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ABSTRACT 

RELATIONSHIP OF STRESS, SLEEP, PHYSICAL ACTIVITY, AND FOOD 

INSECURITY ON EATING BEHAVIORS AND OBESITY  

AMY LEE RICHARDS 

2017 

 

There is an urgent need to find effective interventions to prevent and reduce 

obesity as it is associated with chronic disease and decreased quality of life.  Gaining a 

better understanding of how modifiable variables such as stress, sleep, physical activity, 

and food insecurity are related to eating behaviors associated with obesity is essential to 

guide the direction of future interventions and research.  Interventions that hold promise 

need to be tested to determine if they have merit or not.   

This dissertation presents three papers. Two papers are cross-sectional studies 

evaluating associations between eating behaviors, obesity, and modifiable variables 

(stress, sleep, physical activity, and food insecurity).  The first paper describes a study 

completed with college students. This study found that higher emotional eating was 

associated with higher stress levels and female sex (P<.001 and P=.02); It also found that 

higher uncontrolled eating scores were associated with higher perceived stress (P<.001).  

The second study was an evaluation of baseline data from a study with individuals 

that were dually enrolled in a weight loss program and in an intervention testing yoga as 

an intervention.  This study found that stress, female gender, working 40 or more hours a 

week, and lack of sleep were associated with greater emotional eating while getting the 



 xi 

recommended amount of physical activity was associated with lower emotional eating 

(model r2=.208, p<.001).  An interaction between stress and sleep quality was significant 

in a model for uncontrolled eating (r2=.12, p=.002): Uncontrolled eating was associated 

with higher stress when there was good sleep, but not when there was poor sleep. An 

interaction between age and BMI was significant in a model for cognitive restraint 

(r2=.18, p<.001):  a positive relationship between cognitive restraint and age was 

observed for individuals with lower BMI, but not among individuals with high BMIs.  

The third paper reports on a randomized trial that tested yoga as an innovative 

form of physical activity to determine whether yoga could lower stress, improve eating 

behaviors, and reduce weight more than stretching exercise.  There was no difference in 

weight loss between the groups at 3 (p=.17) or 6 months (p=.25). Emotional eating and 

uncontrolled eating decreased in the yoga group at 6 months compared to the stretching 

group (p=.04 and p=.03, respectively).   

The insights gained from these three studies have added to the current knowledge 

in the field of obesity research. Getting adequate sleep, minimizing stress, and getting the 

recommended amount of physical activity may positively impact eating behaviors 

associated with obesity and yoga also appears to have some benefit as an intervention to 

improve emotional and uncontrolled eating.  
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CHAPTER 1 

Introduction 

Introduction: Statement of the Problem 

More than two thirds of Americans are overweight or obese1 which is associated 

with chronic disease and decreased productivity.2-4 The issue is complex with multiple 

variables playing a role including genetics, environmental factors, individual behaviors, 

and biological modifications in response to changes in energy balance.5-7 Add to this the 

hormonal dysregulation that can occur as a result of extra fat mass8, and losing and 

maintaining weight loss is difficult.   

Behavioral interventions are recommended as the first treatment in the primary 

care setting with behavioral counseling, physical activity, nutrition education, goal 

setting, stimulus control, and developing strategies to overcome emotional eating as part 

of the treatment.9 When behavioral interventions are not successful, weight loss 

medications and surgery are sometimes considered. Pharmaceutical companies have been 

trying for decades without much success to find drugs that can be used to reduce obesity 

without detrimental side effects utilizing various strategies including attempts to manage 

weight by suppression of appetite, increasing energy expenditure, and decreasing 

absorption of nutrients.10,11  Weight loss surgery has become a medically recommended 

treatment for many individuals who have tried and been unsuccessful at behavioral 

changes, however, there is risk of significant complications and the long term outcomes 

for weight management and health status are not known. 12,13 

 Although many environmental and behavioral interventions to decrease obesity 

have been tested, results have been mixed and the impact on the overall rate of 
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overweight and obesity nationally has been minimal at best.7,14  Additionally, there is not 

always consensus among scientific experts about appropriate research methodology, 

underlying causes of obesity, and the utility of various approaches (e.g., economic 

strategies to increase purchase of healthier options in school cafeterias) due the unknown 

adaptation that may occur to offset the potential benefits (e.g., students might buy candy 

and sugary beverages on the way home from school instead of buying it at school and 

therefore overall energy balance might not be impacted). 7,14   

There is an urgent need for more effective ways to prevent overweight and 

obesity and more effective ways to help people successfully lose and maintain weight 

loss. In order to develop more effective interventions, more needs to be understood about 

modifiable factors that may influence the development and maintenance of obesity.7   

 

Physical Activity, Appetite, and Weight 

Physical Activity 

 

Exercise burns calories, but if the intake of calories increases to match the amount 

of calories burned by exercise or exceeds the calories burned, exercise is not able to 

promote weight loss.  Studies have not been consistent as to whether increasing physical 

activity levels leads to negative energy balance and weight loss.15 Cohort studies have 

shown evidence that higher levels of exercise are protective against weight gain16,17 and 

consensus based upon studies is that exercise should be recommended to help prevent 

weight gain.15 While there is some evidence for reduced appetite from aerobic exercise 

on a short term basis, this does not seem to be able to impact weight loss in the long term 

without some restriction on dietary intake.18  
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As far as the mechanism for how exercise may decrease appetite, a meta-analysis 

of 20 studies found that exercises such as running, walking, bicycling, and resistance 

training tended to decrease ghrelin (P=.024) and increase peptide YY (PYY) (P=.044) 

and glucagon-like peptide (GLP-1) (P=.078), as well as moderately increase pancreatic 

polypeptide (PP) (P=.011).19 Decreasing hunger hormones such as ghrelin and increasing 

satiety hormones such as PYY, PP, and GLP-1 would be expected to decrease food 

intake. 20 Aerobic exercise has been shown to decrease appetite and energy intake in 

humans on a short-term basis.18,21,22 

Also, exercise has been found to activate the brain’s reward system much in the 

same way as highly palliative food and drugs.23,24  Because of this, exercise has been 

used as a treatment to help with recovery from substance abuse and found to decrease 

relapse.25-27 This raises the question as to whether exercise might have the potential to 

decrease cravings for highly palliative foods in the same way that it appears to help with 

withdrawal from alcohol and drugs.  

 

Stress, Sleep, and Food Insecurity 

Stress. Stress is associated with addiction, appetite, and obesity. When under 

stress, intake of favorite high calorie foods tends to increase as a way to reward oneself 

and cope with the situation. In the process, neurons in the brain’s reward center are 

activated which increases craving for high calorie favorite foods often resulting in weight 

gain.28,29 

In addition to food cravings for highly palliative foods, stress also affects appetite 

through increases in glucocorticoids such as cortisol, which in turn increase ghrelin and 
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leptin levels.30,31 While short-term intensely stressful situations will generally reduce 

appetite, as stress is repeated or becomes chronic, dysregulation of the hypothalmic-

pituitary-adrenal (HPA) axis can occur. 28,29 

Sleep. In research studies, reduced sleep has been associated with increased 

calorie intake and with studies reporting inconsistent effects on weight.32 Reduced sleep 

has been shown to interfere with regulation of hormones associated with appetite and to 

increase risk for development of obesity and diabetes.33    

 Food Insecurity. Many studies have found an association between food 

insecurity and obesity with the evidence strongest for women.34 Several theories exist for 

this relationship, including economics (inexpensive energy dense foods), psychological 

factors (stress and other psychological manifestations may lead to food cravings and 

dysregulation of appetite), and low fruit and vegetable intake. Food insecurity as a child 

has been shown to increase the chance that adults in food insecure situations will be 

overweight or obese.34 

 

Emotional Eating, Uncontrolled Eating, Cognitive Restraint 

Behaviors related to eating and obesity have been the subject of many studies in 

an effort to understand the mechanisms of obesity.35 The original Three-Factor Eating 

Questionnaire (TFEQ) developed in the 1980’s contains 51 questions and evaluates 

individuals on hunger, eating behaviors, and cognitive processes related to eating 

decisions.  Subjects are scored on three scales: disinhibited eating, cognitive restraint, and 

hunger.36 The TFEQ has been used in numerous studies to examine associations between 

eating behaviors and obesity. A much shorter revision of the instrument, TFEQ-R18, was 
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developed that scores three constructs: emotional eating, uncontrolled eating, and 

cognitive restraint.37   

In the development of the TFEQ-R18 from the original TFEQ, the authors noted 

that during analysis that it was not possible to delineate between the original constructs of 

disinhibition and hunger because hunger and disinhibition were associated with one 

another. This led the researchers to recategorize questions and responses to increase the 

validity of the model. The three categories of uncontrolled eating, cognitive restraint, and 

emotional eating were found to best represent the data.  Uncontrolled eating, a new 

category, contained questions that assessed difficulty with regulating dietary intake 

including overeating due to hunger.  Emotional eating, a new category as well, assessed 

overeating that resulted due to experiencing various psychological moods such as sadness 

and anxiety.  Cognitive restraint remained as a category in the model as it held up well 

with testing and it contained questions assessing the extent to which subjects attempted to 

restrict intake (to prevent weight gain or promote weight loss).37  

 

Yoga 

Traditional yoga offers an approach to exercise that includes a cognitive 

component in which participants learn to slow down their mind, to relax and let go of 

worries, breathe deeply, and have a positive outlook on life.38 Additionally, poses are 

typically held for several minutes which requires staying in positions that are not always 

comfortable which may help participants increase discipline and persistence as they learn 

to calm the desire to change positions before it is time to move. Internationally known 

yoga teacher, author, and originator of the Iyengar method of yoga, B.K.S. Iyengar states 
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that the ancient yoga sage, Patanjali indicates that “the aim of yoga is to calm the chaos 

of conflicting impulses.”39 Gard and colleagues have proposed a theoretical model for 

how yoga is able to decrease impulsivity, decrease stress, and improve self-regulation.40 

Their model describes how four components of yoga (meditation, breathing practices, 

holding yoga poses, and philosophical messages) work together to increase inhibition of 

behavior that is not perceived to be aligned with goals and increase focus and effort 

towards behavior that is perceived to be needed to reach goals.  

Yoga in prison populations has been found to decrease perceived stress, increase 

scores on a cognitive test requiring focus and attention, and increase positivity.41 Yoga 

practitioners have been found to have better response to stress as measured by heart rate, 

hormone levels, inflammatory markers, improved mood, and lower emotional response to 

stressful situations.42-45 Lee, et al.46 found in a small study that yoga was effective in 

lowering weight, lowering blood pressure (both systolic and diastolic), lowering total 

cholesterol, decreasing insulin resistance, and increasing adiponectin (a hormone that has 

insulin sensitizing effects). Refer to Figures 1.1-1.3.  

In another study looking at the effects of yoga on weight, Sarvottam and 

colleagues47 conducted a very brief two-week (10 days) yoga intervention without a 

control group.  There were 51 overweight and obese men enrolled with 30 remaining at 

the end of the intervention.  Yoga specialists, medical doctors, and dietitians conducted 

the intervention, which consisted of yoga poses and breathing exercises for about an hour 

each day and another hour each day of education, theory, and advise. A diet that was 

nearly vegetarian was encouraged, but no meals were provided. Weight, BMI, systolic 
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blood pressure, and plasma IL-6 all decreased from baseline to day 10.  Adiponectin 

increased and plasma ET-1 remained unchanged (Figure 1.4). 

 

Rationale for Studies and Specific Aims 

Exploring possible associations between obesity and sleep, stress, food insecurity, 

and physical activity has the potential to reveal insights that might prove to be helpful in 

developing successful interventions. Much is still not known about these modifiable 

variables and their role in obesity. Even with the complexities of environmental 

influences and genetic predisposition to obesity, it appears likely that there are variables 

that can be modified and maximized for best outcomes within the individual situation.    

Studying eating behaviors (emotional eating, uncontrolled eating, and cognitive 

restraint) and possible relationships to sleep, stress, food insecurity, and physical activity 

may result in new knowledge that will prove to be beneficial in designing interventions 

that can improve obesity-related behaviors. Eating behaviors may be able to be modified 

slightly through changes in sleep, stress levels, physical activity, and food security to 

gradually lead to improvements in dietary intake and weight.   

Testing yoga as an intervention to determine its effectiveness for weight loss, 

improving eating behaviors, and lowering stress has the potential to add to the knowledge 

base and in turn help guide future research and weight loss interventions. There is 

evidence from studies to suggest that yoga is beneficial for lowering blood pressure, 

improving insulin sensitivity, lowering catecholamine levels, improving lipid profiles, 

lowering anxiety, and reducing weight. There is a need for studies to be conducted to 

determine if yoga can attenuate hunger signals and reduce overeating. Emotional eating 
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scores, uncontrolled eating scores, and cognitive restraint scores provide an avenue to 

evaluate the potential effectiveness of yoga to improve self-regulation of food intake in 

addition to changes in weight.   

The following chapters describe three studies that have added to the current 

knowledge about eating behaviors, stress, sleep, physical activity, food insecurity and 

obesity. Chapter Two provides results from a study in which college students in multiple 

sections of a general education class completed a survey that assessed eating behaviors, 

perceived stress, sleep, amount of physical activity, food insecurity, and other self-

reported variables.  Chapter Three presents results from analysis of baseline data from 

participants in a weight loss program that were dually enrolled in an intervention 

comparing yoga to stretching exercises.  In this study, statistical models were developed 

that predicted emotional eating, uncontrolled eating, and cognitive restraint.  Chapter 

Four describes the results from a yoga intervention on weight loss, perceived stress, and 

eating behaviors.   
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Figure 1. 1. Effect of 16-week yoga intervention on BMI. ***P<.001 compared with pre, 

**P<.01 compared with pre, aP<.05 compared with control. (Lee, et al. 2012) 
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Fig. 1.2. Effect of 16 week intervention on Systolic Blood Pressure. *P<.05 compared to 

pre, ***P<.001 compared to pre, aaaP<.001 compared to control. (Lee, et al. 2012) 

 

 

Figure 1.3. Effect of 16-week yoga intervention on adiponectin. *P<.05 compared to pre,  

**P<.01 compared to pre, aaaP<.001 compared to control. (Lee, et al. 2012) 
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Figure 1.4. Effect of a 2-week yoga (10 days) intervention on overweight and obese men. 

***P<.001. (Sarvottam et al. 2013) 
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Abstract 

 

Objective: To examine associations of sleep quality and quantity, food security, and 

physical activity with eating behaviors that may be associated with college weight gain.  

Design: Cross-sectional.  

Setting: On-line survey.  

Participants: College students enrolled in multiple sections of a general education class 

[n=153; 18-52 years of age (20.7 ± 4.8 years; mean ± SD); 76.1% female; 83.4% white]. 

Main Outcome Measure: Emotional Eating (EE), Uncontrolled Eating (UE), and 

Cognitive Restraint (CR) as measured by The Three-Factor Eating Questionnaire 

Revised.   

Analysis:  Bivariate analyses and multiple linear regression with significance at P ≤.05. 

Results:  Higher EE was associated with higher stress levels and female sex (P<.001 and 

P=.02); Higher UE scores were associated with higher perceived stress (P<.001) while 

lower UE scores were associated with tobacco use (P=.03 regression, P=.098, bivariate).  

Higher CR was associated with higher parental education and use of relaxation methods.  

Higher CR also was associated with perceived stress, but this relationship differed 

depending upon freshmen status and amount of physical activity, and a relationship with 

sleep was observed that differed depending upon freshmen status.    

Conclusions and Implications:  Interventions to help freshmen reduce stress and 

improve sleep may reduce freshmen weight gain. 

Key Words:  Eating Behavior; Young Adults; Stress, Psychological; Sleep 
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INTRODUCTION 

 The transition from high school to college is a time period with an increased risk 

of weight gain and often the development of less than healthy eating habits.1-3 For many 

students, the college years are a time of adjusting from living at home to living on 

campus and learning to make decisions independently including choosing what and when 

to eat and drink, how much sleep to get, and whether or not to exercise. Data from the 

National College Health Assessment II (NCHA) completed in the spring of 2016 found 

that 36.8 % of responding students were overweight or obese.4 A meta-analysis of 24 

studies on freshmen weight gain found that average (SD) weight gain across all studies 

was 3.9 ± 1.6 pounds over a range of time periods during the freshmen year (12 weeks to 

12 months.)3   

Disturbances in sleep quality and length of sleep have been found to be associated 

with appetite, caloric intake, and energy balance.5 Half of college students in a cross-

sectional study by Vargas and colleagues6 were found to score 5 or higher on the 

Pittsburg Sleep Quality Index (PSQI), which is associated with poor sleep quality. In 

their study, Vargas and colleagues found that sleep disturbances were associated with 

being overweight (BMI ≥ 25 kg/m2) in college students when controlling for age and sex.  

Dietary intake studies have revealed that college students are not meeting the 

dietary guidelines and have especially low fruit and vegetable intake.7,8 In a study looking 

at factors associated with overweight and obesity in college students, Quick and 

colleagues9 found that those with a higher than normal weight were more likely to have 

higher emotional eating, uncontrolled eating, and cognitive restraint as measured by the 

Three-Factor Eating Questionnaire10.  However, there is still much that remains unknown 
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about modifiable factors that may be associated positively or negatively with emotional 

eating, uncontrolled eating, and cognitive restraint in college students. 

The authors are not aware of any published studies with college populations that 

have evaluated food security in relationship to emotional eating, cognitive restraint, and 

uncontrolled eating and included sleep quality, physical activity levels, hours of work, 

extracurricular time, and perceived stress.  By including possible covariates and 

confounders, a better understanding of what is contributing to eating behaviors as 

measured by the TFEQ-R18V2 may be possible.  

The following hypotheses were tested:  1.) Poor sleep quality and lower hours of 

sleep will increase uncontrolled eating, emotional eating, and decrease cognitive restraint; 

2.) food insecurity will increase uncontrolled eating and emotional eating and decrease 

cognitive restraint; and 3.) meeting physical activity guidelines will be associated with 

lower uncontrolled eating and emotional eating scores and with higher cognitive restraint 

scores.  

 

METHODS 

Study Population 

College students enrolled in seven sections of Health 111, a general education 

course at a mid-south university, were provided the opportunity to participate in a web-

based, cross-sectional survey with the option of an equivalent, alternate assignment for 

extra credit. Of the total undergraduate students enrolled for the 2015-2016 year, 23.4% 

were freshmen (1507 freshmen; 6436 total undergraduate students)11 and 175 were 
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enrolled in Health 111 at the time of this study.  Prior approval was received by the 

Institutional Review Board of the university where the survey was conducted as well as at 

the university of the graduate advisor to the primary investigator.   

Study Procedures 

The cross-sectional survey was administered in January, 2016 prior to exposure to 

classroom content that might influence student answers. Participants reviewed an online 

informed consent prior to beginning the survey. A brief (5 minute) overview, informed 

consent, and an alternative assignment were provided to students in class sections that 

met on campus and a video with the same information was provided to students enrolled 

in an online section. Missing data were handled per protocol of each validated survey 

instrument in order to calculate scores.    

The survey included the Pittsburg Sleep Quality Index (PSQI)12, the Three-Factor 

Eating Questionnaire Revised (TFEQ-R18V2) 10,13, the United States Department of 

Agriculture (USDA) 6-item Short Form of the Household Food Security Scale14, Global 

Physical Activity Questionnaire (GPAQ),15,16 and 8 of the 10 questions from the 

Perceived Stress Scale (PSS-10).17 Demographic information and other characteristics 

were gathered via survey questions.   

 The TFEQ-R18V2 contains 18 questions that ask participants about thoughts 

related to eating, patterns of hunger, and food related behavior.  Scores for three separate 

eating behaviors were calculated: emotional eating, uncontrolled eating, and cognitive 

restraint.  Higher scores for emotional eating and uncontrolled eating imply more 

emotional eating and uncontrolled eating respectively compared to those with lower 

scores while higher cognitive restraint scores imply more attempt to restrain eating.10,13    



 23 

The GPAQ contains 16 questions to calculate the total weekly metabolic 

equivalent ratio (MET). MET is a standardized method of comparing physical activity 

levels. Total MET minutes were calculated by multiplying total minutes of moderate 

activity by 4 and multiplying total minutes of vigorous physical activity by 8 and then 

adding the two numbers together.18 The GPAQ was developed to be administered by an 

interviewer; however, a self-rated version has been found to be comparable in reliability 

and validity.16   

The PSQI contains 18 self-administered items. A range from 0 to 21 points is 

possible with a score of zero implying no difficulty in sleep occurred (good sleep quality) 

while a score of 21 would imply very poor sleep quality and less than recommended 

amount of sleep.  The PSQI includes items such as length of time in bed, hours of sleep, 

difficulty sleeping due to various disturbances, and daytime sleepiness during activities. 

A score of greater than 5 is indicative of poor sleep and that difficulty is occurring in at 

least two components of sleep quality. 12,19  

The USDA 6-item Short Form of the Household Food Security Scale has been 

validated as a proxy for the longer 18-item scale with 97.7% of households correctly 

identified and with only 0.3 % of those with food insecurity missed.14 Food security is 

measured for the previous 12-months and a raw score is determined by adding up “yes” 

answers on the 6-item scale with answers of “often” and “sometimes” coded as “yes”.20 

Perceived stress was measured using the Perceived Stress Scale (PSS-10).  The 

PSS-10 contains 10 items that assess to what extent individuals felt stressed over the last 

month. The scale is not designed to determine whether an individual’s level of stress is 

high or low but rather to compare stress levels among study participants in each 
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individual study sample.17 Two of the positive questions missed getting included in our 

online survey (“In the past month, how often have you felt confident in your ability to 

handle your personal problems?”; “In the past month, how often have you been able to 

control irritations in your life?”). Because of the two missed questions, which were each 

worth up to 4 points, the most points possible was 32 instead of 40.  

Statistical Analyses 

Summary statistics were calculated for demographic factors utilizing Chi Square 

and ANOVA.  One-way ANOVA was completed to determine group differences using 

Bonferroni adjustment. Kruskal-Wallis was used when the data were nonparametric. 

Student’s t tests for unequal variances were completed to compare means for variables 

with unequal variances.   

Linear regression was completed to test the relationships between eating behavior 

and individual continuous dependent variables.  One-way ANOVA was used to test the 

relationship between eating behaviors and categorical dependent variables.  Multiple 

regression was conducted to identify predictive models for eating behaviors and test for 

interactions. Potential covariates were grouped into different categories and tested to 

determine which variables should be included in initial model development. The 

demographics category included age, gender, parental education, living situation, and 

year in college. Anthropometrics included self-reported height and weight, which were 

used to calculate BMI and self-reported high and low weights over the last three years 

were used to calculate weight range. Lifestyle factors included tobacco use, whether 

methods to reduce stress were used, number of college credits, grade point average, hours 

of work per week, number of volunteer hours, and number of hours in extracurricular 
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activities. Variable(s) within each category that had the highest correlation with eating 

behaviors were determined and those with the highest correlation were used in the 

development of a final regression model.   

Scores for two of the three eating behaviors (emotional eating and cognitive 

restraint) were normally distributed. The scores for uncontrolled eating were not normally 

distributed but residuals from the regression model were normally distributed.  

Multicollinearity was tested using the variance inflation factor (VIF).  Statistical analysis 

was completed using Stata Statistical Software: Release 12, College Station, TX: 

StataCorp, 2011.  Results were considered significant at the level of p < .05.  

 

RESULTS 

Population Characteristics 

A total of 153 participants (87.4%) completed the survey out of 175 potential 

students.  The survey included 2.2% of all enrolled students for the 2015-2016 school 

year and 3.8% of all enrolled freshmen for the same time period.11  Average age was 20.7 

± 4.8 years (mean ± SD) with a range of 18 to 52 years. The majority of participants were 

female (n=105, 76.1%), white (n= 126, 83.4%), and were either freshmen or sophomores 

(73.9%).  Close to half of the students lived on campus or in a fraternity (n=69, 45.1%), 

while 26.8% (n=41) rented off campus, 21.6% (n=33) lived with family, and the 

remainder owned their own home (n=10).  The highest level of educational attainment of 

the parents of the students was as follows: 19.7% having a high school degree or less, 
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36.9% having attended some college, 23.7% having a bachelor’s degree, and 19.7%  

having a master’s degree or higher.   

Average BMI and hours of sleep per night were 26.1 ± 5.9 kg/m2 and 7.1 ± 1.5 

hours respectively.  Nearly half were overweight or obese (n=46, 30.5% and n=28, 18.5% 

respectively) and 60.1% (n=92) had poor sleep as measured by the PQSI.19  Over three 

fourths (n=127, 86.4%) met the physical activity recommendations of 150 minutes/week 

of moderate activity, 75 minutes/week of vigorous activity, or a combination of vigorous 

and moderate activity.  MET minutes per week averaged 6,992 ± 7,559 with a range of 

zero to 32,640. 

Average grade point average was 3.1 ± .5, hours worked per week was 14.8 ± 

18.7 hours, and number of credits per semester was 15.2 ± 3.1. The majority of students 

were enrolled in the College of Education, Health and Behavioral Sciences (75.0%, 

n=114).  The College of Agriculture and Applied Sciences had the next highest percent of 

students in the study at 11.2% (n=17).  

A high percent of students (77.6%, n=118) indicated that they had “used 

strategies, activities, or coping mechanisms to decrease” their stress level in the last 

month. Current tobacco use was reported by 15.7% of students (n=24) with another 5.2% 

indicating they were past users of tobacco.  The presence of a chronic disease was 

reported by 24 students (15.7%).  

Fifteen percent of students indicated that over the last 12 months that they had 

eaten less than they “felt that they should because there wasn’t enough money for food” 

and 34% indicated that over the last 12 months that food that they “bought just didn’t 

last” and that they “didn’t have money to get more”.   Nine students (5.9 %) had very low 
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food security and 43 students had low food security (28.1 %).  The remainder of students 

(n=101, 66%) had marginal or high food security.  

Emotional eating 

Using multiple regression techniques, we found that perceived stress and gender 

were independently associated with emotional eating (Table 2.1).  In both bivariate 

analyses and in a multiple regression model, individuals with higher perceived stress had 

higher emotional eating scores (P<.001, bivariate; P<.001, model). Females had higher 

emotional eating scores than males in both bivariate analysis and in the multiple 

regression model (P=.02, bivariate; P =.02, model). Decreased sleep quality was 

associated with higher emotional eating score in bivariate analysis (P=.02), however, it 

was not significant when included in the final regression model. There were no 

significant interactions among variables.  

Uncontrolled eating 

Perceived stress and tobacco use were independently associated with uncontrolled 

eating using multiple regression techniques (Table 2.1).  In both bivariate analyses and in 

a multiple regression model, individuals with higher perceived stress had higher 

uncontrolled eating scores (P<.001, bivariate; P<.001, model).  The use of tobacco was 

associated with reduced uncontrolled eating in the model (P=.03), but not in bivariate 

analysis (P=.10).    Food insecurity was associated with increased uncontrolled eating in a 

bivariate analysis (P=.003), but not in the final regression model (P=.10). There were no 

significant interactions among variables.  
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Cognitive restraint 

Having at least one parent with education beyond high school and self-reported 

use of relaxation methods were associated with higher cognitive restraint (P=.02 and 

P=.04, multiple regression model). The multiple regression model also included three 

interactions (stress-by-class rank, stress-by-amount of physical activity, and class rank-

by-number of hours of sleep; Figures 2.1-2.3).  There was an association between 

cognitive restraint score and perceived stress score that differed by class rank (perceived 

stress-by-freshman status interaction, P=.01, Figure 2.1).  Students classified as freshmen 

had higher cognitive restraint when perceived stress levels were high and lower cognitive 

restraint when perceived stress levels were low, whereas cognitive restraint scores of 

students with a class rank of sophomore or higher were unaffected by perceived stress. 

An association between cognitive restraint and hours of sleep that differed by 

class rank was also significant (hours of sleep-by-freshman status interaction, P=.04, 

Figure 2.2).  Freshmen with fewer hours of sleep had lower cognitive restraint scores than 

freshmen with more hours of sleep. Cognitive restraint of students with a class rank of 

sophomore or higher was not affected by hours of sleep.    

Additionally, there was a significant association between cognitive restraint score 

and physical activity that differed by perceived stress score (physical activity-by-

perceived stress interaction, p =.01, Figure 2.3). When stress levels were low, higher 

physical activity levels were associated with higher cognitive restraint.  When stress 

levels were high, higher physical activity levels were associated with lower cognitive 

restraint scores.  
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DISCUSSION 

 The primary purpose of our study was to examine relationships among various 

modifiable factors that college students experience that may be contributing to eating 

behaviors that are associated with weight gain. Perceived stress was the only variable 

included as a predictor for all three behaviors.  Other studies have also found a 

relationship with eating behaviors and perceived stress.21-23  Our hypotheses as outlined 

in the introduction were only partially met and no relationship was found between any 

eating behaviors and food insecurity when other covariates were taken into account that 

implies that modifying other factors is more likely to improve eating behaviors.   

Our results indicate that high stress levels and lack of sleep may affect freshmen’s 

cognitive restraint more than it does students who have been attending college longer, 

with lack of sleep leading to lowered cognitive restraint and higher stress levels 

associated with higher cognitive restraint.  Because we found that higher stress levels are 

associated with increased emotional and uncontrolled eating scores, we speculate that it 

might be possible that cognitive restraint increases in an attempt to try to control stress-

induced eating desires. No association was found between lack of sleep (or poor sleep 

quality) and emotional eating or uncontrolled eating in our study. Along similar lines, in a 

study evaluating snack consumption, Dweck and colleges found in a laboratory setting 

that those with higher emotional eating scores ate more under stressful conditions if they 

were not short on sleep (a three-way interaction between stress, hours of sleep, and 

emotional eating on quantity of food eaten).23   

We did not find an association between overweight/obese status and any of the 

eating behaviors either in bivariate or regression analysis.  In one of the few published 
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studies that administered the TFEQ with college students, Quick and colleagues found an 

association between short sleep and poor quality of sleep and prevalence of overweight 

and obesity in college students.  In addition, they reported an association between higher 

scores on all three scales of the TFEQ and above normal BMI.9   

We did not find food insecurity to be a predictor of eating behaviors in any of the 

regression models.  Food insecurity has been associated with overweight and obesity in 

women in several studies24, however, very little research has been conducted looking at 

food insecurity and eating behaviors.   Analysis of baseline data of an intervention study 

by Sharpe and colleagues25 (2016) found no differences in weight, BMI, and waist 

circumference between food secure and food insecure individuals and very little 

difference in dietary intake.  In the Sharpe et al. study, those classified as food insecure 

were found to have higher emotional eating and lower self-efficacy for eating healthy.25 

In a study of adults participating in congregate meals, Myles and colleagues26 found that 

emotional eating was not associated with food insecurity, however, cognitive restraint 

was associated with food insecurity and to some extent so was uncontrolled eating.26   

Cognitive restraint can be defined in simple terms as an attempt to control dietary 

intake to control weight.  Studies have been mixed as to the helpfulness of cognitive 

restraint in weight management and in a review of literature, Johnson and colleagues 

attribute this controversy to how cognitive restraint has been measured and interpreted. 

Johnson et al. indicate that cognitive restraint might be better thought of as an indicator of 

the tendency to overeat with disinhibition being the actual cause of weight gain.  In their 

review, Johnson and colleagues refer to multiple studies with association between higher  

cognitive restraint scores and weight loss and weight maintenance.27  Along similar lines, 
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Phelan and colleagues found that those who successfully maintained weight loss had 

higher restraint scores and lower disinhibition scores. 28  As further evidence that 

disinhibition scores are key to weight maintenance, Niemeier and colleagues analyzed 

baseline disinhibition scales looking specifically at questions related to internal 

disinhibition in relationship with weight changes over time and found lower internal 

disinhibition scores to be correlated with weight loss.29  The authors of this paper believe 

that cognitive restraint can be a helpful component in weight loss and weight loss.  

 In regression models, physical activity levels were not associated with emotional 

or uncontrolled eating.  Higher physical activity levels were associated with higher 

cognitive restraint scores when individuals were experiencing low stress levels, but not 

when individuals were experiencing high stress levels. This would imply that more 

physically active individuals have greater cognitive restraint unless they are experiencing 

high perceived stress.  The association between cognitive restraint and physical activity is 

consistent with Riou and colleagues30 who found correlations between eating behaviors 

and BMI that were different based upon physical activity.  In their study, there was 

stronger correlation for a negative association between dietary restraint and BMI in 

women at the highest physical activity level.    

The number of students in our study that met or exceeded the recommended 

amount of physical activity31 was higher than other reports4,7-9, however, some studies did 

not include work and transportation physical activity.  While not entirely unexpected, 

tobacco use was associated with lower levels of uncontrolled eating.  Along similar lines, 

Kovacs and colleagues32 (2014) found that smokers who had higher levels of dietary 
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cognitive restraint appeared to use cigarettes as a method to resist food cues presented to 

them.   

 As part of our study, we found that students who indicated that they used stress 

reduction methods were predicted to have higher cognitive restraint.  While a large 

percentage of students indicated that they used various methods to reduce stress, 

interventions targeted towards college freshmen to increase their ability to utilize stress 

reduction techniques effectively to lower stress levels and help them take steps to 

improve sleep quality might be beneficial in regard to dietary eating patterns associated 

with overweight and obesity.   

Study Limitations 

The study is a cross sectional study and therefore cause and effect cannot be 

determined.  Eating behaviors are complicated and influenced by multiple factors. 

Individual differences in subjects’ response to stress, lack of sleep, sleep quality, food 

insecurity, and physical activity can lead to results that may not be consistent from study 

to study.  Also, individuals may vary in their interpretation of questions. There is no way 

to know if all of the students were honest in their answers or if students’ interpretations of 

questions were the same.  Self-reported height and weight also is a limitation of the study 

as some students may have been more accurate in their reporting than others.  

While we had 153 respondents, utilizing an English or speech communications 

class with a larger number of sections may have been able to detect differences and 

associations better due to increased statistical power and may have been more 

representative of the entire university population than a general education class. An 

additional limitation is the lack of two questions being included in our survey from the 
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PSS-10 instrument, which means that the scores for perceived stress are not comparable 

to other published studies. The population was largely white with a high percentage of 

females, so generalizability to other campuses in the U.S. may be limited. 

 

IMPLICATIONS FOR RESEARCH AND PRACTICE 

 Interventions that teach freshmen how to effectively reduce stress, stress the 

importance of getting adequate sleep, and encourage the recommended amount of 

physical activity have the potential to reduce eating behaviors associated with weight 

gain.  Interestingly, tobacco use was found to be associated with lower uncontrolled 

eating.  More research is needed to understand if there is something about tobacco use 

(other than tobacco or nicotine) that can be applied in an effort to lower uncontrolled 

eating such as a non-food treat to get a person away from food temptations before over 

consumption occurs.    
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LEGEND 

Figure 2.1. Association between cognitive restraint score and perceived stress by 

freshmen status (stress-by-class rank interaction, p=.01).   

Figure 2.2. Association between cognitive restraint score and hours sleep by 

freshmen status (hours of sleep-by-class rank interaction, p=.04).    

Figure 2.3. Association between cognitive restraint score and perceived stress 

score by hours per week of moderate physical activity equivalent (hours of sleep-

by-physical activity interaction, p=.01).     
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Figure 2.3.  
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Table 2.1. Multiple Linear Regression Models Predicting Eating Behaviors 

 Coef. β SE P 

 

Emotional Eating 

    

Model r2=.15 

Intercept 2.0 -- 6.3 P<0.001 

Stress 1.4 0.33 0.34 < 0.001 

Female 10.8 0.19 4.6 0.02 

 

Uncontrolled Eating 

    

Model r2=.14 

Intercept 21.1 -- 4.6 P<0.001 

Stress 1.1 0.33 0.27 <0.001 

Tobacco -9.3 -0.17 4.3 0.03 

Freshmen 6.1 0.15 3.2 0.06 

 

Cognitive Restraint 

    

Model r2=.18 

Intercept 22.5 --  P=.002 

Stress 0.82 0.18 0.53 0.13 

Freshmen Status -75.9 -1.4 26.6 0.005 

Relaxation 10.2 0.17 5.0 0.04 

Sleep Hours -1.3 -0.72 1.8 0.50 

Parents’ Education -12.3 -0.19 5.3 0.02 

Physical Activity 0.0024 0.70 0.0008 0.004 

Stress-by-Freshman 1.9 0.60 0.75 0.01 

Sleep-by-Freshman 6.1 0.87 2.9 0.04 

Stress-by-Physical 

Activity 

-0.00012 -0.71 0.000044 0.005 

 

Stress score ranged from 2 to 28: female=15.6 ± 5.9 (mean ± SD), male=14.4 ± 6.0. 

Freshmen status (1= freshmen, 0= all other students). Relaxation (1= used relaxation 

strategies, 0= did not use relaxation strategies). Sleep hours ranged from 3.5 to 13: 

female=7.1 ± 1.6, male= 7.2 ± 1.3.  Parents’ Education (1= high school education or less; 

0= more than high school education). Physical Activity METs ranged from 0 to 32640; 

female=6020 ± 7134, male=9433 ± 6958. 
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ABSTRACT 

Background: Little is known about the possible effects of regular physical activity and 

sleep on emotional eating, uncontrolled eating, and cognitive restraint.   

Objective:  This cross-sectional study investigated baseline data to evaluate associations 

among self-reported physical activity and sleep on eating behaviors of 162 adults aged 19 

to 75 years enrolled in a weight loss program.   

Methods:  Perceived sleep quality and quantity were compared to physical activity levels 

and to scores for hunger and eating behavior. Emotional Eating (EE), Cognitive Restraint 

(CR), and Uncontrolled Eating (UE) were measured by Three-Factor Eating 

Questionnaire Revised (TFEQ-R18V2). Global Physical Activity Questionnaire (GPAQ) 

was administered and total metabolic equivalent ratio (MET) per week were calculated.  

Stress was measured by the Perceived Stress Scale (PSS-10).  Height and weight were 

measured and body mass index (BMI) was calculated.  Linear regression models were 

developed for predicting all three eating behaviors.  

Results:  Stress, female gender, working 40 or more hours a week, and lack of sleep were 

associated with greater EE while getting the recommended amount of physical activity 

was associated with lower EE (model r2=.208, p<.001).  An interaction between stress 

and sleep quality was significant in a model for UE (r2=.12, p=.002): UE was associated 

with higher stress when there was good sleep, but not when there was poor sleep. An 

interaction between age and BMI was significant in a model for CR (r2=.18, p<.001):  a 
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positive relationship between CR and age was observed for individuals with lower BMI, 

but not among individuals with high BMIs.  

Conclusions:   Increasing physical activity to recommended levels, reducing stress, 

having adequate sleep, and increasing CR as one ages may result in better weight 

management.   
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INTRODUCTION 

There is an urgent need to find a solution to the obesity epidemic. Obese 

individuals are at increased risk for chronic disease, decreased quality of life, and 

shortened life span.1-5  The economic cost to society due to lost productivity and health 

care costs is enormous.6-8  Researchers have conducted studies to better understand the 

regulation and dysregulation of hormonal and neural control of appetite and weight.9-12 

Eating behavior is complex and individuals often eat for reasons other than appetite 

which contributes to obesity.13,14  It is well documented that people often consume food 

as a special treat or because they especially like the food item rather than to meet caloric 

needs.15  

There is some evidence that exercise may help prevent substance abuse as well as 

improve outcomes in treatment programs for addictions.16-18 Addictive drugs, highly 

palatable foods, and exercise are all able to function as stimuli for the reward pathway. 19-

21 The reward pathway is a term used to describe a process in which the brain determines 

stimuli to be rewarding, pleasure is created through chemical signals, memory of steps 

taken to get the pleasurable sensation are recorded, and motivation to experience the 

feeling again is generated. Technically, the reward pathway refers to when the ventral 

tegmental area (VTA) of the brain is activated by stimuli and dopamine-producing 

neurons transmit information to the nucleus accumbens, which is an area of the brain 

associated with pleasure.  The message continues from the nucleus accumbens to other 

parts of the brain involved in motivation and memory that in turn contribute to behavior 

necessary to start the process all over again22-24.    
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Because ongoing or “chronic” exercise has been able to reduce the intake of 

highly addictive drugs16,25-27, one might wonder whether habitual exercise also might 

have the potential to reduce cravings for highly palliative foods in individuals struggling 

with overweight and obesity. In a study with mice, exercise in the form of voluntary 

running on a wheel was able to reduce the consumption of highly palliative food. 28  

Exercise has the potential to help with weight loss even when individuals eat 

more after exercising, as the increase in calories consumed may be less than the increase 

in energy expenditure.29  A study with ten young, physically fit men that each completed 

the three arms of the study found that energy expenditure was higher with aerobic 

exercise than resistance exercise but that caloric intake from an ad libitum meal after the 

exercise was not different which meant that those in the aerobic exercise group did not 

increase intake to match calories burned.  The study also found that resistance exercise 

was able to lower ghrelin more than aerobic exercise or not exercising and that aerobic 

exercise and resistance exercise were able to increase pancreatic polypeptide more than 

not doing exercise but one was not significantly better than the other at doing so.30 

Lowering ghrelin, a hormone associated with hunger, would be expected to decrease 

appetite while increasing pancreatic peptide would be expected to increase satiety and 

decrease food intake.31  In another small study, no change was found in perceived hunger 

during the fasting state in 33 overweight and obese men after 12 weeks of participation in 

an aerobic group, resistance group, or no exercise control group; however, perception of 

fullness as measured by a visual analogue scale after a 10 hour overnight fast and after 

consumption of 75 grams of carbohydrate was higher post intervention compared to pre-
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intervention fullness score in the aerobic group.32  Additional studies also have found 

that aerobic exercise is able to induce a temporary suppression of appetite.33 

Sleep quantity and quality have been studied and found to play a role in appetite, 

energy intake, and obesity.34-36  Capers and colleagues completed a review of studies that 

evaluated sleep duration, dietary intake, and weight.37 The meta-analysis found weight 

loss to be significant in studies when sleep length was increased.  However, the meta-

analysis of studies in which sleep length was shortened did not find weight gain to be 

significant, and the authors noted that individually, three of the four studies found weight 

gain or less weight loss than those who slept longer.  The authors chose not to complete a 

meta-analysis on studies that evaluated sleep length and dietary intake due to variability 

in methodologies and use of laboratory setting.37  A lack of reliable methodology for 

assessing food intake has been noted in the literature38 and this hinders efforts to 

determine to what extent various factors are influencing dietary intake.      

The extent to which sleep quality and quantity may interact with the ability of 

exercise to prevent, promote, and maintain weight loss is unknown.  In a small cross-over 

study, fragmented sleep resulted in shorter rapid eye movement (REM) sleep, but not 

significantly shorter slow wave sleep (SLW).  Loss of REM sleep has been associated 

with an increase in hunger and caloric intake.34-36  The afternoon of the day following 

sleep fragmentation, glucagon-like peptide (GLP-1) levels were lower and feelings of 

fullness were decreased compared to those who did not experience sleep fragmentation.  

Subjects who experienced fragmented sleep also reported higher scores for wanting to eat 

after the evening meal. 35  
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While knowledge has been gained in previous studies regarding hormonal 

effects of exercise, the effect of aerobic exercise on short term energy intake, and the 

benefits of exercise in maintaining weight loss,19 there is still much to be learned in 

regards to how ongoing, habitual exercise affects specific eating behaviors in humans and 

whether sleep quality and quantity affects the ability of exercise to influence eating 

behavior.  Interviews with nurses working overnight shifts (n=27) found an increase in 

cravings for sweets and carbohydrates on the days after a night shift and reduced exercise 

levels due to being tired.39 A question yet to be answered is whether exercise is able to 

improve eating behaviors when a person is sleep-deprived.  Reducing the desire to eat 

when not hungry has the potential to reduce overweight and obesity.    

We hypothesized that individuals who meet the recommended levels of physical 

activity will have lower emotional and uncontrolled eating and higher cognitive restraint 

on the Three-Factor Eating Questionnaire Revised (TFEQ-R18V2)40; that reported sleep 

quantity and quality will be inversely correlated with emotional and uncontrolled eating 

scores and positively correlated to cognitive restraint; and that the relationship between 

physical activity levels and eating behavior scores will be modified by sleep quantity.   

 

METHODS 

Baseline data were collected from 162 participants upon enrollment in a 

randomized, controlled trial comparing yoga to stretching in a weight loss program.  The 

study protocol was approved by the South Dakota State University and the Sanford 

Health Institutional Review Boards.  Written informed consent was received from all 
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study participants prior to their enrollment.  The trial was registered at 

clinicaltrials.gov (NCT02451800). 

Study population 

 Study subjects were newly enrolled Sanford Profile® participants recruited to 

participate in a randomized, controlled intervention study to determine if yoga was able 

to improve weight loss and eating behaviors over time.  Sanford Profile® is a weight loss 

program available in the upper Midwest and participants were recruited from two 

communities in South Dakota, a city in North Dakota, and a city in Minnesota.   

Participants in the weight loss program follow a specific plan in regard to diet and are 

encouraged to exercise.  One hundred sixty-two participants (146 females), aged 19 to 75 

years, provided data and access to height and weight measurements.  For purposes of this 

study, baseline data (2015-2016) were used for a cross-sectional evaluation of the 

relationships between self-reported sleep quantity and quality and amount of physical 

activity per week with eating behaviors.  

Study procedures  

Demographics and participant characteristics (e.g., chronic disease, medications, 

alcohol intake, hours of sleep) were collected via telephone survey. Online survey 

instruments were used to collect data on eating behaviors and perceived stress at baseline, 

3 months, and 6 months. Physical activity was collected by online survey at baseline 

only.  

Eating behavior was determined by the Three-Factor Eating Questionnaire 

Revised (TFEQ-R18V2). The Three-Factor Eating Questionnaire Revised 18-Item 
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version (TFEQ-R18V2)40-43  contains 18 questions related to hunger, thoughts related 

to food, and patterns of eating.  Each question is on a 4-point scale and three separate 

categories of eating behavior are measured in the survey: emotional eating, uncontrolled 

eating, and cognitive restraint.   

 To determine usual physical activity levels of participants, the Global Physical 

Activity Questionnaire (GPAQ)44-48 was administered and total metabolic equivalent ratio 

(MET) per week were calculated following the scoring system as described in the GPAQ 

Analysis Guide written by the World Health Organization.  The GPAQ asks a series of 16 

questions that collect information on the amount of time per week that the individual is 

moderately and vigorously active for work, transportation, and recreation/exercise. 

Moderate level activity is multiplied times 4 and vigorous activity is multiplied times 8 

and then all of the minutes are summed.46,48 From the MET equivalents per week, it was 

also determined if individuals met the physical activity recommendations of the World 

Health Organization of 150 minutes per week of moderate level activity, 75 minutes per 

week of vigorous level activity, or an equivalent combination.49  

 Sleep quantity was determined by asking participants to list the average number 

of hours they sleep per night.  Perceived sleep quality was measured by asking 

participants to rate their sleep quality as: very good, good, poor, or very poor.  For 

purposes of analysis, the categories for sleep were combined into good sleep (very good 

and good) and poor sleep (poor and very poor).  

 Possible covariates that were considered, included demographic characteristics 

(age, gender, number of children, number in household, marital status, race, education 
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and income), methods used to relax (yoga, meditation, biofeedback, prayer, massage, 

healing touch, gardening, sitting outside in nature, going for a walk, spending time with 

animals, painting or other artwork, quilting or other crafts, playing soothing music, or 

other activities) and perceived stress.  Information on demographic characteristics and 

methods used to relax were obtained by questionnaire and perceived stress was measured 

using the Perceived Stress Scale (PSS-10).  The PSS-10 contains 10 items that assess to 

what extent individuals felt stressed over the last month. Scoring is completed by 

reversing 4 positive items and then adding the 10 items together and the PSS-10 score 

can range from 0 to 40 with higher scores indicating more perceived stress.50   

Statistical Analyses  

 Linear regression was completed to test the relationship between sleep quantity 

and amount of physical activity per week.  One-way ANOVA was used to test the 

relationship between the sleep quality and amount of physical activity per week.  

Multiple regression was used to determine the best predictive models for eating behaviors 

and test for interactions. 

In order to determine which variables contribute to eating behaviors, the variables 

were grouped into different categories:  demographics, body measurements (body mass 

index [BMI]), physical activity (total MET hours, regular stretching), lifestyle factors 

(tobacco use, alcohol consumption, caffeine intake, prior yoga experience, hours of work 

per week, number of medications used), medical factors (birth control, hormone 

replacement therapy, menopause, high cholesterol, diabetes, high blood pressure, 

hypothyroidism, insomnia, presence of anxiety or depression), and relaxation methods.  
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The variables within each category that had the highest correlation with eating 

behaviors were determined. Once the variables from the various groups were narrowed 

down to those with the highest correlation to eating behavior, regression models were 

developed to determine whether those variables as well as the PSS, physical activity, and 

sleep variables were independently associated with eating behaviors.   

The scores for the three eating behaviors (emotional eating, uncontrolled eating, 

and cognitive restraint) from the TFEQ-R18V2 were normally distributed.  Missing data 

was handled per the protocol of each validated survey instrument to calculate scores for 

each instrument.  Bivariate and multivariate regression analysis were completed. 

Multicollinearity was tested using the variance inflation factor (VIF).  A significance 

value of p=0.05 was used. 

 

RESULTS 

Population Characteristics 

The characteristics of the study population are given in Table 3.1.  A total of 162 

participants completed demographic information, 130 participants completed the TFEQ-

R18V2, 118 participants completed the GPAQ, and 124 completed the PSS.  The 

majority of participants were female, married, college-educated, and worked full-time.  

The average BMI and hours of sleep per night were 33.6 kg/m2 and 6.9 hours 

respectively.  Approximately half of the population met the physical activity 

recommendations of 150 minutes/week of moderate activity, 75 minutes/week of 

vigorous activity, or a combination of vigorous and moderate activity to add to 600 or 
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more METS.  MET minutes per week for all participants ranged from zero minutes to 

11,160. 

Bivariate Associations 

There was a negative association between self-reported hours of sleep per night 

and total MET minutes per week with those getting more sleep reporting lower amounts 

of physical activity (p=0.048; Figure 3.1).  There was no association between self-

reported hours of sleep and whether individuals met the cut-off for the recommended 

amount of physical activity per week:  6.8+1.1 hours of sleep [mean + SD] for those who 

met the physical activity guidelines compared to 7.0+1.0 hours of sleep for those who did 

not (p=.25).    

Those who reported poor sleep quality were more likely to have met the 

recommended physical activity guidelines than those who reported good sleep quality 

(p=.04).  There was no association between perceived quality of sleep and total number 

of calculated MET minutes per week.  Those reporting good sleep completed the 

equivalent of 6.5+10.2 hours of moderate physical activity per week [means + SD] while 

those reporting poor sleep completed the equivalent of 9.6+12.4 hours of moderate 

physical activity per week (p=.19).   

 Without controlling for covariates, there was no association between emotional 

eating, uncontrolled eating, or cognitive restraint and either quality of sleep or MET 

minutes per week (all, p>0.20).  Multiple regression analyses were conducted to 

determine which variables were associated with eating behavior scales and to explore 

possible interactions between the independent variables, and to determine whether quality 
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of sleep or MET minutes per week were associated with eating behaviors when 

covariates were included in the statistical models.   

Emotional Eating 

Using multiple regression techniques, we found that perceived stress, physical 

activity, sex, hours working, and hours of sleep were independently associated with 

emotional eating (Table 3.2).  In both bivariate and multiple regression analyses, 

individuals with higher perceived stress had higher emotional eating scores (p=.02, 

bivariate; p=.006, model). Meeting the recommended amount of physical activity for the 

week was associated with lower emotional eating scores when included in a model 

(p=.08, bivariate; p=.03, model).  Working 40 or more hours a week was also associated 

with higher emotional eating scores in the multiple regression model (p=.29, bivariate; 

p=.02 model); however, hours of sleep did not quite reach statistical significance (p=.12, 

bivariate; p=.07 model).  Females had higher emotional eating scores than males in both 

bivariate and multiple regression analyses (p=.008, bivariate; p=.002, model).  Due to 

only 16 males in the study (9.9%), conclusions that can be made regarding associations 

between sex and emotional eating are limited.  There were no significant interactions 

among variables.  

Uncontrolled Eating 

  Sleep quality was not associated with uncontrolled eating in a bivariate analysis 

(p=.47), however, in multiple regression it was found to modify the relationship between 

uncontrolled eating and stress (sleep quality-by-perceived stress interaction, p=.04, 

Figure 3.2). A positive relationship between uncontrolled eating and perceived stress was 
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observed for individuals with good sleep, whereas the relationship between 

uncontrolled eating and perceived stress was either negligible or negative for individuals 

with poor sleep.  Another way of interpreting these results is that poor sleep was 

associated with higher scores for uncontrolled eating compared to individuals with good 

sleep, but only when stress levels were low.  At higher stress levels, individuals with 

good sleep quality reported higher scores for uncontrolled eating than individuals with 

poor sleep.  No other variables were associated with uncontrolled eating. 

Cognitive Restraint 

There was a significant association between cognitive restraint score and age that 

differed by BMI (age-by-BMI interaction, p<0.001, Figure 3.3).  At younger ages, there 

was little difference in cognitive restraint by BMI.  However, in older individuals a 

higher BMI was associated with lower cognitive restraint whereas a lower BMI was 

associated with greater cognitive restraint.  No other variables, including sleep and 

physical activity, were associated with cognitive restraint scores. 

 

DISCUSSION   

Our results were not consistent with our hypotheses.  We originally hypothesized 

that there would be a relationship between emotional eating, uncontrolled eating or lack 

of cognitive restraint with lower amounts of sleep and this relationship would be 

attenuated among individuals who exercised.  Individuals who reported physical activity 

that met the recommended guidelines or had greater hours of sleep a night scored lower 

for emotional eating, but an interaction between sleep and exercise was not found to be 
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significant.  As would be expected, study participants that scored higher for perceived 

stress scored higher for emotional eating.  Many studies have found a positive 

relationship with hours of sleep and weight gain.51  Dweck et al. found an association 

between emotional eating scores and sleep, however, they found the association with 

sleep quality, not hours of sleep.52    

Studies have found that short sleep duration (equal or less than 6 hours of sleep 

per night) is associated with increased energy intake, however, experimental studies have 

not been able to consistently show a relationship between lack of sleep and weight gain 

or sleep and eating behaviors.53  Experimental studies typically restrict sleep more 

severely and for a shorter amount of time than would occur outside of a laboratory. The 

artificial environment that is created in a sleep study could contribute to changes in eating 

behavior that would not be experienced in a normal environment (e.g., inability to leave a 

room could increase stress). This limits the interpretation of experimental sleep studies51 

and provides a rationale to continue to look at associations associated with stress, sleep, 

and eating behaviors to gain further insight into how they are related.   

Chaput et al. used the original full length TFEQ in a six-year longitudinal study. 

Baseline data analysis found an association between disinhibited eating (uncontrolled 

eating) and BMI with highest BMIs among those with the highest disinhibited eating.  

However, over the course of 6 years time, they found an interaction between quantity of 

sleep and disinhibited eating.  Individuals with higher scores for disinhibited eating and 

who slept less than other study participants gained more weight than short sleepers who 

did not have disinhibited eating behavior.  There was not a difference in weight gain 

between those with high and low inhibition when an adequate amount of sleep was 
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received. However, high disinhibition scores were also associated with weight gain in 

those that slept more than nine hours a night.54   

It is conceivable that individuals in our study who experienced poor sleep and 

who were also experiencing high stress might experience hypophagia when both sleep 

deprived and under high stress.  This would explain our findings of low uncontrolled 

eating scores among individuals with poor sleep and high perceived stress scores.  

Animal and human studies have found undereating and overeating during stressful 

situations. The possibility that mild stress might lead to overeating and high levels of 

stress result in undereating has been hypothesized in the past.55  

 The best model for predicting cognitive restraint included an interaction between 

age and BMI.  The fact that older adults who had a lower BMI had high cognitive 

restraint while older adults that had a higher BMI had low cognitive restraint raises the 

question as to whether cognitive restraint was helping those with lower BMI maintain a 

healthier weight while those with higher BMI had a high BMI due in part to low 

cognitive restraint.  Due to the nature of a cross-sectional study, it is unknown which 

came first in our participants, a high BMI and low cognitive restraint or vice versa.  Also, 

interpretation of the interaction between age and BMI is limited by the fact that everyone 

in our study was enrolled in a weight loss program. 

There is some disagreement in the scientific community regarding cognitive 

restraint and its role in weight management, development of eating disorders, and ability 

to reduce obesity.  Some studies have shown cognitive restraint to be positively 

associated with BMI while others have found it be negatively associated with BMI.56  

Johnson et al. (2012) in a review of literature suggest that instruments used to measure 
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cognitive restraint in older studies did not accurately measure cognitive restraint which 

confused the issue and led to the belief that cognitive restraint not only did not work, but 

also was linked to the development of less than helpful eating behaviors such as 

dysregulated eating and the development of eating disorders.  In their review, Johnson et 

al. cited intervention studies in which study participants were able to reduce binge eating 

by increasing cognitive restraint as evidence that increasing cognitive restraint can be 

helpful for those with eating behaviors associated with obesity.56  The authors also 

addressed the belief by some that using cognitive restraint leads to loss of the ability to 

respond naturally to external and internal cues and that a non-dieting approach is better 

for weight management.  In support of cognitive restraint, they cited research studies in 

which those who lose and maintain weight have more cognitive restraint.56  DelParigi et 

al. (2007) found that individuals that previously had successfully lost weight 

demonstrated higher cognitive restraint than non-dieting individuals with a similar 

percent body fat when tested in an experimental setting.57  

There is discussion in the literature as to the addictive qualities of highly 

palliative foods and similarities in the reward center of the brain for food, gambling, and 

drug cravings. 58  It is possible that as some individuals get older due to hormonal or 

other changes that they become more susceptible to the potential addictive quality of 

palliative food and lose their ability to use cognitive restraint to resist this temptation. 

An association between BMI and number of hours sleep has been shown in some 

studies.59,60 A possible reason that our study did not find an association between hours of 

sleep and BMI is that everyone in the study was enrolled in a weight loss program and 

did not represent the general population.  Additionally, sleep hours were self-reported so 
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accuracy was dependent upon participants remembering and entering the amount 

correctly. Also, our study size was relatively small and the percent of individuals 

reporting less than six hours of sleep per night was lower than from a nationally 

representative sample (24.7% compared to 36.6% percent of individuals from the 2005-

2010 National Health and Nutrition Examination Surveys).59   

 Acquiring a better understanding of associations between habitual physical 

activity and emotional and uncontrolled eating behavior, as well as cognitive restraint, 

has the potential to improve weight control.  Gaining insight into how sleep and ongoing 

physical activity are related to eating behaviors is an important area of research in the 

search for effective solutions to the obesity epidemic. The results of this study add to the 

evidence that stress, sleep, and physical activity are associated with eating behaviors.  As 

stress, sleep, and physical activity are modifiable to at least some extent, these results 

support current efforts to manage stress as much as possible and make a concerted effort 

to get enough sleep and adequate amount of physical activity.   

Study Limitations 

This study has several limitations.  The very nature of a cross sectional study 

limits the interpretations that can be made about associations that were found.  

Additionally, not everyone completed all of the surveys, thus decreasing the sample size 

available for analyses.  The results may be more applicable to women than to the general 

population due to the large number of women in comparison to men in the study.  

Generalizability of the study is limited due to all subjects participating in a weight loss 

program.  Due to costs associated with participating in the weight loss program, the study 

population’s income was higher than the general population.  A validated sleep quality 
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instrument was not used, but rather participants were asked to describe their sleep 

quality as very good, good, poor, or very poor.  Participants’ interpretation of sleep 

quality is subjective and may not be a good indicator of actual sleep quality.  The authors 

feel that the perception of sleep quality by the participants sheds light on possible 

relationships among perceived sleep quality, amount of regular exercise, and eating 

behaviors and therefore can be useful in an exploratory manner and help guide the 

direction of future research.   
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FIGURE LEGEND 

Figure 3.1. Relationship between self-reported MET hours per week and average 

hours of sleep per night (r2=.03, p=.048). 

Figure 3.2.  Relationship between uncontrolled eating score and perceived stress 

by sleep quality. Uncontrolled eating = 35.2 + .92 (stress score) + 22.2 (sleep 

quality) -1.1 (stress score*poor sleep), where sleep quality = 1 for poor and 0 for 

good.  Perceived stress-by-sleep quality interaction, p=.04. 

Figure 3.3. Association between cognitive restraint score and age by BMI.   

Cognitive restraint = -23.4 + 2.2 (age [years]) + 1.6 (BMI) - .06 (age*BMI).  Age-

by-BMI interaction, p=.006. 

  



 73 

 
 

Figure 3.1.  
 



 74 

 
 

Figure 3.2.  
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Table 3.1. Baseline demographic, socioeconomic, and behavioral characteristics of 

162 weight loss program participants.a 

Characteristics   

Age (years) 43.6 (1.0) 

Gender (male/female)  16/146 

Race/Ethnicity (white/other)  155/7 

Marital status  

  Married 108 (66.7%) 

  Other 54 (33.3%) 

Education  

  High school or less 16 (9.9%) 

  College (up to a bachelor’s degree) 126 (77.8%) 

  Advanced degree  20 (12.3%) 

Annual Income  

  <$50,000 45 (27.8%) 

  $50,000-100,000 66 (40.7%) 

  $100,000+ 41 (25.3%) 

  Refused to answer 10 (6.2%) 

Hours worked  

  <40 hrs/week 41 (25.3%) 

  40+ hrs/week 121 (74.7%) 

Mean number of children in home .8 (.1) 

Mean number in home (other than self) 2.1 (.2) 

Tobacco use    

  Never 88 (54.3%) 

  Current 15 (9.3%) 

  Past 59 (36.4%) 

Cups of caffeine/day   1.5 (.1) 

Body mass index (kg/m2)  33.6 (.5) 

Hours sleep/night 6.9 (.1) 

Physical activity recommendations  

  Met guidelines 60 (50.8%) 

  Did not meet guidelines 58 (49.2%) 

a  Data are numbers of participants (%) or mean (SE) 
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Table 3.2. Multiple linear regression model predicting emotional eating scoresa 

 β SE P 

Stressb 0.25 0.29 0.01 

Physical Activityc -0.20 3.87 0.03 

Female 0.27 6.49  < 0.01 

Workd 0.21 4.39 0.02 

Sleepe -0.16 1.81 0.07 

a  Model r2 = 0.21, P < .001 

b  Stress = score on the Perceived Stress Scale 

c  Physical Activity = met 2008 national guidelines for amount of physical activity per 

week (0=no, 1=yes) 

d  Work= working 40 or more a week (0=no, 1=yes) 

e  Sleep= hours of sleep per week  
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ABSTRACT 

Objective: Compare effectiveness of 3-month yoga versus stretching program for 

enhancing weight loss with an additional 3-month follow-up. 

Setting: Weight loss program in mid-western United States 

Participants: Adults (N=116 [103 females]) enrolled in a weight loss program. Average 

age of 43.7 years and 34.0 kg/m2 BMI.  

Intervention: Participants randomized to either yoga or stretching group and asked to 

complete exercises 3/week for 3 months.  

Main Outcome Measures: Weight loss. 

Analysis: Bivariate and multiple regression analyses were completed. 

Results: There was no difference in weight loss between the groups at 3 (p=.17) or 6 

months (p=.25). Emotional eating and uncontrolled eating decreased in the yoga group at 

6 months compared to the stretching group (p=.04 and p=.03, respectively). 

Conclusions and Implications: Yoga may improve eating behaviors associated with 

obesity.  More research is needed to determine if relaxation strategies, positivity, and 

stress reduction combined with yoga poses can reduce weight.  
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INTRODUCTION 

 

Stress has been associated with hunger, hormonal response, hedonistic eating, and 

obesity.1-10 Activation of the sympathetic nervous system through the stress response may 

be contributing to the obesity epidemic as increased hunger messages are generated in 

response to hormones associated with the fight or flight response.11-13 When under stress, 

determination to act in healthy ways can weaken and cravings for less healthy foods can 

increase leading to increased difficulty with eating healthy and being physically active.   

Eating for reasons other than hunger has been linked to overweight and obesity.14 Dieting 

to lose weight generally fails either with actual weight not being lost or a regain in the 

weight that was lost.  There is a need to find ways to help people successfully manage 

their weight.  Teaching people how to lower their perceived stress levels may have the 

potential of improving weight management.         

  A small cross-sectional study measured inflammatory markers, stress hormones, 

and heart rate and found that those individuals who practiced yoga were less affected by 

stressful situations than those who did not practice yoga.15  Another small study that 

measured γ- aminobutyric acid (GABA) levels in yoga practitioners and walkers reported 

decreased anxiety and improved mood with increased GABA levels in yoga 

practitioners.16  Individuals who practice Sahaja Yoga meditation had a lower emotional 

response as measured by EEG to negative film clips than did controls with no experience 

in meditation.17 A randomized, controlled trial that incorporated mindfulness and yoga 

was able to show decreased stress symptoms in cancer survivors18, and another study 

found improved sleep quality among individuals practicing yoga.19 A promising area of 
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research is in the area of stress reduction combined with nutritional guidance.  A small 

pilot study conducted in Greece found that nutritional guidance and a low-calorie diet 

combined with stress reduction techniques resulted in greater weight loss in obese women 

than nutritional guidance and low-calorie calorie diet only. Additionally, restrained eating 

increased as measured by the Dutch Eating Behavior Questionnaire in the stress 

management group compared to control group20 

Anxiety at even low levels has the potential to change an individual’s breathing 

pattern with a resultant increase in the breathing rate or the individual taking in deeper 

breaths than normal and this can trigger a sympathetic nervous system response.21 

Activating the sympathetic nervous system increases hunger messages that the body 

receives.11-13 Learning to breathe in a more relaxed manner may be able to influence 

actions of the autonomic system.22 If an intervention is able to reduce stress, it may 

improve eating behaviors and ultimately reduce overweight and obesity. 

Yoga presents a unique opportunity to combine physical activity in the form of 

strength training and stretching along with training in meditation, breathing, and 

relaxation.  The overall aim of the current study was to determine the effectiveness of a 

3-month yoga program to improve weight loss while participating in the Sanford 

Profile® program, a structured low-calorie, low-carbohydrate weight loss program.  We 

hypothesized that individuals randomized to yoga would have reduced stress levels and 

greater weight loss than individuals randomized to a stretching program.     
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METHODS 

This study was conducted from February 2015 through August 2016.  It included 

a 3-month randomized, controlled trial using in-person yoga, a yoga DVD, and a 

stretching DVD (control group) followed by a 3-month post-intervention follow-up for a 

total length of 6 months. The in-person yoga was discontinued part way into the trial due 

to difficulty recruiting and retaining participants into this arm of the study. The study 

continued with participants either receiving a yoga DVD or a stretching DVD.  The study 

protocol was approved by the South Dakota State University Institutional Review Board 

and the Sanford Health Institutional Review Board.  Written informed consent was 

received from all study participants prior to their enrollment in the study.  The trial was 

registered at clinicaltrials.gov as NCT02451800. 

Study population 

Subjects were recruited at the Sanford Profile Program through informational 

emails sent by the Profile program, and via an informational brochure attached to the 

electronic scale that each Sanford Profile participant receives.  Participating Sanford 

Profile Programs were in Sioux Falls and Brookings, South Dakota; Fargo, North Dakota; 

and Worthington, MN.  Interested individuals were contacted and were provided with 

additional information and assessed for program eligibility.   

Eligibility criteria included the following: 18 years of age or older; passing a 

medical questionnaire or receiving a physician’s clearance to participate in the study; 

submission of a signed, informed consent; and enrollment in the Sanford Profile Program.  
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A total of 358 potential participants were contacted and assessed for eligibility 

and 162 were randomized to one of 3 groups.  Two of the groups were combined (yoga 

class and yoga DVD) after the start of the intervention.  See Figure 1 for a participant 

flow chart following CONSORT Guidelines.   

Study Design  

This study was designed as a randomized, controlled trial with 3 arms (two 

treatment groups and a control group) and a goal to recruit 225 participants based upon 

sample size calculation of 64 individuals needed per group to detect a difference in 

weight loss of 3 pounds between study groups assuming an attrition of 20% of the 

participants.23 Randomization was stratified by location and completed in a manner that 

ensured approximately equal numbers in each group within each location.   

Participants were randomized to attend a yoga class, to receive a yoga DVD to 

watch and participate on their own at home, or to receive a stretching DVD to participate 

on their own (control group).  All groups were to perform their exercises three times per 

week. Participants who were randomized to the yoga DVD group received a copy of 

“More Yoga for the Rest of Us with Peggy Cappy”.  Participants who were randomized 

to the stretching DVD group received a copy of “Stretching: the DVD” which features 

Bob Anderson. Participants randomized to the Yoga Class were asked to attend a one-

hour yoga class based on the Peggy Cappy video at the Sanford Wellness Center in their 

community. Participants that felt that the video was too easy were offered a more 

challenging video (Elements of Yoga: Earth Foundation with Tara Lee for the yoga group 

and Perfect in 10 Stretch with Annette Fletcher for the stretching group) or the 
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opportunity to use a video of their own choosing that was the same type of video as 

they were originally assigned (yoga or stretching).      

Study Measurements 

Participants were provided with an electronic scale to measure their weight 

through the Profile program.  Profile participants are encouraged to weigh themselves 

daily and the weights are transmitted electronically to the Profile server. Participants 

were asked to continue to weigh themselves after completion of the 3-month intervention 

for an additional 3 months even if they no longer participated in the Profile program.  

Height was measured at enrollment by Profile program staff using a stadiometer 

(standing height measured utilizing a horizontal bar attached to an adjustable vertical 

rod). 

Questionnaires were completed by participants and included demographic 

information, perceived stress, eating behaviors, and physical activity.  Demographic 

information and participant characteristics (e.g., caffeine intake, chronic disease, 

medications) were collected via telephone interview after medical clearance to participate 

in the study was received.  Perceived stress and eating behaviors (emotional eating, 

uncontrolled eating, and cognitive restraint) were measured through online surveys at 

baseline and at the completion of the 3-month intervention.  Physical activity was 

assessed through an online survey at baseline only.   

The effect of stress on weight loss was determined using the Perceived Stress 

Scale, 10-item scale (PSS-10) at baseline, at 3 months, and at 6 months to determine if 

stress level was associated with weight loss.  The PSS-10 contains 10 items that assess to 
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what extent individuals felt stressed over the last month.24  The TFEQ -R18 has been 

validated in obese and non-obese populations to evaluate eating behaviors (emotional 

eating, uncontrolled eating, and cognitive restraint).25,26  The GPAQ was developed by 

the World Health Organization and has been validated in population studies.  It includes 

19 questions used to determine metabolic equivalents (METs) for physical activity 

completed on average per week including time at work, transportation, and leisure 

activities. 27,28   

The in-person yoga class was difficult for many people to attend due to schedule 

conflicts and distance they would need to travel and some individuals declined to 

participate in the study when they learned they would need to attend an in-person class. 

As a result, the study protocol was modified to randomize participants to one of two 

groups instead of three groups (either the stretching DVD or the yoga DVD).  

Participants were considered to have completed the study if they did not indicate 

that they wanted to withdraw from the study within 70 days from randomization and 

follow-up weights were available for them regardless of whether they completed follow-

up surveys.  Intent-to-treat analysis was completed and included those that had not 

withdrawn from the study prior to 70 days into the study and that had at least one follow-

up weight that was at least one month from baseline.  When there was no weight at the 

three-month time period, the closest weight to three months from baseline was used.  For 

three participants, that resulted in weights being used for the 3-month follow-up that were 

only one month from baseline (n=2 in the yoga group, n=1 in stretching group).   
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Participants were considered to have completed the 3-month follow-up period 

(6 months from baseline) if weight measurements were available after the initial three 

month time period regardless of whether they completed the follow-up surveys. Intent-to-

treat analysis was completed for participants that completed at least one weight 

measurement after the completion of the intervention.  Three participants included in 6-

month analysis had weights that were completed less than one month after the end of the 

intervention and all three were in the yoga group.   

Statistical Analysis: Statistical analyses were completed using Stata Statistical 

Software (Release 12, College Station, TX: StataCorp, 2011).  Baseline measurements 

among groups were analyzed using chi-square and ANOVA. Variables that were 

different among groups and were associated with outcome measures were included in 

final statistical analyses.  Data that were not found to be normally distributed included 

weight at baseline, 3 months, and 6 months; uncontrolled eating at 3 months; and 

perceived stress score at 3 and 6 months.  T-tests were used for repeated measures that 

were normally distributed and Wilcoxon Signed-Rank for paired data that was not 

normally distributed.  Two-sample Wilcoxon Rank Sum tests were used when variables 

were not normally distributed in comparisons between groups.  T-tests for unequal 

variances were used for those variables with unequal variances. Intent-to-treat analyses 

were completed. Statistical significance was determined at p<.05.   
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RESULTS 

Overview of Study Population 

Of the 162 participants that began the study, 116 (72%) completed the 3-month 

intervention and 99 (61%) remained in the study three months later (6-month follow-up). 

Approximately one-fourth of participants (25.9%) indicated that they completed regular 

stretching prior to the start of the study and about half indicated that they had taken a 

yoga class or tried yoga on their own (54.3%) with no difference between groups at 

baseline (P=.87, P=.13).  There were no difference between completers and non-

completers for regular stretching (P=.71) or yoga experience prior to enrollment (P=.94).   

Baseline characteristics of the 116 who completed the intervention compared to 

those did not complete the intervention are given in Table 4.1.  Physical activity was 

higher at baseline for those who completed the intervention compared to those who did 

not complete the study.  Additionally, there were no differences at baseline between the 

yoga and stretching groups for those that completed the intervention (Table 4.2).  

Outcome Measures 

Weight loss. Both the yoga and stretching groups lost weight at three months that 

remained significant at follow-up three months later (P<.001, Table 4.3).  There were no 

differences in weight loss between the yoga and stretching groups at 3 or 6 months.   

Regression models were developed to predict weight loss at 3 and 6 months 

(Table 4.4). None of the eating behaviors were significant predictors for weight loss in 

bivariate analyses.  The best model for predicting greater weight loss at 3 months 

included older age, greater weight at randomization, and fewer alcoholic drinks per week.  
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Fewer caffeine containing beverages per day also tended to be associated with greater 

weight loss (P=.08). The best model for predicting greater weight loss at 6 months 

included older age, working less than 40 hours a week, and greater weight at 

randomization.  There was a trend toward greater weight loss in people that slept more 

hours per night and being a female (both, P<0.10).  Differences between yoga and 

stretching remained non-significant when the covariates included in Table 4.4 were 

considered in the analysis (Figure 4.2). 

Perceived Stress. Perceived stress scores decreased significantly in the stretching 

group by 3 months and in the yoga groups by 6 months (Table 4.3).  There were no 

differences between groups in perceived stress scores at either 3 or 6 months.  Weight 

loss at 3 months was not associated with a decrease in perceived stress (P=.13). 

Emotional Eating. Emotional eating scores decreased significantly in both the 

yoga and stretching groups from both baseline to 3-months, but only remained significant 

at 6-months among the yoga group. While there was no difference between groups for 

emotional eating scores at the end of the intervention (3 months), emotional eating scores 

were significantly lower in the yoga group than in the stretching group at the 6-month 

follow-up.  

Uncontrolled Eating. Uncontrolled eating scores decreased in the yoga group 

from baseline to the end of the intervention (3-months) and this difference remained at 

the 6-month follow-up (Table 4.3). Uncontrolled eating scores also decreased from 

baseline to the 3-months in the stretching group, but this difference did not remain 

significant at 6-months.  There was no difference in uncontrolled eating scores between 
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the yoga and stretching groups at 3-months, but by 6-months the yoga group had 

decreased their uncontrolled eating scores significantly more than the stretching group.  

Cognitive Restraint. Cognitive restraint scores increased significantly in the yoga 

group from baseline to 3- and 6-months (Table 4.3), but only increased from baseline to 

3-months in the stretching group. There were no differences between the groups at either 

3- or 6-month time points.  

 There was no difference between those that completed a yoga class and those that 

were assigned a yoga DVD for any of the outcome measures. 

 

DISCUSSION 

Our hypotheses that individuals who participated in the 3-month yoga 

intervention would have lower stress levels and lose more weight than individuals in a 

stretching group was not confirmed.  While both groups lost weight, there were no 

differences between groups for either weight or stress levels.  Regression models were 

not able to find modifiable predictors of weight loss other than alcohol intake and hours 

worked per week and a couple of variables that approached significance. Hours worked 

per week and alcohol intake could both be indicators of stress and certainly alcohol intake 

contributes calories to the diet.  Alcohol intake and caffeine intake are discouraged for 

those on the Profile weight loss plan so their use may also be an indicator of overall 

compliance with the weight loss program.  Decreased emotional and uncontrolled eating 

scores in the yoga group at 6 months post intervention may indicate greater effectiveness 

of yoga versus stretching for eating behaviors associated with obesity.  
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The modification in the design of the study to stop recruiting for the yoga class 

group and to merge the yoga class group with the yoga DVD group may have impacted 

the ability of the yoga intervention to reduce weight and reduce stress levels.  Receiving a 

yoga video is not the same as attending an in-person class and this potentially influenced 

our results.  In a randomized, controlled study completed in India29, 8 weeks of yoga was 

compared to a walking intervention with both groups receiving information on nutrition, 

smoking cessation, and benefits of physical activity.  Weight and waist circumference 

were lower in the yoga group after completion of the intervention.  In each 75-minute 

yoga class, participants completed yoga poses, chanting exercises, breathing exercises, 

meditation practice, and in didactic portion learned about the philosophy, beliefs, and 

principles related to yoga as well as coping with emotion.  McDermott and colleagues 

noted that the yoga intervention was intended to lower stress and increase feelings of 

positivity.29   

However, another study that provided in-person yoga sessions30 did not find a 

difference in weight loss between intervention and control groups and differences within 

the groups for weight loss were not significant at 12 months after the start of the 

intervention.  Kanaya and colleagues compared restorative yoga (intervention designed 

with a physical therapist and a person considered to be a yoga expert) to stretching with 

both groups receiving 12 weeks of biweekly group sessions followed by 12 weekly 

sessions and finally monthly sessions for 6 months with subjects instructed to do yoga or 

stretching on their own for a minimum of 30 minutes three times a week.  Participants 

stayed in most yoga poses for 10-15 minutes with eyes closed or a towel over their eyes.  

Both intervention and control groups received information on benefits of physical activity 
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and nutrition.  Waist circumference and weight improved in both groups without a 

difference between groups at 12 months. The only difference found between groups was 

decreased fasting glucose in the yoga group.30   

A 2017 Cochran review of yoga’s effectiveness in women with breast cancer 

diagnosis31 concluded that short term yoga was not able to reduce anxiety or depression.  

However, the study found moderate to weak evidence of yoga’s ability to reduce sleep 

disturbances and improve “health-related quality of life”.  Additionally, there was weak 

evidence that yoga produced similar results to other forms of exercise in those with breast 

cancer diagnosis. The authors concluded that yoga might be appropriate to use in place of 

other forms of exercise.    

There are great variations in how yoga is taught and some interventions include 

an emphasis on relaxation, positive thinking, and teaching stress reduction techniques 

while others only teach specific yoga poses.  It is possible that these differences are 

contributing to discrepancies among studies in the effectiveness of yoga over other forms 

of exercise.  More traditional yoga with messages of positivity, meditation, reducing 

stress, and breathing exercises might have the potential to be more effective for weight 

loss than yoga that focuses on physical poses with little or no emphasis on the calming 

messages of more traditional Eastern yoga. Complicating the comparison between yoga 

and stretching is the fact that some stretching classes and DVDs may include references 

to breathing and stress reduction.     

There still are many unanswered questions about the ability of yoga to improve 

weight and to lower stress, uncontrolled eating and emotional eating.  Future research 
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should investigate interventions aimed at reducing stress, increasing positivity, and 

teaching relaxation techniques in combination with yoga poses compared to yoga poses 

without these messages and relaxation techniques.  It may be possible that it is a 

combination of learning to discipline oneself to remain in the various yoga positions in 

addition to messages that teach the participant to calm their breathing and relax that helps 

people decrease emotional eating and uncontrolled eating, and ultimately lose weight. 

There are several limitations to this study.  We have no measure of compliance 

with performing either of the DVD exercises at home.  However, we did see reductions in 

perceived stress in both groups and group differences in eating behaviors in our intent-to-

treat analysis.  The study was conducted in the upper Midwest and may not be 

generalizable to subjects living in other parts of the United States.  Only 16 males 

enrolled in the study out of 162 individuals randomized at baseline, so the study has 

limited generalizability to males.  Finally, correlations found between variables may 

indicate an association, however, associations do not mean that a causal relationship 

exists.  

 

IMPLICATIONS FOR RESEARCH AND PRACTICE 

Reduced uncontrolled eating scores and lowered emotional eating scores after six 

months in the yoga group may indicate an advantage of yoga over stretching 

interventions. More research is needed to determine the ability of yoga to reduce 

emotional and uncontrolled eating and any possible effects on weight over a longer time. 

 



 93 

Conflicts of Interest   

The authors declare that there are no conflicts of interest regarding the design, 

implementation, analysis, or publication of the study. 

Acknowledgements The authors would like to thank the participants in this study.  

Funding Support  This study was funded by Sanford Health/South Dakota State 

University Collaborative Research Seed Grant Program and the Ethel Austin Martin 

Endowment in Human Nutrition at South Dakota State University.   



 94 

References 

 

1. Vicennati V, Pasqui F, Cavazza C, Pagotto U, Pasquali R. Stress-related 

development of obesity and cortisol in women. Obesity (Silver Spring). 

2009;17(9):1678-1683. 

2. Sinha R, Jastreboff AM. Stress as a common risk factor for obesity and addiction. 

Biol Psychiatry. 2013;73(9):827-835. 

3. Kumar J, Chuang JC, Na ES, et al. Differential effects of chronic social stress and 

fluoxetine on meal patterns in mice. Appetite. 2013;64:81-88. 

4. Tomiyama AJ, Dallman MF, Epel ES. Comfort food is comforting to those most 

stressed: evidence of the chronic stress response network in high stress women. 

Psychoneuroendocrinology. 2011;36(10):1513-1519. 

5. Arce M, Michopoulos V, Shepard KN, Ha QC, Wilson ME. Diet choice, cortisol 

reactivity, and emotional feeding in socially housed rhesus monkeys. Physiol 

Behav. 2010;101(4):446-455. 

6. Tryon MS, DeCant R, Laugero KD. Having your cake and eating it too: a habit of 

comfort food may link chronic social stress exposure and acute stress-induced 

cortisol hyporesponsiveness. Physiol Behav. 2013;114-115:32-37. 

7. Berthoud HR. Metabolic and hedonic drives in the neural control of appetite: who 

is the boss? Curr Opin Neurobiol. 2011;21(6):888-896. 

8. Egecioglu E, Skibicka KP, Hansson C, et al. Hedonic and incentive signals for 

body weight control. Rev Endocr Metab Disord. 2011;12(3):141-151. 

9. Torres SJ, Nowson CA. Relationship between stress, eating behavior, and obesity. 

Nutrition. 2007;23(11-12):887-894. 



 95 

10. Adam TC, Epel ES. Stress, eating and the reward system. Physiol Behav. 

2007;91(4):449-458. 

11. Sanghez V, Razzoli M, Carobbio S, et al. Psychosocial stress induces hyperphagia 

and exacerbates diet-induced insulin resistance and the manifestations of the 

Metabolic Syndrome. Psychoneuroendocrinology. 2013;38(12):2933-2942. 

12. Gluck ME, Yahav E, Hashim SA, Geliebter A. Ghrelin levels after a cold pressor 

stress test in obese women with binge eating disorder. Psychosom Med. 

2013;76(1):74-79. 

13. Mundinger TO, Cummings DE, Taborsky GJ, Jr. Direct stimulation of ghrelin 

secretion by sympathetic nerves. Endocrinology. 2006;147(6):2893-2901. 

14. French SA, Epstein LH, Jeffery RW, Blundell JE, Wardle J. Eating behavior 

dimensions. Associations with energy intake and body weight. A review. 

Appetite. 2012;59(2):541-549. 

15. Kiecolt-Glaser JK, Christian L, Preston H, et al. Stress, inflammation, and yoga 

practice. Psychosom Med. 2010;72(2):113-121. 

16. Streeter CC, Whitfield TH, Owen L, et al. Effects of yoga versus walking on 

mood, anxiety, and brain GABA levels: a randomized controlled MRS study. J 

Altern Complement Med. 2010;16(11):1145-1152. 

17. Aftanas L, Golosheykin S. Impact of regular meditation practice on EEG activity 

at rest and during evoked negative emotions. Int J Neurosci. 2005;115(6):893-

909. 



 96 

18. Carlson LE, Doll R, Stephen J, et al. Randomized controlled trial of 

Mindfulness-based cancer recovery versus supportive expressive group therapy 

for distressed survivors of breast cancer. J Clin Oncol. 2013;31(25):3119-3126. 

19. Cohen L, Warneke C, Fouladi RT, Rodriguez MA, Chaoul-Reich A. 

Psychological adjustment and sleep quality in a randomized trial of the effects of 

a Tibetan yoga intervention in patients with lymphoma. Cancer. 

2004;100(10):2253-2260. 

20. Christaki E, Kokkinos A, Costarelli V, Alexopoulos EC, Chrousos GP, Darviri C. 

Stress management can facilitate weight loss in Greek overweight and obese 

women: a pilot study. J Hum Nutr Diet. 2013;26 Suppl 1:132-139. 

21. Wilhelm FH, Gevirtz R, Roth WT. Respiratory dysregulation in anxiety, 

functional cardiac, and pain disorders. Assessment, phenomenology, and 

treatment. Behav Modif. 2001;25(4):513-545. 

22. Mourya M, Mahajan AS, Singh NP, Jain AK. Effect of slow- and fast-breathing 

exercises on autonomic functions in patients with essential hypertension. J Altern 

Complement Med. 2009;15(7):711-717. 

23. Cohen BE, Chang AA, Grady D, Kanaya AM. Restorative yoga in adults with 

metabolic syndrome: a randomized, controlled pilot trial. Metab Syndr Relat 

Disord. 2008;6(3):223-229. 

24. Cohen S, Williamson G. Perceived stress in a probability sample of the United 

States. In: Spacapan S, Oskamp S, eds. The Social Psychology of Health: 

Claremont Symposium on Applied Social Psychology. Newbury Park, CA: Sage; 

1988. 



 97 

25. Karlsson J, Persson LO, Sjostrom L, Sullivan M. Psychometric properties and 

factor structure of the Three-Factor Eating Questionnaire (TFEQ) in obese men 

and women. Results from the Swedish Obese Subjects (SOS) study. Int J Obes 

Relat Metab Disord. 2000;24(12):1715-1725. 

26. de Lauzon B, Romon M, Deschamps V, et al. The Three-Factor Eating 

Questionnaire-R18 is able to distinguish among different eating patterns in a 

general population. J Nutr. 2004;134(9):2372-2380. 

27. Bull FC, Maslin TS, Armstrong T. Global physical activity questionnaire 

(GPAQ): nine country reliability and validity study. J Phys Act Health. 

2009;6(6):790-804. 

28. Chu AH, Ng SH, Koh D, Muller-Riemenschneider F. Reliability and validity of 

the self-and-interviewer-administered versions of the Global Physical Activity 

Questionnaire (GPAQ). PloS One. 2015;10(9):e0136944. 

29. McDermott KA, Rao MR, Nagarathna R, et al. A yoga intervention for type 2 

diabetes risk reduction: a pilot randomized controlled trial. BMC Complement 

Altern Med. 2014;14:212. 

30. Kanaya AM, Araneta MR, Pawlowsky SB, et al. Restorative yoga and metabolic 

risk factors: the Practicing Restorative Yoga vs. Stretching for the Metabolic 

Syndrome (PRYSMS) randomized trial. J Diabetes Complications. 

2014;28(3):406-412. 

31. Cramer H, Lauche R, Klose P, Lange S, Langhorst J, Dobos GJ. Yoga for 

improving health-related quality of life, mental health and cancer-related 



 98 

symptoms in women diagnosed with breast cancer. Cochrane Database Syst 

Rev. 2017;1:Cd010802. 

 



 99 

Figure Legend 

 

Figure 4.1:  Participant flow (n=358) of included and excluded participants, allocation to 

intervention groups, and completion status for a yoga versus stretching weight loss 

intervention.  

Figure 4.2. Multiple regression adjusted estimates of weight change at 3 and 6 months by 

yoga and stretching group (groups were not different: P=.34; P=.10, respectively) 
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Figure 4.1 
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Figure 4.2 
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Table 4.1. Baseline Characteristics of Completers and Non-completers 1  

Variable 

Completers 

(n=116) 

Non-completers 

(n=46) P-value 

Age 43.7 (12.3) 43.3 (11.6) .87 

Gender (M/F)  13/103 3/43 .37 

Race (White/Other2)  113/3 42/4 .09 

Marital status   .11 

Married 73 (62.9) 35 (76.1)  

Not married 43 (37.1) 11 (23.9)  

Education   .37 

High School or Less 13 (11.2) 3 (6.5)  

More than High School 103 (88.8) 43 (93.5)  

Income   .79 

<$50,000 34 (29.3) 11 (23.9)  

$50,000-$100,000 47 (40.5) 19 (41.3)  

>$100,000 29 (25.0) 12 (26.1)  

Missing/Refused 6(5.2) 4(8.7)  

Hours worked   .80 

<40 Hrs/week 30 (25.9) 11 (23.9)  

40+ Hrs/week 86 (74.1) 35 (76.1)  

Children in home 0.75 (.98) 1.1 (1.4) .08 

Number in home  2.1 (2.9) 2.2 (1.6) .77 

Tobacco use     .11 

Never 58 (50.0) 30 (65.2)  

Current 10 (8.6) 5 (10.9)  

Past 48 (41.4) 11 (23.9)  

Cups of caffeine/day    1.5 (1.8) 1.3 (1.2) .33 

BMI (kg/m2)  34.0 (6.4) 32.5 (6.4) .19 

Physical Activity (METs)  2,017 (2,771) 710 (1,341) <.01 

1Data are means (SD) or number (%) 
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Table 4.2. Baseline Characteristics of Intervention Completers 1  

Variable 

Stretching 

(n=53) 

Yoga  

(n=63) P-value 

Age 43.0 (13.4) 44.2 (11.4) .61 

Gender (M/F)  5/48 8/55 .58 

Race (White/Other2)  52/1 61/2 .66 

Marital status   .89 

Married 33 (62.3) 40 (63.5)  

Not married 20 (37.7) 23 (36.5)  

Education   .97 

High School or Less 6 (11.3) 7 (11.1)  

More than High School 47 (88.7) 56 (88.9)  

Income   .46 

<50,000 18 (34.0) 16 (25.4)  

50,000-100,000 20 (37.7) 27 (42.9)  

>100,000 11 (20.8) 18 (28.6)  

Missing/Refused 4(7.6) 2(3.2)  

Hours worked   .58 

<40 Hrs/week 15 (28.3) 15 (23.8)  

40+ Hrs/week 38 (71.7) 48 (76.2)  

Children in home 0.60 (.91) 0.87 (1.0) .14 

Number in home  1.7 (1.1) 2.4 (3.8) .18 

Tobacco use     .13 

Never 22 (41.5) 36(57.1)  

Current 7 (13.2) 3 (4.8)  

Past 24 (45.3) 24 (38.1)  

Cups of caffeine/day    1.5 (1.9) 1.5 (1.7) .93 

BMI (kg/m2)  34.5 (7.8) 33.6 (4.9) .48 

Physical Activity 1,776 (2.328) 2,309 (3,235) .50 

1Data are means (SD) or number (%) 
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Table 4.3.  Change in Weight, Perceived Stress, and Eating Behaviors in Study 

Participants Enrolled in a Weight Loss Program by Intervention at 3 and 6 months 

Outcome/treatment 

Baseline 

mean ± SD (n) 

3-Month Change 

from baseline 

6-Month Change 

from baseline 

Weight, lbs    

   Stretching 214 ± 52 (53) -12 ± 12*** (53) -13 ± 19*** (43) 

   Yoga 209 ± 41 (63) -14 ± 10*** (63) -16 ± 16*** (56) 

   Group Differences p=.37 p=.17 p=.25 

Perceived Stress    

   Stretching 17 ± 7 (46) -3  ± 7* (29) -3 ± 6 (14) 

   Yoga 17 ± 7 (54) -2 ± 6 (35) -3 ± 7* (29) 

   Group Differences p=.81 p=.53 p=.94 

Emotional Eating    

   Stretching 55 ± 22 (47) -12 ± 16*** (30) -3 ± 24 (15) 

   Yoga 54 ± 21 (57) -13 ±17*** (41) -16 ± 17*** (31) 

   Group Differences p=.73 p = .62 p= .04 

Uncontrolled Eating    

   Stretching 52 ± 19 (47) -10 ± 13*** (30) -4 ± 10 (15) 

   Yoga 48 ± 14 (57) -11 ± 13*** (41) -12 ± 12*** (31) 

   Group Differences p=.10 p=.89 p=.03 

Cognitive Restraint    

   Stretching 48 ± 21 (47) 14 ± 27** (30) 7 ± 22 (15) 

   Yoga 43 ± 19 (57) 17 ± 20*** (41) 14 ± 20*** (31) 

   Group Differences p=.26 p=.64 p=.33 

Significance of within group change: * P<.05; ** P<.01; *** P<.001 
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Table 4.4  Multiple Linear Regression Models Predicting Weight Change at 3 and 6 

Months  

 Coef. β SE P 

Weight change at 3 

mo 

   Model r2=.22 

Intercept 12.6 -- 5.2 <.001 

Weight (baseline)        -

0.089 

          -0.38            0.017 <0.001 

Age        -0.20           -0.23            0.067 <0.01 

Alcohol         1.5            0.20            0.56 <0.01 

Caffeine         0.85            0.13            0.48 0.063 

     

Weight change at 6 

mo 

   Model r2=.20 

Intercept 45.1 --           13.8 <0.001 

Age        -0.36           -.26            0.11 <0.01 

≥40 hrs work/wk        6.3            .17            3.0 0.04 

Weight (baseline)      -0.12         -0.34            0.03 <0.001 

Sleep Hours      -2.21         -0.14            1.3 0.092 

Female      -8.05         -0.14            4.7 0.087 

Weight in pounds. Alcohol= number alcoholic drinks per week. Caffeine = number of 

beverages per day that contain caffeine.  ≥40 hrs work/wk (1= yes; 0= no). Female (1= 

yes, 0= no). Sleep hours ranged from 4.0 to 9.0: females=6.9 ± 1.0 (mean ± SD), males= 

6.7 ± 1.1. 
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CHAPTER 5 

 

DISCUSSION AND OVERALL CONCLUSIONS 

 

Finding ways to reduce emotional eating and uncontrolled eating and to increase 

cognitive restraint through modifiable variables such as perceived stress, sleep, food 

insecurity, and physical activity has the potential to improve weight control efforts and 

ultimately the potential to impact the obesity epidemic if knowledge gained is applied on 

a broad scale.   

The first study presented in this paper (Chapter 2) found that higher emotional 

eating scores were associated with higher levels of perceived stress and tobacco use was 

associated with lower uncontrolled eating.  Those who indicated that they used relaxation 

strategies had higher cognitive restraint.  Reduced hours of sleep in freshmen was 

associated with lower cognitive restraint and freshmen with high perceived stress had 

higher cognitive restraint scores.  Reduced hours of sleep and high perceived stress did 

not affect other students’ cognitive restraint scores.  These findings suggest that 

freshmen’s eating behaviors may be vulnerable to stress and lack of sleep and efforts to 

help freshmen lower their stress and encourage adequate sleep may be beneficial.  

The second study presented (Chapter 3) found that perceived stress levels, 

working 40 or more hours a week and reduced sleep were associated with higher levels of 

emotional eating and that those who met the recommendations for physical activity had 

lower emotional eating scores.  Uncontrolled eating was higher in those with poor sleep 

when stress levels were low, but not when stress levels were high.  Results of this study 

would suggest that interventions that help individuals lower stress and improve sleep 



 107 

quality (including getting adequate amount of sleep) may be able to improve eating 

behaviors associated with obesity.  It is unlikely that reducing hours of work a week is a 

modifiable variable for most individuals, but for those that may be able to lower hours of 

work a week, this too might have the potential to improve eating behaviors.  

The final study presented (Chapter 4) revealed that a yoga intervention was not 

able to lead to greater weight loss or reduce stress more than a stretching intervention. 

Both emotional eating and uncontrolled eating scores decreased among the yoga group 

three months after the completion of the study and were different from the stretching 

group at the six-month follow-up, but not at the end of the three month intervention. 

Cognitive restraint increased in both the yoga and stretching groups similarly. Although 

the yoga intervention was not delivered as originally designed, with only a few 

participants in the study participating in a yoga class, a yoga intervention utilizing a yoga 

DVD shows some potential promise as an intervention.  More research is needed to 

compare a yoga DVD with an actual yoga class to determine effectiveness.      

In conclusion, the three research studies added to the current knowledge on 

obesity prevention and treatment.  Getting adequate sleep, minimizing stress, and getting 

the recommended amount of physical activity may positively impact eating behaviors 

associated with obesity and yoga also appears to have some benefit as an intervention to 

improve emotional and uncontrolled eating.  
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