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Abstract

Purpose Despite varied treatment effects, weight recidivism is common and typically associated with the abandonment of
prescribed weight management strategies. Literature suggests that difficulty with weight management is associated with
deficits in executive functioning, in particular cognitive flexibility and response inhibition, the neurocognitive processes
that are involved in goal-directed behaviours, such as dietary adherence. These processes are overlooked by mainstream
weight loss programmes. The aim of the study was to assess the effectiveness of a cognitive remediation-enabled cognitive
behaviour therapy (CR-CBT) in addressing the neurocognitive, psychological and behavioural correlates of weight loss. It
was hypothesised that CR-CBT would improve cognitive flexibility and response inhibition, reduce binge eating, aid weight
loss and improve metabolic health.

Methods Four adults with obesity (body mass index > 30 kg/m?) received 7 weeks of manualised CR-CBT and were assessed
via a case series analysis at baseline, end of treatment and 3-month follow-up. Treatment included 3 weekly 90-min group-
based behaviour weight loss sessions for 3 weeks, followed by twice-weekly 50-min individualised CR-CBT sessions for
4 weeks.

Results Cognitive remediation-enabled cognitive behaviour therapy produced improvements in response inhibition and
cognitive flexibility, and reductions in binge eating frequency, weight, and metabolic health readings between baseline and
3-month follow-up.

Conclusions This is the first study to assess the effectiveness of CR-CBT in the treatment of obesity. Preliminary indica-
tions of treatment success are discussed with respect to study limitations. In light of these results, we recommend further
investigation via a randomised control trial (RCT).

Level of evidence Level IV, case series.

Keywords Cognitive Remediation-enabled Cognitive Behaviour Therapy - Obesity - Executive function - Cognitive
flexibility - Response inhibition - Weight loss

Introduction

Obesity is defined as the accumulation of excess body
Electronic supplementary material The online version of this fat and a Body Mass Index (BMI) of 30 or above [1]. Its
article (https://doi.org/10.1007/s40519-019-00823-4) contains increasing preva]ence’ lifetime Chronicity’ and associa-
supplementary material, which is available to authorized users. tion with adverse health outcomes such as type 2 diabetes

and cardiovascular disease have made it a major target for
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Jayanthi.Raman @uts.edu.au public health action [1, 2]. While health guidelines recom-
Zhixian Sui mend lifestyle modification to reduce weight and improve
zhixian.sui @unsw.edu.au metabolic health, many individuals with obesity struggle

to enact long-term behaviour change [2-4]. Behavioural
Weight Loss (BWL) programmes are considered the corner-
stone of obesity treatment, targeting weight loss via lifestyle
adaptations including healthy diet and regular exercise [5].
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Extensive research suggests that while BWL is associated
with a 5-10% reduction in weight during treatment, 85% of
participants return to or exceed their original weight in the
months and years following treatment [6, 7]. Poor long-term
treatment outcomes remain one of the most critical issues
for this population, and researchers are calling for the trial of
novel interventions in addressing this ongoing issue [8, 9].

Relapse in obesity is typically associated with the aban-
donment of prescribed weight management strategies, once
the motivating effects of therapy are no longer available [10].
Commitment to dietary regimes is particularly challenging
within contemporary “obesogenic” environments, where
readily available energy-dense foods are easy triggers for
the return to excessive and unhealthy eating habits [10, 11].
Furthermore, the psychological factors that underpin weight
recidivism are becoming increasingly known. These include
binge eating disorder (BED), loss of control eating, addictive
eating behaviours and emotional eating [12, 13]. Trials of
interventions targeting these issues have rendered unpromis-
ing results [14, 15]. Psychological theorists have associated
relapse with clients’ unrealistic weight loss expectations,
which leads to perceived failure and abandonment of dietary
strategies [10, 16]. Trials of Cognitive behaviour Therapy
(CBT) that have encouraged the maintenance of modest
weight loss have found that while participants lose weight
during treatment, CBT is no more efficacious than BWL in
preventing post-treatment relapse [10, 17].

Brain-directed approaches: a new direction

Challenges associated with sustained weight loss have led
researchers to look beyond the physical and psychological
mechanisms of obesity. Emerging evidence suggests that
obesity is associated with impairments in executive func-
tioning, that is, the top—down cognitive processes respon-
sible for goal-directed behaviours [18, 19]. Key processes
of executive functioning include response inhibition, cogni-
tive flexibility, planning and problem solving, which have all
been shown to play important roles in weight management
[19-21].

Response inhibition, or inhibitory control, refers to the
effortful suppression of impulses, which is implicated in the
ability to overcome urges to eat foods that jeopardise weight
loss [22]. Cognitive flexibility, or set-shifting, refers to the
ability to switch between goals, rules or modes of thinking,
which is a key requirement for modifying unhelpful eating
patterns [18, 23, 24]. Finally, planning and problem solving
are processes that are crucial for replacing old dietary habits
with new ones [22, 25].

A number of studies suggest that adults with obesity
perform more poorly on measures of executive function-
ing when compared to normative controls, including poorer
response inhibition [23, 26-29], set-shifting [23, 30], and
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decision-making [31, 32], independent of differences in
intelligence and level of education. A recent meta-analysis
reported that individuals with obesity display impairments
across a range of executive processes independent of differ-
ences in gender, obesity severity and age [22].

Additionally, neurocognitive research has adopted
new ways of designing weight management interventions
and delivered positive outcomes, for example, advanced
set-shifting for stronger fulfilment of dietary goals [33],
advanced response inhibition for more controlled eating
and greater weight loss among BWL programmes [34-37],
and strengthened executive functioning for healthier food
choices [36]. Inhibitory deficits have also been associated
with binge eating, i.e. excessive and uncontrolled food con-
sumption, common among individuals with obesity [28, 38,
39].

The bidirectional relationship between executive impair-
ments and obesity has also been recognised [40, 41]. On the
other hand, obesity-related inflammation and hypertension
have been shown to contribute to poorer executive function-
ing [42—45]. Supporting this interpretation, bariatric patients
have been shown to exhibit prompt and sustained improve-
ments in executive functioning following surgical weight
loss [46]. The exact relationship between executive impair-
ment and obesity remains unclear and further longitudinal
research is needed.

Recently, it has been suggested that self-regulatory behav-
iour change entails not just motivation to control behaviours
but also the capacity to overcome obstacles and temptations
that compromise goals [47]. In line with this, there have
been explorations of the impact of improving executive func-
tioning in obesity via “brain-training”’, which may strengthen
capacities for sustained behaviour change in the treatment
of Obesity [48, 49].

Brain-training is derived from principles of neuroplasti-
city, that is the brain’s capacity to strengthen neural path-
ways via task repetition, producing neurological changes
that can disrupt and modify automatic behaviours [50-52].
Recent evidence suggests that brain-training has the poten-
tial to reverse executive impairments and promotes weight
loss [49, 53-55]. A recent review of 32 studies found posi-
tive associations between various types of brain-training
techniques, reduced food intake and weight loss, although
studies were largely limited to laboratory settings and nor-
mal weight participants [56].

A more clinical approach to brain-training in obesity
has been recently trialled via cognitive remediation therapy
(CRT) [49]. CRT uses the repetition of simple mental exer-
cises to improve executive skills that underpin behaviour
change, such as the ability to plan ahead, inhibit automatic
impulses and think flexibly [57]. CRT was initially devel-
oped to treat brain lesions and schizophrenia [58, 59] and
has now been associated with improved cognition and health
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behaviours in addiction and anorexia nervosa [60-62]. CRT
is intended as an adjunct to other therapeutic modalities as
a means of improving clients’ cognitive capacities to inde-
pendently apply the strategies provided in treatment [49]. A
recent randomised control trial (RCT) demonstrated clini-
cally significant weight loss and better set-shifting in a CRT
intervention group, in comparison to the control, among 80
adults with obesity [49].

Cognitive remediation-enabled CBT (CR-CBT)

The rationale of the proposed CR-CBT approach was to
enhance cognitive flexibility in our participants, so that
they are better able to follow the guidelines of the cognitive
behavioural therapy offered in this programme. To achieve
both positive short-term effects on client motivation and
weight loss, and advancements in the executive processes
responsible for sustained behaviour change [6-8, 59], a
manualised CR-CBT treatment for obesity that combines
BWL, CBT and CRT was developed. Cognitive remedia-
tion-enabled CBT (CR-CBT) uses standardised BWL and
customised CBT principles to introduce weight loss strate-
gies and enhance client motivation to lose weight, combined
with CRT training exercises that address the neurocogni-
tive processes which facilitate sustained behaviour change.
The inclusion of meta-cognitive training, that is, reflection
on one’s own thinking processes, is envisaged to promote
individuals’ awareness of how their habitual thinking styles,
such as impulsive responding, relate to their everyday die-
tary behaviours. As standalone BWL and CBT are asso-
ciated with high relapse rates, CR-CBT aims to enhance
the self-regulatory skills required to maintain weight loss
post-treatment.

Aim and hypotheses

The current study aimed to assess the effectiveness of CR-
CBT as a viable treatment for obesity in its potential to
achieve weight loss and reduce associated cardiometabolic
health risks. This was executed via a case series, aiming to
provide preliminary data for a future RCT.

Methods

A case-based time series analysis was used to assess the
efficacy of CR-CBT in treating obesity. The expected out-
comes were weight loss, improved executive functioning
(set-shifting and response inhibition), improved cardiomet-
abolic health (blood pressure, Triglycerides/High Density
Lipoproteins-Cholesterol, C-Reactive protein), and reduced
binge eating frequency. Outcome measures were taken at
End of Treatment (EoT) and 3-month follow-up. Ethics

approval was obtained through the University of Technol-
ogy Sydney (UTS; Human Research Committee Number
ETH17-1440).

Participants

Participants were three women and one man (n=4) recruited
from the community via word of mouth and advertisements
posted on social media, community and university notice
boards. Participants were included if they were (a) between
ages 18 and 55, (b) had a minimum BMI of 30, (c¢) could
read and write in English; and (d) had a minimum of 10-year
education. Exclusion criteria included: prior or planned
bariatric surgery; history of psychosis, head injury or neu-
rological disorder; current use of weight loss medication,
excessive alcohol, illicit drugs, hypnotics, antipsychotics,
anticholinergic and cholinergic medication.

Procedure

Assessment and treatment were delivered by a clinical psy-
chologist. Following a phone-screener, participants attended
a pre-treatment assessment where eligibility was further
assessed via a face-to-face interview. Participants were
given an information sheet outlining the study aims before
providing written consent. Weight, height, demographic,
executive functioning, cardiovascular health, and binge eat-
ing behaviour information were taken at baseline. Treatment
included 8 sessions delivered over 7-9 weeks, depending
on participant availability. Outcome measures were taken
at EoT and 3-month follow-up. An emergency protocol was
developed to manage risk associated with potential client
distress. Participants were given a $50 shopping voucher to
compensate for their commute and parking.

Measures
Weight

Participants’ weight was measured using calibrated scales,
and their height and waist circumference were measured
using a tape measure. Participants’ BMIs indicated obesity
severity and were calculated by dividing weight by height
squared (kg/m?). Weight change outcomes included absolute
weight loss from baseline (in kg), Total Body Weight Loss
(TBWL) (in %), and reduction in waist circumference (in
cm). Based on global and national health guidelines, suc-
cessful weight loss was defined as a 5% reduction in weight
from baseline, as this is associated with considerable health
improvements [2—4].
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Executive functioning

Participants’ response inhibition and set-shifting ability
were used as indicators of executive functioning, as these
are the domains identified to be most implicated in obesity
[25, 27]. Participants completed inhibitory control and set
shifting subtests from the Cambridge Neuropsychologi-
cal Test Automated Battery (CANTAB) [63], a comput-
erised assessment of cognitive functioning [63, 64]. Tests
were completed on an electronic tablet. Inhibitory control
was measured with the stop signal task (SST), assessing
response inhibition via the action of inhibiting an already
initiated response [23]. The outcome measurements of
SST included stop signal delay (SSD) and stop signal
reaction time (SSRT). Set-shifting ability was measured
using the attention switching task (AST), with outcome
measurements expressed as switching cost (SC). Detailed
explanation of SST and AST can be found in Supplemen-
tary File 1 with interpretation of measurements.

Cardiometabolic health outcomes

Obesity is associated with hypertension, elevated insulin
levels and low-grade systemic inflammation, which are
all risk factors for cardiometabolic diseases [65—68]. Car-
diometabolic health measurements in the study included:

Blood pressure (BP): BP was measured in millimetres
of mercury (mmHg), with hypertension identified via
readings of > 140/90 mmHg [69]. Readings were taken
in-session by the research clinician using an electronic
BP monitor (OMRONT™) at baseline, EoT and 3-month
follow-up [67].

Triglycerides/high-density lipoprotein cholesterol (Tg/
HDL-C): The Tg/HDL-C Ratio is a measure of hyperten-
sion and insulin resistance [65].

C-Reactive protein (CRP): CRP is a measure of low-grade
systemic inflammation.CRP was measured in milligrams per
litre (mg/L), with readings of >?2.4 mg/L identifying clini-
cally significant levels [68].

Triglycerides, HDL and CRP were measured at baseline
and 3-month follow-up via a single blood test. Participants
were directed to their local pathology centre for this purpose.

Binge eating

Self-reported binge eating episodes provided an indicator
of dysregulated and uncontrolled eating behaviour and were
measured via the Eating Disorder Examination Question-
naire (EDE-Q) [70]. Binge eating is highly prevalent among
individuals with obesity and is associated with poorer treat-
ment outcomes [70-72].
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Treatment

Treatment included 3 weekly 90-min group-based BWL ses-
sions followed by 8 50-min individualised CR-CBT sessions,
delivered approximately twice a week. Each treatment com-
ponent was delivered in accordance with the CR-CBT man-
ual developed for this study. BWL sessions were consistent
with conventional programme content including goal setting,
psycho-education surrounding healthy eating practices and
exercise, and discussion of personal barriers to weight loss
[7, 73]. Each CR-CBT session included 30 min of CRT and
20 min of CBT, and provided homework tasks to ensure that
skills were practiced outside therapy. The treatment outline
is provided in Appendix 1.

CBT component

Cognitive behaviour therapy consisted of customised cogni-
tive and behavioural strategies designed to complement CRT
by encouraging the regulation of habitual eating behaviours
and more adaptive food-related thoughts. Cognitive restruc-
turing techniques addressed habitual all-or-nothing mindsets
associated with dietary practices, and behavioural techniques
include urge surfing, coping intentions, response inhibition,
“mindful” eating and behavioural experiments such as expo-
sure and response prevention. The final session focused on
relapse prevention strategies to help maintain weight loss.

CRT component

The CRT component included pen-to-paper exercises, puz-
zles and games to promote flexible thinking styles, inhibitory
control, planning and problem solving. Upon the comple-
tion of each exercise, participants engaged in meta-cognitive
practice by reflecting on how their task performance (e.g.
automatic and impulsive responding or lack of attention to
detail) related to the dietary practices addressed via CBT
(e.g. automatic and habitual grazing behaviours or lack of
attention to nutritional information and meal planning). This
component was essential in encouraging understandings of
how personal thinking styles underpinned approaches to
food and how improvements in these areas could facilitate
behaviour change. Sessions 1-4 introduced all CRT tasks
and sessions 5—8 focused on practicing skills that individual
participants found most challenging. All participants were
encouraged to do word and number puzzles, try new behav-
iours at least once a week and also to attempt brain-training
online games such as Lumosity.com from the time interven-
tion was completed to their 3-month follow-up. No data were
collected at the 3-month follow-up as to whether participants
adhered to these suggestions.
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Data analysis

Change in measurements was recorded from baseline, to EoT
and 3-month follow-up. Data analysis followed the per-pro-
tocol approach. Continuous data were aggregated and pre-
sented as group mean and range (min—-max), and measured
individual data were also presented. Visual inspection of the
data was used to assess trend and magnitude of change, as
is traditionally applied in case series analysis [74]. Statisti-
cal tests were not conducted due to the small sample size
(and the assumptions of normality not being met), as well as
the lack of availability of normative data for the CANTAB
electronic tablet tests.

Results
Participant characteristics

Baseline participant characteristics are displayed in Table 1.
Three participants were Anglo-Saxon and one was Latino.
Three had post-graduate qualifications and worked full time,
and one was a current full-time university student. Three
of the 4 participants were categorised as morbidly obese
(BMI > 40 kg/m?). All participants displayed clinically ele-
vated levels of CRP. Two participants displayed clinically
high level of BP.

Table 1 Baseline participant characteristics

Weight loss outcomes

All participants lost weight from baseline to EoT (M =4.0 kg,
TBWL 3.4%) and 3-month follow-up (M =4.8 kg, TBWL
3.8%). Weight loss was also reflected in reductions in waist
circumference measurements (Table 2). One participant
reached the 5% TBWL threshold by EoT but failed to main-
tain the level by 3-month follow-up, whereas the other par-
ticipants maintained or achieved further weight loss from
EoT to 3-month follow-up.
Individual weight loss data are displayed in Table 2.

Executive functioning outcomes

Figure 1 demonstrates participants’ SST performance.
On average, participants’ ability to inhibit inappropri-
ate responses (i.e. SSRT score) improved from baseline
(M =257 ms, range 223-327 ms) to EoT (M =232.4 ms,
range: 221-245 ms) and 3-month follow-up (M =222.4 ms,
range 197.3-246.5 ms), indicating improved response inhibi-
tion performance.

Figure 2 demonstrates participants’ AST performance.
On average, participants’ switching cost (SC) scores reduced
from baseline (M =258 ms, range 181-317 ms) to EoT
(M =237 ms, range 95-373 ms) and again at 3-month fol-
low-up (M =198 ms, range 137-229 ms).

This indicated that their average ability to switch between
stimuli improved, indexing improved set-shifting.

Age (years) Weight (kg) Waist (cm) BMI (kg/mz) BP (mmHg) Tg(mmol/L) HDL CRP (mg/L) Binge (epi-
(mmol/L) sodes/28 days)
P1 34 143 135 40 157/103 1.2 1.7 2.5 5
P2 50 141 145 45 133/101 1.1 1.7 35 8
P3 44 73 98 30 181/126 1.2 1.7 2.5 14
P4 31 151 162 50 132/91 3.8 1.4 32.7 15

P participant, BMI body mass index, BP blood pressure, Tg triglycerides, HDL high density lipoprotein cholesterol, CRP C-reactive protein,

Binge Binge eating

Table 2 Individual participant

. EoT Three-month follow-up
weight loss outcomes from
baseline to End of Treatment Absolute TBWL (%) Reduction in waist ~ Absolute TBWL (%) Reduction in waist
(EoT) and 3-month follow-up weight loss circumference (cm) weight loss circumference (cm)
(kg) (kg)
Pl 6 4.2 10 7 49
P2 3 2.1 4 3 2.1 5
P3 4 5.5 3 3 4.1 3
P4 3 2 13 6 4 13

P participant, TBWL percentage of total body weight loss from baseline
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Fig. 1 Individual participant SST scores at baseline, end of treatment
(EoT) and 3-month follow-up
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Fig. 2 Individual participant AST scores at baseline, end of treatment
(EoT) and 3-month follow-up

Cardiometabolic health outcomes

An overall reduction was observed among all participants
in blood pressure, CRP, and Tg, from baseline to 3-month
follow-up (Table 3). On average, HDL levels remained
the same. Individual participant results can be seen in
Appendix 2.

Binge eating outcomes
Participant responses to question 18 of the EDE-Q across 3

time points can be seen in Fig. 3. On average, participants
reported a reduction in binge eating frequency between

baseline (M =11, range 5-15) and EoT (M =3, range 0-5),
which was sustained at 3-month follow-up (M =3, range
0-6).

Discussion

The findings of this study indicated promising results in
weight management, cardiovascular, and cognitive outcomes
with CR-CBT among people with obesity. Standalone BWL
and CBT are associated with high relapse rates, and post-
treatment weight regain remains one of the greatest chal-
lenges in the treatment of obesity [4, 5]. This preliminary
study was the first to assess whether CR-CBT, a novel inter-
vention, could produce sustained weight loss by targeting the
behavioural and psychological components of weight man-
agement, as well as the neurocognitive processes that facili-
tate behaviour change, and that are known to be impaired
in obesity. It was hypothesised that among four individuals
with obesity, CR-CBT would reduce weight, improve cardio-
metabolic health readings, enhance cognitive flexibility and
response inhibition and regulate eating behaviours by the
end of treatment and 3-month follow-up. Preliminary visual
inspection of the data confirmed each of these hypotheses,
suggesting that CR-CBT may be a promising treatment solu-
tion for individuals with obesity.

Results indicated that CR-CBT was effective in producing
weight loss, and that the greatest percentage of total body
weight loss (TBWL) occurred during treatment. This trend is
common to weight loss programmes and has been associated
with the provision and reinforcement of treatment strategies
and the motivating effects of therapist support [7, 9, 15]. The
average percentage of TBWL during treatment was 3.4%,
and only 1 participant reached the 5% weight loss guideline
[2, 3]. As standalone BWL and CBT programmes produce
5-10% TBWL within 6-24 months of treatment [5, 7, 9, 15,
72, 73], 3.4% TBWL during the current study’s brief 7-9-
week intervention may be a promising start.

Excluding participant 3, who gained a kilogram between
end of treatment and 3-month follow-up, all other partici-
pants either continued to lose weight post-treatment or main-
tained the weight they had lost. This may suggest that CR-
CBT was effective in providing individuals with the tools

Table 3 Mean cardiometabolic

N A Baseline EoT Three-month follow-up

reading at baseline, End of

Treatment (EoT) and 3-month Group mean Range Group mean Range Group mean Range

follow-up
BP (mmHg) 146/103 132-181/ 130/93 124-138/ 129/90 111-137/
CRP 10.3 2.5-32.7 8.1 0.9-27.4
Tg (mg/L) 1.8 1.1-3.8 14 0.9-2.6
HDL (mmol/L) 1.6 1.2-1.6 1.5 1.2-1.6

BP blood pressure, CRP C-reactive protein, g triglycerides, HDL high density lipoprotein cholesterol
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Fig.3 Individual participant self-reported binge eating occurrences
in the previous 28 days at baseline, end of treatment (EoT) and
3-month follow-up

to maintain weight loss independent of therapist contact—
a preliminary indication of the long-term effectiveness of
CR-CBT. As standalone BWL and CBT intervention studies
have identified that post-treatment weight regain typically
begins 6 months after programme completion, the current
study’s 3-month follow-up could not assess whether the
addition of CRT as an adjunct to CBT and BWL was advan-
tageous in preventing typical patterns of weight regain [75].
As a longer follow-up period was beyond the scope of this
project, future research should employ follow-up periods
up to 12 months, in keeping with the Institute of Medicine
criteria [76].

Consistent with predictions, participants’ average
response inhibition and set-shifting performances improved
between baseline and end of treatment and continued to
improve by 3-month follow-up. The magnitude and trajec-
tories of change differed between tasks and participants.
Participant 1’s SST scores improved between baseline and
end of treatment but weakened between end of treatment and
3-month follow-up, while the opposite trend was noted for
this participant’s AST performance. Participant 2 displayed
close to no change on the SST and the greatest improvement
of all participants on the AST between baseline and 3-month
follow-up, although performance initially weakened between
baseline and end of treatment. Participant 3 displayed pro-
gressive improvements on the SST and AST at both follow-
up points. Participant 4 displayed the greatest improvements
on the SST by the end of treatment and the most linear and
continuous improvement on the AST at all time points. It is
not uncommon for participant performance to vary across
distinct measures of executive functioning, which may
reflect both the diversity and complexity of executive pro-
cesses, and the varying sensitivity of tasks [77]. While the
magnitude and significance of improvement are inconclusive
in the absence of population norms and statistical analysis,

the observed trend in average improvement at each follow-up
point builds upon a recent study to suggest that the repetition
of CRT exercises strengthens executive processes [49]. We
propose that further investigation within a large sample is
warranted.

Our findings also indicated that by aiding in weight reduc-
tion, CR-CBT may help other important health outcomes
in the treatment of obesity [1-4, 66]. While HDL readings
remained the same, the general pattern of improvement
across all other metabolic health readings was promising.
Steep reductions in binge eating behaviours were reported
between baseline and end of treatment, with participant 3
reporting the elimination of binge eating. By 3-month fol-
low-up, these reductions were either sustained or reduced
further (excluding participant 3 who reported an increase by
1 episode at 3-month follow-up). Raman et al. [49] reported
that CRT produced similar reductions in binge eating during
treatment that were maintained at 3-month follow-up. In the
current study, CRT exercises encouraged the inhibition of
automatic and ineffective task-based responses; while the
addition of CBT homework tasks (for example, exposure
and response prevention to energy-dense foods), encouraged
the inhibition of real-world automatic and ineffective eat-
ing behaviours (for example, binge eating). Hence, CR-CBT
targets binge eating more comprehensively than standalone
CRT by facilitating the behavioural generalisation of neu-
rocognitive skills to everyday eating. In the current study,
this connection was identified by participants during meta-
cognitive task reflection, thus reinforcing learning.

Most promising were the consistent trends observed
across all measures, identifying that on average, cognition,
binge eating, weight loss and the majority of metabolic read-
ings all improved between baseline and 3-month follow-up.
This may suggest that the combined neurocognitive, psy-
chological and behavioural approach was successful in
facilitating improved executive functioning, which in turn
contributed to improved eating behaviours and associated
weight loss and metabolic health. There is also the possibil-
ity that weight loss contributed to improvement in cognitive
flexibility and response inhibition measures, reflecting the
hypothesised bidirectional relationship between obesity and
executive dysfunction [78]. While conclusions surrounding
the causal relationship between factors in the current case
series are speculative, these preliminary observations are
promising and warrant further investigation via a correlation
analysis in a large sample.

Limitations and future research

The current findings need to be interpreted with caution as
data from single case series are preliminary and cannot be
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generalised to the wider clinical population [79]. Other gen-
eral limitations of case series studies also applied, includ-
ing lack of control and potential measurement error. An
additional limitation was the use of single tasks to measure
inhibitory control and set-shifting. Specific brain regions are
difficult to localise via single measures that reflect varying
processes [77, 80]. Additionally, CRT strengthens cognitive
skills beyond response inhibition and cognitive flexibility,
such as planning and decision-making that are also impli-
cated in obesity and weight management [28, 39, 58]. Future
research should assess these mechanisms via additional test-
ing tools.

Despite these limitations, the preliminary suggestion that
CR-CBT is advantageous in addressing the physical, meta-
bolic and neurocognitive features of obesity during and after
treatment provides reason for further statistical investigation
via an RCT. The short-term CR-CBT may be a beneficial
alternative to longer-term weight loss programmes in terms
of cost and time efficiencies for both clients and practition-
ers [18, 58].

Future RCTs should compare the effects of CR-CBT
with those of standalone CRT, BWL and CBT, at multiple
follow-up points, to determine whether the combined treat-
ment approach is more efficacious in contributing to long-
term weight loss maintenance. More research is also needed
to understand how executive function plays out long term
and their exact relationship with weight regain. Concurrent
advancements in this knowledge may help to refine inter-
ventions such as CR-CBT to target specific executive pro-
cesses and related eating behaviours both during and after
treatment. Multiple and extensive follow-up points should
endeavour to assess whether clinical improvement is sustain-
able, and whether CR-CBT provides a viable solution to
longer-term weight management, which remains the central
issue in obesity treatment. Finally, future trials should also
include a diagnostic assessment of binge eating disorder to
assess whether CR-CBT is also influential in treating psy-
chopathology associated with obesity [8, 9].

Conclusion

Mainstream BWL and CBT interventional approaches to
obesity have failed to show long-term behaviour change.
Recent evidence suggests that relapse may be due to
executive deficits associated with obesity that are known
to be implicated in the self-regulation of eating behav-
iours. This study was the first to assess the efficacy of
CR-CBT, a novel intervention, in treating the behavioural
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and psychological mechanisms of obesity, as well as the
cognitive flexibility and response inhibition capacities that
facilitate sustained behaviour change. Results suggested
that 8 sessions of CR-CBT rendered average improve-
ments in weight, metabolic health, executive functioning
and eating behaviours among 4 individuals with obesity.
The preliminary indication that these improvements were
sustained in the absence of therapist contact suggests that
CR-CBT may be influential in facilitating the maintenance
of adaptive health behaviours post-treatment. These pre-
liminary findings should be verified via RCTs with more
extensive follow-up periods.

What is already known on this subject?

Emerging evidence suggests that obesity is associated with
impairments in executive functioning. Cognitive remedia-
tion therapy has been shown to help reduce eating pathol-
ogy, and enhance set shifting abilities.

What does this study add?

This study utilised cognitive remediation as an adjunct
therapy to cognitive behavioural therapy (CR-CBT), simul-
taneously treating the cognitive, behavioural and psycho-
logical aspects of eating behaviours in obesity to facilitate
sustained behaviour change. A brief 8-session intervention
of CR-CBT rendered improvements in weight, metabolic
health, executive functioning and eating behaviours among
4 individuals with obesity. The findings from this study have
implications for clinical practice and for future trials using
cognitive remediation as an adjunct therapy.
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Appendix 1: CR-CBT Treatment Plan

Cognitive remediation-enabled cognitive behavioural therapy (CR-

CBT) manualised format
Session 1 CRT

CBT

Session 2 CRT

CBT

Session 3 CRT

CBT

Session 4 CRT

1. Introduction to the pro-
gramme

2. Psycho-education of CRT in
weight management

3. Tasks relating to cognitive
flexibility

1. Psychoeducation of CBT in
weight management

2. Self-efficacy training

3. SMART goals

1. Review home work

2. Recap

3. More tasks on cognitive
flexibility

4. New ways of thinking—in-
session training

5. Home work—self-moni-
toring

Session 5

Session 6

1. Review home work

2. Recap

3. Eating focused CBT—dis-
cussion

4. Behavioural experiments

5. Homework—beh experi-
ment + continue self-moni-
toring

1. Review home work

2. Recap

3. Tasks on cognitive flexibil-
ity, response inhibition and
planning

4. Home work

Session 7

1. CBT on impulse control

2. CBT on health behaviour
change

3. In-session training

4. Homework—beh experiment
and continue self-monitoring

Session 8

1. Review home work

2. Cognitive flexibility and
response inhibition tasks—
continued

3. Estimation tasks—in-session
training

4. Planning and organisation—
in-session training

CBT

CRT

CBT

CRT

CBT

CRT

CBT

CRT

CBT

1. Review home work

2. Mindfulness in eating
behaviours

3. Exposure and response
prevention—Psycho-ed

4. Home work: on 2 and 3

1. Review home work

2. Attention switching and
Attention to detail tasks

3. Planning and organisation
tasks

4. Cognitive flexibility tasks

5. New ways of thinking tasks

1. Review home work

2. Resisting and managing
temptation—in-session
training

3. Structured problem solving
in eating behaviours—in-
session training

4. Home work: on 2 and 3

1. Review home work

2. Cognitive flexibility tasks

3. Response inhibition tasks

4. Advise participant to start
preparing a letter to the
therapist

1. Review home work

2. Overcoming unhelpful
habits

3. Temptation management
Cont’d

4. Homework tasks: on 1 and 2

1. Goals—moving forward and
strategies

1. Review home work

2. Recap on all CBT strategies
taught so far with an empha-
sis on linking them with the
CRT exercises taught so far:
content and process

1. Mind map

2. Read letter to the therapist
3. Recap programme content
4. Relapse prevention

1. Relapse prevention

2. Motivational therapy build-
ing self-efficacy—Guided
discovery techniques

3. CBT goals—moving for-
ward and strategies

5. Home work: estimation
tasks in shopping behaviours
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Appendix 2: Individual participant
cardiometabolic results

Individual C-reactive protein (CRP), triglycerides and high density
lipoproteins—cholesterol readings at baseline, end of treatment (EoT)
and 3-month follow-up

CRP (mg/L) Tg (mmol/L) HDL (mmol/L)
Baseline Three- Baseline Three- Baseline Three-
month month month
follow- follow- follow-up
up up
P1 25 1.5 1.2 1 1.7 1.2
P2 35 2.6 1.1 0.9 1.7 L5
P3 25 0.9 1.2 0.9 1.7 1.6
P4 327 27.4 3.8 2.6 14 1.5

P participant, BMI body mass index, BP blood pressure, Tg triglycer-
ides, HDL high density lipoprotein cholesterol, CRP C-reactive protein,
Binge Binge eatingIndividual participant blood pressure (BP) readings
at baseline end of treatment (EoT) and 3-month follow-up

BP (mmHg)

Baseline EoT Three-
month
follow-up

P1 157/103 138/90 134/82
P2 133/101 124/88 133/98
P3 181/126 127/100 137/101
P4 132/91 129/94 111/78
P participant
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