemic. Even before the COVID-19 pandemic, students did not meet the
recommendations of the French guidelines. These findings are congruent with the 2019 re-
port of “Santé Publique France” that showed that French adults are not in agreement with
the guidelines [25]. In order to improve student diet quality, university restaurants must
serve balanced meals with healthy food options for a period of several years in order to
help students to eat healthier [26]. More than one year after the beginning of the pandemic,
unfavorable changes in diet quality were observed among students and according to our
results, it is likely that the crisis aggravated this failure to meet the recommendations.
Factors associated with those unfavorable changes included: science curricula, not living
with parents, having been infected by COVID-19, financial resources, food insecurity, de-
pression, academic stress and eating disorders. A systematic review of studies performed in
November 2020 showed that the diet quality of college students was compromised during
the pandemic due to the decrease in the intake of healthy food [8]. The principal goal of
the lockdown was to reduce the transmission of the virus by limiting social interactions,
but a lack of social support can negatively affect student mental health [27]. In our study,
depression was associated with a decrease in the PNNS-GS2. A systemic review performed
before the COVID-19 pandemic already showed an association between a high-quality
diet and a lower risk of depression [28], and this was confirmed during the COVID-19
crisis [29,30]. During that crisis, the changes in teaching modalities created much stress
for students (45—48). As in our study, studies have shown that academic stress leads to
unhealthier eating behaviors [31]. The French government implemented during the crisis
“SantéPsy”, a program that allows students to consult a psychologist for free [32]. This
measure needs to be further investigated to understand to what extent it helped students
during the crisis. Accordingly, it appears important to support student mental health issues
and behaviors towards food. For lockdown periods, the development of prevention tools
that are remotely accessible seems necessary. Holland et al. showed that school-based
telehealth could offer young people a safe therapeutic practice [33].
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Galanakis and al. highlighted the rise of food insecurity around the world due to the
COVID-19 crisis [34]. We found that the food insecurity is associated with a PNNS-GS2
decrease [35]. In France, six out of ten students had to stop or reduce their job activities
and they were particularly affected by food insecurity [36-38]. To prevent food insecurity,
the French government established the “repas a 1 euro” (1-euro meal) in the university
restaurant, first for scholarship holders then for all students [39]. An alternative explored by
Buscail and al. before the COVID-19 pandemic is the implementation of fruit and vegetable
vouchers to relieve food insecurity and promote healthy food [40]. Students with a risk of
eating disorders have decreased their diet quality, which can be explained by an increase in
eating disorders since the beginning of the COVID-19 pandemic [10].

Further research needs to keep investigating the food behavior of university students.
Longitudinal studies could explore the long-term effect of the pandemic on student diet
and the impact of solutions implemented by the French government. At the same time,
university-wide prevention programs could be a good way to encourage students to adopt
healthier food behaviors and prevent mental health issues. Continuing to develop healthy
options in university restaurants and preventing food insecurity and mental health issues
must be priorities among French universities.

This study presents several limitations. It was a convenience sample and could limit
extrapolation to the results. The percentage of women and healthcare students is higher
than in the population of the University of Rouen. Data on reported food consumption may
lead to misreporting, most often underreporting [41]. In addition, the dietary questionnaire
asked about consumption more than one year ago, which may lead to memorization bias.
Nevertheless, this was not a 24-h dietary recall but focused on usual consumption patterns
that do not require as much accuracy. The design was cross-sectional and did not allow
causal interpretation between risk factors and unfavorable changes in quality. The main
strength is its statistical power due to the large sample size.

5. Conclusions

The student population was particularly impacted by the COVID-19 crisis, with an
unfavorable change in diet quality for one-third of the university students associated with
food insecurity, poor mental health and eating disorders. Universities have a role to play to
protect the health of their students, especially in periods of crisis. Further research could
help develop innovative prevention programs that would seek to promote healthy food
and mental health at all times.
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