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Abstract
Background: In a feasibility randomised controlled trial (RCT) in people with overweight/obesity with and without binge
eating disorder (BED) symptoms, we assessed eight weekly sessions of attention bias modi�cation training (ABMT) and
mindfulness training (MT) versus waiting list (WL) and explored potential mechanisms.

Methods: 45 participants were randomly allocated to one of three trial arms. Primary outcomes were recruitment,
retention and treatment adherence rates. Secondary outcomes included measures of eating behaviour, mood, attention
and treatment acceptability. Assessments were conducted at baseline, post-intervention (week 8), and follow-up (week
12).

Results: Participant retention at follow-up was 84.5% across groups. Session completion rates in the laboratory were
87% for ABMT and 94% for MT, but home practice was much poorer for ABMT. Changes in BMI and body composition
were small between groups and there was a medium size BMI reduction in the MT group at follow-up. Effect sizes of
eating disorder symptom changes were not greater for either intervention group compared to WL, but favoured ABMT
compared to MT. Hedonic hunger and mindful eating scores favoured MT compared to ABMT and WL. ABMT reduced
attention biases towards high-calorie food cues, which correlated with lower binge eating episodes at post-intervention.
No signi�cant changes were observed in the MT, or WL conditions.

Conclusions: Both ABMT and MT have potential value as adjuncts in the treatment of obesity and BED, and a larger
clinical trial appears feasible and indicated.

Trial registration: ISRCTN Registry, ISRCTN15745838. Registered on 22 May 2018.

Plain English Summary
In this small research study, people who were classi�ed as overweight or living with obesity (with or without symptoms
of binge eating disorder) received either a mindfulness intervention, a “subconscious” attention-based intervention called
attention bias modi�cation training (ABMT) or were put on a waiting list for 8 weeks. People in the mindfulness group
experienced improvements in emotional eating, mindful eating, and “impulsive” eating. Those who received the
attention-based training paid less attention to highly caloric food after the intervention which correlated with fewer binge
eating episodes. Results from this study suggest that both types of interventions have potential as add-on treatments for
obesity and binge eating disorder, but larger studies are necessary to assess their clinical impact. 

Background
Obesity and Binge Eating Disorder (BED) can be tightly linked (1). It is estimated that individuals with BED are 3-6 times
more likely to be overweight or to have obesity than those without an eating disorder (ED) (2-4). Furthermore, a high body
mass index (BMI) in early adolescence is considered a key risk factor for disordered eating (5). 

Common interventions for obesity (with or without BED), such as lifestyle changes and dieting, tend not to have lasting
effects (6-8). Arguably, this is because cognitive elements associated with overeating are not addressed: these include
attention processes in general, and attention biases (AB) to food cues in particular. AB in obesity has been linked to
sustained attention to high caloric (High-Cal) food cues (9-11), and is reported to contribute to food craving and
overeating (12-14). Interventions targeting attention processes in obesity and BED have provided encouraging
results (15). Examples are attention bias modi�cation trainings (ABMT) (12, 16, 17) and mindfulness-based
interventions (MBIs) (e.g. (18-20)). However, although these interventions target attention, they differ in their approach. 
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ABMT is a computerised training that aims to modify a relatively automatic attention process implicitly. In the context of
modifying AB to food, ABMT has been designed to train attention away from High-Cal food cues and/or towards healthy
food cues. It has been hypothesised that this attentional shift will modify the valence of food in an implicit way (i.e.
High-Cal food will become less rewarding and/or healthy food more appealing) (21), consequently affecting eating
behaviour (16). In line with this hypothesis, studies have shown that the subjective valence of food cues can be modi�ed
through a cue-approach behaviour using a go/no go training. In these experiments, there is an increase in the subjective
value of the food cues paired with the “go” signal as a result of the trained approach response (22, 23). Studies have
shown this training reduces High-Cal food cravings, binge eating episodes and body weight (24, 25). However, most
studies involved participants with healthy weight, and had a single-session design (12, 16, 26). To our knowledge, only
two ABMT studies included people with obesity/BED and used a multi-session design (11, 27). Furthermore, both studies
used a version of ABMT based on motor responses as opposed to eye movements, i.e., they focused on later stages of
attention (it takes longer to create a motor response than to direct one´s eye gaze to an object in a relatively automatic
way), and represents an indirect measure of AB (28, 29). In addition, Boutelle et al. (2016) had a small sample size and
no control condition. Moreover, the clinical potential of ABMT, as well as its credibility and acceptability, has not been
tested in comparison to another active intervention within a randomised controlled trial (RCT).  

MBIs train people to explicitly attend to the present moment in a non-judgmental way (30, 31). The focus of sustained
attention can vary depending on the technique, e.g., attention can be directed towards the breath, or towards inner body
cues related to hunger and satiety. The latter is part of a mindfulness technique (“mindful eating”), which trains people
to pay attention to the process of eating, from the sensory characteristics of food, to their physiological, psychological
and emotional reactions to it (32). Arguably, MBIs have the potential to modify AB to food by strengthening general
attention control, which has been observed as enhanced activation of the anterior cingulate cortex (ACC) in non-expert
meditators (33). In turn, this may enable attentional disengagement from High-Cal food cues. Greater attention control
as a consequence of MBIs can also increase emotion regulation through a reduced activation of the amygdala in
response to salient stimuli (i.e., food) (34, 35), which could reduce problematic eating behaviour such as binge
eating (36). Several studies (including RCTs) have investigated the potential of MBIs in obesity and BED and have
reported some improvements in weight and in eating behaviours (7, 36-38). However, the effect of this controlled, or “top-
down” approach on more automatic, or “bottom-up” processes such as AB to food cues, has not been investigated in the
context of overeating. 

Given the different approaches employed by ABMT and MBIs (implicit vs explicit training) in targeting a common
substrate (attention), we have investigated the clinical effects, acceptability and credibility of these attention trainings on
weight loss, eating behaviour, and AB for food. Exploring their potential mechanisms will help determine the most
suitable adjunct treatment intervention for people with obesity with and without BED. 

This study was a feasibility RCT comparing ABMT vs. a mindfulness training (MT), to a waitlist (WL) control group for
people with overweight/obesity. The primary objective was to assess recruitment, retention rates, and treatment
adherence (session completion; home practice). Secondary objectives were to: 

1. Estimate between-group effect sizes and standard deviations of clinical outcomes to inform future sample size
calculations; estimate within-group effect sizes and standard deviations of clinical outcomes to assess change
processes over time in each group.

2. Assess credibility and acceptability of trial interventions. 

3. Measure change in attention bias as a potential underlying mechanism.

Materials And Methods
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Design and participants 
The study was conducted in accord with the Consolidated Standards of Reporting Trials (CONSORT) for feasibility
RCTs (39). In a parallel group, randomised, trial participants were allocated to 8 weeks of either an attention bias
modi�cation training (ABMT), a mindfulness training (MT) or a waitlist control (WL). Participants were recruited through
the university circular mail, posters, online adverts and from participation in previous research. Main inclusion criteria
were: age 18 years or older and a BMI of 25kg/m2 or above. Potential participants were screened to assess suitability for
inclusion. Main exclusion criteria included: a current DSM-5 diagnosis of anorexia nervosa (AN), bulimia nervosa (BN) or
other speci�ed feeding or eating disorder (OSFED); diabetes mellitus; current regular mindfulness or meditation
practice (40). After providing informed written consent to taking part in the study, participants were allocated randomly
by minimisation to one of three study arms (MT, ABMT or WL). Randomisation was carried out by an independent
researcher not involved in the trial. Sample size calculations were based on the standard recommendation for feasibility
trials (n=12 /arm) (41), and included a drop-out correction factor, assuming an attrition rate of 25% from baseline to
follow-up. Given the heterogeneous nature of each intervention, blinding of participants or outcome assessors was not
possible.

Interventions
Food related versions of ABMT and MT were used. Full details are described in our protocol paper (40). Brie�y, in ABMT,
participants were trained to direct their attention (eye gaze) towards healthy food cues and away from High-Cal food
cues using an anti-saccade task and measuring eye movements (12). The MT training was app-based and was provided
by the company Headspace®.: this training included a guided meditation, focusing on mindful eating and coping with
cravings. In both groups, participants were offered 8 weekly sessions of in-person training (10 mins each), interspersed
with a recommendation to do once daily home practice of the same length. In-person ABMT training included recording
of eye movements, while home practice was an online version of the training which only recorded training accuracy (i.e.,
not eye movements). For the MT, in-person, and home practice followed the same procedure of listening to the
sequential mindfulness meditations in the Headspaceâ App. In the WL condition, participants completed assessments at
baseline and 8 weeks and then were allowed to choose the training of their preference. 

Outcome measurement
Main feasibility outcomes were recruitment, study retention and treatment adherence rates. The latter consisted of
session attendance to the laboratory and home practice. To judge whether to proceed with a future larger RCT, we pre-
speci�ed two criteria: recruitment as planned and retention rates from baseline to follow-up >75%. Secondary clinical
and neurocognitive outcomes are in our protocol paper (40). Outcome measures reported here are described below. All
measures were completed at baseline and end of treatment (week 8) and the active intervention groups also completed
an online self-report follow-up (week 12 post-randomisation).   

Eating behaviour-related measures

These included body mass index (BMI), body composition (i.e. percentage of body fat) using a bioelectrical impedance
scale (InBody S10), the Eating Disorder Examination Questionnaire, EDE-Q (42), the Power of Food Scale,
PFS (43) assessing psychological impact of food cues and a Bogus taste test, assessing consumption of highly
palatable food (44). 

Mood symptoms
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These used the Depression, Anxiety and Stress- Scale (DAAS-21) (45) and the state-anxiety of the State and Trait Anxiety
Inventory (STAI) (46). 

Mindfulness-related measures

General mindfulness and mindful eating were assessed using the Mindful Awareness and Attention Scale
(MAAS) (47) and the Mindful Eating Questionnaire (MEQ) (48). 

Treatment Acceptability and credibility

Questions related to acceptability, credibility and perceived bene�ts/drawbacks of the active interventions were
administered at week 8 post-randomisation and included items like “How useful did you �nd this training?”. Training of
choice after the waiting period for WL participants was also considered.  

Attention bias for food cues

AB for food cues was assessed using a modi�ed version of the dot-probe task with high- and low-caloric food
pictures (9, 29, 49) while recording eye movements. We used initial gaze �xation bias (i.e., the mean duration of  initial
�xation(s) directed towards food versus non-food cues before the initial gaze is shifted), re�ecting early attention
maintenance and duration bias (i.e., the mean duration of �xation time on food versus non-food cues), indicating total
sustained attention on High-Cal food cues, as indices for biased attention  (i.e., AB) to High-Cal food cues (50). Positive
scores indicate initial and total attentional approach towards High-Cal food cues (51). 

Data analysis
Primary feasibility outcomes are presented as n/N (%). Post-intervention and follow-up group means and SDs for the
clinical outcomes (8- and 12-weeks post-randomisation) were adjusted for baseline (i.e., change scores) and are
presented with between-group effect sizes (Cohen’s d), alongside 95% con�dence intervals (CI). Within-group effect sizes
(Cohen's d as suggested by (52)) were also estimated between baseline and both, post-intervention and follow-up. To
explore change in attention bias as a potential mechanism, group differences for attention bias indices (i.e., initial gaze
�xation bias and duration bias) were calculated using a mixed model ANOVA to test within-and between-group
differences over time.

Results
Primary feasibility outcomes

Recruitment was completed within a pre-de�ned timeframe (February 2019-January 2020). For baseline characteristics,
see Table 1, and for patient �ow through the study, see Fig 1. Of 156 people who expressed interest, 54 were screened
and 45 (n = 34 female, n = 11 male) were randomly allocated to one of the trial arms (WL n = 14, MT n = 16, ABMT n =
15). Study retention rates were 86.7% (39/45) and 84.5% (38/45) at post-intervention and follow-up respectively. Session
completion rates (de�ned as attending 8/8 sessions) were 87% and 94% respectively for the ABMT and MT groups. In
the MT condition, one individual stopped the intervention after one training session. In the ABMT group, two individuals
dropped-out after 3 and 2 sessions respectively. 

Daily home practice of training was recommended (6 days/ week x 8 weeks = 48 home training sessions). MT
participants completed the home practice 51/48 times on average versus 17/48 times on average in the ABMT group
(i.e., 106% vs 35% of recommended practice respectively). 
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Secondary outcomes: Baseline to post-intervention (Week 8)

Means, standard deviations and effect sizes (including con�dence intervals) of the clinical outcomes from baseline to
post-intervention can be seen in Tables 2 and 3 for between-groups and within-groups respectively.   

Weight and body composition

Between-group effect sizes for change in BMI were small from baseline to post-intervention. Within-group comparisons
showed a small effect size on BMI reduction from baseline to post-intervention in all groups. 

For body fat mass percentage, between-group effect sizes ranged from medium to small. There was a small effect size
increase from baseline to post-intervention within the WL and ABMT groups. Within the MT group, there was a small
effect size reduction in body fat. 

Eating behaviour   

There was a medium size difference on the EDE-Q global scores between WL and MT (favouring WL), and all other
between-group comparisons were of a small effect size. Similarly, for EDE-Q binge eating episodes, all between-group
effect sizes were small. Within-group analyses on the global score of the EDE-Q showed a large size decrease
(con�dence intervals do not cross zero) in the WL group (d = .90, 95% CI .03 to 1.76). There was a reduction on EDE-Q
global scores with small effect size within both the MT and the ABMT groups. The number of binge eating episodes
from baseline to post-intervention had a small to medium effect size reduction within all groups. 

The total change score of the PFS (assessing psychological impact of food availability) from baseline to post-
intervention showed a large effect size of d = .88 (95% CI .05 to 1.69) between WL and MT (con�dence intervals not
including zero), and a medium effect size between MT and ABMT, favouring MT in both cases. 

Within-groups, there was a small effect reduction in PFS scores (lower scores indicate less hedonic hunger) from
baseline to post-intervention in the WL group. This reduction was of a medium effect size for the ABMT group and of a
large effect of d = .82 (95% CI .07 to 1.54) in the MT group (con�dence intervals do not cross zero). 

On a behavioural level, the change scores of food consumed (grams) during the Bogus taste test from baseline to post-
intervention revealed a large effect size (con�dence intervals do not include zero) between the WL and the ABMT groups
(d = .87, 95% CI .02 to 1.71), favouring ABMT. However, the reduction of food consumption within intervention groups
(MT and ABMT) was of a small size. Within the WL group, there was a small size increase of food intake.

Mood

Between-group effect sizes for mood symptoms ranged from small to large. The greatest difference was found in the
state-anxiety scores measured by the STAI-S, showing a large effect size between WL and MT, favouring WL (d = -.77,
95% CI -1.60 to .07). Within-groups effects sizes for mood outcomes ranged from small to medium in all groups. 

Mindfulness

Effect sizes for dispositional mindfulness measured by the MAAS ranged from small to medium between-groups.
Within-groups effect sizes showed a small to medium increase in MAAS scores across groups. 

Global MEQ scores from baseline to post-intervention showed a large effect size in the difference between WL and MT
(d = -.84, 95% CI -2.31 to .69), favouring MT. Within both WL and ABMT, MEQ scores had a small increase from baseline
to post-intervention and a large effect increase within the MT group. 
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Secondary outcomes: Baseline to follow-up (week 12)

Data on the clinical outcomes from baseline to follow-up are shown in Tables 4 and 5 for between-groups and within-
groups respectively.  

BMI

Between-group effect sizes for BMI change were small (baseline to follow-up). There was a medium size BMI reduction
within the MT group. 

Eating behaviour

For change in EDE-Q global scores (baseline to follow-up), the effect size between MT and ABMT was large (d = -.78,
95% CI -1.62 to .07), favouring ABMT. There was a reduction on EDE-Q global scores with small effect size within both
the MT and ABMT groups. The number of binge eating episodes (baseline to follow-up) had a small to medium effect
size reduction within both groups. 

The total change score of the PFS (baseline to follow-up) was of medium effect between MT and ABMT, favouring MT.
Decreases in hedonic hunger remained as a large effect size (d = .94, 95% CI .18 to 1.7) within the MT group. 

Mindfulness

Global MEQ scores (baseline to follow-up) showed a medium effect size in the difference between MT and ABMT,
favouring MT, with higher levels of mindful eating scores at follow-up. There was a large increase (con�dence intervals
do not cross zero) in global mindful eating scores within the MT group (d = -1.36, 95% CI -2.4 to -.29), and a small effect
increase within the ABMT group. 

Credibility and acceptability of training 
Participants rated the credibility and usefulness of the training using VAS scales (0-100). The mean credibility score was
75.5 (SD = 13.3, n = 15) for MT and 71.3 (SD = 12.4, n = 12) for ABMT. The mean usefulness score was 70.1 (SD = 26.2, n
= 15) for MT participants and 68.5 (SD = 18.3, n = 12) for ABMT. In terms of perceived bene�ts, 78.5% (n = 11/14) of MT
participants and 81.8% (n = 9/11) of ABMT participants said they bene�ted from the training, with the remainder saying
they did not. When asked whether they would recommend the training, 86.7% (13/15) of MT participants and 91.7% (n
=11/12) of ABMT participants and said “yes”. When asked whether they would take up the training as a treatment if
there was evidence of its bene�ts on eating habits and weight loss, 86.7% (13/15) of MT participants said “yes”
compared to 100% of ABMT participants (n = 12/12). From people in the WL group, 54.5% (n = 6/11) opted for MT and
45.4% (n = 5/11) opted for ABMT after their 8-week waitlist period.  

Attention bias change: an exploration of potential mechanisms underpinning the interventions

We explored the effects of the interventions on AB change from baseline to post-intervention within the whole sample (n
= 39). As an additional sensitivity analysis, and based on the rationale that attention trainings would modify initial AB to
High-Cal food cues, we also assessed AB change in those with an initial attentional approach (i.e., AB scores greater
than zero) to High-Cal food cues at baseline (i.e., “approach” subsample, n=28). Results from the “approach” subsample
mirrored the �ndings from the whole sample. Hence, only the whole sample data are described below. Means and
standard deviations for all groups at baseline and post-intervention are shown in Supplementary Table 1).

Initial gaze �xation bias for high caloric food
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We found a signi�cant interaction of time x group [F(2,36) = 7.68, p = 0.002, partial η2 = .299] (Supplementary Figure 1.1)
and a signi�cant main effect of time [F(1,36) = 5.613, p = 0.023, η2 = .135], associated effect sizes were large. No main
effect of group was found [F(2,36) = .207, p = 0.814, η2 = .011], and the associated effect size was small. 

As a post-hoc analysis, we used paired-samples T-tests to look at the change of initial �xation bias to High-Cal food at
baseline vs post-intervention within each group. Results showed a signi�cant mean difference of 459.08ms (95% CI,
123.59 to 794.57) from baseline to post-intervention within the ABMT group [t(12) = 2.981, p = 0.011, d = 0.82] with a
large effect size, indicating a reduction in AB to High-Cal food cues. However, no signi�cant differences were found
within the MT group, with a mean difference from baseline to post-intervention of -1.47ms (95% CI, -106.92 to 103.98),
[t(14) = -.030, p = 0.977, d = 0.00]. As expected, the mean difference from baseline to post-intervention within the WL
condition [-44.03ms (95% CI, -189.94 to 101.86)] was non-signi�cant [t(10) = -.673, p = 0.516, d = -0.20], associated effect
sizes were small. 

Gaze duration bias to high caloric food

We found a signi�cant time x group interaction [F(2,36) = 8.619, p > 0.001, η2 = .324] (Supplementary Figure 1.2), and a
main effect of time [F(1,36) = 6.936, p = 0.012, η2 = .162], both associated effect sizes were large. No main effect of
group was found [F(2,36) = 0.697, p = 0.505, η2=.037] with a small effect size. 

A post-hoc analysis into the mean differences from baseline to post-intervention within groups in the whole sample
revealed a signi�cant mean difference in the ABMT group of 640.29ms (95% CI, 227.34 to 1053.24), [t(12)=   3.378, p =
0.005, d = 0.93] with a large associated effect size, revealing a signi�cant decrease in AB to High-Cal food cues. The
mean difference within the MT group [-27.39ms (95% CI, -211.98 to 157.19)] was non-signi�cant [t(14) = -.318, p = 0.755,
d = -.08]. Similarly, the mean difference from baseline to post-intervention within the WL group was non-signi�cant
[-14.00ms (95% CI, -201.09 to 173.07)], [t(10) = -.167, p = 0.871, d = 0.05], both associated effect sizes were small. 

AB change and binge eating episodes

Based on the reduction in AB to High-Cal food cues within the ABMT group, an exploration of the correlational
relationship between change in initial �xation bias to High-Cal food cues and change in binge eating episodes (EDE-Q,
item 15) was made. Analyses revealed a signi�cant correlation between change in AB to High-Cal food cues and change
in binge eating episodes in the ABMT group [r(11) = -0.68, p = 0.01], i.e., the greater the reduction on attentional approach
to High-Cal food cues, the greater the reduction of binge eating episodes at post-intervention. No correlations between
AB change and binge eating episodes were found in the MT or WL groups. 

 

Discussion
The main feasibility aim of this study was to establish recruitment and retention rates, and treatment adherence. Our
�ndings suggest that the protocol is highly feasible. We were able to recruit the intended number of participants in a
timely manner: the main reasons why people who showed interest did not participate were related to time commitment
and the lack of monetary compensation for travel. Retention rates from baseline to follow-up were higher than expected
(>75%) and treatment session completion was high in both groups. However, adherence to home training practice was
different between groups, with those in the ABMT group only completing a third of recommended home practice,
whereas on average, MT participants completed all home sessions. These data are in accord with reports regarding
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threat-avoidance trainings for people with anxiety (53, 54). Poorer compliance with ABMT may be related to its repetitive
nature which could be improved by creating a more engaging version (55). 

Regarding the secondary aims of this study, we calculated both, between-group and within-group effect sizes for our
clinical outcomes. For BMI and body fat percentage, between- and within-groups effect sizes were mostly small, except
for the baseline to follow-up BMI change within the MT group, where there was a medium size reduction. The effects of
the MT training on BMI are in line with meta-analyses of MBIs in obesity showing that those in MBIs, continue to lose
weight at follow-up, compared to those in control groups (7, 38). The effects of ABMT on BMI are largely unknown. Our
�ndings are not in accord with those in a small uncontrolled multi-session study of food-related ABMT, which found
signi�cant reductions in BMI after 8 weeks of training in overweight or obese binge eaters (Boutelle, Monreal (27)). They
did not however, �nd a reduction in AB to food cues, and given the lack of a control group, the reductions in BMI could be
a placebo effect (56), or a �uctuation over time (57).  

We found large between-group effect sizes in eating disorder symptoms (EDE-Q global scores) from baseline to follow-
up between trainings (i.e., MT vs ABMT), with larger EDE-Q score reductions in the ABMT group. Similarly, although
differences were small, the ABMT group had the greatest reductions in binge-eating episodes at follow-up. This suggests
that in people with obesity ABMT has more potential for reducing eating disorder symptoms, than MT. This is line
with Boutelle, Monreal (27) who found signi�cant reductions in global EDE-Q scores, as well as reduced binge eating
episodes in response to an ABMT intervention. Another small trial used a version of the anti-saccade task in people with
BED for inhibition rather than attention training and, found signi�cant post-training reductions in binge eating episodes
 (58). However, they found a similar reduction in binge eating episodes in the control condition (sham training). Likewise,
participants in our WL group also had a large reduction in eating disorder symptoms from baseline to post-intervention.
It is possible that participants in the WL group were very motivated to change their eating behaviour, which may have led
to improvements whilst waiting. 

Based on global change scores from the PFS, there were greater reductions in hedonic hunger in the MT group which
lasted until follow-up. This was evidenced by a large between-group effect between MT and WL from baseline to post-
intervention and a medium effect between MT and ABMT. In addition, within-group effects on PFS scores were large in
MT. Hedonic hunger has been correlated with other aspects of problematic eating such as emotional eating and
disinhibited eating. These have been proposed to be part “food reward responsivity”, which may contribute to the
development/maintenance of obesity (59). 

In relation to food consumption (Bogus taste test), there was a large between-group effect size in the comparison
between ABMT and WL, with ABMT participants showing a greater reduction in the food consumed at post-intervention.
However, within-group effects in ABMT were small. Other studies investigating the effects of ABMT on eating behaviour
have also reported a decrease in food consumption after training. However, in some studies the taste test consisted of
the same item used for the training, which limits generalisability of �ndings (12, 16). In contrast, studies using different
types of foods in the taste test to those used in the training, have reported reduced High-Cal food consumption after the
intervention (60, 61). However, due to study design (single session trainings), these studies did not include a baseline
measure of food consumption. Unlike other studies (60, 61), we only included High-Cal foods in the Bogus taste test.
Including low caloric foods in addition to High-Cal ones would have given individuals the option to make a healthier
choice from baseline to post-intervention. Furthermore, it is possible that due to social desirability bias (62), individuals
consumed a smaller amount of food during the test compared to a more naturalistic setting, leading to a �oor effect
across groups. Lastly, we did not measure the effects of training accuracy rates. Werthmann, Field (12) showed that
reduced food consumption post-training only occurred in those with high accuracy scores during the training.
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Global mindful eating scores (measured by the MEQ in the MT group) revealed medium to large between- and within-
group effect sizes from baseline to post-intervention, and baseline to follow-up. This is supported by studies using
mindful-eating interventions (see (63) for review). Similarly, the disinhibition, and emotional eating subscales of the MEQ
revealed medium to large effect sizes between- and within-groups at both timepoints. The MT within-group effect in the
MEQ-disinhibition subscale was greater at follow-up suggesting a durable effect of the MT training that can strengthen
with time. Consistent with this idea, one RCT using Mindfulness-based Eating Awareness Training found that
improvements in clinical outcomes were sustained (and in some cases improved) at a 4-month follow-up (18). 

To explore potential mechanisms, we investigated the effects of each intervention on AB to High-Cal food cues at post-
intervention. Those in the ABMT showed a signi�cant reduction in AB to High-Cal food cues (i.e., less approach) at post-
intervention. However, those in the MT and WL groups did not change. Changes in AB in those in the ABMT group are in
line with what was predicted. Previous research indicates that single-session ABMT can in�uence attention in the trained
direction (e.g., training to direct attention towards chocolate increases attention bias for chocolate). (11, 12, 16, 26).
Similarly, training attention towards Low-Cal food can reduce attention to High-Cal foods (60, 61)., and increase
attention towards Low-Cal food (26). It is worth noting that the observed reduction in AB to High-Cal food within the
ABMT group was mainly driven by in-person sessions (given that home training completion rates for this group were
very low). This suggests that mixed training delivery methods (i.e., home practice in addition to in-person sessions) may
not be necessary. With the MT training, our results are not in accord with what has been reported in studies using MBIs in
addiction and chronic pain (64). However, in addition to the differing measurement of AB (RTs vs. eye movements), the
above studies used a more complex form of MBI including different treatment components, whereas our MT involved
only brief meditations related to mindful eating and cravings. These differences could partly explain the variations in AB
change. 

In relation to the observed changes in AB to High-Cal food cues at post-intervention within the ABMT group, correlation
analyses revealed a signi�cant association between reductions in attentional approach and reductions in binge eating
episodes at post-intervention in the ABMT group. This is in line with �ndings from other studies (27, 58) and highlights
the potential of ABMT to reduce eating disorder psychopathology. 

Our data suggest that ABMT may modify disordered eating behaviour via changes in AB to food, and therefore
improving relatively automatic cognitive-control processes. In contrast, MBIs may target a different level of attention
processes (i.e., less automatic than AB). We found that MT reduces emotional eating and disinhibition (i.e., measured by
the MEQ subscales) together with hedonic hunger, suggesting that MBIs may involve strengthening cognitive-control
processes, which improves emotion regulation and lowers impulsivity-related behaviours (65).

Limitations of this feasibility study include its small group size and generalisability of �ndings to wider population of
people with overweight or obesity (most participants were younger females). BMI ranged from overweight to class 3
obesity and some participants reported ED symptoms: these differences could have affected our results based on
different cognitive and social characteristics that might interact with the effects of the trainings. We had a relatively
short follow-up period and it did not include AB assessment, which would have informed the durability of AB change.
However, an online follow-up (as opposed to an in-person assessment) potentially leads to higher retention rates. We did
not assess our WL group at follow-up to establish whether early improvements in that group persisted or were short-
lived.

Conclusions And Future Directions
Our �ndings indicate that both ABMT and MT may have value as adjunctive treatments of obesity and BED, but that
their underlying mechanisms may differ. Results indicate that it is feasible to conduct a larger scale RCT comparing



Page 11/24

ABMT with MT and a WL control group. Both interventions were credible, acceptable, and had high retention rates. A
future trial should remedy differences in home practice completion rates. Both trainings are low-cost, easy to administer
and can be done online.

Abbreviations
AN anorexia nervosa 

ACC anterior cingulate cortex

AB attention bias 

ABMT attention bias modi�cation training 

BED binge eating disorder 

BMI body mass index 

BN bulimia nervosa 

CI con�dence intervals 

CONSORT Consolidated Standards of Reporting Trials 

DASS Depression, Anxiety, Stress scale

ED eating disorder

EDE-Q Eating Disorder Examination Questionnaire

ES effect size  

High-Cal high caloric 

MEQ Mindful Eating Questionnaire 

MAAS Mindfulness Attention and Awareness Scale 

MBIs mindfulness-based interventions 

MT Mindfulness Training 

N number of observations  

OSFED other speci�ed feeding or eating disorder 

PFS Power of Food Scale 

RCT randomised controlled trial

STAI State and Trait Anxiety Inventory 

SD Standard deviation 



Page 12/24

WL waitlist

Declarations
Ethics approval and consent to participate

Ethical approval for this study was obtained from London - City & East Research Ethics Committee (REC ref:
18/LO/1683). All study participants provided written consent to take part in this study. 

Consent for publication

Not applicable.

Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author on reasonable
request.

Competing interests

The authors declare that they have no competing interests.

 

Funding

Daniela Mercado was �nancially supported by the National Commission of Science and Technology (CONACYT)
awarded by the Mexican government. Iain Campbell and Ulrike Schmidt receive salary support from the National
Institute for Health Research (NIHR) Biomedical Research Centre for Mental Health, South London and Maudsley NHS
Foundation Trust and Institute of Psychiatry, Psychology and Neuroscience, King’s College London. Ulrike Schmidt is
supported by an NIHR Senior Investigator award. The views expressed herein are not those of NIHR or the NHS.

Authors' contributions

DM, JW, IC and US were involved in the study conception. DM and TD were involved in data collection. DM conducted
the data analyses. DM drafted the manuscript and JW, TD, IC and US reviewed the paper and informed subsequent
drafts. DM, JW, TD, IC and US approved the �nal manuscript. 

Acknowledgements

Not applicable.

References
1. Giel KE, Bulik CM, Fernandez-Aranda F, Hay P, Keski-Rahkonen A, Schag K, et al. Binge eating disorder. Nat Rev Dis

Primers. 2022;8(1):16.

2. Kessler RC, Berglund PA, Chiu WT, Deitz AC, Hudson JI, Shahly V, et al. The prevalence and correlates of binge eating
disorder in the WHO World Mental Health Surveys. Biol Psychiatry. 2013;73(9):904-14.

3. Giel KE, Teufel M, Junne F, Zipfel S, Schag K. Food-Related Impulsivity in Obesity and Binge Eating Disorder—A
Systematic Update of the Evidence. Nutrients. 2017;9(11):1170.



Page 13/24

4. Amianto F, Ottone L, Abbate Daga G, Fassino S. Binge-eating disorder diagnosis and treatment: a recap in front of
DSM-5. BMC Psychiatry. 2015;15:70-.

5. Hayes JF, Fitzsimmons-Craft EE, Karam AM, Jakubiak J, Brown ML, Wil�ey DE. Disordered Eating Attitudes and
Behaviors in Youth with Overweight and Obesity: Implications for Treatment. Current obesity reports. 2018;7(3):235-
46.

�. Raman J, Smith E, Hay P. The clinical obesity maintenance model: an integration of psychological constructs
including mood, emotional regulation, disordered overeating, habitual cluster behaviours, health literacy and
cognitive function. J Obes. 2013;2013:240128-.

7. Carrière K, Khoury B, Günak MM, Knäuper B. Mindfulness-based interventions for weight loss: a systematic review
and meta-analysis. Obes Rev. 2018;19(2):164-77.

�. Barte JCM, Ter Bogt NCW, Bogers RP, Teixeira PJ, Blissmer B, Mori TA, et al. Maintenance of weight loss after
lifestyle interventions for overweight and obesity, a systematic review. Obes Rev. 2010;11(12):899-906.

9. Werthmann J, Roefs A, Nederkoorn C, Mogg K, Bradley BP, Jansen A. Can(not) take my eyes off it: attention bias for
food in overweight participants. Health Psychol. 2011;30(5):561-9.

10. Werthmann J, Jansen A, Roefs A. Worry or craving? A selective review of evidence for food-related attention biases
in obese individuals, eating-disorder patients, restrained eaters and healthy samples. Proc Nutr Soc. 2015;74(2):99-
114.

11. Kemps E, Tiggemann M, Hollitt S. Longevity of attentional bias modi�cation effects for food cues in overweight and
obese individuals. Psychol Health. 2016;31(1):115-29.

12. Werthmann J, Field M, Roefs A, Nederkoorn C, Jansen A. Attention bias for chocolate increases chocolate
consumption--an attention bias modi�cation study. J Behav Ther Exp Psychiatry. 2014;45(1):136-43.

13. Hendrikse JJ, Cachia RL, Kothe EJ, McPhie S, Skouteris H, Hayden MJ. Attentional biases for food cues in
overweight and individuals with obesity: a systematic review of the literature. Obes Rev. 2015;16(5):424-32.

14. Hardman CA, Jones A, Burton S, Duckworth JJ, McGale LS, Mead BR, et al. Food-related attentional bias and its
associations with appetitive motivation and body weight: A systematic review and meta-analysis. Appetite.
2020;157:104986.

15. Schmitz F, Svaldi J. Effects of Bias Modi�cation Training in Binge Eating Disorder. Behav Ther. 2017;48(5):707-17.

1�. Kemps E, Tiggemann M, Orr J, Grear J. Attentional retraining can reduce chocolate consumption. J Exp Psychol
Appl. 2014;20(1):94-102.

17. Renwick B, Campbell IC, Schmidt U. Review of Attentional Bias Modi�cation: A Brain-directed Treatment for Eating
Disorders. European Eating Disorders Review. 2013;21(6):464-74.

1�. Kristeller J, Wolever RQ, Sheets V. Mindfulness-Based Eating Awareness Training (MB-EAT) for Binge Eating: A
Randomized Clinical Trial. Mindfulness. 2014;5(3):282-97.

19. Spadaro KC, Davis KK, Sereika SM, Gibbs BB, Jakicic JM, Cohen SM. Effect of mindfulness meditation on short-
term weight loss and eating behaviors in overweight and obese adults: A randomized controlled trial. Journal of
Complementary and Integrative Medicine. 2017;15(2).

20. Mason AE, Jhaveri K, Cohn M, Brewer JA. Testing a mobile mindful eating intervention targeting craving-related
eating: feasibility and proof of concept. J Behav Med. 2018;41(2):160-73.

21. Mercado D, Schmidt U, O’Daly OG, Campbell IC, Werthmann J. Food related attention bias modi�cation training for
anorexia nervosa and its potential underpinning mechanisms. Journal of Eating Disorders. 2020;8(1):1.

22. Goetz PW, Robinson MD, Meier BP. Attentional training of the appetitive motivation system: Effects on sensation
seeking preferences and reward-based behavior. Motiv Emotion. 2008;32(2):120-6.



Page 14/24

23. Schonberg T, Bakkour A, Hover AM, Mumford JA, Nagar L, Perez J, et al. Changing value through cued approach: an
automatic mechanism of behavior change. Nat Neurosci. 2014;17(4):625-30.

24. Turton R, Bruidegom K, Cardi V, Hirsch CR, Treasure J. Novel methods to help develop healthier eating habits for
eating and weight disorders: A systematic review and meta-analysis. Neurosci Biobehav Rev. 2016;61:132-55.

25. Fodor LA, Cosmoiu A, Podina I. Cognitive bias modi�cation interventions for attention to and approach of appetitive
food stimuli: A meta-analysis. J Evid Based Psychother. 2017;17:85.

2�. Kakoschke N, Kemps E, Tiggemann M. Attentional bias modi�cation encourages healthy eating. Eat Behav.
2014;15(1):120-4.

27. Boutelle KN, Monreal T, Strong DR, Amir N. An open trial evaluating an attention bias modi�cation program for
overweight adults who binge eat. J Behav Ther Exp Psychiatry. 2016;52:138-46.

2�. Field M, Munafò MR, Franken IHA. A meta-analytic investigation of the relationship between attentional bias and
subjective craving in substance abuse. Psychol Bull. 2009;135(4):589-607.

29. van Ens W, Schmidt U, Campbell I, Roefs A, Werthmann J. Test-retest reliability of attention bias for food: Robust
eye-tracking and reaction time indices. Appetite. 2019;136:86-92.

30. Kabat-Zinn J. Wherever you go, there you are: Mindfulness meditation in everyday life. New York: Hyperion; 1994.

31. Bishop SR. What do we really know about mindfulness-based stress reduction? Psychosom Med. 2002;64(1):71-83.

32. Kristeller J, Jordan KD. Mindful Eating: Connecting With the Wise Self, the Spiritual Self. Front Psychol.
2018;9:1271-.

33. Davidson RJ. Empirical explorations of mindfulness: conceptual and methodological conundrums. Emotion
(Washington, DC). 2010;10(1):8-11.

34. Garland EL, Howard MO. Mindfulness-based treatment of addiction: current state of the �eld and envisioning the
next wave of research. Addict Sci Clin Pract. 2018;13(1):14.

35. Tang YY, Holzel BK, Posner MI. The neuroscience of mindfulness meditation. Nature Reviews Neuroscience.
2015;16(4):213-25.

3�. Rogers JM, Ferrari M, Mosely K, Lang CP, Brennan L. Mindfulness-based interventions for adults who are overweight
or obese: a meta-analysis of physical and psychological health outcomes. Obes Rev. 2017;18(1):51-67.

37. Ruffault A, Czernichow S, Hagger MS, Ferrand M, Erichot N, Carette C, et al. The effects of mindfulness training on
weight-loss and health-related behaviours in adults with overweight and obesity: A systematic review and meta-
analysis. Obes Res Clin Pract. 2017;11(5 Suppl 1):90-111.

3�. Mercado D, Robinson L, Gordon G, Werthmann J, Campbell I, Schmidt U. The outcomes of mindfulness-based
interventions for Obesity and Binge Eating Disorder: A meta-analysis of randomised controlled trials. Appetite.
2021;166:105464.

39. Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, et al. CONSORT 2010 statement: extension
to randomised pilot and feasibility trials. BMJ. 2016;355:i5239.

40. Mercado D, Werthmann J, Campbell IC, Schmidt U. Study protocol of a randomised controlled feasibility study of
food-related computerised attention training versus mindfulness training and waiting-list control for adults with
overweight or obesity. Trials. 2020;21(1):66.

41. Julious SA. Sample size of 12 per group rule of thumb for a pilot study. Pharm Stat. 2005;4(4):287-91.

42. Fairburn CG, Beglin SJ. Assessment of eating disorders: interview or self-report questionnaire? Int J Eat Disord.
1994;16(4):363-70.

43. Lowe MR, Butryn ML, Didie ER, Annunziato RA, Thomas JG, Crerand CE, et al. The Power of Food Scale. A new
measure of the psychological in�uence of the food environment. Appetite. 2009;53(1):114-8.



Page 15/24

44. Robinson E, Haynes A, Hardman CA, Kemps E, Higgs S, Jones A. The bogus taste test: Validity as a measure of
laboratory food intake. Appetite. 2017;116:223-31.

45. Lovibond PF, Lovibond SH. The structure of negative emotional states: comparison of the Depression Anxiety Stress
Scales (DASS) with the Beck Depression and Anxiety Inventories. Behav Res Ther. 1995;33(3):335-43.

4�. D Spielberger C, Gorsuch R, E Lushene R, Vagg PR, A Jacobs G. Manual for the State-Trait Anxiety Inventory (Form
Y1 – Y2)1983.

47. Brown KW, Ryan RM. The bene�ts of being present: mindfulness and its role in psychological well-being. J Pers Soc
Psychol. 2003;84(4):822-48.

4�. Framson C, Kristal AR, Schenk J, Littman AJ, Zeliadt S, Benitez D. Development and Validation of the Mindful Eating
Questionnaire. J Am Diet Assoc. 2009;109(8):1439-44.

49. MacLeod C, Rutherford E, Campbell L, Ebsworthy G, Holker L. Selective attention and emotional vulnerability:
Assessing the causal basis of their association through the experimental manipulation of attentional bias. J
Abnorm Psychol. 2002;111(1):107-23.

50. Werthmann J, Jansen A, Vreugdenhil AC, Nederkoorn C, Schyns G, Roefs A. Food through the child’s eye: An eye-
tracking study on attentional bias for food in healthy-weight children and children with obesity. Health Psychol.
2015;34(12):1123-32.

51. Mogg K, Bradley BP, Miles F, Dixon R. Time course of attentional bias for threat scenes: Testing the vigilance-
avoidance hypothesis. Cognition and Emotion. 2004;18(5):689-700.

52. Goulet-Pelletier JC, Cousineau D. A review of effect sizes and their con�dence intervals, Part I: The Cohen’s d family.
The Quantitative Methods for Psychology. 2018;14(4):242-65.

53. Cristea IA, Kok RN, Cuijpers P. E�cacy of cognitive bias modi�cation interventions in anxiety and depression: meta-
analysis. Br J Psychiatry. 2015;206(1):7-16.

54. Heeren A, Mogoașe C, Philippot P, McNally RJ. Attention bias modi�cation for social anxiety: A systematic review
and meta-analysis. Clin Psychol Rev. 2015;40:76-90.

55. Mogg K, Bradley BP. Anxiety and Threat-Related Attention: Cognitive-Motivational Framework and Treatment. Trends
Cogn Sci. 2018;22(3):225-40.

5�. Fontaine KR, Williams MS, Hoenemeyer TW, Kaptchuk TJ, Dutton GR. Placebo effects in obesity research. Obesity
(Silver Spring, Md). 2016;24(4):769-71.

57. Orsama A-L, Mattila E, Ermes M, van Gils M, Wansink B, Korhonen I. Weight rhythms: weight increases during
weekends and decreases during weekdays. Obes Facts. 2014;7(1):36-47.

5�. Giel KE, Speer E, Schag K, Leehr EJ, Zipfel S. Effects of a food-speci�c inhibition training in individuals with binge
eating disorder—�ndings from a randomized controlled proof-of-concept study. Eating and Weight Disorders -
Studies on Anorexia, Bulimia and Obesity. 2017;22(2):345-51.

59. Espel-Huynh HM, Muratore AF, Lowe MR. A narrative review of the construct of hedonic hunger and its measurement
by the Power of Food Scale. Obes Sci Pract. 2018;4(3):238-49.

�0. Smith E, Tre�letti A, Bailey PE, Moustafa AA. The effect of attentional bias modi�cation training on food intake in
overweight and obese women. J Health Psychol. 2018:1359105318758856.

�1. Zhang S, Cui L, Sun X, Zhang Q. The effect of attentional bias modi�cation on eating behavior among women
craving high-calorie food. Appetite. 2018;129:135-42.

�2. Grimm P. Social Desirability Bias. Wiley International Encyclopedia of Marketing2010.

�3. Warren JM, Smith N, Ashwell M. A structured literature review on the role of mindfulness, mindful eating and
intuitive eating in changing eating behaviours: effectiveness and associated potential mechanisms. Nutr Res Rev.
2017;30(2):272-83.



Page 16/24

�4. Garland EL, Baker AK, Howard MO. Mindfulness-oriented recovery enhancement reduces opioid attentional bias
among prescription opioid-treated chronic pain patients. Journal of the Society for Social Work and Research.
2017;8(4):493-509.

�5. Garland EL, Froeliger B, Howard MO. Mindfulness training targets neurocognitive mechanisms of addiction at the
attention-appraisal-emotion interface. Front Psychiatry. 2014;4:173-.

Tables
Table 1 Baseline demographic and clinical characteristics 
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Demographic details WL (n=14)

 

MT (n=16)

 

ABMT (n=15) Whole sample 

Age (years) (median [IQR]) 

 

31 (10.75) 29 (29) 35 (10) 32 (13)

BMI (kg/m2) (mean ±SD)

 

35.4 (6.6) 33 (4.2) 34.8 (8.5) 34.3 (6.57)

Body fat percentage 

(mean ±SD)

 

34.2
(13.5)

39.7 (9.4) 38.8 (10.3) 37.7 (11.15)

BMI category (overweight/obesity) (n)

 

4/10  5/11 4/11 13/32

BED symptoms (yes/no) (n)

 

9/5 6/10 6/9 21/24

Ethnicity (Caucasian/BAME) (n)

 

5/9 10/6 10/5 25/20

Highest level of education

(GCSE/AS and above)

 

1/13 0/16 0/15 1/44

Gender (male/female) (%)

 

29/71 19/81 20/80 22/78

Current diagnosis of psychiatric disorder (no/yes) (n)

 

9/5 10/3 8/3 27/11

Current weight loss program involvement (yes/no)
(n)

 

2/12 0/16 2/13 4/41

Psychiatric Comorbidities (yes/no) (n)

 

5/9 3/10 6/8 14/27

EDE-Q Total score (mean ±SD)

(WL n=13, MT n=14, ABMT n=15)

2.8 (1.4) 2.3 (0.9) 2.8 (1.2) 2.6 (1.2)

EDE-Q binge episodes 

(mean ±SD) (days)

(WL n=13, MT n=14, ABMT n=15)

7.8 (7.9) 6.5 (7.3) 9 (8.7) 7.8 (7.91)

DASS-depression subscale 

(mean ±SD)

5.5 (4.6) 3.3 (2.1) 5 (4.2) 4.5 (3.82)
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DASS-anxiety subscale 

(mean ±SD)

 

5.5 (4.4) 3.3 (1.9) 2.5 (2.9) 3.7 (1.0)

DASS-stress subscale 

(mean ±SD)

 

8.5 (4.8) 5.7 (3.7) 5.8 (3.6) 6.6 (4.21)

STAI-S (mean ±SD)

(WL n=13, MT n=15, ABMT n=15)

44.3 (9.5) 33.8 (5.8) 36.2 (10.5) 37.8 (9.7)

MAAS (mean ±SD)

(WL n=12, MT n=14, ABMT n=15)

3.9 (0.99) 3.6 (0.89) 3.6 (1.13) 3.7 (1.0)

MEQ-Total (mean ±SD)

(WL n=7, MT n=6, ABMT n=11)

2.6 (0.26) 2.1 (0.35) 2.3 (0.48) 2.3 (0.41)

MEQ-Awareness (mean ±SD)

(WL n=13, MT n=16, ABMT n=14)

2.7 (0.41) 2.5 (0.55) 2.1 (0.67) 2.4 (0.59)

MEQ-Distraction (mean ±SD)

(WL n=12, MT n=16, ABMT n=13)

2.5 (0.53) 2.6 (0.72) 2.5 (0.76) 2.5 (0.67)

MEQ-Disinhibition (mean ±SD)

(WL n=9, MT n=15, ABMT n=13)

2.3 (0.64) 1.7 (0.44) 2.1 (0.64) 2.0 (0.61)

MEQ-Emotional (mean ±SD)

(WL n=13, MT n=15, ABMT n=14)

2.5 (0.81) 2.1 (0.72) 2.2 (0.80) 2.32 (0.77)

MEQ-External (mean ±SD)

(WL n=12, MT n=8, ABMT n=12)

2.5 (0.38) 2.6 (0.51) 2.4 (0.42) 2.54 (0.42)

PFS (mean ±SD)

 

3.5 (0.85) 3.7 (0.87) 3.5 (0.85) 3.6 (0.84)

Bogus taste test (mean ±SD) (g)

 

79.8
(49.2)

84.4
(43.3)

79 (52.2) 81.2 (47.22)

[1]
 

 

Table 2 Mean change scores (post-treatment scores adjusted for baseline) for the clinical outcome measures at 8-week
post-randomisation timepoints including the number of participants (N), means, and standard deviations (SD) for each
trial arm, and the estimated between-groups effect size (Cohen’s d with 95% con�dence intervals).



Page 19/24

Assessment WL MT ABMT Between- subject d (95% CI)

N Mean SD N Mean SD N Mean SD WL vs.
MT

WL vs.
ABMT

MT vs.
ABMT

8-weeks post-randomisation (adjusted for baseline[2])

BMI 11 -.38 .75 15 -.06 .94 13 -.13 .80 -.36
(-1.14
to .42)

-.31
(-1.11
to .49)

-.07
(-.82 to
.66)

Body fat
percentage

11 5.8 15.4 14 .19 5.13 10 2.92 8.18 .51
(-.28 to
1.31)

.23
(-.62 to
1.08)

.41
(-.40 to
1.23)

EDE-Q Global 10 -.62 .70 13 -.20 .57 12 -.50 1.15 -.66
(-1.50
to .19)

-.12
(-.96 to
.71)

-.33
(-1.12
to .45)

EDE-Q binge
episodes

11 -4.18 6.44 15 -2.6 5.69 12 -3.5 8.70 -.26
(-1.04
to .52)

-.08
(-.90 to
.73)

-.12
(-.88 to
.63)

DASS-21
Depression

11 -1.0 3.97 15 0.26 3.97 12 -1.58 3.14 -.31
(-1.0 to
.46)

.16
(-.65 to
.98)

-.50
(-1.27
to .26)

DASS-21
Anxiety

11 0.0 2.48 15 0.06 2.40 12 -.41 1.31 -.02
(-.80 to
.75)

.21
(-.61 to
1.03)

-.24
(-1.0 to
.52)

DASS-21 Stress 11 -1.18 3.25 15 -.33 3.82 12 -1.75 4.07 -.23
(-1.01
to .54)

.15
(-.66 to
.97)

-.35
(-1.12
to .40)

STAI-S 10   -5.8 9.82 14 1.07 8.13 13 0.15 14.7 -.77
(-1.60
to .07)

-.46
(-1.29
to .37)

-.07
(-.83 to
.67)

MAAS 8 -.15 .45 13 .27 .76 12 .37 1.01 -.62
(-1.52
to .28)

-.62
(-1.53
to .30)

.11
(-.66 to
.90)

MEQ Global 3 .07 .16 5 .23 .19 7 .34 .48 -.84
(-2.31
to .69)

  -.63
(-2.0 to
.77)

.28
(-.87 to
1.43)

MEQ-
Awareness

10 .00 .33 14 .10 .76 11 .29 .57 -.16
(-.97 to
.65)

-.62
(-1.49
to .26)

.28
(-.51 to
1.0)

MEQ-
Distraction

8 .04 .51 15 .04 .75 10 .43 .91 -.00
(-.86 to
.85)

-.50
(-1.44
to .44)

.47
(-.34 to
1.28)

MEQ-
Disinhibition

6 .23 .32 13 .56 .36 9 .26 .48 -.94
(-1.94
to .08)

-.07
(-1.10
to .96)

-.72
(-1.59
to .16)

MEQ-Emotional 10 .05 .32 13 .51 .59 11 .40 .77 -.94
(-1.80
to -.06)

-.59
(-1.46
to .29)

-.16
(-.96 to
.64)

MEQ-External 6 .22 .47 7 -.35 .43 8 -.08 .43 1.27
(.04 to
2.46)

.67
(-.43 to
1.75)

.63
(-.42 to
1.66)
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PFS 11 -.2 .67 15 -.85 .78 12 -.48 .60 .88
(.05 to
1.69)

.44
(-.38 to
1.26)

.52
(-.25 to
1.28)

BOGUS test (g) 11 11.6 34.7 15 -9 47.89 13 -24.8 46.6 .48
(-.31 to
1.26)

.87
(.02 to
1.71)

-.33
(-1.07
to .41)

 

Table 3 Means (and standard deviations) for the clinical outcome measures at post-intervention (8 weeks post-
randomisation) and estimated within-group effect sizes (Cohen’s d with 95% con�dence intervals) between baseline and
post-intervention. 
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Assessment WL MT ABMT

N Mean SD d (95%
CI)

N Mean SD d (95%
CI)

N Mean SD d (95%
CI)

8-weeks post-randomisation[3]

BMI 11 33.73 5.51 .27 (-.52
to 1.06)

15 32.68 4.54 .07
(-.62
to .78)

13 34.48 8.61 .03
(-.70
to .78)

Body fat
percentage

11 38.51 14.10 -.31 (-1.1
to .49)

14 39.05 12.43 .06
(-.66
to .79)

10 40.76 9.19 -.19
(-1.0
to .63)

EDE-Q
Global

10 1.70 .98 .90 (.03
to 1.76)

15 2.12 1.25 .16
(-.56
to .88)

12 2.32 1.28 .38
(-.38
to
1.15)

EDE-Q binge
episodes

11 2.63 4.27 .79 (-.04
to 1.62)

15 4.4 5.11 .33
(-.37
to
1.04)

12 6.33 8.48 .31
(-.45
to 1.0)

DASS-21
Depression

11 3.63 5.23 .37 (-.42
to 1.17)

15 3.53 2.94 -.08
(-.78
to .61)

12 3.08 3.02 .51
(-.26
to
1.27)

DASS-21
Anxiety

11 3.90 3.61 .38 (-.41
to 1.18)

15 3.33 2.58 .01
(-.68
to .72)

12 2.08 3.17 .14
(-.61
to .90)

DASS-21
Stress

11 6.36 5.06 .44 (-.35
to 1.24)

15 5.33 3.08 .12
(-.58
to .82)

12 4.16 2.58 .51
(-.26
to
1.27)

STAI-S 10 37.7 12.15 .62 (-.23
to 1.46)

15 36.8 9.78 -.37
(-1.09
to .35)

13 35.15 8.79 .10
(-.63
to .84)

MASS  9 11.2 22.3 -.50 (-1.3
to .38)

15 8.32 16.9 -.38
(-1.11
to .35)

12 3.90 1.01 -.21
(-.97
to .54)

MEQ Global 4 2.66 .36 -.18
(-1.41 to
1.05)

11 2.52 .34 -.96
(-2.00
to .09)

8 2.50 .58 -.33
(-1.25
to .58)

MEQ-
Awareness

10 2.82 .49 -.08 (-.90
to .73)

14 2.49 .55 .00
(-.71
to .71)

12 2.38 .68 -.27
(-1.04
to .50)

MEQ-
Distraction

9 2.74 .66 -.31(-1.17
to .56)

15 2.59 .42 .04
(-.66
to .74)

12 2.75 .62 -.30
(-1.09
to .48)

MEQ-
Disinhibition

7 2.61 .75 -.37
(-1.36 to
.62)

13 2.19 .59 -.90
(-1.68
to
-.11)

10 2.25 .79 -.18
(-1.01
to .63)

MEQ-
Emotional

10 2.77 .93 -.25
(-1.07 to
.57)

13 2.63 .54 -.69
(-1.45

12 2.58 .70 -.41
(-1.18
to .37)
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to
.075)

MEQ-
External

6 2.61 .52 -.12
(-1.10 to
.85)

14 2.54 .57 .14
(-.72
to
1.01)

9 2.31 .67 -.16
(-.96
to .63)

PFS 11 3.15 .94 .39 (-.40
to 1.18)

15 2.96 1.06 .82
(.07 to
1.54)

12 3.05 .95 .56
(-.21
to
1.33)

BOGUS test
(g)

11 97.4 65.2 -.31
(-1.10 to
.48)

15 80.5 55.5 .07
(-.62
to .78)

13 55.4 58.7 .42
(-.32
to
1.17)

 

Table 4 Mean change scores (follow-up scores adjusted for baseline) for the clinical outcome measures at 12-week post-
randomisation timepoints including the number of participants (N), means, and standard deviations (SD) for each trial
arm, and the estimated between-groups effect size (Cohen’s d with 95% con�dence intervals).

 

 

MT ABMT Between- subject d (95% CI)

N Mean SD N Mean SD MT vs. ABMT

12-weeks post-randomisation (adjusted for baseline[4])

BMI 12 -2.83 8.15 11 -1.16 1.49 .27 (-.54 to 1.09)

EDE-Q Global 11 -.12 .59 12 -.49 .32 -.78 (-1.62 to .07)

EDE-Q binge episodes 15 -3.6 7.15 12 -6.5 8.6 -.37 (-1.13 to .39)

MEQ Global 5 .39 .24 6 .23 .28 -.60 (-1.80 to .62)

MEQ-Awareness 14 .32 .59 10        .28 .56 -.07 (-.88 to .74)

MEQ-Distraction 15 .08 .80 10 .23 .47 .20 (-.59 to 1.00)

MEQ-Disinhibition 15 .69 .46 8 .32 .31 -.87 (-1.76 to .03)

MEQ-Emotional 14 .5 .5 11 .25 .62 -.44 (-1.24 to .35) 

MEQ-External 7 -.07 .58 9 -.14 .42 -.14 (-1.13 to .84)

PFS 14 -.78 .56 12 -.50 .48 .51 (-.27 to 1.29)

Table 5 Mean (and standard deviation) for the clinical outcome measures at post-intervention (12 weeks post-
randomisation) and estimated within-group effect sizes (Cohen’s d with 95% con�dence intervals) between baseline and
follow-up.
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Assessment MT ABMT

N Mean SD d (95% CI) N Mean SD d (95% CI)

12-weeks post-randomisation[5]

BMI 12 28.9 9.8 .57 (-.19 to 1.33) 11 34.1 8.5 .07 (-.70 to .84)

EDE-Q Global 13 2.24 1.3   .04 (-.70 to .80) 12 2.34 1.38 .36 (-.40 to 1.12)

EDE-Q binge episodes 15 3.4 3.8 .33 (-.37 to 1.04) 12 3.33 5.6 .75 (-.03 to 1.53)

MEQ Global 14 2.67 .36 -1.36 (-2.4 to -.29) 7 2.53 .47 -.43 (-1.38 to .52)

MEQ-Awareness 14 2.72 .53 -.41 (-1.13 to .31) 11 2.49 .78 -.40 (-1.20 to .39)

MEQ-Distraction 15 2.64 .68 -.02 (-.73 to .67) 12 2.58 .66 -.06 (-.84 to .72)

MEQ-Disinhibition 15 2.41 .62 -1.28 (-2.0 to -.48) 9 2.47 .56 -.58 (-1.44 to .29)

MEQ-Emotional 15 2.68 .71 -.69 (-1.42 to .04) 12 2.41 .74 -.19 (-.96 to .58)

MEQ-External 15 2.72 .63 -.15 (-1.01 to .70) 11 2.31 .38 .40 (-.42 to 1.23)

PFS 14 2.97 .78 .94 (.18 to 1.7) 12 3.0 .94 -.21 (-.97 to .54)

 
[1] Abbreviations:  WL= Waitlist; MT= Mindfulness Training; ABMT= Attention Bias Modi�cation Training; IQR=
interquartile range; n= number of observations; BED= Binge Eating Disorder; BAME= Black, Asian and minority ethnic;
BMI= body mass index; EDE-Q= Eating Disorder Examination Questionnaire; DASS=Depression, Anxiety, Stress scale;
STAI-S= State and Trait Anxiety Inventory, State version; MASS= Mindfulness Attention and Awareness Scale; MEQ=
Mindful Eating Questionnaire; PFS= Power of Food Scale.   
[2] Post-intervention scores minus baseline scores. Bold font signi�es that the CI do not include 0. Abbreviations: WL=
Waitlist; MT=Mindfulness Training; ABMT= Attention Bias Modi�cation Training; N = number; SD = standard deviation; CI
= con�dence intervals; BMI = body mass index; EDE-Q = Eating Disorder Examination – Questionnaire; DASS-21 =
Depression Anxiety and Stress Scales; STAI-S= Stress and Anxiety Inventory-State version; MAAS = Mindfulness and
Awareness Scale; MEQ = Mindful Eating Questionnaire; PFS = Power of Food Scale.
[3] Bold font signi�es that the CI do not include 0. Abbreviations: WL= Waitlist; MT=Mindfulness Training; ABMT=
Attention Bias Modi�cation Training; N = number; SD = standard deviation; CI = con�dence intervals; BMI = body mass
index; EDE-Q = Eating Disorder Examination – Questionnaire; DASS-21 = Depression Anxiety and Stress Scales; STAI-S=
Stress and Anxiety Inventory-State version; MAAS = Mindfulness and Awareness Scale; MEQ = Mindful Eating
Questionnaire; PFS = Power of Food Scale.
[4] Follow-up scores minus baseline scores. Bold font signi�es that the CI do not include 0. Abbreviations: WL= Waitlist;
MT=Mindfulness Training; ABMT= Attention Bias Modi�cation Training; N = number; SD = standard deviation; CI =
con�dence intervals; BMI = body mass index; EDE-Q = Eating Disorder Examination – Questionnaire; DASS-21 =
Depression Anxiety and Stress Scales; STAI-S= Stress and Anxiety Inventory-State version; MAAS = Mindfulness and
Awareness Scale; MEQ = Mindful Eating Questionnaire; PFS = Power of Food Scale.
[5] Bold font signi�es that the CI do not include 0. Abbreviations: WL= Waitlist; MT=Mindfulness Training; ABMT=
Attention Bias Modi�cation Training; N = number; SD = standard deviation; CI = con�dence intervals; BMI = body mass
index; EDE-Q = Eating Disorder Examination – Questionnaire; DASS-21 = Depression Anxiety and Stress Scales; STAI-S=
Stress and Anxiety Inventory-State version; MAAS = Mindfulness and Awareness Scale; MEQ = Mindful Eating
Questionnaire; PFS = Power of Food Scale.
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Figures

Figure 1

CONSORT Flow Diagram
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