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Abstract

Background Promoting healthy and sustainable diets is increasingly important and the Mediterranean Diet (MD) has
been recognized as an appropriate example that can be adapted to different countries. Considering that the college
years are the time when US young adults are most likely to adopt unhealthy eating habits, the present study assessed
adherence to the MD and the sustainability of dietary behaviors in a nationally representative sample of US university
students, aiming to identify crucial levers for improving their eating behaviors.

Methods MD adherence and the adoption of healthy and sustainable dietary patterns were assessed through the
KIDMED and the Sustainable-HEalthy-Diet (SHED Index questionnaires, respectively, administered through an online
survey that also included sociodemographic and behavioral questions. Non-parametric and logistic regression
analyses were performed.

Results A sample of 1485 participants (median (IQR) age 21.0 (19.0-22.0); 59% women) correctly completed

the survey. A medium adherence to the MD was the most prevalent (47%). According to multivariate logistic
regression analysis, the likelihood of being more compliant with the MD increased when meeting physical activity
recommendations, having a high SHED Index score, having the willingness to purchase and eat healthy and
sustainable dishes, eating ultra-processed plant-based meat alternatives foods daily, and regularly attending the
university canteen.

Conclusions Encouraging dietary patterns rich in plant-based foods and with a moderate intake of animal products
is crucial to increasing the adoption of healthy and sustainable diets, and university dining services represent a
suitable setting to build a supportive environment that educates students on human and planetary health.

*Correspondence:
Francesca Scazzina
francesca.scazzina@unipr.it

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included

in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will

need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available

in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12937-024-00962-0&domain=pdf&date_stamp=2024-5-26

Franchini et al. Nutrition Journal (2024) 23:56

Page 2 of 16

Keywords Healthy eating, Sustainable diet, Food behavior, Survey, Young adults, College students

Introduction

The concept of sustainable diets sheds light on the
importance of long-term effects related to the food sys-
tem [1], which contributes to more than 25% of global
greenhouse gas emissions [2] and causes environmental
damages, e.g., freshwater eutrophication and soil acidifi-
cation [3, 4], leading to biodiversity losses. Therefore, the
promotion of food patterns that feed the world’s grow-
ing population while giving equal priority to human and
environmental health is increasingly important [1, 2, 5,
6]. At the same time, the adverse impact of animal-based
food on the environment is broadly acknowledged and its
substantial reduction is strongly recommended to pre-
serve the well-being of the planet as well as to promote
human health [7-10]. In this context, moving to a more
plant-based eating model is paramount [6]. The Mediter-
ranean Diet (MD) includes all the key sustainable com-
ponents (i.e., food security and accessibility, respect for
environment and biodiversity, fair trade, locality/sea-
sonality, protection of culture, heritage, and skills) to be
recognized as a proper example of a healthy and sustain-
able diet [7, 11-14]. The MD is mainly characterized by a
generous intake of plant-based products, such as grains,
fruits, vegetables, legumes, nuts, and herbs, a moderate
consumption of white meat, fish, eggs, and dairy prod-
ucts, a low intake of red meat and processed meat, and
the use of olive oil as the main seasoning [15, 16]. Fur-
thermore, the MD can contribute to biodiversity protec-
tion through the promotion of local, fresh, and seasonal
foods [17], and its low environmental impact has been
recently recognized [7, 12]. At the same time, high adher-
ence to the MD has been widely associated with a lower
risk of non-communicable diseases (NCDs), including
diabetes, cancer, cardiovascular and neurodegenera-
tive diseases, and total mortality, in both Mediterranean
and non-Mediterranean regions [14, 16, 18-20]. Given
this scenario, its adoption should be encouraged in
both Mediterranean and non-Mediterranean regions to
address dietary-related pathologies and environmental
priorities. However, the MD needs to be adapted to dif-
ferent countries according to different cultures, religions,
culinary traditions, and food availability and accessibility
[21].

In this context, the 2015-2020 Dietary Guidelines for
Americans suggested a Healthy Mediterranean-Style Eat-
ing Pattern by adapting the Healthy U.S.-Style to the MD
principles. More precisely, besides suggesting the proper
amounts in which the food groups routinely consumed
by Americans should be eaten, increased fruit and sea-
food consumption and reduced intakes of dairy products
are recommended to enhance adherence to the MD [22].

Indeed, contrary to the MD, the Western (American)
diet is typically characterized by an overconsumption of
refined grains, red and processed meat, processed and
ultra-processed foods (UPFs), ready-to-eat meals, snacks,
sugar-sweetened beverages, and poor consumption of
fruit and vegetables [23-26]. As a result, this diet is a
leading cause of the obesity pandemic and the prevalence
of NCDs worldwide [24, 27-30]. In particular, for the US,
the National Longitudinal Study of Adolescent Health
(Add Health) identified a rapid increase in obesity and
related diseases (e.g., hypertension and diabetes) during
the transition from adolescence to young adulthood in
the American population [31]. Starting a work or univer-
sity career leads to greater independence and autonomy
in food choices, which could potentially increase the risk
of adopting unhealthy eating habits [32—35]. In addition,
the years of college have been identified in the literature
as the time when American young adults are most likely
to gain weight [36-38]. In this regard, poor nutritional
knowledge, lack of time, stress, limited availability and
accessibility of healthy foods due to high prices, and easy
access to unhealthy junk foods serve as the main barriers
to college students’ adoption of healthy eating patterns
[37, 39-41].

In light of this, young adulthood should be considered
a critical phase for health promotion with lasting effects
throughout life [31], and universities should provide a
strategic context to support healthy dietary choices and
improve college students’ overall well-being [42, 43], also
being a benchmark for the entire society and extending
benefits beyond the academic community [44]. Based on
these considerations, the identification of factors affect-
ing university students’ dietary behaviors allows a better
understanding of what is needed to efficiently implement
public health strategies addressed to enhance correct
dietary habits in younger generations.

To the best of our knowledge, no previous study has
explored the eating behaviors of university students liv-
ing in the United States (US) by enrolling a nationally
representative sample. In this context, the present cross-
sectional study aimed to address this gap by providing a
nationally representative overview of the current food
habits of US university students, assessing their level of
adherence to a healthy and sustainable dietary pattern
such as the MD and its association with sociodemo-
graphic and lifestyle-related factors, including the adop-
tion of sustainable dietary behaviors.
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Materials and methods

Study design and participants

The present study was approved by the local institutional
review board (Institutional Review Board for Human
Participants, Cornell University, IRB0144167) and con-
ducted according to the ethical principles stated in the
Declaration of Helsinki. After receiving the approval,
an online self-administered survey was launched on a
dedicated platform (Qualtrics software, Version [May
2022] of Qualtrics Copyright © [2022] Qualtrics) and
addressed to a representative population of American
university students from 18 to 24 years recruited through
a marketing agency in May 2022. To obtain a represen-
tative sample of the university student population living
in the US, gender distribution and the geographic area of
residence were considered and a sample size of at least
1400 students was set. Sample representativeness was
defined by considering the number of US young adults
(n=11,625,381) in the 18-24 year range, as reported in
the data record provided by United States Census Bureau
(USCB) referred to 1 January 2021. The sample size cal-
culation was performed using G*Power 3.1.9.7 [45],
selecting the ANOVA statistical test and the following
effect size inputs: f=0.10; «=0.05; power (1-f)=0.8; Df: 3.
Before starting the data collection, each participant pro-
vided informed consent. Data quality was assessed using
attention check questions and recording the time spent
filling out the survey. Finally, we used the STROBE-nut
reporting guidelines checklist [46] to strengthen data
reporting (Supplementary Table S1 - Additional File 1).

Sociodemographic data, lifestyle variables, and health-
related factors

Sociodemographic information was self-reported by each
subject. Age, gender identity, state of university loca-
tion, division of origin, academic status, field of study,
living place typology, and financial status were collected
as categorical variables, and the number of categories
changed depending on the type of information as shown
in Table 1. The physical activity level of participants was
assessed through the two-item short version of the Nor-
dic Physical Activity Questionnaire (NPAQ-short) [47].
NPAQ-short is a validated tool to assess compliance
with World Health Organization (WHO) guidelines on
physical activity and sedentary behavior [48], which rec-
ommends at least 150 min of Moderate Physical Activ-
ity (MPA) or 75 min of Vigorous Physical Activity (VPA)
per week, or an equivalent combination of Moderate
and Vigorous Physical Activity (MVPA). The closed-
ended version of the questionnaire, with five answer
options for both questions on time spent on MVPA and
VPA in a typical week, was used for the present online
survey. Based on the responses, students were classified
as compliant with the WHO recommendations if they
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performed at least 150—300 min of MVPA or 60—90 min
of VPA, or a combination of 90-150 min of MVPA and
30-60 min of VPA. Otherwise, the participants’ physi-
cal activity was classified as non-compliant with interna-
tional guidelines.

Additionally, students were asked to report the aver-
age weekly frequency of consuming food at the university
canteen over the previous 6 months and to express the
existence of any physiological (i.e., pregnancy, breastfeed-
ing) and/or pathological (e.g., cardiovascular diseases,
diabetes, food intolerances, or allergies) statuses.

Adherence to the Mediterranean diet

Adherence to the MD was assessed by using the KID-
MED questionnaire, a Mediterranean diet quality index
validated in children and youths from 2 to 24 years
[49]. Tt consists of 16 yes/no questions based on the
dietary principles of the MD. The score assigned to each
response is either 1 or -1. Positive scores were assigned
to MD-representative eating habits — such as daily con-
sumption of fruit or fresh fruit juice (=1 unit), vegetables
(=1 unit), yogurt (2 units), and/or some cheese (40 g),
regular weekly consumption of fish (=2 times), nuts (=2
times ) and legumes (>1 time), having cereals or grains
(bread, etc.) and dairy products (yogurt, milk, etc.) for
breakfast, habitual consumption of pasta or rice (=5 days
per week), and using olive oil as main seasoning at home.
On the contrary, a negative score was assigned to eating
behaviors not compliant with the MD — such as skipping
breakfast or eating commercial baked goods or pastries
for breakfast, having a daily and repeated consumption
of sweets and candies, and eating at fast-food restau-
rants more than once a week. The final KIDMED score
was calculated and reported as the sum of the scores of
each question in a 0-12-point range. In addition, based
on the cut-offs defined by the authors [49], respondents
were classified into three levels of adherence: low (total
score<3 points), medium (total score 4-7 points), or
high (total score >8 points).

Nutritional and environmental sustainability of dietary
consumption

The sustainability of subjects’ eating behaviors was
assessed using a validated questionnaire specifically
developed by Tepper and colleagues [50] to measure the
adoption of healthy and sustainable dietary patterns, the
Sustainable-HEalthy-Diet (SHED) Index. The original
version was slightly modified according to local eating
habits and food products to better represent the dietary
patterns of the involved country population. The SHED
Index questionnaire investigates overall dietary con-
sumption and consists of six sections from which six sub-
scores were calculated: Healthy Eating (HE), Sustainable
Eating (SE), Fruits and Vegetable purchasing location
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(BFV), Ready meals, Water, and Sodas. The HE and SE
scores included 10 and 7 questions, respectively, and
focused on the consumption of animal- and plant-based
food, attitude towards salt and salty products, low-sugar
foods, ultra-processed plant-based meat alternatives
foods, organic food, beverages, waste sorting, and local
foods. A 4-point Likert scale from “Almost never true” to
“Almost always true” was used for both sections. The cor-
responding scores to the answer options ranged from 0 to
3, except for the scale applied to the first question of the
HE sub-section that was reversed. BVF and Water sec-
tions consisted of 8 and 4 questions, respectively, inves-
tigating the frequency of purchasing fruit and vegetables
in different distribution channels (local vs. non-local) and
the consumption of different types of water (tap vs. bot-
tled) through a 4-point Likert scale from “Never” (score
0) to “Most of the time” (score 3). Ready meals and Soda
scores included 6 and 2 questions, respectively, and aimed
at evaluating the frequency of consuming refrigerated,
frozen, take-out or home-cooked foods, sugar-sweet-
ened and low-calorie sweetened beverages by applying
a 6-point Likert scale from “Never” (score 0) to “Daily
or almost daily” (score 5). Specifically, the calculation of
the sub-scores for the BFV, ready meals, water, and soda
sub-sections required a specific data process according to
which the score of each item was multiplied for a specific
correction coefficient [50]. The six sub-scores were cal-
culated by summing the obtained scores in each section
and the final SHED Index score was computed as the sum
of the six sub-scores. Based on this calculation, higher
scores were associated with healthier and more sustain-
able behaviors, and participants were divided into ter-
tiles reflecting low (1st tertile), medium (2nd tertile), and
high (3rd tertile) sustainability levels of dietary behaviors.
Furthermore, as performed by Tepper and colleagues in
two different cohorts [50, 51], respondents were asked to
indicate the percentage of plant-based food they include
in their usual diet by applying a 0-100% scale. In addi-
tion, students needed to report the dietary pattern that
most represented them (e.g., omnivore, vegetarian, etc.),
and to express their willingness to purchase and consume
healthy and sustainable dishes in the following months.
The latter question was anticipated by the definitions of
sustainable diets and planetary health plates provided
by the Food and Agriculture Organization of the United
Nations (FAO) [52] and the EAT-Lancet Commission
[53]. Lastly, adapting a question from the questionnaire
developed by Ohlau and colleagues [54], participants
were asked to report their frequency of consumption of
ultra-processed plant-based meat alternative products.
Specifically, a definition of what is meant by these prod-
ucts was provided in the item, along with examples in
line with those most consumed in the US.
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Statistical analysis

Descriptive and inferential statistics were performed.
The normality of the data distribution was evaluated and
rejected through the Kolmogorov-Smirnov test. On this
basis, results were expressed as median and interquar-
tile ranges (IQRs) or as frequency and percentage for
continuous and categorical variables, respectively. The
non-parametric Kruskal-Wallis H test with Bonferroni
post hoc test was used to explore and compare differ-
ences between continuous variables among subjects with
different levels of adherence to the MD (low, medium,
and high). The Pearson Chi-square test (x?) was applied
to investigate possible associations between the level of
adherence to the MD and categorical variables. In addi-
tion, the non-parametric Spearman’s rank correlation
was applied to assess the degree of association between
the continuous variables considered. Finally, based on
the significant differences revealed through the analysis
mentioned above, univariate and multivariate logistic
regression statistics were carried out to investigate which
variables increased the likelihood of having a high adher-
ence to the MD. The IBM SPSS Statistics for Macintosh,
version 28.0 (Armonk, NY: IBM Corp) was used to per-
form all statistical analyses, considering a p-value less
than 0.05 as statistically significant.

Results

Participants’ characteristics and adherence to the
Mediterranean Diet

A total of 1510 subjects completed the online question-
naire providing all the required information. Of these,
25 records were considered of poor quality as referred to
respondents who took less than 40% of the median time
or more than 1 h to fill out the questionnaire [55, 56].
After excluding such records, the final sample was com-
posed of 1485 participants representative of university
students residing in the US.

The median KIDMED score was 5.0 (IQR: 3.0-7.0) and
almost half of the sample (47%) had medium adherence
to the MD, while 34% and 20% resulted in having low
and high adherence, respectively. Participants’ informa-
tion such as socio-demographic characteristics, physical
activity level, university canteen attendance, and physi-
ological and health conditions are presented in Table 1
for the total samples and by adherence to the MD groups.

The median age of the sample was 21.0 (IQR:19.0-22.0)
and most of the respondents were women (59%). Many
respondents came from the southern part of the coun-
try, both considering the geographical area of origin and
university location. Over half of the students (67%) were
undergraduates, with the majority attending courses in
the human-social disciplinary area (46%), followed by
subjects involved in scientific-technological (26%), food
science (14%), and medical science (13%) programs.
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Table 1 Participants’ characteristics of the entire sample and by the level of adherence to the MD

Variables Adherence to the MD?
All Low Medium High P-value
(n=1485) (n=499) (n=695) (n=291)
KIDMED score 5.0 (3.0-7.0) 2.0(1.0-3.0)° 5.0 (4.0-6.0)° 9.0 (8.0-9.0)° <0.001°
Age (years) 21.0(19.0-22.0) 21.0(19.0-22.0) © 21.0(19.0-22.0)° 21.0 (20.0-23.0) ® <0001 °
Gender 0001 "
Men 557 (37.5) 153 (30.7) 273 (39.3) 131 (45.0)
Women 876 (59.0) 321 (64.3) 400 (57.6) 155(53.3)
Not-binary/third gender 44 (3.0) 22 (44) 18 (2.6) 4(1.4)
Prefer not to say 8(0.5) 3(0.6) 4(0.6) 1(0.3)
Geographical area of university location 0354 "
Northeast 317 (21.3) 107 (21.4) 145 (20.9) 65 (22.3)
Midwest 316 (21.3) 105 (21.0) 138(19.9) 73 (25.1)
South 598 (40.3) 195 (39.1) 299 (43.0) 104 (35.7)
West 254 (17.1) 92 (18.4) 113(16.3) 49 (16.8)
Geographical area of origin 0310"
Northeast 308 (20.7) 106 (21.2) 136 (19.6) 66 (22.7)
Midwest 327 (22.0) 110 (22.0) 145 (20.9) 72 (24.7)
South 599 (40.3) 192 (38.5) 303 (43.6) 104 (35.7)
West 251 (16.9) 91(18.2) 1(16.0) 49 (16.8)
Academic status <0001 "
Undergraduate student 989 (66.6) 391 (78.4) 431 (62.0) 167 (57.4)
Graduate student 483 (32.5) 105 (21.0) 256 (36.8) 122 (41.9)
Other (college students) 13(0.9) 3(0.6) 8(1.2) 2(0.7)
Field of studly <0001 "
Food 211(14.2) 45 (9.0) 109 (15.7) 7 (1 6)
Medicine 185 (12.5) 62 (12.4) 87 (12.5) 6(12.4)
Scientific-Technological 378 (25.5) 117 (234) 182 (26.2) 79 (27 1)
Human-Social 683 (46.0) 265 (53.1) 304 (43.7) 114 (39.2)
Other 28(1.9) 10 (2.0) 13(1.9) 5(1.7)
Living place typology 00231
In campus 293 (19.7) 93 (18.6) 131(18.8) 69 (23.7)
Outside campus by myself 193 (13.0) 51(10.2) 99 (14.2) 43 (14.8)
Outside campus with my partner 135(9.1) 45 (9.0) 60 (8.6) 30(10.3)
Outside campus with my roommates 213 (14.3) 61(12.2) 112 (16.1) 40 (13.7)
Parents'house 611 (41.1) 238 (47.7) 272 (39.1) 101 (34.7)
Other 40 (2.7) 11(22) 21(3.0) 8(2.7)
Financial situation 0017°
Not enough to get by 99 (6.7) 45 (9.0) 45 (6.5) 9(3.1)
Just enough to get by 495 (33.3) 178 (35.7) 228(32.8) 89 (30.6)
Worry about money for fun and extras 610 (41.1) 188 (37.7) 286 (41.2) 136 (46.7)
Never have to worry about money 221 (14.9) 65 (13.0) 107 (15.4) 49 (16.8)
| prefer not to answer 60 (4.0) 23 (4.6) 29 (4.2) 8(2.7)
MVPA recommendation <0001 "
Not met 770(51.9) 329 (65.9) 343 (494) 98 (33.7)
Met 715 (48.1) 170 (34.1) 352 (50.6) 193 (66.3)
Attendance at the university canteen in the last 6 months <0001 "
Never/rarely 444 (29.9) 207 (41.5) 196 (28.2) 41 (14.1)
<1 time/week 5(14.5) 62 (12.4) 113(16.3) 40 (13.7)
1-2 times/week 271(18.2) 66 (13.2) 148 (21.3) 57(19.6)
3-4 times/week 279 (18.8) 80 (16.0) 138(19.9) 61(21.0)
5-6 times/week 132 (8.9) ( 2) 51(7.3) 50(17.2)
Once per day or more 144 (9.7) 3(106) 49 (7.1) 42 (144)

Pregnancy or breastfeeding 0690 "
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Table 1 (continued)
Variables Adherence to the MD?
All Low Medium High P-value
(n=1485) (n=499) (n=695) (n=291)
Yes 26(1.8) 10 (2.0) 10 (1.4) 6(2.1)
No 1459 (98.2) 489 (98.0) 685 (98.6) 285 (97.9)
Presence of pathologies, food intolerances or allergies 0857 "
Yes 525 (35.4) 178 (35.7) 241 (34.7) 106 (36.4)
No 960 (64.6) 321 (64.3) 454 (65.3) 185 (63.6)

Data are presented as the median (IQR) for continuous variables and as number (%) for categorical variables. ? Low total score<3 points; medium total score 4-7
points; high total score>8 points. ® Nonparametric Kruskal-Wallis H test for independent sample with Bonferroni post hoc test. Different letters in the same line
denote significant differences among adherence to MD groups. T Person Chi-square test. MVPA: Moderate to Vigorous Physical Activity

In addition, more than a third of the participants lived
with their parents (41%), and the minority of respondents
reported economic insecurity or prefer not to answer
(12%). Regarding physical activity, more than half (52%)
did not meet MVPA recommendations and declared hav-
ing diseases or food allergies/intolerances (35%). In addi-
tion, 26 women were pregnant or breastfeeding. Lastly,
the students’ frequency of attendance at the university
canteen was quite variable, with more than half of the
participants (56%) attending the canteen at least 1-2
times per week over the previous 6 months.

The results suggest that the level of adherence to the
MD was significantly associated with age, gender, aca-
demic status, the field of study, compliance with MVPA
recommendations, attendance at the university canteen
(p<0.001, for all the variables), living place (p=0.023),
and financial situation (p=0.017). Students’ characteris-
tics are reported by sex group in Table S2 (Supplemen-
tary Table S2 — Additional file 2). Briefly, the results
highlighted that, compared with women, men had higher
adherence to the MD (p<0.001), were older (p=0.005),
and reported a stronger financial situation (p=0.004).
A higher percentage of men were graduate students
(p<0.001) and attended food-related academic pro-
grams (p<0.001) more frequently than females. In addi-
tion, the percentage of men living with their parents was
lower than women. Men students also met the MVPA
recommendations, attended the university cafeteria and
ate ultra-processed plant-based meat alternatives more
frequently (p<0.001). In addition, based on the SHED
index score and sub-scores, men showed more sustain-
able eating behaviors (p=0.016 for HE score; p<0.001 for
SE, BFV, and soda score), whereas water score and ready
meals score were higher in the women’s group (p<0.001
for both variables).

Responses to each item of the KIDMED questionnaire
are reported in Fig. 1.

More than two-thirds of the students consumed one
serving of fruits or fresh fruit juice and one serving
of vegetables daily, while less than half of the sample
reported consuming these foods twice a day. Just over
one-third of the participants consumed fish regularly,

and about half of the students included legumes and nuts
in their diet more than once a week and at least twice a
week.

Breakfast was habitually consumed by 61% of the
students. More than 70% consumed cereal and dairy
products for breakfast, however, only 35% consumed 2
yogurts and/or some cheese every day. Finally, weekly
fast-food frequentation and daily repeated consumption
of sweets and candies were quite common among US col-
lege students (64% and 44%, respectively).

Nutrition and environmental sustainability of students’
diet

The results presented in Table 2 show the nutritional and
environmental sustainability of students’ dietary con-
sumption for the total samples and adherence to the MD
groups.

The SHED index and SHED sub-scores, except for the
water one, were significantly different among participants
grouped according to their level of adherence to the MD
(p<0.001), being greater in those having a high adher-
ence. This difference was also confirmed by the signifi-
cant association observed between the level of adherence
to the MD and the distribution among SHED Index score
tertiles (»p<0.001), and the moderate correlation between
KIDMED and SHED Index scores (Spearman’s p=0.506,
p<0.001).

The percentage of plant-based foods in the diet was
also significantly different among the three MD adher-
ence groups (p<0.001), with the highest percentage
being reported by students with high adherence. In terms
of other food-related habits, most of the sample was
omnivorous (77%), 13% reported following a flexitarian
or pescatarian diet, and 7% stated they were vegetarian
or vegan. In addition, most of the students indicated that
their purchase and consumption of healthy and sustain-
able dishes in the following months are likely or very
likely (61%). In contrast, consumption of ultra-processed
plant-based meat alternatives was occasional among uni-
versity students, with most of them reporting eating such
products no more than 1-2 times a month (59%). As for
the SHED Index score and sub-scores, Person Chi-square
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Takes a fruit or a fresh fruit juice every day

Has a second fruit every day

Has fresh or cooked vegetables regularly once per day
Has fresh or cooked vegetables more than once per day
Consumes fish regularly (at least 2—-3/ week)

Goes >1/week to a fast-food (hamburger) restaurant
Eat pulses >1/week

Consumes pasta or rice almost every day (25/ week)
Has cereal or grains for breakfast

Consumes nuts regularly (at least 2-3/week)

Uses olive oil at home

Skips breakfast

Has a dairy product for breakfast (yogurt, milk, etc.)
Has commercially baked goods or pastries for breakfast
Takes 2 yogurts and/or some cheese daily

Takes sweets and candy several times every day
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I 75%
I 47 %
I 69%
I 43%
I 39%
I 64%
I 49%
I 53%
T 74%
I 48%

I — 77 %
I 39%

I —— 77%
I 59%
I 35%
I 44%

Fig. 1 Subjects distribution for each item reported in the KIDMED questionnaire

test revealed significant associations between adherence
to the MD and the type of dietary pattern followed (e.g.,
omnivorous, vegetarian, etc.), willingness to purchase
healthy and sustainable dishes, and frequency of con-
sumption of ultra-processed plant-based meat alterna-
tives foods (p<0.001).

The responses to the SHED Index questionnaire are
presented for each sub-score in Fig. 2. As for the healthy
and sustainable eating constructs, more than 60% of stu-
dents reported high frequency (often or almost always
true) for the items “eat 5 fruits and vegetables a day,
“drink mainly water”, “limit sweet and soft drinks’, and
“prefer animal-based foods” In contrast, the habit of pre-
ferring plant-based products in general and over meat,
as well as avoiding meat or fatty meats, was low (almost
never or rarely true) in about 60% of the students. In
addition, most students (66%) stated that they were
aware of food waste and separate waste in most cases
(often or almost always true) and reported that they pre-
fer low-pesticide commodities (55%), buying local prod-
ucts (59%), and consuming organic foods (52%) often or
almost always.

With respect to fruit and vegetable purchasing loca-
tions, the most frequently used channels were super-
markets, grocery stores, or non-chain grocery stores and
markets, in descending order. At the same time, most
students (68%) reported that they never or seldom grew
their own products or bought fruits and vegetables from

the farmer directly or through delivery. In terms of the
type of meals consumed, more than half of the students
preferred home-cooked (56%) or self-cooked meals (55%)
in their weekly routine, while in terms of ready-to-eat
meals, the distribution of the subjects was quite even
among the frequency of consumption. The habit of eat-
ing out or eating prepared foods was also rather variable
between rarely and often. In addition, students’ beverage
preferences included mainly tap (27%), filtered (35%), or
bottled mineral (29%) water. Finally, more than 40% of
students stated drinking artificially sweetened beverages
daily or almost, whereas consumption of sugar-sweet-
ened beverages was less frequent.

Associations between adherence to the Mediterranean
Diet and sustainability of dietary behaviors,
sociodemographic, health-related and lifestyle factors
Looking at the results of both univariate and multivari-
ate logistic regression analyses, the strongest predictors
of high adherence to the MD were being older, meeting
MVPA recommendations, having a higher SHED Index
score, consuming mainly plant-based foods, the willing-
ness to purchase and eat healthy and sustainable dishes,
eating ultra-processed plant-based meat alternatives
daily, and attending the university canteen 5 or more
times per week (Table 3). Among other factors, only
when assessed separately in the univariate analysis, being
woman or non-binary, and living with parents versus
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Table 2 Dietary behaviors for the entire sample and by the level of adherence to the MD
Variables Adherence to the MD ?
All Low Medium High p-value
(n=1485) (n=499) (n=695) (n=291)
SHED index score 70.0 (55.0-87.0) 580 (46.0-71.0) € 71.0 (58.0-85.0) ° 910 (740-1100)®  <0.001 °
SHED sub-scores
HE score 15.0(11.0-19.0) 12.0(9.0-16.0) 16.0 (13.0-19.0)° 19.0 (16.0-22.0) <0.0015
SE score 10.0 (8.0-13.0) 80(6.0-11.0)¢ 0(80-13.0)° 13.0(11.0-17.0) <0.001°
BFV score 330(235-440) 260(190-360)¢ 340 (24.0-440)°  430(33.0-57.0)° <0001 °
Ready meals score 15.0(10.0-19.0) 13.0(9.0-18.0) ¢ 15.0(11.0-19.0)° 17.0(13.0-21.0) ° <0.0015
Water score 6.0 (3.0-9.0) 6.0 (2.0-9.0) 6.0 (3.0-9.0) 6.0 (3.0-9.0) 0072°
Soda score 80 (-11.0--60) -80(-11.0--5.0)° -90(-12.0--6.0) -8.0(-11.0--4.0) © <0.0015
SHED index tertiles® <0001*
Tst tertile 465 (31.3) 261 (52.3) 174 (25.0) 30(10.3)
2nd tertile 441 (29.7) 147 (29.5) 236 (34.0) 58(19.9)
3rd tertile 579 (39.0) 91(18.2) 285 (41.0) 203 (69.8)
% Plant-based foods in the diet 420(27.0-600) 31.0(200-46.0)¢  450(30.0-61.0)® 590 (40.0-750)° <0001 °
Dietary pattern <0001 "
Omnivore 1138 (76.6) 429 (86.0) 523(75.3) 186 (63.9)
Flexitarian 155(104) 27 (5.4) 76 (10.9) 52(17.9)
Pescatarian 31 2.0 7(14) 15(1.4) 9(3.1)
Vegetarian 76 (5.1) 19 (3.8) 36(5.2) 21(7.2)
Vegan 28(1.9) 8(1.6) 13(1.9) 7(24)
Raw foodism 5(0.3) 0(0.0) 2(0.3) 3(1.0)
Fruitarian 43(29) 8(1.6) 22(3.2) 13 (4.5)
Others 9(0.6) 1(0.2) 8(1.2) 0(0.0)
Willingness to purchase and consume healthy and sustain- <0001 "
able dishes
Very unlikely 48 (3.2) 22 (4.4) 16 (2.3) 10 (34)
Unlikely 137.(9.2) 80 (16.0) 51(7.3) 6(2.1)
Undecided 315(21.2) 156 (31.3) 130(18.7) 29 (10.0)
Likely 675 (45.5) 189 (37.9) 369 (53.1) 117 (40.2)
Very likely 310 (20.9) 52(104) 129(18.6) 129 (4.3)
Frequency of eating ultra-processed plant-based meat <0001 *
alternative foods
Never/Rarely 562 (37.8) 265 (53.1) 237 (34.1) 60 (20.6)
1-2 times/month 316 (21.3) 103 (20.6) 156 (22.4) 57 (19.6)
<1 time/week 296 (19.9) 71(14.2) 154 (22.2) 71 (24.4)
2-3 times/week 170 (11.4) 37 (7.4) 97 (14.0) 36 (12.4)
4-5 times/week 89 (6.0) 17 (3.4) 36(5.2) 36 (12.4)
Daily or almost daily 52 (3.5) 6(1.2) 15(2.2) 31(10.7)

Data are presented as the median (IQR) for continuous variables and as number (%) for categorical variables. * Low total score<3 points; medium total score 4-7
points; high total score>8 points. © 1st tertile <57; 2nd tertile 58—76; 3rd tertile>77. ® Nonparametric Kruskal-Wallis H test for independent sample with Bonferroni
post hoc test. Different letters in the same line denote significant differences among adherence to MD groups. f Person Chi-square test. MD: Mediterranean Diet; HE:
Healthy Eating; SE: Sustainable Eating; BFV: Fruits and Vegetable purchasing location; SHED: Sustainable-Healthy-Diet

staying on campus significantly reduced the likelihood
of having high adherence to the MD. On the contrary,
according to the univariate analysis, being a graduate
student, having financial confidence, and following an
exclusively or primarily plant-based diet significantly
increased the probability of having a high MD score.
Finally, the influence of attending food-related academic
programs was found to significantly increase adherence
to MD only compared with students enrolled in humani-
ties degree and considering the univariate analysis.

Discussion

To the best of our knowledge, this is the first study that
investigates adherence to the MD and provides insights
into food-related behaviors in a representative sample of
US university students. Most participants have shown
a medium adherence to the MD, whereas concerning
predictors of its adoption, meeting physical activity rec-
ommendations, having a high SHED Index score, being
willing to purchase and consume healthy and sustain-
able dishes, eating ultra-processed plant-based meat
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0% 20% 40% 60% 80% 100%

HEALTHY EATING

Prefer animal-based food

Prefer plant-based food

Eat 5 fruits and vegetables a day

Avoid fatty meat

Prefer low salt food

Avoid ultra-processed foods

Drink mainly water

Prefer low sugar food

Limit sweets and soft drinks

Avoid adding salt

SUSTAINABLE EATING

Separate waste

Buy local products

Limit meat

Try to avoid pesticides/herbicides
Consume organic products

Aware of food waste

Prefer plant-based foods to meat

FRUIT AND VEGETABLES PURCHASING LOCATION
Home-grown

Direct delivery / Box from the farmer

Buy directly at a farm

At the market

At a grocery store, or at a small, non-chain grocery store
At a green grocery (fruit & vegetable store)
Supermarket — Home delivery
Supermarket — Shop in person

READY MEALS

Consume frozen ready meals

Consume refrigerated ready meals

Prefer home cooked meals

Eat out

Prefer self-cooked meals

Eat food prepared some days before

WATER

Drink mainly tap water

Drink mainly filtered water

Drink mainly bottled mineral water

Drink mainly bottled sparkling water

SODAS

Drink sweetened beverages

Drink artifical sweetened beverages

Almost never true

Il Rarely true

m Often true

m Almost always true

Almost never true

I Rarely true

m Often true

W Almost always true

Never

[ IEEETeEE I Seldom
m Some of the time
[——

| Most of the time

Never
Rarely

@

1 Occasionally

@ Sometimes

m Often

m Daily or almost daily

Never
[ Seldom
m Some of the time

| Most of the time

Never
Rarely
1 Occasionally
H Sometimes
m Often
m Daily or almost daily

Fig. 2 Subjects'distribution based on the answer option selected for each item reported in the SHED Index questionnaire and grouped by sub-scores
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Table 3 Logistic regression analysis for being in the high level of adherence to the MD

Univariate Analysis

Multivariate Analysis

Variables OR (95% Cl) p Value OR (95% Cl) P-value
Age 1229 (1.141-1.324) <0.001 1.192 (1.086-1.309) <0.001
Gender

Men -1- -1-

Women 0.699 (0.538-0.908) 0.007 1.104 (0.796-1.531) 0.555
Not-binary/third gender 0.325(0.114-0.926) 0.035 0.503 (0.143-1.775) 0.285
Academic status

Undergraduate student -1- -1-

Graduate student 1.663 (1.277-2.166) <0.001 1.032 (0.735-1.448) 0.857
Other (college students) 0.895 (0.197-4.075) 0.886 1.588 (0.319-7.901) 0.527
Field of study

Food -1- -1-

Medicine 0.653 (0.406-1.049) 0.078 0.849 (0.519-1.585) 0.575
Scientific-Technological 0.714 (0.482-1.057) 0.092 1.003 (0.626-1.609) 0.989
Human-Social 0.541 (0.376-0.779) <0.001 0.697 (0.447-1.088) 0.112
Other 0.587 (0.213-1.619) 0.304 0.584 (0.148-2. 305) 0443
Living place typology

In campus -1- -1-

Outside campus by myself 0.931 (0.603-1.435) 0.745 0.808 (0.473-1.382) 0437
Outside campus with my partner 0.928 (0.570-1.510) 0.762 0.928 (0.516-1.668) 0.802
Outside campus with my roommates 0.751 (0.485-1.162) 0.198 0.863 (0.510-1.462) 0.584
Parents’house 0.643 (0.456-0.907) 0.012 1.106 (0.713-1.716) 0.653
‘Financial situation

Not enough to get by -1- -1-

Just enough to get by 2.192 (1.064-4.515) 0.033 1.634 (0.714-3.739) 0.245
Worry about money for fun and extras 2.869 (1.409-5.843) 0.004 2.088 (0.926-4.708) 0.076
Never have to worry about money 2.849 (1.339-6.062) 0.007 1.971 (0.828-4.693) 0.125
MVPA recommendation

Not met -1- -1-

Met 2.535(1.938-3.317) <0.001 1.834 (1.331-2.526) <0.001
Attendance at the university canteen in the last 6 months

Never/rarely -1- -1-

<1 time/week 2.247 (1.404-3.596) <0.001 1.664 (0.966-2.867) 0.067
1-2 times/week 2618 (1.696-4.042) <0.001 1.549 (0.932-2.574) 0.091
3-4 times/week 2.750(1.791-4.223) <0.001 1.649 (0.988-2.752) 0.055
5-6 times/week 5993 (3.722-9.651) <0.001 2.855 (1.543-5.281) <0.001
Once per day or more 4.047 (2499-6.554) <0.001 2 (1.194-4.099) 0.012
SHED Index score”

1st tertile -1- -1-

2nd tertile 2.196 (1.384-3.484) <0.001 1.241 (0.753-2.044) 0397
3rd tertile 7.828 (5.209-11.766) <0.001 2923 (1.826-4.678) <0.001
% Plant-based foods in the diet 1.029 (1.023-1.035) <0.001 1.018 (1.010-1.026) <0.001
Dietary pattern

Omnivorous -1- -1-

Plant-based ° 2260 (1.706-2.993) <0.001 0.861 (0.596-1.242) 0422
Others © 1.396 (0.386-5.052) 0611 1.040 80.196-5.515) 0.963
Willingness to purchase and consume healthy and sustainable dishes

No/maybe -1- -1-

Yes 3366 (2.399-4.722) <0.001 1.827 (1.225-2.725) 0.003
Frequency of eating plant-based ultra-processed meat alternative foods

Never/Rarely -1- -1-

1-2 times/month 1.841 (1.244-2.726) 0.002 1.209 (0.770-1.899) 041
<1 time/week 2.640 (1.809-3.853) <0.001 1.252 (0.797-1.966) 033




Franchini et al. Nutrition Journal (2024) 23:56

Table 3 (continued)
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Univariate Analysis

Multivariate Analysis

Variables OR (95% Cl) p Value OR (95% Cl) P-value
2-3 times/week 2.248 (1.426-3.543) <0.001 0.738 (0.428-1.274) 0.275
4-5 times/week 5.683 (3.444-9.378) <0.001 1.219 (0.645-2.302) 0.542
Daily or almost daily 12.351 (6.676-22.850) <0.001 2.725 (1.209-6.145) 0.016

SHED: Sustainable-Healthy-Diet
# 1st tertile<57; 2nd tertile 58—76; 3rd tertile>77

P Including vegetarian, vegan, flexitarian, pescetarian, and fruitarian dietary patterns

€Including raw foodism and unspecified dietary patterns

alternatives foods daily, and regularly attending the uni-
versity canteen were found to be the strongest facilitators
to have high adherence to the MD.

Despite the MD has been recognized as a healthy and
attainable eating pattern for the American population
[22], data on its adoption among US students are limited
[57, 58]. In particular, a study conducted in the south-
eastern US by Bottcher and colleagues [57] explored col-
lege students’ dietary habits in terms of adherence to the
MD using the Mediterranean Diet Adherence Screener
(MEDAS) score [59]. Due to the small sample size and
the use of a different MD score, the comparison with our
results is difficult. However, in line with our findings,
about half of the sample had a medium level of adherence
to the MD, while the percentage of students with a low
adherence was greater [57].

Looking at the individual dietary habits characterizing
the Mediterranean dietary pattern, our findings are con-
sistent with previous research showing that the eating
habits of young adults in the US are poor in fruit, vegeta-
bles, and legumes [60—63]. As found in previous studies,
many students usually go to fast food more than once a
week [64, 65]. The updated picture of students’ food hab-
its provided by the present study highlights some nega-
tive aspects. Indeed, the percentage of college students
skipping breakfast was higher than that of young adults
(20-39 years old) enrolled in the prospective National
Health and Nutrition Examination Survey (NHANES)
1999-2006 [66]. Conversely, fewer college students reg-
ularly consume nuts compared to participants (18-30
years old) in the Coronary Artery Risk Development
in Young Adults (CARDIA) [67]. This minor tendency
to have breakfast and consume nuts regularly could be
related to the younger age of our sample. In this regard,
a similar positive association between age and break-
fast and nut consumption was previously reported in
the literature for the US population [67, 68]. In addition,
the low consumption of fish and dairy products found
in our survey is in line with the average intake of US
young adults reported in the results of the most updated
national survey [63].

In this context, the MD can serve as a reference pat-
tern for promoting healthier and more sustainable diets

among US university students. Promising results were
highlighted by Petroka and colleagues [58], who evalu-
ated the eating habits of a sample of US college students
before and after a 3-week exchange period in Italy. This
short-term exposure to the MD led to significant dietary
changes including lower consumption of meat products
and higher intakes of fruits, grains, and olive oil as well as
overall greater adherence to the MD.

Regarding predictors of adherence to the MD, con-
sistent with our findings, other studies [69-71] showed
that young adults who had a higher MD score were more
likely to be physically active. In contrast to our results,
previous studies found higher adherence to the MD in
women, both in an American study [57] and in other
populations in Mediterranean regions [69, 70, 72]. Never-
theless, the association between the adoption of the MD
and sex is not univocal, as one study performed in Medi-
terranean regions [73] revealed that the role of gender
was different depending on the score applied. Moreover,
our results are consistent with the adherence observed
by Bottcher and colleagues, in which the MD score was
higher in older students [57]. In addition, possible differ-
ences in adherence to the MD depending on the field of
study have already been pointed out by previous studies
[74, 75]. The evidence suggested that deepening health-
nutrition topics increases the likelihood of high adher-
ence to the MD. It should be noted that these studies
referred to students in biomedical careers and not food
science students, as emphasized by our results. However,
in line with our work, Castro-Cuesta and colleagues [74]
reported lower adherence in students in humanities pro-
grams than in health science students.

Above all, financial constraints increase food insecu-
rity and poorer dietary outcomes such as low intake of
fruit, vegetables, and whole grains, and overconsump-
tion of added sugars, sugary drinks, and fast foods [76—
79]. As a matter of fact, those US students who stated to
have enough money to get by or a better financial status
were more adherent to the MD. Similarly, to what was
reported in the literature, US students residing on cam-
pus had healthier eating habits [80], especially when
compared with peers living with their parents [81]. Fur-
thermore, the positive role of on-campus dining services
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in encouraging users to adopt healthy eating habits has
already been reported in the literature [82]. Furthermore,
the availability and accessibility of healthy foods are one
of the main barriers to adopting a Mediterranean dietary
style [83], especially in the US [84]. In this context, sev-
eral virtuous examples have demonstrated the key role of
food services at US universities in ensuring healthy, sus-
tainable, and affordable food for their communities [85].

Similarly to our results, a significant positive cor-
relation between the sustainability of food behaviors,
assessed through the SHED Index score, and the MD
adherence score was previously observed in two adult
populations of the Mediterranean Basin [50, 51]. Fur-
thermore, earlier studies performed on Belgian [86] and
Israeli [87] cohorts suggested that the adoption of exclu-
sively (i.e., vegan and fruitarian) or partially (i.e., vegetar-
ian, flexitarian, pescetarian) plant-based diets is a positive
predictor of compliance with the MD. This result is not
surprising given the large share of plant-based foods
associated with these dietary patterns.

Additionally, in line with our findings, a recent system-
atic review [88] pointed out that university students with
healthier lifestyles and diets adopt more sustainable food
consumption behaviors.

Lastly, regular consumption of ultra-processed plant-
based meat alternative foods emerged as a factor that
positively influenced adherence to the MD. Our find-
ings may reflect the increasing penetration of plant-
based meat alternatives in the US market [89] as well
as consumers’ demands [90]. Notably, a recent publica-
tion [90] emphasized that younger consumers and those
who report following alternative diets, such as vegan,
vegetarian, or flexitarian/semi-vegetarian, are the most
likely to consume ultra-processed plant-based protein
alternatives.

Although the health benefits associated with large
consumption of plant-based food are widely recognized,
generalization is not possible [91]. As recently empha-
sized by WHO [91], it is essential to prefer minimally
processed plant-based foods such as whole cereals, fruit
and vegetables, pulses, seeds, and nuts, and to limit the
consumption of UPFs such as sugary drinks, snacks, and
sweets, as well as ultra-processed plant-based foods that
mimic animal products. These products are generally
energy-dense, lacking in fiber and micronutrients, and
high in saturated fatty acids, salt, and added sugars [92]
and several previous studies reported a positive associa-
tion between high consumption of UPFs and increased
risk of multimorbidity [93-95]. However, the Nova clas-
sification based on which UPFs are defined leads to the
inclusion of a very heterogeneous type of products in
this group [96]. Bearing this in mind, a recent multina-
tional cohort study [97] attempted to better understand
the association between the consumption of UPFs and
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the incidence of NCDs, reporting results for several food
groups. The authors’ findings corroborated the negative
health impact of some categories of UPF, such as sugary
and artificial beverages, animal-based products, sauces,
spreads, and condiments. On the contrary, ultra-pro-
cessed plant-based alternatives as well as bread and cere-
als were not associated with an increased risk [97]. In this
context, the role of ultra-processed plant-based alterna-
tives within a healthy diet as a possible solution to reduce
the consumption of meat products should be taken into
account and better explored in future research.

To the authors’ knowledge, no previous studies have
assessed adherence to the MD and sustainable food con-
sumption in a large representative sample of US uni-
versity students. Socio-demographic information and
behavioral variables associated with eating habits were
also evaluated to provide a better overview of the factors
facilitating or discouraging sustainable dietary behav-
iors in university students. Despite the novelty of our
research, some inherent limitations need to be outlined.
To begin with, the cross-sectional nature of the study
does not allow for a clear causal relationship between a
healthy and sustainable diet and possible facilitators of
its adoption but rather should be considered as a rep-
resentative baseline to design future intervention stud-
ies. In addition, the applied SHED Index score evaluated
the fruits and vegetables purchasing location, rewarding
the choice of local products but without considering the
seasonality aspect. As a matter of fact, when it comes to
sustainable food consumption, the two aspects should
be considered together, adopting a more inclusive con-
cept of local seasonality [98]. Also, as pointed out by
Alexandropoulos and colleagues, although this score
encompasses several aspects of a sustainable diet, it is
not based on dietary intake and thus fails to quantify the
greenhouse gas emissions associated with the consump-
tion. Nevertheless, as pointed out by the same authors,
all currently available indices for assessing diet sustain-
ability have some limitations and a gold standard is still
lacking. Given the study design, the SHED index score
was considered the most appropriate. However, further
implementation of the questionnaire to address the pre-
viously highlighted shortcomings and validate it on other
sample populations would be appropriate. Despite this,
the positive correlations found between the MD and
SHED Index scores, as already reported in the literature
[50, 51], are promising. On the other hand, the use of the
validated KIDMED questionnaire specifically developed
and widely used to assess adherence to the MD (primary
outcome) in young populations, is a strength of the proj-
ect. However, given the wide age range to which it can
be applied (2—-24 years old), the questionnaire does not
investigate alcohol consumption, information particularly
relevant to the young adult population. Furthermore, the
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first item of the questionnaire is unable to distinguish
between fresh fruit and fresh fruit juice. While for the
former plenty of consumption is recommended by world-
wide food and health organizations [99], for the latter a
recent meta-analysis suggests reducing consumption to
limit excessive calorie intake and prevent weight gain
[100]. From this perspective, it is desirable to develop a
more detailed tool able to discriminate the two types of
products. Also, the inverse association between bread
and ultra-processed grains and the risk of multimorbidity
evidenced in the multinational cohort study mentioned
above [97] may provide food for thought for reconsider-
ing the item on commercially baked goods or pastries in
the total score.

In addition, the KIDMED questionnaire is limited to
certain food categories and does not allow the collec-
tion of quantitative food data, that could have been use-
ful for assessing compliance with dietary guidelines and
national nutritional recommendations besides adherence
to the MD. However, taking into account the purpose of
the study and the amount of information required from
participants, the use of KIDMED was considered the
best option. Lastly, the application of a self-administered
online survey represents a convenient solution being
an easy-to-use tool that requires little effort, but it may
increase the possibility of recall and misreporting bias.

Conclusion

The current study assessed adherence to the MD in a
representative sample of US university students and
investigated the relationship between the MD score and
sustainability of food behaviors, as well as other factors
acting as predictors of students’ eating habits.

Overall, a medium adherence to the MD and a strong
relationship between adherence to the MD and sustain-
able dietary behaviors were observed. These results
confirmed that the MD is a suitable eating pattern to
consider when implementing public interventions to shift
university students’ eating habits toward healthy and sus-
tainable diets. In this connection, a major promotion of
the MD as a sustainable dietary pattern may be an effec-
tive strategy for its revitalization, especially among young
adults such as university students, who show greater con-
sciousness and attention to current environmental issues
than older populations. Considering the positive influ-
ence that regular university canteen attendance has on
students’ eating habits, university dining services repre-
sent a unique opportunity to build a supportive environ-
ment to educate students on the effects of their actions
and foster human and planetary health.
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NCDs Non-communicable diseases
UPFs Ultra-processed foods
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UscB United States Census Bureau

NPAQ Nordic Physical Activity Questionnaire

WHO World Health Organization

MPA Moderate Physical Activity

VPA Vigorous Physical Activity

MVPA Moderate and Vigorous Physical Activity
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HE Healthy Eating

SE Sustainable Eating
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Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512937-024-00962-0.

Additional file 1: Supplementary Table S1. STROBE-nut checklist.

Additional file 2: Supplementary Table S2. Participants’ characteristics
reported for men and women.

Acknowledgements
Not applicable.

Author contributions

GS is the principal investigator. GS conceptualized and designed the study
together with CF, BB, RW, GA, ID, MIG, JR, DM, CM, FS and AR. GS together
with RW and GA coordinated the data collection. CF conducted the statistical
analyses under the supervision of BB and AR. CF wrote the original draft

and BB, RW, GS, GA, JR, DM, CM, FS and AR reviewed and edited the original
version. All authors read and approved the final manuscript.

Funding

This research has financially been supported by the Programme “FIL-Quota
Incentivante”of the University of Parma and co-sponsored by Fondazione
Cariparma.

Data availability

The data collection tools used, and dataset generated during the present
study may be made available by the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate

The present study was approved by the local institutional review board
(Institutional Review Board for Human Participants, Cornell University,
IRB0144167) and conducted according to the ethical principles stated in the
Declaration of Helsinki. Each participant provided informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Food and Drug, University of Parma, Parma 43124, Italy
’Department of Marketing and Supply Chain Management, School of
Business and Economics, Maastricht University, LM Maastricht

6211, The Netherlands

3Charles H. Dyson School of Applied Economics and Management,
Cornell University, Ithaca, NY 14853, USA

4!\/1arl<eting and Consumer Research, School of Management, Technical
University of Munich, 85354 Freising, Weihenstephan, Germany


https://doi.org/10.1186/s12937-024-00962-0
https://doi.org/10.1186/s12937-024-00962-0

Franchini et al. Nutrition Journal

(2024) 23:56

*Medical School, Building A, Via Volturno 39, Parma 43125, ltaly

Received: 19 January 2024 / Accepted: 21 May 2024
Published online: 27 May 2024

References

1.

Berry EM, Dernini S, Burlingame B, Meybeck A, Conforti P. Food security

and sustainability: can one exist without the other? Public Health Nutr.
2015;18:2293-302.

Pallardy RIPCC, Report Analysis. The Top Five Measures to Halve Emissions by
2030 | Journey to Zero. https://journeytozerostories.neste.com/sustainability/
ipcc-report-analysis-top-five-measures-halve-emissions-2030?gclid=CjwKCA
JwrNmWBhA4EiwAHbBJEQNIydOU3lixMASsb2ZclaBOmMBINHNRBBa1tI1g4m-
7FiIATTiISgkOTchoCznUQAVD_BWE (2022). Accessed 19 Jul 2022.

Poore J,Nemecek T. Reducing food's environmental impacts through produc-
ers and consumers. Sci (1979). 2018;360:987-92.

Crippa M, Solazzo E, Guizzardi D, Monforti-Ferrario F, Tubiello FN, Leip A. Food
systems are responsible for a third of global anthropogenic GHG emissions.
Nature Food 2021 2:3.2021;2:198-209.

Springmann M, Clark M, Mason-D'Croz D, Wiebe K, Bodirsky BL, Lassaletta

L, et al. Options for keeping the food system within environmental limits.
Nature. 2018;562:519-25.

Willett W, Rockstrém 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;393:447-92.

Tilman D, Clark M. Global diets link environmental sustainability and human
health. Nature. 2014;515:518-22.

Westhoek H, Lesschen JP, Rood T, Wagner S, de Marco A, Murphy-Bokern D,
et al. Food choices, health and environment: effects of cutting Europe’s meat
and dairy intake. Glob Environ Change. 2014,26:196-205.

Bonnet C, Bouamra-Mechemache Z, Réquillart V, Treich N. Viewpoint: regulat-
ing meat consumption to improve health, the environment and animal
welfare. Food Policy. 2020;97:101847.

Hartmann C, Siegrist M. Consumer perception and behaviour regarding sus-
tainable protein consumption: a systematic review. Trends Food Sci Technol.
2017,61:11-25.

Dernini S, Berry EM. Mediterranean Diet: from a healthy Diet to a sustainable
Dietary Pattern. Front Nutr. 2015;2:15.

Nelson ME, Hamm MW, Hu FB, Abrams SA, Griffin TS. Alignment of healthy
dietary patterns and environmental sustainability: a systematic review. Adv
Nutr. 2016;7:1005.

Truzzi ML, Puviani MB, Tripodi A, Toni S, Farinetti A, Nasi M, et al. Mediterra-
nean Diet as a model of sustainable, resilient and healthy diet. Progress Nutr.
2020;22:0-00.

Dinu M, Pagliai G, Casini A, Sofi F. Mediterranean diet and multiple health
outcomes: an umbrella review of meta-analyses of observational studies and
randomised trials. Eur J Clin Nutr. 2018;72:30-43. https://pubmed.ncbi.nim.
nih.gov/28488692/.

Bach-Faig A, Berry EM, Lairon D, Reguant J, Trichopoulou A, Dernini S, et al.
Mediterranean diet pyramid today. Science and cultural updates. Public
Health Nutr. 2011;14:2274-84.

Willett WC, Sacks F, Trichopoulou A, Drescher G, Ferro-Luzzi A, Helsing E et al.
Mediterranean diet pyramid: a cultural model for healthy eating. Am J Clin
Nutr. 1995,61.

Serra-Majem L, Tomaino L, Dernini S, Berry EM, Lairon D, de la Cruz JN, et al.
Updating the Mediterranean Diet pyramid towards sustainability: focus on
environmental concerns. Int J Environ Res Public Health. 2020;17:1-20.

Tong TYN, Wareham NJ, Khaw KT, Imamura F, Forouhi NG. Prospective asso-
ciation of the Mediterranean diet with cardiovascular disease incidence and
mortality and its population impact in a non-mediterranean population: the
EPIC-Norfolk study. BMC Med. 2016;14.

Martinez-Gonzalez MA. Benefits of the Mediterranean diet beyond the Medi-
terranean Sea and beyond food patterns. BMC Med. 2016;14.
Martinez-Gonzalez MA, Gea A, Ruiz-Canela M. The Mediterranean Diet and
Cardiovascular Health. Circ Res. 2019;124:779-98.

Woodside J, Young IS, McKinley MC. Culturally adapting the Mediterranean
Diet pattern - a way of promoting more ‘sustainable’ dietary change? Br J
Nutr. 2022;128:693.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

Page 14 of 16

U.S. Department of Health and Human Services and U.S. Department of
Agriculture. 2015-2020 Dietary Guidelines for Americans. 8th Edition. http://
health.gov/dietaryguidelines/2015/guidelines/ (2015). Accessed 23 Jun 2023.
Imamura F, Micha R, Khatibzadeh S, Fahimi S, Shi P, Powles J, et al. Dietary
quality among men and women in 187 countries in 1990 and 2010: a system-
atic assessment. Lancet Glob Health. 2015;3:e132-42.

Monteiro CA, Moubarac JC, Cannon G, Ng SW, Popkin B. Ultra-processed
products are becoming dominant in the global food system. Obes Rev.
2013;14:21-8.

Christ A, Lauterbach M, Latz E. Western Diet and the Immune System: an
inflammatory connection. Immunity. 2019;51:794-811.

Aicr WCRF, Diet. Nutrition, Physical Activity and Cancer: a Global Perspective
A summary of the Third Expert Report. https://www.wcrf.org/wp-content/
uploads/2021/02/Summary-of-Third-Expert-Report-2018.pdf (2018).
Accessed 23 Jun 2023.

Swinburn BA, Sacks G, Hall KD, McPherson K, Finegood DT, Moodie ML, et al.
The global obesity pandemic: shaped by global drivers and local environ-
ments. Lancet. 2011,;378:804-14.

Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global,
regional and national prevalence of overweight and obesity in children and
adults 1980-2013: a systematic analysis. Lancet. 2014;384:766.

Nishida C, Uauy R, Kumanyika S, Shetty P. The joint WHO/FAO expert con-
sultation on diet, nutrition and the prevention of chronic diseases: process,
product and policy implications. Public Health Nutr. 2004;7:245-50.

Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic of
obesity in developing countries. Nutr Rev. 2012,70:3-21.

Add Health. Social, Behavioral, and Biological Linkages Across the Life Course.
https://addhealth.cpc.unc.edu/. Accessed 22 Feb 2023.

Aceijas C, Waldhéusl S, Lambert N, Cassar S, Bello-Corassa R. Determinants of
health-related lifestyles among university students. Perspect Public Health.
2017;137:227-36.

Deshpande S, Basil MD, Basil DZ. Factors influencing healthy eating habits
among College students: an application of the Health Belief Model.
2009;26:145-64.

Stok FM, Renner B, Clarys P, Lien N, Lakerveld J, Deliens T. Understanding
eating Behavior during the transition from adolescence to Young Adulthood:
Aliterature review and perspective on future research directions. Nutrients.
2018;10:667.

Bruening M, van Woerden |, Todd M, Laska MN. Hungry to learn: the preva-
lence and effects of food insecurity on health behaviors and outcomes over
time among a diverse sample of university freshmen. Int J Behav Nutr Phys
Activity. 2018;15.

Nicoteri JAL, Miskovsky MJ. Revisiting the freshman 15: assessing body

mass index in the first college year and beyond. J Am Assoc Nurse Pract.
2014;26:220-4.

Yan Z, Harrington A. Factors that predict weight gain among first-year college
students. Health Educ J. 2020,79:94-103.

Pope L, Hansen D, Harvey J. Examining the Weight Trajectory of College
Students. J Nutr Educ Behav. 2017;49:137-41.

Sogari G, Velez-Argumedo C, Gdmez MI, Mora C. College Students and Eating
habits: a study using an ecological model for Healthy Behavior. Nutrients.
2018;10.

Elmskini FZ, Bouh A, Labyad A, Elghoulam N, Iragi H, Mehdad S, et al.
Increased nutrition knowledge and adherence to the Mediterranean diet are
associated with lower body mass index and better self-rated general health
among university students. Hum Nutr Metabolism. 2024;35:200240.
AlBlooshi S, Khalid A, Hijazi R. The barriers to Sustainable Nutrition for Sustain-
able Health among Zayed University Students in the UAE. Nutrients. 2022;14.
Amaral AR, Rodrigues E, Gaspar AR, Gomes A. A review of empirical data

of sustainability initiatives in university campus operations. J Clean Prod.
2020;250:119558.

Plotnikoff RC, Costigan SA, Williams RL, Hutchesson MJ, Kennedy SG, Robards
SL, et al. Effectiveness of interventions targeting physical activity, nutrition
and healthy weight for university and college students: a systematic review
and meta-analysis. Int J Behav Nutr Phys Activity. 2015;12:1-10.
Krattenmacher J, Casal P, Dutkiewicz J, Huchard E, Sanders E, Treich N, et al.
Universities should lead on the plant-based dietary transition. Lancet Planet
Health. 2023;7:€354-5.

Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behav
Res Methods. 2007;39:175-91.


https://journeytozerostories.neste.com/sustainability/ipcc-report-analysis-top-five-measures-halve-emissions-2030?gclid=CjwKCAjwrNmWBhA4EiwAHbjEQNlyd0U3lixMASsb2ZclaBOm89NHNRBBa1tl1q4m7FiATTiSgkOTchoCznUQAvD_BwE
https://journeytozerostories.neste.com/sustainability/ipcc-report-analysis-top-five-measures-halve-emissions-2030?gclid=CjwKCAjwrNmWBhA4EiwAHbjEQNlyd0U3lixMASsb2ZclaBOm89NHNRBBa1tl1q4m7FiATTiSgkOTchoCznUQAvD_BwE
https://journeytozerostories.neste.com/sustainability/ipcc-report-analysis-top-five-measures-halve-emissions-2030?gclid=CjwKCAjwrNmWBhA4EiwAHbjEQNlyd0U3lixMASsb2ZclaBOm89NHNRBBa1tl1q4m7FiATTiSgkOTchoCznUQAvD_BwE
https://journeytozerostories.neste.com/sustainability/ipcc-report-analysis-top-five-measures-halve-emissions-2030?gclid=CjwKCAjwrNmWBhA4EiwAHbjEQNlyd0U3lixMASsb2ZclaBOm89NHNRBBa1tl1q4m7FiATTiSgkOTchoCznUQAvD_BwE
https://pubmed.ncbi.nlm.nih.gov/28488692/
https://pubmed.ncbi.nlm.nih.gov/28488692/
http://health.gov/dietaryguidelines/2015/guidelines/
http://health.gov/dietaryguidelines/2015/guidelines/
https://www.wcrf.org/wp-content/uploads/2021/02/Summary-of-Third-Expert-Report-2018.pdf
https://www.wcrf.org/wp-content/uploads/2021/02/Summary-of-Third-Expert-Report-2018.pdf
https://addhealth.cpc.unc.edu/

Franchini et al. Nutrition Journal

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

(2024) 23:56

Lachat C, Hawwash D, Ocké MC, Berg C, Forsum E, Hornell A, Larsson C, Son-
estedt E, Wirfalt E, Akesson A, Kolsteren P, Byrnes G, De Keyzer W, Van Camp
J, Cade JE, Slimani N, Cevallos M, Egger M, Huybrechts |. Strengthening the
reporting of Observational studies in Epidemiology-Nutritional Epidemiology
(STROBE-nut): An Extension of the STROBE Statement.

Danquah IH, Petersen CB, Skov SS, Tolstrup JS. Validation of the NPAQ-short
— a brief questionnaire to monitor physical activity and compliance with the
WHO recommendations. BMC Public Health. 2018;18.

World Health Organization. WHO guidelines on physical activity and seden-
tary behaviour. https://www.who.int/publications/i/item/9789240015128
(2020). Accessed 22 Feb 2023.

Serra-Majem L, Ribas L, Ngo J, Ortega RM, Garcia A, Pérez-Rodrigo C, et al.
Food, youth and the Mediterranean diet in Spain. Development of KIDMED,
Mediterranean Diet Quality Index in children and adolescents. Public Health
Nutr. 2004;7:931-5.

Tepper S, Diklah G, -, Shahar DR, Shepon A, Mendelsohn O, Golan M, et al.
The SHED Index: a tool for assessing a sustainable HEalthy Diet. Eur J Nutr.
2021;60:3897-909.

Tepper S, Kissinger M, Avital K, Shahar DR. The Environmental Footprint
Associated with the Mediterranean Diet, EAT-Lancet Diet, and the sustainable
healthy Diet Index: a Population-based study. Front Nutr. 2022;9.

World Health Organization, Food and Agriculture Organization of the United
Nations. Sustainable healthy diets: guiding principles. https.//www.who.int/
publications/i/item/9789241516648 (2019). Accessed 22 Feb 2023.
EAT-Lancet Commission. Summary Reports - Healthy Diets From Sustainable
Food Systems. https://eatforum.org/eat-lancet-commission/eat-lancet-
commission-summary-report/ (2019). Accessed 30 Aug 2023.

Ohlau M, Spiller A, Risius A. Plant-based diets are not enough? Understanding
the consumption of plant-based Meat Alternatives along Ultra-processed
foods in different dietary patterns in Germany. Front Nutr. 2022;9:850.

Boase NJ, White MP, Gaze WH, Redshaw CH. Why don't the British eat locally
harvested shellfish? The role of misconceptions and knowledge gaps. Appe-
tite. 2019;143:104352.

Zhang C, Arbor A, Conrad FG. Speeding in web surveys: the tendency to
answer very fast and its association with straightlining. Surv Res Methods.
2014,8:127-35.

Bottcher MR, Marincic PZ, Nahay KL, Baerlocher BE, Willis AW, Park J, et al.
Nutrition knowledge and Mediterranean diet adherence in the southeast
United States: validation of a field-based survey instrument. Appetite.
2017;111:166-76.

Petroka K, Dinu M, Hoover C, Casini A, Sofi F. Short-term exposure to a Medi-
terranean Environment influences attitudes and Dietary Profile in U.S. College
students: the MEDiterranean Diet in AMEricans (A-MED-AME). Pilot Study.
2016;35:621-6.

Schroder H, Fitd M, Estruch R, Martinez-Gonzalez MA, Corella D, Salas-Salvadd
J, et al. A short screener is valid for assessing Mediterranean Diet adherence
among older Spanish men and women. J Nutr. 2011;141:1140-5.

Strong KA, Parks SL, Anderson E, Winett R, Davy BM. Weight gain prevention:
identifying theory-based targets for health behavior change in young adults.
J Am Diet Assoc. 2008;108.

Banfield EC, Liu Y, Davis JS, Chang S, Frazier-Wood AC. Poor adherence to US
Dietary guidelines for children and adolescents in the National Health and
Nutrition Examination Survey Population. J Acad Nutr Diet. 2016;116:21-7.
Grotto D, Zied E. The Standard American Diet and its relationship to the
health status of americans. Nutr Clin Pract. 2010;25:603-12.

U.S. Department of Agriculture and U.S. Department of Health and Human
Services. Dietary Guidelines for Americans, 2020-2025. 9th Edition. 2020.
https://www.dietaryguidelines.gov/sites/default/files/2021-03/Dietary_
Guidelines_for_Americans-2020-2025.pdf (2020). Accessed 22 Feb 2023.

van Draanen J, Prelip M, Upchurch DM. Consumption of fast food, sugar-
sweetened beverages, artificially-sweetened beverages and allostatic load
among young adults. Prev Med Rep. 2017;10:212-7.

Haines C, O'Neil CE, Zanovec M. Fast-food consumption among college
students and their attitudes toward healthier fast-food options. FASEB J.
2010;24:9404-9404.

Deshmukh-Taskar P, Nicklas TA, Radcliffe JD, O'Neil CE, Liu Y. The relationship
of breakfast skipping and type of breakfast consumed with overweight/obe-
sity, abdominal obesity, other cardiometabolic risk factors and the metabolic
syndrome in young adults. The National Health and Nutrition Examination
Survey (NHANES): 1999-2006. Public Health Nutr. 2013;16:2073-82.

Vi SY, Steffen LM, Zhou X, Shikany JM, Jacobs DR. Association of nut con-
sumption with CVD risk factors in young to middle-aged adults: the coronary

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Page 15 of 16

artery Risk Development in Young adults (CARDIA) study. Nutr Metabolism
Cardiovasc Dis. 2022;32:2321-9.

QuickStats. Percentage of adults aged > 20 years consuming breakfast on a
given day, by sex and age — United States, 2015-2018. MMWR Morb Mortal
WKly Rep. 2020,69:1665.

Mieziene B, Emeljanovas A, Fatkulina N, Stukas R. Dietary pattern and its
correlates among Lithuanian young adults: Mediterranean Diet Approach.
Nutrients. 2020;12:1-15.

Cena H, Porri D, De Giuseppe R, Kalmpourtzidou A, Salvatore FP, Ghoch M, El,
et al. How healthy Are Health-related behaviors in University students: the
HOLISTic study. Nutrients. 2021;13:1-16.

Lopez PIT, Marcos AT, Panisello JM, Carbayo JAH, Marcos MLT, Lopez-Gil JF.
Physical activity and its association with Mediterranean diet patterns among
Spanish university students. Nutr Hosp. 2022;39:603-9.

Grosso G, Marventano S, Giorgianni G, Raciti T, Galvano F, Mistretta A. Medi-
terranean diet adherence rates in Sicily, southern Italy. Public Health Nutr.
2014;17:2001-9.

Mirmiran P, Moslehi N, Mahmoudof H, Sadeghi M, Azizi F. A longitudinal study
of adherence to the Mediterranean Dietary Pattern and metabolic syndrome
in a Non-mediterranean Population. Int J Endocrinol Metab 2015;13;e26128.
Castro-Cuesta JY, Montoro-Garcia S, Sdnchez-Macarro M, Carmona Martinez
M, Espinoza Marenco IC, Pérez-Camacho A, et al. Adherence to the Mediter-
ranean diet in first-year university students and its association with lifestyle-
related factors: a cross-sectional study. Hipertens Riesgo Vasc. 2023;40:65-74.
de-Mateo-Silleras B, Camina-Martin MA, Cartujo-Redondo A, Carrefio-Enciso
L, de-la-Cruz-Marcos S. Redondo-del-Rio P. Health Perception according to
the Lifestyle of University students. J Community Health. 2019;44:74-80.

Mei J, Fulay AP, Wolfson JA, Leung CW. Food Insecurity and Dietary Intake
among College students with unlimited Meal plans at a large, Midwestern
University. J Acad Nutr Diet. 2021;121:2267-74.

Vilaro MJ, Colby SE, Riggsbee K, Zhou W, Byrd-Bredbenner C, Olfert MD, et

al. Food Choice Priorities Change over Time and Predict Dietary Intake at

the end of the First Year of College among students in the U.S. Nutrients.
2018;10:1296.

Shi'Y, Davies A, Allman-Farinelli M. The Association between Food Insecurity
and Dietary outcomes in University students: a systematic review. J Acad Nutr
Diet. 2021;121:2475-e25001.

Martinez SM, Grandner MA, Nazmi A, Canedo ER, Ritchie LD. Pathways from
Food Insecurity to Health Outcomes among California University Students.
Nutrients. 2019;11:1419.

Brunt AR, Rhee YS. Obesity and lifestyle in U.S. college students related to
living arrangemeents. Appetite. 2008;51:615-21.

Nelson Laska M, Larson NI, Neumark-Sztainer D, Story M. Dietary patterns and
home food availability during emerging adulthood: do they differ by living
situation? Public Health Nutr. 2010;13:222-8.

Lugosi P. Campus foodservice experiences and student wellbeing: an
integrative review for design and service interventions. Int J Hosp Manag.
2019;83:229-35.

Tsofliou F, Vlachos D, Hughes C, Appleton KM. Barriers and Facilitators Associ-
ated with the adoption of and adherence to a Mediterranean Style Diet in
adults: a systematic review of published observational and qualitative stud-
ies. 2022;14:4314.

Sansom G, Hannibal B. Disparate access to nutritional food; place, race and
equity in the United States. BMC Nutr. 2021;7:1-6.

Principles of Healthy. Sustainable Menus — Menus of Change. https://www.
menusofchange.org/principles-of-healthy-sustainable-menus. Accessed 1
Dec 2022.

Clarys P, Deliens T, Huybrechts I, Deriemaeker P, Vanaelst B, De Keyzer W, et al.
Comparison of Nutritional Quality of the Vegan, Vegetarian, Semi-vegetarian,
Pesco-Vegetarian and Omnivorous Diet. Nutrients. 2014,6:1318-32.

Avital K, Buch A, Hollander |, Brickner T, Goldbourt U. Adherence to a
Mediterranean diet by vegetarians and vegans as compared to omnivores.
2019;71:378-87.

Aguirre Sanchez L, Roa-Diaz ZM, Gamba M, Grisotto G, Moreno Londofio AM,
Mantilla-Uribe BP, et al. What influences the Sustainable Food Consumption
Behaviours of University Students? A systematic review. Int J Public Health.
2021,66:1604149.

Statista. Meat Substitutes - United States. https://www.statista.com/outlook/
cmo/food/meat/meat-substitutes/united-states (2023). Accessed 6 Apr 2023.
Tonsor GT, Lusk JL, Schroeder TC. Market potential of new plant-based
protein alternatives: insights from four US consumer experiments. Appl Econ
Perspect Policy. 2023;45:164-81.


https://www.who.int/publications/i/item/9789240015128
https://www.who.int/publications/i/item/9789241516648
https://www.who.int/publications/i/item/9789241516648
https://eatforum.org/eat-lancet-commission/eat-lancet-commission-summary-report/
https://eatforum.org/eat-lancet-commission/eat-lancet-commission-summary-report/
https://www.dietaryguidelines.gov/sites/default/files/2021-03/Dietary_Guidelines_for_Americans-2020-2025.pdf
https://www.dietaryguidelines.gov/sites/default/files/2021-03/Dietary_Guidelines_for_Americans-2020-2025.pdf
https://www.menusofchange.org/principles-of-healthy-sustainable-menus
https://www.menusofchange.org/principles-of-healthy-sustainable-menus
https://www.statista.com/outlook/cmo/food/meat/meat-substitutes/united-states
https://www.statista.com/outlook/cmo/food/meat/meat-substitutes/united-states

Franchini et al. Nutrition Journal

92.

93.

94.

95.

96.

(2024) 23:56

World Health Organization. Regional Office for Europe. Plant-based diets and
their impact on health, sustainability and the environment A review of the
evidence WHO European Office for the Prevention and Control of Noncom-
municable Diseases. https://apps.who.int/iris/handle/10665/349086 (2021).
Accessed 23 Jun 2023.

Poti JM, Mendez MA, Ng SW, Popkin BM. Is the degree of food processing and
convenience linked with the nutritional quality of foods purchased by US
households? Am J Clin Nutr. 2015;101:1251-62.

Jardim MZ, Costa BV, de Pessoa L, Duarte MC. Ultra-processed foods increase
noncommunicable chronic disease risk. Nutr Res. 2021,95:19-34.

Lane MM, Davis JA, Beattie S, Gdmez-Donoso C, Loughman A, O'Neil A,

et al. Ultraprocessed food and chronic noncommunicable diseases: a
systematic review and meta-analysis of 43 observational studies. Obes Rev.
2021;22:e13146.

Srour B, Kordahi MC, Bonazzi E, Deschasaux-Tanguy M, Touvier M, Chassaing
B. Ultra-processed foods and human health: from epidemiological evidence
to mechanistic insights. Lancet Gastroenterol Hepatol. 2022;7:1128-40.
Scrinis G, Monteiro C. From ultra-processed foods to ultra-processed dietary
patterns. Nat Food. 2022;3:671-3.

97.

98.

99.

Page 16 of 16

Cordova R, Viallon V, Fontvieille E, Peruchet-Noray L, Jansana A, Wagner K-H,
et al. Consumption of ultra-processed foods and risk of multimorbidity of
cancer and cardiometabolic diseases: a multinational cohort study. Lancet
Reg Health Eur. 2023;35:100771.

Vargas AM, De Pinto A, Deliza R, Cunha LM. The role of Local Seasonal Foods
in enhancing sustainable food consumption: a systematic. Literature Rev.
2021;10:2206.

European Commision. Dietary recommendations for fruit and vegetable
intake | knowledge for policy. https://knowledge4policy.eceeuropa.eu/
health-promotion-knowledge-gateway/fruit-vegetables-4_en.

. Nguyen M, Jarvis SE, Chiavaroli L, Mejia SB, Zurbau A, Khan TA, et al.

Consumption of 100% fruit juice and body weight in children and adults: a
systematic review and Meta-analysis. JAMA Pediatr. 2024;178:237-46.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://apps.who.int/iris/handle/10665/349086
https://knowledge4policy.ec.europa.eu/health-promotion-knowledge-gateway/fruit-vegetables-4_en
https://knowledge4policy.ec.europa.eu/health-promotion-knowledge-gateway/fruit-vegetables-4_en

	﻿Adherence to the Mediterranean Diet and its association with sustainable dietary behaviors, sociodemographic factors, and lifestyle: a cross-sectional study in US University students
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design and participants
	﻿Sociodemographic data, lifestyle variables, and health-related factors
	﻿Adherence to the Mediterranean diet
	﻿Nutritional and environmental sustainability of dietary consumption
	﻿Statistical analysis

	﻿Results
	﻿Participants’ characteristics and adherence to the Mediterranean Diet
	﻿Nutrition and environmental sustainability of students’ diet
	﻿Associations between adherence to the Mediterranean Diet and sustainability of dietary behaviors, sociodemographic, health-related and lifestyle factors

	﻿Discussion
	﻿Conclusion
	﻿References


