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Imaginal retraining is a variant of approach bias modification and transfers the method into one’s own mind. As the technique
contains multiple elements, this pilot study aimed to dismantle which of its components is most efficient in reducing craving for
high-calorie food. A total of 113 women were randomly allocated to one out of six conditions containing a short intervention to
mentally manipulate a picture displaying high-calorie foods. Four of the interventions involved different combinations of elements
of the imaginal retraining technique, while the remaining two conditions comprised thought suppression or merely observing a
picture. Participants rated their level of craving, as well as three pictures containing healthy and unhealthy foods regarding their
pleasantness before and after the interventions took place. Within-group changes were assessed with paired t-tests (in case of non-
normal data Wilcoxon paired t-tests) and between-group differences with one-way ANOVAs (non-parametric Kruskal-Wallis tests). A
trend level reduction in craving was found in the imaginal retraining condition with and without a movement. A post hoc analysis
of both conditions joint together showed a statistically significant reduction in craving. In addition, positive picture appraisal for
unhealthy foods was significantly reduced in both imaginal retraining conditions (with and without movement) with medium to
large effect sizes. This study demonstrated that imaginal retraining with an arm movement can reduce craving and picture
appraisal for high-calorie foods significantly in a one-time application. It is a promising technique to reduce appraisal for unhealthy
high-calorie foods. Future studies should repeat the experiment in situations of high craving and allow for a personalized selection

of stimuli.
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INTRODUCTION
Obesity poses an immense risk on health and is the origin of a
wide variety of diseases [1]. According to the World Health
Organization [2], obesity is the result of an excessive increase in
weight caused by an imbalance between consumed and
expended calories. This is usually driven by increased intake of
high-calorie foods, accompanied by physical inactivity [2].
Research has shown that eating behaviour in obese individuals
displays neurobiological and phenomenological similarities to
addictive disorders [3-5]. Craving plays a significant role in
addictive behaviours and can be conceptualized as a psycholo-
gical or physiological motivational state that advocates the
consumption of a desired substance [6, 7]. Because of its intensity
and specificity (e.g., directed at a certain substance or food), it can
be distinguished from the regular perception of hunger [7, 8].
Craving occurs even when satisfied, can pass with time, can
decrease in intensity, and is usually directed at high-calorie (sweet
or savoury) ‘comfort’ foods. What type of food is craved can
depend on a number of physical and mental factors ranging from
nutritional imbalance, learned/conditioned behaviour, acquired
habit and being subjected to food cues in the environment [8].
Research has shown that ‘thought suppression’ is effective in
reducing craving short-term, however, a behavioural rebound

effect is to be expected [9]. Similarly, thinking about the negative
consequences of unhealthy food consumption rendered effective
in reducing craving for unhealthy foods [10]. In particular, a study
on mind-set training [11] showed that a ‘LATER mind-set’, which
involves thinking about the long-term consequences of unhealthy
food consumption, was successful in significantly reducing craving
after a single training session. However, the longer-term effects of
these mind sets have not been evaluated in the scope of the
study. Regulation of craving training (ROC-T), a brief yet
computerized training, has also been shown to reduce craving
[12]. As the occurrence of craving is unpredictable, it is of high
interest to develop, refine and enhance interventions that are
quick and easy to use in states of acute craving, not dependent on
technical equipment and therefore readily applicable to everyday
life situations.

Automatic vs. controlled responses

Individuals are often unable to consciously inhibit automatic
responses when confronted with desirable food [13-15]. The dual-
process model distinguishes between two systems regarding the
evaluation of craved stimuli in the information processing domain;
the rapidly operating impulsive system, functioning mostly
automatic and out of conscious control, and the slower reflective
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system, operating in a more deliberate and controlled way
[7, 16, 17]. An automatic process underlying addiction is the
automatic tendency of approaching craved stimuli (i.e. food,
alcohol, cigarettes) over neutral ones, known as the approach bias
[16, 18]. A link between approach biases and food consumption
was demonstrated by a stimulus-response compatibility (SRC)
computer task, which showed a stronger approach tendency for
food in overeaters than in normal eaters [19]. Another study found
that food cravers showed a stronger automatic approach bias
towards food than low cravers [20]. A prior trial utilizing the
imaginal retraining technique (see section below) for high-calorie
foods [21] showed that applying the task was successful in
reducing craving, also suggesting a link between approach biases
and food craving.

As relapse occurs even though people make the conscious
decision to quit and not engage in certain behaviours, it seems to
be important to tackle the automatic system when trying to
prevent relapses. Research has shown that cognitive biases such
as the approach bias can be alleviated through a process called
approach bias modification (ABM), which is a form of cognitive
bias modification (CBM). In particular, the approach-avoidance
task (AAT) has shown promising results in modifying approach
biases among many addictive behaviours and substance use
disorders, such as drinking [22] and smoking [23]. The instructions
of the AAT are explicit in that unhealthy stimuli need to be pushed
away as quickly as possible using a joystick, and neutral stimuli are
pulled towards oneself. Research has shown that the approach
bias in substance use disorders could be reduced with the help of
ABM and that relapse rates and craving dropped accordingly [24].
While a meta-analysis uncovered that the efficacy of ABM for
eating disorders had fluctuating effect sizes (Hedges' g) across
13 studies between 0.09 and 1.18 [25], one study has shown that
after only one training session, the AAT decreased approach
tendencies for unhealthy foods in a sample of obese individuals,
which was maintained over the following days [5]. A systematic
review [26] summarized the effectiveness of approach bias
modifications for smoking, alcohol use, and unhealthy eating
behaviour across eighteen studies, of which seven focused on
food consumption alone. Out of those seven studies, five had
successfully retrained the approach bias to unhealthy food.
Furthermore, four out of the seven studies found a significant
reduction in unhealthy eating behaviour, one of the studies
reported both a reduced approach bias and a significant reduction
in eating behaviour [26]. However, while ABM studies often show
promising results in the laboratory, this is not always the case in
clinical settings [26]. This may be because ABM with the original
computer-based AAT poses practical limitations, such as the need
to perform the task on a computer and the use of repetitive
stimuli. ~ Unfortunately, programming an individualized
computerized-AAT for each participant would be a time- and
cost-consuming endeavour and is thus usually not feasible. In
addition, the outcomes of ABM studies are usually assessed
immediately rather than over the long term. Moreover, it is not
possible to personalize the AAT for each participant to match their
specific preferences regarding craved stimuli (i.e. sort of food,
brand, way of consumption), which raises questions whether
displayed stimuli actually induce craving in the participant and
whether the stimuli are representative of individual preferences.
Since there is a need for craving reducing interventions which can
be applied in moments of acute and high craving, a number of
classical ABM techniques are not feasible when specialist
equipment, such as computers and joysticks, are required to
perform the task.

Imaginal retraining

Imaginal retraining is a non-computerized technique taking the
limitations mentioned before into account, merging imaginal and
behavioural components. Previous studies have demonstrated the
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efficacy of imaginal retraining across a variety of addictive
behaviours, such as excessive high-calorie food consumption
[21], problem drinking [27] and cigarette smoking [28]. Imaginal
retraining transfers the classical AAT into one’s own imagination.
Participants are asked to imagine the craved stimuli (i.e. high-
calorie food) at their usual place of consumption, followed by a
negative mood induction (frowning in disgust and contemplating
negative thoughts). Instead of pushing away a joystick as in the
classical AAT-version, the imagined craved object needs to be
thrown away before the “inner eye” executing a forceful throwing
movement physically extending one’s arm.

Imaginal retraining, as the classical AAT, relies on the concept of
embodied cognition, namely the notion that there are automatic
links between motor movements and perceptions [29] and that
cognitions, emotions and movements are interrelated [24, 30], but
operationalizes these ideas more consistently.

In day to day life, time-consuming self-help interventions can be
hard to implement and maintain. Consequently, a benefit of
dismantling effective mechanisms would be to design simpler and
briefer interventions. Moreover, previous imaginal retraining
interventions were usually implemented for the duration of
1 month [21, 27, 28]. A question of interest is therefore whether
a single implementation of the imaginal retraining technique
could already have a significant and relevant effect on reducing
craving and appraisal for high-calorie food.

The present study

Since it has not yet been assessed, which of the multiple
components of imaginal retraining are responsible for its efficacy,
the aim of this study is to uncover the mechanism accountable for
craving reduction; in particular, whether the execution of a
physical arm movement is necessary. The multiple components
identifiable for imaginal retraining are (a) imagining pushing the
stimuli away while imagining it becoming smaller, (b) accom-
panying the imagined pushing with an actual movement, while
imagining the stimuli becoming smaller, and (c) shrinking
(zooming out) of the desired stimuli, while neither imagining
nor performing a movement.

Those three experimental conditions are contrasted against a
commonly used approach to curb cravings (d) thought suppres-
sion and two control conditions: (e) merely looking at the desired
stimuli and (f) a counter-movement condition in which a neutral
drink is pulled towards oneself (and pleasurably consumed) in
imagination only (for an extensive explanation of the six
conditions, see the ‘Experimental conditions’ section).

Out of the total six conditions, a positive effect on craving
regarding high-calorie food is hypothesized for the four experi-
mental groups (imaginal retraining with movement, imaginal
retraining without movement, zooming, as well as thought
suppression), while for the two control conditions (merely taking
a look at the picture and the counter movement) no positive effect
is expected. It is of interest whether any of those components
convey a significant treatment effect in and of itself and whether a
one-time implementation of one of the components of the
imaginal retraining technique is already effective in significantly
reducing craving levels and individual picture appraisal.

METHODS
Sample
The present study was part of a retrospective follow-up, which succeeded
a completed randomized controlled trial assessing the long-term efficacy
of imaginal retraining in obese and overweight women (N = 384). Initial
inclusion criteria were a BMI > 25, age between 18 and 75 years and self-
reported excessive consumption of high-calorie foods and the desire to
change this behaviour. Exclusion criteria consisted of a history of anorexia,
bulimia, psychosis or suicidality.

In the present study, 113 women (29.4% of the baseline sample)
completed the additional assessment of the 1-year follow-up study
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investigating craving effects. Participants who only completed the follow-
up assessment and participants who completed both, the follow-up as well
as this additional study, did not vary with regards to characteristics such as
weight in kg, weight loss since the baseline assessment and trait craving.
The participants did not receive a detailed briefing about the aims of the
supplementary experiment at hand. Therefore, prevailing expectations
regarding the efficacy of anti-craving techniques can be precluded. All
participants had received the initial manual with instructions for the
imaginal retraining techniques as part of their previous participation upon
completion of the post assessment, therefore the retraining concept was
not new to most of them. However, it is important to note that not all
participants indicated to have read or used the manual in the past year,
which demonstrates that those individuals had in fact never used it.

The initial and the follow-up trials were registered with the German Clinical
Trials Register (DRKS00016860, DRKS00021044). Ethical approval was obtained
from the local psychological ethics committee of psychologists of the
University Medical Center Hamburg (Germany; LPEK-0104). This study was
registered and conducted simultaneously with another trial dismantling the
effects of a single dose imaginal retraining in a sample of smokers [31].

Invitation and survey

Assessments were implemented online through the platform Questback/
UniPark’. In consensus with the guidelines of the European General Data
Protection Regulation (GDPR), participants IP addresses were not stored. In
the baseline assessment, participants were asked to enter an anonymous
email address, to which invitations for the newly set-up, voluntary 1-year
follow-up assessment was sent. Informed consent was obtained electro-
nically after providing detailed information regarding the content of the
follow-up assessment as well as data protection. Next, in the scope of the
follow-up study, a questionnaire battery, including psychological scales
was administered.

Questionnaires

Only questionnaires directly relevant to the study are quoted in the
following. A variety of sociodemographic and eating-related characteristics
including age, weight, height, diet/sport in the last 12 months, instructions
followed and manual use in the last 12 months were assessed.
Furthermore, the global item of the WHO Quality of Life (WHOQOL-BREF
[32], which was used as an index of quality of life, was administered.

Procedure

After participants completed the online 1-year follow-up assessment, they
indicated their current level of craving for high-calorie foods such as
sweets and crisps on a visual analogue scale (VAS) from 0 (none) to 100
(very strong) in 10 point intervals. Subsequently, three food-related
pictures were shown one by one in fixed order; the first picture displaying
a range of healthy foods such as fruits and vegetables, the second
displaying a smiling woman biting into a chocolate bar, and the third
picture showing a large variety of unhealthy foods such as popcorn, fries,
coke, burgers, donuts and crisps. All pictures were rated on a scale from 0
(repulsive) to 100 (very appealing) with a slider (10 point intervals). Picture
1 (variety of healthy foods) acted as a control picture, in which reduction in
craving was not expected following the intervention. Participants were
then occupied with an irrelevant filler questionnaire, the PHQ-9 [33], to
divert their attention away from the pictures they had just been exposed
to. Subsequently, a randomized allocation to one of the six interventions
(see section ‘Experimental conditions’) took place. Five interventions
involved looking at or mentally manipulating a photo displaying a variety
of unhealthy sweet- and savoury foods. The photo was standardized across
conditions to ensure that the interventions could be compared to one
another and thus participants were not instructed to envision an
individualized craved object like in the original imaginal retraining task.
Only the counter-movement condition received a photo displaying a
neutral water bottle, as approaching unhealthy food possibly would have
increased craving and was thus deemed unethical. After indicating
whether the participants had genuinely performed the intervention
(participants were informed that indicating “no” would not have any
negative implications), they rated the three pictures (same order) as well as
their current level of craving for high-calorie food anew. Their previous
responses were not shown. Participants then indicated, whether they felt
like they had experienced a real change, no change, whether they only
responded in an affirming way because they assumed it was expected of
them, or whether they felt like a change occurred for a different reason
than the intervention (open text field). At the end of the survey,
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participants indicated whether they had answered all questions truthfully
and were compensated with a manual containing exercises for relaxation
and self-compassion.

Experimental conditions

Participants were randomly assigned to one out of six conditions. In each
condition, a picture of a variety of unhealthy high-calorie foods was
displayed, following a short instruction:

1. Control condition: “Please take a quick look at the picture displaying
high-calorie foods. Only press “continue” after you have actually
followed the instruction.” (Word count original German text: 19).

2. Thought suppression: “Please do the following: Look at the picture,
then close your eyes and try not to think about the picture for a few
seconds. Please carry out this exercise even if it feels a little strange.
Only press “continue” after you have actually followed the
instruction.” (Word count original German text: 56).

3. Zooming: “Please do the following: Look at the picture. Then close
your eyes and imagine the picture slowly getting smaller. Please
carry out this exercise even if it feels a little strange. Only press
“continue” after you have actually followed the instruction.” (Word
count original German text: 53).

4. Retraining with movement: “Please do the following: Look at the
picture and imagine how you throw away the sweets/crisps in the
picture and how in your imagination the picture slowly becomes
smaller. Please carry out the actual arm movement, as if you were
throwing away the sweets/crisps with contempt. Please carry out
this exercise even if this feels a little strange. Only press “continue”
after you have actually followed the instruction.” (Word count
original German text: 76).

5. Retraining without movement: “Please do the following: Look at the
picture and imagine throwing away the sweets/crisps in the picture
and the picture slowly becoming smaller. Execute the movement in
your imagination only. Please carry out this exercise even if it feels a
little strange. Then, press “continue”.” (Word count original German
text: 60).

6. Counter-movement: “Please do the following: Imagine that you are
having a delicious drink and that you exaggeratedly set it a bit too
high—like in the picture—so that your gaze is directed slightly
upwards. Please also carry out this exercise if it feels a little strange.
Only press “continue” after you have followed the instructions.”
(Word count original German text: 64).

Statistical analysis

Within-group difference analysis concerning effects on the main outcome
variables craving and individual picture appraisal were calculated using
paired sample t-tests and effect sizes are shown in Cohen'’s d [34]. In case of
non-normal data (Shapiro-Wilk test of craving or picture appraisal scores
p < 0.05), a non-parametric Wilcoxon paired t-test was computed and effect
sizes were reported in r. As the hypothesis regarding craving reduction was
directed, two-tailed p-value results were divided by two. For individual
picture appraisal, there were no concrete hypotheses, which is why two-
tailed p-values were reported. Between-group differences regarding the
main outcome variables were assessed using one-way ANOVAs and in case
of non-normal data by Kruskal-Walis (K-W) tests with effect sizes in n2 As
picture 1-3 differed in content (healthy vs. non-healthy food), they were
analysed individually. Results were first obtained for all participants and in a
second step excluding participants indicating not having followed the
instructions. An explorative descriptive analysis regarding subjective
perception of ‘real change’ was conducted. An additional between-group
difference analysis was run with manual usage (yes vs. no) as reported by
participants as covariate, i.e. univariate ANCOVA, with group factor on post
craving as well as individual picture appraisals, in order to check whether
using the manual in the past 12 months had any confounding effect on the
outcomes across all groups. Due to the explorative nature of this study, it
was not corrected for multiple comparisons. All statistical analyses were
conducted with IBM SPSS Statistics 25.

RESULTS

Sample characteristics

The sample consisted of 113 women with a mean age of about 50
years (range: 25-72) and a mean BMI of 32.26 (BMI ranged
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between 21.26 and 56.88). 34.2% of the women showed a BMI
between 25 and 29.9 and are therefore classified as overweight
and 58.6% had a BMI over 29.9 and are therefore considered
obese. Since the baseline assessment, 7.2% of the participants
reached a BMI indicating normal weight (between 18.5 and 24.9).
As they entered the baseline trial with a BMI=25 being
overweight and reporting excessive consumption of high-calorie
foods, they were not excluded from the sample of this study. For
group allocation see Table 1. Pre-intervention, participants
showed a low to medium intrinsic craving (36 on a scale of 1 to
100) across groups. Pre-intervention the groups differed at trend
level regarding picture appraisal rating for picture 2 (woman
biting into a chocolate bar) and manual use in the past year (see
Table 1). No significant group differences regarding sample
characteristics were found between the six conditions.

Within-group differences

In three of the six conditions (1. Control [only looking at picture], 2.
thought suppression and 6. counter movement) neither a significant
reduction in craving nor individual picture appraisal (pictures 1-3)
was found (see Table 2). All results remained non-significant after
removing participants indicating not having followed the instruc-
tions in each condition.

Due to non-normal data of the difference scores (Shapiro-Wilk
test of craving scores for the zooming condition (group 3) p < 0.05),
non-parametric Wilcoxon paired t-tests were computed. Craving
was not significantly reduced (Z= —0.26, pone-tailed = 0.397, r=
0.04). Similarly, picture appraisal for picture 1 (fruits and
vegetables) and picture 2 (woman biting into a chocolate bar)
did not change (see Table 2). However, for picture 3 (variety of
unhealthy high-calorie foods) a significant reduction in picture
appraisal could be observed (—18.5%; Z= —2.07, Pwo-tailed =
0.038, r=0.30).

In the retraining condition with movement (group 4), craving was
reduced at a trend level (—12.50%; t(17) = 1.49; Pone-tailed = 0.078;
d = 0.35). While analyses of the picture appraisal did not show a
significant reduction for picture 1 (fruits and vegetables; +1.9%;
Z=—1.73, Ptwo-tailed = 0.083, r=0.29), a significant reduction in
pleasantness ratings for picture 2 (woman biting into a chocolate
bar; -16.9%; t(17) = 5.13; Piwo-tailed < 0.001 d = 1.21) as well as for
picture 3 (variety of unhealthy high-calorie foods; -21.7%; t(17) =
2.37; Prwo-tailed = 0.030; d =0.56) could be observed. However,
after the removal of one participant because of the indication not
having followed the instructions of the intervention, the effect on
picture 3 failed to reach significance and only an effect at trend
level could be observed (—20.5%; t(16) = 2.06; Prwo-tailed = 0.056;
d=0.50). In addition, the results in craving reduction did not
remain at trend level significance after the removal of the
participant (—11.4%; t(16) = 1.33; Pone-tailed = 0.102; d = 0.32).

In the retraining condition without movement (group 5) craving
was reduced at a trend level (—6.5%; Z= —1.51, pone-tailed = 0.066,
r=0.26). Individual analyses of the pictures did not show a
significant reduction in appraisal for picture 1 (fruits and
vegetables; -7.1%; Z = —1.38, Puwo-tailed = 0.167, r = 0.24), but for
picture 2 (woman biting into a chocolate bar; -17.7%; t(16) =
3.646; Diwo-tailed = 0.002; d=0.88) and for picture 3 (variety of
unhealthy high-calorie foods; -19.5%; Z= —2.41, Puwo-tailed =
0.016, r=0.41. However, the results for craving reduction did
not remain at trend level significance after removing one
participant who indicated not having followed the instructions
(—6.2%; Z = —1.27, Pone-tailed = 0.103, r = 0.22).

For exploratory purposes, an additional post hoc analysis was
conducted in which the retraining condition with movement (group
4) and the retraining condition without movement (group 5) were
evaluated together. Due to non-normal data (Shapiro-Wilk test of
craving scores for the retraining condition with and without
movement (group 4 and group 5) p<0.05), a non-parametric
Wilcoxon paired t-test was computed. Craving was significantly
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reduced (—9.5%; Z = —1.89, pone-tailed = 0.030, r = 0.32). Individual
picture appraisal for picture 1 (fruits and vegetables; -2.7%; Z =
—0.61, Prwo-tailed =0.541, r=0.10) was not reduced, while
appraisal for picture 2 (woman biting into a chocolate bar;
—17.1%; t(34) = 6.09; Prwo-tailed < 0.001; d = 1.03) and for picture 3
(variety of unhealthy high-calorie foods; -20.8%; %; Z= —3.08,
Piwo-tailed = 0.002, r = 0.52) was reduced significantly.

Between-group difference analysis

Due to non-normal data (Shapiro-Wilk for craving and all picture
appraisals for all groups p < 0.05), non-parametric K-W tests were
computed. No significant omnibus effect for the group factor
concerning craving or picture 1 (variety of healthy foods) could be
observed (see Table 2). Post picture appraisal for picture 2 (woman
biting into a chocolate bar; X35, N=113)=16.13, p = 0.006) and
picture 3 (variety of unhealthy high-calorie foods; X*(5, N=113) =
11.98, p = 0.035); see Table 2) differed significantly across groups
with medium effect sizes (7”=0.10 and n’=0.07, respectively). A
Bonferroni post hoc pairwise comparison of the groups showed a
difference in picture appraisal for picture 2 (woman biting into a
chocolate bar) at trend level between group 2 (thought
suppression) and group 6 (counter movement; p.gjusted = 0.086).
The post hoc comparison also showed a trend level difference in
picture appraisal for picture 3 (variety of unhealthy high-calorie
foods) between group 5 (retraining condition without movement)
and group 1 (control group; Padjusted = 0.086).

Exploratory descriptive analyses of subjective changes

In total, 24.8% of participants reported to have experienced a real
subjective change in craving after their intervention (see Table 1).
No significant difference could be found regarding subjective
change between groups (F(5,107) = 0.971, p = 0.439).

Within-group difference analysis of manual users vs. non-
users

ANCOVA analyses were run anew with group factor and manual
usage in the past year (yes vs. no) as a covariate. Manual usage
during the past year did not account for any significant explained
variance in post craving (F(1,112) =0.107, p = 0.744), nor indivi-
dual picture appraisal (picture 1: F(1,112) =1.319, p =0.253);
picture 2: (F(1,112) =2.125, p=0.148); picture 3: F(1,112) =
0.006, p = 0.937) post intervention.

DISCUSSION
The present study was aimed at dismantling the various
components of imaginal retraining to evaluate which ones are
most effective in reducing craving for high-calorie foods. We
hypothesized, that groups containing the components zooming,
imaginal retraining with or without a movement and thought
suppression have an advantage over the control condition and
the counter movement condition. Indeed, the results of this study
showed that the imaginal retraining condition with and without
movement prompted reduction in craving at trend level (—12.5%
and —6.5%). In the retraining condition including a movement,
individual evaluation of pleasantness for both pictures featuring
unhealthy foods, showed a significant reduction for picture 2
(—16.9%; woman biting into a chocolate bar) and picture 3
(—21.7%; variety of unhealthy high-calorie foods). The retraining
condition without a movement also showed a significant
reduction in pleasantness ratings for both pictures displaying
unhealthy foods (picture 2, —17.7% and picture 3, —19.5%). In
addition, the zooming condition displayed a significant reduction
in picture appraisal for picture 3 (—18.5%). None of the
participants indicated to have reported a change because it was
expected of them.

The results are in line with our hypotheses, showing a higher
reduction in craving for both conditions involving imaginal
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retraining with an imagined or actual movement. As expected, no
reductions in either individual picture appraisal or craving could
be observed in the control and counter movement condition. In
addition, no significant reductions could be found for picture 1,
which displayed a variety of healthy foods, speaking for a specific
effect of the interventions on craved, high-calorie foods. Although
the effects of craving reduction in both imaginal retraining
conditions were small (with movement d = 0.35, without move-
ment r=0.26) and not robust (trend level significance did not
remain after removal of one participant who indicated not having
followed the instructions in both imaginal retraining groups), they
were observed after a single dose of imaginal retraining only.
Moreover, for individual unhealthy picture appraisal reduction the
effect sizes in both retraining conditions were small to large
(condition with movement d = 1.21 and d = 0.56; without move-
ment d=0.88 and r=0.24), which indicates that the brief
imaginal retraining technique may be particularly effective in
reducing appraisal of unhealthy stimuli. As previous studies
[26, 28] suggest a dose-effect relationship, a continual application
of the exercise might increase its efficacy. The two imaginal
retraining conditions are rather similar, because the same
sensorimotor units are involved for imagined and actual move-
ments [35]. Because separately the two conditions only showed
reductions at a statistical trend level, an exploratory post hoc
analysis of both conditions joint was conducted to increase the
power of the analysis. A significant reduction in craving (—9.5%)
with a medium effect size (r=0.32) and unhealthy picture
appraisal for picture 2 (woman biting into a chocolate bar;
-17.1%) and picture 3 (variety of unhealthy high-calorie foods;
-20.8%) with medium to large effect sizes (d =1.03 and r=10.52,
respectively) could be observed.

In sum, the results suggest, that the imagined or actual
execution of an arm movement has a benefit over merely
zooming an object in imagination alone. Since less cognitive
resources are needed to execute the technique upon frequent
training, it needs to be assessed whether the actual movement
might add on an effect to the retraining with an imagined
movement upon progressive practice. For now, we can conclude
that there is no apparent difference in efficacy between the
condition with or without an actual movement, and hence that
the movement possibly might be dispensable. This notion is
supported by a recent study [31] on dismantling imaginal
retraining components in a sample of smokers. Here, imaginal
retraining without an arm movement led to a higher reduction in
craving after a single application of the technique. The movement
component could act as a distraction from the main task, as it
requires additional attention focused on the movement of
the arm.

Limitations

One component that is usually inherent to the imaginal retraining
technique is the fact that the user can imagine their individual
craved stimuli before their ‘inner eye’. In the scope of this study,
for the purpose of better controllability, participants were
confronted with preselected stimuli on a computer screen. This
poses the limitation that the ‘problem food' that acts as an object
of craving to the participant might not have been displayed on
the photo that was shown. As the photo used for the imaginal
retraining task contained a range of foods, it might have had the
advantage of displaying the craved foods of some individuals,
however, it also deviates from the original technique of picturing a
particular stimulus in line with one’s personal cravings. It was not
assessed, whether participant’s specifically craved objects were
represented in this photo. Furthermore, the photo contained a
wide variety of foods, arguably difficult to remember and picture
before the ‘inner eye’ and possibly too many stimuli to imagine
pushing away from oneself. Besides, the variety displayed on the
photo contained sweet- and savoury foods, which might not be
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appetizing to some people and thus might not elicit a high
craving effect in itself. For future trials the utilization of a wider
range of pictures is desirable.

In conclusion, participants might not have experienced high
levels of craving because of the lack of individuality of the food
and its portrayal. Furthermore, ratings of craving pre-intervention
were only low to medium with a mean of 36 on a scale ranging
from 1 to 100. As the imaginal retraining technique is supposed to
be helpful to the user in situations of acute craving, future studies
should consider inducing high levels of craving first, followed by
the utilization of the imaginal retraining techniques. It is important
to note that not all components used in the original imaginal
retraining technique were examined in the present experiment.
The original method also works with the component of mood
induction, by imagining either an unpleasant feeling (feeling sick
from the consumption of a craved object) or a pleasant one
(snuggling a pet) when imagining throwing away/pulling towards
oneself a craved vs. neutral stimuli, respectively. Future studies
should have a closer look at dismantling those components as
well. In addition, as the exploratory post hoc analysis of merging
groups 4 and 5 (with and without movement) rendered a
statistically significant reduction in craving, future studies should
adjust the sample size to increase statistical power to detect
effects. Furthermore, upcoming trials should consider a guided
laboratory environment using a fully balanced factorial design
assessing the main effect of movement. For ethical reasons, such
as potentially increasing craving and worsen symptomes, this was
not deemed possible within the scope of this online study. It is
important to address that the effects would not have survived
adjustment for multiple comparisons. Nevertheless, observing
trend level reductions in craving after a single-dose of imaginal
retraining in this exploratory trial are promising, as it paths the
way for future studies. Since the trial was part of a 1-year follow-up
of a 6 weeks' intervention trial, participants (including individuals
who had been allocated to the control group), had received a
manual explaining the complete imaginal retraining technique in
the past year. Therefore, a number of participants were already
familiar with the method and had further background information
about the mechanisms of the technique. It is possible that the
participants might have added other imaginal retraining compo-
nents to their assigned intervention, because they were already
familiar with carrying out the exercise in a certain way. However,
we asked whether the current given instructions were followed,
which most of the participants (89.0%) confirmed and controlled
for variance by manual usage by using it as a covariate.

Conclusion

While this study suggests that the imaginal retraining technique
with and without a movement component might be promising as
a brief intervention against cravings, future studies should focus
on testing this method when participants are either confronted
with or imagine their ‘problem food’ that is most craved to ensure
individual craving levels are heightened at the time. Future
research should also examine whether repeated application of the
dismantled components alters the observed effects. In addition, it
is of interest, whether the imaginal retraining technique including
a movement might be superior to the imaginal retraining
technique without a movement upon repeated practice and
subsequent mastery of the technique or vice versa. At the same
time the effects of the mood induction component, included in
the original version of the imaginal retraining manual should be
examined further.

Taking into account the insights of previous imaginal retraining
studies [26-28] and the findings of the study at hand, participants
should be provided with a detailed description of the technique
including background information. Following becoming familiar
and practicing the techniques, the participants might then be able
to apply them in situations of acute craving. In conclusion,
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although the effects on craving reduction were small, as we
looked at a single dose effect, the preliminary results look
promising and should be interpreted as an indicator that even a
one off imaginal retraining brief intervention could be an effective
and immediate self-help technique in situations of craving.

REFERENCES

1. Global Burden of Disease Health effects of overweight and obesity in 195
countries over 25 years. N Engl J Med. 2017;377:13-27.

2. World Health Organisation. Obesity and overweight. https://www.who.int/news-
room/fact-sheets/detail/obesity-and-overweight. 2020. Accessed 07 Jun 2020.

3. Dietrich A, Federbusch M, Grellmann C, Villringer A, Horstmann A. Body weight
status, eating behavior, sensitivity to reward/punishment, and gender: relation-
ships and interdependencies. Front Psychol. 2014;5:1-13.

4. Von Deneen KM, Liu Y. Obesity as an addiction: Why do the obese eat more?
Maturitas. 2011;68:342-5.

5. Mehl N, Mueller-Wieland L, Mathar D, Horstmann A. Retraining automatic action
tendencies in obesity. Physiol Behav. 2018;192:50-8.

6. Meule A, Skirde AK, Freund R, Voegele C, Kuebler A. High-calorie food-cues impair
working memory performance in high and low food cravers. Appetite.
2012;59:264-9.

7. Brockmeyer T, Hahn C, Reetz C, Schmidt U, Friederich H-C. Approach bias modifica-
tion in food craving—a proof-of-concept study. Eur Eat Disord Rev. 2015;23:352-60.

8. Hill AJ. The psychology of food craving. Proc Nutr Soc. 2007;66:277-85.

9. Hooper N, Sandoz EK, Ashton J, Clarke A, McHugh L. Comparing thought sup-
pression and acceptance as coping techniques for food cravings. Eat Behav.
2012;13:62-4.

10. Giuliani NR, Mann T, Tomiyama AJ, Berkman ET. Neural systems underlying the
reappraisal of personally craved foods. J Cogn Neurosci. 2014;26:1390-402.

11. Demos McDermott KE, Lillis J, McCaffery JM, Wing RR. Effects of cognitive stra-
tegies on neural food cue reactivity in adults with overweight/obesity. Obesity.
2019;27:1577-83.

12. Boswell RG, Sun W, Suzuki S, Kober H. Training in cognitive strategies reduces
eating and improves food choice. Proc Natl Acad Sci USA. 2017;115:1238-47.

13. Colles SL, Dixon JB, O'Brian PE. Grazing and loss of control related to eating: two
high-risk factors following bariatric surgery. Obesity. 2008;19:2287-622.

14, Horstmann A, Dietrich A, Mathar D, P&ssel M, Villringer A, Neumann J. Slave to
habit? Obesity is associated with decreased behavioural sensitivity to reward
devaluation. Appetite. 2015;87:175-83.

15. Janssen LK, Duif |, van Loon I, Wegman J, de Vries J, Cools R, et al. Loss of lateral
prefrontal cortex control in food-directed attention and goal-directed food
choice in obesity. Neurolmage. 2017;146:148-56.

16. Wiers RW, Gladwin TE, Hofmann W, Salemink E, Ridderinkhof KR. Cognitive bias
modification and cognitive control training in addiction and related psycho-
pathology: mechanisms, clinical perspectives, and ways forward. Clin Psycholo-
gical Sci. 2013;1:192-212.

17. Bechara A. Decision making, impulse control and loss of willpower to resist drugs:
a neurocognitive perspective. Nat Neurosci. 2005;8:1458-63.

18. Wiers CE, Kiihn S, Javadi AH, Korucuoglu O, Wiers RW, Walter H, et al. Automatic
approach bias towards smoking cues is present in smokers but not in ex-smokers.
Psychopharmacology. 2013;229:187-97.

19. Brockmeyer T, Hahn C, Reetz C, Schmidt U, Friederich HC. Approach bias and cue
reactivity towards food in people with high versus low levels of food craving.
Appetite. 2015;95:197-202.

20. Brignell C, Griffiths T, Bradley BP, Mogg K. Attentional and approach biases for
pictorial food cues. Influence Extern Eat Appetite. 2009;52:299-306.

21. Moritz S, Goritz AS, Schmotz S, Weierstall-Pust R, Gehlenborg J, Gallinat J, et al.
Imaginal retraining decreases craving for high-calorie food in overweight and
obese women: a randomized controlled trial. Transl Psychiatry. 2019;9:319.

22. Wiers RW, Eberl C, Rinck M, Becker ES, Lindenmeyer J. Retraining automatic
action tendencies changes alcoholic patient’s approach bias for alcohol and
improves treatment outcome. Psychological Sci. 2011;22:490-7.

23. Baird SO, Rinck M, Rosenfield D, Davis ML, Fisher JR, Becker ES, et al. Reducing
approach bias to achieve smoking cessation: A pilot randomized placebo-
controlled trial. Cogn Ther Res. 2017;41:662-70.

24. Fridland E, Wiers CE. Addiction and embodiment. Phenomenol Cogn Sci.
2017;17:15-42.

25. Fodor LA, Cosmoiu A, Podina IR. Cognitive bias modification interventions for
attention to and approach of appetitive food stimuli: A meta-analysis. J Evid-
Based Psychotherapies. 2017;17:85-104.

26. Kakoschke N, Kemps E, Tiggemann M. Approach bias modification training and
consumption: a review of the literature. Addictive Behav. 2017;64:21-8.

Translational Psychiatry (2021)11:481

J. Wirtz et al.

27. Moritz S, Paulus AM, Hottenrott B, Weierstall R, Gallinat J, Kihn S. Imaginal
retraining reduces alcohol craving in problem drinkers: a randomized controlled
trial. J Behav Ther Exp Psychiatry. 2019;64:158-66.

28. Moritz S, Goritz AS, Kraj M, Gehlenborg J, Hottenrott B, Tonn P, et al. Imaginal
retraining reduces cigarette smoking: a randomized controlled study. Eur
Addiction Res. 2020;26:355-64.

29. Dijksterhuis A, Bargh JA. The perception-behavior expressway: automatic effects
of social perception on social behavior. Adv Exp Soc Psychol. 2001;33:1-40.

30. Dijkstra K, Post L. Mechanisms of embodiment. Front Psychol. 2015;6:1-11.

31. Moritz S, Gehlenborg, Wirtz J, Ascone L, Kuehn S. A dismantling study on ima-
ginal retraining in smokers. Transl Psychiatry. 2021;11:92.

32. Skevington SM, Lotfy M, O’Connell KA. The World Health Organization’s
WHOQOL-BREF quality of life assessment: psychometric properties and results of
the international field trial. A report from the WHOQOL Group. Qual Life Res.
2004;13:299-310.

33. Kroenke K, Spitzer RL, Williams JBW. The PHQ-9: validity of a brief depression
severity measure. J Gen Intern Med. 2001;16:606-13.

34. Cohen J. Statistical power analysis for the behavioral sciences. 2nd edn. Routle-
dge; 1988.

35. Vallet GT, Brunel L, Riou B, Vermeulen N. Editorial: Dynamics of sensorimotor
interactions in embodied cognition. Front Psychol. 2016;6:1-3.

ACKNOWLEDGEMENTS

This study, as well as the work of JW, LA and SK, was partially funded by the European
Union (ERC-2016-StG-Self-Control-677804).

AUTHOR CONTRIBUTIONS

JW: writing of the manuscript, revising the article, data analysis, interpretation of data,
critical discussion of the methodology, investigation. LA: methodology, writing-
review and editing, supervision. JG: conceptualization, investigation, data acquisition,
writing-review and editing. SM: conceptualization, investigation, methodology,
project administration, resources, supervision, writing-review and editing. SK:
conceptualization, funding acquisition, resources, supervision, writing-review and
editing.

FUNDING
Open Access funding enabled and organized by Projekt DEAL.

COMPETING INTERESTS

The authors declare no competing interests.

ADDITIONAL INFORMATION

Correspondence and requests for materials should be addressed to Janina Wirtz or
Simone Kihn.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021

SPRINGER NATURE


https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	A dismantling study on imaginal retraining in overweight or obese women
	Introduction
	Automatic vs. controlled responses
	Imaginal retraining
	The present study

	Methods
	Sample
	Invitation and survey
	Questionnaires
	Procedure
	Experimental conditions
	Statistical analysis

	Results
	Sample characteristics
	Within-group differences
	Between-group difference analysis
	Exploratory descriptive analyses of subjective changes
	Within-group difference analysis of manual users vs. non-users

	Discussion
	Limitations
	Conclusion

	Acknowledgements
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




