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With the development of information technology and the popularization of the O2O business model, food delivery services have become a primary dietary choice for university students. This study, based on the social-ecological model, environmental psychology, and behavioral decision theory, aims to explore the mechanisms by which food delivery culture and campus dining environments influence obesity risk among university students, providing a basis for campus dietary management and public health policies. The study involved eight universities in Changsha, collecting 518 questionnaires on dietary behaviors, self-reported BMI, and weight change data. It also integrated data from Gaode Maps and food delivery platforms to assess the characteristics of dining environments. Multiple regression and logistic regression models were used to analyze the relationships between dining environments, food delivery frequency, and health outcomes. The results showed that food delivery frequency was significantly associated with economic status (regression coefficient = 0.418, p < 0.001), with students with higher living expenses being more likely to opt for food delivery. There was a significant negative correlation between healthy food delivery option scores and BMI (standardized coefficient = −0.110, p < 0.05), indicating that students who chose healthier food delivery options had lower BMI. Longer food delivery times (regression coefficient = −0.257, p = 0.052) and poorer cafeteria accessibility (regression coefficient = 0.433, p < 0.001) significantly increased food delivery frequency. Additionally, students in suburban universities had higher BMI (23.45 kg/m2) than those in urban universities (22.23 kg/m2), primarily due to lower availability of healthy dining options in suburban areas. The study indicates that food delivery culture, through its convenience and diversity, reinforces a tendency to consume high-calorie foods, increasing the risk of obesity. It is recommended to optimize on-campus healthy dining facilities and introduce health-focused recommendation systems on food delivery platforms to promote healthier behaviors among university students.
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1 Introduction

With the breakthrough advancements in information technology, particularly the widespread adoption of mobile internet and online platforms, the O2O (Online-to-Offline) business model has rapidly developed globally and found broad applications across various sectors (1, 2). The O2O model refers to a process where users select or order products or services online, and then complete the consumption process offline. This model has significantly transformed the foodservice industry, including university dining services. For university students, online food delivery platforms, due to their convenience, variety, and immediacy, have become a major source of dining choices (3–6). On campuses, online food delivery platforms such as “Ele.me” and “Meituan” are highly popular among students for their convenience, variety, and fast service, gradually becoming one of the primary channels for students’ dining options. This convenience not only meets students’ daily needs but also gradually alters their eating habits and lifestyles. In particular, with the rise of food delivery culture, the obesity rate among university students has also been increasing, prompting scholars to focus on the potential health impacts of food delivery platform usage on student well-being (7).

Current research on the relationship between campus dining environments, college students’ dietary behaviors, and obesity primarily focuses on descriptive analyses of dining environments and studies on the correlation between dietary habits and obesity. Most studies have revealed significant associations between characteristics of dining environments, such as food availability (8, 9), diversity of food options (10, 11), and economic affordability (12), and the issue of obesity among college students. These studies provide valuable foundational knowledge and insights, particularly in identifying how food environments influence dietary choices and physical health. However, under the widespread popularization of food delivery culture, there remains a lack of research on the changes in campus dining environments and their mechanistic impacts on students’ specific dietary behaviors and health outcomes, particularly obesity. This gap underscores the urgent need to explore how food delivery services reshape dining environments and influence health outcomes through specific behaviors. This highlights the necessity of further investigating the mechanisms linking campus dining environments, students’ dietary behaviors, and obesity risks, to address both theoretical and empirical questions in the context of the growing prevalence of food delivery culture.

In the existing literature, research on college students’ dietary behaviors and obesity risk predominantly focuses on the physical food environment, such as the accessibility and diversity of on-campus cafeterias and off-campus restaurants, and their impacts on students’ health. However, with the rapid advancement of information technology, particularly the popularization of food delivery culture, the influence of the virtual food environment has gradually garnered attention. Although some studies have begun to explore the relationship between food delivery services and obesity, most remain at the level of descriptive analysis, lacking an in-depth examination of the underlying mechanisms. Current studies have yet to adequately investigate how food delivery services reshape college students’ dietary environments, influence their dietary behaviors, and ultimately impact health outcomes. This study addresses this gap by systematically explaining the mechanisms through which campus dining environments influence college students’ dietary behaviors and obesity, based on well-established theoretical frameworks such as the Social Ecological Model and behavioral decision-making theories in environmental psychology. The Social Ecological Model underscores the profound influence of the environment on individual behavior, analyzing the interaction between individuals and their environment across multiple levels, including individual, interpersonal, organizational, community, and macro-policy levels. This theory provides a solid foundation for this study to explain how campus dining environments shape students’ dietary behaviors and health outcomes through multi-level mechanisms (13). Environmental psychology, which examines the interplay between humans and their environment, explores how environmental features influence individual behaviors and emotions through psychological mechanisms. This framework helps us better understand how the convenience of food delivery services, alongside physical environments such as on-campus cafeterias and off-campus restaurants, alters students’ psychological perceptions and, consequently, their dietary behaviors (14). Against the backdrop of a rapidly developing food delivery culture, the convenience and immediacy of campus dining environments have been significantly enhanced, which may subtly shift college students’ dietary preferences and consumption habits, thereby exerting profound impacts on health outcomes, particularly obesity (15). Behavioral decision-making theories focus on how individuals make choices under conditions of uncertainty, particularly how external conditions influence their decisions. These theories suggest that the low cost and high availability of energy-dense foods lower the threshold for unhealthy dietary choices, while the convenience of food delivery platforms further reinforces this tendency. In this study, this framework is employed to explain how the high accessibility of food delivery services reduces students’ barriers to choosing high-calorie foods, thereby exacerbating obesity risk (16). Furthermore, traditional studies often focus on how physical environments influence students’ dietary choices through factors like accessibility and diversity. In contrast, this study expands the scope by incorporating new variables such as the convenience, temporal accessibility, and healthy options provided by food delivery platforms. More importantly, this study not only analyzes how these environmental factors directly influence students’ dietary behaviors but also examines how these factors indirectly shape their propensity to select high-calorie foods through psychological and economic mechanisms. Although existing research has pointed out the influence of dietary environments on obesity, most studies are confined to the analysis of single environmental variables. By conducting comprehensive multivariate regression analyses, this study reveals how the diversity of food delivery services and the accessibility of campus cafeterias interact in practice to jointly shape students’ health behaviors. The findings of this study offer a novel perspective and theoretical basis for managing dietary environments to reduce the obesity risk among college students.

The overall structure of this study is arranged as follows: The first section introduces the background of university dining environments and student eating behaviors, and discusses the impact of the rise of food delivery culture on students’ dining habits and health. The second section provides a detailed description of the research methods, including data sources, variable selection, and analysis techniques. The third section presents the research results, analyzing the factors influencing individual eating behaviors and the factors related to overweight and weight gain. The fourth section discusses the significance of the research findings, with a particular emphasis on the potential impact of food delivery culture on student eating behaviors and obesity risk. Finally, the fifth section summarizes the study’s findings, outlines the limitations of the research, and proposes directions for future studies. Figure 1 illustrates the overall framework of this study, depicting the logical relationships among campus dining environments (both physical and virtual), students’ eating behaviors, and health outcomes. The study hypothesizes that the widespread adoption of food delivery culture alters the characteristics of dining environments (e.g., convenience and diversity), thereby influencing students’ eating behaviors and obesity risk.
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FIGURE 1
 Overall framework diagram.




2 Theoretical foundation and research hypothesis


2.1 Measurement of the dining environment

Urban planning focuses on the impact of urban spaces on residents’ health, particularly the role of dining environments (17). This environment is divided into two levels: macro and community. The macro level involves food supply at the national or regional scale, which is closely linked to economic factors (18). The community level, on the other hand, focuses on dining environments closely related to residents’ daily eating behaviors, such as restaurants and retail environments, and is a key area of research in urban geography and planning (19). This research field primarily evaluates dining environments based on the distribution, number, accessibility, and variety of food offerings, covering establishments such as full-service restaurants, fast food outlets, supermarkets, convenience stores, and markets (20, 21). Community dining environments are further categorized into types such as residential, workplace, and school environments. Research on residential dining environments is more common, whereas studies on school and workplace dining environments are relatively few, likely due to difficulties in obtaining research permissions. Based on the stimulus–response model in environmental psychology, the convenience and accessibility of dining environments act as external stimuli that significantly influence individuals’ food choices, subsequently altering energy intake and health outcomes (22). However, in specific contexts such as social gatherings, personal preferences become the determining factor (23).

In the preliminary data collection phase of dining environment research, researchers typically employ two main methods: one is obtaining self-reported information through interviews and surveys, and the other is directly collecting objective data using technological tools (24). In interview-based research, common tools include questionnaires, checklists, inventories, and food basket analyses. These tools help collect data on food prices, accessibility of healthy foods, and factors influencing individual choices, while also examining dining frequency, preferences, and health indicators such as BMI (25). For obtaining objective data, the dining environment is assessed by analyzing the number, proximity, and variety of restaurants and food retail outlets in specific areas, such as residences, workplaces, and schools (26). Definitions of the analysis scope vary in research, such as administrative divisions or buffers established around specific geographic locations. These buffer zones differ in size, typically ranging from 0.1 to 6 miles in radius, with 1 mile or 0.5 miles being common choices. Given the complexity of community dining environment data, selecting an appropriate statistical analysis model is crucial for accurately assessing the relationship between the dining environment and residents’ health. A literature review indicates that most studies adopt cross-sectional analysis methods, while longitudinal studies are less common. Regardless of the type, geographic analysis remains the most frequently used approach (27, 28). These studies provide a measurement framework for dining environments, especially in higher education settings, where spatial analysis is used to assess students’ dietary choices and health outcomes.



2.2 Relationship between dining environment and individual obesity

In many studies, individual health assessments are primarily based on overweight and obesity indicators, which are linked to the high obesity rates in Western countries and are effective in reflecting health status (29). Compared to more private data such as waist-to-hip ratio or the prevalence of chronic diseases, BMI, calculated from height and weight, is easier to obtain through self-reports. With socioeconomic development, dining out has become a trend, particularly against the backdrop of increased income levels and higher female employment rates. These dining experiences often involve foods that are high in energy, salt, fat, and sugar, while being lower in protein, dietary fiber, and micronutrients (30, 31).

Economic principles have a significant impact on food choices, with energy-dense foods such as grains, fats, and sugars being popular due to their low cost, particularly among economically disadvantaged groups. This explains why low-income populations often struggle to access affordable healthy food (16). According to behavioral decision-making theory, the low cost and high availability of energy-dense foods reduce barriers to choice, making students more likely to select fast-food outlets as dining venues, thereby increasing the risk of overweight and obesity (32). The healthiness of a community’s retail environment can be assessed by the types of food sold. The phenomenon of “food deserts” describes areas where healthy food options are scarce, which impacts residents’ health choices. Economic and geographic factors cause certain communities, particularly low-income or minority neighborhoods, to have greater exposure to energy-dense foods, exacerbating obesity issues. In developed countries such as those in Europe and North America, regions with high obesity rates often coincide with low-income or minority communities, where food desert phenomena are common (33, 34). Residents in these areas have easy access to high-calorie convenience store foods, which, like fast food, are appealing in taste, convenient to purchase, and large in portion size, leading to more severe overweight and obesity problems. In contrast, large supermarkets that provide fresh fruits, vegetables, and other healthy foods contribute to maintaining a balanced diet and reducing the risk of overweight and obesity in residents (35).

Research has found that not only the dining environment, but also lifestyle factors such as the availability of physical activity, jointly influence obesity rates. Increasing the presence of convenience stores may enhance walking opportunities in communities, helping to reduce overweight or obesity levels (36). This underscores the importance of considering multiple factors when exploring the impact of the dining environment on health, including the interactions between food accessibility, economic conditions, and lifestyle. Based on this, the following hypothesis is proposed in this study:


H1: Based on the socio-ecological model, the characteristics of campus dining environments significantly affect university students’ obesity risk, and this impact may be moderated by economic factors or lifestyle variables.
 



2.3 Relationship between dining environment and dining behavior

Beyond exploring the relationship between the dining environment and individual health, numerous studies focus on how the dining environment shapes individual eating behaviors. Researchers typically construct hypotheses based on nutritional theories to assess the positive and negative health impacts of specific eating habits and analyze how the dining environment influences these habits, ultimately identifying environmental types that promote healthy eating (37).

In Western societies, the widespread adoption of fast food culture is strongly associated with higher obesity rates, prompting a shift in research focus toward fast food consumption and its impacts. For instance, a study conducted in Quebec, Canada, involving 26,655 middle school students from 374 public schools, utilized Geographic Information System (GIS) technology to characterize the fast food environment around these schools. The study used the frequency of students’ junk food consumption during the previous week’s lunch period as the primary outcome measure, while controlling for covariates such as age, gender, family, and school background. A stratified logistic regression model was employed to examine the interaction between the dining environment and individual fast food consumption behavior. The study found that in areas within a 750-meter radius of schools with more than two fast food outlets, students’ frequency of junk food consumption significantly increased. In the initial analysis, the authors discussed the potential health risks associated with excessive fast food consumption, particularly the increased risk of overweight and obesity, and concluded that regulating access to fast food outlets could effectively improve students’ dietary health (38).

At the same time, Thornton and colleagues (39) also explored the relationship between the dining environment and fast food consumption, but they employed a more comprehensive assessment approach. Following expert recommendations, they classified food outlets within a selected area as either promoting health or contributing to unhealthy eating. Based on this classification, each food outlet was assigned a weight, which was used to generate a dining environment score reflecting both healthy and unhealthy aspects (FES). They then applied multilevel multinomial regression to assess the impact of these scores on the fast food purchasing behavior of 2,547 participants. Their findings concluded that in environments with healthier food options, the frequency of fast food purchases declined. These findings underscore the potential value of improving public health through the optimization of dining environments. In light of this, the present study posits the following hypothesis:


H2: Based on environmental psychology, campus dining environments significantly influence university students’ choice of dining methods, with these choices varying according to the convenience and accessibility of the dining environment. Specifically, the high accessibility of food delivery services tends to encourage students to use them frequently, whereas higher accessibility of off-campus restaurants and on-campus cafeterias may prompt students to choose these dining venues more often.
 



2.4 Relationship between dining behavior and individual obesity

Obesity is one of the major public health challenges facing society today, and is closely linked to many chronic diseases such as heart disease and diabetes. Globally, the prevalence of obesity is rising rapidly and has attracted widespread attention. When exploring the causes of obesity, not only genetic and environmental factors should be considered, but dining behavior is also one of the important factors affecting individual weight change, which has received more and more attention from researchers.

Dining behaviors include a variety of aspects such as choice of dining style, food type, frequency of intake, meal duration, and rate of eating, and the diversity of these behaviors has a profound impact on an individual’s energy balance and weight management. A study by Mesas et al. (40) found through a systematic assessment that the correlation between daily eating habits such as skipping breakfast and frequent intake of fast food and the risk of obesity was inconsistent, which suggests that dining behavioral research is complex to measure and define.

When viewed in detail, dining behavior is not only influenced by an individual’s physiological needs, but is also closely related to psychosocial factors. Singh’s (41) study emphasized that food is not only a basic need for survival, but also a natural reward that plays an important role in emotion regulation, social interaction, and cultural expression. People may tend to eat high-calorie, high-fat foods to seek comfort during mood swings, especially when experiencing stress, loneliness, or sadness, leading to excess energy intake, which may lead to obesity when accumulated over time. In addition, Torres and Nowson (42) found that stress is a key psychological factor that leads people to choose high-energy foods. Individuals who are chronically in a state of high stress may unconsciously increase their energy intake by eating to alleviate feelings of stress. This behavior of using food as a coping mechanism can easily lead to excess energy and weight gain if left unchecked.

Therefore, understanding and improving dietary behaviors is crucial for weight management and obesity prevention. A study by Azagba and Sharaf (43) highlighted that dietary behavior interventions may effectively reduce the risk of obesity. They emphasized that improving eating habits, such as maintaining regular meal times, choosing low-energy-dense foods, and reducing the intake of processed foods and fast food, are key strategies for controlling weight and preventing obesity. In addition, enhancing individuals’ awareness of healthy eating practices and fostering positive eating behaviors are also important approaches for effective weight management and health promotion. In light of this, the present study posits the following hypothesis:


H3: Based on behavioral decision-making theory, students’ dining behaviors in the campus environment—such as the frequency of using food delivery services, dining at campus cafeterias, and eating at off-campus restaurants—are significantly associated with obesity risk, with different dining choices directly influencing weight changes. Furthermore, the socio-ecological model highlights that the interaction between external environments and individual characteristics (e.g., socioeconomic status and dietary preferences) jointly impacts obesity risk. This study examines how these factors collaboratively shape students’ eating behaviors and health outcomes.
 




3 Research methodology


3.1 Data sources

This study comprehensively analyzes the food delivery consumption behavior of university students through a combination of questionnaire surveys and online data collection, with a particular focus on the impact of delivery culture on eating habits and health. The data sources include road network information from Gaode Maps, city building contours, POI (Points of Interest) data for restaurants near campuses, and food delivery consumption data from the Ele.me platform. This integration of data from spatial and behavioral dimensions provides a multi-layered perspective, helping to reveal the relationship between university students’ eating behaviors and food delivery culture. To ensure the universality and representativeness of the sample, this study selected higher education institutions from various locations in Changsha city as the research sites. As a core city in central China, Changsha boasts abundant university resources and a diverse food environment, making it an ideal setting for studying university students’ eating behaviors and the characteristics of the local dining environment. More importantly, Changsha’s food delivery service industry is rapidly growing, with high market penetration of multiple platforms (such as Ele.me and Meituan), offering a typical case to reflect how food delivery culture influences food choices and health among college students. In the study, higher education institutions in Changsha were categorized into urban and suburban groups based on their distance from the city center, with each group comprising four schools or campuses. To ensure the sample’s diversity and representativeness, stratified random sampling was employed. Within each school, stratified sampling was conducted according to the proportion of student numbers, ensuring that the sample could comprehensively represent students from different types of schools. A total of 70 questionnaires were distributed at each school, with 8 schools in total (4 urban and 4 suburban), resulting in 560 questionnaires being distributed. In the end, 518 valid questionnaires were collected, yielding a response rate of 92.5%. The questionnaire covered students’ eating behaviors, food preferences, food delivery frequency, BMI values, etc., aiming to comprehensively capture students’ eating habits and health status. The sample size standard was based on statistical principles for sample size calculation to ensure the robustness of multiple regression analysis and align with recommendations from existing literature. According to Cohen (44), a sample size in multiple regression should meet the standard of at least 15 to 20 samples per independent variable. The sample size selected in this study far exceeds this standard, ensuring statistical power and the robustness of the analysis results. The respondents were all full-time undergraduates or higher-level students, as they possess a high degree of autonomy in food consumption and can provide clear feedback on food delivery and eating behaviors. According to China’s physical health standards, a BMI value exceeding 23.9 is defined as overweight, and the proportion of overweight individuals in the sample was 12.8%.

Regarding online data collection, this study utilized Gaode Maps to acquire spatial data on the dining environment around campuses, including the distribution of various types of restaurants, convenience stores, and food delivery service points. Based on this spatial data, the accessibility of food delivery services and their potential impact on students’ eating behaviors were analyzed. By examining the spatial layout of the dining environment and its association with students’ food choices, the study further revealed how the dining environment influences students’ food delivery usage habits. Additionally, data from the Ele.me platform provided insights into students’ food delivery consumption behavior, including order frequency, food choices, and delivery time. This information offers important empirical support for exploring the impact of food delivery culture on university students’ eating behaviors. To ensure the accuracy and representativeness of the data, all questionnaires were distributed and collected by trained researchers, ensuring that each question accurately reflected students’ real situations. The questionnaires used a Likert five-point scale to assess students’ perceptions and attitudes toward food choices, food delivery preferences, and health status. Statistical methods were then employed to analyze the data, ensuring the scientific validity and repeatability of the results.

In terms of data analysis, this study primarily used multiple regression analysis and Logit regression analysis. Multiple regression analysis was employed to explore the relationships between the dining environment, eating behaviors, and students’ health status (such as BMI and weight changes), while Logit regression helped analyze the correlation between food delivery consumption frequency and food choices. By controlling for socioeconomic variables such as gender, age, and economic level of residence, the study ensured the robustness of the models and the reliability of the results.



3.2 Selection of variables

This study categorizes variables into four groups—dining environment characteristics, individual dining behaviors, individual health status, and control variables—based on literature and research hypotheses, aiming to systematically explore the relationships among dining environment, eating behaviors, and health outcomes. Dining environment characteristics include variables such as walkability satisfaction, dining accessibility, and health evaluation of dining options, intended to assess the combined impact of physical and virtual dining environments on university students. These variables are comprehensively quantified through a combination of subjective evaluations and objective data, providing a robust foundation for subsequent analysis. Individual dining behaviors primarily reflect students’ food choices and habits, with a focus on the frequency of food delivery usage, which serves as a mediating factor in analyzing the impact of dining environments on students’ health. Individual health status is measured using BMI and weight change, following the approach of Deforche et al. (45), to evaluate the direct effects of dining environments and dining behaviors on students’ health. Health data are derived from self-reported height, weight, and weight change information, facilitating quantification in regression analyses. Additionally, socioeconomic characteristics (e.g., gender, age, and living expenses) and dietary preferences (e.g., preferences for fried foods and fruits/vegetables) are incorporated as control variables to account for other potential influences on health outcomes. This approach enhances the explanatory power of the models and ensures the reliability of the results. The specific quantification methods for each variable are presented in Appendix Table A1. Subsequent analyses will construct regression models based on these variables to examine their interrelations and potential impacts on health outcomes.



3.3 Research model and analytical methods

This study employs multiple linear regression models and multinomial logistic regression models to analyze the impact of dining environment characteristics and individual dining behaviors on university students’ BMI and weight changes.

To analyze the relationship between continuous dependent variables (BMI and weight change) and characteristics of the dining environment as well as individual dining behaviors, a multiple linear regression model was employed. Multiple linear regression is suitable for examining the linear relationship between continuous dependent variables and multiple independent variables, effectively controlling for potential confounders and thereby revealing the independent effect of each predictor on the dependent variable. In this study, BMI and weight gain, as continuous variables, were analyzed using the multiple regression model to uncover the combined influence of dining environment characteristics and individual dining behaviors on health outcomes (46). Therefore, variables such as dining environment characteristics (e.g., walking satisfaction, delivery time, and cafeteria accessibility) and dining behavior indicators (e.g., frequency of food delivery orders) were included as independent variables, while controlling for factors such as gender, age, and living expenses. The model is expressed as:

[image: image]

In the equation, [image: image] represents the BMI or weight change value for the iii-th individual, [image: image] denotes the independent variables, which include dining environment characteristics and individual dining behaviors, and ccc represents the corresponding regression coefficients. [image: image] estimating the regression coefficients, the significant impacts of the dining environment and individual behaviors on BMI and weight changes can be identified.

To analyze the factors influencing categorical dependent variables, a multinomial logistic regression model was utilized. Logistic regression is well-suited for scenarios where the dependent variable is categorical, allowing for the prediction of the likelihood of specific behaviors (47). The frequency of food delivery orders, as a critical indicator of individual dietary behavior, represents a multilevel categorical variable, making it appropriate for exploration using logistic regression analysis. In this study, food delivery frequency was divided into five levels, with independent variables including dining environment characteristics, individual socioeconomic attributes (e.g., gender, age, and living expenses), and dietary preferences (e.g., preferences for fried foods and fruits/vegetables). The model is structured as follows:

[image: image]

In the equation, [image: image] represents the probability that the dependent variable falls into the j-th category; [image: image] denotes the intercept, and [image: image] represents the regression coefficients of the independent variables. By estimating the model results, the relative impact of different independent variables on the frequency of takeout usage can be quantified.




4 Results and analysis


4.1 Key variable survey results

Through field visits to both physical and takeout restaurants in Changsha, it was found that the number of restaurants in the urban campus areas significantly exceeds that in suburban campuses. The spatial distribution characteristics reveal that physical restaurants are highly concentrated in central areas with a broad distribution, whereas the distribution of O2O (online-to-offline) takeout services shows a pattern of uniform dispersion followed by re-concentration, consistent with existing research findings. According to the previous definition, the healthiness of the dining environment in different campuses was evaluated. The results show that the proportion of unhealthy options in takeout restaurants ranges from 30 to 45%, while in off-campus restaurants, it ranges from 8 to 38%. The proportion of unhealthy food near suburban campuses is generally higher than that in urban areas.

Table 1 presents the survey results on the built environment, dining behaviors, and individual BMI and weight gain among the subjects from urban and suburban areas, reflecting the differences in key variables between these regions. As shown in Table 1, most university students primarily dine in campus cafeterias, with a roughly equal proportion of students ordering takeout and visiting off-campus restaurants. However, satisfaction with the taste of cafeteria food is generally low. Based on the classification of urban and suburban areas, the analysis of the survey data indicates that urban campuses score higher in walking satisfaction, accessibility to takeout services, and off-campus restaurants. Students in urban areas also use takeout services more frequently, but their BMI and weight gain rates are lower. Subsequent analyses will establish models to examine the relationships between dining environment, individual dining behaviors, BMI, and other factors, to further explore how these variables affect university students’ dining habits and health conditions.



TABLE 1 Built environment, dining behaviors, and individual BMI and weight gain in universities.
[image: Table1]



4.2 Factors influencing individual dining behavior

To ensure the validity and explanatory power of the ordered Logit regression model, this study conducted a multicollinearity test. Multicollinearity among independent variables in the Logit regression model can lead to instability in the results. To detect multicollinearity, the Variance Inflation Factor (VIF) was used. A VIF value below 10 is typically considered to indicate the absence of significant multicollinearity. The results showed that the VIF values for all variables ranged between 1 and 3, maintaining a reasonable low level of multicollinearity. Additionally, the model fit was evaluated using the Hosmer-Lemeshow goodness-of-fit test, with a p-value of 0.23 (p > 0.05), indicating a good model fit and supporting the explanatory power of the independent variables on the dependent variable.

The study determined the dining preferences of university students based on their preferred dining modes—cafeterias, off-campus restaurants, or takeout—and performed a correlation analysis between the preference for cafeterias and off-campus restaurants and factors related to the physical dining environment. The results are presented in Table 2. The analysis revealed that students’ preference for off-campus restaurants was correlated with the accessibility of the restaurants, the density of nearby restaurants (indicated by the number of restaurants within walking distance), and the walking satisfaction of the surrounding area. Specifically, an increase in the density of off-campus restaurants, improved transportation accessibility, and higher walking satisfaction all contributed to a greater likelihood of students dining at off-campus restaurants. This suggests that when choosing off-campus dining options, students’ decisions are influenced by both objective and subjective environmental factors. In contrast, the preference for dining at the cafeteria was primarily positively correlated with the cafeteria’s accessibility, but showed no significant correlation with subjective environmental factors, such as walking satisfaction on campus. This indicates that as a basic food service, the cafeteria’s attractiveness is mainly influenced by its accessibility, rather than subjective environmental factors. Therefore, extended dining hours or reduced accessibility to the cafeteria would likely decrease students’ inclination to dine there.



TABLE 2 Correlation analysis.
[image: Table2]

Subsequently, an ordered Logit regression model was employed to examine the relationship between the frequency of food delivery orders and factors such as the dining environment, individual socio-economic characteristics, and dietary preferences. Relevant variables were selected based on a significance level of 0.1, and the results are shown in Table 3.



TABLE 3 Logit regression analysis of factors influencing the frequency of ordering takeout.
[image: Table3]

As shown in Table 3, the factors influencing food delivery frequency include several individual socio-economic characteristics that significantly impact delivery frequency. Specifically, there is a noticeable difference in delivery frequency between males and females, with males (coefficient = −0.321, p = 0.081) showing a significantly lower tendency to order delivery compared to females. Although this result does not reach the traditional level of statistical significance, it provides preliminary evidence for the influence of gender on food delivery choices. On the other hand, the number of years an individual has lived on campus (coefficient = 0.152, p = 0.024) has a significant positive impact on food delivery frequency. Individuals who have lived on campus for a longer period tend to use food delivery services more frequently, as prolonged residence increases familiarity and reliance on these services, thus establishing a more fixed habit of food delivery consumption. The individual’s age (coefficient = −0.079, p = 0.006) has a negative impact on food delivery frequency, indicating that the frequency of food delivery decreases with age. This result reflects the changes in dietary preferences, lifestyle, and health consciousness with age, leading individuals to favor other forms of dining. Lastly, the level of living expenses positively influences food delivery frequency (coefficient = 0.418, p < 0.001), suggesting that individuals with higher living expenses are more likely to choose food delivery, indicating that the cost of food delivery is related to economic capacity.

In terms of individual dietary preferences, university students have a higher frequency of ordering fried foods via delivery (coefficient = 0.171, p = 0.033). This result indicates that individuals who prefer high-calorie, fried foods are more likely to opt for food delivery, with a higher proportion of fried foods available in delivery services. Conversely, a preference for vegetables and fruits (coefficient = −0.374, p < 0.001) is significantly negatively associated with delivery frequency, suggesting that individuals who favor vegetables and fruits are more likely to avoid food delivery. This is because healthy food options in delivery services are relatively limited, and vegetables and fruits are better suited for homemade meals rather than relying on delivery.

Regarding the dining environment factors, the regression analysis shows that campus walking satisfaction (coefficient = −0.125, p = 0.111) does not significantly affect delivery frequency. Although the coefficient is negative, the p-value is greater than 0.05, indicating that walking satisfaction has a weak impact on the choice of food delivery. Even with lower walking satisfaction, other dining options on campus can still meet basic dietary needs. In contrast, delivery time (coefficient = −0.257, p = 0.052) has a marginally significant negative effect on delivery frequency, suggesting that longer delivery times may reduce the frequency of food delivery. This highlights the importance of delivery efficiency in food delivery consumption among university students, who tend to prefer services with faster delivery times. Both delivery taste rating (coefficient = 0.392, p = 0.006) and delivery health rating (coefficient = 0.315, p = 0.012) have significant positive effects on delivery frequency. This suggests that positive evaluations of taste and health significantly increase the likelihood of students choosing food delivery, emphasizing the key role of delivery quality, especially taste and health, in students’ food delivery decisions. The accessibility of campus dining halls (coefficient = 0.433, p < 0.001) has a significant positive impact on food delivery frequency, indicating that individuals with easier access to campus dining halls tend to reduce their use of food delivery services. In general, the convenience and lower cost of dining halls make them a more preferred dining option. Finally, the price evaluation of off-campus restaurants (coefficient = −0.361, p = 0.008) has a significant negative effect on delivery frequency. This suggests that students who perceive off-campus restaurant prices as unreasonable are more likely to choose food delivery, indicating that relatively reasonable food delivery prices are an attractive factor in their consumption decisions. Thus, Hypothesis H2 is validated, as the campus dining environment significantly influences students’ dining choices. Different dining options are influenced by the convenience and accessibility of the dining environment. Specifically, high accessibility to food delivery services tends to encourage students to use them more frequently; conversely, greater accessibility to off-campus restaurants and campus dining halls may prompt students to choose these dining locations more often.

The results above indicate that the frequency of food delivery is influenced by multiple factors, including individual socio-economic background, dietary preferences, and the dining environment. In terms of individual attributes, students with higher living expenses, a preference for fried foods, and longer residence time are more likely to use food delivery services. In terms of dietary preferences, individuals who prefer healthy foods (such as vegetables and fruits) are less likely to choose food delivery. In terms of dining environment factors, delivery time, taste and health evaluations, and dining hall accessibility significantly affect delivery frequency. Based on these findings, the study shows that food delivery choices are the result of an interplay of multiple factors. Understanding these factors can help related businesses and policymakers better meet consumer needs and optimize food delivery services.



4.3 Factors influencing individual overweight and weight gain

In the multiple linear regression analysis, to ensure the reliability and applicability of the model results, the main assumptions of the model were tested, including multicollinearity, residual normality, and residual independence. The Variance Inflation Factor (VIF) was used to assess the multicollinearity among the independent variables. A VIF value below 10 indicates that multicollinearity is not significant. The results showed that the VIF values ranged from 1 to 3, indicating that there is no significant multicollinearity issue among the variables, which satisfies the assumptions required for regression analysis. Residual normality is one of the fundamental assumptions of multiple linear regression. The normality of the residuals was checked using a normal probability plot (P–P plot). As shown in Figure 2, the residuals roughly follow a diagonal line, indicating that the residuals meet the normality assumption, thereby supporting the normality assumption of the regression model. Additionally, the Durbin-Watson (D-W) test was used to check for residual independence. A D-W value between 1.5 and 2.5 indicates that there is no significant autocorrelation in the residuals. The D-W value in this study was 1.98, which falls within the reasonable range, satisfying the assumption of residual independence.
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FIGURE 2
 Residual normality P–P plot.


In this study, non-food delivery samples were excluded, and the research scope was further narrowed to include only individuals who order food delivery. A multiple linear regression model was established with 456 samples to examine the relationship between individual dining behaviors, socio-economic characteristics, physical activity preferences, and individual BMI. In the model, “accessibility to dining halls” was recoded as a binary variable, with a value of 1 for those within a 5-min walk, and 0 otherwise. Additionally, the “types of food delivery ordered on weekdays” were categorized into three types: high healthiness (coded as 1), low healthiness (coded as −1), and other (coded as 0). The product of delivery frequency and delivery healthiness was introduced as a new independent variable in the model to reflect the total amount of healthy or unhealthy food delivery consumed by individuals. As shown in Table 4, the interaction between individual BMI and the delivery frequency-healthiness product was significantly negatively correlated (standardized coefficient = −0.110, p < 0.05), indicating that individuals who frequently order healthy food delivery tend to have a lower BMI. This finding aligns with previous research that suggests higher availability of healthy foods is associated with a lower risk of obesity. However, other environmental factors related to food delivery, such as the number of restaurants within the delivery range and the proportion of different types of delivery restaurants, did not show significant associations with BMI. Accessibility to dining halls also had a significant effect on BMI (standardized coefficient = −0.079, p < 0.10). When dining halls are easily accessible within a 5-min walk, students tend to have a lower BMI. This may be due to the higher accessibility of dining halls, which increases the convenience of dining on campus and reduces the intake of high-calorie food delivery. Thus, Hypothesis H1 is validated, as the characteristics of the campus dining environment significantly affect students’ obesity risk, with this impact potentially moderated by economic or lifestyle factors.



TABLE 4 Multiple linear regression analysis of factors influencing individual BMI.
[image: Table4]

In the control variable analysis, gender, living expenses, attitude toward physical exercise, moderate-intensity exercise, dining hall accessibility, and weight change were significantly correlated with BMI. Men had a higher BMI than women, and living expenses and weight gain were positively associated with BMI. A greater emphasis on physical exercise was negatively correlated with BMI, suggesting that prioritizing physical exercise may help control weight. However, the strong correlation between moderate-intensity exercise and BMI did not provide a clear causal explanation and may only reflect a correlation rather than causality. Therefore, Hypothesis H3 is also supported, as dining behaviors in a university setting are significantly correlated with obesity risk, with different dining choices directly influencing weight changes. Furthermore, factors such as socio-economic status, physical activity preferences, and dietary habits may play important roles in the development of obesity risk.




5 Discussion

This study reveals the widespread prevalence of food delivery culture in university dining environments and its significant impact on students’ dietary choices and obesity risk. The results indicate that the accessibility of food delivery services increases the frequency with which students opt for delivery, particularly for high-calorie food choices. This finding highlights that the convenience of delivery platforms and the variety of food options, especially the availability of high-calorie foods, are key factors influencing students’ eating habits and weight changes. Additionally, the high accessibility of campus dining halls plays a significant role in lowering students’ BMI. The data shows that students with greater access to dining halls tend to dine on campus more frequently, resulting in significantly lower BMI values compared to those who primarily choose food delivery. This supports the conclusion that the availability of a healthy food environment can reduce obesity risk, emphasizing the important role of on-campus dining facilities in promoting student health. Further analysis also reveals that students’ socio-economic characteristics play an important moderating role in dietary choices and BMI. Specifically, students with higher living expenses have a significantly higher frequency of food delivery orders and tend to select more high-calorie foods. This reflects the potential influence of economic factors on students’ dietary choices and health risks, suggesting that while food delivery services provide convenience, their flexibility in offering unhealthy options may also pose health risks. These results shed light on how university dining environments, food delivery services, and socio-economic factors collectively impact students’ eating behaviors, offering an in-depth understanding of the complex relationship between college students’ dietary choices and health outcomes.

This study provides an in-depth exploration of the profound impact of food delivery culture on campus dining environments, uncovering how these changes influence college students’ dietary behaviors and, in turn, their obesity risk. In the existing literature, Fan et al. (8) identified a direct association between food delivery consumption and obesity, but their study primarily focused on food consumption itself, lacking an analysis of the convenience of food delivery services and its underlying mechanisms. Building on this gap, the present study adopts the multi-level framework of the Social Ecological Model, using food delivery services as an entry point to explain how campus dining environments shape students’ dietary behaviors. This study not only examines how the accessibility of food delivery services alters students’ dining preferences but also analyzes the synergistic impact of the accessibility of campus cafeterias and off-campus restaurants on students’ health, thereby enriching our understanding of how food delivery culture influences college students’ health behaviors. Moreover, Rahmawati et al. (9) highlighted the potential impact of the proliferation of food delivery services on adolescent dietary behaviors, suggesting that changes in campus dining environments may exacerbate obesity risks among student populations. Building upon this, the present study further reveals that food delivery culture, through its high convenience and diverse food options, enhances the accessibility of high-calorie diets, significantly increasing obesity risk among college students. This finding aligns with the core argument of environmental psychology, which emphasizes the profound influence of environmental characteristics on individual psychological decision-making. Additionally, this study draws on behavioral decision-making theory to elucidate key pathways in the formation of college students’ dietary behaviors. The convenience of food delivery services reduces the psychological and economic barriers to choosing high-calorie foods, encouraging irrational choices when students face time constraints or have sufficient budgets. This decision-making pattern underscores the guiding role of external environments in shaping individual behaviors, further highlighting the complex interplay between socioeconomic factors and health behaviors. The findings indicate that students with higher living allowances are more likely to opt for food delivery services, which are typically more expensive but more convenient. This observation not only underscores the importance of the economic cost of food delivery but also reveals the inducement effects of high-convenience environments on decision-making processes.

At the theoretical level, this study integrates the Social Ecological Model, environmental psychology, and behavioral decision-making theory to further expand the research framework on dietary behaviors and health risks in higher education settings. It provides a new perspective on the relationships between dietary choices, dining environments, and obesity risks among college populations. Unlike traditional studies that focus on physical dining environments, this research highlights the significance of virtual dining environments (i.e., food delivery services) in college students’ health management. It suggests that the convenience and variety of food delivery services may have a profound impact on students’ health behaviors. Additionally, the findings indicate the moderating role of socio-economic factors, such as living expenses, in the relationship between food delivery choices and health risks, further enriching the theory regarding the relationship between dietary behaviors and social attributes. This underscores the importance of considering socio-economic factors behind health behaviors. This study not only provides a new theoretical foundation for understanding how campus dining environments influence students’ health behaviors but also opens up new research directions to understand the distinct mechanisms through which virtual and physical dining environments affect health.

Based on the above findings, the following recommendations are proposed: (1) Universities should increase investments in healthy dining facilities to improve their accessibility and appeal. This can be achieved by extending dining hours, offering more healthy meal options, and optimizing the dining environment, encouraging students to choose healthier food on campus and reduce reliance on high-calorie food delivery services. Universities could also collaborate with nutrition experts to launch balanced meal menus and raise awareness among students about the importance of healthy eating through promotional campaigns. (2) Government agencies could provide clearer guidance on campus dining policies, particularly by regulating the nutritional labeling of food delivery options around campuses. They should promote the inclusion of key nutritional information, such as calories and fat content, on menus to help consumers make informed choices. Moreover, the government could support the establishment of a healthy food delivery recommendation system to promote nutritionally balanced meal options, guiding a healthier food delivery consumption trend. (3) As an essential component of virtual dining environments, food delivery platforms should take on social responsibility and play an active role in promoting healthy food choices. These platforms could create a “Healthy Eating Recommendations” section for campus areas, highlighting low-calorie and low-fat meal options. Additionally, food delivery platforms could incorporate health-related prompts on the order page, encouraging users to pair high-calorie meals with healthy drinks or vegetables, forming more balanced meal combinations. (4) For individual university students, it is recommended that universities intensify education on healthy eating and lifestyle, helping students understand the relationship between food delivery choices and health, and encouraging the development of good eating habits. This can be done through diverse activities, such as campus lectures and health challenges, to raise health awareness and guide students toward making healthier dietary choices.

Based on the findings of this study, the following recommendations are proposed from both theoretical and practical perspectives:

1. From a theoretical perspective, this study deepens the understanding of the interaction between virtual and physical food environments, filling the gap in research on the impact mechanism of food delivery culture on university students’ eating behaviors and health risks. By integrating the social-ecological model, environmental psychology, and behavioral decision theory, the study reveals how food delivery services, by lowering psychological and economic barriers, alter students’ dietary decision-making patterns. The innovation of this theoretical framework not only broadens the scope of research on food environments but also offers new insights into understanding the mechanisms underlying individual behavior in different food environments. Future research could further explore how different types of virtual food environments intersect with real-world environments to influence public health behaviors. Additionally, an in-depth analysis of the moderating role of socio-cultural contexts in shaping university students’ eating behaviors could provide theoretical guidance for promoting healthy eating habits among college students.

2. The empirical results of this study provide practical insights for optimizing health management on university campuses and improving food delivery services. The research demonstrates that the convenience of food delivery services is closely linked to students’ obesity risks, with the widespread availability of high-calorie foods on delivery platforms suggesting that promoting healthy eating options on university campuses is an effective way to mitigate obesity risks. We recommend that universities further enhance the diversity of cafeteria services by offering more healthy, low-calorie food choices, thereby reducing students’ reliance on high-calorie delivery foods. Additionally, universities could increase students’ awareness of healthy eating by introducing health-conscious labels in cafeterias and offering nutritionally balanced menus, guiding students toward healthier dietary decisions. The study also indicates that the service quality of food delivery platforms (such as delivery timeliness and food quality) significantly influences students’ frequency of food delivery consumption. This finding provides directions for optimizing food delivery services, particularly in terms of improving delivery efficiency and expanding healthy food options. Food delivery platforms can use data analytics to introduce more health-conscious meals tailored to campus populations, and implement recommendation systems to guide students toward choosing low-calorie, low-fat options, thereby fostering healthier eating behaviors. Finally, this study offers insights for public health policy. Policymakers could consider how to guide and regulate food delivery services, campus cafeterias, and surrounding dining environments to promote healthier food choices among students when developing policies related to campus nutrition and health. For instance, policies could be introduced requiring food delivery platforms to provide detailed nutritional information on food items, assisting students in making more informed dietary choices.



6 Conclusion

This study reveals the coupling of physical and virtual dining environments in university dining settings, highlighting both their commonalities and differences in influencing students’ dining behaviors and health. The research shows that food delivery services, as information technology-driven virtual dining environments, have a significant impact on university students’ dietary choices through temporal accessibility, but the underlying mechanisms influencing health differ significantly from those in physical dining environments (such as campus cafeterias and off-campus restaurants). The main findings of the study are as follows:

1. Campus cafeterias, as physical dining environments, are primarily influenced by spatial factors, including cafeteria accessibility and the campus walking environment. These factors determine whether students are more likely to dine on campus. In contrast, virtual food delivery services rely more on temporal accessibility, making their influence on students’ dining choices more flexible. The complementary nature of virtual and physical dining environments in shaping students’ dietary choices indicates the critical role of information technology in modern campus dining settings.

2. The frequency of food delivery consumption is a key indicator of students’ preferences and dependence on delivery services. This study found that food delivery frequency is significantly related to students’ age, duration of enrollment, and economic status, and is also influenced by dietary preferences, taste preferences for delivery food, and health awareness. This suggests that food delivery consumption is not only a convenient option but also reflects individual characteristics. However, price did not significantly impact students’ food delivery choices. There is a competitive relationship between food delivery and campus cafeterias or nearby restaurants, and improving the quality of physical dining environments could significantly reduce students’ food delivery frequency.

3. The study did not find a direct link between food delivery frequency and students’ BMI, overweight status, or weight changes. Although food delivery frequency did not directly affect BMI, students who frequently chose healthy delivery options showed a lower BMI. This indicates that the impact of food delivery services on students’ health is primarily mediated by the availability of healthy food options rather than directly contributing to obesity risk. Therefore, the variety of meals and health recommendations on delivery platforms may play an important role in shaping students’ health behaviors.

4. The results further suggest that the accessibility of healthy dining environments (e.g., convenient cafeterias) is closely related to students’ health status. BMI levels are not only influenced by food choices but also by socio-economic status, preferences for physical activity, and other factors. This highlights the need to consider these moderating factors when studying the impact of dining environments on health.

This study expands the understanding of the relationship between the campus dining environment and student health, providing scientific evidence for the management of university dining services and the formulation of public health policies. However, the study has several limitations:

1. The geographic scope of the sample in this study is relatively narrow. For reasons of data accessibility and the representativeness of Changsha in this context, the study selected students from a limited number of universities in Changsha as research participants. This may partially constrain the generalizability of the findings. Future research should broaden the geographic coverage of the sample to include universities from diverse cities and regions, thereby testing the broader applicability of the study’s conclusions.

2. This study employed a cross-sectional design and questionnaire-based survey, collecting data at a specific point in time and revealing important associations between the campus dining environment, students’ dietary behaviors, and health status. However, such a design is limited in capturing the dynamic changes in dietary behaviors and health outcomes over time and cannot establish a direct causal link between food delivery choices and obesity risk. This may lead to biases in understanding the causal chain. Furthermore, although we controlled for potential confounding factors such as individual socioeconomic attributes and dietary preferences in the model, more granular socioeconomic factors, such as income level and family background, were not further differentiated. Additionally, physical activity tendencies were measured only by students’ subjective evaluations of the importance of exercise, without distinguishing the specific effects of high-intensity versus low-intensity activities. Other variables, such as mental health, academic pressure, and the social environment of dining, which could significantly influence dietary behaviors and health outcomes, were also excluded from the scope of this study. These unmeasured variables might play crucial mediating or moderating roles between students’ dietary choices and health outcomes. Future studies could adopt longitudinal research designs to track changes in students’ dining behaviors and health indicators, thereby clarifying whether food delivery choices directly increase obesity risk or whether this is indirectly mediated by other confounding factors.

3. The questionnaire-based survey method used in this study has certain limitations in terms of the depth of data collection. Questionnaire data primarily relied on students’ self-reports, which may be subject to subjective biases and recall inaccuracies. For instance, specific details about dietary behaviors, such as the types of food ordered via delivery or the frequency of such meals, may not fully reflect actual circumstances. To improve data accuracy and reliability, future research could integrate multiple data collection methods, including observational studies, analysis of consumption records, and objective measurements of health indicators, to comprehensively uncover the profound impacts of the campus dining environment on student health.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

QY: Conceptualization, Formal analysis, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

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



Publisher’s note

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



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1476624/full#supplementary-material



References

 1. Ram, J, Manoharan, A, and Sun, S. Examining the adoption of Onlineto-offline (O2O). ACM SIGMIS Database: the DATABASE for Advan Info Syst. (2021) 52:10–26. doi: 10.1145/3447934.3447937

 2. Lee, P, Feiyu, E, and Chau, M. Defining online to offline (O2O): a systematic approach to defining an emerging business model. Internet Res. (2022) 32:1453–95. doi: 10.1108/intr-10-2020-0563

 3. Pal, D, Funilkul, S, Eamsinvattana, W, and Siyal, S. Using online food delivery applications during the COVID-19 lockdown period: what drives university students’ satisfaction and loyalty? J Foodserv Bus Res. (2021) 25:561–605. doi: 10.1080/15378020.2021.1964419 

 4. Ganatra, V, Kaakandikar, R, Izzuddin, M, Kee, DMH, Zainuddin, NB, Bukhari, MAZ , et al. The impact of food delivery apps on customer perceived value among university students. J Community Develop Asia. (2021) 4:68–78. doi: 10.32535/jcda.v4i3.1182

 5. Hu, C. An analysis of college Students' satisfaction with online food delivery (OFD). Information Syst Econ. (2022) 3:59–64. doi: 10.23977/infse.2022.030307

 6. Hamid, JN, Adnan, A, and Ekhsan, HM. E-runner: a Mobile application for campus food delivery service. J Computing Res Innovation. (2022) 7:357–65. doi: 10.24191/jcrinn.v7i2.331

 7. Ahmad, S, Salehuddin, N, Sharoni, S, Fauzi, R, Buhari, S, and Nor, N. Weight management behaviors among students in a public university. Malaysian J Nurs (MJN). (2023) 14:67–75. doi: 10.31674/mjn.2023.v14i03.008

 8. Fan, S, Si, Z, Baowen, J, Yongjin, S, and Jinkui, L. Effects of takeout food consumption on overweight and obesity among college students in Jiangxi Province. Chin J School Health. (2021) 42:124–7. doi: 10.16835/J.CNKI.1000-9817.2021.01.030

 9. Rahmawati, R., Nurwati, I., and Wiboworini, B. (2023). “Does eating out cause in overweight and obesity in adolescence?.” In Proceedings of the international conference on nursing and health sciences.

 10. Jeong, J, and Park, H. Cross-sectional associations between lifestyle factors and obesity among students in a University at Gyeonggi Province. J Health Info Statistics. (2021) 46:402–9. doi: 10.21032/jhis.2021.46.4.402

 11. Khattak, M, and Mustafa, N. Macro-nutrient consumption and body weight status of university students. Advan Obesity, Weight Manag Control. (2023) 13:56–60. doi: 10.15406/aowmc.2023.13.00393

 12. Oluwasanu, A, Akinyemi, J, Oluwasanu, M, Oseghe, O, Oladoyinbo, O, Bello, J , et al. Temporal trends in overweight and obesity and chronic disease risks among adolescents and young adults: a ten-year review at a tertiary institution in Nigeria. PLoS One. (2023) 18:e0283210. doi: 10.1371/journal.pone.0283210 

 13. Im, SY, and Seo, S. How does restaurant experienscape affect solo diners' emotions and dining satisfaction in Korea? Int J Contemp Hosp Manag. (2024) 36:769–89. doi: 10.1108/ijchm-07-2022-0864

 14. Milliron, BJ, Ward, D, Granche, J, Mensinger, J, Stott, D, Chenault, C , et al. Nature relatedness is positively associated with dietary diversity and fruit and vegetable intake in an urban population. Am J Health Promot. (2022) 36:1019–24. doi: 10.1177/08901171221086941 

 15. Nicholas, K, Bentley, M, Terán, E, and Thompson, A. Navigating globalized food environments: market access, consumer behavior, and dietary diversity in the Galapagos Islands of Ecuador. Current Develop Nutrition. (2022) 6:494. doi: 10.1093/cdn/nzac059.022

 16. Anderson, E, Wei, R, Liu, B, Plummer, R, Kelahan, H, Tamez, M , et al. Improving healthy food choices in low-income settings in the United States using behavioral economic-based adaptations to choice architecture. Front Nutr. (2021) 8:734991. doi: 10.3389/fnut.2021.734991 

 17. Zhang, J. Community-built environment and cardiovascular disease risk: evidence from multi-source data in Yangzhou. Scientific Soc Res. (2023) 5:43–7. doi: 10.26689/ssr.v5i9.5327

 18. Placzek, O. Socio-economic and demographic aspects of food security and nutrition. OECD Food, Agriculture and Fisheries Papers, OECD Publishing. (2021) 150. doi: 10.1787/49d7059f-en

 19. Chen, Y, Yin, G, and Hou, Y. Street centrality and vitality of a healthy catering industry: a case study of Jinan. China Front Public Health. (2022) 10:1032668. doi: 10.3389/fpubh.2022.1032668 

 20. Chaudhry, M, Jaacks, LM, Bansal, M, Mahajan, P, Singh, A, and Khandelwal, S. A direct assessment of the external domain of food environments in the national capital region of India. Front Sustain Food Syst. (2021) 5:726819. doi: 10.3389/fsufs.2021.726819

 21. Poelman, M, Dijkstra, S, Djojosoeparto, S, Winkel, D, Linnebank, C, Seidell, J , et al. Monitoring the healthiness of food environments in supermarkets and out-of-home settings. European J Public Health. (2023) 33:ckad160.1021. doi: 10.1093/eurpub/ckad160.1021

 22. Kelly, C, Callaghan, M, and Gabhainn, S. ‘It’s hard to make good choices and it costs more’: adolescents’ perception of the external school food environment. Nutrients. (2021) 13:1043. doi: 10.3390/nu13041043 

 23. Bibi, N, and Wang, H. The effect of individual personality on novel food preference in a social context in the cinereous tit (Parus cinereus). Behaviour. (2023) 160:323–36. doi: 10.1163/1568539x-bja10205

 24. Ahmed, S, Kennedy, G, Crum, J, Vogliano, C, McClung, S, and Anderson, C. Suitability of data-collection methods, tools, and metrics for evaluating market food environments in low-and middle-income countries. Food Secur. (2021) 10:2728. doi: 10.3390/foods10112728 

 25. Charreire, H, Casey, R, Salze, P, Simon, C, Chaix, B, Banos, A , et al. Measuring the food environment using geographical information systems: a methodological review. Public Health Nutr. (2010) 13:1773–85. doi: 10.1017/S1368980010000753 

 26. Ganasegeran, K, Abdul Manaf, MR, Safian, N, Waller, LA, Abdul Maulud, KN, and Mustapha, FI. GIS-based assessments of neighborhood food environments and chronic conditions: an overview of methodologies. Annu Rev Public Health. (2023) 45:109–32. doi: 10.1146/annurev-publhealth-101322-031206 

 27. Recchia, D, Perignon, M, Rollet, P, Vonthron, S, Tharrey, M, Darmon, N , et al. Associations between retail food environment and the nutritional quality of food purchases in French households: the Mont’Panier cross-sectional study. PLoS One. (2022) 17:e0267639. doi: 10.1371/journal.pone.0267639 

 28. Pinheiro, A, Quintiliano-Scarpelli, D, Flores, J, Álvarez, C, Suárez-Reyes, M, Palacios, J , et al. Food availability in different food environments surrounding schools in a vulnerable urban area of Santiago, Chile: exploring socioeconomic determinants. Food Secur. (2022) 11:901. doi: 10.3390/foods11070901 

 29. Stival, C, Lugo, A, Odone, A, Brandt, P, Fernández, E, Tigova, O , et al. Prevalence and correlates of overweight and obesity in 12 European countries in 2017–2018. Obes Facts. (2022) 15:655–65. doi: 10.1159/000525792 

 30. Gesteiro, E, García-Carro, A, Aparicio-Ugarriza, R, and González-Gross, M. Eating out of home: influence on nutrition, health, and policies: a scoping review. Nutrients. (2022) 14:1265. doi: 10.3390/nu14061265 

 31. Godbharle, S, Jeyakumar, A, and Kesa, H. Socio-demographic and economic determinants of household expenditure on eating out in India-evidence from India human development survey (IHDS) II. Nutr Health. (2022) 30:763–70. doi: 10.1177/02601060221139571 

 32. Mehta, N, and Chang, V. Weight status and restaurant availability a multilevel analysis. Am J Prev Med. (2008) 34:127–33. doi: 10.1016/j.amepre.2007.09.031 

 33. Bevel, M, Tsai, MH, Parham, A, Andrzejak, S, Jones, SR, and Moore, JX. The association between food deserts, food swamps, and obesity-related cancer mortality in the United States: the new epidemic. Cancer Res. (2023) 83:6483–3. doi: 10.1158/1538-7445.am2023-6483

 34. Gopika, G, Raghuveer, V, and MD, VK. A mini-review: everything you need to know about food deserts. J Environ Sci Public Health. (2022) 6:065–8. doi: 10.26502/jesph.96120155

 35. Laraia, B, Siega-Riz, A, Kaufman, J, and Jones, S. Proximity of supermarkets is positively associated with diet quality index for pregnancy. Prev Med. (2004) 39:869–75. doi: 10.1016/J.YPMED.2004.03.018 

 36. Saelens, B, Glanz, K, Sallis, J, and Frank, L. Nutrition environment measures study in restaurants (NEMS-R): development and evaluation. Am J Prev Med. (2007) 32:273–81. doi: 10.1016/J.AMEPRE.2006.12.022 

 37. Westbury, S, Ghosh, I, Jones, H, Mensah, D, Samuel, F, Irache, A , et al. The influence of the urban food environment on diet, nutrition and health outcomes in low-income and middle-income countries: a systematic review. BMJ Glob Health. (2021) 6:e006358. doi: 10.1136/bmjgh-2021-006358 

 38. Cutumisu, N, Traoré, I, Paquette, M, Cazale, L, Camirand, H, Lalonde, B , et al. Association between junk food consumption and fast-food outlet access near school among Quebec secondary-school children: findings from the Quebec health survey of high school students (QHSHSS) 2010–11. Public Health Nutr. (2016) 20:927–37. doi: 10.1017/S136898001600286X 

 39. Thornton, LE, and Kavanagh, AM. Association between fast food purchasing and the local food environment. Nutr Diabetes. (2012) 2:e53–3. doi: 10.1038/nutd.2012.27 

 40. Mesas, A, Muñoz-Pareja, M, López-García, E, and Rodríguez-Artalejo, F. Selected eating behaviours and excess body weight: a systematic review. Obes Rev. (2012) 13:106–35. doi: 10.1111/j.1467-789X.2011.00936.x 

 41. Singh, M. Mood, food, and obesity. Front Psychol. (2014) 5:925. doi: 10.3389/fpsyg.2014.00925 

 42. Torres, SJ, and Nowson, CA. Relationship between stress, eating behavior, and obesity. Nutrition. (2007) 23:887–94. doi: 10.1016/J.NUT.2007.08.008 

 43. Azagba, S, and Sharaf, MF. Eating behavior and obesity in Canada. J Prim Care Community Health. (2012) 3:57–64. doi: 10.1177/2150131911417445 

 44. Cohen, J. A power primer. Psychol Bull. (1992) 112:155–9. doi: 10.1037/0033-2909.112.1.155 

 45. Deforche, B, Van Dyck, D, Deliens, T, and De Bourdeaudhuij, I. Changes in weight, physical activity, sedentary behaviour and dietary intake during the transition to higher education: a prospective study. Int J Behav Nutr Phys Act. (2015) 12:1–10. doi: 10.1186/s12966-015-0173-9 

 46. Ndung'u, J, Waudo, J, and Kobia, J. Assessment of nutritional status among undergraduate students at a Nairobi tertiary institution using BMI and waist circumference metrics. African J Nutrition and Dietetics. (2024) 3:76–89. doi: 10.58460/ajnd.v3i1.66

 47. Vera, JF. Distance-based logistic model for cross-classified categorical data. Br J Math Stat Psychol. (2022) 75:466–92. doi: 10.1111/bmsp.12264 


Copyright
 © 2025 Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-13-1476624-t003.jpg
Variable type ~ Explanatory variable Ratio p-value

Individual socio- | Male = 1 ~0321% 0.081

economicattributes | ppile - ™ )
Years: number of years living in this school district 0.152%% 0.024
(a person’s) age —0.079%% 0.006
cost-of-living standard 04185+ 0.000

Individual dietary  Preference for fried food: 1 ~ 5, 1 is very dislike, 5 is very like 0.171%% 0033

preferences Vegetables and fruits preference: 1 ~ 5,1 for very dislike, 5 for very like —0.374%+ 0.000

Catering Satisfaction with walking on campus: 1o 5, 1 being very dissatisfied, 5 being very satisfied 0125 o

Environmental Takeaway delivery time —0.257%% 0.052

Factors Takeaway taste rating: 1 ~ 5,1 is very bad, 5 is very good 0.392% %% 0.006
Healthiness rating of takeaways: 1 ~ 5, 1 being very unhealthy, 5 being very healthy 03155 0.012
Cafeteria accessibility 0.433%%* 0.000
Off-campus cafeteria price evaluation: 1 ~ 5,1 is very unreasonable, 5 is very reasonable ~0361%++ 0.008

model it Chi = 111792 (p = 0.000), Nagelkerke = 0.220

sample size 518

*, %, ##indicate p < 0.10, p < 0.05, p < 0.01, respectively.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Dual impact of information technology and dining environment: the potential mechanisms of takeout services on college student health



		1 Introduction



		2 Theoretical foundation and research hypothesis



		2.1 Measurement of the dining environment



		2.2 Relationship between dining environment and individual obesity



		2.3 Relationship between dining environment and dining behavior



		2.4 Relationship between dining behavior and individual obesity









		3 Research methodology



		3.1 Data sources



		3.2 Selection of variables



		3.3 Research model and analytical methods









		4 Results and analysis



		4.1 Key variable survey results



		4.2 Factors influencing individual dining behavior



		4.3 Factors influencing individual overweight and weight gain









		5 Discussion



		6 Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fpubh-13-1476624-t002.jpg
Variant Correlation coefficient

Tendency tocat  Number of off-campus restaurants within walking distance —0.279%%% 0000
atoff-campus Off-campus walking satisfaction 0.141%%% 0.003
restaurants

Average time of access to off-campus cafeterias 0.088% 0.067
“Tendency to eat Cafeteria meal times 0.138#%% 0.001

in the cafeteria  op_campus walk satisfaction ~0.041 0.328

#,*%, **indicate p < 0.10, p < 0.05, p < 001, respectively.





OPS/images/fpubh-13-1476624-t004.jpg
Explanatory variable Standardized coefficien p-value
Sex: 1 = male, 2 = female —0.423%4% 0.000
Weight gain: the difference between the current weight and the weight at the time of admission to the school 01215 0018
cost-of-living standard 0.079% 0084
Physical education concepts: 1 ~ 5, 1 for exercise is very unimportant, 3 for exercise is very important ~0.099% 0045
Cafeteria 5 min reachable: 1is 5 min walkable, 0 is not 5 min walkable ~0079% 0078
Frequency of takeaways * Healthiness of takeaways ~0.110% 0029
Constant term (math.) - 0.000

Model fit

.471° R = 0.227

Sample size N=456





OPS/images/fpubh-13-1476624-t001.jpg
Variable Type  Variable Description Suburban

area
Walking satisfaction | On-campus Walking Satisfaction 1~5, 1= Very Dissatisfied, 5 = Very Satisfied 382 344
Off-campus Walking Satisfaction 1~5,1= Very Dissatisfied, 5 = Very Satisfied 308 284
Dining accessibility  Food Delivery Time 1~5,1= <20 min, 2= 20 ~ 30 min; 3 = 30 ~ 40 min, 4 = 40 ~ 60 min, 281 322
=>1h
Off-campus Dining Time 1~5,1=<5min,2=5~ 10 min, 3= 11 ~ 20 min, 4 = 21 ~ 30 min, 291 349
5=>30 min
Individual dining Frequency of Ordering Food Delivery 1~ 5,1=Never, 2 = Once aweek, 3= 2-3 times a week, 4 = 233 184
behavior week, 5 = More than 5 times a week
Individual BMIand | Current BMI BMI = Weight / Height/2 (kg/m’) 223 2345

weight gain Weight Gain Difference between current weight and weight at entry (kg) 046 051





OPS/images/fpubh-13-1476624-g002.jpg
Sample Quantiles
o -

=3

=3

P-P Plot of Residuals for Normality Check

=3

=2

=3

0
Theoretical Quantiles





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Dual impact of information
technology and dining
environment: the potential
mechanisms of takeout services
on college student health












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






OPS/images/fpubh-13-1476624-e005.jpg
log

P(Y =bas

o+ B X+ BiaXoi+ ..o+ B Xk

@)





OPS/images/fpubh-13-1476624-e006.jpg





OPS/images/fpubh-13-1476624-e003.jpg
Xii+ X9yt Xpi





OPS/images/fpubh-13-1476624-e004.jpg





OPS/images/fpubh-13-1476624-g001.jpg
Sebod Off- Physical Takeaway
Cant campus Takeaway Dining Dining
|| Cafeteria Behavior Behavior
Higher Ed}lcahon Dining College Stude.nt Dining Individual Obesity
Environment Behavior

Preferences

Individual Attributes and

Dietary

Preference






OPS/images/fpubh-13-1476624-e007.jpg
& j





OPS/images/fpubh-13-1476624-e008.jpg
Bk





OPS/images/fpubh-13-1476624-e001.jpg
Y= Bo+ BiXi+ PaXai+..+ fiXii + &i

O]





OPS/images/fpubh-13-1476624-e002.jpg





