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Introduction:  Mindfulness and slow eating techniques are commonly recommended to aid in 

weight loss within behavioral weight management programs; yet, the role of these eating strategies 

on acute energy intake (EI) and satiety are not clear.  Purpose: The purpose of this study was to 

investigate the effects of mindful and slow eating strategies on acute EI and satiety.  Methods:  24 

subjects (median BMI: 29.1 (24.3 – 36.7), median age: 24.0 (21.0 – 31.8)) were randomized to one 

of three eating conditions (EAT, SLOW, or MIND).  For the EAT condition, subjects were 

instructed to eat as they normally would for both test meal sessions.  For the SLOW condition, 

subjects were instructed to eat as they normally would for their first test meal session and to slow 

their eating for their second test meal session.  For the MIND condition, subjects were instructed 

to eat as they normally would during their first test meal session and were given brief instructions 

on mindful eating for their second test meal session.  For each condition, subjects were provided 

ad-libitum access to a test meal and EI was calculated based upon food consumed during this 

period.  Subjects rated their level of satiety following each meal.  Results:  There were no 

significant differences in EI between eating strategy conditions (EAT: 848 (704-1071) kcals, 

MIND: 673 (485- 846) kcals, SLOW: 756 (611-1076) kcals) (p = 0.786).  There was a trend toward 
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a decrease in energy intake in the MIND condition (mean change in energy intake: -64.4 ± 178.4 

kcals) compared with the EAT (mean change in energy intake: 98.3 ± 169.6 kcals) condition and 

a prevention of increased intake in the SLOW (mean change in energy intake: 2.6 ± 107.9 kcals) 

condition (p = 0.133).  There were no significant differences in ratings of satiety between 

conditions. Conclusion: Neither mindful nor slow eating strategies significantly decreased acute 

EI or satiety, although a decrease in EI achieved through a brief mindfulness practice and 

prevention of increased intake through slow eating may be clinically meaningful for weight 

management.  Future studies should aim to investigate the potential benefits of slow eating and 

mindfulness for weight management.
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1.0  INTRODUCTION 

Obesity is a major health epidemic in the United States.  Classified by body mass index (BMI), 

68.5% of US adults aged 20 and older are considered to be overweight (BMI ≥ 25.0 – 29.9 kg/m2) 

and 34.9% are obese (BMI ≥ 30.0 kg/m2) (1).  Increased body weight is associated with greater 

risk of comorbidities such as diabetes, hypertension, cardiovascular disease (CVD), and some 

cancers, along with increased risk of all-cause and CVD mortality (2).  Despite additional health 

risks associated with excess body weight, the prevalence of obesity has remained virtually 

unchanged since 2003-2004 (1).  The increased risk for comorbidities combined with the high, 

unabaiting prevalence of obesity supports the need for further research examining the factors that 

impact body weight. 

One of the primary treatments for obesity and related comorbidities are standard behavioral 

weight loss interventions.  These interventions typically result in weight loss of 5-10% of initial 

body weight in 6 months and up to 10-12 kg at one year (2-4). However, despite the existence of 

standard behavioral weight management programs to reduce body weight, efficacy of these 

interventions is somewhat limited.  Programs and interventions can also vary widely in intensity 

with some interventions focusing on minimizing in-person contact time to mitigate costs (4-6), 

which can be anywhere from $739 to $1442 per participant (3). Additionally, the long-term 

maintenance of these weight losses remains a challenge with average gradual regains of 1 to 2 kgs 

per year from the weight loss achieved by 6 months (2, 7, 8).  Because of limited long-term success 
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of current programs and interventions, even those conducted by clinical experts, improvements are 

needed in order to increase effectiveness of these programs. 

Standard behavioral weight loss programs aim to assist participants in reducing body 

weight by implementing recommendations for caloric restriction and physical activity.  Exercise 

is prescribed in a dose that is recommended for weight loss, typically 60 to 90 minutes of moderate 

to vigorous intensity cardiovascular activity on most days of the week, totaling 250 to 300 minutes 

per week (3, 9).  Interventionists also strive to help participants modify behaviors and implement 

strategies to adopt a healthy diet.  Commonly utilized strategies include, but are not limited to, 

barrier identification (3, 10), goal setting (10), problem solving (3, 10), and self-monitoring of 

weight, caloric intake, and physical activity (3, 5, 10-12).  Through the employment of these 

strategies, behavioral weight management programs endeavor to aid participants in creating a 

negative energy balance that will result in a reduction in body weight. 

While there are numerous behavioral and physiological drivers, body weight is determined 

by two primary factors: energy intake (EI) and energy expenditure (EE). Current treatment 

recommendations for reducing body weight include both a decrease in energy intake through 

caloric restriction and an increase in energy expenditure through physical activity (9, 13). Energy 

intake can be defined as the amount of calories a person consumes, either acutely or over time, and 

is typically reported as kcals per day.  Energy expenditure is the amount of calories burned or 

expended in one day or one exercise bout.  Energy expenditure is comprised of four components: 

1) resting metabolic rate, or the amount of energy expended to perform vital functions; 2) thermic 

effect of food, or the amount of energy used to metabolize food that has been consumed; 3) non-

exercise activity thermogenesis (NEAT) or the amount of energy used to perform daily tasks such 

as walking; and 4) exercise, or the amount of energy expended doing activity for the purpose of 
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health benefits and physiological change (14). If energy intake and energy expenditure are 

balanced, a person will be weight stable.  Deviations in either element of energy balance will cause 

weight change. It has been established that obesity results from a chronic positive energy balance, 

with energy intake routinely surpassing energy expenditure.  Conversely, if energy intake is less 

than energy expenditure creating a negative energy balance, weight loss will ensue. While both 

components of energy balance are extremely important for weight management, this investigation 

focused on the energy intake component of energy balance. 

1.1 EATING STRATEGIES 

Successful weight management focuses on lifestyle modifications that result in an increase 

in energy expenditure through physical activity and a corresponding decrease in energy 

consumption through different eating strategies that create a caloric deficit (3, 15, 16).  The most 

common behavioral eating techniques recommended for caloric restriction fit into five main 

categories: mindfulness, meal frequency (including breakfast eating and snacking), volumetrics 

(including fruit and vegetable consumption and water intake), stimulus control, and portion control 

(including plate size, bite/utensil size, and eating rate) (3, 5, 10, 13, 16-21).  While these strategies 

are commonly recommended, research has not fully examined the effectiveness of some of these 

strategies on acute energy intake.  For the purpose of this investigation, slow eating and 

mindfulness strategies were examined. 
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1.1.1 Slow Eating Strategies 

It has been postulated that increased ingestion rate is positively associated with body weight (22, 

23); however, one prospective trial showed that faster eating or a change in eating speed was not 

associated with increased risk for obesity at 3 years (24). Therefore, this association is still 

undefined. Many acute behavioral strategies that aim to reduce ingestion rate include decreasing 

bite size (23, 25-28), utilizing smaller utensils (25), increasing chewing frequency (25), or creating 

with-in meal pauses by taking sips of water or putting utensils down between bites (23, 25, 28).  

However, it is not clear whether these strategies significantly decrease eating rate. Evidence 

regarding eating rate is varied in that some studies suggest that a decrease in caloric intake is 

associated with a decrease in rate (25, 28) while others show either no effect (26, 27, 29, 30) or an 

increase in intake (31).   

An additional consideration is that biological and behavioral confounders may influence 

the relationship between mindful and slow eating strategies, energy intake and satiety. BMI, 

gender, and age have been suggested as biological confounders in the relationship between eating 

strategies and energy intake and satiety (32).  For example, previous research has demonstrated 

that males have a higher eating rate than females (33); however, the effect of gender and eating 

rate on energy intake is still unclear.  Eating slowly has been shown to reduce intake in normal 

weight, healthy women (25), while another study suggests that slower rates reduce intake in 

overweight/obese men but not overweight/obese women (30).   Results from a study by Park et al. 

suggest that in normal weight males, within meal pauses actually increased energy intake (33). 

Behavioral confounders such as dietary and physical activity habits, dietary restraint, prior beliefs 

about test foods, and the presence of other people have been shown to affect energy intake and 

satiety (32).  For example, research suggests that a decreased eating rate does not affect energy 
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intake in participants who exhibit high dietary restraint (26).  Women who ate in the company of 

a friend consumed more pasta (34) and young women also consumed more when their eating 

companion ate more (35); yet, other studies suggest that awareness of eating under observation 

reduces energy intake in a laboratory situation (36) 

A variety of strategies to reduce ingestion rate have been examined for their potential 

effects on energy intake.  Despite many investigations, the association between these strategies, 

acute energy intake, and satiety remains unclear.  Modifiers such as gender, BMI, and dietary 

restraint have been shown to impact this association, making recommendations of slow eating 

strategies more complicated.  Because of the effect of these modifiers on the relationship between 

eating rate and acute energy intake, future studies are needed to clarify this association. 

1.1.2 Mindfulness Strategies 

Mindfulness, or the conscious, moment-to-moment recognition of thought without judgment (37-

39), is a concept that is being implemented in behavioral interventions across disciplines.  

Mindfulness research has been primarily conducted in the areas of binge eating disorder, stress 

and alcohol dependency (40-42) but more recently the scope of mindfulness-based interventions 

has broadened to encompass weight loss and negative or other unhealthy eating behaviors (43, 44). 

Mindful eating has been defined as “the nonjudgmental awareness of physical and emotional 

sensations while eating or in a food-related environment” (39).  Mindfulness-based eating 

interventions employ the basic principles which “involve listening to internal cues (i.e., hunger 

and satiety) to avoid overconsumption and utilizing external cues (reducing portion sizes and 

distractions while eating, and eating slowly) to assist in achieving awareness” (39).  Satiety and 

satiation are part of the body’s physiological control system to regulate appetite.  Satiation is the 
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process that causes meal termination; whereas, satiety is a feeling of fullness that remains after 

eating and affects subsequent consumption (32).  Mindful eating practices employ techniques to 

make a person more aware of sensations of hunger and fullness in hopes of affecting satiation and 

satiety. 

Mindfulness-based interventions have been shown to reduce energy intake.  A study 

conducted by Timmerman and Brown examined the effects of a mindfulness-based restaurant 

eating intervention in perimenopausal women and found that women in the mindfulness group ate 

less (45). Reviewers of 21 mindfulness-based interventions found that 86% of studies supported 

the notion that these interventions are efficacious in positively changing obesity-related eating 

behaviors (46). Along with a potential impact on acute energy intake, it is suggested that 

mindfulness-based strategies may also affect satiety and eating behaviors.  However, one study 

indicated that subjects utilizing mindfulness exercises did not rate satiety as more influential than 

the amount of food available (47).   

Research shows that mindfulness based practice may have a positive effect not only on 

energy intake, but also on stress (48-50), negative affect (48), depression (40, 48), body image 

(51), binge eating (40, 46, 48, 52, 53), food cravings (51), and overall healthier eating behaviors 

(46, 48-51, 54-56). For example, mindfulness-based interventions to reduce stress eating (also 

known as emotional eating), or eating in response to emotional cues – positive or negative (57-

59), resulted in improvement in mindfulness, anxiety, cortisol awakening response (CAR), and 

external-based eating as well as maintenance of body weight (49).  

Conversely, some research suggests that mindfulness interventions may not affect excess 

intake in the presence of larger portion sizes (47, 55) or that the benefits may not extend to weight 

control (52). The majority of the obesity-related research in mindfulness is focused on overweight 
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or obese populations or those with emotional eating symptoms.  Results from other studies indicate 

that mindfulness behaviors did not reduce portion sizes (47, 55). Based upon the mixed evidence, 

further investigation into the effectiveness of mindfulness-based eating strategies on decreasing 

acute energy intake is warranted. 

In summary, mindfulness based eating interventions have shown promise in implementing 

strategies that ultimately decrease acute energy intake or increase satiety ratings.  Whether through 

improvements in stress response, emotional eating, or anxiety, mindful eating strategies may be 

beneficial to reduce intake and produce subsequent weight loss.  However, evidence remains 

unclear regarding the actual effect of these strategies on intake and the mechanism through which 

they may influence consumption.  Because of this uncertainty, research investigating the effects 

of mindful eating strategies on acute energy intake is warranted. 

1.2 CLINICAL RATIONALE 

Behavioral recommendations for weight loss include increased physical activity coupled with 

caloric restriction (9, 13).  In behavioral weight management settings, eating strategies such as 

chewing a certain number of times, putting utensils down between bites, and using smaller plates 

and utensils are commonly suggested to decrease energy intake, thereby inducing weight loss [4, 

5, 7-14].  However, evidence regarding these strategies is mixed; some results suggest a decrease 

in energy intake (34, 60-63) while others suggest no effect (64)or an increase in intake (31).  In 

addition, it is not understood if differences in the impact of strategies exist.  Strategies are 

recommended and implemented generally across all populations and BMI categories.  It is possible 

that one strategy may reduce intake to a greater extent compared with another and that the effect 



 8 

of a strategy may differ between participant or population types. This study compared 2 of these 

strategies: a mindfulness-based and a slow-eating strategy, in order to determine their effect on 

acute energy intake and to investigate the existence of potential differences in their effectiveness. 

While this investigation focused on eating strategies to decrease acute energy intake, 

ultimately the clinical implication is that over time, chronic reduction in consumption would lead 

to body weight reduction or maintenance.  Mindful eating has been shown to decrease weight (48) 

and improvements in mindfulness, stress, and the stress response have been associated with 

reductions in abdominal fat (49).  Eating quickly has been associated with excess body weight (22) 

and increased meal duration or slower rate of eating has been associated with greater weight loss 

(23).  However, few studies have attempted to examine the effect of these techniques on acute 

energy intake. While it may seem that mindfulness and slow eating strategies would have a positive 

effect on satiation and satiety, current evidence is unclear.  Without knowledge on the immediate 

effects of these strategies, the long-term effects on weight loss and the mechanisms by which they 

work will remain unclear. 

As previously described, eating strategies are implemented in standard behavioral weight 

management programs.  However, the success rates and efficacy of these programs are limited 

long-term.  Recommendations for improving clinical programs include the adoption of a more 

individualized approach to weight loss by triaging participants via weight and lifestyle histories 

(2) or obesity phenotypes (8).  By further categorizing participants by BMI category, gender, and 

dietary restraint, this investigation will explore the potential for two strategies to reduce energy 

intake in different “phenotypes” or categories of participants.  This classification may allow for 

more tailored strategy recommendations for use in behavioral weight management programs. 
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1.3 THEORETICAL RATIONALE 

Despite evidence of the significant role that both mindfulness and ingestion rate might play in 

control of energy intake, the mechanisms through which these strategies exert their effect on 

consumption are currently unknown.  Figure 1 illustrates potential theoretical pathways through 

which eating rate may influence acute energy intake. Figure 2 illustrates potential pathways by 

which mindfulness may influence acute energy intake. 

1.3.1 Slow Eating 

Slow-eating strategies are thought to impact energy intake through two main pathways, both of 

which result in enhanced satiety and satiation signaling from the gut hormones cholecystokinin 

(CCK) and glucagon-like peptide 1 (GLP-1).  CCK and GLP-1 have been shown to delay gastric 

emptying resulting in decreased hunger ratings and subsequent decreased energy intake (65, 66).  

Digestion of food from a meal including fat and carbohydrate begins in the mouth.  A 

review of studies suggests that an increase in satiety-related hormone response is associated with 

an increase in oral processing time, or the amount of time that food spends in the oral cavity (67).  

Increased oral processing time is also suggested to accelerate satiation (68).  It is likely, though 

not guaranteed, that a decreased eating rate would cause and increase in oro-sensory processing 

time.  With a decreased time to meal termination and increased satiety hormone response, the 

potential for decreased energy intake due to increased oro-sensory exposure from a slower eating 

rate is great.  

It is also well known that there is a delay of approximately 20 minutes from the time food 

enters the mouth until the brain receives these satiety signals (69-72).  A slower rate of ingestion 
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decreases the likelihood that excess calories would be consumed during the delay period and prior 

to satiation. Decreased ingestion rates and resultant increased meal duration allow for more time 

for the chemical and physical processes of oral processing and satiety recognition to take place; 

thus an increase in time course would suggest a reduction in energy intake. 

 

Figure 1. Theoretical pathways by which eating rate may influence acute energy intake and body weight 

1.3.2 Mindfulness 

The first pathway through which mindfulness may impact energy intake is related to the stress 

response.  Mindful eating has been associated with decreased perceived stress (48, 50) and 

emotional or stress eating (57, 58).    Emotional eating has been shown to increase consumption 

of fat and sugar (73-77).  Increasing fat and sugar intake would result in increased energy intake 

both acutely and chronically, depending upon the duration of the stressor. Ultimately, increased 

energy intake over time would lead to increased body weight. Therefore, if mindfulness can 
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decrease the likelihood of emotional eating, it may also reduce energy intake and subsequently 

decrease body weight. 

 Second, mindfulness-based dietary approaches may impact energy intake by increasing 

awareness of internal states and decreasing reliance on external cues.  Increased internal awareness 

allows a person to rely on their cognitive control of intake rather than eating as an impulsive 

reaction to emotional or external stimuli (78-81).   Mindfulness-based interventions have been 

shown to improve self-efficacy (45), coping skills, and the ability to deal with food cravings (51, 

56).  Without internal or external cues driving intake, the physiological need for energy and 

cognitive choice would be the primary drivers of energy intake; thus, possibly reducing overall 

intake in those actively seeking weight loss.  

 

Figure 2. Theoretical pathways by which mindfulness may influence acute energy intake and body weight 

 

For both mindful and slow eating strategies, physiological mechanisms exist which could 

explain an effect of these eating strategies on acute energy intake, satiation, and satiety.  Increased 

cognitive control and reductions in stress response and emotional eating could be pathways 
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through which mindful eating reduces acute energy intake and improves satiety and satiation. 

Increased oral processing time and increased meal duration causing increased sensitivity to satiety 

hormones such as CCK and GLP-1 may be possible explanations for a resultant decrease in energy 

intake and increase in satiety with utilization of slow eating strategies.  Moreover, it is unclear if 

the mechanism by which mindfulness-based strategies influences eating behavior is also through 

slowing the rate of eating or if other factors exist that can influence one’s sense of fullness and 

satiation. Because of these potential pathways and theoretical mechanisms, an investigation of the 

impact of mindful and slow eating strategies on energy intake and satiety is justified. 

1.4 SPECIFIC AIMS 

In order to examine the effects of behavioral eating strategies on acute energy intake, this study 

randomized subjects to one of three eating conditions (EAT, MIND, and SLOW).  The first eating 

condition (EAT) acted as a control condition and subjects participated in the control test meal 

session on two separate occasions.  The second condition (MIND) instructed subjects to use 

mindful eating strategies such as rating their hunger and savoring the taste and texture of their 

food.  Subjects in the MIND condition took part in the control test meal session during their second 

visit and the mindful eating test meal session on their third visit.  The third condition (SLOW) 

aimed to decrease ingestion rate by requiring participants to put their fork down in between each 

bite.  Subjects in the SLOW condition participated in the control test meal session during their 

second visit and the slow eating test meal session on their third visit.   
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The specific aims of this study include: 

1) To compare acute energy intake in 3 eating strategy conditions.  A-priori 

comparisons will include EAT vs. SLOW, EAT vs. MIND, SLOW vs. MIND. 

2) To compare satiety in response to 3 eating strategy conditions.  A-priori 

comparisons will include EAT vs. SLOW, EAT vs. MIND, SLOW vs. MIND. 

1.5 EXPLORATORY/SECONDARY AIMS 

1) To compare acute energy intake in 2 eating strategy conditions across BMI categories. 

Comparison will include MIND vs. SLOW. 

2) To compare acute energy intake in 2 eating strategy conditions across genders. Comparison 

will include MIND vs. SLOW.  

3) To compare acute energy intake in 2 eating strategy conditions across levels of dietary 

restraint.  Comparison will include MIND vs. SLOW. 

1.6 HYPOTHESES 

1) Calorie intake will differ between the eating strategy conditions.  Specifically: 

a. Calorie intake will be less in SLOW vs. EAT. 

b. Calorie intake will be less in MIND vs. EAT. 

c. Calorie intake will be less in MIND vs. SLOW.  

2) Satiety will differ between the eating strategy conditions.  Specifically:  
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a. Satiety will be greater in SLOW vs. EAT. 

b. Satiety will be greater in MIND vs. EAT. 

c. Satiety will be greater in MIND vs. SLOW. 

1.7 SIGNIFICANCE 

Overweight and obesity are a public health epidemic in the United States.  Current 

recommendations for weight loss include caloric restriction and increasing physical activity.  It is 

assumed that recommended behavioral eating strategies would decrease energy intake both in an 

acute setting and chronically.  However, some evidence suggests that behavioral strategies such as 

mindfulness practice and decreased eating speed may decrease energy intake, yet the effectiveness 

of these strategies on acute energy intake and a comparison between them has not been thoroughly 

examined.   

This study proposed to address gaps in the literature regarding whether behavioral eating 

strategies acutely affect energy intake in lean, overweight, and obese adults.  We hypothesized that 

implementation of behavioral eating strategies would result in an acute reduction in energy intake, 

ultimately inducing weight loss or weight maintenance over time.  However, it is possible that 

these eating strategies affect subjective satiety ratings and not energy intake, which may have no 

effect on weight loss.  These strategies and questions have not been fully investigated.  Moreover, 

if an effect of or differences between eating strategies are detected, this would influence the 

recommendations for reducing energy intake in behavioral weight management programs.
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2.0  REVIEW OF THE LITERATURE 

2.1 INTRODUCTION 

Obesity is a major health concern for millions of Americans (1). Individuals with obesity 

are characterized by a body mass index (BMI) of ≥ 30 kg/m2 and excess body fat.  Excess body 

fat is associated with several comorbid conditions and chronic diseases including hypertension, 

hypercholesterolemia, certain types of cancer, and type 2 diabetes (82). For example, data from 

the Framingham Heart Study has shown that excess body weight, independent of age, cholesterol, 

systolic blood pressure, smoking history, left ventricular hypertrophy and glucose intolerance, 

predicted 26-year incidence of cardiovascular disease. (83).  Additionally, annual health care costs 

for obesity are estimated at $147 billion (84) with a $2741 increase in costs per person per year 

(85).  Thus, it is imperative to combat the American obesity epidemic through the development of 

effective and appropriate intervention strategies for weight management.  

2.2 ENERGY BALANCE 

The maintenance of a healthy body weight results from a balance of energy in the body. A person 

would be described as being in energy balance when the number of calories consumed (energy 

intake) is equal to the amount of calories expended (energy expenditure), resulting in a relatively 
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stable body weight. Obesity is typically the result of chronic energy imbalance where calories in 

are greater than calories out consistently over time.  Recommendations for body weight loss 

include strategies that affect both energy consumed and energy expended with the goal of 

producing a negative energy balance.  Typical weight management programs achieve negative 

energy balance through two primary avenues: control of energy intake through caloric restriction 

and control of energy expenditure through increased physical activity.  It should be noted that 

while regulation of energy balance has been simplified here, there are numerous factors that impact 

both the intake and expenditure sides of the equation that are beyond the scope of this project. 

2.2.1 Energy Expenditure 

A primary recommendation for weight loss is an increase in energy expenditure through physical 

activity.  Four main components comprise energy expenditure.  The first component is basal or 

resting metabolic rate. Basal metabolic rate is the amount of energy expended by the body to carry 

out vital functions such as breathing and oxygen transport.   

The second component of energy expenditure that remains relatively unchanged is the 

thermic effect of food (TEF).  TEF is the smallest contributor, representing 10% of total energy 

expenditure (86, 87).  Energy expended by the body for the hydrolysis of ATP during nutrient 

absorption, preliminary metabolic processes and storage of nutrients comprises the TEF (87).   

Non-exercise activity thermogenesis (NEAT) is the third component of energy expenditure 

and one of the components driving total activity thermogenesis.  NEAT is the energy expenditure 

derived from activities other than purposeful exercise.  Non-exercise activities include but are not 

limited to walking, dancing, working, playing, etc.  Because activity levels can vary greatly 
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between individuals, NEAT fluctuates drastically among the population (up to 2000 kcals per day) 

(88).   

Physical activity from purposeful exercise is the fourth and final component of energy 

expenditure.  Similar to NEAT, energy expenditure from physical activity can vary widely among 

individuals; ranging from sedentary to highly active.   

While there are four components of energy expenditure, only NEAT and physical activity 

are reasonably modifiable for weight control.  It is for this reason that weight management 

recommendations suggest increasing physical activity. Despite the contribution of energy 

expenditure to weight control, behavior modifications to increase expenditure can only contribute 

so much.  In theory, an individual could exercise and move enough to lose weight solely through 

physical activity and increasing energy expenditure.  However, this level of activity would be so 

great that it may not be considered reasonable and attainable for most individuals, particularly 

those whose activity and mobility may already be limited due to the consequences of current 

obesity.  Because of this, physical activity recommendations for weight loss are typically paired 

with the additional recommendation of caloric restriction, as will be described below. 

2.2.2 Energy Intake 

In conjunction with recommendations to increase energy expenditure, decreasing energy intake is 

also prescribed due to its integral role in weight management. Energy intake can be defined as the 

amount of energy in kilocalories consumed in a specified time period, typically during a meal or 

throughout the course of a day.  Data from the 2007-2010 National Health and Nutrition 

Examination Survey (NHANES) suggests that adult men consume a mean of 1967 ± 22 kcal during 

meals and a mean of 634 ± 13 kcal from snacks while adult women consume less energy overall 
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with a mean of 1358 ± 15 kcal from meals and 438 ± 8 kcal from snacks (89).  Results from this 

survey demonstrate that approximately 16% of daily energy intake is consumed at breakfast (314 

kcal for men and 217 kcal for women) , 23%-24% at lunch (472 kcal for men and 312 kcal for 

women), 36% at dinner (708 kcal for men and 489 kcal for women), and the remaining 24% from 

snacks consumed throughout the day (89).   

In free-living environments, energy intake can be measured through self-report methods 

such as the surveys utilized in the NHANES study described above, as well as other methods such 

as visual analogue scales, self-monitoring tools, and food frequency questionnaires (32).  As with 

all self-report measures, uncontrolled environments and misreporting can influence results.  

Laboratory based measures, such as food scales (both apparent and hidden), nutrient analysis 

software, and direct observation,  provide more accurate estimates of energy intake; however, these 

measures may not be generalizable to a free-living environment (32).  Along with observation (32, 

36), emotional stress, palatability of available foods, boredom (32), and changes in psychological, 

environmental and social factors (32, 34, 35) can all influence energy intake. 

Decreased energy intake achieved through caloric restriction contributes to the creation of 

a negative energy balance that is needed for weight loss.  Typical recommendations for safe and 

sustainable weight loss range from 1-2 pounds per week, which is generally equivalent to a caloric 

restriction of 500-750 calories per day.  Calorie targets for weight loss usually range from 1200 to 

1500 calories per day for women and 1500 to 1800 calories per day for men (2). Behavioral 

modification strategies are often utilized to achieve this caloric restriction.  For example, those 

attempting to lose weight are directed to reduce calorie intake by decreasing portion sizes of energy 

dense food (2), reducing food cues in the environment, or recognizing high risk situations for 
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overeating. These types of strategies to reduce energy intake are commonly recommended in 

lifestyle interventions and behavioral weight management programs. 

2.3 RECOMMENDATIONS FOR WEIGHT MANAGEMENT 

Increasing energy expenditure through increased physical activity comprises one of the two main 

recommendations for weight management.  The American College of Sports Medicine 

recommends a progressive increase to 150 minutes per week of moderate intensity physical 

activity to realize positive changes in health and fitness.  An additional recommendation exists to 

progress to greater amounts of physical activity of 250 minutes of moderate intensity activity per 

week or more to promote long-term control of weight (90).  According to the 2013 

AHA/ACC/TOS Guidelines for the Management of Overweight and Obesity in Adults, strong 

evidence exists for prescriptions of aerobic physical activity greater than 150 minutes per week for 

weight loss with an increase to 200 to 300 minutes per week for weight loss maintenance or the 

prevention of weight regain (2).  Based upon these recommendations, physical activity on most, if 

not all, days of the week is an integral part of any weight management program. 

Calorie restriction is the other primary recommendation for weight loss.  The American 

College of Sports Medicine recommends reducing current intake by 500 to 1000 kcal per day with 

a further suggestion to reduce dietary fat to less than 30% of total daily energy intake (90). 

Similarly, the 2013 AHA/ACC/TOS Guideline for Management of Overweight and Obesity in 

Adults suggests that a strong body of evidence exists for prescription of a reduced- calorie diet that 

creates a deficit of greater than or equal to 500 kcal per day, typically induced through a 

prescription of 1,200 – 1,500 kcal per day for women and 1,500 – 1,800 kcal per day for men (2).  
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With adherence to these directives, participants can expect to achieve the caloric-restriction needed 

to create a negative energy balance and a reduced body weight. 

2.4 BEHAVIORAL WEIGHT MANAGEMENT PROGRAMS 

Behavioral weight management programs aim to assist participants with weight loss by aiding in 

the implementation of recommended lifestyle modifications as described above to reduce energy 

intake and increase energy expenditure through physical activity.  In order to accomplish these 

behavioral modifications, successful weight management programs and other eating behavior 

change programs instruct participants on concepts such as barrier identification (3, 91), goal setting 

(91, 92), recognition of environmental cues (91, 92), motivation (91), problem solving (3, 92), and 

social support (92) to achieve a minimal reduction in body weight of 5-12% over the course of 3-

12 months (8, 90).  Utilization of these concepts to attain recommendations for weight 

management is the goal of successful weight management programs. 

2.4.1 Short Term Success Rates 

Lifestyle interventions and behavioral weight management programs are successful at helping 

participants to lose a recommended 5-10% of body weight.  For comprehensive lifestyle programs 

that utilize behavioral therapy to impact energy intake and diet, short-term success rates are 

relatively similar.  The 2013 AHA/ACC/TOS Guidelines for the Management of Overweight and 

Obesity in Adults indicates that when these three components are implemented in a program (diet, 

physical activity, behavior therapy), there is strong evidence that an average weight loss of up to 
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8 kg can be achieved in 6 months (2).  These guidelines also suggests that, when providing 

continued intervention contacts for an additional 6 months, comprehensive lifestyle programs can 

produce an average weight loss of 8 kg at 1 year (2).  This was shown in a study by Gold et al., 

where a 6-month intervention resulted in a mean weight loss of 8.3 ± 7.9 kg in the therapist-led 

group (4).  In another investigation, a stepped-care intervention approach for weight loss conducted 

by Jakicic et al. resulted in an average of 9.6 kg weight loss over 6 months (3).  Results from this 

study suggest that weight losses greater than 8 kg can be achieved in a 6-month time period.  

However, a longer-follow up period in this study demonstrates that short-term weight loss can be 

a challenge to maintain long term as will be described below. 

2.4.2 Long Term Success Rates 

While behavioral weight management programs are successful at producing weight loss in the 

short-term, longer-term follow-up and maintenance studies indicate that maintenance of weight 

loss remains a challenge.  A previously described study by Jakicic et al. included a longer-term 

intervention of 18 months.  Following an average weight loss of 9.6 kg at 6-months, an average of 

2 kgs was regained over the next 12 months (3).  Other long-term intervention studies like those 

of Kramer et al. (93), Whelton et al. (94), and the HPT Research group (95), suggest that over 

time, weight regain continues, resulting in a net weight loss of 4% of baseline weight at 4 years 

(8). The 2013 AHA/ACC/TOS Guideline for the Management of Overweight and Obesity in adults 

indicates that strong evidence exists demonstrating that with bimonthly or more frequent 

intervention contacts after one year, gradual regains of 1 to 2 kgs per year following weight loss 

achieved by 6 months can be expected (2).  However, despite the tendency for long-term weight 
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regain following participation in a behavioral weight loss program, weight loss at 1 year or more 

remains higher than that of usual care (2). 

2.4.3 Challenges and Implications for Practice 

While standard behavioral weight management programs and lifestyle interventions result in 

clinically meaningful weight loss outcomes in the short term, long-term maintenance of these 

weight losses is limited. In order to increase the long-term efficacy of these weight management 

programs, it has been suggested that future research should focus on improvements in both efficacy 

and efficiency of intervention delivery methods (2).  Specifically, Jeffery et al. suggests that 

additional studies are needed to improve behavior patterns associated with changes in energy 

intake as well as those addressing behavioral phenotypes within obese populations (8).  Because 

of the many factors affecting obesity (including genetics, physiological, and environmental cues), 

identifying specific subgroups or certain characteristics of obesity would be of clinical value (8).  

The concept of obesity phenotypes or a set of identified group of characteristics is further 

implicated and highlighted in the 2013 AHA/ACC/TOS Guideline for Obesity.  These guidelines 

call for additional research that identifies and evaluates characteristics of low-responders as well 

as future studies which aid in the understanding of the most appropriate and effective weight loss 

strategies in key populations (2). 

The current investigation aimed to address these research needs identified above by Jeffery 

et al. and Jensen et al. by comparing two behavioral eating strategies and their effect on acute 

energy intake. This could inform future investigations and behavioral weight management 

programs on the behaviors associated with changes in energy intake.  In order to address and 

evaluate characteristics of responders (obesity phenotypes), that may improve weight loss there 
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are exploratory aims that categorize participants by BMI, gender, and levels of dietary restraint.  

These exploratory analyses may help future clinicians to tailor their approach for participants 

presenting with certain characteristics, which could impact both short and long-term success rates 

of behavioral weight management programs. 

2.5 EATING STRATEGIES  

While there are many acute behavioral eating strategies used for the purpose of reducing energy 

intake, most strategies fit into one of five main categories: volumetrics, portion control, stimulus 

control, meal frequency, and mindfulness.  Volumetrics, portion control, stimulus control, meal 

frequency, and mindful eating strategies are common ways for those who are trying to lose weight 

to consciously or subconsciously decrease their overall calorie consumption.  For the purpose of 

this investigation, mindful eating and slow eating strategies are highlighted and reviewed below. 

2.5.1 Eating Rate 

Eating rate is one of many factors that has been suggested to impact body weight (22, 24, 96).  

Gletsu-Miller and McCrory, in their summary of a 2014 symposium at the American Society of 

Nutrition and Annual Meeting at Experimental Biology, highlight alteration of meal timing as a 

novel approach for changing eating behavior (96).  A systematic review and meta-analysis of 23 

published studies (20 cross-sectional, 2 longitudinal, and one including both study designs) 

conducted by Ohkuma and colleagues found that eating at a faster rate was positively associated 

with increased body weight (22).  Subjects classified as “eating quickly” via self-report had a 
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significantly greater mean BMI than those subjects classified as “eating slowly” with a pooled 

estimate of mean difference in BMI of 1.78 kg/m2.  Results of the analysis also demonstrated a 

positive association between eating quickly and the likelihood of obesity, though the magnitude of 

the association was not homogeneous across included studies (22).  In contrast, a prospective study 

of middle-aged women in New Zealand was published by Leong, Gray, and Horwath in 2015.  

Participants completed self-reported measures of eating rate at baseline and 3 years later.  Women 

were asked “how would you describe your usual rate of eating?” with responses including: “very 

slow”, “relatively slow”, “medium”, “relatively fast”, or “very fast”.  Results from this study 

demonstrated that, unlike the results from other cross-sectional studies, there were no associations 

with eating speed and BMI:  neither faster eating at baseline nor change in speed of eating over 

the 3 year period increased the risk of becoming overweight (24).  Because the relationship 

between eating rate and body weight remains undefined, additional studies are warranted.   

In order to more clearly explain the relationship between eating rate and body weight, 

investigators continue to use several behavioral strategies to decrease eating rate with the 

expectation of a subsequent reduction in body weight.  Typical strategies implemented to slow 

eating rate in previous research include but are not limited to:  taking smaller bites (25, 26, 29, 97, 

98), chewing each bite a recommended number of times before swallowing (25, 29, 97, 98), 

completely swallowing each bite before taking the next (26), using a smaller or less efficient utensil 

such as chopsticks (25, 29, 97, 99) and creating within-meal pauses by putting utensils down 

between bites (25, 29, 97, 98). The effect of these strategies on acute energy intake is discussed 

further in Section 2.6.1. 
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2.5.2 Mindfulness 

Mindfulness based eating strategies are derived from the overarching concept or practice of 

mindfulness. With roots in Buddhist and eastern traditions, the original purpose of mindfulness 

practice was to gain spiritual enlightenment from everyday experiences (100).  However, 

contemporary western psychologists have found that the self-regulation behaviors embedded in 

mindfulness can be applied to a variety of disorders and conditions (101, 102).  Jon Kabat-Zinn, a 

founding father of mindfulness in the west, has defined modern, western mindfulness as “paying 

attention in a particular way: on purpose, in the present moment, and non-judgmentally” (103).  

This description highlights 3 main components which differentiate mindfulness from other change-

based treatment approaches to behavior modification: 1) purposeful attention, 2) awareness of the 

present moment, and 3) non-judgmental observation.   

Purposeful attention that accompanies mindfulness based strategies involves increased 

situational or experiential awareness.  Rather than objectively approaching a situation, as in 

traditional therapies, mindfulness-based strategies enable practitioners to focus on all aspects of 

an experience, including environment, external events, and internal states, which can be comprised 

of physical and emotional sensations and thoughts (102).  This increased awareness of an entire 

experience allows mindfulness practitioners to make a fully informed choice of a reaction or a 

behavior based on internal and external cues rather than acting in response to external drivers 

alone. 

Focus on the present moment is the second component of contemporary mindfulness that 

distinguishes these strategies from other behavior change approaches. The increased awareness of 

mindfulness happens on a moment-to-moment basis with the practitioner recognizing changes in 

internal thoughts, emotions, and physical sensations as well as external or environmental cues as 
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they happen (102).  Each moment of every experience brings a multitude of inputs upon which 

mindfulness practitioners can base their choice of action and make a subsequent change if they 

decide. Thus, mindfulness-based behavior strategies provide practitioners with a set of “micro-

skills” or skills that can be utilized to make an actionable decision at moment’s notice without 

having to plan ahead or rely on reactionary, post-situational compensatory behaviors.  For 

example, a traditional change-based treatment approach may enable participants to use specific 

strategies to react to potentially high-risk situations that may arise in the future (102).  Conversely, 

a mindfulness-based approach would allow practitioners to navigate stressful situations of any kind 

on a moment-by-moment basis. 

Nonjudgmental observation is the third component of modern mindfulness that 

differentiates the practice from that of other behavioral therapies.  Dutton suggests that 

mindfulness “involves an acceptance of one’s thoughts, feelings, and physical sensations without 

any effort to react, evaluate, or change them” (102).  Rather than challenging or changing negative 

thoughts, as is the goal of other change-based treatment approaches, mindfulness-based strategies 

do not attempt to alter thought content or interpretations but rather, observe thoughts without 

reaction (102).  Without an initial reactionary response to negative thoughts, practitioners of 

mindfulness can notice those thoughts and integrate them into the decision-making process rather 

than using them to judge themselves or the situation.  Dutton further asserts “Thoughts are not 

inherently harmful or destructive.  Rather, it is our reaction to these thoughts that can become 

problematic” (102).  Mindfulness-based strategies provide a system for practitioners to become 

less judgmental and reactionary towards their thoughts and emotions and more aware and 

observational. 
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The modern mindfulness-based skillset enables practitioners to observe and notice their 

thoughts in every situation without judgment. Moreover, they may become fully aware of both 

internal and external inputs and become more equipped to make a conscious and informed 

actionable decision rather than have an immediate, thoughtless reaction. 

While mindfulness-based strategies are now applied across a spectrum of behaviors 

including weight management, the roots of mindfulness in health behavior change lie in the areas 

of binge eating disorder (BED), stress management, and alcohol abuse, among others. 

Mindfulness-Based Eating Awareness Training (MB-EAT), a 12-session group treatment for 

BED, was developed by Kristeller and colleagues to examine the efficacy of a mindfulness-based 

treatment compared to a psycho-educational/cognitive-behavioral intervention and a wait-list 

control.  150 participants were randomized to receive either the wait list control, 

educational/cognitive-behavioral intervention or the mindfulness-based treatment, which involved 

guided meditation to increase awareness of hunger and satiety cues, sensory-specific satiety, and 

emotional and other triggers for eating. Results from the randomized controlled trial indicate that 

compared with the control, both intervention groups showed comparable improvement on binge 

episodes, the Binge Eating Scale, and depression.  At a 4-month post-intervention follow-up, 95% 

of participants in the MB-EAT group no longer met the criteria for BED, compared with only 76% 

in the cognitive-behavioral group.  Additionally, binges that did occur were more likely to be 

smaller in the MB-EAT group (53).  In a 2014 study from Creswell et al. that studied mindfulness 

for stress reduction, 66 participants were randomized to a brief 3-day mindfulness meditation 

training or an analytic cognitive control training program.  Results from this study show that 

participants in the mindfulness training group had significantly lower stress perceptions than those 

in the control group (50). Lastly, a study by Garland et al., investigated the effects of mindfulness 
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training on psychological and physiological mechanisms associated with alcohol dependence in a 

randomized controlled trial.  18 participants completed the 10-session mindfulness training 

intervention and 19 participants completed the 10-session alcohol support group intervention. Both 

groups resulted in significant decreases in perceived stress; however, the mindfulness training 

intervention resulted in a significantly larger reduction in perceived stress over 10 weeks than the 

alcohol support group (41).  Foundational work in these areas paved the way for mindfulness-

based techniques to be applied in weight management settings. 

With success in other behavior change areas, mindfulness-based practices have expanded 

to weight management with a focus on mindful-eating behaviors.  Typical mindfulness-based 

eating strategies include but are not limited to: mindful eating meditation exercises (45, 47-49, 51, 

56, 104, 105), bodyscans (49, 51, 55, 56), cognitive diffusion (106, 107), urge surfing (106, 107), 

and mindful eating tips such as chewing food thoroughly before swallowing, savoring the aroma 

and taste of food, and creating a pleasurable experience around food and eating which may include 

eating in a designated eating spot with minimal distractions (39, 47).  Within the realm of mindful 

eating meditations, there are those that are focused on breathing (49, 104, 105), awareness of the 

senses associated with eating in order to maximize enjoyment (45, 47, 51, 108), relaxation (45), 

attention to internal hunger cues such as hunger and satiety (45, 48, 49, 51, 56, 105), and 

identification of emotional and external eating triggers (49, 56).  The use of these strategies alone 

or in combination has been employed in many interventions investigating the effect of 

mindfulness-based strategies on eating behaviors.  More detailed descriptions of strategies 

specifically related to acute energy intake are highlighted in Section 2.6.2. 
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2.6 EFFECT OF BEHAVIORAL EATING STRATEGIES ON ENERGY INTAKE  

As previously stated above, many behavioral strategies are implemented by those seeking weight 

loss in attempts to reduce energy intake.  These strategies fit into five umbrella categories: 

volumetrics, meal frequency, portion control, stimulus control, and mindfulness. These strategies 

have been routinely investigated for their effects and potential benefits for reducing energy intake; 

however, evidence regarding some of these strategies remains uncertain.  For the purposes of this 

investigation, two of these strategies: slow eating, a strategy aimed at reducing portion size, and 

mindfulness were examined.  Evidence on these strategies and their effect on acute energy intake 

is highlighted below in Section 2.6.1 and Section 2.6.2. 

2.6.1 Eating Rate 

Eating rate has been suggested to impact body weight through a change in energy intake that may 

result from this decreased rate.  Several studies have attempted to clarify the relationship between 

eating rate and energy intake.  In a 2007 study conducted by Martin et al., investigators examined 

the effect of slow eating on acute energy intake.  Participants included nonsmoking males and 

females, aged 18-65 and a BMI between 25.0 kg/m2 and 35.0 kg/m2.  Subjects ate fried chicken 

when given an auditory prompt from a computer application that was used to modify eating rate.  

The protocol consisted of 4 meals:  acclimation meal, baseline meal, reduced-rate meal (slowed 

by 50% from acclimation meal), and combined-rate meal (first half of the meal identical to the 

eating rate of the first half of the acclimation meal and second half of the meal 50% slower than 

the acclimation meal) with meals randomized and counterbalanced following the acclimation 
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meal.  Results indicate that a slower eating rate in the reduced-rate and combined-rate meals was 

associated in a decreased food intake for men, compared to the baseline meal (30).   

A year later, Andrade et al., examined the effect of slow eating on energy intake in 30 

healthy women with a mean age of 22.9 ± 7.1 years and a mean BMI of 22.1 ± 2.9 kg/m2. Subjects 

participated in two eating visits in randomized order: quick or slow, and their energy intake was 

assessed using a digital food scale.  For the slow condition, participants were instructed to take 

small bites using a small teaspoon, put down their spoon in between each bite and chew each bite 

20 to 30 times.  Results from this investigation demonstrate that meal duration was approximately 

21 minutes longer in the slow condition and participants consumed significantly less calories than 

in the quick eating condition (25).  A follow-up study by Andrade and colleagues in 2012, 

investigated the effects of slow eating on appetite and energy intake while controlling for water 

intake.  Similar to their previous study, subjects were 30 healthy women (22.7 ± 1.2 years, BMI = 

22.4 ± 0.4 kg/m2) who consumed quick or slow test meals on two occasions. Women were 

instructed to take small bites using a small teaspoon, put their spoon down in between each bite, 

and chew each bite 20 to 30 times.  Energy intake was assessed using a digital food scale and 

participants in both slow and quick conditions were instructed to consume the entirety of 300 ml 

of water throughout the meal.  Strategies utilized in the slow condition did significantly slow eating 

rate, however, there was no difference in energy intake between the slow and quick conditions 

(29).   

Finally, in a 2014 study, Shah and colleagues also investigated the effect of slower eating 

speed on energy intake.  Thirty-five normal weight men and women, aged 19 to 65 years were 

included in the study.  In a randomized crossover design, participants ate lunch on 2 occasions 

with differing eating conditions: slow or fast eating speed.  In order to slow eating rate, subjects 
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were instructed to take small bites, chew each bite completely, and put their spoon down in 

between bites.  Energy intake was calculated from food weight consumed during the meals.  Eating 

rate was calculated by dividing energy intake in kcals by eating duration in minutes.  A significant 

decrease in energy intake was seen in the slow eating condition compared with the fast eating 

condition in these normal weight subjects.  Meal duration was significantly decreased in the slow 

eating condition compared with the quick eating condition, as expected (98). 

While there is a significant amount of evidence to suggest that a decreased eating rate may 

decrease energy intake, other studies resulted in no difference in intake between quick and slow 

eating conditions.  Because of this mixed evidence, the relationship between eating rate and energy 

intake remains unclear.  Thus, additional studies examining this association are warranted. 

2.6.2 Mindfulness 

Previous research suggests that long-term or repeated practice of meditation can help a practitioner 

to more reliably achieve a mindful state, however, long-term practice is not required or necessary 

(101, 109).  Literature involving mindfulness and eating behaviors also demonstrates this concept, 

with studies conducted utilizing both longer-term and brief mindfulness practice to influence 

eating behavior.   

A 4-part study by Jordan et al. demonstrates both short-term and long-term mindfulness 

practice may affect energy intake.  In one part of the study, 100 Canadian undergraduates 

completed the Mindful Attention and Awareness Scale (MAAS) in order to measure trait 

mindfulness as well as a measure for trait self-control.  Participants were then randomized to a 

control or ego-depletion group and completed the e-crossing task, a standard ego-depletion 

manipulation which has been shown to impair self-control in subsequent tasks. After completion 
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of the e-crossing task, participants were offered either a fruit (lower calorie: apple or orange) or 

sweet (higher calorie: Kit Kat or cookies) snack.  Results indicated that trait mindfulness was able 

to predict snack choice, with participants rated high in trait mindfulness choosing the lower calorie 

fruit option more often (54).  A second part of the study investigated the effects of a brief 

mindfulness intervention on energy intake.  Sixty undergraduates from a U.S. college were 

randomly assigned to a mindfulness or a control task.  Participants in the mindfulness group heard 

a portion of a mindfulness bodyscan which focused on breathing, sensations, and various body 

parts.  Control participants listened to a relaxation recording of similar length that did not contain 

mindfulness instructions. Recordings in both conditions did not reference eating behavior. After 

the intervention, participants were instructed to “eat as many M&Ms, pretzels, and almonds as you 

would like”.  Participants in the mindfulness condition ate 24% fewer calories than those in the 

control condition as measured by food weight (54).  Results from these two sub-studies indicate 

that both trait mindfulness (indicative of potential “chronic” mindfulness) and a brief mindfulness 

based intervention were associated with decreased calorie intake. 

Shorter-duration mindfulness-based interventions have also been shown to affect energy 

intake.  In a 2014 study from Jenkins and Tapper, 137 college students were randomized to receive 

one of 3 conditions:  1) cognitive diffusion (“seeing your thoughts differently” handout and 5 

minutes using one of 3 mindful strategies), 2) acceptance (“dealing with uncomfortable feelings” 

handout and 5 minute observation of feelings), and 3) control (“relaxation” handout and 5 minutes 

practicing muscle relaxation).  Following these conditions, participants carried around a clear bag 

full of chocolates for 5 days, after which, consumption of chocolate was measured.  The cognitive 

diffusion group, or those who participated in the 5 minute mindfulness practice, consumed the 

least amount of chocolate over the 5-day period (106).  Fisher, Lattimore, and Malinowski also 
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investigated the effects of a mindful attention induction on food intake.  Forty adult women were 

randomly assigned to a standard food-cue exposure condition following an unrelated reading of 

similar duration or a food-cue exposure following a mindful attention induction, each lasting 10 

minutes.  Mindful attention participants were instructed to practice mindful breathing meditation 

during the 10 minutes following the post-exposure assessments.  Participants were given a plate 

of cookies in order to measure food intake and the number of cookies consumed was compared 

between groups.  Women in the standard group consumed significantly more cookies than the 

mindful attention group (104).  Also in 2016, Arch et al. investigated the impact of a brief 

mindfulness intervention on energy intake.  One hundred and two undergraduate students 

participated in the raisin-eating exercise popularized by Jon Kabat-Zinn that aims at focusing 

attention on the sensory experience of eating.  The students were then asked to wait for the next 

part of the study while being offered 6 unpackaged snack choices:  1) Reese’s Pieces, 2) Lay’s 

potato chips, 3) Rold Gold pretzels, 4) M&Ms, 5) almonds, and 6) carrot sticks.  Participants were 

told to “try and eat something so that you’re not starving”.  Participants in the mindfulness group 

consumed significantly fewer salty food calories, higher saturated fat calories, and total overall 

calories than the control group (108).  Evidence from these investigations suggests that brief 

mindfulness-based interventions, even those lasting only 5 minutes, have the potential to positively 

impact eating behavior and decrease energy intake. 

Three longer-term studies investigated the effects of “chronic” mindfulness on eating 

behaviors.  In a study from Timmerman and Brown, 35 perimenopausal women who ate out at 

least 3 times per week were randomized to a mindful intervention or a wait list control.  The 

intervention consisted of 6 weekly 2-hour sessions that included mindful eating meditations along 

with other related strategies. Mindful eating meditations included: 1) those that focused on 
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awareness of sensations of the eating experience to increase satisfaction with smaller portions and 

optimize enjoyment, and 2) those that utilized relaxation and focus on internal cues such as hunger 

and satiety and eating triggers.  Energy intake was assessed using the multiple-pass method for 24-

hour recall.  Results demonstrated that compared with control, the mindfulness intervention group 

reported consuming significantly fewer calories over a 3-day period (45).  Two studies by Alberts 

and colleagues (2010 and 2012) demonstrate the effect of mindfulness-based intervention on food 

cravings.  In the 2010 study, 19 overweight and obese adults participated in a weight loss 

intervention in which 10 of the 19 participants also received an additional 7-week manual focused 

on acceptance. Instructions in the manual included a bodyscan, increasing awareness of eating 

behavior, and the total experience of food cravings (56).  In the 2012 study, 12 women with 

disordered eating behavior participated in a mindfulness-based intervention that consisted of 5 

core components: 1) mindful eating, 2) awareness of physical sensations, 3) awareness of thoughts 

and feelings related to eating, 4) acceptance non-judgement of sensations, thoughts, feelings and 

body, and 5) awareness and step-by-step change of daily patterns and habits of eating and physical 

activity (51).  The results from both of these studies show a significant decrease in food cravings 

in the mindfulness group compared with the control group.  A decrease in food cravings may be 

likely to result in decreased energy intake.  Thus, longer-duration mindfulness based interventions 

which may result in chronic practice of mindfulness have the potential to positively impact energy 

intake. 

However, despite the previously described evidence supporting the use of brief 

mindfulness-based interventions for reducing energy intake, other evidence suggests that this 

positive impact on eating behavior may be limited by the portion size effect.  Cavanagh et al. 

investigated the effects of portion size in 96 undergraduate students.  Participants were randomized 
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to one of 3 groups:  1) education, 2) mindfulness, and 3) control.  Participants in each condition 

received a brochure and a 6 minute activity related to information in the brochure.  Specifically, 

the mindfulness group completed a mindfulness meditation exercise focused on awareness and 

attention to the sensations associated with a raisin.  Participants were served either a small (350 g) 

or large (600 g) portion of pasta. Results show that, as expected, participants who were served the 

large portion of pasta consumed 34% more pasta than those in the small portion condition.  

Additionally, neither the education nor the mindfulness exercises were effective in reducing the 

portion size effect (47).  Additionally, Marchiori and Papies examined the effect of a brief 

mindfulness intervention on eating behaviors and portion size effect.  100 undergraduate students 

were randomized to one of two conditions: a control group (listening to an audio book) or a 

mindfulness group (listening to a typical bodyscan exercise).  After taking part in the randomized 

condition, participants were served either 51 g or 153 g of chocolate chip cookies.  Participants 

who were served the larger portion consumed more, regardless of hunger or mindfulness 

intervention (55).  The results from these two studies suggest that while a brief mindfulness 

intervention may be effective at reducing energy intake, the effect may be limited to smaller 

portion sizes. 

It has been suggested that while chronic use of mindfulness skills can enable practitioners 

to more easily obtain a mindful state, brief mindfulness exercise can also be effective (101, 109).  

Several studies investigating the effect of mindfulness-based interventions on energy intake and 

eating behaviors, whether short or long-term, have demonstrated that these interventions can have 

a positive impact on eating behavior.  However, this effect may be limited to smaller portions and 

does not enable the practitioner to overcome the portion size effect.  Because of the potential 

limitations of these interventions, further investigations are warranted. 
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2.7 PATHWAYS BY WHICH STRATEGIES EFFECT ENERGY INTAKE AND 

SATIETY 

2.7.1 Eating Rate 

Slower eating rate, which can be attained through several eating and environmental modifications, 

is also thought to impact energy intake through satiety signaling.  Slower eating is suggested to 

provide the brain time to recognize and act on satiety signals prior to the consumption of excess 

food. Research has demonstrated that the brain does not receive satiety signals from the gut until 

10-30 minutes after food has begun to be ingested (69-72).  Therefore, a faster ingestion rate would 

allow a person to consume more calories before the brain signals for meal termination.  

Conversely, a slow eating rate would allow the brain time to respond to chemical, mechanical, and 

hormonal satiety signals from the gut prior to the consumption of excess calories. 

 Chemical digestion of fat and carbohydrates begins in the mouth.  Oral processing time, or 

the amount of time that food spends in the oral cavity, is suggested to impact satiety and 

acceleration of meal termination (68).  A review of 33 studies indicates that increasing oro-sensory 

exposure results in a subsequent increase in satiety related hormone responses (67).  However, 

decreasing eating rate does not necessarily guarantee an increase in oral processing time.  

Physical and chemical peripheral biomarkers are associated with satiation, or the 

termination of a meal.  These measures are related to stomach distention and satiety hormone 

response.  Additionally, it is suggested that stomach distention and hormone response work in 

unison to suppress appetite and induce satiety (65, 110, 111). Gut mechanoreceptors are loaded by 

the bulk of food passing through the stomach.  An increase in the frequency of discharge by these 

mechanoreceptors has been shown to increase sensitivity to the satiety hormone cholecystokinin 
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(CCK) and cause a reduction in energy intake (65, 110, 112).  In addition to CCK, glucagon-like 

peptide-1 (GLP1) had been demonstrated to delay gastric emptying reducing ratings of hunger and 

future energy intake (65, 66). Slower eating rates allow for more time for physical and chemical 

processes to take place.  This lengthening of time course would suggest a subsequent reduction in 

energy intake.  Thus, this is the main mechanism through which this strategy may be effective. 

 

2.7.2 Mindfulness 

Research suggests two main pathways through which mindfulness practice may impact energy 

intake and satiety.  The first pathway is through the body’s stress response system.  The influence 

of mindfulness on the stress response may more likely be realized through chronic mindfulness 

practice or those practices and meditations of longer duration.  The second pathway by which 

mindfulness may reduce energy intake and increase satiety is through increased cognitive control 

stemming from increased awareness of internal states. Long-term or long duration mindfulness 

practice is not required to achieve the benefits of increased cognitive control, however, long-term 

practice may enable the practitioner to more easily achieve a mindful state (101, 109).  

First, long-term mindfulness-based practices have been shown to decrease perceived stress 

(48, 50), thus, decreasing the hyper-reactivity of cortisol awakening response (49, 113), or the 

hypothalamic-pituitary-adrenal or HPA axis (114).  Stress, whether emotional or physiological, 

causes an increase in corticotrophin-releasing factor (CRF) from the paraventricular nucleus in the 

hypothalamus.  CRF signals the anterior pituitary to release adrenocorticotropic (ACTH) hormone 

systemically.  As ACTH reaches the adrenal cortex, it is stimulated to release glucocorticoids, 

particularly cortisol, into the system (115). Cortisol binds to glucocorticoid receptors on adipocytes 

and activates the lipoprotein lipase, which converts circulating trigylcerides into free fatty acids in 
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adipocytes (114). The combination of increased cortisol and increased insulin mobilizes amino 

acids and free fatty acids to the abdominal region for use by the liver for gluconeogenesis and 

ketones for energy use by the brain (116).  This can cause an increase in abdominal fat. Also, stress 

can increase emotional eating, triggering an increase in the consumption of fat and sugar (73-77).  

This combination has been shown to cause an up-regulation of the neuropeptide Y in rodents (117), 

which can lead to fat angiogenesis and proliferation and differentiation of new adipocytes (117, 

118).   

Additional research suggests that chronic mindfulness-based practice may alter telomerase 

activity.  A pattern in correlations has been shown between increases in telomerase activity and 

improvements in psychological distress, eating behavior and metabolic health, suggesting that 

telomerase activity may be regulated in part by psychological and metabolic stress (38).  

Telomerase is an enzyme that helps to protect healthy cell function and long-term immune function 

by adding telemetric repeat sequences to chromosomal DNA ends, thereby protecting DNA from 

degradation, fusion and biological aging (119).  Mindfulness practice may lessen the stress 

response and thus, these harmful effects. 

Second, short duration or brief mindfulness-based approaches have also been thought to 

impact energy intake by increasing awareness of internal states and cognitive control of eating 

behaviors.  Physiological causes of stress eating or other types of emotional eating include poor 

awareness of internal states and inability to differentiate between hunger cues and emotional 

arousal (78-81).  The concept of mindfulness or a moment-to-moment awareness allows stress or 

emotional eaters to become aware of and differentiate between internal and external cues, thereby 

reducing the stress that may accompany eating situations (46).  Mindfulness-based interventions 

have also been shown to improve self-efficacy (45) and reduce dichotomous “all or none” thinking, 
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also called rigid restraint (48, 51).  Restrained eaters who are rigid are able to cognitively control 

their eating behaviors under usual circumstances but seem to lose that control and overeat during 

stressful situations (120). Rigid restraint has been associated with increased risk for eating 

problems compared with flexible restraint (120). Unlike rigid restraint, flexible restraint is a less 

strict form of dietary control.  Rather than “all or none” thinking, flexible restraint is focused on 

moderation and minimal consumption of less healthy choices without guilt. Additionally, flexible 

restraint has been associated with a healthier BMI (121, 122).   

Eating is often utilized to cope with negative mental states such as anxiety and depression. 

The repeated use of eating as a coping strategy could increase the probability of conditioned urges 

to eat even when a need for energy is lacking (123).  Results from studies employing mindfulness-

based strategies have shown an improvement in coping skills and an ability to deal with food 

cravings in the presence of internal or external stressors (51, 56). 

2.8 SUBJECT CHARACTERISTICS AFFECTING ENERGY INTAKE AND 

SATIETY 

Due to the complexity of eating behavior, several factors have the potential to affect the 

measurement of energy intake and satiety.  Physiological confounders such as bodyweight, age, 

and gender can moderate the relationship between eating strategies and energy intake and satiety 

(32).  Other behavioral confounders can also impact this relationship, including dietary restraint, 

social environment, prior knowledge about test foods, habitual diet, physical activity, and alcohol 

use (32).  Because of this potential impact, these confounders should be addressed in studies 

investigating behavioral strategies and energy intake and satiety and will be discussed here. 
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2.8.1 Weight Status of Subjects 

Subjects of different weights may respond differently to behavioral eating strategies.  First, 

subjects with increased body weight may have increased energy requirements compared with 

normal weight subjects.  Second, some research suggests that the physiological factors affecting 

appetite control, including gastric distention (124) and gut and satiety hormones such as ghrelin 

(125) and peptide YY (126, 127), may differ between lean and obese people.  These differences 

have the potential to influence the results of energy intake and satiety studies.  A previously 

described study conducted by Shah et al., compared 35 overweight/obese men and women to 

individuals of normal weight.  The results of this study indicate that, unlike normal weight men 

and women, overweight/obese men and women did not experience a significant reduction in 

energy intake when eating slowly compared with eating quickly (98).  Because of the results from 

previous research, the weight status of participants should be taken into consideration as a potential 

physiological confounder. 

2.8.2 Gender of Subjects 

For several reasons, gender may be a potential physiological cofounder in energy intake and satiety 

research.  As with those with a lower weight, women may have lower energy requirements than 

men.  Because women are typically smaller than men, it is likely that their energy intake will be 

lower (32) and this difference is evidenced by NHANES data (89).  Additionally, energy intake in 

females has been shown to fluctuate in concordance with hormonal changes during their menstrual 

cycle, with energy intake decreased during the luteal phase (128).  For example, in a previously 

described 2007 study by Martin et al., the slow eating resulted in a decreased energy intake for 
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men, but not women, indicating that gender may modify the effects of eating rate on acute energy 

intake (30).  A study by Jordan et al. examined the ability of trait mindfulness to predict snack 

choice.  Analysis from this study indicated that gender was related to mindfulness, with men 

statistically more mindful than women.  This study was one part of a 4-part study and no gender 

effects were seen in the other 3 sub-studies (54).  However, because of this finding and that of 

other studies, the effects of gender on energy intake should be taken into consideration.  Also, 

menstrual cycle phase should be noted and controlled for as a potential confounder in energy intake 

research. 

2.8.3 Dietary Restraint 

Dietary restraint can be defined as “the tendency to restrict food intake in order to maintain 

or lose bodyweight” (32).  Dietary restraint is commonly associated with other dieting behaviors 

and can impact energy intake as well as satiety.  A 2012 study by Privitera, Cooper, and Cosco 

investigated the influence of eating rate on dietary intake in participants with high ratings of dietary 

restraint.  Participants scoring 18 or greater on the Three-Factor Eating Questionnaire were 

considered to exhibit high dietary restraint and were included in two variations in this study.  In 

variation 1, participants received instructions to eat fast or slow with participants in the slow group 

specifically instructed to take small bites and to completely swallow each bite before taking the 

next.  In variation 2, no instructions were given other than to eat until they were full or satisfied.  

Energy intake was assessed as weight in grams and converted to calories.  Results from this study 

indicate that in participants exhibiting high dietary restraint, eating slower did not lead to a 

decrease in energy intake (26).  Because of the potential impact of dietary restraint on both energy 

intake and satiety, assessment of this characteristic is required.  The Three-Factor Eating 
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Questionnaire is commonly used by investigators to assess the potential impact of dietary restraint 

on aspects of eating behavior (32) and therefore, was also used for this investigation. 

2.9 EFFECT OF BEHAVIORAL EATING STRATEGIES ON SUBJECTIVE 

FEELINGS OF SATIETY 

2.9.1 Eating Rate 

Several studies have concluded that a reduced eating rate can positively impact satiety.  Martin et 

al., demonstrated that for both men and women, slower eating in the reduced-rate and combined-

rate meals resulted in a decreased rating of desire to eat on a continuous visual analogue scale from 

0 to 100 that was normalized for the amount of food consumed (30). In a 2008 Andrade et al. 

study, women who ate quickly rated their satiety sufficiently lower than women who ate slowly, 

despite having consumed more calories.  For this study, satiety was measured using a validated 

10-cm visual analogue scale anchored with the statements “not at all” and “extremely” (25).  Their 

follow-up study in 2012 assessed satiety with the same validated 10-cm visual analogue scale.  

Ratings for hunger, satiety, and desire to eat did not differ between slow and quick eating 

conditions (29).  Also, Shah and colleagues demonstrated that there was no significant interaction 

effect of eating condition (slow and quick) by weight status (normal weight and overweight/obese).  

However, researchers found a significant effect of eating condition (slow and quick) by time in 

both normal weight and overweight/obese men and women for hunger, fullness, and desire to eat.  

Similar to other studies, this investigation assessed hunger, fullness and desire to eat with validated 

100-mm visual analogue scales (98). A previously described study by Privitera et al. which 
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manipulated eating rate in participants exhibiting high dietary restraint also resulted in enhanced 

satiety in the slow eating group (26).  Based on the results from these studies, it can be concluded 

that a decreased eating rate has the potential to increase satiety, but additional research is 

warranted. 

2.9.2 Mindfulness 

Evidence also suggests that mindfulness-based eating strategies may positively impact satiety and 

fullness.  In a previously described study by Fisher, Lattimore, and Malinowski, participants were 

randomized to a standard food cue exposure condition or a food cue exposure following a brief 

mindful attention induction.  Not only did the brief mindful attention induction result in a 

significant decrease in energy intake but also in a significant increase in subjective fullness ratings 

on a 0-100 mm VAS compared with the standard group (104).  However, similar to results on 

energy intake, the positive impact of mindfulness on satiety seems to be limited to smaller portions.  

In the 2014 study from Cavanagh et al., there was no difference between the mindful and control 

conditions on ratings of sensations of hunger, satiety or taste with neither group rating those 

sensations as more influential on food intake than the amount of food available (47).  This evidence 

suggests that a brief mindfulness-based intervention may result in increased satiety when portion 

sizes remain small to moderate.  The effect of these interventions in the presence of a larger portion 

size remains unclear. 
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2.10 CONCLUSION 

An understanding of the effect of recommended behavioral eating strategies on acute energy intake 

and satiety is of the utmost importance for behavioral weight management programs that focus on 

the treatment of obesity.  However, while these recommendations to reduce intake are commonly 

prescribed, the relationship between these strategies and energy intake and satiety has not been 

fully investigated.  Potential mechanisms driving these relationships have been described here, yet 

the effects of these behavioral strategies on energy intake and satiety remain unclear.  As suggested 

by previous investigations, potential physiological and behavioral confounders warrant 

explorations.  It is hypothesized that slow eating and mindful strategies will reduce energy intake 

and increase satiety, which could subsequently impact body weight.  However, no studies have 

compared these two strategies.  Thus, the current study aimed to investigate the effect of mindful 

and slow eating strategies on acute energy intake and satiety in adult men and women.
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3.0  METHODOLOGY 

3.1 SUBJECTS 

A total of 24 participants were recruited to participate in this study.  Subjects were between the 

ages of 18 - 55 years and had a BMI between 18.5 – 39.9 kg/m2.  Subjects were also able to provide 

informed consent. 

Exclusionary criteria for the study were: 

1) Currently pregnant and/or lactating or pregnant and/or lactating during the previous 

6 months 

2) Current diagnosis of an eating disorder or current treatment for other psychological 

issues, taking psychotropic medications, or having received treatment with 

psychotropic medications within the previous 6 months 

3) Current diagnosis of any medical condition that may alter metabolism (i.e., thyroid 

disease) and/or current use of medications that could affect weight or eating 

patterns (i.e. synthroid) 

4) Reporting irregular menstrual cycles (<25 days or >35 days between cycles) 

5) Previous or current mindfulness practice (>1 day of meditation per week over the 

past month) 
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6) Self-report of current rate of slow eating (self-report of “very slow” usual eating 

rate compared to other people) 

7) Allergy to any food ingredient included in the pre-load and condition meals (i.e., 

dairy, gluten, etc.) 

8) Dislike of any food included in the pre-load and condition meals (i.e., macaroni and 

cheese and meal replacement shakes) 

9) Currently trying to lose or gain weight 

10) History of bariatric surgery (i.e., lap-band, Roux-en-Y gastric bypass, etc.) 

3.2 RECRUITMENT AND SCREENING PROCEDURES 

Participants were recruited through local advertisements and recruitment fliers and were instructed 

to call the Physical Activity and Weight Management Research Center (PAWMRC) for additional 

information and to see if they would be eligible to participate in the study.  Callers who remained 

interested were taken through a brief phone screen to determine initial eligibility (APPENDIX B).  

Participants were recruited into 1 of 4 groups with 6 people in each group: 1) male and BMI < 30.0 

kg/m2, 2) male and BMI ≥ 30.0 kg/m2, 3) female and BMI < 30.0 kg/m2, and 4) female and BMI 

≥ 30.0 kg/m2.  If deemed initially eligible for the study, research participants were scheduled for 

an orientation/baseline assessment visit to provide consent and to confirm eligibility. 

During the participant’s orientation/baseline assessment visit, the study procedures were 

described in detail and participants were given the opportunity to ask any questions regarding the 

study prior to signing the consent document (APPENDIX A).  The Institutional Review Board at 

the University of Pittsburgh approved all study procedures. 
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3.3 EXPERIMENTAL DESIGN 

Subjects reported to the PAWMRC on three separate occasions: 1) orientation/baseline assessment 

visit, 2) first test meal session, 3) second test meal session.  This study implemented a randomized 

experimental design in which participants were block randomized by gender and BMI  ( 1) male 

and BMI < 30.0 kg/m2, 2) male and BMI ≥ 30.0 kg/m2, 3) female and BMI < 30.0 kg/m2, and 4) 

female and BMI ≥ 30.0 kg/m2) to an eating strategy condition after completion of the baseline 

assessment visit. Block randomization was conducted in this manner in congruence with previous 

research (129) and in order to address the exploratory aims. The two test meal sessions were 

separated by at least two days and were conducted between days 7 and 21 of a female participant’s 

menstrual cycle in order to minimize the effect of hormone concentrations on satiety outcome 

measures. 

3.3.1 Baseline Assessment Visit 

Upon arrival to the research center and after providing informed consent, participants underwent 

formal baseline assessment of height and weight (APPENDIX C) and completed questionnaires 

including demographics and the Three-Factor Eating Questionnaire (TFEQ) (100)  (APPENDIX 

D). After completion of the assessment visit, participants were provided with a standardized liquid 

meal replacement to take home and consume on the morning of their test meal sessions.  The 

macronutrient composition of this meal replacement was 350 calories, 28% fat, 57% carbohydrate, 

and 15% protein.  Participants were be given guidelines to adhere to prior to their test meal sessions 

(APPENDIX E).  The guidelines included: 1) consume the liquid meal replacement on the morning 

of testing, 4 hours prior to their scheduled testing time, 2) abstain from all other food or beverages, 
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with the exception of water, on the morning of the testing session, 3) abstain from structured 

moderate to vigorous intensity physical activity for 12 hours prior to their visit, 4) abstain from 

consuming alcohol for 12 hours prior to their visit, and 5) abstain from consuming caffeine for 12 

hours prior to their visit.  After the orientation/baseline assessment, participants were block 

randomized by previously described gender and BMI groups into 1 of 3 eating strategy conditions: 

EAT, MIND, or SLOW.  See Figure 3. 

 

Figure 3.  Experimental Flow Diagram 



 49 

3.3.2 Test Meal Sessions 

Participants reported to the PAWMRC on the morning of their test meal sessions and adherence 

to the pre-testing guidelines was verified.  If a participant did not follow the guidelines, he or she 

was rescheduled for another date.  Following verification, each one was asked to complete the 

Positive and Negative Affect Scale (PANAS) (101) (APPENDIX I).  Following the completion of 

this questionnaire, the participant was escorted to a small, private conference room and was seated 

alone.  Each individual was instructed to place all of their personal items in a locked drawer.  

Testing procedures were reviewed and a member of the study staff read a standardized script with 

information and instructions regarding the test meal (APPENDIX F, G, and H).  In order to 

standardize meals across time and between groups and to ensure participants could eat until 

“comfortably full”, pre-portioned, packaged, family-size microwavable macaroni and cheese 

portions were served.  The family-sized portion of Stouffer’s macaroni and cheese had the 

following energy content and macronutrient composition:  1550 calories, 46% fat, 36% 

carbohydrate, and 17% protein. Test meals were prepared via microwave according to package 

instructions. Prior to distribution to the participant, test meals and provided water were weighed 

using a digital food scale. After the meal was distributed, participants listened to a standardized 

audio recording containing instructions for the test meal session.  All participants took part in the 

“control eating session” during their second visit and their randomized condition on their third 

visit.  All sessions were video recorded for later review to assess adherence to the eating strategies 

and to calculate meal duration.  See Figure 4. 
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Figure 4.  Experimental Design 

3.3.2.1 Control Eating Strategy Condition (EAT) 

Participants randomized to the EAT condition followed the study protocol depicted in Figure 5.  

This group served as the control condition.  During visit 2, participants listened to a standardized 

audio recording (APPENDIX F) that contained information for the test meal including a neutral, 

non-eating-related passage on the national park system and instructions to eat until they are 

“comfortably full” and to consume as much or as little water as they would like.   

On their third visit, participants randomized to the “EAT” condition also followed the 

instructions as just described; however, for the third visit, the neutral, non-eating-related passage 

was about tiny vacation homes.  See APPENDIX F for scripts and data collection forms. 
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Figure 5.  Protocol for EAT condition 

3.3.2.2 Slow Eating Strategy Condition (SLOW) 

Participants randomized to the SLOW condition followed the study protocol depicted in Figure 6. 

For those subjects randomized to the SLOW condition, they participated in the control test meal 

session on their second visit.  During the control test meal session, participants listened to a 

standardized audio recording (APPENDIX F) that contained information for the test meal 

including a neutral, eating-unrelated passage on the national park system and instructions to eat 

until they are “comfortably full” and to consume as much or as little water as they would like.   

Then, they participated in the slow eating test meal session on their third visit.  During the 

slow eating test meal session, participants listened to a standardized audio recording (APPENDIX 

G) that contained information for the test meal including instructions to put their fork down in 

between bites, chew each bite at least 15-30 times, and swallow completely before picking up their 

fork for the next bite.  The recording also instructed participants to eat until they are “comfortably 

full” and to consume as much or as little water as they would like.  See APPENDIX G for scripts 

and data collection forms.   

 

Figure 6. Protocol for SLOW condition  
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3.3.2.3 Mindful Eating Test Meal Session (MIND) 

Participants randomized to the MIND condition followed the study protocol depicted in Figure 7.  

For subjects randomized to the MIND condition, subjects participated in the control test meal 

session on their second visit.  During the control test meal session, participants listened to a 

standardized audio recording (APPENDIX F) that contained information for the test meal 

including a neutral, eating-unrelated passage on the national park system and instructions to eat 

until they are “comfortably full” and to consume as much or as little water as they would like.   

The third visit consisted of a mindful eating test meal session.  During the mindful eating 

test meal session, participants listened to a standardized audio recording (APPENDIX H) that 

contained information for the test meal including instructions on how to consume the meal 

mindfully, including taking deep breaths, staying aware of and rating their hunger, and savoring 

the meal by focusing on the taste, smell, texture, and color of the food.  The recording also 

instructed participants to eat until they are “comfortably full” and to use the provided water to 

cleanse their palate between bites.  See APPENDIX H for script and data collection form.   

 

Figure 7.  Protocol for MIND condition 

3.3.2.4 Post-Test Meal Session Questionnaires 

After completion of each test meal session (visits 2 and 3), the participant completed the PANAS 

questionnaire (APPENDIX I), and visual analogue scales for hunger, satiety (APPENDIX I) and 

meal satisfaction (APPENDIX I).  Additionally, after the second meal session (visit 3), all 

participants also completed the awareness and distraction subscales of the Mindful Eating 
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Questionnaire (MEQ) (129). This questionnaire was not given after the first meal test session due 

to the possibility of a carryover effect. 

 In order to blind subjects to the fact that energy intake was the primary outcome of the 

study, a meal satisfaction and enjoyment questionnaire was given to participants after each test 

meal session (visits 2 and 3).  After the participant departed the PAWMRC (following visits 2 and 

3), food and water was weighed again using a digital food scale.   

3.4 ASSESSMENT COMPONENTS 

Assessments and test meal sessions were conducted at the University of Pittsburgh Physical 

Activity and Weight Management Research Center (PAWMRC) on weekdays and between the 

hours of 10:00 am and 3:00 pm.  Each assessment took approximately 30-45 minutes to complete. 

Participants were given a stipend of $50 upon completion of all test meal sessions.   

 

The following measures were completed at the baseline assessment visit only: 

3.4.1 Height 

Height was measured using a wall-mounted stadiometer.  This measurement was used to calculate 

body mass index (BMI).  The subject’s height was measured to the nearest 0.1 cm.  An average of 

two heights was taken.  If the first two height measurements differed by more than 0.5 cm, a third 

measurement was taken and the average of the two closest height measurements was used for BMI 

computation. 
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3.4.2 Body Weight 

Body weight was measured using a Tanita digital scale with participants wearing light-weight 

clothing with shoes and pocket items removed.  The participant’s weight was measured to the 

nearest 0.2 kg.  If the first two weight measurements differed by more than 0.5 kg, a third 

measurement was taken and the average of the two closest weight measurements was used to 

compute BMI. 

3.4.3 Dietary Restraint 

Eating (cognitive) restraint, eating disinhibition, and perceived hunger was assessed with the 51-

item Three Factor Eating Questionnaire (TFEQ) developed to assess behaviors conducive to 

weight management (100). Cognitive restraint, defined as conscious attempts to monitor and 

regulate food intake, was assessed from 21 items. Eating disinhibition, defined as dysregulation of 

eating in response to cognitive or emotional cues, was assessed from 16 items. Hunger, or 

perceptions of hunger, was assessed from 14 items on this questionnaire. Dietary restraint as 

measured by the TFEQ has been suggested to be associated with 'disinhibition' and therefore, a 

potential behavioral confounder in studies investigating satiety (32).   

The following measure was completed prior to and after each test meal session: 

3.4.4 Positive and Negative Affect 

Positive and negative affect was measured prior to and following each test meal session using the 

Positive and Negative Affect Schedule (PANAS) (101).  The PANAS is comprised of 2-10 item 



 55 

mood scales that have been shown to be both reliable and valid.  Because the scale was completed 

both pre and post-test meal session, moment instructions were used to gauge how participants felt 

in the present moment.  For moment instructions, internal consistency reliability is 0.89 for the 

positive and 0.85 for the negative affect scale.   

The following measures were taken immediately after each test meal session: 

3.4.5 Measurement of Energy Intake  

Energy intake (kcals) was assessed based upon the subject’s food consumption during the test meal 

sessions.  During the test meal sessions, participants were provided with macaroni and cheese and 

were instructed to eat until they were “comfortably full” following the standardized audio 

recording instructions.  Participants were unaware that their food intake was being monitored.  The 

macaroni and cheese was weighed prior to distribution to the participant and then again after the 

participant’s departure from the PAWMRC.  The difference in weights between the portion 

provided and the portion remaining after the test meal session was used to calculate energy intake 

(APPENDIX F, G, H).  

3.4.6 Satiety Questionnaire 

Satiety was assessed using a categorical visual analogue scale (VAS) format that has been 

modified from previous studies (103, 104) (APPENDIX I).  It has been established that the 

measurement of satiety can be accomplished both through the direct measurement of food intake 

and through self-reported feelings of satiety. The VAS is typically used to document fullness or 

satiety (32).  For example, participants are asked, “how full do you feel right now?” with responses 
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including “not full at all”, “not full”, “not very full”, “neutral”, “full”, “very full”, or “very, very 

full”. 

3.4.7 Meal Satisfaction/Enjoyment Questionnaire 

Meal satisfaction and enjoyment were measured after each test meal session.  These questions used 

a categorical visual analogue scale format that has been modified from previous studies (103, 104) 

(APPENDIX I).  For example, participants were asked questions similar to “how satisfied were 

you with the visual appeal of the macaroni and cheese?”  Responses included “not satisfied at all”, 

“not satisfied”, “not very satisfied”, “neutral”, “satisfied”, “very satisfied”, and “very, very 

satisfied”. 

The following measure was completed after the second test meal session only: 

3.4.8 Mindful Eating Adherence 

In order to measure adherence to the mindful eating test meal session and to examine if general 

awareness increased across groups, all participants (EAT, MIND, and SLOW) completed the 

awareness and distraction subscales of the Mindful Eating Questionnaire (MEQ) (129) 

(APPENDIX I). Participants in the MIND condition were considered adherent if their mean MEQ 

score was ≥ 2.5, indicating that adherence during the test meal session was more often than 

“sometimes”.   
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3.4.9 Slow Eating Adherence 

The videotape recording was used to measure adherence to the slow eating strategy.  A-

priori, participants who followed the strategy for ≥ 80% of the slow eating test meal session were 

considered to be adherent.  However, review of these videotapes showed that 100% of participants 

were adherent to the slow eating strategy. 

3.5 STATISTICAL ANALYSIS 

Descriptive analyses were performed for subject characteristics (age, BMI, race, ethnicity, 

education) as well as dietary restraint.  Several one-way analysis of variance (ANOVA) were 

conducted to determine differences between baseline descriptive characteristics and randomized 

eating strategy conditions.  Mean or median energy intake and satiety level was reported for each 

time point. 

First, a 3 X 2 mixed (ANOVA) was used to examine acute energy intake at two test meal 

time points and between three strategy conditions.  The main effect of condition (strategy) was 

examined to determine if there was a significant difference in intake between EAT, MIND, and 

SLOW conditions averaged across the two test meals.  The main effect of time was examined to 

determine if there was a significant difference in energy intake between time points (first and 

second test meal session) averaged across eating strategy conditions (EAT, MIND, SLOW).  An 

interaction effect was analyzed to determine if the difference in energy intake between the first test 

meal session (control eating session) and second test meal session (randomized eating session) was 

different among strategy conditions (EAT, MIND, SLOW). If differences were found, post-hoc 
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tests using a Bonferroni adjustment were conducted.  The assumption of normality was checked 

using the Shapiro-Wilk test and the assumption of homogeneity of variance was tested using the 

Brown-Forsythe test.  

Second, to determine if satiety or eating rate were different between conditions (EAT, 

MIND, SLOW) over time (test meal session 1, test meal session 2), mixed 3 X 2 ANOVAS were 

performed.  The main effect of condition, the main effect of time, and the time X condition 

interaction were analyzed and post-hoc analysis were performed when differences existed.   

Finally, to address the exploratory analysis and in order to determine if BMI (time X 

condition X BMI), gender (time X condition X gender), or dietary restraint (time X condition X 

level of dietary restraint) moderated these findings, multiple (2 X 3 X 2) ANOVAS were performed 

using satiety or eating rate. 

Pearson or Spearman correlations were performed between the continuous descriptive 

variables and energy intake or satiety at either time point to examine if any of these variables 

needed to be controlled for in the primary analysis.  ANOVAs were performed between categorical 

descriptive variables and energy intake or satiety at either time point to examine if any of these 

variables needed to be controlled for in the primary analysis.  If a variable was found to be 

significantly correlated with one of the primary outcome measures, an ANOVA and an ANCOVA 

(ANOVA including the variable as a covariate) was performed and results from the ANCOVA 

were reported if the covariate was found to impact the results.  All statistical analysis were 

performed using SPSS for Windows (SPSS Inc., Chicago, IL) and the alpha level was set at p < 

0.05. 



 59 

3.6 POWER ANALYSIS 

The primary aim of the study was to determine whether the implementation of two behavioral 

eating strategies had an effect on energy intake compared to a no-strategy control.  Therefore, a 

power analysis was performed to provide an estimate of sample size.  We considered a minimal 

clinically meaningful difference in energy intake between test meal sessions to be 65 calories.  

Based upon previous research comparing eating rates, the standard deviation of baseline calorie 

intake is 155 kcals during an acute laboratory meal (29).  Using this information as a proxy for 

variability in change, the power calculation was based on a moderate effect size of 0.42.  Power 

analysis was performed using G*Power 3.1.9.2 (Faul, Erdfelder, Lang, & Buchner, Universität 

Kiel, Germany).  Correlation of repeated measures was set at 0.5 and nonsphericity correction ɛ at 

1.0 assuming that the assumption of sphericity will be met. A total of 24 subjects needed to 

participate to detect an effect size of 0.42 when statistical power was set at 0.80 and alpha at 0.05.  

Therefore, a total of 24 subjects were recruited for this study and 8 participants were randomized 

to each condition.
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4.0  RESULTS 

The purpose of this study was to examine the effects of a mindful and a slow eating strategy on 

acute energy intake and to compare these strategies to a no-strategy control.  This study utilized a 

randomized control design and the results from this investigation are presented in the sections 

below. 

4.1 SUBJECTS 

Twenty-four normal weight to obese men and women (median BMI: 29.1 (24.3- 36.70 kg/m2) 

between the ages of 18 and 55 (median: 24.0 [25th, 75th percentiles:  21.0, 31.8] years) were 

recruited for this study.  An equal number of subjects (12) were classified as having a BMI < 30.0 

kg/m2 and BMI ≥ 30.0 kg/m2.  Participants were not equally distributed among BMI classifications 

with 10 subjects classified as normal weight (BMI: 18.5 – 24.9 kg/m2), 2 subjects classified as 

overweight (BMI: 25.0 – 29.9 kg/m2), 3 subjects classified as Class I obese (BMI: 30.0 – 34.9 

kg/m2), and 9 subjects classified as Class II obese (BMI: 35.0 – 39.9 kg/m2).  Complete data were 

collected for all 24 subjects (see Figure 8).
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Figure 8. Study enrollment and randomization 

Baseline characteristics for the total sample and for each randomized eating condition are 

shown in Table 1.  There were no significant differences between randomized eating condition 
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groups and age, BMI, gender, race, ethnicity, education, and measures of dietary restraint.  By 

design, an equal number of males and females were randomized into each condition.   

Table 1. Baseline Characteristics 

  

4.2 ANALYSIS OF DATA BY SPECIFIC AIM 

4.2.1 Specific Aim 1:  Comparison of Energy Intake in Three Eating Strategy Conditions 

The primary aim of this study was to compare acute energy intake in 3 eating strategy conditions: 

a no-strategy control (EAT), a mindful eating strategy (MIND), and a slow eating strategy 

(SLOW).  These data are presented in Table 2. 
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4.2.1.1 Energy Served 

While all provided study meals were from the same manufacturer, during data collection it was 

noted that not all meals had the same initial weight.  Therefore, an additional repeated measures 

ANOVA was performed to examine differences in the amount of energy served across conditions 

and over time.  There was no significant difference in energy served among eating strategy 

conditions (EAT, MIND, SLOW) at either test meal session (see Table 2). 

Table 2. Condition differences in energy served, meal duration, and energy intake between test meal sessions 

 

4.2.1.2 Process Measures 

To measure adherence to the MIND eating strategy condition, all participants completed the 

Mindful Eating Questionnaire (MEQ) after the second test meal session.  There was no significant 

difference in MEQ scores across eating strategy conditions (p= 0.692), indicating that the MIND 

group did not report eating more mindfully than either the SLOW or EAT groups (see Table 3). 
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Table 3. Condition differences in Mindful Eating score 

 

To examine if general awareness increased across eating strategy conditions and over time 

(between test meal sessions), a repeated measures ANOVA was performed using change in 

alertness and attentiveness scores as measured by the PANAS (see Table 4).  Alertness and 

attentiveness did not change over time.  There was no significant difference in change in alertness 

or change in attentiveness among eating strategy conditions.   

Table 4. Condition differences in change in alertness and change in attentiveness between test meal sessions 

 

4.2.1.3 Meal Duration 

Results from the Shapiro-Wilk test indicated that the assumption of normality for meal duration 

was violated. Therefore, data for meal duration was transformed using the natural log.  The 

transformed meal duration data was normal and was used for analysis.  Data presented in Table 2 
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have been back transformed.  The assumption of sphericity was met using Mauchly’s test.  

Following a review of the test meal session video recordings, it was established that all participants 

in the SLOW condition had 100% adherence to the prescribed strategy (putting the fork down in 

between each bite). There was a significant effect of time on meal duration between the first and 

second test meal sessions (p= .004) with the second test meal session lasting longer than the first 

for all conditions.  Additionally, there was a significant condition X time interaction effect (p= 

0.019; Figure 9) and post-hoc testing indicated that meal duration was significantly longer during 

the second test meal session in the SLOW condition [12.3 (10.7, 18.7) min] compared to the EAT 

[8.1 (6.5, 9.6) min] and MIND [11.2 (8.3, 17.7) min] conditions (p= .005) (see Table 2). 

 

Figure 9. Condition differences in meal duration between test meal sessions 

To examine the effect of BMI, gender, and dietary restraint on the relationship between 

eating strategy conditions and meal duration, three exploratory 2 X 3 X 2 analyses (time X 
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condition X factor) were performed.  For BMI effects, the time X condition X BMI interaction 

effect was not significant nor were there any significant time X BMI interaction effects or 

condition X BMI effects for meal duration.  For gender effects, time X condition X gender 

ANOVA was performed for meal duration and were no significant differences.   

During the baseline assessment, participants completed the Three Factor Eating 

Questionnaire (TFEQ) as a measure of dietary restraint.   To group participants by high and low 

dietary restraint, a cut point score of 13 on the TFEQ restraint scale was implemented.  This 

grouping is consistent with previous literature that attempts to characterize scores for dietary 

restraint using the TFEQ (130, 131).  Participants with a score of 13 or higher were categorized as 

“high restraint”.  Participants with a score of 12 or lower were categorized as “low restraint”. In 

this sample, only 5 participants were categorized as having a level of “high restraint”, three of 

which were female and two were male.  Due to the small sample of participants exhibiting high 

dietary restraint (1 in the EAT conditions, and 2 each in the MIND and SLOW conditions) 

additional exploratory analyses were not conducted. 

4.2.1.4 Energy Intake 

There were no significant differences in energy intake across eating strategy conditions at either 

test meal session (see Table 2).  Energy intake at test meal session 1 was significantly different 

between black and white participants, with white participants consuming more than black 

participants (p= 0.019). Analyses were conducted with and without race as a covariate.  Results 

were not different between ANOVA and ANCOVA; therefore, race was not included in the model.  

Though not statistically significant (p = 0.133), the MIND condition was the only eating strategy 

to reduce energy intake (mean change in energy intake: -64.4 ± 178.4 kcals) from the first to the 

second test meal session, while the SLOW (mean change in energy intake: 2.6 ± 107.9 kcals) 
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condition remained virtually unchanged, and the EAT (mean change in energy intake: 98.3 ± 169.6 

kcals) condition increased intake from the first to the second test meal session (Figure 10).   

 Furthermore, there was no significant difference in energy intake (p= 0.519) during the 

second test meal session between participants (across all conditions) who were considered 

“mindful” and those considered “not mindful” based upon an MEQ mid-point score of 2.5. 

 

Figure 10. Condition differences in energy intake between test meal sessions 

To examine the effect of BMI and gender on the relationship between eating strategy 

conditions and energy intake, two exploratory analyses were performed.  For BMI effects, the 

condition X BMI X time interaction effect was not significant nor were there any significant time 

X BMI interaction effects or condition by BMI effects for energy intake.  
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Table 5. BMI Classification differences in energy intake between test meal sessions 

 

For gender effects, a 2 X 3 X 2 (time X condition X gender) ANOVA was performed for 

energy intake.  Analysis showed that there was a significant main effect of gender (p= 0.024) on 

energy intake indicating that overall, men tended to consume more calories than women. Also 

significant was a time X gender interaction (p = 0.041) suggesting that men (mean change in 

energy intake: -47 ± 38 kcals) tended to decrease energy intake from the first test meal session to 

the second while women (mean change in energy intake: 71 ± 38 kcals) tended to increase energy 

intake from the first test meal session to the second. The time X condition X gender interaction 

approached significance (p= 0.059) (see Table 6). 

Table 6. Gender differences in energy intake between test meal sessions 
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4.2.2 Specific Aim 2: Comparison of Satiety in Three Eating Strategy Conditions 

This study aimed to compare subjective ratings of satiety using a categorical VAS during an acute 

eating bout in 3 eating strategy conditions: a no-strategy control (EAT), a mindful eating strategy 

(MIND), and a slow eating strategy (SLOW).  These data are presented in Table 7.   

Because data were not normally distributed for hunger or satiety, natural log and log base 

10 transformations resulted in data that violated the normality assumption to a greater extent by 

Q-Q plots, histograms, and the Shapiro-Wilk test.  Only small differences existed between mean 

and median.  As a sensitivity analysis, we compared change in hunger and satiety (which was 

normal) across groups using one-way ANOVA.  Results are consistent with factorial ANOVA 

using raw hunger and satiety scores at both time points; thus raw hunger and satiety data were used 

in the repeated measures ANOVA and the median (25th, 75th percentile) is reported. Because 

baseline values for the hunger construct were found to be significantly correlated with satiety 

following the first test meal session (r= 0.525, p= 0.008) both an ANOVA and an ANCOVA were 

performed and there was no significant difference when the hunger construct was used as a 

covariate; therefore, it was not included in the model. 

A 3 X 2 repeated measures ANOVA indicated that there were no significant differences in 

subjective ratings of satiety between both the MIND and SLOW eating strategy conditions 

compared to the EAT eating strategy condition at either test meal session. However, there was a 

significant main effect of time on subjective ratings of hunger following the test meal between the 

first and second test meal sessions (p < 0.001) with the second test meal session resulting in 

decreased ratings of hunger compared with the first test meal session.   
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Table 7. Condition differences in hunger and satiety between test meal sessions 

 

To examine the effect of BMI, gender, and dietary restraint on the relationship between eating 

strategy conditions and satiety, three exploratory analyses were performed.  An (condition X BMI 

X time) ANOVA was performed for BMI and satiety. The condition X BMI X time interaction 

effect was not significant nor were there any significant time X BMI interaction effects or 

condition by BMI effects for satiety. An (condition X gender X time) ANOVA was performed for 

gender and satiety and there were no significant differences.



 71 

4.2.3 Correlations between Primary Endpoints and Descriptive Variables 

Additional analyses showed that BMI, age, education, dietary disinhibition, and cognitive dietary 

restraint measured at baseline were not significantly correlated with differences in energy intake 

or satiety at either test meal session (see Table 8).  The hunger construct was found to be 

significantly correlated with satiety following the first test meal session (r= 0.525, p= 0.008).   

Table 8. Correlational matrix for energy intake, satiety, and descriptive variables 
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5.0  DISCUSSION 

5.1 INTRODUCTION 

Obesity is a public health epidemic in the United States (1).  Several comorbidities such as 

diabetes, hypertension, cancer, and cardiovascular disease are associated with obesity (2); thus, it 

is important and necessary to understand the intricate dynamics driving obesity.  Typical 

behavioral weight management programs aimed at treating obesity typically recommend a 

decrease in caloric intake combined with an increase in physical activity (3, 9).  However, common 

strategies to decrease energy intake suggested as part of these weight management programs have 

not been fully investigated. 

An existing body of evidence suggests that both slow eating (25, 28) and mindful eating 

(45, 46) strategies may be effective at reducing acute energy intake.  Additionally, it has been 

proposed that these strategies may reduce energy intake by increasing meal duration to an extent 

that would be sufficient to allow hormonal signals regulating hunger and satiety to reach the brain 

and alter intake (67, 68, 132). However, it is currently unknown whether these strategies actually 

decrease acute energy intake or increase satiety.   

Therefore, the purpose of this study was to determine: 1) if these strategies (mindful and 

slow eating) are effective at reducing acute energy intake, 2) if one strategy is more effective than 

the other, and 3) for which populations each strategy may be more or less effective.   
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5.2 SUMMARY OF MAJOR FINDINGS 

5.2.1 Comparison of a slow eating strategy with a no-strategy control 

The two strategies recommended in the SLOW condition to increase meal duration (putting the 

fork down in between bites and chewing at least 15-30 times) were successful at increasing meal 

duration compared with the EAT condition (12.3 minutes in the SLOW condition vs. 8.1 minutes 

in the EAT condition).  This indicates that specific instruction mechanics have an acute effect on 

duration.  These findings are similar to previous research in that these two slow eating strategies 

were successful in increasing meal duration (25, 29, 97).   

Despite this increase in meal duration, there was no significant differences in acute energy 

intake compared with the EAT condition (mean change in energy intake for the SLOW condition: 

2.6 ± 107.9 kcals vs. mean change in energy intake for the EAT condition: 98.3 ± 169.6 kcals). 

These results align with a  previous study from Andrade et al. (29) in that slow eating strategies 

did not decrease energy intake compared with fast eating in healthy women when water intake was 

controlled (29).  Additionally, another study has found that implementing within-meal pauses to 

increasing meal duration actually increased energy intake.  Using a computer to create within-meal 

pauses and slow eating rate (interrupted eating condition), Yeoman and colleagues demonstrated 

that energy intake was greater during interrupted eating conditions than continuous eating 

conditions (no within meal computer interruptions) (31).  

However, unlike the results from the current study, other research supports the hypothesis 

that slow rates of eating decrease acute energy intake.  An earlier study by Andrade et al. showed 

that slower rates of eating, utilizing the same strategies implemented in this study, resulted in 
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smaller acute energy intakes in a population of pre-menopausal healthy women (quick: 645.7 ± 

155.9 kcal; slow: 579.0 ± 154.7 kcal) (p < 0.05) when compared to quick eating (25).   

Similar to energy intake, no significant differences in subjective ratings of satiety were 

found between the SLOW and EAT conditions, indicating the increase in meal duration did not 

appear to influence self-reported satiety.  These results are inconsistent with previously described 

studies by Koidis et al. (97) and Andrade et al.  (29).  Andrade and colleagues found that females 

in a slow eating condition tended to have lower “desire-to-eat” and greater satiety ratings (29).  

However, the decreased ratings of satiety in the slow eating condition were evidenced at 1 hour 

following the meal but not immediately after meal completion.  In addition, work by Koidis et al. 

demonstrated a trend toward lower perceived fullness after eating quickly compared with slower 

eating in 14 males and females (97).  These may explain the differences in the current study, as 

satiety was measured immediately post-meal.   

It has been postulated that potential mechanisms through which slow eating may decrease 

energy intake are increased oral processing time (67, 68, 132) and increased meal duration (69-72) 

leading to an increased recognition of satiety signaling and shorter time to satiation.  While 

participants in the SLOW condition in the current study were successful at putting their fork down 

in between each bite and meal duration was significantly longer compared with the EAT condition, 

there were no differences in energy intake between groups.  This may be due to the fact that 

participants in the SLOW condition had a median meal duration of just over 12 minutes.  Women 

in the slow conditions in the Andrade et al. studies took a mean of 29.2 minutes (25) and 26.1 

minutes (29), respectively, to eat their meal.  These times are longer than the 20 minute duration 

proposed by Rolls, Liddle et al., Moran et al., and Cummings et al., which may be necessary to 

impact satiety (69-72).  Both lean and obese participants in the Koidis et al. study also surpassed 
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this delay with mean eating times of 30 minutes for overweight/obese and 29 minutes for lean 

participants (97).  This difference in meal duration between these prior studies and the current 

study could explain the inconsistent results.  It is possible that the meal duration in the current 

study was not long enough for satiety signals to reach the brain; thus explaining why a 

hypothesized decrease in energy intake was not realized even in the presence of a longer meal 

duration.  Also, other studies have compared slow eating conditions to quick conditions while the 

current investigation compared slow eating with a standard eating condition where participants 

were not specifically instructed to eat quickly.  It is possible that because participants in the EAT 

condition were not instructed to eat “quickly”, there was not enough difference in meal duration 

between groups to realize a difference in energy intake. 

Furthermore, satiety ratings in the Andrade et al. study were taken every 5 minutes for the 

first 30 minutes and then also at 45 and 60 minutes following meal completion and increased 

satiety ratings were only evidenced at the 60 minute time point.  There is the possibility that satiety 

may have increased in the SLOW eating group of the current study at a later time point, but 

additional follow-up measurements were not recorded.  Therefore, it is unknown if satiety 

increased past meal completion in the current investigation. 

Other studies suggest that variables such as gender, weight status, and level of dietary 

restraint may influence the relationship between meal duration and acute energy intake (32).  While 

the current study was not powered to specifically examine these variables, exploratory analyses 

indicate that there was no effect of BMI on satiety or energy intake.  These results are not consistent 

with those of Shah et al. (98) who found that slow eating significantly lowered energy intake in 

normal weight, but not overweight/obese participants (98).  In the same study, researchers also 

found that slower eating resulted in increased ratings of satiety in normal weight participants at a 
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1 hour follow-up measurement, but not in overweight/obese subjects (98).  Both the Shah study 

and the current study used similar methods to successfully increase meal duration.  However, the 

Shah study had a substantially larger sample size with 70 participants (35 normal weight and 35 

overweight/obese).  Because of the small sample in the current investigation, it is possible that the 

suggested impact of BMI on the relationship between eating strategies and energy intake was not 

seen.   

Additionally, there was no significant effect of gender on the association between a slow 

eating strategy and energy intake or satiety.  This result is not consistent with work from Martin et 

al. who found that a computer-prompted decreased eating rate led to decreased energy intake in 

men, but not women (30).  The results from these two studies suggest that the impact of gender on 

the relationship between slow eating and energy intake and satiety remains unclear.  It could be 

possible that the strategies utilized by these investigations to slow eating have no influence on 

energy intake in women. 

Due to small numbers of participants with a high level of dietary restraint, there were no 

additional analyses conducted for this variable in the current study.  Thus, it is unable to be 

determined how the current study compares to prior studies in this regard. 

 

5.2.2 Comparison of a mindful eating strategy with a no-strategy control 

A brief mindfulness practice focused on eating was implemented in the current study.  This brief 

practice included a short breathing meditation, rating of physiological hunger, and instruction to 

focus on the sensory experience of eating.  Despite a mean decrease in energy intake between the 

two test meal sessions compared to the EAT condition (mean change in energy intake for the mind 

condition: -64.4 ± 178.4 kcals vs. mean change in energy intake for the EAT condition: 98.3 ± 
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169.6 kcals) the MIND condition did not result in a statistically significant decrease in energy 

intake.  These results are consistent with those from Cavanagh and colleagues, who found that 

while participants randomized to a brief mindfulness exercise tended to eat less of both a small 

and a large portion of pasta compared with education and control conditions, the result was not 

statistically significant (47).   

In contrast, other studies involving brief mindfulness trainings have resulted in decreased 

energy consumption.  In a study from Forman and colleagues, training in mindful decision making 

that consisted of a 60 minute in-person group session, led to decreased salty snack food 

consumption in the 7 days following the intervention (133).  However, participants self-reported 

their snack food consumption and energy intake was not objectively measured.  Arch et al. (108) 

conducted a series of 3 experiments examining the impact of a brief mindfulness intervention.  The 

mindfulness intervention instructed subjects to focus on the sensory experience of eating and was 

delivered via audiorecording, similar to the exercise completed by participants in the MIND 

condition in the current study.  Participants in the mindfulness condition in the Arch et al. study 

consumed fewer calories from sweet foods, salty foods, and from saturated fat than participants in 

the distraction and no-instruction control conditions.  Those subjects in the mindfulness condition 

also did not compensate for the decrease in energy intake from “junk” foods by consuming more 

calories from healthier options like unsalted almonds and carrot sticks (108).  Results from these 

more recent studies involving brief mindfulness interventions suggest that mindfulness training 

may result in decreased energy intake of snack foods.   

Moreover, no significant differences in subjective ratings of satiety were found between a 

mindful eating condition (MIND) and a no-strategy control (EAT). The results from this study are 

similar to those from a previously described study by Cavanagh et al. (47) who found no difference 
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between  mindful and control conditions on ratings of sensations of hunger, satiety or taste with 

neither group rating those sensations as more influential on food intake than the amount of food 

available (47). Similar to the current investigation, participants in part of the Cavanagh study were 

served a large portion of pasta.  However, in a previously described study by Fisher, Lattimore, 

and Malinowski, a brief mindful attention induction resulted in not only a significant decrease in 

energy intake (measured as number of cookies eaten) but also in a significant increase in subjective 

fullness ratings on a 0-100 mm visual analog scale compared with the standard group (104).  

 Both the current investigation and the Cavanagh study (47) involved consumption of large 

portion sizes.  The similarity of results between the current study and the Cavanagh study suggest 

that brief mindfulness exercises may not be effective at producing significant decreases in energy 

intake of large portion sizes or at meal settings.  However, Arch et al. showed that a brief 

mindfulness intervention was able to impact energy intake in the presence of smaller, snack sized 

portions (108). Because increased portion sizes are well known to increase energy intake (47, 55), 

it is possible that the external cues resulting from increased portion sizes have a greater impact on 

energy intake than internal cues highlighted through mindfulness practice and thus, mindfulness-

based intervention may not be significant enough to overcome a portion size effect.  Additionally, 

significant effects of brief mindfulness interventions on energy intake were found when 

participants were exposed to snack-like eating episodes. Thus, it is possible that these interventions 

may be more effective at decreasing energy intake from snacking, rather than in a full meal setting. 

Interestingly, while participants in the MIND condition tended to eat less than those in the 

EAT and SLOW conditions, they did not rate themselves as more mindful based upon MEQ scores.  

Additionally, participation in the MIND condition did not result in an increase in alertness or 

attentiveness as measured by the PANAS.  Because participants in the MIND condition did not 
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report being more mindful, more alert, more attentive or more satiated than the other groups, it is 

possible that the brief mindfulness exercises used in this investigation were not sufficient enough 

to create a mindful state.  This is a potential explanation for why there were no significant 

differences in energy intake or satiety between the MIND and EAT conditions. 

While not powered specifically to examine gender differences, exploratory analyses in the 

current study revealed a trend suggesting that men in the MIND eating strategy condition were 

more likely to decrease energy intake than other groups.  An additional analysis suggested that 

men (mean change in energy intake: -47 ± 38 kcals) tended to decrease energy intake while women 

(mean change in energy intake: 71 ± 38 kcals) tended to increase energy intake at the second 

session.  It has been suggested that gender may influence the relationship between other eating 

strategies and energy intake (30), yet, this result has not been realized in prior studies investigating 

the impact of a brief mindfulness strategy.   

Gender is a variable that has the potential to impact these relationships because women 

typically have lower energy requirements and different hormonal fluctuations than men (32); 

however, by utilizing a repeated measures design and scheduling sessions during the luteal phase 

of female participants’ menstrual cycles, this effect would be minimized.  While an explanation 

for this trend was not able to be determined by the current investigation, another study has 

suggested that decreased energy intake in men may be due to the fact that, overall, men consume 

more calories and therefore, have more room for a potential decline in intake (30).  If there is a 

threshold of energy intake that must be reached in order for a decrease in intake to occur, it may 

be that only women who regularly reach this threshold or  consume excess calories would benefit 

from these strategies and that those who do not reach the threshold have no room for decline.   
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5.2.3 Comparison of a slow eating strategy with a mindful eating strategy 

This study also aimed to compare differences in energy intake and satiety between a slow eating 

strategy (SLOW) and a mindful eating strategy (MIND).  Prior to the current investigation, it does 

not appear that these two eating strategies have been directly compared.  Results from the current 

study indicate that there were no significant differences in change in meal duration, energy intake 

or satiety between these two eating strategies. Though not statistically significant, there was a 

small difference in mean change in energy intake for the MIND condition (mean change in energy 

intake for the mind condition: -64.4 ± 178.4 kcals vs. mean change in energy intake for the SLOW 

condition: 2.6 ± 107.9 kcals).   

Despite a lack of statistical significance, both the SLOW and MIND conditions did not 

experience a similar increase in caloric intake with that from the EAT condition (mean change in 

energy intake for the EAT condition: 98.3 ± 169.6 kcals).  This lack of increase in caloric intake 

suggests that these strategies may be effective at preventing a potential increase in caloric intake 

experienced when no strategy is implemented.  Limiting an increase in calorie intake can be a 

beneficial method for prevention of weight gain, if not for weight loss.  Thus, these strategies may 

remain a useful recommendation for behavioral weight management programs. 

5.3 LIMITATIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH 

While this study exhibited many strengths, such as: presence of a control condition; wide range of 

BMI classifications, ages, gender, and races; a controlled breakfast meal; and repeated measures 

design; some limitations may decrease the application of the results to other populations and eating 
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scenarios. Both genders were equally represented in this study, yet, distribution across BMI 

classifications was not similar and only those aged 18 to 55 participated in the current 

investigation.  Thus, generalization of these findings to other populations is limited.  Moreover, 

the current study had other limitations that may have contributed to the experimental results and 

are listed here below:   

1) While this study attempted to standardize intake prior to each test meal session with 

an isocaloric breakfast shake consumed 4 hours before each session, it is unclear 

how this may have affected the response in each of the experimental conditions.  

Additional studies should consider the size, timing, and content of a pre-load meal 

when examining acute energy intake. 

2) While this study was powered to detect a significant difference in energy intake 

between the three eating strategy conditions, the sample size was small.  A mean 

decrease in energy intake between test meal sessions of 64.4 ± 178.4 kcals in the 

MIND condition and a virtually unchanged intake of 2.6 ± 107.9 kcals in the SLOW 

condition did not result in a statistically significant difference over the increase of 

98.3 ± 169.6 kcals in the EAT group.  Thus, these data may be important for future 

studies in determining more precise estimates of sample size. 

3) This study utilized basic questionnaires and visual analog scales to measure 

adherence to the mindful eating instructions, hunger, satiety, and change in 

awareness and attentiveness.  It is possible that participants in this condition may 

not have been adherent to the directions or perhaps the MEQ, PANAS, and visual 

analog scales were not a sensitive enough measure for an acute mindful eating 

session.  Future studies should aim to utilize more advanced or objective 
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methodology, such as fMRI and blood markers for hunger and satiety hormones, to 

ensure that subjects eat more mindfully or objectively measure effectiveness of 

mindful eating strategies. 

4) This study was conducted in a tightly controlled laboratory setting.  This type of 

setting is relatively unnatural and not similar to typical eating situations that occur 

outside of a laboratory setting.  Thus, the applicability of the results to “free-living” 

eating situations is limited.  Future studies should aim to incorporate these strategies 

into a more naturalistic environment. 

5) This study was an acute eating study that included only 2 brief eating sessions with 

immediate follow-up and only one type of food.  While all participants reported 

that they liked macaroni and cheese, utilizing just one food type may have limited 

the impact of satiety and energy intake.  Future research on the effects of these 

strategies should aim to examine a variety of foods, include satiety measurements 

that extend beyond immediate measures only, perhaps over the course of time or 

over several meals.   

6) While participants in the SLOW condition increased meal duration compared with 

those in the EAT condition, no groups approached the period of time suggested by 

Rolls, Liddle et al., Moran et al., and Cummings et al. (69-72) that may be necessary 

to influence satiety.  Future investigations should aim to ensure that slow eating 

strategies achieve this suggested time to enhance our understanding of the 

relationship between slow eating and satiety and the subsequent effects on energy 

intake. 
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7) This study utilized only a large portion size to investigate differences in energy 

intake and satiety between conditions. However, other studies have examined these 

strategies in the presence of smaller portion sizes.  Future investigations should 

consider studying the effect of these strategies in a variety of portion sizes. 

8) While exploratory in nature, the current study was underpowered to detect 

significant differences in energy intake between subjects in each BMI category, by 

gender, and across levels of dietary restraint.  To adequately examine the impact of 

these variables on the relationship between eating strategies and energy intake, 

future investigations should be appropriately powered to detect potential 

differences resulting from BMI, gender, and dietary restraint. 

5.4 IMPLICATIONS FOR WEIGHT MANAGEMENT 

The results from the current investigation did not show a statistically significant difference in 

energy intake or self-reported satiety between the three eating strategy conditions (EAT, MIND, 

SLOW).  However, participants in the MIND condition tended to consume less calories overall, 

with a small decrease in energy intake of 64 calories. There was virtually no change in energy 

intake in the SLOW condition.  Compared with the EAT condition, which resulted in an increase 

in energy intake at the second test meal session, both the SLOW and MIND eating strategies 

proved to be beneficial in preventing this increase.  While a difference of 64 calories is small, this 

difference was realized only during one meal.  There is the potential for these small changes to 

occur at each meal and that over time, they may accumulate.  This accumulation could lead to a 

larger decrease in energy intake and a subsequent positive impact on weight.  Longer-term studies 
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incorporating training on mindful eating have been conducted, which investigate the potential of 

these small changes to accumulate over time.  A  study conducted by Dalen et al. showed that a 6-

week mindfulness training group for obese individuals resulted in statistically significant decreases 

in weight (48).  However, this may not be directly tied to the effect of mindfulness on acute energy 

intake and satiety.  Results from this study indicate that the benefits of mindfulness training may 

extend beyond what was seen in this small, acute laboratory study. 

 Currently, the longer-term studies involving mindfulness do not result in increased weight 

loss when compared with a control group. A recently conducted thesis project at the University of 

Minnesota investigated the effect of appetite awareness training compared with a no-treatment 

control and a nutrition education group in a 3 week intervention with 4 week follow-up booster 

session.  While appetite awareness training does not incorporate all aspects of mindfulness 

training, like mindful eating, it encourages participants to draw increased awareness to internal 

hunger and satiety cues.  Participants in the appetite awareness training group showed statistically 

significant greater weight loss compared with the no-treatment control but there was no difference 

between the appetite awareness and nutrition education groups (134).  A study by Goldbacher and 

colleagues showed that there was no significant difference in 5 month weight loss between 

standard behavioral treatment and mindfulness enhanced behavioral treatment for participants who 

engaged in emotional eating (135).  Similar results were seen in the SHINE study from 

Daubenmier and colleagues who found that weight loss was not significantly different between a 

5.5 month mindfulness-based and a 5.5 month standard weight loss program for 194 obese 

participants (136).  Results from these three studies indicate that long-term mindfulness or appetite 

awareness training may not lead to improved weight loss outcomes.  Future studies should be 
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aimed at incorporating mindfulness based training with a longer term follow-up or as part of a 

longer-term weight loss maintenance program. 

 While the impact of mindfulness-based training on weight loss may remain unclear, 

evidence suggesting benefits beyond that of weight loss is more consistent.  In the previously 

described studies from Vieaux, Dalen and Daubenmier, participants in the mindfulness groups  

reported increases in cognitive restraint (48), increases in the ability to resist eating in high food 

situations (134), increased confidence in controlling eating during TV watching (134), decreased 

eating of sweets (137) and improved fasting glucose levels (137).  This suggests that while 

mindfulness-based training may or may not impact weight to a greater extent than a standard 

program, those practicing mindfulness may experience benefits in other positive health-related 

behaviors. 

 Additionally, benefits of slow eating may also be realized beyond acute eating scenarios 

and into the long-term.  Both a systematic review and meta-analysis by Ohkuma et al. (22) and a 

cross-sectional study from Lee et al. (138) suggest that eating quickly may have negative long-

term effects on body weight.  Eating quickly was shown to increase the risk of being overweight 

both independently and in combination with late evening meals and skipping breakfast (138) and 

was also positively associated with excess body weight (22).  Thus, while slow eating did not 

affect acute energy intake in this small sample, it appears that over time, this strategy may aid in 

prevention of weight gain. 

Despite the lack of statistical significance of the change energy intake, the small decrease 

in energy intake in the MIND condition and the unchanged energy intake in the SLOW condition 

may be clinically meaningful. Results demonstrated a decrease in energy intake of 64.4 ± 178.4 

calories in the MIND condition, which approximates the hypothesized difference of 65.0 ± 155.0 
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kcal realized in an earlier study (29). The current study was powered to detect a difference of 65 

kcals between conditions based upon previous literature that suggests that smaller deficits in 

energy intake may be meaningful for weight management.  It has been proposed that while an 

energy gap of just 100 kcals/day may not be effective for substantial weight loss, this gap may 

prevent excess weight gain (139).  Termed the “small change approach”, this gap of 100 kcals/day 

has been suggested to be more realistic and maintainable than the larger energy gap of 175-480 

kcal/day needed to maintain weight loss (140, 141).   The change in energy intake achieved by 

participants in the MIND condition during one lunch meal in the current study may contribute to 

the 100 kcal/day deficit proposed by the small change approach whether through a single eating 

event or over the course of a day.   

Moreover, participants in the SLOW condition did not increase their energy intake during 

the second test meal session while participants in the EAT condition did increase their energy 

intake.  Because the SLOW condition was effective at maintaining caloric intake between the two 

test meal sessions, it has potential to be an effect strategy for the prevention of weight gain or for 

weight control.  Thus, the benefit in the strategies implemented as part of this investigation may 

prove to be more beneficial for prevention of weight gain than for weight loss. 

5.5 CONCLUSIONS 

Slow and mindful eating strategies are commonly recommended as part of behavioral weight 

management programs, yet their effects on acute energy intake and satiety are unclear.    Studies 

previously conducted in this area of research are often small, study one specific population (women 

and obese populations in particular), and investigate the impact of one strategy compared with a 
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no-strategy control.  This study was conducted to determine if two eating strategies (mindful and 

slow eating) resulted in a decrease in energy intake or increase in satiety during an acute laboratory 

meal compared with a no-strategy control.  Results from the current study indicate that overall, 

neither a mindful nor slow eating strategy produced a statistically significant decrease in energy 

intake or an increase in satiety when compared to no strategy at all.  However, there was a small, 

non-significant decrease in energy intake  for participants in the MIND condition, indicating that 

over time, small decreases in energy intake could accumulate, resulting in a larger energy gap.  

Additionally, strategies utilized in the SLOW condition were effective at preventing increased 

energy intake, as experienced in the EAT group. This suggests that mindful and slow eating 

behaviors may be beneficial for weight management if continued over time.  Mindful and slow 

eating strategies should continue to be recommended as effective strategies to help maintain weight 

or prevent excess weight gain.    Future studies investigating the effectiveness of these strategies 

for weight loss and prevention of weight gain are warranted.
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APPENDIX A: INFORMED CONSENT DOCUMENTS 
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Figure 11. Informed Consent Document 
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Figure 12. Verification of Ability to Provide Informed Consent 
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APPENDIX B: TELEPHONE SCREENING FORM 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 



 99 

 

 

 



 100 

 

 

 

 

 

 

 

 



 101 

 

 

 

 



 102 

 



 103 

 

Figure 13. Recruitment and Telephone Screening Form 
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APPENDIX C: BASELINE ASSESSMENT DATA COLLECTION FORM 
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Figure 14. Baseline Assessment Data Collection Form 
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APPENDIX D: BASELINE QUESTIONNAIRES 
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DEMOGRAPHICS 
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Figure 15. Demographics Questionnaire 
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APPENDIX E: PRE-TEST GUIDELINES 
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Figure 16. Pre-Test Guidelines 
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APPENDIX F: CONTROL EATING STRATEGY CONDITION DATA COLLECTION 

FORM AND SCRIPTS 
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CONTROL TEST MEAL SESSION DATA COLLECTION FORM 
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Figure 17. Control Test Meal Session Data Collection Form 
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CONTROL TEST MEAL SESSION SCRIPTS 
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Figure 18. Control Test Meal Session 1 Script 
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Figure 19. Control Test Meal Session 2 Script 
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APPENDIX G: SLOW EATING STRATEGY CONDITION DATA COLLECTION 

FORM AND SCRIPT 
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SLOW TEST MEAL SESSION DATA COLLECTION FORM 
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Figure 20. Slow Test Meal Session Data Collection Form 
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SLOW TEST MEAL SESSION SCRIPT 
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Figure 21. Slow Test Meal Session Script 
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APPENDIX H: MINDFUL EATING STRATEGY CONDITION DATA COLLECTION 

FORM AND SCRIPT 
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MINDFUL EATING TEST MEAL DATA COLLECTION FORM 
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Figure 22. Mindful Test Meal Session Data Collection Form 
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MINDFUL TEST MEAL SESSION SCRIPT 
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Figure 23. Mindful Test Meal Session Script 
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APPENDIX I: POST-TEST QUESTIONNAIRES 
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MINDFUL EATING QUESTIONNAIRE 
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Figure 24. Mindful Eating Questionnaire 
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SATIETY VISUAL ANALOGUE SCALE 
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Figure 25. Satiety Visual Analog Scale 
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MEAL SATISFACTION VISUAL ANALOGUE SCALE 
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Figure 26. Meal Satisfaction Visual Analog Scale 
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