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Abstract 

Background: Mindfulness-based interventions for healthy behaviors such as exercise and 
dietary modifications have aroused growing interest. This study aims to test the effectiveness 

of a mindfulness-based intervention for the reduction of impulsive eating and the 
improvement of motivation to exercise among obese individuals. Methods: One-hundred-
and-twenty obese outpatients, aged 18 to 65 years, diagnosed with a binge-eating disorder, 

will be randomly assigned to one of the three following groups: mindfulness practice, sham 
meditation or treatment as usual control. The tested intervention consists of a 1-year 

computerized mindfulness-based program. Mindfulness sessions are audio recordings that the 
patients are asked to listen to, 10 minutes every day. Self-reported questionnaires measuring 
impulsive eating, motivation to exercise, physical activity level, mood, and mindfulness skills 

are filled in at baseline, 1, 6 and 12 months. Physical activity, calories consumption and 
biomarkers are measured with more objective measurement tools at baseline, 6 months and 12 

months. Conclusion: Mindfulness, as both a de-automation element and as a moderator of 
motivation to exercise, can lead to the reduction of impulsive eating, and also to an increase in 
levels of physical activity. These effects could cause weight loss in obese patients suffering 

from binge-eating disorder. 
Trial registration: clinicaltrials.gov: NCT02571387. 

 
Keywords: mindfulness, internet-based intervention, obesity, impulsive eating, physical 
activity 
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 INTRODUCTION 

As many as 36.9% of men and 38.0% of women are overweight or obese in the world 
[1]. The World Health Organization (WHO) [2] estimates that obesity is the result of an 

inappropriate balance between energy intake and energy expenditure. Binge Eating Disorder 
(BED) is one of the leading causes of increased energy intake [2], and is characterized by 
recurrent and persistent episodes of impulsive (i.e., uncontrolled) eating sustained by distress 

without any compensatory behavior. Moreover, only one third of individuals with BED 
benefit from treatment [3]. While psychological or behavioral treatments aiming at reducing 

binge eating have little effect on weight loss and weight loss treatments are less effective in 
individuals with BED than those without BED [4], interventions with a broader range of 
applications could be of interest for effective long-term weight management. Additionally, 

while excess weight is associated with lower physical activity (PA) levels [2], prescribed 
exercise programs and information about PA need to be associated with psychological and 

motivational techniques to foster longer-term autonomous practice [5, 6]. Moreover, an 
increased PA level has been shown to temper brain responses to visual food cues, increasing 
capacity to regulate food intake [7]. 

Mindfulness is a non-judgmental and present-oriented awareness leading to acceptance 
of thoughts, emotions and sensations occurring in the present moment [8]. Over the last 

decade, research has shown a growing interest in mindfulness in the context of health 
behaviors [9]. Moreover, recent reviews and meta-analyses have investigated the effects of 
mindfulness-based interventions on weight loss and eating disorders in overweight and obese 

individuals [10-14]. While mindfulness appears to reduce eating disorders significantly (and 
more precisely, BED), its long-term efficacy on weight loss remains unknown. One 

explanation could be the duration of such interventions (mainly less than 3 months), which 
could be too short to integrate mindfulness into everyday life and observe a decrease in Body 
Mass Index (BMI). Another explanation could be the focus of interventions. In fact, 

interventions conducted with overweight and obese individuals mainly focus on eating 
behaviors, limiting the promotion of a “mindful lifestyle” [15] and thus the effects of 

mindfulness-based interventions on a multifactorial weight loss program. While it is known 
that obesity is caused by a wide range of factors [16] and associated with psychological 
comorbidities such as mood disorders, mindfulness training could be beneficial for obese 

individuals as a complementary and transdiagnostic approach [17]. 
Studies have shown that obese individuals tend to be more impulsive than normal 

weight individuals, suggesting that the tendency to over-eat without thinking is associated 
with impulsive personality [18-20]. Brief mindfulness training has shown an overall effect in 
reducing chocolate craving [21], as well as more self-controlled and risk-averse discounting 

patterns for food [22]. One explanation for the effectiveness of mindfulness training on 
impulsive eating could be that increased attention to present moment experience could change 

tendencies to be over-responsive to food cues, fostering healthier decision-making [23]. 
Ulmer and colleagues [24] and Butryn and colleagues [25] showed that higher mindfulness 
skills are linked to higher PA levels and maintenance, and that mindfulness training could 

increase PA levels, respectively. These links have been studied in cross-sectional studies 
aiming at understanding the mechanisms of change related to higher mindfulness skills, in the 

context of PA behavior [26-28]. These studies emphasized the moderating role of mindfulness 
skills in the behavior change process for increasing PA in healthy individuals. 

The purpose of this study is to evaluate the effectiveness of a daily 12-month 

computerized mindfulness-based intervention in obese patients diagnosed with BED. The 
intervention aims at increasing mindfulness skills in obese patients in order to help them 

manage their impulsive eating and motivation towards PA. The intervention is thought of as 
complementary to medical and paramedical care provided to obese patients. The self-help 
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design has been chosen so that patients will not have to go to the hospital on a frequent basis, 

and to release staff (e.g., psychologists) from supplementary care. Mindfulness as a de-
automation component (i.e., a skill to reduce automatic thoughts and behaviors) on the one 

hand, and as a moderator of behavior change on the other, could reduce impulsive eating in 
obese binge eaters (H1) and increase their intrinsic motivation to exercise (H2), respectively. 
These changes in eating patterns and PA behaviors could regulate energy balance and lead to 

weight loss over one year (H3). Primary outcome measure will be change in impulsive eating 
from baseline to post-intervention. Secondary outcome measures will be change in 

motivational regulation to exercise, change in PA level (self-reported and objectively 
measured), change in mindfulness skills, change in plasma concentration of leptin, 
adiponectin, and brain-derived neurotrophic factor (BDNF), and change in food intake from 

baseline to post-intervention. Compliance with intervention will be an additional outcome 
measure that could moderate the observed effectiveness of the intervention. 

 
METHODS AND DESIGN 

Design 

An open randomized controlled design will include obese patients randomly assigned to 
one of three conditions: a mindfulness-based intervention, a sham meditation intervention 

[29], or a treatment as usual (TAU). Randomization will be stratified on gender (male vs 
female), BMI (BMI < 40 vs BMI ≥ 40), and age (age < 46 vs age ≥ 46). Forty-six years old 
has been used as a cut-off for age, as this was the mean age of patients at the Nutrition Pole in 

2015. Participants in the three conditions benefit from TAU at the same Nutrition 
Department. Figure 1 displays the design of the intervention and a proposed participant flow 

through the trial. The 12-month study will examine the effects of the intervention on 
biomedical, behavioral, psychological, and adherence outcome measures at baseline, 1 month, 
6 months, and post-intervention. Informed consent will be obtained from participants prior to 

inclusion in the study and anonymity during data analyses will be guaranteed. Ethical 
approval for the trial has been obtained from the Comité de Protection des Personnes Ile-de-

France 2 (approval number: ID-RCB 2015-A01370-49). The trial has been registered on 
ClinicalTrials.gov (NCT02571387). The study will take 24 months (12 months for patient 
recruiting, and 12 months for participation) and started in May 2016. 
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Participants screened for 

eligibility

Participants excluded. 

Did not meet inclusion 

criteria

Participants meet 

inclusion criteria

(n = 120)

Allocated to mindfulness-based 

intervention

(n = 40)

Allocated to treatment 

as usual condition

(n = 40)

Allocated to sham 

meditation intervention

(n = 40)

Time 1:

Baseline data collection

Time 2:

Week 4 data collection

+ Interview

Time 4:

12 months data collection

+ Interview

Study completion

Time 3:

6 months data collection

+ Interview

 
Figure 1. Predictive flow diagram of participation. 
 

Participants and procedure  
Participants will be recruited over 12 months at the Nutrition Departments of Ambroise 

Paré Hospital (Boulogne-Billancourt, France) and Georges-Pompidou European Hospital by a 

psychologist investigator in face-to-face semi-structured interviews. Patients will be 
systematically screened after their medical visit at the Nutrition Department. Inclusion criteria 

include obesity and BED. Diagnosis of BED follows the criteria of the Diagnostic and 
Statistical Manual of Mental Disorders (5th ed.; DSM-5) [30]. An investigator (accredited 
psychologist) will check the criteria during the inclusion interview, including: recurrent and 

persistent episodes of eating an abnormally large amount of food with a feeling of a lack of 
control during binge episodes associated with at least three of the five criteria (i.e., eating 

much more rapidly than normal, eating until feeling uncomfortably full, eating large amounts 
of food when not feeling physically hungry, eating alone because of being embarrassed by 
how much one is eating, or feeling disgusted with oneself, depressed, or very guilty after 

overeating), marked distress regarding binge eating, binge eating at least once a week during 
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the last three months, and absence of regular compensatory behaviors (e.g., purging). 

Inclusion and exclusion criteria are displayed in Table 1. 
 

Table 1. Inclusion and exclusion criteria. 

Inclusion criteria Exclusion criteria 

 Adult between 18 and 65 years of age 

 Obese (BMI ≥ 30 kg/m2) 

 Recruited from the Nutrition Departments 
of Ambroise Paré Hospital and Georges-

Pompidou European Hospital 

 Diagnosed with Binge-Eating Disorder 

(BED) according to DSM5 criteria 

 Informed consent provided during 

inclusion interview 

 Already participating in a clinical trial 

 Bariatric surgery patients (unless gastric 

band removed at least 3 years before) 

 Planned bariatric surgery 

 Hypothalamic obesity (tumor or genetic) 

 Pregnancy 

 No Internet access at home 

 Difficulties understanding French  

 Patients under social protection 

 Cognitive dysfunctions in understanding 
simple guidelines provided by the 

paramedical staff (e.g., diet or exercise 
guidelines) 

 Auditory disorders that make it impossible 

to hear audio files 

 Blurred vision that make it impossible to 

use the Internet 

 
The study will adopt a partial double-blind procedure so that participants assigned to an 

active condition (i.e., mindfulness or sham meditation), as well as researchers, are unaware of 
the intervention conditions. A research assistant uninformed about the aim of the study will 
ensure that each participant is provided with an identification number and randomly assigned 

to one of the three groups using a computer-generated list. An investigator will provide 
information and procedures to each participant according to the allocated condition. 

Participants will need to provide written consent prior to participation. At baseline, 1-
month, 6-month, and post-intervention (12 months), participants will be asked to come back 
to the hospital for an appointment with an investigator. The purpose of these interviews is to 

keep participants motivated to participate, and to answer any questions they may have 
regarding technical and theoretical concerns. Prior to each appointment, participants will 

complete online questionnaires measuring behavioral and psychological outcomes, including 
declared PA levels, eating psychological processes, motivation toward exercise, anxiety and 
depression, and mindfulness skills. At baseline, 6-month intervention and post-intervention, 

participants will be required to report to the Nutrition Department to take blood samples and 
weight measurements. 

Eligible patients recruited will be provided with (a) study information and (b) an online 
link to register anonymously to the study’s online program and to fill in baseline assessments 
prior to their first online session. The study will be presented as complementary psychological 

training to participants assigned to the two active conditions (i.e., mindfulness and sham 
meditation), and as an understanding of psychological functioning of obese patients with BED 

to participants assigned to the inactive control group (i.e., TAU). Participants in the inactive 
control group will be informed at the end of the study that they can eventually benefit from 
one of the two active conditions. Likewise, at the end of the study, participants in the sham 

meditation condition will be informed that they can benefit from the mindfulness-based 
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intervention. No measure will be made for participants allocated to a control condition who 

want to benefit from the tested intervention at the end of the study. 
At the end of the baseline interview, participants will be provided with their next 

appointment time, several documents to help them register and use the online program, and a 
pedometer (Geonaute ONWalk 100). As participants in each condition benefit from the usual 
treatment for obesity, no additional information regarding diet, PA, or any education related 

to obesity will be provided in the intervention protocol. 
Sample size has been determined by a power analysis, suitable to evaluate differences 

among the three conditions with statistical power set at > .80 and alpha set at p < .05. A 
moderate effect size is assumed, since a previous study that used a long-term self-help design 
including mindfulness training in obese individuals with BED [31] found moderate effect size 

on impulsive eating. Given the estimated effect size, the total sample size required post-test is 
96; considering a potential 20% drop out rate based on previous trials [32], we plan to recruit 

120 patients at baseline (i.e., 40 patients in each condition). 
 

Intervention 

The treatment program.  
Participants in each group will benefit from usual nutrition care. TAU in the Nutrition 

Department includes grouped psycho-educational components relevant to obese individuals 
(e.g., diet, exercise, psychological processes, medical care) as well as individ ual care with 
nutritionists, dieticians, PA educators, and, if necessary, psychologists. Information regarding 

energy balance, medical comorbidities, diet, PA, psychological distress and eating disorders 
are provided to the patients. TAU in the Nutrition Department follows national guidelines 

from the French Authority for Health [33]. 
Complementary mindfulness-based intervention for obese individuals with BED will be 

held on a website designed for the MindOb protocol. Participants in the mindfulness 

condition will be asked to visit the website on a daily basis on their computer for one year, 
and listen to a 10-minute audio recorded mindfulness session. Four different sessions are 

made available to the participants: (a) awareness of breathing, (b) awareness of postures and 
bodily sensations, (c) acceptance of thoughts and emotions, and (d) awareness of thoughts and 
bodily sensations while executing five squats. During the first four weeks of the intervention 

(i.e., learning phase), participants will have restrained choice: session (a) during the first 
week, session (b) during the second, session (c) during the third, and session (d) during the 

fourth. After the learning phase, participants will have 11-month full access and free choice in 
selecting mindfulness sessions to listen (i.e., autonomous phase). Additionally, a 3-minute 
recording aiming at remembering the focus of the intervention (i.e., staying focused on the 

present moment non-judgmentally to reduced psychological distress) will remain available 
during the whole intervention. 

The active control condition (i.e., sham meditation) follows the same procedure as the 
experimental condition (i.e., mindfulness-based intervention): a preliminary learning phase 
during the first four weeks followed by an autonomous phase during 11 months. Sham 

meditation audio sessions display (a) forest, (b) night, (c) beach, and (d) river background 
respectively. The only guideline during these recordings is provided during the first seconds 

of the session and is an invitation to "meditate". A 3-minute recording aiming at explaining 
the general principle of meditation will remain available during the whole intervention. 
Participants in the inactive control condition will benefit from TAU. Figure 2 displays the 

procedure for each condition. 
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Baseline

Baseline

Baseline

1 month

1 month

Study completion

12 months

Study completion

12 months

Study completion

12 months

Experimental condition: mindfulness-based intervention.

Active control condition: sham meditation.

Inactive control condition: usual care in nutrition.

Learning phase

Week 1: forest

Week 2: night

Week 3: beach

Week 4: river

Guidelines: 10 minutes everyday

Additional 3-minutes session

Learning phase

Week 1: breathing

Week 2: postures

Week 3: acceptance

Week 4: movement

Guidelines: 10 minutes everyday

Additional 3-minutes session

Autonomous phase

Free choice between the four sessions

Guidelines: 10 minutes everyday

Additional 3-minutes session

Treatment as usual

Autonomous phase

Free choice between the four sessions

Guidelines: 10 minutes everyday

Additional 3-minutes session

Treatment as usual

Treatment as usual

 
Figure 2. Procedure of intervention for each condition. 

 
Assessments 

Questionnaires measuring behavioral and psychological outcomes will be filled online, 

while socio-demographics, anthropometrics, clinical information and biomedical 
measurements will take place at the Nutrition Department, and compliance measurement will 

be extracted from the online program. Table 2 displays the measurement scheme. 
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Table 2. Measurement scheme. 
Variable goal Measure Target Screening Baseline During 1 month 6 months 12 months 

Inclusion DSM5 criteria Binge eating disorder x      

Control variables Multiple-choice 

questionnaire 

Sociodemographics, anthropometrics, 

clinical information 

 x     

Biomedical outcomes BMI Weight loss  x   x x 

 Leptin Energy balance regulation  x   x x 

 Adiponectin Metabolic inflammation  x   x x 

 BDNF Hedonic eating and mood regulation  x   x x 

Eating and PA outcomes TFEQ-R18 Impulsive eating  x  x x x 

 Diet survey Calories intake and diet balance  x   x x 

 BREQ-2 Motivation toward exercise  x  x x x 

 IPAQ Self-reported PA  x  x x x 

 Pedometers PA level  x   x x 

Psychological measures HADS Psychological distress  x  x x x 

Process measures MAAS Dispositional mindfulness  x  x x x 

 DMRS Daily mindful responding  x   x x 

Moderator Server’s data Compliance   x    

DSM5: Diagnostic and statistical manual of mental disorders. BMI: Body mass index. BDNF: Brain-derived neurotrophic factor. PA: Physical 

activity. TFEQ-R18: Three-factor eating questionnaire. BREQ-2: Behavioral regulation in exercise questionnaire. IPAQ: International physical 
activity questionnaire. HADS: Hospital anxiety and depression scale. MAAS: Mindful attention awareness scale. DMRS: Daily mindful 
responding scale. 
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Sociodemographics, anthropometrics, and clinical information.  

Immediately after the inclusion interview, participants will be asked to fill out a form in 
which they provide socio-demographic information. The multiple-choice questionnaire 

includes themes such as gender, age, educational level, working and socio-economical 
situation, number of children, spirituality, medical comorbidities, age of onset of obesity, 
actual weight, time since first visit to the Nutrition Department, previous and current 

psychological care, prior knowledge of mindfulness, ease with new technologies, intentions to 
change, and motivation to participate in the study. These questions are adapted from previous 

and current sociological studies [34]. For each question, participants have the choice to state 
that they “do not want to answer” or “do not know the answer”. 
Biomedical outcomes.  

A nurse blind to group allocation will measure height and weight, and will take blood 
samples from participants. Height will be measured at baseline (in meters), and weight (in 

kilograms) at baseline, six months, and 12 months. BMI is calculated from these measures at 
each measurement time (BMI = weight (kg) / height (m) 2). Plasma concentration of 
adipokines (leptin and adiponectin) and BDNF will be collected at baseline, six months, and 

12 months in 7 mL dry tubes. Two tubes will be collected (one for adipokines and one for 
BDNF), centrifuged within 3 hours, stored at –80 °C, and sent every month to the laboratory 

for analysis. 
Leptin and adiponectin are biomarkers of the level and quality of body fat. These 

hormones are secreted by adipose tissue. Plasma concentration of leptin is positively 

correlated with BMI, and plasma concentration of adiponectin is positively correlated with 
insulin-sensitivity [35, 36]. BDNF is a factor that is highly concentrated in the hippocampus 

as well as in the cerebral cortex, and increases with growth and differentiation of new neurons 
and synapses. It has been shown that PA could increase BDNF secretion at the ARNm and 
protein levels in mices [37]. Moreover, BDNF shows negative correlations with depressed 

and manic moods, food intake, and obesity [38]. 
Eating and physical activity measurements.  

The Three-Factor Eating Questionnaire (TFEQ-R18) [39] is an 18-item self-reported 
questionnaire that measures cognitive and behavioral components of eating: uncontrolled 
eating (items 1, 4, 5, 7, 8, 9, 13, 14, 17; episodes of loss of control over eating), cognitive 

restraint (items 2, 11, 12, 15, 16, 18; control over food intake in order to influence body 
weight and shape), and emotional eating (items 3, 6, 10; overeating during dysphoric mood 

episodes). Items 1–17 are rated on a 4-point Likert scale ranging from 1 to 4; and item 18 is 
rated on an 8-point Likert scale and coded as follow: 1–2 as 1; 3–4 as 2; 5–6 as 3; and 7–8 as 
4. The latest validation study among obese individuals in Sweden showed internal-

consistency reliability coefficients (Cronbach’s alpha) for each of the three scales ranging 
from 0.78 to 0.94 [39, 40]. Previous studies have shown that higher scores in the three factors 

are associated with higher BMI [41], and that cognitively restrained eating was negatively 
associated with uncontrolled eating in obese individuals [42]. Additionally, while women 
scored higher than men in cognitive restraint and emotional eating, no difference was found 

across gender according to uncontrolled eating scores [43]. Moreover, mindfulness-based 
interventions, as compared to a psycho-education group and an inactive control group, have 

been shown to reduce TFEQ-uncontrolled scores in obese individuals with BED [44]. 
Additionally, at baseline, 6 months, and 12 months, participants will be invited to 

complete online dietary recalls on a daily basis for 7 days. Each day, participants will have to 

state what they ate during each meal (i.e., breakfast, lunch, dinner) from a list of food items, 
providing the weight of each item. Data from two random weekdays and one random 

weekend day will be kept as a measure of food intake [45]. A dietician blind to allocation will 
check for invalid inputs. 
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The Behavioral Regulation in Exercise Questionnaire (BREQ-2) [46] is a 19-item self-

reported questionnaire measuring motivation regulation toward PA based on five subscales: 
amotivation (items 5, 9, 12, 19; lack of intention to engage in PA behavior), external 

regulation (items 1, 6, 11, 16; engaging in PA to satisfy external pressures or to earn external 
rewards), introjected regulation (items 2, 7, 13; internalization of external controls applied 
through self-imposed pressures to avoid negative emotions or to maintain positive emotions), 

identified regulation (items 3, 8 ,14, 17; conscious acceptance of PA as important for 
achieving self-valued outcomes), and intrinsic regulation (items 4, 10, 15, 18; engaging in PA 

for its inherent satisfaction). The previous validation study showed internal-consistency 
reliability coefficients (Cronbach’s alpha) for each of the five subscales ranging from 0.73 to 
0.86 [46]. BREQ-2 is based on Self-Determination Theory (SDT) [47], which postulates that 

human behavior is motivated in order to satisfy basic psychological needs (autonomy, 
competence, and relatedness). Based on SDT, it is known that extrinsic motives (e.g., 

rewarded behavior) can lead to engagement in PA behavior, but intrinsic motives (e.g., for 
pleasure) are needed to maintain such behavior [48]. While mindfulness increases PA in 
obese and/or sedentary individuals, mechanisms of behavior change (e.g., motivation) 

induced by mindfulness-based interventions still lack evidence. 
Self-reported PA levels will be assessed using the International Physical Activity 

Questionnaire (IPAQ-short form) [49]. The IPAQ provides information regarding 
participants’ time spent (a) doing vigorous physical activities, (b) moderate physical 
activities, (c) walking, and (d) sitting during the past seven days (if not representative of the 

perceived average PA, participants are asked to think about the most representative past 7-day 
time frame). Scores are calculated using a coefficient of 8 to vigorous PA, 4 to moderate PA 

and 3.3 to walking; and translated into an overall energy expenditure expressed in Metabolic 
Equivalent Total (MET). In short, the IPAQ calculations are: Walking MET-min/week = 3.3 
× walking minutes × walking days; Moderate MET-min/week = 4.0 × moderate-intensity 

activity minutes × moderate days; Vigorous MET-min/week = 8.0 × vigorous- intensity 
activity minutes × vigorous- intensity days. Total PA MET-min/week = sum of Walking + 

Moderate + Vigorous MET minutes. The total MET-min per week will be used as a 
continuous indicator for PA [49]. 

PA will also be assessed with an objective measurement. Participants will be asked to 

wear pedometers during one full week at baseline, 6 months, and 12 months, and to report the 
distance (km) and number of steps for each day of the week. Weekly distance and number of 

steps will be communicated to an investigator. Geonaute ONWalk100 is a three dimensional 
sensor aiming at measuring walking distance in everyday life. Participants can put the sensor 
in their pockets, bags, or clip it onto their belts. Participants will be provided with an 

additional kit of batteries in order to limit failures in usage during the 12-month participation. 
If participants want to use the sensor outside the scope of the study (i.e., for personal use), 

they will have to state the number of additional days they used it during their participation. In 
fact, the use of pedometers can lead to increased PA level and weight loss [50], and interfere 
with the effects of the tested intervention. 

Psychological measures.  
The Hospital Anxiety and Depression Scale (HADS) [51] is a 14-item assessment of 

anxiety (seven items) and depression (seven items) validated for individuals with somatic 
illnesses. Two factors (anxiety and depression) are rated on a 4-point Likert scale ranging 
from 0 to 3 and scored as the sum of items of each factor. In the literature, HADS has shown a 

mean internal-consistency reliability coefficient (Cronbach’s alpha) for each of the two 
factors at 0.83 for anxiety and 0.82 for depression [52]. A previous review suggested that 

mindfulness decreases mood-related outcomes, such as anxiety and depression, with medium 
to large effect sizes (Cohen’s d) at post-treatment [53]. 
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Mindfulness skills will be assessed using two different scales to analyze whether the 

effects of the intervention could be explained by variations in mindfulness skills. The Mindful 
Attention Awareness Scale (MAAS) [54] measures self-reported dispositional mindfulness 

(i.e., the inherent ability of being mindful in everyday life) in 15 items rated on a 6-point 
Likert scale ranging from 1 (“almost always”) to 6 (“almost never”). The score is coded as the 
mean of all items, ranging from 1 (low frequency of mindful states) to 6 (high frequency of 

mindful states). The validation of MAAS showed internal-consistency reliability coefficients 
(Cronbach’s alpha) from 0.80 to 0.87 in seven different samples of participants [54]. The 

Daily Mindful Responding Scale (DMRS) [55] is a 4-item self-reported measure of mindful 
responding in the daily lives of individuals involved in mindfulness training. Participants will 
be asked to rate on a 10-point Likert scale ranging from 1 (“rarely”) to 10 (“often”) the extent 

to which they engaged in mindful responses when potential obstacles to being mindful arose 
during the day, on a daily basis and over one week. The previous validation study among 

participants undergoing mindfulness training showed internal-consistency reliability 
coefficients (Cronbach’s alpha) of 0.83 for individual assessment [55]. 
Compliance-related outcomes.  

Patients’ compliance with the intervention will be measured for participants allocated to 
the mindfulness training group and the sham meditation group by dividing the number of 

sessions actually listened to by the number of days of participation. The number of sessions 
actually listened to is recorded at the participant level on the server data for each participant. 
Additionally, participants’ speech from the 1 month, 6 month, and 12 month appointments 

will be analyzed in order to bring qualitative data to the objective compliance measurement 
(i.e., number of sessions listened) according to participants’ beliefs, barriers and facilitators 

with regard to following the intervention. During the appointments, the investigator (an 
accredited psychologist) will type the main themes of patients’ discourse into an online 
database made available for this study. 

 
Statistical analyses 

Data will be recorded online from the participants and via semi-structured interviews, 
and anonymous data will be extracted from the online database of the study at study 
completion. The primary analyses are aimed at showing the superiority of the mindfulness 

group compared to sham meditation and TAU groups in terms of post-intervention eating, PA 
and biomedical outcome measures. Sociodemographics, anthropometrics, clinical 

information, as well as psychological and compliance assessments will be used as control 
measurements for the effects of the intervention on eating, PA and biomedical outcomes. 
Secondary analyses will be conducted to test the dynamic processes of change for eating and 

PA outcomes during the intervention (i.e., at 1 month and 6 months). 
Data for the primary analyses will be analyzed using repeated measure analysis of 

variance (ANOVA) with two factors (time × group) to compare psychological, biomedical, 
eating habit, PA, and weight-related outcomes at all time points among the three groups. Post-
hoc comparisons will be conducted using the Tukey-Kramer test with multiple hypothesis 

testing adjustment. In the absence of normality or equal variances, non-parametric equivalent 
analyses will be performed. Analysis of covariance (ANCOVA) modeling will be considered 

to account for differences between populations and increase power, taking into account 
baseline sociodemographics, anthropometrics, and clinical information. 

Linear mixed models will estimate the predictive value of change in eating habit 

outcomes, PA outcomes, biomedical outcomes, and psychological outcomes on weight loss 
across groups. ANOVA between the models will be performed to compare these predictions 

between groups. Feasibility will be assessed by compared compliance related outcomes and 
drop-out/withdrawal rates within each intervention group. 
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Appropriate data analysis techniques will be used to deal with potential missing data, 

which may include deletion, imputation, or inclusion of an indicator of missing values. All 
data will be tested for normality and equal variance using the Shapiro-Wilk and Bartlett tests. 

All values will be reported as mean ± standard deviation, and nominally significant 
differences will be considered at P < .05. All statistical analyses will be performed using R 
[56]. 

 
DISCUSSION 

The aim of this 3-arm randomized controlled trial is to evaluate the effectiveness of a 
daily 12-month computerized mindfulness-based intervention in obese patients diagnosed 
with BED, as a complementary intervention to usual care in the Nutrition Department. The 

results of this study should be of interest to establish whether mindfulness could have a role to 
play in energy balance. It is hypothesized that improvement in mindfulness skills should 

decrease impulsive eating and increase intrinsic motivation to exercise, leading to larger long-
term weight loss in participants who benefit from the tested intervention compared to 
participants allocated to active (i.e., sham meditation) and inactive (i.e., TAU) control groups. 

Impulsive eating in obese individuals seems to be associated with difficulties in 
delaying gratification [57] and higher levels in urgency (i.e., difficulties in controlling 

impulses), lack of perseverance (i.e., difficulties in finishing what has been started), 
sensitivity to reward (i.e., doing things to be praised), and sensitivity to punishment (i.e., 
feeling afraid that something bad could happen) [58]. Moreover, randomized controlled trials 

testing the effectiveness of adapted mindfulness-based interventions for overweight and obese 
individuals showed results in reducing binge episodes and eating-related outcomes (e.g., 

hunger, restraint, lack of inhibition, craving) compared to an inactive control group post-
intervention (4 months) [44], and found that integrating mindfulness components into regular 
diet and PA interventions led to reduced reward-driven eating post-intervention (6 months) 

and greater weight-loss in the 12 and 18 month follow-ups than an active control group [59]. 
These primary investigations are in line with the MindOb protocol, arguing that mindfulness 

training could help individuals who seek medical advice to reduce body fat and manage their 
regular weight- loss treatments through changes in eating patterns (H1). However, none of 
these studies have investigated the effectiveness of a long-term (i.e., more than 6 months) 

mindfulness-based intervention taught as self-help and complementary to usual care in 
Nutrition. 

Based on behavior change theories in the context of PA, studies investigating the role of 
mindfulness between (a) predictors of behavior change such as intentions [26] or motivational 
regulations [27] and (b) PA level, came to the conclusion that mindfulness skills exert a 

moderating effect ("moderating" in the sense of reducing extreme highs and lows, so that 
mindfulness prevents people from being extreme in either direction). Furthermore, 

mindfulness seems to facilitate the favorable processing of PA experiences by increasing 
individuals’ satisfaction with PA [28]. However, these studies are preliminary findings using 
cross-sectional designs in healthy individuals. In the MindOb protocol, by intervening on the 

mindfulness variable in a mainly sedentary population, we would be able to validate previous 
models. Indeed, changes in mindfulness skills are expected to moderate the relationship 

between changes in intrinsic motivation to exercise and changes in PA levels (H2). Long-term 
participation in the mindfulness-based intervention, which should not only impact the 
motivation to exercise but also eating patterns, should lead to greater weight loss in the 

experimental group than in the control groups (H3). 
While there is a growing interest in self-help designs for mindfulness-based 

interventions, previous studies have shown that the observed effects of these interventions are 
comparable to those of more classical designs (e.g., with face-to-face interviews) on 
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depression, anxiety and mindfulness skills [60]. In patients diagnosed with BED, Grilo and 

Masheb [61] demonstrated that a 12-week self-help mindfulness-based intervention seems 
effective for BED symptoms but not for weight loss, with completion rates of 87% of the 

intervention for the self-help condition. A unique contribution of the present study would be 
the long-term ecological design of the mindfulness-based intervention. In fact, the 10 minute 
daily online self-help sessions appear to be easily integrated into patients’ schedules. To test 

this assertion, investigators will collect qualitative data regarding the implementation of the 
sessions in patients’ daily lives (e.g., where did they listen to the MP3s, at what time of the 

day) during the visits. Furthermore, assessing long-term psychological, behavioral and 
biomedical variables would highlight the processes linked to weight loss following a 
mindfulness-based intervention in obese patients with BED. 

The number and repetition of assessments completed by participants could lead to 
measurement error and affirmation bias. However, it must be stressed that following the first 

appointment with the investigator (i.e., one month after their inclusion in the study) 
measurements and assessments will only be completed relatively infrequently (i.e., twice at 
six-month intervals). Furthermore, given the duration of the participation, we can expect that 

only motivated and compliant patients will be likely to complete the study, which would 
introduce bias to the findings. However, an average of 73% of individuals participating in 

self-help mindfulness-based interventions complete post-intervention assignments, and 
complete 69% of these interventions [60]. These findings support the evidence that 
mindfulness can be taught with a self-help design, with completion rates – and effect sizes – 

close to those of non-self-help interventions. Another limitation would be that participants 
would have no benefit from psychoeducation on mindfulness techniques or BED. This choice 

has been made in order to observe the effects of the tested intervention solely (i.e., in terms of 
compliance to the treatment), and to limit the time spent with a therapist, keeping 
administration and personnel costs low. 

Further investigations regarding the cognitive processes following mindfulness-based 
interventions would be needed in order to explain why patients would be less impulsive in 

their eating behaviors and more intrinsically motivated to increase their PA behaviors. 
Moreover, the same intervention could be tested with deeper individual guidance and psycho-
educational group meetings aiming at enhancing treatment compliance and effectiveness. 
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