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Abstract

:

We intended to precisely evaluate the dietary quality of male and female medical college students using canteen data from the “Intelligent Ordering System” (IOS), combined with the supplemental food frequency questionnaire (SFFQ) and the Chinese Healthy Eating Index (CHEI) in Shanghai, China, to explore the potential factors influencing dietary quality. A total of 283 college students with the average age of 24.67 ± 3.21 years and Body Mass Index of 21.46 ± 3.49 kg/m2 in the medical school were enrolled in this study, and an online questionnaire investigation was conducted to collect the general information, lifestyle behavior, and SFFQ. The dietary data of the study participants from the school canteen were exported from the IOS of the Information Office of Fudan University. The CHEI consists of 17 components and the total score is 100, with a maximum score of each component of 5 or 10. We calculated each component score of the CHEI and aggregated the total score for male and female study participants. The Chi-square test and Wilcoxon rank sum test were employed in comparing the differences between the demographic characteristics and CHEI component scores of males and females. Univariate and multiple linear regression models were employed to examine the potential influencing factors of the total CHEI score. The CHEI median score was 66.65, and the component score for total grains was relatively low. Added sugars was the most overconsumed CHEI component. There were relatively serious deficiencies, based on the CHEI component scores, in fruits, soybeans, fish and seafood, and seeds and nuts in both sexes. Females had significantly higher CHEI scores than males (68.38 versus 64.31). The scores for tubers, total vegetables, dark vegetables, fruits, fish and seafood, dairy, and red meats were significantly higher in females than in males. Influencing factors including sex, education, dietary health literacy, and amount of time spent sedentarily were significantly associated with CHEI score. Our research revealed that the overall dietary quality needs to be further improved for college students at the medical school in Shanghai, China, with low intakes of total grains, fruits, soybeans, fish and seafood, and seeds and nuts, and high intakes of added sugars. Compared with males, females showed higher diet quality and conformed more strongly with the recommended Dietary Guideline for Chinese. Education, dietary health literacy, and amount of time spent sedentarily should be noted for improving the dietary quality of college students.
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1. Introduction


The proportion of unhealthy dietary choices has increased dramatically in the past decades, representing an epidemic in many areas of the world. In the United States, suboptimal diet is considered the first leading cause of death and the third leading cause of death in disability-adjusted life years [1]. Mexico is undergoing a dietary shift toward unhealthy patterns, with increased intake of saturated fat, refined carbohydrates, and sodium [2]. In China, the traditional diet is also gradually changing to the unhealthy Western diet, including a decreased intake of coarse grains and an increased intake of oil and animal-sourced food [3]. Several studies report that unhealthy diet increases the risk of obesity [4], hypertension [5], cardiovascular disease [6], lung cancer [7], and metabolic syndrome [8].



Due to the transition of living and social environments from adolescence to young adulthood, combined with the development of individual independence and autonomy, young adults face continuous challenges to choose healthy food [9]. Stok et al. observed that dietary habits from adolescence to young adulthood usually become unhealthier because of individual, social, and environmental factors [10,11] such as the higher consumption of snacks and fried foods, and lower intake of fruits and vegetables [12,13]. Moreover, this transition may affect the establishment of long-term healthy dietary patterns, thereby affecting the risk of diet-related diseases [14]. At present, college students represent approximately half of the young adulthood population [15], and they are in a critical period of establishing healthy dietary patterns [16]. Therefore, it is essential to evaluate the dietary quality of college students so as to further improve their dietary habits.



Typically, the majority of college students still have dinner in fixed place such as school canteens. With the advent of digital technology, school canteens began to adopt novel technologies to modernize themselves [17], such as mixed deep learning and natural language processing technology. The primary characteristic of the modernized school canteen is the change in how dietary data are collected. Compared with the collection methods in traditional school canteens, including 3-day, 24-h diet recalls [18], food frequency questionnaires surveys [19], and weighed food records [20], the dietary data collection in modernized school canteens can be more accurate, automatic, and convenient, and resolve some limitations of traditional methods in terms of sample size, tracking time, and recall bias. The “Intelligent Ordering System” (IOS) was developed utilizing informational internet technology in the modernized school canteens in China, and it can realize multiple functions such as automatic dietary data collection, reservation order, dish management, and food safety monitoring in school canteens [21]. At present, the IOS has achieved a wide range of applications in the canteens of the medical school of Fudan University since September 2017 [21]. Our research based on the IOS can provide consecutive and relatively accurate meal data of each college student in the medical school canteens of Fudan University for diet quality analysis.



In addition to the consecutive and accurate dietary data, a suitable and comprehensive dietary assessment tool is also the basis for diet quality assessment in college students. There are a variety of dietary assessment tools built in different countries for evaluating dietary quality. Examples of these assessment tools include the Dietary Approaches to Stop Hypertension (DASH) score [22], the Mediterranean diet score [23], and the Healthy Eating Index [24]. Studies have been undertaken using the assessment tools of other countries to evaluate the dietary quality of the Chinese population; however, because the populations in different countries have different dietary habits and cultures, it is not appropriate to use dietary assessment tools of other countries in the Chinese population. The Chinese Healthy Eating Index (CHEI) was the first measurement tool to comprehensively evaluate the dietary quality of the Chinese population in accordance with the updated Dietary Guideline for Chinese (DGC-2016) and is suitable for Chinese adults, including college students [25]. The CHEI has been used to explore the association of dietary quality with primary liver cancer [26], breast cancer [27], and multi-ethnic colorectal cancer [28]. However, the dietary quality of Chinese college students has not been evaluated based on the CHEI score.



Dietary health literacy can influence dietary health behavior. Thus, dietary health literacy was regarded as a potential factor that might influence the dietary quality of college students in the medical school. Dietary health literacy was used to reflect the individual ability of acquiring, comprehending, and applying the dietary health information or services, and of making correct nutrition decisions [29]. Liao et al. indicated that dietary health literacy was associated with healthy-eating behavior, and thus, influenced the dietary quality in Taiwanese college students [30]. Similarly, Zoellner et al. found that the dietary health literacy of their study participants could effectively influence dietary quality [31]. Thus, dietary health literacy was considered in our research.



Our study aimed to (1) utilize dietary data from the IOS combined with the supplemental food frequency questionnaire (SFFQ) to relatively precisely evaluate dietary quality based on CHEI scores in male and female college students in a medical school in Shanghai, China, and (2) further explore the potential influencing factors of diet quality in college students at a medical school to provide a scientific reference for the subsequent improvement of students’ dietary habits.




2. Subjects and Methods


2.1. Target Population


The sampling method was previously described [32], and random cluster sampling was applied. Four colleges and departments were randomly selected from the medical school of Fudan University, Shanghai, China, including the School of Public Health, the School of Basic Medicine, the Institute of Brain Science, and the Institute of Biomedicine. A total of 1155 college students from the medical school were invited to participate in our study, with the exception of first-year students who studied and lived on other campuses of Fudan University. The flow chart is shown in Figure 1, including the inclusion and exclusion criteria. Our study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of Medical Research, School of Public Health, Fudan University (protocol code: IRB#2019-01-0726S; data: 7 January 2019).




2.2. Introduction of the “Intelligent Ordering System”


The IOS has been officially in use in the medical school of Fudan University since September 2017, and it is regarded as a convenient ordering and pricing tool for teachers and students to improve the environmental level and dining efficiency of the medical school canteens. Moreover, the IOS can obtain long-term, relatively accurate records of each meal of both teachers and students in the medical school canteens. The specific ordering process is as follows. The backend of the IOS inputs detailed common data from dishes, and the merchant will display the corresponding dishes on the system according to the dishes provided by the school canteens that day. The large screen of the system displays a picture of the dish, as well as the name and the price of the dish for teachers and students to view (Figure S1). After students and teachers select the dishes and check the price, each meal’s information will be automatically recorded in the restaurant’s ordering terminal and organized into the continuous dining data. The reliability and validity of the system were verified in a similar system in Australia [33].




2.3. Acquiring the Available Dietary Data from the “Intelligent Ordering System”


A total of 1065 college students at the medical school agreed to have their dietary data exported and used by the Information Office of Fudan University of Shanghai, China, from September 2018 to September 2019. The dietary data of study participants were obtained from the IOS, including meal dates and times, the names of the selected dishes, and the numbers of servings. Subsequently, we converted all meals to grams of food and condiments based on the daily intake for each student. We then weighed the total raw materials, each condiment (such as oil, sodium, and sugar), and cooked dish for each plate of food from the back kitchen of the students’ canteen. Next, each portion of food was weighed five times at the canteen’s window, and the average number of grams was taken into consideration. For example, we needed to calculate each intake of each serving of “fried rice with egg” supplied by the school canteen. First, all raw materials (rice, egg, condiments) were weighed before cooking. Second, cooked “fried rice with egg” dishes were weighed after cooking in the back kitchen of the school canteen. Third, we ordered and weighed each serving of “fried rice with egg” five times at the order window. The average value of “fried rice with egg”, measured in grams, was calculated and applied for each serving given to the consumer each time they visited the school canteen. Finally, the raw food materials (rice, egg, condiments) of each serving of “fried rice with egg” could be calculated depending on the ratio of the grams of cooked product for each serving. The total energy (kcal/d) and the grams of food and condiments were calculated, with the combined weighted data from the canteens and the meal data exported from the IOS with the Chinese Food Composition (version 2019). Based on the meal data from the IOS and food composition of each meal in one year, we could calculate the average intake of each food and condiment per day for study participants dining in the medical school canteens. Then, all foods were converted into food groups according to the components of the CHEI, such as total grains, fruits, and dairy. In order to guarantee the accuracy of dietary evaluation in school canteens, the study participants needed to eat in the school canteens on more than 1/3 of school days, except for holidays. Thus, the participants were excluded if they dined in the school canteen on less than 86 days, with less than 37 meals of breakfast, lunch, and dinner. In total, 283 subjects were effectively enrolled in our study. During the school day of one year, 283 subjects ate in the school canteens on 142 days on average, consuming a total of 426 meals, including 117 meals for breakfast, 170 meals for lunch, and 139 meals for dinner, respectively.




2.4. Questionnaire Survey


In December 2020, we conducted an online questionnaire survey for our target population. The survey method was previously described [32]. The online questionnaire survey was conducted via “Wenjuanxing” (https://www.wjx.cn/app/survey.aspx, accessed on 12 December 2020), a platform providing functions equivalent to Amazon Mechanical Turk. General information (age, sex, education, major, household type, resident/non-resident, height, and weight), lifestyle behavior (smoking status, dietary habits, Nutrition Literacy Assessment Questionnaire, amount of time spent sedentarily, and leftovers rate), SFFQ (food items such as dairy, fruits, nuts, beverages, and alcohol, are not provided or under-provided in the medical school canteen), and the changing situation of dietary habits in the past two years were collected. Additionally, we acquired the authorization to use students’ dietary data provided by the IOS from the Information Office of the medical school of Fudan University of Shanghai, China, from September 2018 to September 2019 [21]. Two simple mathematical calculations, “what’s 5 plus 9?” and “what’s 8 plus 9?”, were designed for quality control of the questionnaire, with 22 participants and 12 participants excluded due to calculation errors in the quality control test and for incomplete questionnaires, respectively. Informed consent forms were also included in the questionnaire, and 56 participants refused to authorize the use of dietary data from the IOS. In total, 1065 college students at the medical school successfully finished the questionnaire survey.




2.5. CHEI Calculation


The CHEI was built on the latest Dietary Guidelines of Chinese (DGC-2016), which has the capacity to identify the differences in dietary quality among Chinese people. The total CHEI score is 100, which consists of 17 components (with a maximum score of each component of 5 or 10) [25]. Moreover, the reliability and validity of CHEI was previously validated [34], and it is widely applied around the world. The higher the CHEI score, the more in line the diet with the recommendations of DGC-2016, including higher consumption of total grains, whole grains and mixed beans, tubers, total vegetables, dark vegetables, fruits, dairy, soybeans, fish and seafood, poultry, eggs, and seeds and nuts, and lower consumption of red meats, cooking oils, sodium, added sugar, and alcohol. For each food group of the SFFQ, two questions were asked to estimate the intake frequency and the amount per intake. We could evaluate the intake grams of each food group per day for study participants depending on the SFFQ. Finally, the dietary data of SFFQ were converted to intake grams of each food group per day according to the components of the CHEI, and integrated into the dietary database from the IOS. The leftovers rate of each participant was considered into the calculation of daily food intake. We calculated each CHEI component score and aggregated the total score for study participants based on the dietary database using the calculation formula of the CHEI.




2.6. Assessment of Covariates


To identify potential factors of dietary quality, we collected the Nutrition Literacy Assessment Questionnaire, which was used to effectively evaluate the dietary health literacy of Chinese college students. With a total score of 65, the Nutrition Literacy Assessment Questionnaire was developed by Wang [35] based on the Critical Nutrition Literacy of Guttersrud [36] and the Assessment Indicators System of Health Literacy of Zhang [37], and consists of 13 items (Table S1) [35], which were divided into three dimensions: Acquisition Capacity (score ty20), including questions such as: “Do I discuss food with others?” and “Do I often refer to the information in the media?”; Comprehension Capacity (score ty30), including questions such as: “Do I understand the concept of ‘balanced diet’?”; and Application Capacity (score yi15), including questions such as: “Am I willing to spend extra time or money on healthy meals?”. The reliability and validity of the Nutrition Literacy Assessment Questionnaire was previously validated [35].



Age was sorted as less than 26 years old and greater than or equal to 26 years of age, with education level sorted as undergraduate and graduate. The following dichotomous variables included sex (male, female), major (medical major, medical-related major), household type (urban, countryside), resident student (yes, no) and dietary habit (general diet, other diet such as Muslim and vegetarian diet). The amount of time spent sedentarily was evaluated by sitting time (hour/day). The leftovers rate was evaluated by asking the average leftovers rate (%) of each meal consumed in the medical school canteens for each student in the questionnaire. Body Mass Index (BMI, kg/m2), determined as weight (kg)/height2 (m2), was divided into three levels according to the Working Group on Obesity in China [38], including underweight (<18.5 kg/m2), normal weight (18.5–23.9 kg/m2), and overweight and obesity (≥24 kg/m2). Smoking was defined as at least one cigarette a day for more than six months.




2.7. Statistical Analysis


Continuous variables were described as median (inter-quartile range, IQR) and categorical variables were described as frequency (ratio). The Chi-square test and Wilcoxon rank sum test were applied in an equilibrium test between demographic characteristics of males and females. The Wilcoxon rank sum test was used to compare the differences of the CHEI and its component scores in male and female participants. We converted the continuous variables corresponding to the CHEI component scores into four categorical variables, using the cutoff values of 0, 2.5, and 5 for all components with the exception of fruits, sodium, and cooking oils (the four intervals were score = 0, 0 < score < 2.5, 2.5 ≤ score < 5, and score = 5), and 0, 5, and 10 for fruits, sodium, and cooking oils (the four intervals were score = 0, 0 < score < 5, 5 ≤ score < 10, and score = 10). The differences in the four categories of the 17 CHEI components between males and females were measured by Chi-square test. Sex, education, household type, major, resident/non-resident student status, dietary habits, Nutrition Literacy Assessment Questionnaire, BMI, smoking status, and amount of time spent sedentarily were all used as independent variables, and the total CHEI score was used as the dependent variable. The variable of the total CHEI score obeyed the normal distribution, and univariate and multiple linear regression models were applied to examine the potential influencing factors of the total CHEI score by calculating the β and corresponding 95% confidence intervals (95% CI). All statistical analyses were conducted using SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA), with two-sided p values < 0.05 being considered statistically significant.





3. Results


The demographic characteristics of 283 college students in the medical school, with an average age of 24.67 ± 3.21 years and a BMI of 21.46 ± 3.49 kg/m2, stratified by sex, are displayed in Table 1, with significant differences in education, dietary habits, smoking status, Nutrition Literacy Assessment Questionnaire, and leftovers rate according to sex (p < 0.05). The mean value of sedentary time was 8.29 ± 5.01 h/day for 283 study participants. The percentages of participants who smoked (3.60%), were overweight or obese (31.5%), and followed other diets such as Muslim or vegetarian diets (9.00%) were found to be significantly higher in male participants than female participants. Additionally, the percentages of graduate students (64.00%) and underweight participants (21.50%) were significantly higher in females compared to males. The mean values of the acquisition, comprehension, and application capacity of the Nutrition Literacy Assessment Questionnaire were 11.78 ± 3.50, 22.15 ± 3.90, and 10.73 ± 2.47 for 283 study participants, respectively. Female participants were significantly higher than male participants in terms of acquisition, as well as in their application capacity for the Nutrition Literacy Assessment Questionnaire (p < 0.001). Moreover, the mean value of the leftovers rate was 13.18 ± 11.37% for 283 study participants, and the leftovers rate of females was also significantly higher than males (p < 0.001).



Table 2 showcases the CHEI and its component scores for college students in the medical school with a median score of 66.65 and compares the differences between males and females. The component scores for total grains, fruits, soybeans, fish and seafood, and seeds and nuts were relatively low. A comparison of the CHEI and its component scores between males and females revealed that females exhibited significantly higher CHEI scores than males (68.38 versus 64.31, p < 0.001). Further, females exhibited significantly higher scores for tubers, total vegetables, dark vegetables, fruits, fish and seafood, dairy, and red meats compared to males (p < 0.05). In contrast, the score for total grains was significantly higher in males than in females (3.25 versus 2.78). The results indicate that there are marked differences between males and females in the CHEI and its component scores.



We further converted the continuous variables corresponding to CHEI component scores into four categorical variables, which used the cutoff values of 0, 2.5, and 5 for all components with the exception of fruits, sodium, and cooking oils (the four intervals were score = 0, 0 < score < 2.5, 2.5 ≤ score < 5, and score = 5), and the cutoff values of 0, 5, and 10 for fruits, sodium, and cooking oils (the four intervals were score = 0, 0 < score < 5, 5 ≤ score < 10, and score = 10). Figure 2 showcases the proportions of the four categories of the CHEI component scores for 283 college students in the medical school, stratified by sex. In summary, with the exception of poultry, eggs, whole grains and mixed beans, and alcohol (more than 50% of students obtained the maximum scores for CHEI components), the majority of both male and female students were unable to follow the recommendations of DGC-2016. There were relatively serious deficiencies for CHEI component scores for fruits, soybeans, fish and seafood, and seeds and nuts in both males and females (with a CHEI component score of less than 2.5 or 5 in more than 50% of students). Added sugars were the most overconsumed CHEI component in both sexes. Moreover, the proportions of students who acquired zero points for the CHEI components of fish and seafoods, seeds and nuts, and added sugars were 1.80%, 4.50%, and 13.51% for male students, and 1.16%, 5.23%, and 22.09% for female students, respectively. There were significant differences for four categories of 17 CHEI components between males and females for total grains, dark vegetables, fruits, dairy, soybeans, and red meats. Compared with males, females exhibited higher scores for dark vegetables, fruits, dairy, soybeans, and red meats, while males scored higher than females for total grains (p < 0.05).



Table 3 showcases the factors potentially influencing the CHEI score. In the univariate linear regression model, female and graduate students were positively associated with the CHEI scores, but the overweight and obesity group were negatively associated with the CHEI scores (p < 0.05). The acquisition and application capacity of the Nutrition Literacy Assessment Questionnaire were positively associated with the CHEI scores, but time spent sedentarily was negatively associated. After all variables were introduced, sex and education displayed similar results, as yielded by the univariate linear regression analysis, with β (95% CI) values of 2.80 (1.24, 4.35) and 1.56 (0.23, 2.89), respectively. The application capacity on the Nutrition Literacy Assessment Questionnaire was positively associated with the CHEI score, with a β (95% CI) value of 0.34 (0.03, 0.66). The sedentary time was negatively associated with the CHEI score, with a β (95% CI) value of −0.16 (−0.28, −0.03).




4. Discussion


In our study, we utilized the continuous, one-year person-meal dietary data from the IOS combined with SFFQ to relatively precisely evaluate the dietary quality based on CHEI scores in 283 male and female college students in a medical school in Shanghai, China. This was the first accurate calculation of respondents’ daily intake over a prolonged period of time based on the IOS combined with the SFFQ to reveal the dietary quality of 283 participants based on CHEI score, to identify greater and lesser consumed foods in college students at the medical school in relation to the DGC-2016. The results indicated that the overall dietary quality of participants needs to be further improved. Most students were unable to follow the recommendations of the DGC-2016 with the exception of poultry, eggs, whole grains and mixed beans, and alcohol. The component score for total grains was relatively low. Fruits, soybeans, fish and seafood, and seeds and nuts were significantly deficient in both sexes. Females demonstrated greater dietary quality than males, and had higher CHEI component scores than males for tubers, total vegetables, dark vegetables, fruits, fish and seafood, dairy, and red meats, while the component score for total grains was higher in males than in females. After adjusting for all covariates, females and graduate students were positively associated with the CHEI scores. The application capacity of the Nutrition Literacy Assessment Questionnaire was positively associated with CHEI scores, and the amount of time participants were sedentary showed the opposite association.



Our findings extended the previous evidence based on a cross-sectional survey that dietary quality was relatively poor in college students. The dietary quality of 283 college students in the medical school was evaluated by CHEI, and the median score was just over 60 (with a maximum score of 100). From a CHEI component score standpoint, the score for total grains was relatively low, and fruits, soybeans, fish and seafood, and seeds and nuts were significantly deficient in college students of both sexes. This outcome is consistent with research from the United States [39] and Europe [40], which demonstrates that university students exhibit a high consumption of fried foods and high fat food, and a low consumption of fruits and vegetables from the canteen. This finding may be related to college students’ lack of nutritional knowledge. Werner et al. [41] determined that no more than 23.9% of college students answered questions regarding specific nutritional recommendations correctly, with even medical students exhibiting multiple deficiencies in nutritional knowledge [42]. Our study’s participants were also college students from a medical school and verified the above viewpoint. However, efforts need to be undertaken to further improve nutritional knowledge through social, family, and school environments in college students at the medical school. Not only is a healthier diet in school needed, but also the joint efforts of society, such as the Front-of-Pack initiative, an internationally advocated dietary label [43].



Moreover, we observed that the consumption of fish and seafood was seriously insufficient in study participants. A total of 1.80% of male students and 1.16% of female students acquired zero points for the CHEI components of fish and seafood, with this phenomenon also noted in several studies globally. Papadaki et al. showed that undergraduate students decreased their weekly consumption of oily fish and seafood since starting university and living away from home [44]. AlJohani et al. also observed that health sciences university students exhibited insufficient seafood consumption [45]. This may be related to the types of dishes provided by school canteens. Based on the menus provided for one year in this study, meat-containing dishes accounted for 20.20% of the total 886 dishes; however, fish and seafood-containing dishes accounted for only 5.98%, demonstrating that the canteen did not provide sufficient fish and seafood to satisfy the needs of students. A possible explanation is that fish and seafood are susceptible to rancidity, lipid oxidation, and microbial deterioration [46], and as such, school canteens decrease the supply of fish and seafood to prevent the occurrence of food safety issues. However, fish and seafood are rich sources of poly-unsaturated fatty acids, and play an important role in protecting cardiovascular health [47]. Thus, school canteens need to provide students with sufficient fish and seafood on the premise of ensuring food safety based on the recommendations of DCG-2016.



Our findings also indicated that the total CHEI score was higher in female participants than in male participants, verifying the viewpoint that females have greater quality of diet than males. In this study, female participants exhibited significantly higher component scores for tubers, total vegetables, dark vegetables, fruits, dairy, fish and seafood, and red meats, and male participants only had a significantly higher component score for total grains. An epidemiological study [14] from five universities in the United Kingdom found that female students preferred a ‘vegetarian’ diet including soybeans, nuts, and vegetables, whereas male students preferred a ‘convenience, red meat, and alcohol’ diet including red meat, fried food, and processed meat. Another study from Lazzeri et al. also determined that, regarding vegetable and fruit consumption, female students reported a higher consumption frequency than male students in their food frequency questionnaire [48]. This may be attributed to the fact that female students were more interested in diet, nutrition, and weight [49], whereas male students were disinterested in nutritional advice and health-enhancing activities [50], resulting in the nutritional knowledge level of female students being higher than that of male students [51]. However, it is worth noting that a higher proportion of female students than male students acquired zero points for the CHEI component of added sugars (22.09% versus 13.51%, p = 0.142), suggesting that female students may consume more snacks than male students, which requires further attention.



In addition to sex, potential influencing factors of education, dietary health literacy, and time spent sedentarily significantly affected the dietary quality of college students in the medical school. Graves et al. [52] previously reported that graduate students showed significantly higher ratings of healthy eating than undergraduate students, with the proportion of students satisfying the recommended daily servings of vegetables and fruits being higher in graduate students. There was consensus in our study that graduate students had higher total CHEI scores than undergraduate students. Additionally, dietary health literacy reflects an individual’s ability to acquire, comprehend, and apply essential dietary health information and make correct nutrition decisions [29]. A growing body of evidence indicates that college students with lower dietary health literacy have poorer diets and health [53]. Our findings support this observation that the application capacity of the Nutritional Literacy Assessment Questionnaire was positively associated with CHEI scores. Furthermore, students who spend more time sedentarily displayed poorer dietary quality than those who spend less time sedentarily. Currently, increased screen time accounted for the majority of time spent sedentarily in teenagers, including watching TV and playing on the computer [54,55], which may lead to poor food choices and unhealthy dietary habits [56,57].



This study employed the IOS to evaluate the dietary quality of college students, with the medical school of Fudan University being the first school to use the IOS, which began in 2017 in China. Based on the dietary quality of study participants evaluated by the IOS, we found the results of this study seem to be coherent with those of the China Health and Nutrition Survey for adults [58], which adopted the dietary investigation method regarded as a gold standard—multiple consecutive 24-h dietary recalls [59]. It verified that the dietary quality evaluated by the IOS was relatively precise. Compared with food frequency questionnaires and 24-h dietary recalls, use of the IOS enables a large volume of dietary data to be collected in a short amount of time. Moreover, the IOS provides an excellent opportunity to acquire continuous dietary data, evaluate relatively precise dietary quality in the school canteens, and provide appropriate dietary suggestions for students and teachers. In response to the sustainable development goals in China, future dietary assessment surveys based on the IOS can not only provide more efficient and extensive dietary assessment, but also have great potential for reducing the consumption of human, material, and financial resources. However, there were some limitations existing in the IOS. For example, we needed to reweigh the raw materials and the quantity in grams of each dish when the dishes supplied by school canteen were updated. Thus, it is difficult to keep the dishes database up to date. Meanwhile, we observed that college students at the medical school consumed a large quantity of foods outside the school canteen, which may have affected the assessment of dietary quality. Thus, in order to precisely evaluate the dietary quality and extend the system to more schools, collective units, and communities, it is essential to verify the reliability and validity of the IOS in future studies.




5. Strengths and Limitations


There are several strengths in this study. Firstly, the meal data for the school canteen from the IOS were consecutive, relatively objective, and accurate. Our study was the first to apply one-year canteen data combined with CHEI scores to relatively precisely evaluate dietary quality in 283 male and female students at the medical school, providing the opportunity to monitor students’ diets continuously. Secondly, this study explored the potential factors influencing the dietary quality of college students in the medical school and provided a possible pathway for improving dietary quality in the future. Several limitations were also present in this study. Firstly, the sample size of study participants was relatively small, requiring the need to expand the sample size for further analysis in the future. Secondly, the time of acquiring data was different between the canteen data from the IOS and the questionnaire survey, which may weaken the accuracy of outcomes. However, we designed the question regarding the changes in participants’ diets in the past two years to decrease this bias. In fact, we evaluated the dietary intake of the SFFQ and whether the dietary habits of the last two years had changed to represent the supplementary dietary intake outside the school canteens during the IOS data collection period. This is a major limitation of this study, which needs to be further explored. Thirdly, because the IOS has not achieved wide application, the replication of the results obtained in this study may be limited.




6. Conclusions


Based on relatively objective dietary data from the IOS and SFFQ, our research revealed that the overall dietary quality of college students in the medical school in Shanghai, China, needs to be further improved, with low intakes of total grains, fruits, soybeans, fish and seafood, and seeds and nuts, and high intakes of added sugars. Compared with males, females had better diet quality and conformed more strongly with the recommendations of DCG-2016, but it is worth noting that there was a higher proportion of female students consuming added sugars than male students. Meanwhile, school canteens need to provide students with sufficient fish and seafood on the premise of ensuring food safety. Potential influencing factors, including education, dietary health literacy, and amount of time spent sedentarily, should be noted to improve the dietary quality of college students on a day-to-day basis.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/nu14051012/s1, Figure S1: Introduction of “Intelligent Ordering System”; Table S1: Factor analysis for Nutrition Literacy Assessment Questionnaire.





Author Contributions


S.L., J.W. and Y.J. designed the research; S.L. and J.W. performed the statistical analyses; S.L. and Y.J. wrote the paper; Y.J., G.H. and B.C. reviewed and edited the manuscript; S.L. and Y.J. had primary responsibility for the final content. All authors have read and agreed to the published version of the manuscript.




Funding


The work was supported by the Shanghai Planning Office of Philosophy and Social Science (Grant No. 2018EGL008).




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of Medical Research, School of Public Health, Fudan University (Protocol code: IRB#2019-01-0726S; data: 7 January 2019).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study. Written informed consent has been obtained from the study population to publish this paper.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to privacy of study participants.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Shan, Z.; Guo, Y.; Hu, F.B.; Liu, L.; Qi, Q. Association of Low-Carbohydrate and Low-Fat Diets With Mortality Among US Adults. JAMA Intern. Med. 2020, 180, 513–523. [Google Scholar] [CrossRef] [PubMed]

	



Rivera, J.A.; Barquera, M.S.; González-Cossío, M.T.; Olaiz, M.G.; Sepúlveda, M.J. Nutrition Transition in Mexico and in Other Latin American Countries. Nutr. Rev. 2004, 62, S149–S157. [Google Scholar] [CrossRef] [PubMed]

	



Zhai, F.; Du, S.F.; Wang, Z.; Zhang, J.G.; Du, W.; Popkin, B.M. Dynamics of the Chinese diet and the role of urbanicity, 1991–2011. Obes. Rev. 2014, 15 (Suppl. 1), 16–26. [Google Scholar] [CrossRef]

	



Dreher, M.L. Whole Fruits and Fruit Fiber Emerging Health Effects. Nutrients 2018, 10, 1833. [Google Scholar] [CrossRef] [PubMed]

	



Li, B.; Li, F.; Wang, L.; Zhang, D. Fruit and Vegetables Consumption and Risk of Hypertension: A Meta-Analysis. J. Clin. Hypertens. 2016, 18, 468–476. [Google Scholar] [CrossRef] [PubMed]

	



Zhan, J.; Liu, Y.-J.; Cai, L.-B.; Xu, F.-R.; Xie, T.; He, Q.-Q. Fruit and vegetable consumption and risk of cardiovascular disease: A meta-analysis of prospective cohort studies. Crit. Rev. Food Sci. Nutr. 2017, 57, 1650–1663. [Google Scholar] [CrossRef] [PubMed]

	



Wang, Y.; Li, F.; Wang, Z.; Qiu, T.; Shen, Y.; Wang, M. Fruit and vegetable consumption and risk of lung cancer: A dose-response meta-analysis of prospective cohort studies. Lung Cancer 2015, 88, 124–130. [Google Scholar] [CrossRef]

	



Tian, Y.; Su, L.; Wang, J.; Duan, X.; Jiang, X. Fruit and vegetable consumption and risk of the metabolic syndrome: A meta-analysis. Public Health Nutr. 2018, 21, 756–765. [Google Scholar] [CrossRef]

	



Lacaille, L.J.; Dauner, K.N.; Krambeer, R.J.; Pedersen, J. Psychosocial and Environmental Determinants of Eating Behaviors, Physical Activity, and Weight Change Among College Students: A Qualitative Analysis. J. Am. Coll. Health 2011, 59, 531–538. [Google Scholar] [CrossRef]

	



Stok, F.M.; Renner, B.; Clarys, P.; Lien, N.; Lakerveld, J.; Deliens, T. Understanding Eating Behavior during the Transition from Adolescence to Young Adulthood: A Literature Review and Perspective on Future Research Directions. Nutrients 2018, 10, 667. [Google Scholar] [CrossRef]

	



Cuenca-García, M.; Ortega, F.B.; Ruiz, J.R.; Gonzalez-Gross, M.; Labayen, I.; Jago, R.; Martínez-Gómez, D.; Dallongeville, J.; Bel-Serrat, S.; Marcos, A.; et al. Combined influence of healthy diet and active lifestyle on cardiovascular disease risk factors in adolescents. Scand. J. Med. Sci. Sports 2012, 24, 553–562. [Google Scholar] [CrossRef] [PubMed]

	



Al-Rethaiaa, A.S.; Fahmy, A.-E.A.; Al-Shwaiyat, N.M. Obesity and eating habits among college students in Saudi Arabia: A cross sectional study. Nutr. J. 2010, 9, 39. [Google Scholar] [CrossRef] [PubMed]

	



Racette, S.B.; Deusinger, S.S.; Strube, M.J.; Highstein, G.R.; Deusinger, R.H. Weight Changes, Exercise, and Dietary Patterns During Freshman and Sophomore Years of College. J. Am. Coll. Health 2005, 53, 245–251. [Google Scholar] [CrossRef]

	



Sprake, E.F.; Russell, J.M.; Cecil, J.E.; Cooper, R.J.; Grabowski, P.; Pourshahidi, L.K.; Barker, M.E. Dietary patterns of university students in the UK: A cross-sectional study. Nutr. J. 2018, 17, 1–17. [Google Scholar] [CrossRef]

	



Gonzales, R.; Laurent, J.S.; Johnson, R.K. Relationship Between Meal Plan, Dietary Intake, Body Mass Index, and Appetitive Responsiveness in College Students. J. Pediatr. Health Care 2017, 31, 320–326. [Google Scholar] [CrossRef]

	



Watanabe-Ito, M.; Kishi, E.; Shimizu, Y. Promoting Healthy Eating Habits for College Students Through Creating Dietary Diaries via a Smartphone App and Social Media Interaction: Online Survey Study. JMIR mHealth uHealth 2020, 8, e17613. [Google Scholar] [CrossRef] [PubMed]

	



Mezgec, S.; Eftimov, T.; Bucher, T.; Seljak, B.K. Mixed deep learning and natural language processing method for fake-food image recognition and standardization to help automated dietary assessment. Public Health Nutr. 2018, 22, 1–10. [Google Scholar] [CrossRef]

	



Koo, H.C.; Hadirah, Z.; Airina, A.; Amrina, N.A.; Faziela, N. Effect of nutrient intakes on anthropometric profiles among university students from a selected private University in Klang Valley, Malaysia. Afr. Health Sci. 2019, 19, 2243–2251. [Google Scholar] [CrossRef]

	



Plichta, M.; Jezewska-Zychowicz, M. Orthorexic Tendency and Eating Disorders Symptoms in Polish Students: Examining Differences in Eating Behaviors. Nutrients 2020, 12, 218. [Google Scholar] [CrossRef]

	



Fallaize, R.; Forster, H.; Macready, A.L.; Walsh, M.C.; Mathers, J.C.; Brennan, L.; Gibney, E.R.; Gibney, M.J.; Lovegrove, J.A. Online Dietary Intake Estimation: Reproducibility and Validity of the Food4Me Food Frequency Questionnaire Against a 4-Day Weighed Food Record. J. Med. Internet Res. 2014, 16, e190. [Google Scholar] [CrossRef]

	



Li, S.Z.; Zhou, W.Q.; Mi, Y. Exploration and practice on intelligent ordering system in university. J. Cent. China Norm. Univ. Nat. Sci. 2017, S1, 59–62. [Google Scholar] [CrossRef]

	



Appel, L.J.; Brands, M.W.; Daniels, S.R.; Karanja, N.; Elmer, P.J.; Sacks, F.M. Dietary Approaches to Prevent and Treat Hypertension: A Scientific Statement From the American Heart Association. Hypertension 2006, 47, 296–308. [Google Scholar] [CrossRef] [PubMed]

	



Fung, T.T.; McCullough, M.L.; Newby, P.; Manson, J.E.; Meigs, J.B.; Rifai, N.; Willett, W.C.; Hu, F.B. Diet-quality scores and plasma concentrations of markers of inflammation and endothelial dysfunction. Am. J. Clin. Nutr. 2005, 82, 163–173. [Google Scholar] [CrossRef] [PubMed]

	



Krebs-Smith, S.M.; Pannucci, T.E.; Subar, A.F.; Kirkpatrick, S.I.; Lerman, J.L.; Tooze, J.A.; Wilson, M.M.; Reedy, J. Update of the Healthy Eating Index: HEI-2015. J. Acad. Nutr. Diet. 2018, 118, 1591–1602. [Google Scholar] [CrossRef] [PubMed]

	



Yuan, Y.-Q.; Li, F.; Dong, R.-H.; Chen, J.-S.; He, G.-S.; Li, S.-G.; Chen, B. The Development of a Chinese Healthy Eating Index and Its Application in the General Population. Nutrients 2017, 9, 977. [Google Scholar] [CrossRef]

	



Chen, P.-Y.; Fang, A.-P.; Wang, X.-Y.; Lan, Q.-Y.; Liao, G.-C.; Liu, Z.-Y.; Zhang, D.-M.; Zhang, Y.-Y.; Chen, Y.-M.; Zhu, H.-L. Adherence to the Chinese or American Dietary Guidelines is Associated with a Lower Risk of Primary Liver Cancer in China: A Case-Control Study. Nutrients 2018, 10, 1113. [Google Scholar] [CrossRef] [PubMed]

	



Yu, L.; Liu, L.; Wang, F.; Zhou, F.; Xiang, Y.; Huang, S.; Yin, G.; Zhuo, Y.; Ma, Z.; Zhang, Q.; et al. Higher frequency of dairy intake is associated with a reduced risk of breast cancer: Results from a case-control study in Northern and Eastern China. Oncol. Lett. 2019, 17, 2737–2744. [Google Scholar] [CrossRef]

	



Shiao, S.P.K.; Grayson, J.; Lie, A.; Yu, C.H. Predictors of the Healthy Eating Index and Glycemic Index in Multi-Ethnic Colorectal Cancer Families. Nutrients 2018, 10, 674. [Google Scholar] [CrossRef]

	



Krause, C.; Sommerhalder, K.; Beer-Borst, S.; Abel, T. Just a subtle difference? Findings from a systematic review on definitions of nutrition literacy and food literacy. Health Promot. Int. 2016, 33, 378–389. [Google Scholar] [CrossRef]

	



Liao, L.; Lai, I.; Chang, L. Nutrition literacy is associated with healthy-eating behavior among college students in Taiwan. Health Educ. J. 2019, 78, 756–769. [Google Scholar] [CrossRef]

	



Zoellner, J.M.; Hedrick, V.E.; You, W.; Chen, Y.; Davy, B.M.; Porter, K.J.; Bailey, A.; Lane, H.; Alexander, R.; Estabrooks, P.A. Effects of a behavioral and health literacy intervention to reduce sugar-sweetened beverages: A randomized-controlled trial. Int. J. Behav. Nutr. Phys. Act. 2016, 13, 1–12. [Google Scholar] [CrossRef] [PubMed]

	



Liu, S.; Zhou, W.; Wang, J.; Chen, B.; He, G.; Jia, Y. Association between Mobile Phone Addiction Index and Sugar-Sweetened Food Intake in Medical College Students Stratified by Sex from Shanghai, China. Nutrients 2021, 13, 2256. [Google Scholar] [CrossRef] [PubMed]

	



Wyse, R.; Gabrielyan, G.; Wolfenden, L.; Yoong, S.; Swigert, J.; Delaney, T.; Lecathelinais, C.; Ooi, J.Y.; Pinfold, J.; Just, D. Can changing the position of online menu items increase selection of fruit and vegetable snacks? A cluster randomized trial within an online canteen ordering system in Australian primary schools. Am. J. Clin. Nutr. 2019, 109, 1422–1430. [Google Scholar] [CrossRef] [PubMed]

	



Yuan, Y.-Q.; Li, F.; Wu, H.; Wang, Y.-C.; Chen, J.-S.; He, G.-S.; Li, S.-G.; Chen, B. Evaluation of the Validity and Reliability of the Chinese Healthy Eating Index. Nutrients 2018, 10, 114. [Google Scholar] [CrossRef] [PubMed]

	



Wang, J.Q.; Li, F.; Jia, Y.N.; Fu, H. Development of nutrition literacy assessment questionnaire for college students and the evaluation of relability and validity. Fudan Univ. J. Med. Sci. 2021, 48, 383–387. [Google Scholar] [CrossRef]

	



Guttersrud, Ø.; Dalane, J.Ø.; Pettersen, S. Improving measurement in nutrition literacy research using Rasch modelling: Examining construct validity of stage-specific ‘critical nutrition literacy’ scales. Public Health Nutr. 2014, 17, 877–883. [Google Scholar] [CrossRef]

	



Zhang, L.; Jia, Y.N.; Qian, H.H.; Fu, H. Development of assessment indicators system of health literacy for college students in China. Health Educ. Health Promot. 2018, 13, 514–519. [Google Scholar] [CrossRef]

	



Zhu, Y.-B. “Obesity paradox”—A phenomenon based upon the health-related outcome on quality of life. Chin. J. Epidemiol. 2013, 34, 294–296. [Google Scholar] [CrossRef]

	



Racette, S.B.; Deusinger, S.S.; Strube, M.J.; Highstein, G.R.; Deusinger, R.H. Changes in Weight and Health Behaviors from Freshman through Senior Year of College. J. Nutr. Educ. Behav. 2008, 40, 39–42. [Google Scholar] [CrossRef]

	



Wardle, J.; Steptoe, A.; Bellisle, F.; Davou, B.; Reschke, K.; Lappalainen, R.; Fredrikson, M. Health dietary practices among European students. Health Psychol. 1997, 16, 443–450. [Google Scholar] [CrossRef]

	



Werner, E.; Betz, H.H. Knowledge of physical activity and nutrition recommendations in college students. J. Am. Coll. Health 2020, 2020, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Dolatkhah, N.; Aghamohammadi, D.; Farshbaf-Khalili, A.; Hajifaraji, M.; Hashemian, M.; Esmaeili, S. Nutrition knowledge and attitude in medical students of Tabriz University of Medical Sciences in 2017–2018. BMC Res. Notes 2019, 12, 1–6. [Google Scholar] [CrossRef]

	



Santos, O.; Alarcão, V.; Feteira-Santos, R.; Fernandes, J.; Virgolino, A.; Sena, C.; Vieira, C.P.; Gregório, M.J.; Nogueira, P.; Graça, P.; et al. Impact of different front-of-pack nutrition labels on online food choices. Appetite 2020, 154, 104795. [Google Scholar] [CrossRef]

	



Papadaki, A.; Hondros, G.; Scott, J.A.; Kapsokefalou, M. Eating habits of University students living at, or away from home in Greece. Appetite 2007, 49, 169–176. [Google Scholar] [CrossRef]

	



AlJohani, S.; Salam, M.; BaniMustafa, A.A.; Zaidi, A.R.; Aljohani, A.A.; Almutairi, A.; AlJohani, M.A.; AlSheef, M. Dietary Habits of Students Enrolled in Faculties of Health Sciences: A Cross-sectional Study. Cureus 2019, 11, e6012. [Google Scholar] [CrossRef] [PubMed]

	



Kulawik, P.; Özogul, F.; Glew, R.; Özogul, Y. Significance of Antioxidants for Seafood Safety and Human Health. J. Agric. Food Chem. 2013, 61, 475–491. [Google Scholar] [CrossRef] [PubMed]

	



ZibaeeNezhad, M.J.; Ghavipisheh, M.; Attar, A.; Aslani, A. Comparison of the effect of omega-3 supplements and fresh fish on lipid profile: A randomized, open-labeled trial. Nutr. Diabetes 2017, 7, 1–8. [Google Scholar] [CrossRef] [PubMed]

	



Lazzeri, G.; Pammolli, A.; Azzolini, E.; Simi, R.; Meoni, V.; De Wet, D.R.; Giacchi, M.V. Association between fruits and vegetables intake and frequency of breakfast and snacks consumption: A cross-sectional study. Nutrients J. 2013, 12, 123. [Google Scholar] [CrossRef]

	



Yahia, N.; El-Ghazale, H.; Achkar, A.; Rizk, S. Dieting practices and body image perception among Lebanese university students. Asia Pac. J. Clin. Nutr. 2011, 20, 21–28. [Google Scholar]

	



Von Bothmer, M.I.K.; Fridlund, B. Gender differences in health habits and in motivation for a healthy lifestyle among Swedish university students. Nurs. Health Sci. 2005, 7, 107–118. [Google Scholar] [CrossRef]

	



Yahia, N.; Brown, C.A.; Rapley, M.; Chung, M. Level of nutrition knowledge and its association with fat consumption among college students. BMC Public Health 2016, 16, 1–10. [Google Scholar] [CrossRef] [PubMed]

	



Graves, R.J.; Williams, S.G.; Hauff, C.; Fruh, S.M.; Sims, B.; Hudson, G.M.; McDermott, R.C.; Sittig, S.; Shaw, T.; Campbell, M.; et al. Undergraduate versus graduate nursing students: Differences in nutrition, physical activity, and self-reported body mass index. J. Am. Coll. Health 2020, 2020, 1–6. [Google Scholar] [CrossRef] [PubMed]

	



Yang, S.C.; Luo, Y.F.; Chiang, C.-H. Electronic Health Literacy and Dietary Behaviors in Taiwanese College Students: Cross-Sectional Study. J. Med. Internet Res. 2019, 21, e13140. [Google Scholar] [CrossRef] [PubMed]

	



Maher, C.; Olds, T.S.; Eisenmann, J.C.; Dollman, J. Screen time is more strongly associated than physical activity with overweight and obesity in 9- to 16-year-old Australians. Acta Paediatr. 2012, 101, 1170–1174. [Google Scholar] [CrossRef] [PubMed]

	



Oliver, M.; Duncan, S.; Kuch, C.; McPhee, J.; Schofield, G. Prevalence of New Zealand Children and Adolescents Achieving Current Physical Activity and Television Watching Recommendations. J. Phys. Act. Health 2012, 9, 173–187. [Google Scholar] [CrossRef] [PubMed]

	



Hebden, L.A.; King, L.; Grunseit, A.; Kelly, B.; Chapman, K. Advertising of fast food to children on Australian television: The impact of industry self-regulation REPLY. Med J. Aust. 2011, 195, 453. [Google Scholar] [CrossRef]

	



Sharma, M. Dietary Education in School-Based Childhood Obesity Prevention Programs. Adv. Nutr. Int. Rev. J. 2011, 2, 207S–216S. [Google Scholar] [CrossRef]

	



Huang, L.; Wang, Z.; Wang, H.; Zhao, L.; Jiang, H.; Zhang, B.; Ding, G. Nutrition transition and related health challenges over decades in China. Eur. J. Clin. Nutr. 2021, 75, 247–252. [Google Scholar] [CrossRef]

	



Geelen, A.; Souverein, O.W.; Busstra, M.C.; De Vries, J.H.; Veer, P.V. ‘T Comparison of approaches to correct intake–health associations for FFQ measurement error using a duplicate recovery biomarker and a duplicate 24 h dietary recall as reference method. Public Health Nutr. 2014, 18, 226–233. [Google Scholar] [CrossRef]








[image: Nutrients 14 01012 g001 550] 





Figure 1. The flow chart of this study. 
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Figure 2. Proportion of four categories of CHEI component score for 283 college students in the medical school stratified by sex. For all components except for fruits, sodium, and cooking oils, the four categories are score = 0 ■, 0 < score < 2.5 ■, 2.5 ≤ score < 5 ■, score = 5 ■. For fruits, sodium, and cooking oils, the four categories are score = 0 ■, 0 < score < 5 ■, 5 ≤ score < 10 ■, score = 10 ■. * Significant differences in four categories of 17 CHEI components between males and females (χ2 test), p < 0.05. 
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Table 1. The demographic characteristics of male and female college students in the medical school (n = 283).
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Characteristics

	
Male (n (%))

	
Female (n (%))

	
χ2 Value

	
p Value






	
Age (years)

	
<26

	
72 (64.90)

	
106 (61.60)

	
0.303

	
0.582




	

	
≥26

	
39 (35.10)

	
66 (38.40)

	

	




	
Education

	
Undergraduate

	
64 (57.70)

	
62 (36.00)

	
12.756

	
<0.001




	

	
Graduate

	
47 (42.30)

	
110 (64.00)

	

	




	
Major

	
Medical major

	
107 (96.40)

	
159 (92.40)

	
1.869

	
0.172




	

	
Medical-related major

	
4 (3.60)

	
13 (7.60)

	

	




	
Household type

	
Urban

	
53 (47.70)

	
96 (55.80)

	
1.761

	
0.185




	

	
Countryside

	
58 (52.30)

	
76 (44.20)

	

	




	
Resident student

	
Yes

	
106 (95.50)

	
169 (98.30)

	
1.871

	
0.171




	

	
No

	
5 (4.50)

	
3 (1.70)

	

	




	
Dietary habit

	
General diet

	
101 (91.00)

	
169 (98.30)

	
8.124

	
0.004




	

	
Other diet a

	
10 (9.00)

	
3 (1.70)

	

	




	
BMI (kg/m2)

	
Underweight

	
3 (2.70)

	
37 (21.50)

	
47.435

	
<0.001




	

	
Normal weight

	
73 (65.80)

	
126 (73.30)

	

	




	

	
Overweight and obesity

	
35 (31.50)

	
9 (5.20)

	

	




	
Smoking

	
Yes

	
4 (3.60)

	
0 (0.00)

	
6.287

	
0.012




	

	
No

	
107 (96.40)

	
172 (100.00)

	

	




	

	

	
Median (IQR)

	
Median (IQR)

	
Z value

	




	
Nutrition Literacy Assessment Questionnaire

	
Acquisition capacity

	
12.00 (8.00, 13.00)

	
12.00 (11.00, 15.00)

	
−3.942

	
<0.001




	
Comprehension capacity

	
22.00 (18.00, 24.00)

	
23.00 (20.00, 24.00)

	
−1.900

	
0.058




	
Application capacity

	
10.00 (9.00, 12.00)

	
12.00 (9.00, 12.00)

	
−3.700

	
<0.001




	
Sedentary time (hour/day)

	
—

	
8.00 (5.00, 10.00)

	
8.00 (6.00, 10.00)

	
−0.680

	
0.497




	
Leftovers rate (%)

	
—

	
10.00 (5.00, 10.00)

	
10.00 (10.00, 20.00)

	
−4.434

	
<0.001








Abbreviation: BMI, Body Mass Index; IQR, inter-quartile range. a other diet included Muslim and vegetarian diets. Chi-square test and Wilcoxon rank sum test were applied in an equilibrium test between demographic characteristics of males and females.
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Table 2. Comparison of CHEI and its component scores between males and females.
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	CHEI and Component Scores
	Total Participants
	Male (n = 111)
	Female (n = 172)
	p Value





	CHEI
	66.65 (63.17, 70.41)
	64.31 (61.31, 68.59)
	68.38 (64.63, 71.95)
	<0.001



	Total Grains
	2.95 (2.57, 3.33)
	3.25 (2.79, 3.64)
	2.78 (2.40, 3.14)
	<0.001



	Whole Grains and Mixed Beans
	5.00 (4.87, 5.00)
	5.00 (4.84, 5.00)
	5.00 (4.87, 5.00)
	0.588



	Tubers
	3.85 (2.85, 5.00)
	3.54 (2.60, 4.90)
	4.13 (2.99, 5.00)
	0.043



	Total Vegetables
	3.16 (2.66, 3.72)
	2.85 (2.51, 3.35)
	3.36 (2.85, 3.88)
	<0.001



	Dark Vegetables
	3.35 (2.67, 4.08)
	2.95 (2.44, 3.70)
	3.59 (2.92, 4.26)
	<0.001



	Fruits
	3.5 (1.94, 5.96)
	2.43 (1.16, 3.93)
	4.39 (2.71, 6.81)
	<0.001



	Dairy
	3.64 (1.65, 5.00)
	2.35 (0.96, 4.58)
	4.19 (2.24, 5.00)
	<0.001



	Soybeans
	1.69 (1.30, 2.06)
	1.62 (1.30, 2.00)
	1.73 (1.35, 2.09)
	0.281



	Fish and Seafood
	1.22 (0.62, 1.94)
	0.85 (0.41, 1.76)
	1.56 (0.79, 2.27)
	<0.001



	Poultry
	5.00 (5.00, 5.00)
	5.00 (5.00, 5.00)
	5.00 (5.00, 5.00)
	0.143



	Eggs
	5.00 (5.00, 5.00)
	5.00 (5.00, 5.00)
	5.00 (5.00, 5.00)
	0.516



	Seeds and Nuts
	1.65 (0.48, 3.99)
	1.41 (0.45, 3.79)
	1.72 (0.52, 4.33)
	0.692



	Red Meats
	3.09 (2.65, 3.53)
	2.89 (2.41, 3.39)
	3.18 (2.85, 3.58)
	<0.001



	Cooking Oils
	7.12 (5.29, 8.67)
	7.22 (5.72, 8.58)
	6.91 (5.11, 8.71)
	0.432



	Sodium
	7.64 (7.17, 8.34)
	7.80 (7.35, 8.49)
	7.53 (7.12, 8.33)
	0.104



	Added Sugars
	5.00 (1.47, 5.00)
	5.00 (1.87, 5.00)
	4.89 (1.22, 5.00)
	0.084



	Alcohol
	5.00 (5.00, 5.00)
	5.00 (5.00, 5.00)
	5.00 (5.00, 5.00)
	0.999







The values in the table are expressed as median (inter-quartile range). The Wilcoxon rank sum test was used to compare the differences of the CHEI and its component scores in male and female participants.
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Table 3. Analysis of the potential influencing factors of the CHEI score by linear regression model.
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Characteristics

	
Univariate Linear

Regression Model

	
Multiple Linear

Regression Model b




	
β (95 % CI)

	
p Value

	
β (95 % CI)

	
p Value






	
Age (years)

	
≥26

	
1.01 (−0.47, 2.49)

	
0.179

	
0.17 (−1.51, 1.85)

	
0.844




	

	
<26

	
1.00 (reference)

	

	
1.00 (reference)

	




	
Sex

	
Female

	
3.77 (2.47, 5.06)

	
<0.001

	
2.80 (1.24, 4.35)

	
<0.001




	

	
Male

	
1.00 (reference)

	

	
1.00 (reference)

	




	
Education

	
Graduate

	
2.04 (0.72, 3.36)

	
<0.001

	
1.56 (0.23, 2.89)

	
0.022




	

	
Undergraduate

	
1.00 (reference)

	

	
1.00 (reference)

	




	
Major

	
Medical-related major

	
1.33 (−1.48, 4.14)

	
0.353

	
−0.06 (−2.79, 2.68)

	
0.969




	

	
Medical major

	
1.00 (reference)

	

	
1.00 (reference)

	




	
Household type

	
Countryside

	
0.13 (−1.21, 1.47)

	
0.849

	
0.43 (−0.86, 1.72)

	
0.509




	

	
Urban

	
1.00 (reference)

	

	
1.00 (reference)

	




	
Resident student

	
No

	
−3.06 (−7.08, 0.96)

	
0.136

	
−2.56 (−6.47, 1.34)

	
0.198




	

	
Yes

	
1.00 (reference)

	

	
1.00 (reference)

	




	
Dietary habit

	
Other diet a

	
0.28 (−2.92, 3.47)

	
0.863

	
2.37 (−0.73, 5.46)

	
0.133




	

	
General diet

	
1.00 (reference)

	

	
1.00 (reference)

	




	
Nutrition Literacy Assessment Questionnaire

	
Acquisition capacity

	
0.23 (0.04, 0.42)

	
0.018

	
0.10 (−0.09, 0.29)

	
0.296




	
Comprehension capacity

	
0.04 (−0.14, 0.21)

	
0.680

	
−0.12 (−0.31, 0.08)

	
0.237




	
Application capacity

	
0.37 (0.11, 0.64)

	
0.006

	
0.34 (0.03, 0.66)

	
0.031




	
BMI (kg/m2)

	
Underweight

	
0.95 (−0.98, 2.87)

	
0.334

	
0.22 (−1.68, 2.12)

	
0.819




	

	
Overweight and obesity

	
−2.47 (−4.32, −0.62)

	
0.009

	
−0.99 (−2.86, 0.88)

	
0.298




	

	
Normal weight

	
1.00 (reference)

	

	
1.00 (reference)

	




	
Smoking

	
No

	
4.91 (−0.72,10.55)

	
0.087

	
3.01 (−2.46, 8.49)

	
0.279




	

	
Yes

	
1.00 (reference)

	

	
1.00 (reference)

	




	
Sedentary time (hour/day)

	

	
−0.14 (−0.27, −0.01)

	
0.043

	
−0.16 (−0.28, −0.03)

	
0.016








Abbreviation: BMI, Body Mass Index. a other diet included Muslim and vegetarian diets. b The model was adjusted by age, sex, education, major, household type, resident student, dietary habit, Nutrition Literacy Assessment Questionnaire, BMI, smoking, and sedentary time.
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