

[image: image1]
Dietary Patterns and Dietary Recommendations Achievement From Latin American College Students During the COVID-19 Pandemic Lockdown












	
	ORIGINAL RESEARCH
published: 14 July 2022
doi: 10.3389/fsufs.2022.836299






[image: image2]

Dietary Patterns and Dietary Recommendations Achievement From Latin American College Students During the COVID-19 Pandemic Lockdown

Ana Gabriela Murillo1†, Georgina Gómez1†, Samuel Durán-Agüero2†, Solange Liliana Parra-Soto3,4†, Jacqueline Araneda5†, Gladys Morales6,7†, Israel Ríos-Castillo8,9†, Valeria Carpio-Arias10†, Brian M. Cavagnari11†, Edna J. Nava-González12†, Jhon Jairo Bejarano-Roncancio13†, Beatriz Núñez-Martínez14†, Karla Cordón-Arrivillaga15†, Eliana Romina Meza-Miranda16†, Saby Mauricio-Alza17† and Leslie Landaeta-Díaz18*†


1Department of Biochemistry, School of Medicine, University of Costa Rica, San Pedro, Costa Rica

2Escuela de Nutrición y Dietética, Facultad de Ciencias para el Cuidado de la Salud, Universidad San Sebastián, Los Leones, Chile

3BHF Glasgow Cardiovascular Research Centre, Institute of Cardiovascular and Medical Sciences, University of Glasgow, Glasgow, United Kingdom

4Institute of Health and Wellbeing, University of Glasgow, Glasgow, United Kingdom

5Departamento de Nutrición y Salud Pública, Facultad de Ciencias de la Salud y de los Alimentos, Universidad del Bío-Bío, Chillán, Chile

6Departamento de Salud Pública, Facultad de Medicina, Universidad de La Frontera, Temuco, Chile

7Centro de Investigación en Epidemiología Cardiovascular y Nutricional (EPICYN), Universidad de La Frontera, Temuco, Chile

8Escuela de Nutrición, Facultad de Medicina, Universdad de Panamá, Panama City, Panama

9Organización de las Naciones Unidas para la Alimentación y la Agricultura (FAO), Oficina Subregional de la FAO para Mesoamérica, Panama City, Panama

10Grupo de Investigación en Alimentación y Nutrición Humana (GIANH), Facultad de Salud Pública, Escuela Superior Politécnica de Chimborazo, Riobamba-Ecuador, Riobamba, Ecuador

11Escuela de Nutrición, Facultad de Ciencias Médicas, Pontificia Universidad Católica Argentina, Buenos Aires, Argentina

12Facultad de Salud Pública y Nutrición, Universidad Autónoma de Nuevo León, Monterrey, Mexico

13Departamento de Nutrición Humana, Facultad de Medicina, Universidad Nacional de Colombia, Bogotá, Colombia

14Departamento de Nutrición, Universidad Autónoma de Asunción, Asunción, Paraguay

15Unidad de Investigación en Seguridad Alimentaria y Nutricional (UNISAN), Escuela de Nutrición, Facultad de Ciencias Químicas y Farmacia, Universidad de San Carlos de Guatemala, Guatemala City, Guatemala

16Centro Multidisciplinario de Investigaciones Tecnológicas, Universidad Nacional de Asunción, San Lorenzo, Paraguay

17Universidad Privada Norbert Wiener, Lima, Peru

18Escuela de Nutrición y Dietética, Facultad de Salud y Ciencias Sociales, Universidad de Las Américas, Santiago, Chile

Edited by:
Andres Silva, Central University of Chile, Chile

Reviewed by:
Grace Melo, Texas A&M University, United States
 Aida Turrini, Independent Researcher, Rome, Italy

*Correspondence: Leslie Landaeta-Díaz, llandaeta@udla.cl

†ORCID: Ana Gabriela Murillo orcid.org/0000-0003-0155-9343
 Georgina Gómez orcid.org/0000-0003-3514-2984
 Samuel Durán-Agüero orcid.org/0000-0002-0548-3676
 Solange Liliana Parra-Soto orcid.org/0000-0002-8443-7327
 Jacqueline Araneda orcid.org/0000-0002-0415-2920
 Gladys Morales orcid.org/0000-0001-7194-8833
 Israel Ríos-Castillo orcid.org/0000-0001-9443-3189
 Valeria Carpio-Arias orcid.org/0000-0003-2989-1751
 Brian M. Cavagnari orcid.org/0000-0002-4360-4686
 Edna J. Nava-González orcid.org/0000-0001-8818-2600
 Jhon Jairo Bejarano-Roncancio orcid.org/0000-0003-2527-3753
 Beatriz Núñez-Martínez orcid.org/0000-0001-6585-9607
 Karla Cordón-Arrivillaga orcid.org/0000-0003-3825-739X
 Eliana Romina Meza-Miranda orcid.org/0000-0001-9791-8835
 Saby Mauricio-Alza orcid.org/0000-0001-7921-7111
 Leslie Landaeta-Díaz orcid.org/0000-0001-8970-1150

Specialty section: This article was submitted to Nutrition and Sustainable Diets, a section of the journal Frontiers in Sustainable Food Systems

Received: 15 December 2021
 Accepted: 20 June 2022
 Published: 14 July 2022

Citation: Murillo AG, Gómez G, Durán-Agüero S, Parra-Soto SL, Araneda J, Morales G, Ríos-Castillo I, Carpio-Arias V, Cavagnari BM, Nava-González EJ, Bejarano-Roncancio JJ, Núñez-Martínez B, Cordón-Arrivillaga K, Meza-Miranda ER, Mauricio-Alza S and Landaeta-Díaz L (2022) Dietary Patterns and Dietary Recommendations Achievement From Latin American College Students During the COVID-19 Pandemic Lockdown. Front. Sustain. Food Syst. 6:836299. doi: 10.3389/fsufs.2022.836299



This study aimed to compare the diet quality of different dietary patterns among college students from Latin American countries, including vegetarians, vegans, and omnivores during the COVID-19 pandemic. A cross-sectional, observational, multicenter study was conducted including a non- probabilistic sample of university students from 10 countries. University students were invited to participate in the study through social network platforms. Participants were self-reported to have followed a specific dietary pattern; either the Prudent diet, Western diet, Ovo-dairy-vegetarian diet, Fish-vegetarian diet, Strict vegetarian diet (vegan) or other. The last three patterns (vegetarians and vegans) were grouped as following a plant-based diet. A self-assessment survey was used to evaluate healthy eating habits using a questionnaire with values between 1 (do not consume) and 5 (consume) for a total of 9–45 points (higher values represent better eating habits). Unhealthy habits were assessed with nine questions. A total of 4,809 students filled out the questionnaire, and the majority of them were females (73.7%). A high percentage have been in lockdown for more than 5 months and were in lockdown when the survey was released. 74.3% were self-reported to follow a prudent diet, while 11.4% reported following a western dietary pattern and 8.8% a plant-based diet. When compliance with healthy and unhealthy dietary habits was analyzed, although all groups had low compliance, the plant-based diet group (56.09 ± 6.11) performed better than the Western diet group (48.03 ± 5.99). The total diet quality score was significantly higher for plant-based diet followers, who also tended to better achieve the recommendations than omnivorous students, especially the ones following a western diet. These results present evidence that young adults such as college-aged students have unhealthy dietary habits. However, the ones who follow a plant-based diet such as vegetarians and vegans exhibit better scores and healthier dietary conducts.
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INTRODUCTION

Latin America is one of the world's regions with a higher prevalence of risk factors of non-communicable diseases (NCDs) such as cardiovascular disease, cerebrovascular disease, type II diabetes (T2D) and hypertension (Anauati et al., 2015; Pan American Health Organization and World Health Organization, 2016). In addition to elevated morbidity, NCDs also exhibit a high mortality rate (Barquera et al., 2015; Kimokoti and Millen, 2016; Calazans and Queiroz, 2020; Lee et al., 2020).

Diet being a determinant factor of NCDs, the Latin American Study of Nutrition and Health (Estudio Latino Americano de Nutrición y Salud ELANS), a household-based cross-sectional survey conducted from March 2014 to December 2015, provided insight into different aspects of diet quality in adolescents and adults from eight Latin American countries (Fisberg et al., 2016), reporting that only 7.2% of the overall sample reached the World Health Organization's recommendations for fruits and vegetables consumption, and <3.5% met the optimal consumption level of vegetables, nuts, whole grains, fish and yogurt, highlighting the urgency of improving dietary habits in order to prevent NCDs and improve health (Kovalskys et al., 2019). This suboptimal intake of nutrient-dense food groups and healthy food groups was more frequently observed in younger rather than older adults (Kovalskys et al., 2019). Particularly, participants aged 20–34 years were more vulnerable to high total and added sugar intake than older age groups, with a mean of 20.1% of total energy intake from added sugar (Fisberg et al., 2018). This pre-pandemic data showed a huge gap between healthy food groups and micronutrients intake and recommendations that urged actions to improve diet quality in this population.

In terms of nutrition behavior, university students are a highly vulnerable population since they are still defining their dietary and lifestyle patterns. While some students show a tendency to adopt risky habits such as alcohol intake and tobacco use, snacking, skipping meals, physical inactivity, and inadequate sleep (Kimokoti and Millen, 2016; Sogari et al., 2018; Rodrigues et al., 2019), others gain interest in more nutrient-dense and environmental-conscious patterns such as vegetarianism and veganism. Although this trend includes different age groups, it is especially popular among younger populations such as college students and adolescents (Larsson and Johansson, 2002; Clarys et al., 2014; Segovia-Siapco et al., 2019; Sakkas et al., 2020).

Recent studies have shown that dietary patterns analysis is a cost-effective way to assess nutrient consumption. It has been shown that dietary patterns assessment is a good predictor of chronic disease risk, even more than individual nutrients or foods groups analysis, because it takes a look at a broader picture which is the individual's whole diet (Hu, 2002). Dietary pattern analysis provides comprehensive information about combined and synergistic relations between foods and nutrients consumed (Castro et al., 2015).

The western diet has been associated with an increased risk for NCDs, including the increasing prevalence of obesity (Kopp, 2019) in both developed and developing countries (Salameh et al., 2014). This pattern is characterized by its high caloric density that comes from ultra-processed foods, soft drinks, fast foods, alcohol and snacks (Cunnane, 2005; López-Taboada et al., 2020). People who follow this pattern have a high intake of trans, saturated and omega-6 polyunsaturated fatty acids, simple sugars and other high glycemic index carbohydrates, with little consumption of omega 3 fatty acids, dietary fiber, and some micronutrients and antioxidants. In general, it is the least nutrient-dense dietary pattern (Statovci et al., 2017; Kopp, 2019).

The prudent diet was proposed in the 1970's as a response to the increased prevalence in NCDs. In this diet, four principles are suggested: Avoid excessive caloric intake, increase dietary fiber, reduce total fat intake and increase polyunsaturated fatty acids in the diet (Mann, 1979).

Over the years, western societies including Latin American countries, have shown an increased interest in plant-based dietary patterns. For example, vegetarianism, which excludes certain food items such as meat, poultry, or fish; or veganism, which completely avoids all types of meat and animal products such as dairy and eggs (Tuso et al., 2013; Medawar et al., 2019). These increasingly popular diets focus on the consumption of fruits, vegetables, grains, nuts, seeds, mushrooms, and vegetable fats and oils (Sakkas et al., 2020).

There are many epidemiological studies that suggest that following a plant-based dietary pattern may be protective against many unhealthy outcomes related to western omnivore diets, such as obesity and chronic illness like T2D, hypertension, cardiovascular disease and, certain types of cancer (Craig, 2010; Tuso et al., 2013; Parker and Vadiveloo, 2019). This healthier status may respond to a lower intake of calories, saturated fat, and sodium as well as higher consumption of dietary fiber, polyphenols, carotenoids and, antioxidant vitamins (Sakkas et al., 2020). In addition, after shifting to a plant-based diet, many people have also adopted other healthy habits such as increased physical activity and abstinence from smoking and drinking alcohol (Cramer et al., 2017). On the other hand, there is also a strong body of evidence pointing out that the consumption of meat, seafood, eggs, and dairy products ensures meeting the dietary requirement for nutrients that are usually low or not as bioavailable in plant-based products, such as long-chain omega-3 fatty acids, vitamins D and B12, iron, iodine, calcium, and zinc (Craig, 2010; Clarys et al., 2014; Poinsot et al., 2020; Sakkas et al., 2020), which increases the need of nutrient supplementation and nutritional education to vegetarian and vegan individuals.

Since February of 2020, the COVID-19 pandemic forced countries in Latin America and the Caribbean to adopt several measures to control the virus outbreak and infection rate. These measures included social distancing, closing international borders, local public spaces and schools, instituting curfews, and quarantines (Garcia et al., 2020). Mandatory lockdown, in particular, has impacted people's lifestyles and habits. Some studies have shown that confined individuals reduced their physical activity and increased sedentary behavior (Dor-Haim et al., 2021; Sadarangani et al., 2021; Stockwell et al., 2021; Van Langen and Generali, 2021). It has also been documented that during quarantine, individuals changed some dietary habits. Some shifted toward unhealthy patterns by increasing sugar, alcohol, snacks and ultra-processed foods (UPFs) intake while decreasing the consumption of fresh products such as fruits and vegetables whereas some adopted better-eating behaviors and higher adherence to healthy dietary patterns (Bracale and Vaccaro, 2020; Celia et al., 2020; Di Renzo et al., 2020; Pellegrini et al., 2020; Bennett et al., 2021; Enriquez-Martinez et al., 2021; Pertuz-Cruz et al., 2021). It has been reported that no significant differences have been found regarding complete food group patterns, which means that vegetarians were not likely to become omnivorous, or western dieters did not turn vegan because of the COVID-19 lockdown (Husain and Ashkanani, 2020). However, there is data suggesting that individuals who followed a western-like dietary pattern did shift toward a more prudent diet, most likely to reinforce immune function (Madan et al., 2021; Navarro-Pérez et al., 2021).

Although several studies have characterized the university students' diet in the Latin American region, to our knowledge, this is the first in doing so comparing different dietary patterns. This study aimed to compare the diet quality of different dietary patterns among college students from Latin American countries, including vegetarians, vegans, and, omnivores during the COVID-19 pandemic lockdown in 2020.



METHODS


Study Design

A cross-sectional, observational, multicenter study was conducted using a non-probability sampling of uncontrolled distribution of instruments, a technique where participation is voluntary and self-selected (Schonlau et al., 2021), including university students from 10 Latin American Countries (Argentina, Chile, Colombia, Costa Rica, Ecuador, Guatemala, Mexico, Panama, Paraguay and Peru). Students actively enrolled in higher education institutes, 18 years of age or older, were eligible for inclusion. Those who did not complete the entire survey were excluded.



Data Collection

Participants were recruited from the 10 countries mentioned above by convenience sampling. University students were invited to participate in the study through social network platforms (Instagram, Facebook, and Twitter) or institutional emails. In order to participate, individuals have to be 18 years old or older and accept an online informed consent. A self-administrated digital questionnaire in Google Forms format was used to collect eating habits and physical activity information. Data was collected between November and December 2020. Sample size calculation determined a minimum of 1,194 participants. Sample size calculation was performed using G*Power (Erdfelder et al., 2009) (considering the performance of a logistic regression, a unilateral test, an Odds ratio = 1.3, Pr (Y = 1 |X = 1) H0 = 0.2, an α of 0.01 and a power (1-β) of 0.9.



Dietary Patterns

Participants self-reported to have followed a specific dietary pattern based on the following question, “Which of the following eating patterns best describes you?,” and the following choices:

• Prudent diet: Characterized by a prudent and modest intake of all food groups, without excess or avoidance.

• Western diet: Characterized by a high intake of ultra-processed and fast foods such as pizza, burgers, fries, snacks, frozen, canned or fried foods. Also, a low intake of fruits, vegetables, legumes and whole-grain cereals.

• Ovo-dairy-vegetarian diet: A plant-based diet that includes dairy and eggs

• Fish-vegetarian diet: A plant-based diet that includes fish, dairy and eggs.

• Strict vegetarian diet (vegan): Characterized by the sole consumption of foods of vegetable origin.

• Other diet: For those who do not identify with any pattern stated before.

For the main analysis, people who answered Ovo-dairy-vegetarian diet, Fish-vegetarian diet or Strict vegetarian diet (vegan) were grouped as following a plant-based diet.



Eating Habits

Eating habits were assessed using a self-administered food habits survey, following a methodology proposed and adapted by Crovetto et al. (2018) according to the Chilean dietary recommendations (Crovetto et al., 2018). The survey consisted of 15 items, which explore the consumption of different foods and food groups. The first nine items assessed the frequency of consumption of food groups recommended by the current Chilean dietary guidelines (dairy products, fruits, vegetables, legumes, fish, and whole grains) and the frequency of following healthy eating habits (consumption of breakfast, lunch, and dinner), ranging from no consumption (1 point), to the suggested daily/weekly portions (5 points). The suggested intake is as follows: dairy products 3 portions/d, fruits 3 units/d, vegetables ≥2 portions/d, legumes 2–3 times/w, fish ≥2 portion/w, whole grains ≥ 1 portion/d), obtaining a rating of the responses ranging from 9 to 45 points (higher value equivalent to better eating habits). The next six items referred to were unhealthy diet habits foods or food groups identified as promoters of NCD according to the recommendation of (≥1 portion/d of sugar sweetened beverages, ≥1 portion/d of alcohol, ≥1 portion/w of fried foods, ≥1 portion/d of fast food, ≥2 portion/d sweet snacks) and a negative food habit was added, such as adding salt to meals without tasting them; six of the questions have a score identical to the previous one (1 point, no consumption, to 5, more than three portions per day/week) and only one rated from 1 to 3 points (salt), reaching a value ranging from 7 to 33 points (higher value equivalent to worse eating habits). Both healthy and unhealthy scores were standardized on 100 points scale to facilitate comparison.



Statistical Analysis

Descriptive statistics were applied for data analysis. The quantitative data were expressed in mean and standard deviation, and qualitative data were expressed in number and percentage. Tests for trends across categories were assessed by chi-squared tests according to the distribution of the data. Analyses were conducted using R statistical software (version 4.0.3).




RESULTS

At the end of the data collection period, we ended with a database of 4,958 responses. Seventy eight students refused to participate and 71 were eliminated for incomplete data. Therefore, the present study evaluated 4,809 completed the survey correctly, which represents 96.9% of the total database.

Sociodemographic characteristics of the studied population are shown in Table 1. Briefly, the participants' mean age was 22.4 ± 4.3 years and were mainly females (73.7%) The percentage of men who follow a western diet pattern were slightly higher than others dietary patters. Most responses came from students in Mexico, Ecuador, and Costa Rica. The majority of the responses were obtained from health science students (63.7%). Most of them follow a prudent pattern and a lower percentage a western dietary pattern, while most of them lived with people with completed or uncompleted university or higher education. A high percentage have been in lockdown for more than 5 months and were in lockdown when the survey was released. 74.3% were self-reported to follow a prudent diet and 8.8% a plant-based diet. Among them, more than 50% were ovo-dairy-vegetarian. These were mostly from Argentina and Mexico (Supplementary Table 1).


Table 1. Sociodemographic characteristics by dietary pattern.

[image: Table 1]

A higher probability of following a prudent diet pattern was associated with living in Colombia, studying a health sciences career, being in the fifth or more years of career, and 3–5 months of time in lockdown (Table 2).


Table 2. Association between following a prudent diet and socio-demographic characteristics.

[image: Table 2]

When analyzing the association between dietary patterns and the achievement of recommendations for healthy food groups, we found that students following a western diet had poor achievement in almost every healthy item. For instance, only 0.7% achieved the recommendation for fruits and vegetables. Meanwhile, this percentage was 15.7% for the self-reported vegetarians. Among this latter group, 75.5% achieved the legumes recommendation in comparison with 43.0% of people following a western diet. The probability of not meeting the recommendation of healthy food groups was lower those following a western diet, except for dairy products (Table 3). In addition, students following a western diet were more likely to skip breakfast (50.4%) while more than 70% of people with a prudent and plant-based diet reported having this meal and showed a significantly lower probability of dinner and homemade meals consumption.


Table 3. Achievement of healthy food group recommendations among dietary patterns.

[image: Table 3]

When plant-based dieters are further analyzed (Supplementary Table 1), among participants following a vegetarian diet 48.6 and 21% achieved the recommendations for vegetables and fruit intake, respectively, however, only 15.7% achieved the recommendation of 5 portions of fruits and vegetables altogether. Those students following a vegan diet were the ones who reached a higher percentage on these three guidelines, and therefore, achieved a higher dietary score.

When the analysis was done by unhealthy items (Table 4), most of the students failed to achieve the recommendations. But similar to healthy food groups recommendations, those who followed a Western diet had the lowest probability of achieving the recommendations. And people who follow a plant-based diet had higher proportion of people achieving the recommendations of sugar -sweetened beverages (54.9%), fast food (33.6%), and fried food (25.0%). No differences were found among plant-based diet subcategories (Supplementary Table 2).


Table 4. Achievement of unhealthy food groups recommendations and dietary patterns.
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Finally, When the diet quality was evaluated, the highest score was among vegetarian people (56.09 ± 6.11). Meanwhile, the lowest was for people who followed a western diet (48.03 ± 5.99). Indeed, most of the people with a western diet are in the lowest quartile of the diet quality score (Table 5).


Table 5. Dietary score according to different dietary patterns.
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DISCUSSION

This study aimed to evaluate and compare the diet quality of different dietary patterns in Latin-American college students during COVID lockdown between November and December 2020. In the current study, plant-based dieters, when compared to other students who reported following a prudent or western diets, are in the best diet quality quartiles and only 17% of them are found in the lowest quartile.

Lifestyle choices such as physical activity, smoking, alcohol consumption and dietary habits have been proven to play an important role in maintaining health and preventing diseases. Many health risk behaviors start in adolescence and young adulthood which make this population ideal to work within lifestyle interventions and prevention programs (Kimokoti and Millen, 2016; Sogari et al., 2018; Lanuza et al., 2020; Lee et al., 2020). In particular, college aged students face an important challenge: with increased independence, limited budget and spare time, healthful food choices are hard to make (Sogari et al., 2018; Sprake et al., 2018). College environment and lifestyle in Latin America include late snacking, skipping meals, fast food and alcohol intake during social events which explain why it has been repeatedly shown that there is an important weight gain during the first year of college, and this weight (which includes a fat percentage increase) is maintained throughout the whole university period (Huang et al., 2003; Lacaille et al., 2011; Santos et al., 2017). In fact, epidemiological studies have shown that the greatest weight and fat mass gain happen between 18 and 29 years of age, which include college years (Santos et al., 2017).

In this study, students were asked if they followed a prudent, western or vegetarian (which includes, for this analysis, Ovo-dairy-vegetarian, Fish-vegetarian and vegan) diet.

The results showed that the prudent diet was followed by 74.3% of the total students, and it was the most reported pattern in all the assessed countries. However, when analyzed by food group intake, most of these students fail the dietary recommendation for fruits and vegetables, dairy and fish (Table 1). It is important to note that the questionnaire for this study was released at a moment of lockdown due to the COVID-19 pandemic, which means that most students were having the majority of their meals at home. In fact, 73% of the individuals who self-reported a prudent diet achieved the recommendation of eating homemade meals. Similarly, Mueller et al. (2018) found that for college students, eating at home was associated with a higher adherence to this dietary pattern, and a lower prevalence of the western dietary pattern and alcohol consumption (Mueller et al., 2018). Having the opportunity or the need to eat outside their household can lead young adults to make poor health choices such as increasing their consumption of trans and saturated fats, added sugar and alcohol, habits that are more related to the western diet (Lacaille et al., 2011). However, it is important to note that during the COVID-19 emergency lockdown, several detrimental dietary changes have also been observed and reported, for example, the increase in comfort food intake such as sweets and fried foods and the increase of snacking due to anxiety (Di Renzo et al., 2020; Pellegrini et al., 2020; Bennett et al., 2021). This suggests that during the period the survey was applied, eating at home not necessarily meant having a healthier diet.

In the present study, 11.4% of the students reported following this dietary western pattern and as expected, these failed to meet the recommendation for many healthy food groups including fruits and vegetables, dairy, fish and oats, and whole grains. In terms of unhealthy food groups, more than 80% of the western diet students failed to meet the recommendation for salt, sugar-sweetened beverages snacks, and more than 90% the ones for fast or fried foods (Tables 3, 4). This trend is common in university students, for example in the study conducted by Yun et al. (2018) with college students in Brunei, most participants had the habit of snacking and consuming fried food frequently while having a low intake of fruits and vegetables (Yun et al., 2018). In Latin America, a study conducted in Chile reported that healthy foods consumption frequencies recommended by WHO and Chilean dietary guides were not achieved, and high consumption of sugar-sweetened soft drinks, alcohol, fried foods, fast food, and snacks consumption was also identified (Crovetto et al., 2018). Similar findings have also been reported in university students from Argentina (De Piero et al., 2015), Colombia (Vázquez et al., 2014), and Peru (Huamancayo-esp and Perez-c, 2019).

The third dietary pattern analyzed in this study, and reported by 8.8% of the participants was the plant-based diet, which includes ovo-dairy vegetarians, fish-vegetarians and, vegans. These dietary patterns have been receiving special interest recently, for instance, the sales of plant-based alternatives to meat and meat products grew by almost 40% between 2017 and 2019 (Davitt et al., 2021). The reasons and motivators to adopt this dietary pattern vary depending on age group, values and, beliefs; for instance, veganism and vegetarianism were usually adopted for religious reasons, however, nowadays the dietary shift also respond to ethical concerns such as animal rights and welfare, environmental impact, socioeconomic considerations, personal health and fitness concerns (Cramer et al., 2017; Clark et al., 2019; Sakkas et al., 2020; Davitt et al., 2021).

Plant-based diets aim to optimize nutrient-dense food items such as fruits, vegetables, legumes, seeds, and nuts while minimizing the consumption of calory-dense, processed foods, and animal products, although some may include dairy, eggs, and fish to some extent (Tuso et al., 2013; Miki et al., 2020). In the present study, the students who reported following a plant-based diet had the highest percentage of achievement of most of the healthy food group recommendations in comparison to the other dietary patterns (Table 2). This was observed for fruits and vegetables, vegetables, fruits, legumes, whole grain, and fish but not for dairy. However, among the same pattern, the recommendations were achieved by the majority of students only for the legumes and oat and whole gran categories, and vegan students were the closest to achieve the recommendations for fruits, vegetables, legumes and oats. This means that even the self-reported vegetarians or vegans failed the recommendation for many healthy food groups, such as fruits and vegetables. Although it is expected that plant-based dieters have a high intake of these food groups, it has been reported that in general, college students do not consume them as they should and in fact, the vast majority of college aged individuals fail to meet the 5 a day intake recommendation (Schroeter and House, 2015; Rodrigues et al., 2019). Alkazemi and Salmean (2021) state that this is due to taste, inconvenience and lack of knowledge on F/V intake recommendations and preparation methods (Alkazemi and Salmean, 2021) while Schroeter and House (2015) include a rising demand for fast, convenient foods and declining cooking skills to the list of intake barriers in this age group (Schroeter and House, 2015).

Regarding the unhealthy items, the plant-based diet group was the only one that achieved the recommendation for sugar sweetened drinks avoidance however, for the other categories such as fast foods, snacks and added salt, plant-based dieters did as poorly as the other groups (Table 3), This supports the idea that college aged individuals generally have risk related diet behaviors, independently of the dietary pattern they follow, and also, that some people choose to be vegetarian or vegan for environmental and animal welfare reasons and not always because they are concerned with their health (Vergeer et al., 2020; Davitt et al., 2021; Saintila et al., 2021).

There was a higher percentage of students achieving the recommendations for legumes and oats and whole grain among those following a vegan diet, but as expected, none of the participants following this pattern achieved the recommendations for dairy foods or fish consumption, which could lead to nutritional deficiencies such as calcium and omega-3 fatty acids, specifically eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) (Saunders et al., 2012; Bakaloudi et al., 2021). No differences on following recommendations for breakfast, dinner or homemade meals consumption were observed when comparing the three plant-based dietary patterns. Regarding unhealthy items a higher percentage of strict-vegetarians achieved the recommendations for sugar-sweetened beverages, added salt, fast food and fried foods, while no differences were observed for alcohol and snacks consumption.

It is important to mention that there is a tendency to replace omnivorous products with plant-based substitutes that can be considered ultra-processed foods (UPFs) which are sources of sodium, saturated and trans fatty acids and refined sugar (Poti et al., 2015). Since vegetarianism and its derivatives imply just the avoidance of meat, dairy or other animal food sources, these UPFs can be highly consumed in plant-based diets, making these patterns not intrinsically healthier, as UPFs have shown to increase the risk of NCDs (Gehring et al., 2021; Jardim et al., 2021; Quinn et al., 2021).

A recent cross-sectional study conducted with French adults found that higher avoidance of animal-based foods was associated with a higher consumption of UPFs. In this study, UPFs contributed with more than 30% of the energy consumed by all participants, which is a reason for concern, however it was higher for self-reported vegans. This trend was also significantly correlated with age, meaning that the younger age commencing the plant-based pattern, the more likely it was for the participants to consume UPFs (Gehring et al., 2021). This could respond to the fact that not everyone who seeks for animal products avoidance gets proper nutritional counseling to do so, which could affect especially younger individuals such as college students, who, as mentioned before, tend to look for convenient, cheap and easy to prepare or even ready to eat goods (Mescoloto et al., 2017; Sogari et al., 2018). As Storz (2018) states, there could be also a lack of commitment in the health care community to engage patients, recommend and fully explain how to make the shift toward a plant-based diet, which usually takes time (Storz, 2018). This age association does not only apply for plant-based diets, as it has been also reported that younger individuals are more particularly associated with UPFs intake, independently of which dietary pattern they follow, as it has more to do with socioeconomic reasons (Julia et al., 2018).

Another reason why plant-based diets are recommended is sustainability. According to the EAT-Lancet Commission on healthy diets, the current dietary trends in combination with the estimated population growth not only implies a sanitary burden, but also a risk for our planet. Food production, transport, storage, cooking, and wastage contribute to greenhouse gas emissions, mineral pollution, and excessive water and land use. Therefore, a healthy diet should not only promote health to individuals but also should guarantee the conservation and rational use of natural resources, which can be obtained by shifting to a dietary pattern that includes most of its calories from plants and plant-based products (Scarborough et al., 2014; Willett et al., 2019). However, as UPFs of plant origin continue to grow, this has to be taken into consideration, as UPFs consumption is also detrimental to the environment. The production of these food items implies substantial use of natural and energetic resources, such as water and fossil fuel. One of the main purposes of UPFs is to create readily available and less perishable products, which means frozen, canned, or ready to eat goods. Under this perspective, although plant-based protein alternatives are less harmful than many meat products, as they produce fewer greenhouse gas emissions, for example (Rippin et al., 2021), this does not mean they are always sustainable. Experts suggest directing more efforts in the minimally processed vegetal choices that already exist, such as legumes, nuts, and seeds (MacDiarmid, 2021; Ohlau et al., 2022).

One of the reasons that health professionals recommend a shift to plant-based diets is the cardiovascular benefits associated with this dietary pattern. Studies have demonstrated that vegetarians have lower risk of cardiovascular disease and cardiovascular disease mortality (Kim et al., 2019; Wang et al., 2021) and show a healthier lipid profile (lower density lipoprotein and total cholesterol) when compared to omnivores (Wang et al., 2015; Rojas Allende et al., 2017; Vinay et al., 2020). However, some authors suggest that these health benefits are more influenced by the fact that usually vegetarians are more health conscious and consume more protective foods such and fruits, vegetables, fiber and antioxidants, rather than the exclusion of animal products like meat and dairy (Parker and Vadiveloo, 2019).

It is important to state that while plant-based diets have been extensively associated with favorable cardiovascular outcomes, it should be highlighted that some plant-derived foods such as refined grains, potatoes, fruit juices, and sugar-sweetened beverages have also been linked to a greater risk of cardiometabolic risk (Satija et al., 2016, 2017; Kim et al., 2021; Wang et al., 2021). In addition, even if these plant-based diets tend to include more healthy food groups, their basis is more about restricting animal products, so if it is not managed properly they can be deficient in energy, protein, omega 3 fatty acids, calcium, iron, and vitamin B-12 (Clarys et al., 2014; Blaurock et al., 2021) which can explain why it can alter some brain functions and be correlated with mental health, such as higher depression scores (Matta et al., 2018; Lee et al., 2021).

It has been shown that changes in dietary patterns can alter both the diversity and function of the gut microbiota, and the adoption of a plant-based diet is not an exception. Vegetarian diets seem to promote higher counts of certain Bacteroidetes compared with omnivores. Dietary fiber and polyphenols encourage the growth of short-chain fatty acids producer species, which improves immunity against pathogens, acts as energy fuel for intestinal cells and, promotes intestinal integrity (Tomova et al., 2019; Sakkas et al., 2020).

Despite the fact that most participants failed to meet most recommendations for both healthy and unhealthy items, when the analysis was performed according to diet score, most of the vegetarians fell in the highest quartile (39%), in comparison to 3.8% from the western diet and 25.3% from the prudent diet. Even though our study provided only a snapshot of dietary habits, our findings are in line with what has been observed in other studies with college students from not Latin American countries. In Germany, a study conducted with 61 female university students compared nutrient intake and nutritional quality between omnivores and vegetarians, reporting a higher score in those who followed a plant-based diet (Blaurock et al., 2021). Clarys et al. (2014) used the Healthy Eating Index 2010 (HEI-2010) and the Mediterranean Diet Score (MDS) as indicators for diet quality when comparing different dietary patterns in university students from Belgium. The study reported that vegans had the lowest energy intake, better fat profile and, highest dietary fiber consumption than omnivorous and the highest HEI-2010 and MDS. Individuals who followed a non-vegan plant-based diet also obtained a better score than omnivorous students (Clarys et al., 2014). In the context of the pandemic, a French study assessed diet quality during COVID-19 lockdown compared to before, and observed a decreased in nutritional quality of diet due to modification in food choices (Marty et al., 2021). However, not all studies have found a decline in diet quality during the lockdown. Lamarche et al. (2021), reported a slight improvement in diet quality and a reduction of food insecurity in adults from Quebec during COVID-19-related early lock-down, and Di Renzo et al. (2020), reported that the population aged 18–30 years have higher adherence to the Mediterranean diet when compared with other age groups. This same study also observed that 15% of respondents turned to farmers or organic purchasing for fruit and vegetables (Di Renzo et al., 2020; Lamarche et al., 2021).

The major strength of this study is that involved a large population of university students from 10 different countries in Latin America, using the same methodology simultaneously, and provided a wide overview of their eating habits during the COVID-19 lockdown.

Given the nature of the data collection, this study is limited by the fact that a convenience sampling was used, therefore, the findings will not apply beyond the sample or could be extrapolated to other populations. Also, participants self-reported all the information which can lead to bias, misreporting, and misunderstanding of concepts. As a cross-sectional and observational study, it was not possible to assess the changes in dietary habits or patterns before and after the COVID-19 pandemic, which would help to further analyze how the lifestyle changes implied with the lockdown affected college students. More prospective studies of this kind are warranted to ensure proper nutritional handling of future public health emergencies.



CONCLUSION

This study demonstrated that in general, university students had low diet quality during the COVID-19 lockdown, which was reflected by more than 84% of the overall sample failing to meet the recommendations for fruits and vegetables, fish, added salt, fast food, and fried food.

Nevertheless, total diet quality score was significantly higher for plant-based diet followers, such as vegetarians and vegans, who also tended to better achieve the recommendations than omnivorous students, especially the ones following a western diet. These results add to the body of evidence that young adults, such as college aged students, have unhealthy dietary habits. However, the risk of short or long-term health problems may differ depending on the dietary pattern of each individual. Overall, the findings of this study support the need of developing policies, programs, and behavioral change interventions in order to improve their diet quality, nutritional status and to reduce the risk of health problems in late adulthood. It is also warranted that health professionals get updated on the latest trends regarding plant-based dietary patterns in order to give better nutritional recommendations about how to maintain a healthy but also sustainable diet. Nutritional Guides of different Latin American countries should also include adaptations for these particular populations, given the fact that they are increasing in number. This could guarantee that even young people, such as college students, regardless of what diet pattern they follow or how much time they have to prepare their meals, could make proper food choices, not only for their health and wellbeing, but also for the environment.
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Multivariable logistic regression analyses. The dependent variable was a dummy variable
indicating 1 = Achieves the recommendation vs. Fails the recommendation. The model
was adjusted by age, gender, country, year in course, and period of lockdown.
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Multivariable logistic regression analyses. The dependent variable was a dummy variable
indicating 1 = people with prudent diet vs. 0 = people with other diets (western,
plan-based diet and other diets).
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