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ABSTRACT 

THE RELATIONSHIP BETWEEN LONELINESS, DIETARY BEHAVIORS, AND 

PHYSICAL ACTIVITY IN COLLEGE STUDENTS 

Li Jiang, M.S. 

George Mason University, 2021 

Thesis Director: Dr. Elisabeth de Jonge 

 

Background: Loneliness, a common negative emotion, is prevalent in college students. 

Studies have reported a relationship between loneliness and bodyweight in young adults, 

but there is a lack of studies examining loneliness, dietary behaviors, and physical 

activity in college students. The underlying factor in the relationship between loneliness 

and bodyweight is not fully understood. 

Purpose: This study aims to fill the gap in current literature by analyzing relationships 

between loneliness, dietary behaviors, and physical activity to determine whether 

loneliness is associated with unhealthy dietary and physical behaviors that would 

potentially influence bodyweight in college students. 

Methods: Cross-sectional data was retrieved from Mason: Health Starts Here, an 

ongoing longitudinal cohort study of incoming first-year students at GMU starting in 

2019. Dietary intake was assessed using the Diet History Questionnaire III (DHQ-III). 
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Loneliness and physical activity were assessed by surveys. Chi-square, Independent T-

Test, and binary logistic regression were used to analyze the relationships between 

loneliness levels, dietary behaviors, and physical activity.  

Results: Two hundred and sixty-four students completed the DHQ-III, loneliness, and 

physical activity surveys. Loneliness score (ranging from a score of 4-12) was 

categorized into low, medium, and high level groups for chi-squared test and regression 

analysis. High-level loneliness was a significant predictor of fat intake in obese (p = 

0.034) students and also associated with physical inactivity regardless of gender (p = 

0.002). Research results also showed a relationship between high level loneliness and 

increased sugar intake for female students (p = 0.038). 

Conclusions: High level of loneliness has associations with both fat and added sugar 

intake and physical inactivity. Additionally, loneliness was potentially associated with 

saturated fat intake. These unhealthy dietary behaviors and physical inactivity may relate 

to unhealthy bodyweight in college students. The study results lay a foundation for future 

studies to examine the relationship between loneliness and dietary behaviors. 
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CHAPTER ONE 

Literature Review 

Negative emotions and unhealthy weight are two prevalent health issues in 

college students.1,2 Both of them are strongly associated with the development of chronic 

diseases and psychological conditions. Previous research found that some negative 

emotions are associated with unhealthy dietary behaviors and low physical activity, 

which are closely related to unhealthy weight.3–6 Loneliness, a common negative 

emotion,2 has also been found to be associated with unhealthy body mass index (BMI) 

ranges in college students.7 However, there is a lack of research on the relationship 

between loneliness and dietary behaviors and physical activity. Therefore, how this 

emotion relates to bodyweight is still unclear. 

Negative Emotions and Dietary Behaviors 

Dietary behaviors are associated with bodyweight. Dietary behavior is a broad 

term that mainly includes eating behavior, eating habits, and food choices.8 Some 

unhealthy dietary behaviors can lead to weight gain9 such as foods and beverages with 

high fat and added sugar, eating high-energy-density food on a regular basis or weight 

loss, excessive dieting, or disordered eating behaviors. Dietary behaviors can be 

influenced by intrapersonal factors such as emotions and diseases, and external factors 

such as family and peers, living environment, culture, cost, etc.10   
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Loneliness is A Prevalent Negative Emotion in College Students  

Loneliness is a negative feeling and emotional response to perceived isolation. It 

appears when a cognitive discrepancy between desired and experienced social 

relationships exists.11 It also results when one perceives the actual experience of social 

connection is not as his/her expectation.12 The causes of loneliness are various, including 

social, environmental, mental, physical, and genetic factors. Loneliness can overlap with 

physical and mental conditions, such as obesity, stress, depression, and anxiety;13 and it 

can also occur alone without any health condition.  

While loneliness is an existing problem in all age groups, it has been researched 

as a problem among university students. Feeling lonely is common among university 

students.14 Many college students are experiencing varying degrees of loneliness. A 

survey result in the UK found that 42% of students aged 18–24 felt lonely from time to 

time, 29% of students often feel lonely, and 5% constantly feel lonely.15 A Turkish 

survey, including 721 university students, showed that 60.2% of the participants 

experienced loneliness.16 In the US, the American College Health Association-National 

College Health Assessment III (ACHA-NCHA III) in Fall 2020 reported that 53.3% of 

American college students met the criteria for loneliness.17    

Studies found that loneliness is related to genes, but the feeling of loneliness 

would vary in different environments. The estimated genetic contributions to variation in 

loneliness in adults was 48%,18 and the loneliness levels are very similar between twins.19 

Although genes play an important role in perceiving loneliness, environmental influences 

can lead to different perceptions and responses that stimulate the different activation of 
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the hypothalamic pituitary adrenal (HPA) axis, which is related to genes.20 Studies of 

loneliness in twin children showed that even though there was a similar feeling of 

loneliness in the twins' early childhood, as they grew older, the feeling of loneliness 

showed differences based on the changed shared environment.20,21 

Research has found that the college environment can increase the feeling of 

loneliness in students.11 Students face many stressors when starting college life, such as a 

new environment – sometimes a new country and new cultures, living with strangers, 

schoolwork and exams, peer competition, financial management, and the growing 

pressure of employment. These are all related to psychological capacity and social 

capability. However, an individuals' abilities to socialize and problem solve varies. Some 

students' college performance might be less than satisfactory which may lead to a gradual 

build up of loneliness. This emotion will increase the implicit hypervigilance for social 

threats and lead to a self-preservation mindset in those young adults. Lonely individuals 

are more likely to form negative social impressions of others and become more negative 

over time due to their memory biases.20 

Loneliness and Health Problems in College Students 

          Although loneliness hasn't been formally defined as a diagnosis of mental health 

conditions, it has been found to be associated with serious health problems both 

psychologically and physically in college students.14 Loneliness may lead to increased 

risk of emotional impairment. It is an important risk factor for the development of 

depression and anxiety, poor sleep, and increased suicidal behavior in the general adult 

population.22,23 Also, loneliness was considered a factor that increased psychological 
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distress12 and positively correlated with depression and anxiety among college students.14 

Stress with a greater feeling of loneliness will increase cytokine production that triggers 

the pro-inflammatory response.24 Loneliness is associated with many chronic diseases, 

such as hypertension, cardiovascular disease, obesity, and some cancers.25 Additionally, 

previous studies found that feeling lonely increases college students' health risk 

behaviors, such as sleeping problems, tobacco use, drug use, binge drinking, aggressive 

behavior, injury, sexual risk behavior, and causes university dropout.7,26,27  

          Over the last two decades, much research has demonstrated the association 

between loneliness and health behaviors among college students. However, whether 

loneliness is associated with dietary behaviors and physical activity has not been studied 

in this population yet.  

Negative emotions can influence dietary behaviors. The relationship between 

negative emotions and dietary behaviors has been studied for a long time. Negative 

emotions are unpleasant feelings, such as anxiety, depression, loneliness, fear, anger, 

sadness, hopelessness, and guilt.28 Some negative emotions have been found to be 

associated with unhealthy dietary behaviors.29–32 People who are experiencing stress, 

depression, and anxiety are more likely to have emotional overeating.33 Disordered eating 

syndromes, such as anorexia and bulimia, are also closely connected with negative 

emotions.34,35 Those individuals with emotional eating and disordered eating syndromes 

have reported increased high fat and carbohydrate food consumption and eating fewer 

fruits and vegetables.34,36,37 On the other hand, low physical activity is also an issue in 

people with negative emotions. Although many studies have pointed out that exercise can 
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reduce stress, depression, anxiety, and distress,4,38 lack of desire to exercise when having 

negative emotions is still an issue. People are less likely to engage in physical activity or 

more likely to avoid exercise when feeling sad or stressed.39,40  

The mechanism of negative emotions and the effects on dietary behaviors are 

believed to result from the activity of the reward system and hormone secretion. Demos 

et al. found that negative moods can reduce dopamine and the activity in the brain’s 

lateral prefrontal cortex (PFC), which is associated with self-control and reduced 

conditioned emotional/motivational reactions in regions related to reward processing. 

This process can lead to an increased desire for food intake.41 Also, negative emotions 

can trigger temporary activation of the HPA and cause the hypothalamus to releases 

corticotropin-releasing hormone. This hormone is associated with the release of 

adrenocorticotropic hormone (ACTH) and increased secretion of cortisol from the 

adrenal cortex.42,43 Diurnal cycles of cortisol levels are found in humans: An increase of 

50%-65% between waking and 30 minutes after, and then continue to drop and reach the 

lowest levels at midnight.44 The increased waking level of cortisol is associated with 

negative physiological and psychological correlations.45 The raised cortisol has been 

found to be associated with greater energy intake and high energy dense food 

preferences. Earlier studies found that healthy men dramatically increased food intake 

after administering cortisol;46 and postmenopausal women with higher cortisol have 

shown an increased energy intake, sweet food, and high-fat food intake.47 
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Unhealthy Weight is A Long-Term Health Problem in College Students 

Unhealthy weight in college students. Unhealthy weight, including obesity, 

overweight, and underweight, is a prevalent health issue among college students in the 

US. Although unhealthy weight has been researched for a long time, the percentage of 

college students who have unhealthy weight is still increasing. According to the 

American College Health Association-National College Health Assessment II (ACHA-

NCHA II) in Fall 2009, 61.8% of college students had a healthy weight.1 However, the 

ACHA-NCHA III in Fall 2020 shows that only 54.3% of college students had a healthy 

weight, 40.5% of students were categorized as overweight and obese, and 5.4% of 

students were underweight.17  

Body weight categories and measurements. Unhealthy weight is commonly 

categorized by BMI. BMI is calculated by an adult's weight (kg) divided by the square of 

his/her height in meters. The weight status categories of BMI ranges for adults are: 

underweight (BMI below 18.5kg/m2), normal or healthy weight (BMI of 18.5 to 24.9 

kg/m2), overweight (BMI of 25 to 29.9 kg/m2), and obese (BMI greater than or equal to 

30.0kg/m2).48 BMI is the most commonly used tool to estimate most individual's 

adiposity and overweight related problems. Although BMI does not include body fat 

measurement, it is moderately correlated with body fat and various metabolic and disease 

outcome, which are close to those direct measures of body fatness.49,50 

Health risks in college students with unhealthy weight. Unhealthy weight in 

college students raises serious health concerns and can affect school performance. 

Overweight, obesity, and high body fat are associated with a higher risk of diseases such 
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as cardiovascular disease, hypertension, high triglycerides, type 2 diabetes, respiratory 

condition, certain cancers, mental conditions, and arthritis.48,51 A longitudinal cohort 

study of 3,014 men and women aged 18–30 from eight states in the United States found 

that being overweight during young adulthood was associated with poor well-being and 

reduced physical, mental and social functioning in the last two decades.52 MacCann and 

Roberts53 found that obese students are more likely to receive lower grades in college and 

universities than normal-weight students. One the other hand, underweight is also a factor 

that associated with cardiovascular disease, infection, malnutrition,54 poor psychological 

health,55 and high mortality.56 A study, including 1,675 graduation-level students of men 

and women aged 17-25 years, showed the association between anemia and BMI<18.5.57 

Another study found that iron deficiency might prevent female college students from 

achieving their full academic potential.58  

Unhealthy weight and dietary behaviors in college students. Unhealthy weight 

has been linked to unhealthy dietary behaviors in college students. Except for a few 

unhealthy weight cases caused by medications, genes, and endocrine disorders, the 

majority of cases are caused by unhealthy dietary behaviors and physical inactivity.59 The 

dietary factors on obesity and overweight are associated with an excess of energy intake, 

high fat, high sugar, and added sugar intake. College students who were obese or 

overweight have reported frequently consuming sugary beverages, high-fat food, and 

junk food.60 Studies found that first-year college students consume more sugary 

beverages, fast food, and comfort food than fourth-year students.9,61–63 According to 

ACHA-NCHA III, 70.5% of college students reported average drinking one or more 
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sugar-sweetened beverages per day in the last 7 days. Only 17.8% of students ate 3 or 

more servings of fruits, and 29.7% of students ate 3 or more servings of vegetables per 

day in the last 7 days.17  

Unhealthy dietary behaviors. The recommended amounts for macro and micro 

nutrients intake in the Dietary Guidelines for Americans (DGA) for different age groups 

were used to assess whether an individual's dietary behaviors are healthy. The DGA was 

designed to provide the Recommended Dietary Allowances and Adequate Intakes for 

essential nutrients, and Acceptable Macronutrient Distribution Ranges for Americans by 

the National Academies.64 In the earlier edition of DGA, exceed the recommendations for 

energy intake and macronutrient distribution ranges were considered as unhealthy dietary 

behaviors.65  

Unhealthy dietary behaviors such as high energy intake, high fat, saturated fat, 

added sugar, and sodium intake are related to unhealthy BMI ranges and various chronic 

diseases.8,66–68 High energy intake and high-fat food intake are critical factors that cause 

overweight and obesity. 64–66 Some specific nutrients such as saturated fat, added sugar, 

and sodium intake received greater focus in the later DGAs. Although these nutrients 

might not directly cause overweight and obesity, they are positively related to unhealthy 

bodyweight and various chronic diseases such as cardiovascular disease, type II diabetes, 

hypertension, and other metabolic syndrome.69–74 In the 2015 - 2020 and 2020 - 2025 

editions of DGA, both added sugars and saturated fat intake were suggested to be less 

than 10 percent of total calories per day, and sodium intake was suggested to be less than 

2,300 milligrams per day starting at 14 years old.64,68 
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Food frequency questionnaires and dietary behavior assessment. Food 

frequency questionnaires (FFQs) are considered as the most practical and economical 

method for collection of comprehensive dietary data in large epidemiologic studies.75 A 

FFQ provides a checklist of foods and drinks for individuals to report how often each 

item was consumed over a specified period of time.75 FFQ is comprised of both semi-

quantitative and non-quantitative. Semi-quantitative FFQs can better estimate individuals' 

nutrient intake and dietary habit because it contains portion size information. The most 

widely used semi-quantitative FFQs are Dietary History Questionnaire (DHQ), Block 

Food Frequency Questionnaire (BFFQ), and Harvard Willett Food Frequency 

Questionnaire (HWFFQ).  

DHQ has been widely used in different research fields due to greater accuracy, 

convenience, and lower associated costs. The first version of DHQ has been validated by 

many studies that it more accurately assesses fat, carbohydrate, and sodium intake as 

compared to BFFQ and HWFFQ.41,75 Its latest version, DHQ-III, has improved due to 

increased food/beverage and portion selection choices. The food/beverage list, 

supplement list, and serving amounts in the DHQ-III are based on analyses of combined 

data from 24-hour recalls reported in the National Health and Nutrition Examination 

Surveys (NHANES) 2007-08, 2009-10, 2011-12, and 2013-14. The NHANES food and 

beverage data is categorized by cognitively and nutritionally similar foods to determine 

which foods to include in the questionnaire.76 The food groups selected for DHQ-III 

consist of many distinct individual foods that were subsumed by the line items. For 

example, a single line item asks frequency of intake and portion size of soda or soft 
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drinks. Then the underneath questions are whether the consumed drinks are regular or 

diet, and caffeinated or decaffeinated.77 All these improvements provide a more detailed 

assessment of nutrient intake and eating preferences. Moreover, DHQ-III system can 

automatically assess individual’s dietary intake and compare the results to the 

recommendations from DGA free of cost.  

Unhealthy weight and physical activity in college students. Low physical activity 

has also been reported higher among obese and overweight college students.78,79 The 

majority of students failed to meet the Global Recommendations on the exercise of adults 

18-64 years old (e.g., at least 150 minutes of moderate-intensity aerobic physical activity 

or at least 75 minutes of vigorous-intensity aerobic physical activity throughout the week 

or an equivalent combination of moderate - and vigorous-intensity activity).80 A national 

student health survey for higher education in Norway conducted at 4 year intervals 

indicated a reduced level of physical exercise and exercise frequency among university 

students in 2018 compared to 2014.81 A cross-sectional study with 2,836 American 

college students reported that 46.7% of American college students did not engage in 

vigorous physical activity and 16.7% were physically inactive.82  

Unhealthy dietary behaviors, physical inactivity, unhealthy weight, and negative 

emotions. Unhealthy dietary behaviors and insufficient physical activity are associated 

with negative emotions in college students with unhealthy weight. High-stress students 

with overweight and obesity were reported to have a higher chance of unhealthy dietary 

behaviors.30 Some disordered eating behaviors such as binge eating symptoms, which 

have been found to be associated with stress, anxiety, and depression, were presented in 
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obese or underweight college students.35,83 Also, students who were experiencing 

negative emotions reported low motivation to exercise and tend to be sedentary.3,84   

Loneliness, Dietary Behaviors, and Bodyweight in College Students 

There is a lack of research on the relationship between loneliness, dietary 

behaviors, and bodyweight in college students. Loneliness is one of the negative 

emotions, which is also related to reward system and cortisol release.20 Studies found that 

an increased waking level of cortisol is associated with higher loneliness levels in college 

students or young adults.45,85,86 Theoretically, the changes in dopamine signaling in the 

striatum and PFC activity, and the increased cortisol level might cause eating behavior 

changes and food preference in lonely individuals. However, there is a lack of studies on 

the relationship between loneliness and dietary behaviors, which might lead to unhealthy 

weight in college students. The previous research about negative emotions and dietary 

behaviors were mostly focused on anxiety, depression, and stress. Although some of 

these studies have mentioned the presence of loneliness levels in participants, it has not 

been studied separately as a research focus.  

Few studies found that a higher loneliness level is associated with a higher BMI 

and emotional eating. However, these studies either did not include dietary behaviors, or 

the study populations were not college students.7,87 A systematic research on how 

loneliness causes weight change in college students is currently lacking. Masheb and 

Grilo88 used questionnaires to examine emotional overeating in 220 overweight patients 

with middle age. They found that women were more likely to report overeating when 

feeling a range of negative emotions including loneliness. However, the result of the 
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study is mainly focused on depressive symptoms instead of loneliness. A study examined 

the relationship between BMI and depressive symptoms in 1,655 adolescents aged 11-15 

in China and mentioned that higher BMI might increase depressive symptoms due to a 

higher feeling of isolation.89 The study did not point out whether perceived isolation will 

increase BMI. 

          Diehl et al.87 analyzed data from 689 university students in Germany aged 16-29 

who participated in the nutrition and physical activity in adolescence survey, found 

associations between loneliness and unhealthy weight. Still, the study did not include 

eating behavior and physical activity. A recent study found that loneliness levels predict 

weight gain among adolescence aged 12-13 years.90 Additionally, Lauder et al. 

investigated differences in health behaviors among 1,289 adults aged 18 years and older, 

found that lonely participants are shown less likely to believe that a 30 minute-walk can 

reduce weight.91 However, the youngest age group in this study was classified as age <30 

years, which did not mention the sample size of college students.  

Conclusion 

Loneliness is one of the common emotions among college students. It has a 

similar biological mechanism as other negative emotions such as stress, anxiety, and 

depression, which have been found to be associated with unhealthy dietary behaviors and 

physical inactivity. Although previous studies have investigated and found that loneliness 

is associated with BMI in college students, there is no research which also consider other 

critical factors such as dietary behaviors and physical activity. 
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CHAPTER TWO 

Significance, Objective, and Hypothesis 

Significance 

With the growing body of research on dietary behaviors and unhealthy weight in 

college students, changes in dietary behavior caused by psychological factors, have been 

confirmed by many studies. Although negative emotions and dietary behavior have been 

the subject of much attention for decades, loneliness and its effects on dietary behavior is 

still lacking. Some studies have reported a link between loneliness and BMI in young 

adults, but they have not included dietary behaviors. There are still very few studies that 

examine loneliness and dietary behaviors in college students. The association between 

loneliness and BMI is not fully understood.  

This study aims to address the research gap between loneliness, eating behaviors, 

and physical activity among college students. Future research on loneliness can provide 

educational institutions and health professionals with resources to improve college 

students' health and promote awareness on factors leading to unhealthy dietary behaviors. 

Research Objective and Hypothesis 

Due to lack of studies in the field of loneliness and dietary behavior research and 

the significant gap in the literature concerning this topic, this study aimed to determine 
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whether loneliness is associated with dietary behaviors and physical activity among first-

year college students.   

Primary research question:  What are the associations between loneliness and 

energy, total fat, saturated fat, added sugar, and sodium intake among first-year students 

(aged 18-24 y/o) at George Mason University (GMU)? 

Primary objective: To assess the associations between loneliness level, energy 

intake, total fat, saturated fat, added sugar, and sodium intake measured by the Mason 

Cohort study (Mason: Health Start Here) in the first-year students at GMU. 

Hypothesis: The null hypothesis states that there are no significant associations 

between loneliness and energy intake, total fat, saturated fat, added sugar, and sodium 

intake. The alternative hypothesis states that there are significant associations between 

loneliness levels and energy intake, total fat, saturated fat, added sugar, and sodium 

intake (p<0.05). 

Secondary research question: What is the association between loneliness and 

physical activity among first-year students (aged 18-24 y/o) at GMU? 

Secondary objective: To assess the association between loneliness and physical 

activity measured by the Mason Cohort study (Mason: Health Start Here) in the first-year 

students at GMU.   

Hypothesis: The null hypothesis states that there is no significant association 

between loneliness and physical activity. The alternative hypothesis states that there is a 

significant association between loneliness and physical activity (p<0.05). 
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CHAPTER THREE 

Manuscript 

Introduction 

Loneliness, a common negative emotion, is prevalent in college students in the 

US. Likewise, unhealthy weight, including overweight, obesity, and underweight, is also 

a health issue among college students that has been a concern for many years. The two 

health issues have become more serious in the last ten years. Data from the ACHA-

NCHA II in Fall 2009 indicated that 38.2% of the surveyed students were in the 

unhealthy BMI ranges, and 37.4% reported feeling loneliness in the past 12 months. 

However, ACHA-NCHA III in Fall 2020 showed that 45.7% of the surveyed students 

were in the unhealthy BMI ranges while over half of the surveyed students (53.3%) were 

positive for loneliness.17  

Over the last two decades, research has demonstrated the association between 

loneliness and unhealthy BMI ranges among college students, but those studies did not 

include dietary behaviors. Previous studies have found relationships between negative 

emotions (stress, anxiety, and depression) and unhealthy BMI ranges that related to 

unhealthy dietary behaviors and low physical activity. Loneliness and those negative 

emotions have been reported similar neurobiological changes by animal studies. 

However, whether loneliness is associated with dietary behaviors has not been studied in 
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college students yet. There is currently lack of study on the relationship between 

loneliness, dietary behaviors, and physical activity in college students.  

Although some studies reported that loneliness is related to a higher BMI, 

whether or not dietary behaviors and physical activity are factors is still unclear. This 

study aims to fill this gap in current literature by analyzing relationships between 

loneliness levels, dietary behaviors, and physical activity in college students.  

Methods  

The study data were from Mason: Health Starts Here (MHSH), an ongoing 

longitudinal cohort study of first-time freshmen at George Mason University beginning in 

2019. Partial data from MHSH 2019 fall semester have been used as a cross-sectional 

analysis and adjusted for analyzing the relationships between loneliness levels, dietary 

behaviors, and physical activity. 

Mason: Health Starts Here 

Design and sample. MHSH is a longitudinal cohort study conducted by multiple 

departments at GMU.92 Mason cohort study obtained IRB approval by Office of Research 

Integrity and Assurance (ORIA) (IRB# 1432539-1) and was started in 2019. It is a 

biomedical and behavioral study of first-year students at GMU, to assess risk factors for 

the development of health habits and chronic disease conditions in a broadly-based 

population of young adults. MHSH consists of five waves (Figure 1), with collecting new 

data and a four-year follow-up in each stage. 
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Figure 1: Mason: Health Starts Here Data Collection and Follow-up. 

* Data were used in the current study. 

 

 

 

The participants in MHSH were ethnically and racially diverse which represents 

higher external validity. GMU students came from 130 countries and all 50 states that 

represent a diverse range of ethnicities, nationalities, and religions. In the fall 2019 

semester, 3,763 freshmen were enrolled in 65 majors with 39% identifying as non-Latin 

whites, 14% as Latin Americans, 13% as African Americans, 23% as Asians,  3% as non-

resident students, 93 and 0.2% as indigenous American.  

Study recruitment and participation. MHSH recruited new participants who 

were in first-time enrolled freshmen and collected baseline data, then planning to follow 

up those new participants for four years (Figure 1). The recruitment was advertised via 

email to students in selected classes with higher enrollment rates (e.g., Psych 100, 

Statistics 250, Chemistry 211, Biology 124, ENGR 107, and UNV 100). A recruitment 

video and postcards were presented, and the postcards were distributed to the students in 

each selected class, and recruitment flyers were hanged in the selected classes’ teaching 

buildings. Students received invitation and online consent forms via email if they were 

willing to participate. Inclusion criteria were the following: first-year student, aged 18-24, 

and able to read English. Three hundred and forty-six students (229 female and 117 male) 

Year 1

2019 Fall *

• Wave 1 began 

Year 2

2020 Spring & Fall

• Wave 1 follow-up

• Wave 2 began

Year 3

2021 Spring & Fall

• Wave 1 & 2 
follow-up

• Wave 3 began

Year 4

2022 Spring & Fall

• Wave 1 - 3 
follow-up

• Wave 4 begins

Year 5

2023 Spring & Fall

• Wave 1 - 4 
follow-up

• Wave 5 begins



18 

  

chose to participate in the study voluntarily. All registration information was created in 

Qualtrics to ensure privacy. The researchers used participant ID numbers to obtain 

research data.  

Students enrolled and consented to participate in the Mason cohort study via 

Qualtrics and completed the online survey portion. Once the online survey was 

completed, an electronic health record was created with a study ID.  

Data collection in MHSH. Data collection included online surveys and in-person 

clinic visits. The online survey data covered nutrition, physical activity, physical health, 

mental health, medication, nutrition, and disability topics; in-person clinic visit data 

covered medical history, physical examination, and biospecimens.  

Demographic and student characteristics. The participants' age, gender, race, 

primary residence, and birthplace from MHSH were used in this study. 

Loneliness measurement. The loneliness scores were calculated by the Four-

item Loneliness Scales in MHSH. Items were scored on a 3-point scale from “hardly 

ever” to “often” and have an internal consistency of 0.72 (Appendix A.1). The range of 

the scores was from 4 to 12. The larger the value, the higher the feeling of loneliness. The 

items were adopted from the University of California, Los Angeles (UCLA) Loneliness 

Scale by Russell et al.,94 and were validated for use in previous studies.95 The loneliness 

scores was categorized as low (4 - 6), medium (7 - 9), and high (10 - 12) level group for 

chi-square test and regression analysis in the current study. 

Anxiety and Depression. Anxiety and depression were both measured by 8-items 

short forms used from the Patient-Reported Outcomes Measurement Information System 
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(PROMIS).96 PROMIS is an NIH-funded measure that evaluates and monitors physical, 

mental, and social health in adults and children. The anxiety and depression short forms 

were validated for use among young adults in previous studies.97,98 The current study 

calculated both anxiety and depression scores for each participant according to the 

scoring table of PROMIS (Appendices A.3 & A.4).99 The score range for both 

questionnaires was 8 to 40. Both anxiety and depression points were categorized as low 

(8 - 18), medium (19 - 29), and high (30-40) level groups for statistic analysis. 

Dietary assessment. The participants in the MHSH completed the Dietary 

History Questionnaire III (DHQ-III) (Appendix A.2), which was developed by the 

National Cancer Institute to be widely used in scientific research to assess nutrient 

intakes,76 to reported usual frequencies and portion sizes over the past month. Once the 

DHQ-III has been completed, its system provides dietary intake results with all macro- 

and micronutrient intake amount and compared the results to the DGA and nutrient 

requirements from the Institute of Medicine.76 

Daily energy, total fat, saturated fat, added sugar, and sodium that assessed by 

DHQ-III in the MHSH were used in the current study. The percentages of dietary fat, 

saturated fat, and added sugar were calculated by dividing total dietary fat, saturated fat, 

sugar, and added sugar (kcal) by total energy intake (percent of kcal), respectively.  

Physical activity. Daily physical activity was measured by a short version 

International Physical Activity Questionnaire (IPAQ) with 7 items.100 The physical 

activity levels were defined for the daily levels of activity as sedentary, low active, 

active, and very active based on IPAQ Scoring Protocol.101  IPAQ assesses physical 
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activity at three levels (vigorous intensity, moderate intensity, and walking) undertaken 

by students for the last consecutive seven days across four different physical activity 

domains (e.g. heavy lifting, digging, aerobics, or fast bicycling in vigorous intensity).102 

IPAQ demonstrated acceptable reliability and validity properties by testing in both 

developed and developing countries.103   

Body mass index. BMI data was calculated by self-reported height and weight in 

the MHSH survey. The metric BMI formula:  

BMI = weight (kg) / [height (m)]2 

BMI classifications were from the standard of the Centers for Disease Control and 

Prevention (CDC) in the US: underweight (BMI<18.5 kg/m2), normal weight (BMI 18.5 

to 24.9 kg/m2), overweight (BMI 25 to 29.9 kg/m2), and obese (BMI over 30 kg/m2).48 

Statistical Analysis 

Data is presented as mean ± SD, or percentages unless otherwise noted. 

Descriptive data including gender, race, ethnicity, primary residence, birthplace, BMI 

categories, loneliness, and physical activity were assessed via frequency distribution 

tables and reported by sample percent distribution. Daily energy (kcal), energy from fat 

(%), energy from saturated fat (%), energy from sugar (%), energy from added sugar (%), 

and sodium per 1000 kcal (mg) were reported as mean ± SD and ranges. These study 

valuables between loneliness level groups and gender differences were assessed using 

independent t-test for normally distributed continuous variables. Unhealthy eating 

behaviors and physical activity between students with different levels of loneliness were 

analyzed by Chi-square test. Unhealthy eating behavior variable was categorized based 
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on whether or not the consumption of total fat, saturated fat, added sugar, and sodium 

follow the recommendation from 2015 - 2020 DGA and Dietary Reference Intakes 

(DRIs) (coded as 0 = in the recommended range, 1 = exceed the recommendation).  

Linear regression models were used to assess the relationships between 

independent variable (loneliness) and dependent variable (energy, percent of energy from 

fat, percent of energy from saturated fat, percent of energy from sugar, percent of energy 

from added sugar, and sodium. Binary logistic regression models were used to analyze 

the relationships between factors and unhealthy eating behaviors and physical activity). A 

p-value <0.05 was considered significant. Statistical Package for Social Sciences (SPSS) 

v. 24.0 (IBM Corporation, Armonk, NY)104 was used to calculate descriptive statistics 

and conduct t-test and regression analyses. 

RESULTS 

Three-hundred-forty-six students participated in MHSH. Of those participants, 

293 students completed the food frequency, loneliness, anxiety, depression, and physical 

activity questionnaires. After removing three abnormal BMIs (2.0 kg/m2, 2755.0 kg/m2, 

and 2812.0 kg/m2) and the daily energy intake lower than 500 kcal, 264 students 

remained (Figure 2).  
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Figure 2: Data Cleansing Consult Diagram 
 

 

 

Students' characteristics are depicted in Table 1. The majority of participants were 

female (65.1%), born in the US (80.6%), and live on campus (70.4%). Almost forty 

percent of the surveyed students were in the unhealthy weight ranges: 19.7% of the 

students were overweight, 11.0% of the students were obese, and 7.6% of the students 

were underweight (Table 1). Nearly two-thirds of students (61.6%) reported low physical 

activity, and the percentages of sedentary and low physical activity were higher in female 

students than males (Table 1).  

 
 

Table 1: Sociodemographic Characteristics of Participants 

 Total 

n (%) 

Male 

n (%) 

Female 

n (%) 

P-value 

Participant of MHSH 264 (100) 92 (34.8) 172 (65.1)  

Race/ethnicity    0.005 

Non-Hispanic White 104 (39.4) 34 (36.9) 70 (40.7)  
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Non-Hispanic Black 31 (11.7) 4 (4.3) 27 (15.7)  

Hispanic 41 (15.5) 16 (17.4) 25 (14.5)  

Asian 60 (22.7) 25 (27.2) 35 (20.3)  

Others 9 (3.4) 1 (1.1) 8 (4.7)  

More than one 

race/ethnicity 
19 (7.2) 12 (13.0) 7 (4.1) 

 

BMI    0.168 

Underweight 20 (7.6) 13 (11.4) 7 (4.1)  

Normal Weight 163 (61.7) 55 (59.8) 108 (62.8)  

Overweight 52 (19.7) 15 (16.3) 37 (21.5)  

Obese 29 (11.0) 9 (9.8) 20 (11.6)  

Employment    0.848 

Employed 80 (30.3) 27 (29.3) 53 (30.8)  

Unemployed 183 (69.3) 64 (69.6) 119 (69.2)  

Activity Level     

Sedentary 48 (18.1) 10 (10.9) 38 (22.1) 0.003 

Low Active 115 (43.5) 37 (40.2) 78 (45.3)  

Active 85 (32.1) 34 (37.0) 51 (29.7)  

Very Active 16 (6.0) 11 (12.0) 5 (2.9)  

Currently live on 

Campus 
   

0.236 

Yes 186 (70.4) 69 (75.0) 117 (68.0)  

No 78 (28.9) 23 (25.0) 55 (32.0)  

Birthplace    0.996 

Born in the US 213 (80.6) 74 (80.4) 139 (80.8)  

Not born in the US 51 (19.3) 18 (19.6) 33 (19.2)  

 

 

Loneliness and gender 

Table 2 presents the loneliness distribution, and the correlation between loneliness 

and gender. 58.7% of the students were in the medium and high loneliness levels, and a 

higher percentage of males (57.7%) than females (42.3%) in the high loneliness level. 
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There was no significant difference between loneliness and gender when loneliness was 

used as a continuous variable. When loneliness was categorized into level groups, 

loneliness levels were significantly different between gender (p = 0.041).  

 

Table 2:  Loneliness Level Categories and Genders. 

Loneliness levels 
Total 

(n=264) 

Male 

n (%) 

Female 

n (%) 
r p-value* 

Low  

(score 4-6) 

Medium  

(score 7-9) 

High  

(score 10-12) 

109 

 

103 

 

52 

30 (27.5) 

 

40 (38.8) 

 

22 (57.7) 

79 (72.5) 

 

63 (61.2) 

 

30 (42.3) 

-0.126 0.041 

* Pearson Correlation Coefficient.  

 

 

Loneliness and eating behaviors 

Table 3 shows mean ± one standard deviation of dietary intake, loneliness, 

anxiety, and depression. The macronutrients were expressed as percentage of energy 

intake while the micronutrients are expressed per 1000kcal. The average of the percent of 

energy from added sugar both in male (16.3 ± 12.2%) and female students (14.0 ± 

10.0%) were higher than the recommended less than 10% by DGA 2020. Sodium (mg) 

intake in both genders were higher than the recommended 2300 (mg) per day. Sodium 

intake was significantly higher in male students than female students (p = 0.004). No 

significant differences were found in energy (kcal), fat (%), saturated fat (%), total sugar 

(%), added sugar (%), and sodium (mg) between each loneliness level group in gender. 

No linear relationship between loneliness and energy (kcal), fat (%), saturated fat (%), 

total sugar (%), added sugar (%), and sodium (mg) in this study.  
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Table 3: Dietary Components, Loneliness, Anxiety, and Depression Description (n=264).  

Variable 

*(Recommendations) 

Total 

(n=264) 

Male 

(n=92) 

Female 

(n=172) 

P -value 

BMI (kg/m2) 

(18.5 – 24.9 kg/m2) 

23.9 ± 5.2 

(14.9, 50.2) 

23.5 ± 5.4 

(14.9, 50.2) 

24.2 ± 5.1 

(16.3, 44.6) 
0.842 

Energy intake (kcal) 
1624 ± 911 

(521, 5191) 

1868 ± 

1019(567, 

5191) 

1493 ± 821 

(521, 4810) 
0.063 

Fat (%) 

(20-35 percent of energy) 

32.0 ± 7.3 

(1.8, 54.1) 

31.9 ± 7.2 

(12.1, 48.8) 

32.0 ± 7.4 

(1.8, 54.1) 
0.539 

Saturated fat (%) 

(Less than 10 percent of energy) 

10.8 ± 3.2 

(0.6, 24) 

11.2 ± 3.6 

(4.6, 24.0) 

10.6 ± 3.0 

(0.6, 21.5) 
0.068 

Sugar (%) 
27.2 ± 11.9 

(6.3, 76.9) 

27.5 ± 13.4 

(6.7, 76.8) 

27.0 ± 11.0 

(9.0, 76.9) 
0.070 

Added sugar (%) 

(Less than 10 percent of energy) 

14.8 ± 10.8 

(0.6, 71.8) 

16.3 ± 12.2 

(1.7, 71.9) 

14.0 ± 10.0 

(0.6, 61.2) 
0.122 

Sodium 

(Less than 2,300 mg per day) 

2567 ± 1651 

(343, 10845) 

3039 ± 

1977 (343, 

10845) 

2315 ± 1390 

(403, 8916) 
0.004 

Loneliness scores 
7.3 ± 2.4  

(4, 12) 

7.5 ± 2.5  

(4, 12) 

7.2 ± 2.3  

(4, 12) 
0.282 

Anxiety scores 
19.7 ± 7.7  

(8, 40) 

18.4 ± 7.8  

(8, 39) 

20.5 ± 7.5  

(8, 40) 
0.645 

Depression scores 
16.7 ± 7.9  

(8, 40) 

16.7 ± 8.6  

(8, 40) 

16.7 ± 7.6  

(8, 40) 
0.211 

Data presented as Mean ± 1SD (minimum, maximum). 
Abbreviation: Fat (%), percent of energy from fat; Saturated fat (%), percent of energy from saturated fat; 

Sugar (%), percent of energy from sugar; Added sugar (%): percent of energy from added sugar. 

*Recommendations were referred by DGA 2015-2020.68 

 

Table 4 presents the comparison of the percentage of unhealthy eating behaviors 

in different loneliness level groups. Unhealthy eating behaviors were categorized as 

Unhealthy Eating Behavior for Fat (UEBF) (exceeded recommendations for fat), 

Unhealthy Eating Behaviors for Added Sugar (UEBAS) (exceeded recommendations for 

added sugar), Unhealthy Eating Behavior for Saturated Fat (UEBSF) (exceeded 

recommendations for saturated fat), and Unhealthy eating behavior for Sodium (UEBS) 
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(exceeded recommendations for sodium). Chi-square indicated that UEBF was associated 

with loneliness levels (p = 0.046) (Table 4).   

 

Table 4: Unhealthy Eating Behaviors in Different Loneliness Level Groups.  

Variable 
Low (n=109)  Medium 

(n=103) 

High (n=52) Total (n=264) 
P-value 

      

UEBF  38 (43.7) 39 (44.8) 10 (11.5) 87 (33.0)* 0.046a 

      

UEBSF  62 (40.8) 58 (38.2) 32 (21.1) 152 (57.6)* 0.533a 

      

UEBAS  68 (41.2) 59 (35.8) 38 (73.1) 165 (23.0)* 0.194a 

      

UEBS  56 (44.4) 48 (38.1) 22 (17.5) 126 (47.7)* 0.258a 

      

Abbreviation: UEBF, unhealthy eating behavior for fat; UEBSF, unhealthy eating behavior for saturated fat; UEBAS, 

unhealthy eating behavior for added sugar; UEBS, unhealthy eating behavior for sodium. 

Present as n (%), n = the number of people exceeded recommendations. 

* % of Total participants. 

* Chi-square for low loneliness group and high loneliness group. 
 

 

 

Table 5 presents the comparison of the unhealthy eating behaviors between the 

low loneliness level group and the high loneliness level group in both genders. Chi-

square test found significant differences between low loneliness level and high loneliness 

level group in UEBF and UEBAS (Table 5). For UEBF, the percentage of students who 

exceed the recommendations for fat in the high loneliness level group (19.2%) was 

significantly lower than the low loneliness level group (34.5%) (p = 0.047). For UEBAS, 

female students exceeded the recommendations for added sugar in the high loneliness 

level group was shown higher than the low loneliness level group (p = 0.038). The result 

was opposite in males but not significant. 
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Table 5: Unhealthy Eating Behaviors between Low Loneliness Group and High Loneliness Group.  

 Total (n=162) Male (n=52) Female (n=110) 

 

Low 

loneliness 

(n = 110) 

High 

loneliness 

(n = 52) 

p* 

Low 

loneliness 

N= 30 

High 

loneliness 

N= 22 

p* 

Low 

loneliness 

N = 80 

High 

loneliness 

N = 30 

p* 

          

UEBF   0.047   0.473   0.081 

Exceeda 38 (34.5) 10 (19.2)  8 (26.7) 4 (18.2)  36 (45.0) 6 (20.0)  

Followb 72 (65.5) 42 (80.8)  22 (73.3) 18 (81.8)  44 (55.0) 24 (80.0)  

          

UEBSF   0.533   0.861   0.502 

Exceeda 62 (56.4) 32 (61.5)  17 (56.7) 13 (59.1)  45 (56.3) 19 (63.3)  

Followb 40 (43.6) 20 (38.5)  13 (43.3) 9 (40.9)  35 (43.7) 11 (36.7)  

          

UEBAS   0.194   0.454   0.038 

Exceeda 69 (62.7) 38 (73.1)  22 (73.3) 14 (63.6)  47 (58.8) 24 (80.0)  

Followb 41 (37.3) 14 (26.9)  8 (26.7) 8 (36.4)  33 (41.2) 6 (20.0)  

          

UEBS   0.258   0.126   0.557 

Exceeda 57 (51.8) 22 (42.3)  20 (66.7) 10 (45.5)  37 (46.3) 12 (40.0)  

Followb 53 (48.2) 30 (57.7)  10 (33.3) 12 (54.5)  43 (53.7) 18 (60.0)  

          

Abbreviation: UEBF, unhealthy eating behavior for fat; UEBSF, unhealthy eating behavior for saturated fat; UEBAS, 

unhealthy eating behavior for added sugar; UEBS, unhealthy eating behavior for sodium.  

Data presented as n (%). 

Exceeda, Exceed recommendations from DGA; Followb, follow recommendations from DGA. 

* Chi-square 

 

 

 

Loneliness and physical activity 

Physical activity was associated with loneliness levels (p = 0.002) (Table 6). 

According to the information in table 6, 19.23% of students with high loneliness are 

sedentary, 22.30% of students with medium loneliness are sedentary, and 13.76% of 

students with low loneliness are sedentary. Both sedentary and low activity were higher 

in the high loneliness group as compared to the low loneliness group.  

 

 

Table 6: Physical Activity Levels in Different Loneliness Level Groups 

Physical activity level Loneliness level 

n (%) 

 

 Low (n=109) Medium (103) High (n=52) p -value 

Sedentary 15 (13.76) 23 (22.30) 10 (19.23) 0.002a 

Low active 40 (36.70) 47 (45.60) 28 (53.85)  

Active 45 (41.28) 27 (26.20) 13 (25.00)  

High active 9 (8.26) 6 (5.80) 1 (1.92)  

a: Kendall’s tau-c 
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Interaction between Loneliness, eating behaviors, and physical activity 

Loneliness-related psychosocial covariates. Table 7 shows the correlations 

between loneliness, anxiety, and depression as continuous variables. Loneliness was 

directly correlated with anxiety (r = 0.511, p = 0.000) and depression (r = 0.622, p = 

0.000). Anxiety and depression were considered as factors in the regression analysis. 

 

Table 7: Correlations Between Loneliness, Anxiety and Depression (n=264) 

Variablea r P- value 

Loneliness 1 0.000 

Anxiety 0.511 0.000 

Depression 0.622 0.000 
a: Loneliness, anxiety, and depression were continuous variables.     

 

 

 

Exploratory analyses of loneliness and unhealthy eating behaviors. Tables 8 

through 10 show the odds ratio (OR) with associated 95% confidence intervals (CI) and 

P-value obtained from the binary logistic regression analyses. R-squared values were low 

in the regression models but predictors were statistically significant.  

Table 8 shows that obese students have 2.6 times likelihood to have UEBF 

(OR=2.61,  CI=1.11-6.13, p=0.027), and high-active students are 84% less likely 

(OR=0.16, CI=0.03-0.82, p=0.028) to exceed the dietary recommendations for total fat as 

compared to a student with a normal BMI. Active and high active students are also less 

likely to have UEBSF as compare to sedentary and low active students.  

Backward stepwise binary logistic regression were used to further assess the 

significant predictors for unhealthy eating behaviors (Table 9). High loneliness level and 
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obesity (OR=0.41, CI=0.18-0.94; p = 0.034, OR=2.70, CI=1.17-6.23, p=0.020, 

respectively) were the significant predictors as net of the anxiety level, depression level, 

sociodemographic, and physical activity variables. Loneliness and BMI were no longer 

significant predictors of UEBF when loneliness was used as a continuous variable (Table 

10).  

Physical activity was a significant predictor of UEBSF in those participants in 

both binary logistic regression model and backward stepwise binary logistic regression 

models (Table 8, Table 9). After net of the confounders, an active student was 53% 

(OR=0.47, CI=0.22-0.99, p=0.049) less likely to exceed the recommendation for 

saturated fat intake; a high-active student was 89% (OR=0.11, CI=0.03-0.42, p=0.001) 

less likely to exceed the recommendation for saturated fat as compared to a sedentary 

student (Table 9).  

Gender and physical activity were each a significant predictor of UEBS (Table 8, 

Table 9). Male students were more likely to have UEBS (OR=0.58, CI=0.34-0.99, 

p=0.049) as compared to female students (Table 9). High-active students were 3.94 times 

(OR=3.94, CI=1.08-14.46, p=0.039) more likely to have UEBS than sedentary students 

(Table 9). There was no significant predictor of UEBAS in binary logistic regression 

model and backward stepwise binary logistic regression models in this sample. 
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Table 8:  Binary logistic regression models of factors associated with unhealthy eating behaviors (Fat, Saturated fat, Added Sugar, Sodium) 

Factors/Variables UEBF (R2 = 0.081)   UEBSF (R2 = 0.077)  UEBAS (R2 = 0.065)  UEBS (R2 = 0.070) 

 OR P 95% CI  OR P 95% CI  OR P 95% CI  OR P 95% CI 

Gender                

Male Ref    Ref    Ref    Ref   

female 0.99 0.978 0.54-1.83  0.81 0.476 0.45-1.45  0.88 0.676 0.48-1.60  0.55 0.038 0.31-0.97 

BMI                

Normal Ref    Ref    Ref    Ref   

Underweight 
0.64 0.460 0.19-2.11 

 
2.19 0.152 

0.75-6.4 

 

 
0.66 0.412 0.24-1.78 

 
1.29 0.618 0.47-3.52 

Overweight 
1.73 0.114 0.88-3.43 

 
1.23 0.544 

0.63-2.38 

 

 
0.91 0.772 0.46-1.77 

 
1.56 0.182 0.81-3.02 

Obese 2.61 0.027 1.11-6.13  1.77 0.202 0.74-4.24  1.21 0.669 0.50-2.92  1.59 0.274 0.69-3.63 

Loneliness a                

Low Ref   
 

Ref   
 

Ref   
 

Ref   

Medium 1.30 0.416 0.69-2.47  0.92 0.793 0.50-1.71  0.85 0.602 0.46-1.58  0.90 0.739 0.49-1.66 

High 0.47 0.123 0.18-1.23  1.18 0.705 0.51-2.70  1.88 0.167 0.77-4.57  0.74 0.475 0.32-1.70 

Anxiety b                

Low Ref    Ref    Ref    Ref   

Medium 0.70 0.309 0.35-1.40  0.57 0.090 0.29-1.09  0.69 0.270 0.35-1.34  1.02 0.945 0.54-1.95 

High 0.86 0.793 0.27-2.71  0.75 0.592 0.25-2.19  0.38 0.079 0.13-1.12  1.55 0.421 0.54-4.47 

Depression c                

Low Ref    Ref    Ref    Ref   

Medium 0.89 0.779 0.41-1.96  0.92 0.808 0.45-1.87  1.16 0.697 0.55-2.43  0.87 0.696 0.43-1.77 

High 0.90 0.871 0.25-3.21  1.47 0.515 0.46-4.69  1.58 0.450 0.48-5.20  0.73 0.585 0.24-2.26 

Physical Activity 

Level 
   

 
   

 
   

 
   

Sedentary Ref    Ref    Ref    Ref   

Low active 0.65 0.252 0.32-1.35  0.59 0.171 0.28-1.25  1.77 0.119 0.86-3.64  1.15 0.695 0.57-2.35 

Active 0.61 0.210 0.28-1.33  0.44 0.043 0.20-1.98  0.86 0.687 0.41-1.81  1.94 0.085 0.91-4.13 

High Active 0.16 0.028 0.03-0.82  0.10 0.001 0.03-0.39  3.02 0.130 0.72-12.65  3.89 0.045 1.03-14.68 
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Data presented as odds ratio (OR) with associated 95% confidence intervals (CI) and P-value obtained from the binary logistic regression analyses. 
a Loneliness was categorized as low (4-6 scores), medium (7-9 scores), and high (10-12 scores) level groups. bAnxiety was categorized as low (8-18 

scores), medium (19-29 scores), and high (30-40 scores) level groups. c Depression was categorized as low (8-18 scores), medium (19-29 scores), and 

high (30-40 scores) level group.
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Table 9: Backward stepwise binary logistic regression models of factors predicting unhealthy eating behaviors. Data 

presented as OR (CI 95%). 

Dependent variable Model 

UEBF R2= 0.055 

   Predictors*   

BMI  2.70 (1.17-6.23) a p = 0.020 

Loneliness Level 0.41 (0.18-0.94) b p = 0.034 

UEBSF R2 = 0.054 

   Predictors*   

Physical Activity Level 0.47 (0.22-0.99) c p = 0.049 

 0.11 (0.03-0.42) d p = 0.001 

UEBS R2 = 0.056 

   Predictors*   

Gender 0.58 (0.34-0.99) e p = 0.047 

Physical Activity Level 3.94 (1.08-14.46) d p = 0.039 

* Factors included BMI (underweight, normal weight, overweigh, and obesity), loneliness level groups (low, medium, 

and high), anxiety level groups (low, medium, and high), depression level groups (low, medium, and high), and 

physical activity level (sedentary, low active, active, and high active). Data with OR (CI 95%) of significant predictors 

(p < 0.05) were presented in this table.   
a Obesity. b High loneliness level. c Active. d High active. e Female.  

 

 

 
Table 10: Backward stepwise binary logistic regression models of factors predicting UEBF. Data presented as OR (CI 

95%). 

Dependent variable Model 1 Model 2 Model 3 

UEBF    

Predictors* R2 = 0.056 R2 = 0.055 R2 = 0.033 

Loneliness Scores    

BMI    Removed 

Depression Scores  Removed Removed 

Anxiety Scores  Removed Removed 

Gender  Removed Removed 

Physical Activity Level 
0.17 (0.3-0.87) d 

p = 0.033 

0.17 (0.03-0.87) d 

p = 0.033 

0.16 (0.03-0.80) d 

p = 0.025 

* Factors included BMI (underweight, normal weight, overweigh, and obesity), loneliness (continuous variable), 

anxiety (continuous variable), depression scores (continuous variable), and physician activity level (sedentary, low 

active, active, and high active). Data with OR (CI 95%) of significant predictors (p < 0.05) were presented in this table.   
a Obesity. b High loneliness level. c Active. d High active. e Female.  
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Discussion and Recommendations for Future Research 

This study explored loneliness, eating behaviors, and physical activity in an 

ethnically diverse sample of American college students at a public university in Virginia. 

We found that there were relationships between high loneliness levels, fat intake, and 

added sugar intake in first-year undergraduate students. The result of the study also 

indicated a relationship between high loneliness and low physical activity. 

Loneliness and unhealthy eating behaviors 

The primary finding of the study indicated that high loneliness level was a 

significant predictor of UEBF in students with obesity. Students in the high loneliness 

level group consumed less fat than those in the low loneliness level group.  

Negative emotions and fat intake have been extensively studied with varying 

results. Stress and high-fat intake have been reported. Vidal et al. found that higher stress 

is associated with higher fat intake among undergraduate students in Peru.105 Patel et al. 

reported that Indian women with high stress have a higher fat and carbohydrate intake.106 

Torres and Nowson reviewed animal and human studies found that stress seems to be 

associated with a greater preference for high-fat and high-sugar food.107 Our finding 

differs from previous studies about negative emotions and fat intake. The possibility of 

different results may be related to the different study emotions and study methods. 

Although negative emotions have similar biological and physiological processes in the 

brain, the related neurotransmitter systems are with different transport, release, and 

receptor effects.108 Thus, it is possible that individuals have different eating preferences 

with different emotions. It is also important to mention that, Vidal et al. used the Block 
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Dietary Fat Screener Questionnaire that only includes 15 questions regarding the eating 

habits for fat over the past year,105 while Petal et al. used 24-hour diet recall.106 Both 

methods are different from our study. Different dietary assessment tools have been found 

to have different results of nutrients and eating behaviors.109,110 Especially the 24h recall, 

which assesses food intake in the moment, and the DHQ-III which assesses habitual food 

intake over the past month, represent a different aspect of food intake which can lead to 

significantly different results. 

There was a significant difference in UEBAS between the low and high loneliness 

groups in female students. Female students were more likely to have UEBAS in the high 

loneliness level group than the low loneliness level group. One of the possibilities of the 

increased added sugar intake might relate to the dopaminergic pathway in the brain. The 

consumption of sugary food releases dopamine in the ventral and dorsal striatum. Lower 

levels of dopamine is considered to be associated with negative moods as well as 

loneliness.41 Sugar intake can trigger these reward/motivation and hedonic systems and 

increase the ratio of 3,4-dihydroxyphenylacetic acid to dopamine in the hypothalamus 

that associated with the increased pleasure perception.111–113. Another possibility is that 

female students with high loneliness level were more likely to have UEBAS, which might 

be related to luteal phase of the menstrual cycle. A study reported that luteal phase was 

associated to leptin ratio which may cause higher sweet food and beverage intake.114  

Many studies found that added sugar intake is directly and indirectly associated 

with overweight and obesity.69,70,115–117 The average percent of energy from added sugar 

(14.8 ± 10.8%) in our sample was higher than the recommended less than 10% of the 
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daily energy intake. The increased added sugar intake among students with high 

loneliness level may lead to a higher risk of weight gain and increase stroke risk at a later 

age.71  

The effect of high loneliness level on the reduced UEBF, and whether the reduced 

UEBF is associated with the increased added sugar intake are still unknown. Further 

longitudinal research is needed to confirm this finding and investigate the food sources of 

the increased added sugar in this sample. 

Loneliness was not a significant predictor of UEBS in our study, and we did not 

find a potential relationship between loneliness and UEBS. We found that high-active 

students were more likely to consume higher sodium. An assumption of the higher 

likelihood for UEBS might related to sports drink intake. The sports drink question in the 

DHQ-III referenced examples such as Gatorade, Powerade, or Propel. These sports drinks 

all contain sodium, some of which contain as much as 620 mg per bottle.118 Drinking two 

bottles of these sports drinks could represent half of the recommended amount of sodium 

intake per day (less than 2,300 mg). Future research is needed to understand the potential 

source and impact of increased sodium intake in high active students within this study 

sample. 

Loneliness and physical activity 

Loneliness level was found to be significantly associated with physical activity in 

the current study. Students in higher loneliness groups were less active than the low 

loneliness group students. A similar result was found in Hawkley et al.’s study where 

loneliness was a significant predictor of physical inactivity in both cross-sectional and 
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longitudinal analyses, but in this study the research sample was middle age women.119 

Another similar finding was reported in Diehl et al.’s study. The researcher used linear 

regression to evaluate data from 689 students (age 16-29 years) who participated in the 

Nutrition and Physical Activity in Adolescence in Germany, and found that physical 

activity was a significant predictor for social loneliness.87 Low physical activity has been 

found to be associated with overweight and obesity in different population groups.120,121 

Based on our finding and the existing research results, high level of loneliness might have 

an indirect relationship with the development of overweight and obesity. 

Loneliness and potential unhealthy eating behaviors 

Our study found; however, low physical activity was also a significant predictor 

of UEBSF, which was potentially related to loneliness. Sedentary and low active students 

were less likely to follow the recommendation for saturated fat intake as compared to 

high-active students. One of the possibilities of the different saturated fat intake between 

low-active and high-active groups might relate to the difference of self-control. A survey, 

was conducted with 539 multiethnic public school adolescents, indicated that students in 

the domain of good self-control tended to exercise vigorously and consume lower 

saturated fat.122  

Although the exceeding intake of saturated fat might not directly cause 

overweight and obesity, the higher saturated fat intake is considered to be associated with 

systemic inflammation, increased plasma LDL levels, and atherosclerosis that increase 

the risk of cardiovascular disease.72 High saturated fat intake also can increase abdominal 

obesity in adults who have obesity-associated gene.73   
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Loneliness-related psychosocial covariates, eating behaviors, and physical activity  

There were correlations between loneliness, anxiety, and depression in our study, 

which have been similarly reported in many studies.123,124 However, anxiety and 

depression were not significant predictors for UEBF, UEBSF, UEBAS, and UEBS in our 

study sample. We found that anxiety only has a mediational effect in the association 

between the high level of loneliness and UEBF. Additionally, depression was not a 

predictor of unhealthy eating behaviors, and we did not find its mediational effect 

between loneliness and unhealthy eating behaviors in this study. On the other hand, 

although some studies found that anxiety and depression were related to physical 

inactivity,3,4 they were not found to be the mediators between loneliness and physical 

activity in our study sample. 

Gender effects 

In the current study, there are significant differences between genders in terms of 

loneliness. Although there are more female participants in our sample, the proportion of 

male students in the high loneliness group is higher than that of female students. We did 

not find significant differences in unhealthy eating behaviors between genders of each 

loneliness level group. We also did not find significant differences in unhealthy eating 

behaviors between the low loneliness group and the high loneliness group in male 

students. This may be related to the small sample size of males in our study. Since our 

research is not designed to assess gender differences, these associations should be 

considered exploratory and generate hypotheses for future research in a gender-balanced 

study sample.     



38 

  

Overall, our study found that students with high level loneliness were less likely 

to have UEBF, and female students with high level loneliness had an increased added 

sugar intake. Also, high loneliness level was associated with lower physical activity, 

which was indirectly related to the higher likelihood of UEBSF. Therefore, high level of 

loneliness might potentially relate to overweight and obesity among college students.    

Strength of the study 

Our study examined the relationship between loneliness, dietary behaviors, and 

physical activity in college students. The percentages of students’ loneliness and 

bodyweight status in our sample were similar to the ACHA-NCHA-III,17 and the 

distribution of physical activity levels were comparable to a large study in the US.82 Our 

study found that 58.7% of participants were feeling lonely, close to those of (53.3% ) the 

ACHA-NCHA-III in the 2020 survey. The percentage of overweight (included obesity) 

(40.3%) were also very similar to the 2020 survey of the ACHA-NCHA-III (39.8%).17 

The percentage of sedentary (18.1%) and low active (43.5%) in the current study were 

comparable to Suminski et al.’s study (16.7%, 47.7%, respectively), which included 

2,836 American college students with ethnic diversity.82 

The study methods for data collection, DHQ-III, IPAQ, UCLA Loneliness Scale, 

and the anxiety and depression short forms from PROMIS, have been validated by 

different research and have been used by researchers, clinicians, or educators for dietary 

assessment and psychological evaluation worldwide.  

DHQ-III is the newest-version validated dietary assessment tool in nutrition 

research, which relies upon the respondent’s memory and perception of portion sizes on 
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food intake. The strength of the DHQ provided a higher accuracy of dietary assessment 

for our study. Energy, fat, saturated fat, and sodium were the primary variables in our 

study. Many studies have proved that energy, fat, saturated fat, and sodium records were 

closer to the individuals’ actual intake in DHQ than BFFQ and HWFFQ.75,109,125 On the 

other hand, our study sample was ethnically diverse, with various food cultures and 

eating habits. DHQ-III includes more food and ingredient choices that fit the current 

dietary trends and covers a greater variety of food cultures. For example, foods such as 

guacamole, tacos, burritos, whole wheat rice, sushi, and different types of non-dairy milk 

are included in the DHQ-III which is representative of dietary preferences for Asian, 

Mexican, and people with particular eating habits. Greater diversity in food choices can 

more accurately assess the dietary behaviors and habits in different ethnic groups.  

Limitations and recommendations for future research 

One of the limitations in this study is the cross-sectional design, which does not 

permit causal inferences. The causal inferences between loneliness, eating behaviors, and 

physical activity were unknown. This cross-sectional analysis cannot determine whether 

high level of loneliness caused unhealthy eating behaviors and low physical activity, or 

the contrary. Further longitudinal research is needed to continue explore the causal 

inferences on the relationship between loneliness, unhealthy eating behaviors, and low 

physical activity in this sample. 

Another limitation in this study is there was a time gap between dietary 

assessment and loneliness report. Students used DHQ-III to report dietary intake over the 

last month, but the loneliness short form asked students’ feeling of loneliness the day 
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when they were doing the online survey. Since our participants were new college students 

who took part in the cohort study one or two months after the start of the academic year, 

their feeling of loneliness might be different through this time gap.  

Additionally, potential sampling bias might exist due to unbalanced gender and 

the small size of subgroups. Also, our study sample was limited to first-year students at 

GMU, so the results would not reflect all college students. Future investigations are 

necessary to validate the results of this study among college students in multiple 

geographical locations with gender balanced samples. 

We did not find a relationship between loneliness and underweight in the current 

study because the number of underweight students in our study sample was small. It 

remains to be determined whether there is relationship between loneliness and dietary 

behavior in underweight college students.  

Conclusion 

High loneliness level was a significant predictor of UEBF in the students with 

obesity and has relationships with an increased added sugar intake and low physical 

activity. Loneliness has an indirect relationship with saturated fat intake. These unhealthy 

dietary behaviors and physical inactivity might be associated with overweight and obesity 

in college students who are feeling lonely.  
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APPENDIX 

Appendix 1 Four-Item Loneliness Scale 

 

 

Question Hardly 

ever 

Some of 

time 

Often 

How often do you feel that you lack 

companionship? 

1 2 3 

How often do you feel left out? 1 2 3 

How often do you feel isolated from others? 1 2 3 

How often do you feel that there is no one you can 

turn to? 

1 2 3 
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Appendix 2 Diet History Questionnaire III (DHQ III) Question Sample 
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Appendix 3 Anxiety Questionnaire Sample Item and Scoring Table (PROMIS) 
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A.4 Depression Questionnaire Sample Item and Scoring Table (PROMIS) 
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