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Introduction: The student period is associated with changes in eating habits, 
usually leading to diets of lower nutritional quality. However, some variability may 
exist in students’ dietary patterns. We aimed to describe French students’ diets 
and identify dietary groups that may vary in nutritional quality and environmental 
impact.

Methods: A representative sample of French students (N  =  582) for age, sex and 
scholarship status completed an online 125-item food frequency questionnaire. 
The nutritional quality of diets was assessed by a score of adherence to the 
French nutritional guidelines (sPNNS-GS2 score, ranging from−17 to 11.5) and its 
environmental impact by greenhouse gas emissions for an isocaloric diet (GHGE). 
An ascending hierarchical classification analysis on food and beverage intakes led 
to three dietary groups. Between-group differences in food consumption, dietary 
indicators and sociodemographic characteristics were investigated using ANOVA 
models.

Results: The average sPNNS-GS2 score of students’ diets was −0.8  ±  2.8, 
representing a 57% coverage of French nutritional recommendations, and GHGE 
were 5.4  ±  1.7  kg eCO2/2000  kcal. The three dietary groups were: a healthy diet 
group (20% of the sample) with the highest nutritional quality and high GHGE, 
which included older students with a higher level of physical activity; a Western 
diet group (40%) with the worst nutritional quality and high GHGE, which included 
more students who lived with their parents; and a frugal diet group (40%) with 
the lowest energy intake, intermediate nutritional quality, and low GHGE, which 
included more students who lived alone.

Conclusion: None of the dietary groups optimized both nutritional quality and 
environmental impact simultaneously, which suggests an apparent incompatibility 
in the student population between these two sustainability dimensions. These 
findings emphasize the need for tailored public health policies that acknowledge 
the diversity of student eating patterns and address specific individual barriers to 
healthy and sustainable diets.
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1 Introduction

Students attending higher education represent 4% of the French 
population and 44% of young adults (18–25 years old) (1). They form 
a specific population at a sensitive period between childhood and 
adulthood (2). Student years constitute a period of identity exploration 
as individuals draw away from their families (3), usually resulting in 
the deconstruction of eating habits formed during childhood and the 
gradual establishment of new eating habits (4–6). Reshaping habits 
when transitioning to higher education are generally associated with 
diets of poor nutritional quality (6–9); therefore, this period may 
be critical for promoting healthy and sustainable dietary habits (10). 
Unhealthy eating behaviors have been identified as factors 
contributing to weight gain in the initial year of university and are 
associated with adverse health outcomes such as coronary artery 
disease (11, 12). In addition to these health concerns, unhealthy eating 
patterns also impact sleep and cognitive functions, which are known 
to be interconnected with academic performance (13–15). Therefore, 
there is a growing body of research that shows an association between 
a more favorable dietary intake and higher levels of academic 
achievement, underlining the importance of healthy eating in this 
population (16–18). Finally, in a context where food choices are 
increasingly linked to both population and planet health (19, 20), the 
current level of nutritional quality and the environmental impact of 
students’ diets seem important to assess in order to identify how to 
improve both aspects.

Although several studies have demonstrated that diets combining 
good nutritional quality and a low environmental impact are 
achievable (19, 21, 22), maximizing both might not be  easy for 
students. For instance, the high consumption of sweet, salty, and fatty 
foods and sweetened drinks observed in this population is related to 
lower nutritional quality but also a lower environmental impact (7, 9). 
Observational studies, including nutritional quality and environmental 
impact indicators, are lacking in student populations. To our 
knowledge, these two dimensions of sustainability have been analyzed 
together only in a sample of Spanish students, where a diet with a 
higher nutritional quality score was associated with a slightly higher 
environmental impact (23).

Although the dietary patterns of students have been described as 
quite homogeneous, particularly regarding their poor nutritional 
quality (7), some variability has also been identified among this 
population (24–26). A study conducted on 1,448 United Kingdom 
students proposed four major dietary patterns: a ‘vegetarian’ pattern, 
a ‘snacking’ pattern, a ‘health-conscious’ pattern and a ‘convenience, 
red meat & alcohol’ pattern (24). As a step further, dietary patterns in 
the student population beyond food group consumption and in terms 
of nutritional quality and environmental impact would be interesting 
to describe. Finally, as diverse dietary groups may exist in this 
population, identifying their sociodemographic characteristics or 
their living situations is important, which may allow the identification 
of subgroups of students with specific issues that may impede reaching 
adequate nutritional quality and/or an acceptable 
environmental impact.

In France, many studies aiming to characterize the diet quality 
and environmental impact of the general population have been carried 
out (21, 27, 28), but to our knowledge, no study has investigated 
French higher education students’ diets. Data on this topic are needed 
to inform public policies on how to initiate transitions toward healthy 
and sustainable diets in this population. The first aim of the present 
study was to describe the overall dietary characteristics of a 
representative sample of French students. The second aim was to 
investigate the variability in dietary patterns among French students 
and describe these dietary groups in terms of nutritional quality, 
environmental impact, and sociodemographic and 
lifestyle characteristics.

2 Materials and methods

2.1 Study design

In this cross-sectional study, participants completed a 30-min 
online survey on the Qualtrics platform1 including three parts: (i) a 
semi-quantitative food frequency questionnaire (FFQ) assessing 
dietary intake during the last month, (ii) a series of validated 
questionnaires to measure various determinants of eating practices 
(this second part of the questionnaire was not analyzed in the present 
study), and (iii) questions on sociodemographic characteristics and 
lifestyle. Participants were informed that the purpose of the study was 
to investigate their eating habits and gave their consent to participate 
before starting the survey. Three attention-check questions (e.g., ‘How 
many times do you eat cars?’) were included in the questionnaire.

2.2 Subjects and recruitment

Eligible participants for this study were students enrolled in 
higher education in Dijon (France), aged over 18 years, fluent in 
French, and without children. We  excluded students who were 
parents, as the presence of a child can significantly influence dietary 
habits (29, 30). To be  as representative as possible of the French 
student population, we recruited participants with quotas on sex, age 
and scholarship status. In France, scholarship status is linked to 
parental incomes and is considered as an indicator of socio-economic 
status in the student population. Quotas were calculated in 
comparison to the representation of each category in the French 
student population in 2019 (31). Therefore, we stratified our sample 
by sex (56% female, 44% male), age (63% between 18 and 21 years of 
age, 26% between 22 and 25 years of age, and 11% over 25 years of 
age), and scholarship status (37% with a scholarship, indicating a 
lower socioeconomic status). We aimed to recruit a minimum of 60 
participants for each quota-based group, as we hypothesized that the 
three quota variables (sex, age and scholarship status) would play 
important roles in shaping dietary practices (7). The group 
representing the smallest percentage of the total population was the 
“over 25-year-old” age group (11%). Considering that 60 participants 
would represent 11% of the total population, a total of 546 participants 

1 http://www.qualtrics.com

Abbreviations: BMI, Body Mass Index; FFQ, Food frequency questionnaire; GHGE, 

Greenhouse gas emissions; PANDiet, Probability of adequate nutrient intake; 

sPNNS-GS2, Simplified Program National Nutrition Santé–guidelines score.
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were required. Thus, we aimed to recruit 600 participants to allow for 
approximately 10% of potential a posteriori exclusions due to poor 
quality responses based on a previous study (32).

Three recruitment methods were used: social media and more 
specifically Facebook posts on the Dijon university page, emails 
from certain universities that agreed to transfer our survey and 
flyers handed out on the university campus of Dijon. Direct access 
to the online survey was provided via a link on posts and emails or 
a QR code printed on flyers. At survey initiation, questions about 
age, sex, and scholarship status aimed to assess eligibility and 
completion of quotas before the participants could proceed with the 
survey. The participants who completed the survey received a 10€ 
voucher by email. Data were collected between the 1st and 15th of 
April 2022.

2.3 Ethical aspects

This study was conducted in accordance with the Declaration of 
Helsinki, and the protocol for this study was approved by the ethical 
evaluation committee for research of Inserm (reference: 22–884, 
delivered on March 8th, 2022). Written informed consent was 
obtained from all study participants.

2.4 Measures

2.4.1 Participants’ characteristics
Sociodemographic characteristics queried in the survey included 

age, sex, scholarship status, nationality, current level of education, type 
of institution, current disciplinary field of study, number of years spent 
in higher education, parents’ highest level of education, place of 
residence at the time of the study and other concurrent residents. 
We also asked the participants to report their weight (kg) and height 
(cm) to calculate their body mass index (BMI) in kg/m2 and whether 
they were dieting or willing to gain muscle mass. Physical activity level 
was evaluated using the self-administered International Physical 
Activity Questionnaire (IPAQ) short-form questionnaire, which 
allowed us to derive three levels of physical activity: low, moderate and 
high (33).

2.4.2 Dietary data
Participants declared the frequency and portion sizes of the food 

items and beverages that they consumed during the month before 
completing the survey (i.e., March 2022 for all participants) using a 
validated semi-quantitative FFQ (34). The frequency of consumption 
of 109 food items, 12 non-alcoholic beverages and 4 alcoholic 
beverages and 13 spice and herb items was assessed with a 6-item scale 
ranging from “never” to “several times a day.” Supplement intake was 
not assessed. Reported frequencies of consumption were transformed 
into daily frequencies. Portion sizes were estimated by the participants 
on a 5-level photograph scale adapted from the SU.VI.MAX portion 
book (35) for 71 food items and 12 non-alcoholic beverages. An 
average portion size was used for the 38 remaining food items. 
Alcoholic beverage amounts corresponded to standard serving sizes. 
Daily intake of each food and beverage item was calculated by 
multiplying the daily frequency by the estimated portion size. 
Individual nutrient intakes (g/day) were obtained by multiplying this 

daily intake by the nutrient content of each item retrieved from the 
SU.VI.MAX nutrient composition database (36).

The 109 food items, 13 spice and herb items and 16 beverages 
were grouped into 39 food groups based on the classification used in 
the 2014–2015 French national dietary survey (Enquête Individuelle 
Nationale des Consommations Alimentaires, INCA 3) (37). For each 
food group, we calculated the daily consumption in grams per day and 
energy-adjusted consumption in grams per 2000 kcal.

We also asked participants to declare the type of diet they were 
following at the time of the study: omnivorous, flexitarian, pesco-
vegetarian, ovo-lacto-vegetarian or vegan.

2.5 Diet quality indicators

2.5.1 Nutritional quality
To assess the nutritional quality of the students’ diets, we used a 

validated indicator for the French population: the simplified 
PNNS-GS2 score (sPNNS-GS2) (38), which measures adherence to 
the 2017 French nutritional guidelines. This score attributes positive 
points to healthy food group consumption (i.e., fruit and vegetables, 
nuts, legumes, whole-grain food, milk and dairy products, fish, and 
seafood) and negative points to unhealthy food group consumption 
(i.e., red meat, processed meat, sugary foods, sweet-tasting beverages, 
alcoholic beverages, and salt), with a higher score indicating a diet 
closer to the French nutritional guidelines. As detailed in previous 
papers that calculated the sPNNS-GS2 based on the same FFQ (28, 
32), the original score calculation was slightly modified. As the 
percentage of energy intake contributed by the added fat could not 
be recorded with this FFQ, this component was removed from the 
score calculation. As a consequence, the sPNNS-GS2 score computed 
for each participant in the present study ranged from −17 to 11.5 
instead of −17 to 13.5 (38).

For sensitivity analyzes, we also evaluated the nutritional quality 
of diets using the PANDiet score, which measures the adequacy of 
nutrient intake (39, 40).

2.5.2 Environmental impact
To evaluate the environmental impact of students’ diets, we used 

greenhouse gas emissions (GHGE) in kg eCO2/kg derived from the 
French food environmental impact database Agribalyse 3.0 created by 
the French Agency for Ecological Transition (ADEME). This database 
is composed of 2,480 common food items for which GHGE values 
were calculated using life cycle analyzes (41). The FFQ items were 
associated with the corresponding food items from Agribalyse 3.0, as 
described in a previous study (28). To calculate the environmental 
impact of each participant’s diet, we multiplied the daily intake of each 
food item by the associated GHGE per kg. We also calculated the 
energy-adjusted environmental impact of the diets (GHGE per 
2000 kcal).

2.5.3 Consumption of organic and locally 
produced products

The participants were asked how often they consumed organic 
and locally produced foods for 12 food groups (fruit, vegetables, dairy 
products, meat and fish, eggs, grains, bread, oil, ready-to-eat meals, 
biscuits, tea and coffee, and wine and beers) on a 3-point scale: 
2 = most of the time, 1 = occasionally and 0 = never. This questionnaire 
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was used in previous studies (28, 42). Organic and local consumption 
scores were computed as the mean of responses across the 12 food 
groups (range 0 to 2).

2.6 Statistical analyzes

We followed an analytical plan that was registered prior to data 
collection.2 From the 600 participants who completed the survey, 
we excluded those who failed at least one attention check question and 
those with extreme energy intake, who were defined as participants in 
the first and last percentiles of energy intake (p1 = 576 kcal/day and 
p100 = 7,323 kcal/day).

Dietary groups were identified from food group daily intakes (in 
g/day) (N = 39) using a clustering analysis to group students with 
similar dietary patterns. The variables used in this analysis were 
standardized daily food group consumption in grams per day (N = 39). 
Standardization controls for the potential influence of certain food 
groups with higher weights, such as beverages. A hierarchical 
ascendant classification was conducted using Ward’s method based on 
Euclidean distances (proc cluster) and highlighted three distinct 
clusters composed of 125, 227, and 227 participants. Three deviant 
participants grouped in a fourth cluster were excluded from the cluster 
comparison. Although 39 food groups were used in the clustering 
analysis, for the sake of conciseness when presenting the results, 
we  merged some food groups to obtain 26 simplified food and 
beverage groups (see the list of food groups, along with corresponding 
FFQ items, in Supplementary material S1).

For each simplified food group (N = 26), intake differences 
between the three dietary groups were examined using ANOVA and 
post hoc pairwise comparisons with Bonferroni correction for daily 
and energy-adjusted intakes. Analyzing daily intake enables a 
comparison of the absolute values used to categorize the three 
dietary groups–quantitative comparison. However, given the 
variations in energy intake we  observed, we  also conducted a 
comparison of intakes by food group for an isocaloric diet to be able 
to compare their relative contribution in each dietary group–
qualitative comparison. Comparisons were also performed for the 
following diet quality indicators: macronutrient contents, nutritional 
quality indicators (sPNNS-GS2, PANDiet), environmental impact 
(GHGE per day and per 2000 kcal), consumption of organic and 
locally produced products; as well as for sociodemographic 
characteristics, level of physical activity and anthropometric data, 
with ANOVA used for continuous variables and Chi-2 tests used for 
categorical variables.

Sensitivity analyzes were conducted to investigate whether the 
characteristics of the dietary groups changed after exclusion of under- 
and over-reporting participants for energy intake. We used Schofield 
equations considering weight, height, sex and age to calculate basal 
metabolic rate. The basal metabolic rate was corrected using the level 
of physical activity (derived from the results of the International 
Physical Activity Questionnaire (IPAQ) questionnaire) and compared 
to the energy intake calculated from the FFQ. Participants were 
classified as under- (N = 158) or over-reporters (N = 26) using the 

2 https://osf.io/z53na/

cut-off points proposed by Black (43). All the comparison analyzes 
between the dietary groups described above were replicated after the 
exclusion of under- and over-reporting participants.

All statistical analyzes were performed using SAS version 9.4 (SAS 
Institute, Inc. Cary, NC). The level of significance was set at p < 0.05 
across all preregistered analyzes unless otherwise specified.

3 Results

3.1 Sample characteristics

Data from 582 participants were included in the analyzes, see the 
survey flow in Supplementary material S2. The characteristics of these 
participants are presented in Supplementary material S3. Recruitment 
quotas were achieved for sex (56% female). We recruited slightly more 
participants with a scholarship than planned (40% vs. 37%). Regarding 
age groups, 67% of participants were between 18 and 21 years old (vs. 
63% planned), 26% were between 22 and 25 years old (as planned), 
and 7% were over 25 years of age (vs. 11% planned). Most of our 
sample consisted of French students (94%) who had been studying for 
3.3 years (SD = 2.1). Most of the students lived alone (56%) or with a 
partner or flatmates (29%).

Regarding anthropometric data, 69% of the participants reported 
a normal weight status (BMI between 18.5 and 25 kg/m2). Some 
participants declared that they were dieting (9%), and some wanted to 
gain muscle mass (14%). More than two-thirds of the sample identified 
themselves as omnivores (67.5%), a quarter as flexitarians (24.6%) and 
the rest as vegetarian or vegan (7.9%).

3.2 Food consumption patterns across 
dietary groups

Three dietary groups were identified from the hierarchical 
ascendant classification on daily consumption by food groups 
representing three distinct dietary patterns: the healthy diet group 
(N = 125, 20% of the sample), the Western diet group (N = 227, 40%) 
and the frugal diet group (N = 227, 40%). Table 1 shows the average 
amounts consumed by food and beverage groups per day and per 
2000 kcal in each group and for the whole sample.

The healthy diet group had the highest daily consumption of eggs, 
poultry, vegetables, pulses, fruit, condiments, alcohol and hot drinks. 
The Western diet group had the highest daily consumption of cream 
or soy-based deserts, fats and sauces, pork, processed meat and offal, 
starchy vegetables, sweet products, ready-to-eat meals, fatty and salty 
products, bottled water, fruit juice and sweetened beverages. The 
frugal diet group had a lower daily intake of all food groups except tap 
water, with significant differences for bread and cereals, dairy 
products, red meat, seafood, vegetables, and fruit. Between-group 
comparisons of food group consumption adjusted for energy intake 
(i.e., per 2000 kcal of diet) highlighted that for the same amount of 
energy, the frugal diet group had a similar consumption pattern to the 
Western diet group for most food groups, but differed by a higher 
consumption of eggs and condiments and a lower consumption of 
pork, red meat, and processed meat. Moreover, the frugal diet group 
had similar consumption levels as the healthy diet group for cream and 
soy-based desserts, pork, red meat, and fish.
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TABLE 1 Food and beverage consumptions in grams per day and for an isocaloric diet (/2000  kcal) across the three dietary groups of French university 
students (N  =  582).

Food groups in g/day and beverages in ml/day Food groups in g/2000  kcal and beverages in 
ml/2000  kcal

Overall Healthy 
diet 

group

Western 
diet 

group

Frugal 
diet 

group

p Overall Healthy 
diet 

group

Western 
diet 

group

Frugal 
diet 

group

p

N  =  582a N  =  227 N  =  125 N  =  227 N  =  582a N  =  227 N  =  125 N  =  227

Food groups

Bread and 

cereals
263 (227) 324 (290)A 303 (238)A 188 (138)B <0.001 248 (146) 257 (148)A 232 (130)A 262 (158)A 0.068

Dairy 

products
90.6 (96.4) 114 (134)A 103 (89.4)A 66.1 (70.0)B <0.001 88.3 (80.5) 91.5 (76.3)A 83.6 (67.7)A 92.4 (93.5)A 0.462

Dairy and 

soy-based 

desserts

31.4 (43.0) 27.0 (41.7)B 45.3 (50.8)A 20.0 (29.5)B <0.001 30.5 (41.5) 24.4 (37.8)B 37.5 (47.6)A 27.2 (35.9)A,B 0.005

Fats and 

sauces
18.9 (15.9) 16.1 (14.3)B 24.6 (18.8)A 14.8 (11.4)B <0.001 19.5 (15.0) 15.0 (13.0)B 20.6 (15.6)A 21.2 (14.9)A <0.001

Egg 45.2 (68.8) 75.8 (105)A 40.1 (55.0)B 32.8 (47.4)B <0.001 42.0 (52.6) 58.7 (60.4)A 30.7 (36.8)C 44.2 (58.9)B <0.001

Red meat 36.2 (53.3) 40.0 (64.4)A 50.7 (61.1)A 19.8 (28.2)B <0.000 31.4 (34.8) 29.6 (36.5)A,B 37.6 (36.5)A 26.5 (31.1)B 0.002

Poultry 30.4 (57.5) 60.8 (107)A 27.9 (30.1)B 15.4 (17.0)B <0.001 26.3 (34.1) 41.8 (56.8)A 22.2 (21.2)B 21.8 (23.9)B <0.001

Pork 11.3 (18.9) 8.29 (14.4)B 18.9 (24.8)A 5.56 (9.42)B <0.001 10.3 (15.8) 6.73 (11.2)B 15.1 (19.5)A 7.70 (12.5)B <0.001

Processed 

meat and offal
21.1 (25.1) 16.2 (17.9)B 32.3 (32.4)A 12.9 (13.6)B <0.001 20.5 (21.7) 13.5 (13.9)C 26.1 (24.7)A 19.1 (20.8)B

<0.001

Fish and 

seafood
22.5 (36.7) 32.4 (62.0)A 27.8 (29.8)A 12.1 (16.2)B <0.001 20.5 (27.0) 24.2 (36.4)A 21.9 (22.3)A,B 17.3 (24.9)B 0.043

Vegetables 186 (203) 327 (319)A 183 (158)B 113 (89.9)C <0.001 190 (182) 305 (275)A 155 (138)B 163 (124)B <0.001

Pulses 22.4 (51.0) 51.2 (97.5)A 15.7 (23.0)B 13.3 (18.8)B <0.001 23.8 (50.1) 51.1 (92.7)A 13.0 (18.8)B 19.8 (28.7)B <0.001

Starchy 

vegetables
51.9 (51.7) 43.6 (33.8)B 73.7 (67.1)A 34.5 (30.0)B <0.001 50.8 (44.2) 40.1 (34.6)B 59.2 (50.5)A 48.6 (40.9)A,B

<0.001

Fruits 134 (153) 218 (204)A 132 (144)B 90.1 (105)C <0.001 131 (137) 186 (159)A 109 (125)B 125 (129)B <0.001

Sweet 

products
85.2 (68.2) 72.8 (47.1)B 111 (87.2)A 67.1 (45.1)B <0.001 83.2 (46.7) 64.6 (37.2)B 84.7 (42.8)A 92.8 (51.5)A

<0.001

Condiments 11.9 (12.4) 21.6 (17.4)A 10.4 (10.5)B 8.09 (6.83)B <0.001 12.8 (13.4) 21.8 (20.0)A 8.65 (8.54)C 12.0 (10.1)B <0.001

Ready-to-eat 

meals
91.8 (94.7) 79.3 (94.5)B 132 (118)A 59.2 (37.7)B <0.001 84.9 (60.4) 63.6 (58.2)B 97.3 (65.9)A 85.1 (52.0)A

<0.001

Fatty and salty 

products
9.7 (14.4) 8.93 (11.3)B 14.1 (19.8)A 5.74 (6.05)B <0.001 9.47 (11.5) 8.84 (12.2)A 10.9 (13.4)A 8.44 (8.41)A 0.050

Beverages

Milk 140 (534) 130 (378)A 114 (159)A 84.1 (128)A 0.130 115 (236) 101 (243)A 92.6 (132)A 117 (174)A 0.328

Bottled water 565 (1093) 338 (773)B 995 (1433)A 237 (545)B <0.001 561 (1159) 265 (614)B 959 (1568)A 324 (721)B <0.001

Tap water 1683 (1338) 1770 (1301)A 1593 (1293)A
1730 

(1400)A
0.400 1994 (2000) 1814 (1670)B 1414 (1359)B 2693 (2455)A

<0.001

Fruit juice 132 (239) 72.4 (138)B 201 (323)A 95.6 (152)B <0.001 133 (231) 61.1 (99.0)B 168 (284)A 138 (215)A <0.001

Sweetened 

beverages

261 (680) 163 (515)B 437 (952)A 143 (291)B <0.001 222 (464) 129 (343)B 307 (595)A 190 (348)A,B 0.001

Alcohol 42.5 (76.3) 64.8 (131)A 42.5 (59.6)B 30.3 (39.1)B <0.001 43.8 (71.7) 60.1 (113)A 35.1 (50.5)B 43.9 (57.9)A,B 0.008

Hot drinks 259 (429) 559 (628)A 188 (352)B 164 (259)B <0.001 286 (502) 604 (793)A 148 (272)B 250 (391)B <0.001

Soy milk 23.2 (170) 25.7 (98.5)A 6.09 (33.8)B 9.58 (39.9)B <0.001 16.2 (76.7) 19.3 (64.2)A 5.76 (36.6)A 15.0 (62.0)A 0.051

Values are means (SD, Standard Deviation). Food groups presented in this table reflect the simplified classification (see Supplementary material S1). Means with the same letter are not 
significantly different at alpha = 0.05 level, after Bonferroni correction for multiple comparisons.
aThree participants were excluded from dietary groups comparison.
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Similar differences across the three dietary groups were found in 
sensitivity analyzes after removing under- and over-reporters for 
energy intake (see Supplementary material S4).

3.3 Dietary indicators across dietary groups

On average, students consumed 2,098 ± 1,023 kcal/day, as shown 
in Table 2. The frugal diet group differed from the other groups with a 
lower macronutrient content due to lower energy intake 
(1,428 ± 457 kcal/day vs. 2,384 ± 1,081 kcal/day for the healthy diet 
group and 2,560 ± 958 kcal/day for the Western diet group).

As suggested by the description of intakes by food groups, the 
healthy diet group had a higher nutritional quality (sPNNS-
GS2 = 0.8 ± 2.7) than the Western diet group (sPNNS-GS2 = −1.6 ± 2.8) 
and the frugal diet group (sPNNS-GS2 = −0.8 ± 2.6). Sensitivity 
analyzes conducted using the PANDiet score, an indicator measuring 
the probability of adequate nutrient intake, confirmed that the healthy 
diet group had the highest level of nutritional quality (see 
Supplementary material S5).

The average values for GHGE were 5.8 ±3.9 kg eCO2/day and 
5.4 ± 1.7 kg eCO2/2000 kcal (Table 2). The frugal diet group differed 
from the other two groups with significantly lower GHGE (3.6 ± 1.7 kg 
eCO2/day vs. 6.7 ± 4.3 for the healthy diet group and 7.4 ± 3.9 for the 
Western diet group), even when adjusted for 2000 kcal (4.9 ± 1.5 kg 

eCO2/2000 kcal vs. 5.5 ± 1.8 for the healthy diet group and 5.7 ± 1.7 kg 
for the Western diet group). The healthy diet group and the Western 
diet group had similar GHGE per day and per 2000 kcal. However, 
participants in the healthy diet cluster had a higher consumption of 
organic and locally produced food and drink products compared to 
the participants in the frugal diet cluster.

The same pattern of results across the three dietary groups was 
found in sensitivity analyzes after removing under- and over-reporters 
for energy intake (see Supplementary materials S6).

3.4 Participants’ characteristics across 
dietary groups

Comparisons of participants’ characteristics between the three 
dietary groups (Table 3) revealed significant differences in terms of 
age, number of years in university, level of physical activity, willingness 
to gain muscle mass, and living conditions but not in terms of sex, 
scholarship status and BMI.

Participants in the healthy diet group were on average older 
students (21.9 ± 3.1 years) who had been studying for a longer period 
of time (3.7 ± 2.2 years). They were also more likely to be living with a 
partner or flatmates (32%), to have a high level of physical activity 
(49%) or to be willing to gain muscle mass (24%). The Western diet 
group differed from the frugal diet group by having a higher 

TABLE 2 Macronutrient content, nutritional quality, environmental impact, organics and local food consumption across the three dietary groups of 
French university students (N  =  582).

Overall
N  =  582a

Healthy diet 
group
N  =  125

Western diet 
group
N  =  227

Frugal diet 
group
N  =  227

p

Macronutrient content

Energy intake (kcal/day) 2099 (1023) 2384 (1081)A 2560 (958)A 1428 (457)B <0.001

Protein (g/day) 88.1 (53.7) 110 (66.9)A 104 (44.1)A 56.0 (21.2)B <0.001

Plant-based protein (g/day) 27.1 (13.6) 33.4 (15.8)A 31.5 (13.6)A 19.2 (6.90)B <0.001

Animal-based protein (g/day) 60.0 (43.4) 75.8 (57.0)A 72.2 (36.6)A 36.4 (17.0)B <0.001

Fat (g/day) 85.3 (46.0) 96.3 (51.3)A 106 (44.4)A 56.9 (20.5)B <0.001

Saturated fatty acids (g/day) 36.0 (20.5) 39.6 (23.8)B 44.8 (19.6)A 24.2 (9.3)C <0.001

Carbohydrate (g/day) 239 (122) 262 (117)B 291 (132)A 168 (60.7)C <0.001

Fiber (g/day) 20.7 (11.5) 28.1 (15.2)A 23.1 (10.1)B 14.3 (5.7)C <0.001

Nutritional quality

sPNNS-GS2 −0.78 (2.84) 0.77 (2.74)A −1.61 (2.80)C −0.82 (2.60)B <0.001

Environmental indicators

GHGE (kg eCO2/day) 5.80 (3.86) 6.70 (4.32)A 7.38 (3.89)A 3.57 (1.75)B <0.001

GHGE (kg eCO2/2000 kcal) 5.37 (1.67) 5.48 (1.78)A 5.74 (1.72)A 4.94 (1.46)B <0.001

Organic and local scores

Organic score [range (0;2)] 0.55 (0.44) 0.66 (0.46)A 0.55 (0.45)A.B 0.49 (0.42)B 0.002

Local score [range (0;2)] 0.55 (0.43) 0.61 (0.45)A 0.58 (0.42)A.B 0.49 (0.41)B 0.025

Under and over-reporters for energy intake according to the Black method

Under-reporters 27% (N = 159) 18% (N = 23) 9% (N = 21) 50% (N = 114)

Over-reporters 4% (N = 26) 5% (N = 6) 7% (N = 17) 0% (N = 0)

Values are means (SD, Standard Deviation) Means with the same letter are not significantly different at alpha = 0.05 level, after Bonferroni correction for multiple comparisons.
aThree participants were excluded from dietary groups comparison.
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proportion of students with a low level of physical activity and who 
lived with their parents. Students in the frugal diet group were more 
likely to live alone.

The same pattern of results across the three dietary groups was 
found in sensitivity analyzes after removing under- and over-reporters. 
Age, place of residence, level of physical activity, and willingness to 

TABLE 3 French university students’ characteristics across the three dietary groups.

Healthy diet group
N  =  125

Western diet group
N  =  227

Frugal diet group
N  =  227

p

Age, years, mean (SD) 21.9 (3.14)A 20.9 (2.51)B 20.5 (2.12)B <0.001

Sex, female, n (%) 69 (55.2) 123 (54.2) 135 (59.5) 0.498

Scholarship status, with scholarship, n (%) 49 (39.2) 86 (37.9) 96 (42.3) 0.622

Nationality, French, n (%) 118 (94.4) 211 (92.9) 214 (94.3) 0.801

Number of years having been a student, years, mean (SD) 3.73 (2.23)A 3.30 (2.23)A.B 3.01 (1.93)B 0.008

Type of institution *, n (%) 0.722

University 78 (62.4) 143 (63.0) 135 (59.5)

Others 47 (37.6) 84 (37.0) 92 (40.5)

Field of studies **, n (%) 0.620

Science 80 (64.0) 150 (66.1) 140 (61.7)

Humanities 45 (36.0) 77 (33.9) 87 (38.3)

Highest educational qualification of parents, n (%) 0.822

< High-school +2 years diploma 41 (34.2) 71 (32.6) 72 (32.7)

High-school +2 years diploma 26 (21.7) 47 (21.6) 37 (16.8)

High-school +3 or + 4 years diploma 20 (16.7) 36 (16.5) 45 (20.4)

≥ High-school +5 years diploma 33 (27.5) 64 (29.4) 66 (30)

Place of living, n (%) 0.008

Parents’ house 21 (16.8) 47 (20.9) 20 (8.8)

Students’ house or boarding school 27 (21.6) 51 (22.7) 64 (28.3)

Independent accommodation 77 (61.6) 127 (56.4) 142 (62.8)

Living alone, n (%) 0.005

Yes 65 (52.0) 115 (50.7) 144 (63.4)

No, with parents 21 (16.8) 47 (20.7) 20 (8.8)

No, with a partner or flatmates 39 (32.1) 65 (28.6) 63 (27.8)

Level of physical activity, n (%) <0.001

Low 4 (3.2) 39 (17.2) 24 (10.6)

Moderate 60 (48.0) 114 (50.2) 130 (57.3)

High 61 (48.8) 74 (32.6) 73 (32.1)

Dieting status, yes, n (%) 11 (8.8) 22 (9.7) 20 (8.8) 0.937

Willingness to gain body mass, yes, n (%) 30 (24.0) 28 (12.3) 22 (9.7) <0.001

BMI, body-mass index, kg/m2, mean (SD) 22.5 (3.28) 22.6 (4.26) 22.3 (3.61) 0.755

WHO classification of weight status, n (%) 0.622

Underweight [BMI < 18.5 kg/m2] 8 (6.4) 25 (11.0) 22 (9.7)

Normal weight [18.5 ≤ BMI ≤ 24.9] 93 (74.4) 153 (67.4) 157 (69.2)

Overweight or obese [BMI ≥ 25] 24 (19.2) 49 (21.6) 48 (21.1)

Declared diet, n (%) 0.066

Omnivore 76 (60.8) 165 (72.7) 151 (66.5)

Flexitarian, pesco-vegetarian, ovo-lacto-vegetarian or vegan 

diet

49 (39.2) 62 (27.3) 76 (33.5)

Data for the whole group are reported in Supplemental material S5. *Type of institution responses grouped together in “others”: “engineering school,” “business school,” “art school,” “higher 
school preparatory classes,” “technician school” and “others”. **“Field of studies” responses grouped together in “Science”: “Industry,” “Health” and “Sciences” and “Humanities”: “art,” 
“business,” “law,” “teaching,” “humanities and languages,” “social sciences” and “political science”.
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gain body mass variables remained statistically significant (see 
Supplementary materials S7). For the number of years having been a 
student and living alone variables, differences were no longer 
significant but the trend remained the same.

4 Discussion

The present study highlighted the diversity of food consumption 
patterns that coexist in the French student population. Three dietary 
groups that varied in nutritional quality and environmental impact 
were identified through clustering analysis. The Western diet group 
(40% of the sample) had the poorest nutritional quality and the 
highest environmental impact. The healthy diet group (20%) had a 
similarly high environmental impact but had the highest nutritional 
quality. The frugal diet group (40%), with the lowest energy intake, had 
an intermediate nutritional quality and the lowest environmental 
impact. Students in these groups differed in age, level of physical 
activity, willingness to gain muscle mass, housing, and 
living conditions.

The identification of three dietary groups brought nuances to the 
general description of students’ diets as unhealthy and unsustainable 
(7). Although in line with previous literature (6–9), we found that as 
a whole, French students have diets with relatively low nutritional 
quality, with a sPNNS-GS2 score of −0.8 ± 2.8 compared to an average 
score of 1.2 ± 2.6 in a convenience sample of adults recruited in the 
same geographic area as students from the present study (28) and 
scores of −0.3 ± 3.6 and 2.1 ± 3.1  in samples of French men and 
women, respectively (38). Regarding environmental impact, students’ 
diets had an equivalent carbon footprint (5.4 ± 1.7 kg eCO2/2000 kcal) 
as what had been found for adults in a previous study using the exact 
same calculation method (same FFQ and same GHGE data) 
(5.6 ± 1.5 kg eCO2/2000 kcal) (28).

Other studies have identified similar dietary patterns as in the 
present study (24, 44), suggesting that the dietary groups that emerged 
in this study may not be specific to the French student population. 
Two of the four dietary profiles identified in a United Kingdom-based 
study with a convenience sample of 1,448 university students can 
be compared with the groups described in this study (24). The ‘health-
conscious’ profile from the United Kingdom study, characterized by 
food groups such as fish, nuts, eggs, fruits, and vegetables, could 
be  linked to the healthy diet group. The ‘convenience, red meat & 
alcohol’ profile resonates with our Western diet group. Alcohol 
consumption follows a different pattern in our sample from that of the 
United Kingdom study, with the healthy diet group showing higher 
intakes. Despite this difference, and because the sPNNS-GS2 score 
takes into account alcohol consumption (38), this group is still 
characterized by a higher overall nutritional quality compared to other 
dietary groups. However, a ‘vegetarian’ profile, characterized by the 
consumption of pulses, nuts and vegetables and an avoidance of meat 
and fish, emerged in the United Kingdom study but not in the present 
study (24), possibly because students declaring that they excluded 
meat and fish from their diet represented only 7.9% of our sample. 
This ‘vegetarian’ profile may be embedded in the healthy diet group, 
which seemed to have higher percentages of flexitarians, vegetarians 
and vegans. A fourth profile was identified in the United Kingdom-
based study, without the equivalent found in our study: the ‘snacking’ 
profile, which was associated with the consumption of savory and fatty 
foods, sweetened beverages, and sweet products, which may be due to 

cultural differences regarding snacking between France and the 
United Kingdom (45). Finally, the frugal diet group was not identified 
in the sample of United  Kingdom university students. The lower 
energy intake in the frugal diet group may raise questions about 
whether it may reflect the reliability of the results from the food 
frequency questionnaire or actual disparities in energy intake. Even 
after excluding 158 under-reporters for energy intake using the cut-off 
points proposed by Black, this group still showed significantly lower 
average energy intake (1740 ± 392 kcal/day) compared to the healthy 
diet group (2,506 ± 836 kcal/day) and the Western diet group 
(2,511 ± 634 kcal/day). This suggests that the observed difference may 
actually reflect distinct eating behaviors. The observation of this 
cluster with particularly low energy intake could be  linked to the 
overall difficult economic situation at the time of the study as an 
increased prevalence of food insecurity in the student population was 
reported at this time following the COVID-19 pandemic (46).

Even if theoretical diets optimizing both nutritional quality and 
environmental impact have been described in the literature (e.g., EAT 
Lancet commission diet (19)), individuals adopting a healthy and 
low-carbon diet were not widespread in our sample of French 
students. On the one hand, the dietary group with the lowest 
environmental impact (the frugal diet group) had diets with 
intermediate nutritional quality. In contrast, the dietary group with 
the best nutritional quality (healthy diet group) had the highest 
environmental impact. The food groups that characterized each 
dietary group explained these results. We noticed that some food 
groups widely consumed by students have asymmetric effects on 
nutritional quality and environmental impact. For example, poultry 
and fish have favorable nutritional profiles (38) but are animal-based 
products that have a relatively high environmental impact (47). In 
contrast, some plant-based foods with a relatively low environmental 
impact are not healthy (i.e., sugary, salty or fatty foods such as cakes, 
sweetened beverages, or fried potatoes) (48). In the frugal diet group, 
the relatively low nutritional quality and low environmental impact 
can be explained by the low consumption of both meat and healthy 
plant-based foods (i.e., pulses, vegetables, and fruit). In the healthy diet 
group, we observed a high consumption of animal-based foods with 
a high environmental impact but good nutritional quality, such as 
poultry, fish, eggs, and dairy products. The consumption of these food 
groups resonates with the fact that this dietary group is composed of 
students who more often declared wanting to gain muscle mass and 
with a higher level of physical activity. In our sample, a higher level of 
physical activity was associated with higher consumption of meat 
(data not shown). Students in the healthy diet group might have been 
more focused on their health than on the environmental impact of 
their diets, resulting in the choice of familiar and healthy animal-
sourced foods rather than plant-based alternatives. Students in this 
cluster also declare a high consumption of organic food products. 
Even if organic farming has positive impacts on the environment (49), 
especially the biodiversity (50), health is the first motive that explains 
organic food consumption (51).

The three identified dietary groups differed according to students’ 
age, level of physical activity, willingness to gain muscle mass, as well as 
housing and living conditions. Contrary to previous studies reporting 
that more women have a healthy diet (9, 24, 52), sex did not discriminate 
the dietary groups in the present study. The results regarding physical 
activity levels were similar to those described in the literature, with 
students exercising more often also having healthier diets (53). Students 
in the healthy diet group were older than those in the other two groups, 
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which resonates with the positive association between age and 
nutritional quality reported in previous studies (6, 7, 24, 54). This 
association may be  explained by the fact that when students enter 
university, they must choose when, what, and with whom to eat for the 
first time. They are gaining independence in their food choices while 
lacking knowledge and skills for food shopping, storing and cooking (7, 
24, 55). Longitudinal studies are needed to better understand whether 
the association between age and nutritional quality can be explained by 
individual factors such as knowledge, food literacy, and cooking skills, 
and/or structural factors, such as financial resources or lack of cooking 
equipment. Previous studies have highlighted that leaving the family 
house decreases the nutritional quality of students’ diets (6, 7, 56, 57). 
However, in our study, students with the lowest nutritional quality (i.e., 
in the Western diet group) were most likely to live with their parents. 
We hypothesized that students living at the family house may have more 
financial resources to eat more frequently outside of home than students 
living alone, who are also more likely to adopt a frugal diet. Indeed, the 
food offered on campus is known to negatively influence the nutritional 
quality of students’ diets (26, 58). Finally, as one can wonder whether 
the frugal diet is chosen or adopted under the strain of financial 
constraints, further studies are needed to describe students’ diets while 
considering the socioeconomic dimension of diets (food cost and 
food expenditure).

This study provides a better understanding of the specific margins 
of progress in terms of improving nutritional quality and limiting the 
environmental impact among students by differentiating several 
dietary groups. The sociodemographic characteristics related to each 
dietary group allows to identify the subgroups of students to target in 
priority in public health interventions. Younger students and those 
living alone are the most represented in the frugal diet cluster and 
would particularly benefit from interventions promoting healthy and 
sustainable diets, especially from an improvement of nutritional 
quality. Interventions targeting the healthy diet cluster should focus 
on the reduction of meat consumption to limit the environmental 
impact of their diets. This includes promoting plant-based alternatives 
like pulses as part of healthy diets. Interventions could be carried out 
by local communities that participate in shaping students’ food 
environments such as university catering (59). According to the 
present study, a large number of students rely on the university food 
system as they regularly eat at university catering facilities (54%) and/
or live in university accommodations (26%). This is all the more 
important as the university period can be considered as an opportunity 
to implement public health interventions before the leap to 
independent life where contexts are more varied and policy 
implementation more difficult.

4.1 Strengths and limitations

This is the first study to provide a detailed description of food 
consumption patterns in a sample of French students. A quota 
sampling method was used to recruit a representative sample of 
French students for age, sex and scholarship status which is a major 
strength of this study. It is though important to acknowledge that the 
dataset was only obtained from participants studying in the city of 
Dijon, thereby potentially impeding the generalizability of the study 
results to all of French students. Another limitation of this study is 
relevant to data collection methodology. Indeed, the FFQ is sensitive 

to reporting bias and memory bias which may affect the robustness of 
the results. However, the questionnaire was previously validated (34), 
and sensitivity analyzes excluding under- and over-reporters for 
energy intake led to consistent results.

5 Conclusion

Overall, French students have diets with lower nutritional quality 
and similar environmental impacts compared to French adults. 
However, while some students reported high-energy diets with poor 
nutritional quality (40%) classified as Western diet, we also identified 
a dietary group with significantly lower energy (40%) classified as 
frugal diet and a group with significantly higher nutritional quality 
(20%) classified as healthy diet. Students adopting these different food 
consumption patterns were notably discriminated by age and living 
conditions, highlighting potential skill-related and structural 
influences on students’ dietary choices. In particular, younger students 
were more likely to have diets with worse nutritional quality, and those 
living alone were more likely to have diets with lower energy content. 
In this study, none of the dietary groups optimized both nutritional 
quality and environmental impact simultaneously, a key factor in 
promoting sustainable eating habits. Indeed, the healthy diet group 
presents high nutritional quality but also high environmental impact. 
These findings are crucial for future public health efforts which could 
be undertaken by university catering facilities as a substantial number 
of students regularly use them. First, the results from this study 
emphasize the importance of harmonizing nutrition and 
environmental concerns. This includes promoting plant-based 
alternatives like pulses over animal-based products like poultry or fish 
in healthier diets, which is not currently the case in French food-based 
dietary guidelines. Second, the results from this study give practical 
information regarding the students to target in future public health 
interventions. Younger students with lower diet quality could benefit 
the most from interventions promoting healthy and sustainable diets.

Data availability statement

The datasets presented in this study can be  found in online 
repositories. The names of the repository/repositories and accession 
number(s) can be found: https://osf.io/z53na/.

Ethics statement

The studies involving humans were approved by Ethical evaluation 
committee for research of Inserm. The studies were conducted in 
accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study.

Author contributions

LA: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Software, Writing – original draft, 
Writing – review & editing. SN: Conceptualization, Formal analysis, 

https://doi.org/10.3389/fnut.2023.1323648
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://osf.io/z53na/


Arrazat et al. 10.3389/fnut.2023.1323648

Frontiers in Nutrition 10 frontiersin.org

Funding acquisition, Methodology, Project administration, Resources, 
Supervision, Validation, Visualization, Writing – review & editing. 
BL-G: Conceptualization, Formal analysis, Methodology, Resources, 
Software, Validation, Writing – review & editing. LM: 
Conceptualization, Formal analysis, Methodology, Project 
administration, Resources, Software, Supervision, Validation, 
Visualization, Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This research 
was funded by grants from the Dijon Municipality (in the frame of the 
“Dijon Alimentation Durable 2030” initiative), from the Caisse des 
dépôts (“Territoires d’innovation” funding scheme), the Regional 
Council of Bourgogne-Franche-Comté and the AlimH scientific 
division/SYALSA metaprogram of INRAE (PhD fellowship to LA). 
Funders had no role in the design, analyzes or writing of this article.

Acknowledgments

The authors would like to thank Valérie Feyen for her help with 
participant management. We also thank the members of the Crous 

Bourgogne-Franche-Comté for their contribution regarding the 
discussion of the results found in this study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1323648/
full#supplementary-material

References
 1. INSEE. Scolarisation des jeunes de 18 à 29 ans. (2020). Available at: https://www.

insee.fr/fr/statistiques/4797584?sommaire=4928952#:~:text= (Accessed January 11, 
2022).

 2. Arnett JJ. Emerging adulthood: a theory of development from the late teens through 
the twenties. Am Psychol. (2000) 55:469–80. doi: 10.1037/0003-066X.55.5.469

 3. Mauger G. Âges et générations. Paris: La Découverte (2015). 128 p.

 4. Hilger J, Loerbroks A, Diehl K. Eating behaviour of university students in Germany: 
dietary intake, barriers to healthy eating and changes in eating behaviour since the time 
of matriculation. Appetite. (2017) 109:100–7. doi: 10.1016/j.appet.2016.11.016

 5. Small M, Bailey-Davis L, Morgan N, Maggs J. Seven semesters of college: living on 
or off campus matters. Health Educ Behav. (2012) 40:435–41. doi: 
10.1177/1090198112467801

 6. Winpenny EM, Sluijs EMFV, White M, Klepp K, Wold B, Lien N. Changes in diet 
through adolescence and early adulthood: longitudinal trajectories and association with key 
life transitions. Int J Behav Nutr Phys Act. (2018) 15:86–9. doi: 10.1186/s12966-018-0719-8

 7. Bernardo GL, Jomori MM, Fernandes AC, Proença RP da C. Food intake of 
university students. Rev Nutr. (2017) 30:847–65. doi: 10.1590/1678-98652017000600016

 8. Antonopoulou M, Mantzorou M, Serdari A, Bonotis K, Vasios G, Pavlidou E, et al. 
Evaluating Mediterranean diet adherence in university student populations: does this 
dietary pattern affect students’ academic performance and mental health? Int J Health 
Plann Manag. (2019) 2019:1–17. doi: 10.1002/hpm.2881

 9. Ramón-Arbués E, Granada-López JM, Martínez-Abadía B, Echániz-Serrano E, 
Antón-Solanas I, Jerue BA. Factors related to diet quality: a cross-sectional study of 1055 
university students. Nutrients. (2021) 13:1–15. doi: 10.3390/nu13103512

 10. Nelson MC, Story M, Larson NI, Neumark-Sztainer D, Lytle LA. Emerging 
adulthood and college-aged youth: an overlooked age for weight-related behavior 
change. Obesity. (2008) 16:2205–11. doi: 10.1038/oby.2008.365

 11. Anderson DA, Shapiro JR, Lundgren JD. The freshman year of college as a critical 
period for weight gain: an initial evaluation. Eat Behav. (2003) 4:363–7. doi: 10.1016/
S1471-0153(03)00030-8

 12. Appannah G, Pot GK, Huang RC, Oddy WH, Beilin LJ, Mori TA, et al. 
Identification of a dietary pattern associated with greater cardiometabolic risk in 
adolescence. Nutr Metab Cardiovasc Dis. (2015) 25:643–50. doi: 10.1016/j.
numecd.2015.04.007

 13. Wang F, Bíró É. Determinants of sleep quality in college students: a literature 
review. Explore. (2021) 17:170–7. doi: 10.1016/j.explore.2020.11.003

 14. Faris ME, Vitiello MV, Abdelrahim DN, Cheikh Ismail L, Jahrami HA, Khaleel S, 
et al. Eating habits are associated with subjective sleep quality outcomes among 

university students: findings of a cross-sectional study. Sleep Breath. (2022) 26:1365–76. 
doi: 10.1007/s11325-021-02506-w

 15. Ramón-Arbués E, Granada-López J-M, Martínez-Abadía B, Echániz-Serrano E, 
Antón-Solanas I, Jerue BA. The association between diet and sleep quality among 
Spanish university students. Nutrients. (2022) 14:3291. doi: 10.3390/nu14163291

 16. Burrows T, Whatnall M, Patterson A, Hutchesson M. Associations between dietary 
intake and academic achievement in college students: a systematic review. Healthcare. 
(2017) 5:60. doi: 10.3390/healthcare5040060

 17. Whatnall MC, Patterson AJ, Burrows TL, Hutchesson MJ. Higher diet quality in 
university students is associated with higher academic achievement: a cross-sectional 
study. J Hum Nutr Diet. (2019) 32:321–8. doi: 10.1111/jhn.12632

 18. Deliens T, Clarys P, De Bourdeaudhuij I, Deforche B. Weight, socio-demographics, 
and health behaviour related correlates of academic performance in first year university 
students. Nutr J. (2013) 12:162. doi: 10.1186/1475-2891-12-162

 19. Willett W, Rockström J, Loken B, Springmann M, Lang T, Vermeulen S, et al. Food 
in the Anthropocene: the EAT–lancet commission on healthy diets from sustainable 
food systems. Lancet. (2019) 2019:447–92. doi: 10.1016/S0140-6736(18)31788-4

 20. Clark MA, Domingo NGG, Colgan K, Thakrar SK, Tilman D, Lynch J, et al. Global 
food system emissions could preclude achieving the 1.5° and 2°C climate change targets. 
Science. (2020) 370:705–8. doi: 10.1126/science.aba7357

 21. Seconda L, Fouillet H, Huneau JF, Pointereau P, Baudry J, Langevin B, et al. 
Conservative to disruptive diets for optimizing nutrition, environmental impacts and 
cost in French adults from the NutriNet-Santé cohort. Nat Food. (2021) 2:174–82. doi: 
10.1038/s43016-021-00227-7

 22. Kesse-Guyot E, Allès B, Brunin J, Fouillet H, Dussiot A, Mariotti F, et al. 
Nutritionally adequate and environmentally respectful diets are possible for different 
diet groups: an optimized study from the NutriNet-Santé cohort. Am J Clin Nutr. (2022) 
116:1621–33. doi: 10.1093/ajcn/nqac253

 23. Telleria-Aramburu N, Bermúdez-Marín N, Rocandio AM, Telletxea S, Basabe N, 
Rebato E, et al. Nutritional quality and carbon footprint of university students’ diets: 
results from the EHU12/24 study. Public Health Nutr. (2021) 25:183–95. doi: 10.1017/
S1368980021002640

 24. Sprake EF, Russell JM, Cecil JE, Cooper RJ, Grabowski P, Pourshahidi LK, et al. 
Dietary patterns of university students in the UK: a cross-sectional study. Nutr J. (2018) 
17:1–17. doi: 10.1186/s12937-018-0398-y

 25. Blondin SA, Mueller MP, Bakun PJ, Choumenkovitch SF, Tucker KL, Economos 
CD. Cross-sectional associations between empirically-derived dietary patterns and 
indicators of disease risk among university students. Nutrients. (2015) 8:1–17. doi: 
10.3390/nu8010003

https://doi.org/10.3389/fnut.2023.1323648
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2023.1323648/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2023.1323648/full#supplementary-material
https://www.insee.fr/fr/statistiques/4797584?sommaire=4928952#:~:text=
https://www.insee.fr/fr/statistiques/4797584?sommaire=4928952#:~:text=
https://doi.org/10.1037/0003-066X.55.5.469
https://doi.org/10.1016/j.appet.2016.11.016
https://doi.org/10.1177/1090198112467801
https://doi.org/10.1186/s12966-018-0719-8
https://doi.org/10.1590/1678-98652017000600016
https://doi.org/10.1002/hpm.2881
https://doi.org/10.3390/nu13103512
https://doi.org/10.1038/oby.2008.365
https://doi.org/10.1016/S1471-0153(03)00030-8
https://doi.org/10.1016/S1471-0153(03)00030-8
https://doi.org/10.1016/j.numecd.2015.04.007
https://doi.org/10.1016/j.numecd.2015.04.007
https://doi.org/10.1016/j.explore.2020.11.003
https://doi.org/10.1007/s11325-021-02506-w
https://doi.org/10.3390/nu14163291
https://doi.org/10.3390/healthcare5040060
https://doi.org/10.1111/jhn.12632
https://doi.org/10.1186/1475-2891-12-162
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1126/science.aba7357
https://doi.org/10.1038/s43016-021-00227-7
https://doi.org/10.1093/ajcn/nqac253
https://doi.org/10.1017/S1368980021002640
https://doi.org/10.1017/S1368980021002640
https://doi.org/10.1186/s12937-018-0398-y
https://doi.org/10.3390/nu8010003


Arrazat et al. 10.3389/fnut.2023.1323648

Frontiers in Nutrition 11 frontiersin.org

 26. Fonseca LB, Pereira LP, Rodrigues PRM, Andrade ACDS, Muraro AP, Gorgulho 
BM, et al. Food consumption on campus is associated with meal eating patterns among 
college students. Br J Nutr. (2021) 126:53–65. doi: 10.1017/S0007114520003761

 27. Masset G, Vieux F, Verger EO, Soler LG, Touazi D, Darmon N. Reducing 
energy intake and energy density for a sustainable diet: a study based on self-
selected diets in French adults. Am J Clin Nutr. (2014) 99:1460–9. doi: 10.3945/
ajcn.113.077958

 28. Marty L, De L-g B, Nicklaus S. Short- and mid-term impacts of COVID-19 
outbreak on the nutritional quality and environmental impact of diet. Front Nutr. (2022) 
9:1–9. doi: 10.3389/fnut.2022.838351

 29. Hartmann C, Dohle S, Siegrist M. Time for change? Food choices in the transition 
to cohabitation and parenthood. Public Health Nutr. (2013) 17:2730–9. doi: 10.1017/
S1368980013003297

 30. Saxbe D, Rossin-Slater M, Goldenberg D. The transition to parenthood as a 
critical window for adult health. Am Psychol. (2018) 73:1190–200. doi: 10.1037/
amp0000376

 31. Ministry of Education and Youth. Repères et références statistiques sur les 
enseignements, la formation et la recherche 2019. (2019). Available at: https://www.
education.gouv.fr/reperes-et-references-statistiques-sur-les-enseignements-la-
formation-et-la-recherche-2019-3806 (Accessed January 11, 2022).

 32. Marty L, de Lauzon-Guillain B, Labesse M, Nicklaus S. Food choice motives and 
the nutritional quality of diet during the COVID-19 lockdown in France. Appetite. 
(2021) 157:105005. doi: 10.1016/j.appet.2020.105005

 33. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE, et al. 
International physical activity questionnaire: 12-country reliability and validity. Med Sci 
Sports Exerc. (2003) 35:1381–95. doi: 10.1249/01.MSS.0000078924.61453.FB

 34. Kadawathagedara M, Ahluwalia N, Dufourg MN, Forhan A, Charles MA, 
Lioret S, et al. Diet during pregnancy: influence of social characteristics and 
migration in the ELFE cohort. Matern Child Nutr. (2021) 17:e13140–13. doi: 10.1111/
mcn.13140

 35. Hercberg S, Deheeger M, Preziosi P. Portions alimentaires: manuel photos pour 
l’estimation des quantités. Paris: SU.VI.MAX, (2002).

 36. Hercberg S. Table de Composition des Aliments Economica. Paris: SU.VI.MAX 
(2006).

 37. Dubuisson C, Dufour A, Carrillo S, Drouillet-Pinard P, Havard S, Volatier JL. The 
third French individual and national food consumption (INCA3) survey 
2014-2015: method, design and participation rate in the framework of a European 
harmonization process. Public Health Nutr. (2019) 22:584–600. doi: 10.1017/
S1368980018002896

 38. Chaltiel D, Adjibade M, Deschamps V, Touvier M, Hercberg S, Julia C, et al. 
Programme national nutrition santé - guidelines score 2 (pnns-gs2): development and 
validation of a diet quality score reflecting the 2017 French dietary guidelines. Br J Nutr. 
(2019) 122:331–42. doi: 10.1017/S0007114519001181

 39. Verger EO, Mariotti F, Holmes BA, Paineau D, Huneau JF. Evaluation of a diet 
quality index based on the probability of adequate nutrient intake (PANDiet) using 
national french and US dietary surveys. PLoS One. (2012) 7:e42155. doi: 10.1371/
journal.pone.0042155

 40. de Gavelle E, Huneau JF, Mariotti F. Patterns of protein food intake are associated 
with nutrient adequacy in the general french adult population. Nutrients. (2018) 10:226. 
doi: 10.3390/nu10020226

 41. ADEME. Agribalyse v3.0. (2020). Available at: https://ecolab.ademe.fr/agribalyse 
(Accessed July 25, 2021).

 42. Baudry J, Méjean C, Péneau S, Galan P, Hercberg S, Lairon D, et al. Health and 
dietary traits of organic food consumers: results from the NutriNet-Santé study. Br J 
Nutr. (2015) 114:2064–73. doi: 10.1017/S0007114515003761

 43. Black AE. Critical evaluation of energy intake using the Goldberg cut-off for 
energy intake:basal metabolic rate. A practical guide to its calculation, use and 
limitations. Int J Obes. (2000) 24:1119–30. doi: 10.1038/sj.ijo.0801376

 44. Asvatourian V, Craig T, Horgan GW, Kyle J, Macdiarmid JI. Relationship between 
pro-environmental attitudes and behaviour and dietary intake patterns. Sustain Prod 
Consum. (2018) 16:216–26. doi: 10.1016/j.spc.2018.08.009

 45. Pettinger C, Holdsworth M, Gerber M. Meal patterns and cooking practices in southern 
France and Central England. Public Health Nutr. (2006) 9:1020–6. doi: 10.1017/PHN2006945

 46. Jehi T, Khan R, Halawani R. Effect of COVID-19 Outbreak on the Diet, Body 
Weight, and Food Security Status of Students of Higher Education; A Systematic Review. 
Br. J. Nutr.

 47. Barbier C, Couturier C, Pourouchottamin P, Cayla JM, Silvestre and  M, Pharabod 
I. L’empreinte énergétique et carbone de l’alimentation en France. Club Ingénierie 
Prospective Energie et Environnement, Paris, IDDRI, 24p.

 48. Satija A, Bhupathiraju SN, Rimm EB, Spiegelman D, Chiuve SE, Borgi L, et al. 
Plant-based dietary patterns and incidence of type 2 diabetes in US men and women: 
results from three prospective cohort studies. PLoS Med. (2016) 13:e1002039–18. doi: 
10.1371/journal.pmed.1002039

 49. Scialabba NEH, Mller-Lindenlauf M. Organic agriculture and climate change. 
Renew Agric Food Syst. (2010) 25:158–69. doi: 10.1017/S1742170510000116

 50. Fess TL, Benedito VA. Organic versus conventional cropping sustainability: a 
comparative system analysis. Sustainability (Switzerland). (2018) 10:272. doi: 10.3390/
su10010272

 51. Rana J, Paul J. Health motive and the purchase of organic food: a meta-analytic 
review. Int J Consum Stud. (2020) 44:162–71. doi: 10.1111/ijcs.12556

 52. Lorenzoni V, Triulzi I, Martinucci I, Toncelli L, Natilli M, Barale R, et al. Understanding 
eating choices among university students: a study using data from cafeteria cashiers’ 
transactions. Health Policy. (2021) 125:665–73. doi: 10.1016/j.healthpol.2020.12.019

 53. Zurita-Ortega F, Román-Mata SS, Chacón-Cuberos R, Castro-Sánchez M, Muros 
JJ. Adherence to the mediterranean diet is associated with physical activity, self-concept 
and sociodemographic factors in university student. Nutrients. (2018) 10:966. doi: 
10.3390/nu10080966

 54. Whatnall MC, Patterson AJ, Chiu S, Oldmeadow C, Hutchesson MJ. Determinants 
of eating behaviours in Australian university students: a cross-sectional analysis. Nutr 
Diet. (2020) 77:331–43. doi: 10.1111/1747-0080.12584

 55. Wilson CK, Matthews JI, Seabrook JA, Dworatzek PDN. Self-reported food skills 
of university students. Appetite. (2017) 108:270–6. doi: 10.1016/j.appet.2016.10.011

 56. Papadaki A, Hondros G, Scott JA, Kapsokefalou M. Eating habits of university 
students living at, or away from home in Greece. Appetite. (2007) 49:169–76. doi: 
10.1016/j.appet.2007.01.008

 57. El Ansari W, Stock C, Mikolajczyk RT. Relationships between food consumption 
and living arrangements among university students in four European countries - a cross-
sectional study. Nutr J. (2012) 11:1–7. doi: 10.1186/1475-2891-11-28

 58. Roy R, Rangan A, Hebden L, Yu Louie JC, Tang LM, Kay J, et al. Dietary 
contribution of foods and beverages sold within a university campus and its effect on 
diet quality of young adults. Nutrition. (2017) 34:118–23. doi: 10.1016/j.nut.2016.09.013

 59. Franchini C, Biasini B, Rosi A, Scazzina F. Best practices for making the university 
campus a supportive environment for healthy and sustainable diets. Curr Opin Environ 
Sci Health. (2022) 32:100436. doi: 10.1016/j.coesh.2022.100436

https://doi.org/10.3389/fnut.2023.1323648
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1017/S0007114520003761
https://doi.org/10.3945/ajcn.113.077958
https://doi.org/10.3945/ajcn.113.077958
https://doi.org/10.3389/fnut.2022.838351
https://doi.org/10.1017/S1368980013003297
https://doi.org/10.1017/S1368980013003297
https://doi.org/10.1037/amp0000376
https://doi.org/10.1037/amp0000376
https://www.education.gouv.fr/reperes-et-references-statistiques-sur-les-enseignements-la-formation-et-la-recherche-2019-3806
https://www.education.gouv.fr/reperes-et-references-statistiques-sur-les-enseignements-la-formation-et-la-recherche-2019-3806
https://www.education.gouv.fr/reperes-et-references-statistiques-sur-les-enseignements-la-formation-et-la-recherche-2019-3806
https://doi.org/10.1016/j.appet.2020.105005
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1111/mcn.13140
https://doi.org/10.1111/mcn.13140
https://doi.org/10.1017/S1368980018002896
https://doi.org/10.1017/S1368980018002896
https://doi.org/10.1017/S0007114519001181
https://doi.org/10.1371/journal.pone.0042155
https://doi.org/10.1371/journal.pone.0042155
https://doi.org/10.3390/nu10020226
https://ecolab.ademe.fr/agribalyse
https://doi.org/10.1017/S0007114515003761
https://doi.org/10.1038/sj.ijo.0801376
https://doi.org/10.1016/j.spc.2018.08.009
https://doi.org/10.1017/PHN2006945
https://doi.org/10.1371/journal.pmed.1002039
https://doi.org/10.1017/S1742170510000116
https://doi.org/10.3390/su10010272
https://doi.org/10.3390/su10010272
https://doi.org/10.1111/ijcs.12556
https://doi.org/10.1016/j.healthpol.2020.12.019
https://doi.org/10.3390/nu10080966
https://doi.org/10.1111/1747-0080.12584
https://doi.org/10.1016/j.appet.2016.10.011
https://doi.org/10.1016/j.appet.2007.01.008
https://doi.org/10.1186/1475-2891-11-28
https://doi.org/10.1016/j.nut.2016.09.013
https://doi.org/10.1016/j.coesh.2022.100436

	Identification of three dietary groups in French university students and their associations with nutritional quality and environmental impact
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Subjects and recruitment
	2.3 Ethical aspects
	2.4 Measures
	2.4.1 Participants’ characteristics
	2.4.2 Dietary data
	2.5 Diet quality indicators
	2.5.1 Nutritional quality
	2.5.2 Environmental impact
	2.5.3 Consumption of organic and locally produced products
	2.6 Statistical analyzes

	3 Results
	3.1 Sample characteristics
	3.2 Food consumption patterns across dietary groups
	3.3 Dietary indicators across dietary groups
	3.4 Participants’ characteristics across dietary groups

	4 Discussion
	4.1 Strengths and limitations

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

