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FOREWORD

This thesis has been written to fulfil the requirements of a Master of Medicine in Exercise Science and
Sports Medicine. It is the continuation of the original study, Mind the Gap: Brain-behaviour Barriers to
Successful Weight Loss Maintenance (Hume, 2015a), which found that women who were able to
maintain their weight loss in the long term exhibited different habits, such as more disciplined eating
and exercise regimes, to those that regained weight after weight loss (Hume, 2015b). Furthermore,
Hume (Hume et al., 2015c) found that successful weight loss maintainers displayed greater cognitive
control over their food intake, and suggested the use of cognitive remediation therapy as a means to
successful long term weight maintenance. This led to the proposal for Mind the Gap 2 with the
hypothesis that improving executive function may assist in the ability to maintain disciplined habits

after weight loss.
Limitations

It is important to note that this project was affected by the outbreak of Covid-19 in 2020, which
resulted in the halting of all research activities. This has unfortunately resulted in a change from the
original protocol, of which the biggest limitation was the lack of participants and control subjects. The
original scope of the thesis was to have three groups of participants: 1) the experimental group,
reduced-obese women, who took part in the intervention; and the control groups, 2) reduced-obese
and 3) steady-weight women, who were not to take part in the intervention. The outbreak and
subsequent extended lockdown that ensued resulted in a halt in recruitment of the two control
groups and the inability to collect baseline and post-intervention data from those few who had already
started the testing procedures. It is important to note that the small sample size and lack of controls
are a result of this, which may have affected the scientific precision and relevant significance of the
findings. Due to these limitations an additional methodological chapter was included to increase the

scientific relevance of this dissertation.
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ABSTRACT

Background: Weight loss often results in various physiological and behavioural compensatory changes
which increase susceptibility to weight regain, resulting in unsuccessful weight-loss maintenance in
the long term. Evidence suggests that working memory (WM) plays a key role in self-regulation and
executive control, which is vital in overcoming these compensatory responses to weight loss. The
current study therefore aimed (1) to identify the compensatory responses that occur with weight loss,
(2) to investigate whether WM training (WMT) can improve executive control in reduced-obese

women, and (3) compare subjective and objective WM methodologies.

Methods: Reduced-obese (n=23) and stable-weight (n=6) women were recruited in this study. All 29
women were characterised at baseline testing for various physiological, behavioural and cognitive
outcomes. After baseline testing, a subset of 19 reduced-obese women underwent 6-weeks of WMT,
after which they completed post-intervention testing and a 6-month follow up. The series of
assessments at baseline and post intervention included: anthropometric measurements; eating and
behaviour questionnaires; executive function and working memory tests; metabolic rate; blood profile

(HbA1c; glucose; insulin); and appetite measures.

Results: Reduced-obese women showed signs of greater eating disordered behaviour and greater
post-prandial energy efficiency compared to stable-weight women, although there appeared to be no
difference in their executive function. The WMT appeared to result in improved WM capacity in
reduced-obese women, which was retained in the long term, and there was some evidence of transfer
to behaviour, with an observed reduction in eating-disordered behaviour. When comparing WM
methodologies there appeared to be a contradictory relationship between subjective and objective

WM measures.

Conclusions: The results from this study support the evidence that physiological and behavioural
changes occur in those that have lost a significant amount of weight, stressing the importance of
finding weight-loss therapies that target these compensatory responses to weight loss. WMT was
found to improve WM capacity in reduced-obese women, however, study limitations mean that the
effects the training may have had on behaviour and weight maintenance could not be accurately
determined. Furthermore, the contradictory relationship found between subjective and objective
measures of WM add to the uncertainty that they measure the same underlying construct, which
highlights the importance of utilising various types of measures in the analysis of WM and executive

function.

vii
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Chapter 1 Review of the Literature

1.1 Introduction

In 1997 the World Health Organisation (WHO) recognised obesity as a global epidemic (World Health
Organization, 2000). Yet 20 years later we are still seeing an increase in excess adiposity, with more
than half of adults worldwide being classified as overweight or obese. This condition is prevalent
across all income groups, creating both an economic and health burden on societies. Excess adiposity
leads to, and is included in, metabolic syndrome, a cluster of conditions such as high-blood pressure
and high-blood glucose, which can lead to the development of non-communicable diseases
(cardiovascular disease, diabetes, stroke, etc.) (Guh et al., 2009; Habib & Saha, 2010; Withrow & Alter,
2011). A reduction in excess adiposity can improve the metabolic profile thereby reducing the risk for

the development of these conditions (Anderson & Konz, 2001; Forsythe et al., 2008).

Yet weight loss attempts are often unsuccessful. Research shows that only 50% of those that attempt
weight loss are successful at losing a significant amount of weight (Appelhans et al., 2016). A significant
amount of weight is defined as a reduction of at least 10% of their initial body weight; the 10% criterion
is the point at which weight loss produces a positive impact on health by reducing the risk factors for
the development of metabolic diseases (National Heart Lung and Blood Institute, 1998). Of the 50%
that do manage to lose a significant amount of weight, research shows that the majority will regain
between a third to half of the initial weight lost within a year, and up to three quarters of the initial
weight lost within 5 years (Anderson et al., 2001; Appelhans et al., 2016). Only about 20% of those
that successfully lose weight will be able to maintain at least a 10% reduction of their initial weight in
the long term (Anderson et al., 2001; Wing & Phelan, 2005). It is also important to note that in these
studies a contributing factor to successful weight maintenance is the amount of weight initially lost,
such that those who lose >20% of their initial weight are more likely to maintain a 10% reduction in
the long term. This means that even for those who are successful at losing weight, there is still a large
amount of weight regain occurring. Altogether these statistics are discouraging as without successful
weight-loss procedures obesity rates will continue to rise. In order to develop effective therapies to
combat obesity and weight regain it is critical to understand the risk factors and behaviour patterns

associated with this condition.



1.2 The Addiction Model

As to the law of thermodynamics, adiposity accumulation occurs when there is a positive energy
balance; when excess calories are consumed despite energy needs being met. Although some may
argue that obesity is a more complicated construct than just over-eating, evidence shows a strong
correlation between global BMI growth and global calorie intake (Doytch et al., 2016). In order for the
accumulation of excess adiposity to occur, as with obesity, there needs to be a consistent positive
energy balance; meaning over-eating over an extended period of time. However, it is well known that
the body contains an efficient homeostatic control system that utilizes neural and chemical feedback
systems to control hunger and satiety (Morton et al., 2006). This means that when energy needs
change, or there is a change in body fat, the brain sends the appropriate signals to adjust our
behaviour to balance our energy needs. In the case of obesity, it appears the feedback system can be
overridden by another system; the reward system. It is well recognised that an appetite drive in the
absence of hunger, known as hedonic hunger, occurs in response to the rewarding properties of highly
palatable foods. Today, processed foods are rich in various additives, sugars and hydrogenated fats,
in ratios that are entirely unnatural but together provide maximum palatability and reward (Ifland et
al., 2009). Importantly, sugar has consistently been identified to cause neurochemical changes in the
brain that resemble that of addictive drugs (Avena et al., 2008). These rewarding properties may also
be the reason why weight loss is so difficult to achieve, as certain foods activate the same neural

pathways as those implicated in substance addiction.

In fact, recent evidence has revealed the many parallels that exist between obesity and substance
addiction. Behaviourally, both disorders experience cravings, withdrawal and display an inability to
control their actions to abstain from unwanted behaviour (uncontrolled eating or substance abuse)
(Hone-Blanchet & Fecteau, 2014). Neurologically, studies have shown similarities in the brain’s
dopaminergic system in response to the addictive substance (Garcia-Garcia et al., 2014). Drugs of
abuse are known to over-activate the dopamine response, although food rewards can produce a
similar effect, most notably high calorie (palatable) foods (Volkow et al., 2011). As with those who
relapse from addiction, weight regain usually occurs due to a lapse in the strict dietary and exercise
behaviours associated with the initial weight loss. Those who regain weight usually report a significant
drop in their physical activity, an increase in fat consumption, and a decrease in their dietary restraint
(Wing & Phelan, 2005). Another important neurological finding is that both conditions exhibit similar
cognitive and executive function irregularities; with greater likelihood of impairment in these
processes found in individuals suffering from substance addiction (Potvin et al., 2014, 2018; Simon et

al., 2000; Verdejo-Garcia et al., 2006) and individuals suffering from obesity (Fitzpatrick et al., 2013;



Gunstad et al., 2007; Yang et al., 2018). This is a promising discovery as executive function is the
cognitive process that allows for the ability to control one’s behaviour to achieve a specific goal. Thus,
weight management through dietary control and adherence to exercise regimes may rely on executive
function. Executive function may therefore be a promising insight into not only the cause for weight

relapse, but also why weight gain occurs in the first place.

1.3 Executive Function and Working Memory

Dual process theory suggests that human behaviour is determined by the interaction between two
competing cognitive systems: the executive (reflective) system, responsible for controlled and
deliberate behaviour, and the impulsive system, responsible for automatic and impulsive behaviour
(Hofmann et al., 2009). Although these two systems complement one another, under default
circumstances the executive system has good control over the impulsive system, resulting in regulated
behaviour in accordance with your standards and goals. In simpler terms, executive function is the
process that allows you to think before you act (Diamond, 2013). When executive function is impaired
the impulsive system shows greater influence, resulting in more impulsive behaviour. Executive
function is often impaired in many mental disorders that are characterized by this impulsive behaviour
such as attention deficit hyperactivity (ADHD) (Willcutt et al., 2005), addiction (Gould, 2010) and

depression (Snyder, 2013).

Executive function is characterized by the ability of three core components: (1) inhibitory control: the
inhibition of automatic impulses; (2) cognitive flexibility: the ability to shift between tasks or mental
states; and (3) working memory: the retention and processing of short-term information (Diamond,
2013; Miyake et al., 2000). These cognitive processes work together to enable goal-directed
behaviour. Although distinguishable, the three components of executive function share common
underlying mechanisms, suggesting a correlated construct (Diamond, 2013; Miyake et al., 2000). If
one component is strengthened it can build up the other two components, and the executive function

as a whole will be strengthened.

It has been suggested that working memory (WM) is the largest and most vital component of executive
function and that it’s mechanisms underly the other two components (Hofmann et al., 2012). While
WM describes the process, WM capacity describes the working memory abilities at the individual
level, such that some may have a high WM capacity and some may have a low WM capacity. As WM
makes up such a large component of executive function, WM capacity can be measured as a proxy for
executive function; those with low WM capacity are found to have lower executive function and vice

versa (McCabe et al., 2010). Research therefore shows that WM contributes greatly to many aspects



of self-regulation, including regulation of eating behaviour and emotions (Dohle et al., 2018; Hofmann

et al., 2012; Houben et al., 2016; Schmeichel & Demaree, 2010).

1.4 The Role of Executive Function in Weight Management

1.4.1 Executive Function in Weight Gain

In a normal, healthy individual, diet will reflect the balance between the executive and impulsive
system. The executive system advocates for what the individual understands is fundamental to the
diet, such as including vegetables, fibre and lean meats. The impulsive system will advocate for
palatability, such as ‘junk food’ or desserts. Under default circumstances, in which executive function
is normal, eating habits will reflect one’s conscious standards, even if it means denying the impulsive

system.

For many individuals excessive weight gain occurs when there is an imbalance, resulting in the
overconsumption of highly palatable and high-calorie foods. This drive to overconsume once calorie
needs have been met can often be attributed to the rewarding properties of these foods. Addictive
substances as well as natural rewards, such as food, cause the release of dopamine (Cami & Farre,
2003). This reward activation in response to food sensitizes the impulsive system to the substance
stimuli, so that the substance becomes an automatic response. If executive function is weak the
impulsive system takes control over behaviour and eating habits reflect that of the automatic
response. The inability then to abstain from these types of foods can be identified as a kind of

addiction, which is driven by these rewarding effects.

The executive system can be weakened through various factors or conditions allowing for the
impulsive system to take control (Hofmann et al., 2009). Factors that may compromise the executive
system include alcohol consumption, ego depletion, genetics and cognitive overload (Hofmann et al.,
2009). For example, Friese and colleagues (2008) showed that when participants experienced an
increase in cognitive load, their behaviour was more strongly driven by impulsive processes. When the
cognitive system is depleted through stress or overload, the impulsive system takes control, resulting
in behaviour that favours the automatic response, such as choosing highly palatable foods over
healthier options. Over time, repeated repression weakens the executive system and strengthens the

impulsive system, resulting in a more long-term shift in control.

The deterioration of these complementary systems is what results in impaired executive function,
which has been shown to increase the likelihood of weight gain in the long term; especially when there

is a strong implicit preference for highly palatable foods (Nederkoorn et al., 2010). This explains why



increased adiposity is associated with cognitive deficits, particularly executive function, across all ages
(Calvo et al., 2014; Cserjési et al., 2009; Emery & Levine, 2017; Fitzpatrick et al., 2013; Rochette et al.,
2016; Smith et al., 2011; Yang et al., 2018). This impaired executive function results in increased
adiposity as it is associated with obesity-related behaviours, such as lower intake of fruit and
vegetables (Allom & Mullan, 2014; Wyckoff et al., 2017), higher intake of fatty foods (Allom & Mullan,
2014; Hall, 2012; Hofmann et al., 2008), uncontrolled eating (Calvo et al., 2014), lower physical activity
(Daly et al., 2015; Hall et al., 2008a), poor adherence to diets (Hall et al., 2008b) and a strong automatic
positive attitude towards food (Hofmann et al., 2008). These are all behaviours that visibly favour the

impulsive response and display a lack of discipline over diet.

1.4.2 Executive Function in Weight Loss

Just as executive function plays a part in weight gain, it also plays a part in the ability to lose and
maintain weight. Food acts as a natural reward, with highly palatable foods eliciting greater reward;
this means that abstaining from highly palatable food requires a great amount of self-control and
dietary restraint. This is especially true when limiting food intake as evidence shows that restricting
energy intake further increases the sensitivity of the food-reward circuits by stimulating the
perception of reward (Morton et al., 2006). Meule (2016) found that in general current dieters
performed more poorly on a WM task involving food cues compared to non-dieters, despite the two
groups having similar WM capacity. During the food cue WM task the current dieters had slower
reaction times and also experienced greater food cravings after the completion of the task compared
to when they completed the same task using neutral images. However, dieting status was further a
predictor of task performance, such that those dieters who were considered successful dieters were
less likely to make errors during the food cue WM task than unsuccessful dieters. Executive function
therefore plays an important role in dietary restraint and the ability to resist cravings. For example,
the study by Hege and colleagues (2013) measured the WM capacity of 33 overweight and obese
participants at the start of a 6 month weight-loss intervention. The authors found that those with
higher WM capacity at baseline exhibited higher cognitive restraint over their food intake during the
intervention and as a result lost more weight at the end of the intervention period. This is a similar
finding to that of Dassen and colleagues (2018), who found that baseline WM was the strongest
predictor of change in BMI following a weight loss program. Therefore, executive function is an
important component when trying to limit food intake in order to lose weight, with greater executive
function corresponding with greater likelihood of short-term weight loss. The lack of a long-term
follow up in these studies, however, leaves a gap in our understanding of how the ability to restrict

early on in the weight loss process may change in the long term. Future research would benefit
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observing how executive function may change before, during and after weight loss, and in the long-

term weight-maintenance period.

1.4.3 Executive Function in Weight Maintenance

Executive function may then play an even larger role in the ability to maintain weight after weight
loss. This is because the weight-loss maintenance period requires more discipline and cognitive effort
than the time during weight loss itself. Executive function plays an important role in maintaining
discipline once motivation has diminished. During weight loss the positive benefits that are
accompanied by the weight loss (such as visible changes) outweigh the perceived cost of adherence
(the physical and cognitive effort taken to lose weight). When weight loss is achieved and the
maintenance phase starts, the cost of adherence to physical regimes and diet begin to outweigh the
benefits as there is no longer sustained positive feedback (MaclLean et al., 2015). This change in
motivation can be observed in the weight-loss statistics, as half of people who attempt weight loss are
able to lose a significant amount of weight, however only 20% of these individuals are able to then
maintain this weight loss in the long term (once the positive reinforcement of weight loss is removed)

(Anderson et al., 2001; Wing & Phelan, 2005).

Executive function also plays an important role in combatting the behavioural and physiological
compensatory responses that occur as a result of weight loss. When a significant amount of weight
loss occurs, the body activates physiological responses in order to restore ‘balance’ (MaclLean et al.,
2015). These physiological factors include the lowering of energy expenditure in response to weight
loss (reduced resting metabolic rate; increased metabolic efficiency; reduced thematic effect of
feeding) and an increase in appetite (increase in appetite-stimulating hormones; reduction in satiety
hormones)(Melby et al., 2017). This discordance between appetite and energy expenditure leads to
behaviours that encourage weight gain such as reduced activity and a preference for palatable (high
calorie) foods (MaclLean et al., 2015). The discordance between these physiological factors occur as
an immediate response to significant weight loss, which is why most individuals who regain weight
will do so in the first year after weight loss (Melby et al., 2017). However, if weight loss is maintained
after a year the chances of long-term success is increased. This is because over time appetite and
energy expenditure equalize as the body adapts to the reduced body mass. In the period immediately
post weight loss, the physiological drive to regain lost weight can be counteracted through behavioural
intervention. Behaviours such as resisting addictive high calorie foods, not giving into immediate
gratification and not succumbing to old eating habits. This behavioural modification requires a large

amount of sustained discipline and self-control, both characteristics of higher executive functioning.



Research indicates that successful weight-loss maintenance occurs in individuals who adopt habits
reflective of higher executive functioning; such as restricting calorie intake, weighing themselves more
often and adhering to exercise regimes (Reyes et al., 2012). In comparison, those with lower executive
functioning will give in to temptation and revert back to the habits that caused them originally to gain

weight.

1.4.4 The Bidirectional Relationship between Weight Loss and Executive Function

Weight loss itself requires utilization of the executive system through dietary control and adherence
to exercise regimes. It therefore stands to reason that weight-loss efforts could help strengthen the
executive system through its engagement and the repression of the impulsive system, and thereby
improved executive function further improves eating behaviour resulting in a positive feedback loop

(Allan et al., 2016). However, evidence in this regard remains controversial (Favieri et al., 2019).

There have been a number of studies that have found a significant and positive association between
weight loss and executive function (Brinkworth et al., 2009; Bryan & Tiggemann, 2001; Green et al.,
2005; Halyburton et al., 2007; Siervo et al., 2012), although time-frame appears to be important in
these studies. Studies using shorter weight-loss interventions and therefore earlier follow-ups, such
as at 2 to 3 months, have found small improvements on some executive function tasks, but not others
(Bryan & Tiggemann, 2001; Green et al., 2005; Halyburton et al., 2007; Leclerc et al., 2020). Those with
longer interventions and longer follow-ups, such as between 4 to 12 months, seem to yield more
significant results (Brinkworth et al., 2009; Siervo et al., 2012). This would imply that weight-loss
efforts can gradually improve executive function over time, with greater improvements seen during
prolonged adherence. Although Leclerc and colleagues (2020) would suggest it is the reduction in

energy intake itself that results in improved executive function, not the act of restriction itself.

There are findings however, that suggest weight loss has no effect on executive function (Cheatham
et al., 2009; Espeland et al., 2014; Martin et al., 2007). It has even been suggested that weight loss
itself can negatively impact executive function (Clarkson et al., 2011; Green et al., 1997; Hester &
Garavan, 2005; Kemps et al., 2005; Kemps & Tiggemann, 2005), the idea being that restrictive eating
and daily self-monitoring cause cognitive overload and thereby cognitive strain, as mental resources
are allocated towards these dieting behaviours (Kemps et al., 2005; Leclerc et al., 2020). For instance
Meule (2016) found that in a group of women who had performed similarly on a neutral WM task,
when the task incorporated food related cues the current dieters in the group performed more poorly
than non-dieters. The current dieters showed slower reaction times and experienced greater post-

task cravings. This idea builds on the theory that by restricting food the impulsive system becomes



sensitised to palatable foods and when confronted by these images the impulsive system tries to
overcome the executive system. This could add to our understanding of why weight-loss relapse is so

common.

While the literature on the effects of weight loss on executive function remain controversial, weight
loss through bariatric surgery has been shown to improve neurocognitive outcomes both short term
and in the long term. This may serve to corroborate the effect of reduced adiposity on executive
function without the confounding influence of the psychological and mental exertion experienced

during weight loss through conventional means (Gettens & Gorin, 2017).

1.5 Working Memory Training

WM is the largest component of executive function and represents the ‘updating’ component. It is the
ability temporarily to store, analyse and manipulate short-term information; though it is distinct from
short-term memory. Short-term memory is the ability to store short-term information, while WM is
the ability to both store, update and process short-term information. Studies suggest WM capacity
displays plasticity and can be improved through adaptive training (Klingberg, 2010). It is therefore
theorized that if WM capacity can be improved through training, this in turn can improve the executive
system as a whole. Thus, WM training (WMT) could be used as a remediating treatment for
individuals suffering from conditions exacerbated by an impaired executive system, such as those

struggling with weight maintenance or addiction.

Yet the efficacy of WMT has yet to be established, as evidence of the ability of WMT to transfer to
behaviour has been inconclusive. Previous studies have consistently found WMT to produce near
transfer to WM capacity in various healthy populations (Klingberg, 2010; Melby-Lervag & Hulme,
2013). However, there is contrasting evidence in regard to the ability of WM to transfer to other areas
of cognition. Some have found WMT to transfer to various cognitive functions such as attention, fluid
intelligence and cognitive control (Jaeggi et al., 2008; Klingberg, 2010; Morrison & Chein, 2011;
Spencer-Smith & Klingberg, 2015); while others found little evidence of transfer to these areas, with
no evidence of transfer to other areas of cognitive function (Melby-Lervag & Hulme, 2013; Shipstead
et al., 2012). WMT has been used in various populations, notably substance addition, however few
studies have used it for weight management purposes. For this reason its use in substance addiction

may add insight into its effectiveness in impulse driven behaviours.



1.5.1 WMT in Substance-Use Disorders

Studies looking at WMT in substance addiction may add to our knowledge of the effectiveness of WMT
in controlling reward-driven behaviour. Studies have found many people with substance addiction
suffer from mild to severe executive dysfunction (Bickel et al., 2014; Ersche et al., 2006; Manning et
al., 2017; Verdejo-Garcia et al., 2006). These deficits appear to be present regardless of the main drug
of choice, with WM deficits having been observed across various substance addictions, including
alcohol (Stavro et al., 2013), methamphetamine (Potvin et al., 2018), cocaine (Jovanovski et al., 2005),
and opioid addiction (Fernandez-Serrano et al., 2010; Yan et al., 2014). These cognitive deficits form
in the same way to that seen in obesity. The impulsive system becomes sensitized to stimuli and habits
relating to the addictive substance; and the executive system is weakened and unable to inhibit this
impulsive and automatic response to the substance (Verdejo-Garcia, 2016). In this way the immediate
gratification of the substance takes preference over the potential future benefits of not taking the
substance (MacKillop et al., 2011). There have been a number of studies that have therefore looked
at using WMT as a means to enhance addiction treatment efforts through strengthening the executive

system.

As in studies in healthy populations, WMT has been shown to improve WM capacity across a wide
range of addictions (Gunn et al., 2018; Houben et al., 2011; Khemiri et al., 2019; Snider et al., 2018;
Zhu et al., 2018). Yet its effects on substance use remains unclear. Houben and colleagues ( 2011) was
one of the first studies to monitor the effects of WMT on alcohol consumption. They found 25 sessions
of WMT appeared to reduce alcohol intake in problem drinkers. They also found that these training
effects on alcohol consumption were moderated by the individuals’ level of automatic preference for
alcohol; those with a strong automatic preference benefitted the most from the training. Importantly,
these benefits were also still present after one month. Khemiri and colleagues (2019) also focused on
alcohol-use disorder, however they were unable to find any transfer effects of the training to other
cognitive tasks. This may explain why they did not find a significant difference between the groups in
the number of drinking occasions; however, they did observe a trend towards a reduced number of

drinks per drinking occasion.

It is likely that WM improvement could reduce the likelihood of an addiction relapse. For example in
other areas of SUD, Brooks and colleagues (2017) found that 20 sessions of WMT in
methamphetamine-use disorder (MUD), patients improved on their self-reported feelings of
impulsivity and self-regulation. Zhu and colleagues (2018) also found evidence for improved WM
capacity and impulse control in MUD patients, as well as transfer effects to other domains of cognitive

function. Both these papers hint that the chance of relapse is reduced as a result of the WM



improvements; however, no long-term measures were taken to indicate future abstinence. Rass and
colleagues (2015) found that controls who did not take part in WMT during treatment showed an
increase in opioid use. Compared to these controls, opioid use remained consistent between baseline
and follow up in addicts that completed a WMT intervention. This suggests that the WMT was able to

help addicts to maintain and better control their urges.

In comparison with these findings, not all studies have found positive effects of WMT in those suffering
from substance addiction. Hendershot and colleagues (2018) and Wanmaker and colleagues (2018)
were unable to find any improvement in WM capacity after + 25 sessions of WMT. In addition, both
of these studies as well as that of Snider and colleagues (2018) were unable to find any effect on
substance use. Snider and colleagues (2018) did find that in alcohol-dependent drinkers the
improvement in WM tasks was rate dependent, those with lower baseline scores improved more than
those that had initially high scores. This finding is opposite to that of Gunn and colleagues (2018) who
found that WMT was more effective in those that showed higher cognitive abilities at baseline. These
contradictory findings could be explained by the severity of alcohol use in the participants, that there
may be a threshold in which WMT can improve upon WM capacity. For instance, Verdejo-Garcia &
Pérez-Garcia (2007) found that cocaine users showed greater impairment than heroin users on
different measures of executive function, and furthermore, that severity of drug use was also
associated with greater and more widespread impairment of executive components. This may be the
case in two such studies that used inpatient subjects suffering from a variety of substance-use
disorders (SUD). Hendershot and colleagues (2018) and Wanmaker and colleagues (2018) were both
unable to find any effects of WMT on WM capacity or substance use. As their patients suffered from
varied SUDs and were in a rehabilitation centre, it is possible their addiction was too severe to benefit
from any kind of training. Without improved WM capacity, one would not expect any changes to be
observed in substance use. With this in mind, WMT may not be of benefit in cases of severe addiction
as there is a reduction in WM functioning; however, in those with only slight or moderate executive
dysfunction it is possible that they may obtain more benefit from training. Altogether the results of

these studies are positive and indicate WMT may be of benefit in controlling addictive behaviour.

1.6 Working Memory Training for Weight Management

Although WMT has been studied as an adjunct treatment for a variety of disorders, including SUD,

little research has been conducted using it as an aid in weight management.
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1.6.1 WMT in Weight Loss

To date only three studies have studied the effect of WMT on weight loss through dietary control.
These studies found promising results after only 20-25 sessions of WMT, suggesting WMT can help to
facilitate improved food choices and intake. The study by Houben and colleagues (2016) examined
whether WMT would improve on dietary self-regulation in overweight participants. They found that
in those who completed training there was an overall reduction in psychopathological eating-related
thoughts as well as reduction in emotional eating. Overall food intake, however, was reduced only in
participants who scored high on dietary restraint; in other words, participants who had increased
intentions to restrict their food intake. The study by Whitelock and colleagues (2018) had similar
findings. The study aimed to use WMT as an aid to improve dietary control in type 2 diabetics, they
found WMT appeared only to facilitate reduced fat intake in those who were already highly motivated
to do so. This would suggest that WMT alone may not be able to support weight loss without the
presence of motivation and knowledge on how to achieve it. Working on this theory, the study by
Dassen and colleagues (2018) recruited only overweight and obese participants who exhibited a
strong desire to lose weight, into a WMT intervention. They also included an educational intervention
to provide them with knowledge on healthy lifestyle changes to encourage weight loss. The study
found that those who completed the training in conjunction with the education intervention
consumed significantly less calories in the post-intervention test compared to controls who completed
only the educational intervention. However, there was no difference in change in BMI between the
groups and no evidence of transfer effects of the WMT to feelings of self-control or eating disorder
pathology. In terms of the lack of BMI change, especially considering there was a change in calorie
consumption, authors suggested this may be due to the short time between baseline and post testing.
As a means to lose weight it appears WMT can be a beneficial addition to any weight loss intervention,

yet by itself may not have the ability to aid in weight loss.

1.6.2 WMT in Weight Maintenance

It is suggested that executive function may play a greater role in weight loss maintenance than in the
actual weight loss itself (MacLean et al., 2015). WMT then might be of more benefit in ensuring long-
term weight-loss maintenance. This is because weight-loss maintenance requires more discipline and
cognitive effort than during the actual weight loss itself, as mentioned previously. Therefore, WMT
may help in maintaining dietary discipline and adherence to physical activity once the goal of weight

loss has been achieved.

11



Another reason that WMT may be of more benefit for weight-loss maintenance is that there already
needs to be a level of executive functioning in order to lose weight in the first place (Hege et al., 2013).
Studies have found that those with severe executive function deficits may not benefit from WMT, as
the deficit may be too great to improve upon, whereas those with only slight or moderate executive

deficits may show greater benefit from training (Gunn et al., 2018; Khemiri et al., 2019).

Only one study to date has looked at WMT as an aid in weight loss maintenance. The study by
Verbeken and colleagues (2013) studied forty-four overweight and obese children who took part in a
weight-loss intervention. In the last 2 months of the 10-month weight-loss intervention, twenty-two
of these children completed 6 weeks of executive function training, of which each session was made
up of both a WM task and inhibition task. They found that those who completed the training not only
improved in their overall executive functioning, but also exhibited better weight maintenance at their
8 week post-intervention follow up, compared to the children who did not take part in the training.
However, these weight maintenance effects had already begun to diminish by the 12 week follow up.
This loss in training-related gains may indicate a regression in WM capacity, suggesting that WM needs
regular booster training in order to be maintained. As this study examined children, future studies
should therefore focus on these effects in adults and look at the effects of “maintenance” training

sessions to see if they improve on long-term follow up.

1.7 Conclusion

It is clear from the literature that executive function plays an important role in weight management,
not only in weight gain or loss, but also in weight maintenance, making it a vital role in obesity
management. If executive function can be improved through WMT it may be the key to successful
long-term weight loss maintenance. Research shows that WMT results in improvements in WM
capacity for many individuals, including those suffering from addiction. However, there is inconclusive
evidence as to whether or not this improvement is able to directly transfer to the executive function
as a whole and further transfer towards a change in behaviour. Of the few studies that have looked at
the effect of WMT in reward-driven behaviours, improvement in WM capacity has subsequently led
to improvement in behaviours such as a decrease in food intake (Dassen et al., 2018; Houben et al.,
2016), better mood and feelings of self-regulation (Brooks et al., 2017), and better control over
drinking behaviour and substance use (Brooks et al., 2017; Houben et al., 2011; Khemiri et al., 2019).
Though it’s important to note that these effects are more prominent in those who want to actively
change their behaviour and depend on a certain level of executive functioning. In terms of weight

management WMT appears to help control eating behaviour when there is a strong motivation to do

12



so, which is why it may be more effective in weight-loss maintenance. Yet, there is still very little
research is this area, and controversy still exists around how executive function and WM change with

weight loss and whether these effects remain present in the long term.
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1.8 Aims and Objectives

As there is little research in the area of WMT for weight management, this study aimed to add to this

field of knowledge by observing the effects of a 6-week WMT on a group of reduced-obese women.

Chapter 1: Experimental Aim

The secondary aim of this study was to describe any behavioural, physiological and cognitive
differences that may exist between reduced-obese women and stable-weight women. An important
objective in this was to focus on whether time since weight loss had any effect on these differences

that may exist.

Chapter 2: Experimental Aim

The primary aim of this study was to observe the effects of a WMT intervention on significantly
reduced-obese women, the objective being to determine whether the WMT intervention improved
WM capacity, and if this in turn had an effect on various physiological and behavioural outcomes

associated with weight loss maintenance.

Chapter 3: Experimental Aim
An additional secondary aim of this study was to explore the associations between the different types
of measures used to measure executive function. The objective was to determine whether subjective

and performance-based measures of executive function displayed a relationship.
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Chapter 2 Methods

2.1 Participants

Participants (n=29) were recruited through various means of advertisement including social media,
weight-loss groups, radio, and word of mouth. Participants were recruited under two conditions:
reduced-obese women (RED, n=23) and stable weight controls (Stable, n=6). Criteria for the reduced-
obese condition included women between the ages of 25 and 45 years who had recently achieved
significant weight loss through conventional means. ‘Recent’ was defined as having reached their goal
weight within the past 18 months. The participants needed to have been classified within the obese
range before weight loss (BMI >30 kg/m?), and having then reduced their obesity status (BMI < 32
kg/m?) through ‘significant weight loss’, which was defined as a minimum of a 10% reduction in body
weight. The RED condition was further divided into: recently reduced-obese (RED-R), those who had
lost 10% of their body weight within the 6 months prior to testing; and stable reduced-obese (RED-S),
those that had remained weight stable within the 6 months prior to testing (having lost 10% within
the 6-18 months prior to testing). Stable weight controls (n=6) were recruited as a control group and
were age-and-BMI-matched to the experimental condition (i.e. BMI < 32 kg/m?; age 25-45 years).
Criteria for stable weight controls included women with no significant weight-loss history and no
weight fluctuations >3kg over the past 3 years. Exclusion criteria included any hormonal or chronic
condition affecting energy expenditure, which included pregnancy or current lactation. Of the
reduced-obese women, those recruited within the first year of the study (n=19) were selected to
complete the full experimental procedures involving the WMT intervention. The following year, the

reduced-obese control group were age-and-BMI-matched to the experimental group.

2.2 Experimental Design
Screening

Prior to baseline testing, participants were telephonically questioned on their weight history as well
as briefed on the testing procedures. Participants were then sent a link to a series of online
guestionnaires to complete the screening process. Medical history and reproductive-health
guestionnaires were completed to exclude any participants who were on any chronic medication or
suffered from any conditions that might affect energy expenditure. A dieting and weight-loss history

guestionnaire was completed to confirm participants were eligible for the study, and to exclude those
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who did not meet the criteria. In addition, participants completed questionnaires addressing
demographics, education levels, socio-economic status and employment (See appendix 2, 3, 4, 5, 6,

7).
Testing Procedure

All measures were conducted by a single researcher (TR); except in the instance of the blood-draw
during Visit 2, in which a researcher, trained in phlebotomy, assisted. The main experimental
procedure ran over a period of approximately 12 weeks, and consisted of 3 baseline testing sessions,
a 6-week intervention period and 2 post-test testing sessions (see Fig 2.1). Participants were then
invited for a single follow-up visit, Visit 6, six months after the intervention (see table 2.1 for measures

taken at each visit).

OnlineqQ. i i i Online Q. i i

Figure 2.1: Timeline of experimental procedures over the 12 week experimental time-frame

Baseline testing consisted of the completion of online self-reported questionnaires in week 1 (BRIEF-
A; WEL; Self-Efficacy; BDI) , followed by three laboratory visits spread out between weeks 2-4. Visit 1
was scheduled for any time of the day that was convenient for the participant. During Visit 1
participants were once again briefed on the full experimental procedure, anthropometric measures
were then taken and participants completed two questionnaires (GPAQ; EDE-Q) and the working

memory tests ( Computerized n-back; DS).

Visit 2 was scheduled for week 3. For Visit 2 participants were asked to fast from the evening before,
only being allowed to drink water in the morning before the visit. Visit 2 was scheduled to start early
morning between the hours of 6:30 — 8am. On arrival participants were asked to lie down on a bed in
order to take BIA measures followed by fasting metabolic and blood measures. Participants then
completed an appetite measure form before the ingesting of a meal. Thereafter appetite measures,
metabolic measures, blood measures and questionnaires (EEQ; Self-control Scale) were completed

over the course of three hours.
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Visit 3 was scheduled for week 4. Participants were asked to eat two hours prior to Visit 3, but not
within those two hours. During this visit participants completed the subliminal images n-back task
while in a fMRI scanner. The fMRI was conducted to determine the participants brain response to food
cues, and how it differed to neutral cues. The fMRI imaging data was beyond the scope of this thesis

and will be reported elsewhere.

After baseline testing a selected few of the reduced-obese participants (n=19) took part in the 6-week
intervention period which ran from week 5-10 followed by post-intervention Visit 4 and Visit 5. Prior
to the post-intervention testing participants completed four online questionnaires (BRIEF-A; BDI; Self-
efficacy; WEL). Visit 4 was completed in week 11 and was a repeat of the Visit 1 measures. Visit 5 was

completed in week 12 and was a repeat of the Visit 2 measures.

Long-term follow-up involved a follow-up visit at 6 months post-testing (week 38). Prior to the follow-
up participants completed four online questionnaires (BRIEF-A; BDI; Self-efficacy; WEL). The follow-up
visit, Visit 6, was a combination of a selected few measured from Visit 1 and Visit 2. Participants arrived
fasted between 6:30-8am. During the visit the following data was collected: fasting RMR; BIA; body

measurements; GPAQ; EEQ; self-control scale; and working memory tests (computerized n-back; DS).

All the laboratory visits were conducted at the Division of Exercise Science and Sports Medicine, Sports
Science Institute of South Africa, Newlands, South Africa, with the exception of Visit 3 which was

conducted at Groot-Schuur Hospital, Observatory, Cape Town.
Ethics

The study protocol was approved by the University of Cape Town Faculty of Health Sciences Human
Research Ethics Committee (HREC REF: 230/2018) (Appendix 1). All participants were briefed on the
full experimental procedures before providing written informed consent. They were made aware they

could leave the study at any point and without any explanation if they so wished.

2.3 Detailed Experimental Measures

2.3.1 Anthropometric Measures

All participants were characterized for height (cm), weight (kg) and waist circumference (cm), namely,
the smallest girth between the iliac crest landmark and the 10th rib. Measurements were taken after
the removal of excess clothing. Height and weight were used to calculate body mass index (BMI)
(kg/m?2). Waist and height were used to calculate the waist to height ratio (WHtR). Body-circumference

measurements were repeated until two measurements were attained that were no more than 0.5cm
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apart, with the average of those two measures noted as the final measure. Body composition was
assessed using bioelectrical impedance analysis (BIA). BIA involves placing two electrodes each on the
dorsal side of the right hand and the right foot; the electrodes are then connected by a single-
frequency instrument to measure the resistance of a mild current through the body tissue. In
preparation, participants were fasted and asked to remove all jewellery as well as void their bladder
prior to the measure. The skin was cleaned with an alcohol swab before each electrode was placed.
Using the equation by Sun and colleagues (2003), resistance was used to calculate total body-water
(TBW/kg), fat-free mass (FFM/kg) and body fat (BF/kg), of which body fat was then used to calculate
percentage body fat (BF%). BIA is a reliable and valid method to determine body composition

(Savastano et al., 2010).

2.3.2 Questionnaires

SF36 Health Survey (Appendix 6) - The SF36 is a 36-item validated questionnaire that evaluates
physical health and mental health (McHorney et al., 1994; Ware et al., 1993). This questionnaire was

used to assess the health of participants at screening.

Generalized Self-Efficacy Scale (Appendix 9)- The Self-Efficacy Scale is a 10-item self-reported and
validated questionnaire to assess perceived general self-efficacy (Schwarzer & Jerusalem, 1995;
Sherer et al., 1982). Total scores range between 10-40, with higher scores indicating a greater sense

of self-efficacy.

Weight-Efficacy Life-Style Questionnaire (WEL) (Appendix 10)- The WEL is a 20-item validated
questionnaire aimed at overweight/obese individuals to measure judgements about their own eating
behaviours (Ames et al., 2015; Clark et al., 1991). Scores range between 1-10, high scores indicate
higher self-efficacy, which may be indicative of likelihood for better weight management and weight
loss motivation. Lower scores indicate lower self-efficacy, which may be indicative of unhealthy eating

behaviours such as binge eating, night-time eating and food addiction.

The Beck Depression Inventory Il (BDI) (Appendix 11)- The BDI is a 21-item validated questionnaire
that asses an individual’s depression state (Beck et al., 1996; Storch et al., 2004). Using the ‘American
Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders Fourth Edition,’ it
assess the severity of symptoms related to depression. The questionnaire produces a score out of 63.
Lower scores (<19) indicate minimal or mild symptoms of depression, while higher scores (>29)

indicate severe depression.
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Self-Control Scale (Appendix 12)— The Self-control scale is a 10-item questionnaire to assess an
individual’s self-control (Tangney et al., 2004). Lower scores indicate a lack of self-control while higher

scores indicate that an individual is extremely self-controlled.

Emotional Eater Questionnaire (EEQ) (Appendix 13)- The EEQ is a 10-item validated questionnaire
used to assess the relationship between an individual’s food intake and emotions (Garaulet et al.,,
2012). This questionnaire is specifically designed to target obese individuals. Lower scores (<5)
indicate healthier eating behaviour, while higher scores (211) indicate the presence of emotional

eating behaviour.

Eating Disorder Examination Questionnaire (EDE-Q) (Appendix 14)- The EDE-Q is a 28-item self-
reported and validated questionnaire that assesses eating-disorder pathology by determining the
frequency and severity of behaviours related to eating disorders (Fairburn et al., 1993; Mond et al.,
2004). Questions refer to the previous 28 days and are rated on a 7-point Likert scale ranging from
(0)-'no days’ to (6)-‘everyday’. Scores are allocated to four subscales: restraint, eating concern, shape
concern, and weight concern, which together provide a Global Score. Higher scores are indicative of
greater eating-disorder pathology. Original recommendations put a threshold of 24 for presence of
eating disorder. However, recent evidence from clinical settings have shown that half of their clinical
patients with eating disorders scored under 4, indicating that the threshold be lowered to > 2.5 within

normal samples and 3 > within obese samples (Mond et al., 2004; R¢ et al., 2015).

Global Physical Activity Questionnaire (GPAQ) (Appendix 15)— The GPAQ is a 16-item self-reported
and validated daily physical activity questionnaire (Armstrong & Bull, 2006; Bull et al., 2009; Trinh et
al., 2009). The questionnaire addresses specific activity (min) per week, for specific domains in which
physical activity can be performed. The activity distinguishes between type of activity, with the two
types being moderate and vigorous activity. The domains distinguish between settings for activity,
with the three domains being work, transport and recreation. In addition, it also takes into account

average time spent per day in sedentary behaviour.

2.3.3  Energy Metabolism and Appetite

Resting Metabolic Rate

For the metabolic measurements participants arrived in the early morning (between 6am-8am) after
a minimum of a 10 hr overnight fast. Their fast time was noted as ‘time since last meal’ (TLM), i.e. the
hours between the time of their last meal the night before to the time of the fasting metabolic
measurement. Metabolic measures were taken using the ventilated hood technique (Cosmed Quark

CPET). Before each visit, equipment was calibrated using a 3L syringe and the analysers were
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calibrated using room air (21% 0O,; 4% CO,) and standard gas mixture (16% O,; 5% CO,). In addition,
alcohol burns (5ml ethanol) were run frequently to monitor the accuracy and precision of the Cosmed
CPET system. The Cosmed calorimeter is a validated system for measuring energy expenditure and

the thermic effect of food in healthy adults (Blond et al., 2011; Vandarakis et al., 2013).

During RMR measurements participants rested on a bed in the supine position in a temperature
controlled room (+23°C). Fasted RMR was measured over a period of 30 min, while post-prandial RMR
was measured over a period of 20 min. Post-prandial RMR was taken at 30 min, 60 min, 120 min and
180 min after meal consumption (Fig 2.2). The first 10 min and last 1 min of data collection from each
measurement was discarded to account for ventilation adjustments and error. Thereafter the last 10
min of data of each collection was used to estimate resting energy expenditure (REE). Energy
expenditure (EE) was calculated using instrument software according to the Weir equation (Weir,
1949). In addition the respiratory exchange ratio (RER) was continuously sampled during the measures
to estimate the proportion of carbohydrates and fat being sourced as fuel. Final outcome variables
include: REE (kcal/day; kcal/kg/day; kcal/kg FFM/day); RER; Fat (%), CHO (%). Postprandial change in
each measure was calculated as the area under the curve (AUC) of hourly metabolic measures after
the test meal, with postprandial change from fasting calculated as the fasting AUC subtracted from
the total postprandial AUC. The thermic effect of feeding (TEF) was calculated as the AUC for the

percentage change in energy expenditure in response to the test meal.
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RMR Blood VAS Meal

Fig 2.2: Timeline of measures taken during the metabolic testing in Visit 2. Time points are as follows: TO: fasting measure;
Post: immediately post meal consumption; T30: 30 min post meal; T60: 60 min post meal; T120: 120 min post meal; T180:
180 min post meal. RMR: Resting Metabolic Rate; VAS: Visual Analog Scale.

Glucoregulatory Response
Following fasting RMR, a butterfly needle was inserted into the antecubital vein after sanitizing the
area with an alcohol swab. Fasted blood samples were drawn into three separate tubes (x5ml each)

to measure HbAlc, blood glucose and insulin. A second sample (2 x 5ml) was drawn at 120 min post
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prandial to measure 2 hr blood glucose and insulin. Tubes for HbAlc and glucose were transferred to
the refrigerator until collection that day. Insulin was kept standing at room temperature for 30 min
before being centrifuged at 3000rpm at 4°C for 10 min, then transferred to the refrigerator with the
other samples until collection. Blood samples were collected and analysed by Lancet Laboratories. The
generated report provided HbAlc (mmol/mol), blood glucose (mmol/l) and insulin (uU/ml); as well
the homeostasis model assessment-estimated insulin resistance (HOMA-IR) index (Matthews et al.,
1985) as a measure for insulin resistance and sensitivity The HOMA-IR is a reliable measure for insulin
resistance, with a cut off value of >1.9 indicative of early insulin resistance and >2.5 of insulin

resistance in adults (Keskin et al., 2005).

Subjective Appetite Measurement (Appendix 16)

During Visit 2 participants were asked to record their appetite (hunger, satiety, desire to eat) at fasting
and post prandial timepoints using a validated visual analogue scale (VAS) (Flint et al., 2000). The VAS
requires participants to make a mark along a horizontal 100 mm line to provide a rating for each
guestion, with each end representing the extreme (e.g. ‘not at all full’ to ‘extremely full’). VAS was
taken before and immediately after the test meal and then post prandial at 30 min, 60 min, 120 min

and 180 min.

Test Meal

Following fasting measurements participants consumed a test meal [Cabonara Pasta: 1712kJ (409.6
kcal) per 340g portion: 37.1g CHO, 17.9g fat]. The meal was designed to have an equal energy
contribution of carbohydrate and fat (% energy contribution of meal: CHO=36.2%; Fat= 39.3%).
Participants were asked to consume the full portion (340g) so that any physiological changes would
reflect the response to the same energy dense meal. The timer was started as soon as they had

finished the meal.

2.3.4 Executive Function and Working Memory Measures

Behavioural Rating Inventory of Executive Function in Adults (BRIEF-A) (Appendix 17)

BRIEF-A is a 75-item standardized measure which can be used as an initial screening tool to assess an
adults executive function (Roth et al., 2005). Each of the 75 items are loaded on to one of nine
subscales of Executive Function to produce three summary scales. Four subscales (Inhibit, Shift,
Emotional Control and Self-Monitor) produced the summary scale ‘the Behavioural Regulation Index’
(BRI) and five scales (Initiate, Working Memory, Plan/Organize, Task Monitor, and Organization of
Materials) produce the summary scale ‘the Metacognition Index’ (Ml). Together the two summary

scales produce a Global Executive Composite (GEC) score. Raw scale scores are transformed into T-
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scores to provide information about the individuals score in relation to a standardized sample based
on age and gender. Scores > 65 are considered clinically significant and are indicative of executive

dysfunction.

Computerized N-back Task

The n-back task is a letter-memory test that was conducted on a Mac Book Pro using Millisecond
Software (Seattle, WA, United States) and using specific presentation software interface (Inquisit Lab,
Millisecond Software, Seattle, WA, United States). The task involves the completion of 12 blocks of
tasks. Each task involves a continuous stream of letters, with each letter appearing one at a time in
the middle of the screen. During each task the participant has to identify the target letters according
to the condition (level) at which the task is running. Participants identify these target letters using an
allocated response button, in this case it was the ‘A’ key on the keyboard. There are 4 conditions
(levels) which alternate over the 12 blocks of tasks (Fig 2.2). Under the easiest condition, 0-back, the
first letter displayed on the screen is the ‘target letter’: every time the target letter appears on the
screen the participant hits the response button. 0-back is the only condition with a pre-allocated target
letter, the conditions thereafter do not have a specific target letter. The second condition is 1-back,
for this condition participants respond every time a letter appears on the screen that is the same as
the previous letter. In the 2-back condition, participants respond every time a letter appears on the
screen that is the same as two letters previous. The final condition is 3-back, in which participants
respond when a letter appears on the screen that is the same as three letters previous. Conditions
alternate over the 12 blocks so that the participant completes three rounds of each. Between each

block the test pauses to allow for participants to break until they are ready to continue.

The main outcome variables from the n-back task include total accuracy and latency. Accuracy was

calculated as a percentage using the algorithm by Miller and colleagues (2009):
[1-((number of commission errors + number omission errors)/Total Number Targets)]*100

Where commission errors are the number of false responses (false hits) and omission errors are the
number of missed responses. Latency (ms) was calculated as the time taken to respond to a correct
target. Response time to incorrect targets were not used in the latency analysis as these responses
may have flinch error or delayed responses to previous hits. The n-back task has been shown to have
moderate test-restest reliability on accuracy performance while response time has shown high

reliability (Hockey & Geffen, 2004).
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Figure 2.3: Visual representation of the four different N-back tasks. Each square represents the screen, with letters

displayed one at a time starting from left and moving right. Red arrows represent where responses should occur for the
corresponding condition.

Subliminal Images N-back Task

A subliminal images n-back task was conducted during a functional magnetic resonance imaging (fMRI)
scan during Visit 3. This was not a standardized test but rather a self-developed n-back test to
resemble the training stimulus used during the intervention. The subliminal n-back task comprises 12
alternating blocks of 1-back and 2-back tasks. Within each block, half of the letters are proceeded by
a subliminal food image and the other half are proceeded by a neutral image (Fig 2.3). The order of
neutral and food images alternates every two blocks (i.e. Block 1 and 2 will start with food images and
end with neutral images; block 3 and 4 will start with neutral images and end with food images etc.).
In between the showing of the image and letter, the screen is blanked with a centred cross. Each block
is 70 352msec (1.17min), of this time the instruction screen is shown for 9015msec. Total time for
picture-cross-letter-cross is 3066msec. Measures recorded were total accuracy (as calculated for

computerized n-back); latency (ms); commission errors and omission errors.
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Fig 2.4: Visual representation of the order of the subliminal images and n-back tasks completed during the fMRI. N: neutral
images; F: Food images.

Digit Span (DS)

Participants performed two different digit span tasks: Visual digit span forward (fDS) and Visual digit
span backward (bDS). The software assessment tool was conducted using Millisecond Software
(Seattle, WA, United States); and tasks were conducted on a Mac book pro using specific presentation
software interface (Inquisit Lab, Millisecond Software, Seattle, WA, United States). The task is based
on recalling a sequence of numbers. Participants started with fDS, after which they were allowed a

couple of minutes break before completing bDS.

The task starts with a three digits (between 1-9) displayed one at a time consecutively on the screen,
before freezing on an input screen. Depending on which task is running, the participant then has to
recall those digits either in the correct (forward) order, fDS, or in the reverse (backward) order, bDS,
before selecting ‘continue’. As participants correctly recall the digits, the digit list length (the number
of digits displayed at one time consecutively) will increase by one digit. When participants make a
mistake (i.e. one error) the list length stays at the same length for the next round; if the participant
then makes a second mistake (i.e. two errors) the list length shortens by one digit. For both tasks
participants complete 14 trials in which list lengths adjust according to the participants’ performance.
Within a list length no numbers are repeated and therefore only numbers (1-9) are displayed. The

highest list length is therefore 9 digits.

There are four scoring variables produced from each task: Two Error Max Length (TE_ML), defined as
the maximum list length recalled prior to making two consecutive errors; Two Error Total Trials
(TE_TT), defined as the number of trials correctly recalled prior to making two consecutive errors; Max
Length (ML), defines as the maximum list length recalled; and Mean Span (MS), defined as the

estimated list length where 50% of the lists would be correctly reported.
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2.4  Working Memory Training Intervention

WMT was conducted using a cell phone application called “Curb your Addiction” (C-Ya©) (Brooks et
al., 2017). The C-Ya© application uses a modified version of the n-back task to train working memory;
the modification being the use of subliminal food images that appear between letters. The images are
used as both a target for addiction focus and to mimic distractions occurring in daily life. The
application ranges from level 0 to 8, with each level corresponding to the level of “n” (i.e. Level 0 is O-
back; level 1 is 1-back etc.). Participants were provided with a cell phone for the intervention period
with the application pre-loaded. They were asked to complete 4 sessions per week over the 6 weeks,
resulting in a total of 24 sessions. As stated in Chapter 1, previous literature has shown that 20-25
sessions of WMT elicit adequate improvements in behaviour in overweight and obese individuals. One
level was completed per session with only one session allowed per day. The session ran over 15 min,
with a 1 min break at the 5 min and 10 min mark. Participants started the first session at level 0 and
were only allowed to move to the next level once they had scored greater than 80% on their current
level, this means that if they did not score above 80% on a particular day they would have to repeat
the same level the following session. If their scores did not show improvement over the week, or were
too low (<60%), they were asked to move down a level. C-Ya© provides the option to email the results
of each session straight from the application, participants were therefore asked to e-mail their results
to the researchers after each session as a means to monitor their progress and make sure the sessions
were being completed (see supplementary figure S1 for example). At the end of the 6 weeks

participants returned the cell phones to the researchers.
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Fig 2.5: Images at different stages of using the CYA application. Images include the home screen where one choses the
addiction focus, an image of the screen in which the letter appears across a mosaic and an image of one of the subliminal
food images that appear during the test.

Table 2.1: Measures taken at each point of the experimental procedure
Screening e Weight History
e Health and Reproductive History (including S36 Survey)

e Demographics

Baseline Tests

Online Questionnaires e BRIEF-A
e WEL
o Self-Efficacy
e BDI
Visit 1 e Anthropometric measurements

e N-back Task

e DS (fDS; bDS)

e (Questionnaires: GPAQ; EDE-Q
Visit 2 e RMR

e BIA

e Blood tests

e (Questionnaires: Self-control Scale; EEQ

Visit 3 e Subliminal N-back (fMRI)
Intervention

6 week Intervention e (C-Ya©O WMT

Post-Intervention Tests

Online Questionnaires e BDI

e BRIEF-A

o Self-Efficacy

e WEL
Visit 4 e Repeat first visit measures
Visit 5 e Repeat second visit measures
Online Questionnaires e BRIEF-A

e Self-Efficacy

e WEL
Visit 6 e Fasting RMR
e BIA

e Anthropometric measurements

e N-back task

e DS (fDS; bDS)

e Questionnaires (EEQ; TFEQ; Self-control Scale; GPAQ)

BRIEF-A: Behaviour Regulation Index of Executive function- adult version; WEL: Weight Efficacy Lifestyle Questionnaire;
BDI: Becks Depression Inventory; DS: Digit Span (fDS: forward; bDS: backward); GPAQ: Global Physical Activity
Questionnaire; EDE-Q: Eating Disorder Examination Questionnaire; RMR: Resting Metabolic Rate; BIA: Bioelectric
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Impedance Analysis; EEQ: Emotional Eater Questionnaire; fMRI: functional Magnetic Resonance Imaging; CYA: Curb Your
Addiction; WMT: Working Memory Training.

2.5 Statistical Analyses

All analyses were conducted using IBM SPSS version 26 for Windows (IBM Corp, Armonk, NY).Prior to
statistical analysis, all variables were tested for normality using the Shapiro-Wilk test. Statistical tests
were then chosen accordingly based on whether data was parametric or non-parametric. Full details

on statistical analyses and tests conducted are provided under each experimental chapter.

Statistical significance was accepted at p <0.05, however, as Greenland and colleagues (2016) state
"Statistical significance is neither necessary nor sufficient for determining the scientific or practical
significance of a set of observations." This is a view supported by the American Statistical Association
(Wasserstein & Lazar, 2016). Taking into consideration the sample size statistical significance was not
the only focus of determining practical significance. For this reason the p-value was also evaluated as
a continuous measure and statistical significance was not used as the final cut-off for determining the
presence or absence of an observation, but merely as a guide to the existence of a difference.
Therefore the outcome of the statistical procedures were just one of the evaluated considerations
when examining the results, other considerations included distribution of the data and the context

behind the measures.
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Chapter 3 Formative Analysis

The behavioural, physiological and cognitive differences between reduced-

obese women and stable-weight controls to determine the possible
compensatory responses to weight loss

3.1 Introduction

As detailed in Chapter 1, weight loss results in various physiological and psychological changes that
may increase susceptibility to weight regain. It’s important to identify what challenges these changes

may pose to weight maintenance in order to target therapies towards combatting these effects.

For instance, during and after weight loss, there is a physiological drive to regain the weight which
was lost. When weight loss occurs, the body activates physiological responses in order to restore
‘balance’ (MaclLean et al., 2015). These physiological factors include the lowering of energy
expenditure through increased energy efficiency and an increase in appetite through changes in
appetite and satiety hormones, these changes then influence the impulsive system to increase ones
food intake and reduce activity (Melby et al., 2017). To overcome these responses, behaviour during
the weight maintenance phase needs to reflect that of the behaviour that was enforced during the
weight loss itself, however, at this point the cost of adherence to physical regimes and diet begin to

outweigh the benefits as there is no longer sustained positive feedback (MacLean et al., 2015).

It is then expected that in order to maintain their weight, those who have lost weight will have to
maintain different eating and exercise behaviours than those who have never experienced weight
loss. However, enforcing these behaviours and going against physiological urges may lead to a change
in eating and food-related thoughts. Calorie restriction results in ‘physiological deprivation’” which
further causes a change in appetite hormones and results in a heightened brain ‘reward and
motivation’ response to food cues, further enforcing the feeling of addiction (Lawson et al., 2011; Stice
et al., 2013). Restriction in itself activates the hedonic appetite system which increases an appetite for
palatable foods; when resisting these cravings this may then produce feelings of ‘perceived
deprivation’ (Lowe & Levine, 2005). Together physiological and psychological deprivation can lead to
the development of negative eating and food-related thoughts and behaviours. This could include
feeling more restrained over ones food intake, having more eating concerns, or experiencing dietary

disinhibition. Although restraint over food intake is needed to lose weight, evidence also shows it can
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lead to the development of binge-eating disorders and a negative relationship with food (Stroebe et

al., 2008; Tuschl, 1990).

The discipline and self-control enforced during and after weight loss therefore requires the utilisation
of the executive system. Executive function has been shown to play an important role in overcoming
the physiological and psychological challenges of weight loss to ensure long-term weight-loss success.
Those with greater executive function will be able to exhibit higher cognitive restraint over their food
intake, while those with lower executive function may give in to their hunger (Hege et al., 2013).
Although having a higher executive function is associated with successful weight loss, evidence is
mixed about the effect of weight loss itself on executive function. While reduced adiposity and
utilisation of the executive system through dietary restraint is thought to strengthen executive
function, some evidence suggests the cognitive overload through sustained restraint may actually
weaken it (Clarkson et al., 2011; Green et al., 1997; Hester & Garavan, 2005). As executive function
may be an important component in overcoming the physiological and behavioural compensatory
responses to weight loss, and thereby an important component in successful weight-loss

maintenance, it is important to determine how it may be affected by weight loss itself.

3.2 Aims and Objectives

This chapter aimed to (1) describe the behavioural, physiological and cognitive differences between
reduced-obese women and stable-weight women; and (2) determine whether time since weight loss
has an influence on these factors. The specific objective of the analysis was to identity the

compensatory responses that might occur with significant weight loss.

3.3 Methods

3.3.1 Participants

Participant recruitment and criteria are described in chapter 2. Twenty-nine women between the ages
of 25 to 45 years (M= 35.5 + 5.8 years) were recruited in the crossover study (Fig 3.1). Participants
were classified as one of two conditions: ‘Reduced-obese’ (RED; n=23), those who had lost a significant
amount of weight in the two years before recruitment; or ‘Stable weight’ (Stable; n=6), those who had
no significant weight loss or weight gain history. The Stable condition was age-and-BMI matched to
the RED condition. Conditions were further divided into three groups. The Stable condition consisted
of the stable weight individuals mentioned above. The RED condition was separated into two groups

according to ‘time since weight loss’: ‘Recently Reduced’ (RED-R; n=15), participants who had lost a
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significant amount of weight (>10%) in the 6 months before recruitment; and ‘Stable Reduced’ (RED-
S; n=8), participants who had lost a significant amount of weight in the 2 years before recruitment,

but had remained weight stable in the 6 months before recruitment.

There was missing data for a total of six participants. Due to unforeseen circumstances four
participants were unable to continue with testing after visit one; one participant dropped out of the
study after visit two; and one participant completed visit three but equipment malfunction meant that

the N-back data was lost for this visit.

Crossover Analysis

(n=29)

2

z RED-R RED-S Stable

o

& (n=15) (n=8) (n=6)
(=)

= (n=15) — (n=8) = (n=6)

= (n=14) (n=6) (n=5)

> | Unable to Complete | Unable to complete | Unable to complete
— testing (n=1) testing (n=2) testing (n=1)
B (n=13) (n=4)

= n= n=

= — (n=6) ]
) Computer error (n=1) Dropped out (n=1)

Fig 3.1: Flow chart indicating participant numbers at each point of baseline testing within each group. RED-R: Recently
reduced-obese; RED-S: Stable reduced-obese; Stable: Stable weight.

3.3.2 Measures

All baseline measures used for comparison between conditions and groups are described in Chapter
2 (see sections 2.1; 2.2; 2.3)

3.3.3  Statistical Analysis

All analyses were conducted using IBM SPSS version 26 for Windows (IBM Corp, Armonk, NY). All
variables within each group were tested for normality using the Shapiro-Wilk test. For comparisons
between conditions (RED vs Stable) and between the RED groups (RED-R vs RED-S) the Independent-t

test was used for parametric data, while the Mann-Whitney U test was used for non-parametric data.
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For comparisons between groups (RED-R vs RED-S vs Stable) the One-way ANOVA was used for
parametric data, with Bonferroni for post-hoc analysis; while the Kruskal-Wallis test was used for non-
parametric data. Results are expressed as ‘mean + standard deviation’ for normally distributed data,
while ‘median (interquartile range (IQR))’ are expressed for non-parametric distributed data.

Statistical significance was accepted at p <0.05.

3.4 Results

3.4.1 Participant Characteristics

Participant characteristics and weight loss history are presented in Table 3.1. Group analysis showed
that the only significant difference in anthropometric measures between groups was a difference in
weight (F(2,26)= 6.299, p=0.006), with the RED-R group having a significantly higher weight than the
Stable group (M=76.1 + 8.1 vs 64.3 + 6.2 kg, p= 0.005), however, RED-R was not significantly higher
than RED-S (M= 70.6 + 5.1 kg; p= 0.254). There was no significant difference in BMI between groups
(F(2,26)=1.343, p=0.279).

Table 3.1: Participant Characteristics displayed per group and condition (mean values + standard deviations)

STABLE REDUCED
RED total RED-R
(n=16) (n=23) (n=15) (n=8)
Age (yrs) 35.8 £ 6.6 354 £ 5.8 355 +4.6 353+7.9
BMI (kg/m?) 25.6 + 3.8 28.0 + 3.0 28.2 £3.3 27.6 £2.3
Waist (cm) 78.1 £ 54 83.8 £ 8.6 85.4 £9.9 809 £ 4.6
WHtR 0.5 0.1 0.5 £0.1 05zx0.1 0.5 0.0
BF (%) 318 £+ 7.8 33.2 £6.2 33.0+6.7 33.7 +5.1
Weight Loss History
HAW BMI (kg/m?) 357 £33 353 +2.6 36.4 £4.5
Time Since HAW (yrs) 3.0 +26 2.7 £2.7 35125
Total Wt lost (%) 21.2 £ 9.5 203 7.3 229 £13.0
6 month Wt loss (%) 13.8+54 0.7+1.1

RED-R: Recently reduced-obese; RED-S: Stable reduced-obese; Stable: Stable weight; BMI: Body mass index; Waist: Waist
circumference; WHtR: Waist-to-height ratio; HAW: Highest adult weight before weight loss; Wt: Weight; 6 month Wt loss:
the percentage of weight lost within the 6 months prior to testing.
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There was no significant difference between RED-R and RED-S regarding total weight lost since HAW
(t(21)=-0.607, p= 0.551) or time since HAW (t(21)=-0.671, p= 0.509). HAW was defined as the weight
they were at before they began their weight loss journey. Together the RED condition had lost an
average of 20.7 £10.5 kg which amounted to a 21.2 +9.5 % reduction in body weight. Of the total
weight lost, RED-R had lost 13.8 +5.4 % of their weight within the 6 months before recruitment.
Although the time since they began their weight loss was not significantly different, the mean time for
RED-S (3.5 +2.5 yrs) was approximately 9 months longer than RED-R (2.7 £2.7 years), which would

account for the 6 months stable weight period since they reached their goal weight.

In addition, conditions and groups did not differ significantly on any variables addressing

demographics, education, medical history, health or socio-economic status.

3.4.2 Measures of Eating Behaviour and Food-related Thoughts

There was no significant difference between groups on any measures of eating behaviour or food-
related thoughts. The median scores obtained on the Eating Disorder Examination Questionnaire
(EDE-Q) are displayed in Fig 3.2. There was no significant difference between the RED-R and RED-S
group on any of the factors of the EDE-Q. Together, the RED condition appeared to score higher than
the stable condition across most factors (Restraint: U= 35, p= 0.071; Eating concern: U=41.5, p=0.142;
Shape concern: U= 39, p= 0.114; Weight concern: U= 32, p= 0.047; Total score: U= 35, p= 0.071). The
RED condition displayed a higher total score than the Stable condition (2.6 (1.0-3.2) vs 0.73 (0.3-1.7)
resulting in the RED condition scoring within the borderline range indicative for presence of eating-

disorder pathology (cut-off for normal samples > 2.5 vs obese samples > 3).
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Fig 3.2: Self-reported eating-disordered behaviour displayed per group, as measured by the Eating Disorder and
Examination Questionnaire (EDEQ). The four Factors, Restraint, Eating Concern, Shape Concern and Weight concern
contribute towards the total score. Dots represent individual data points; bars represent median scores; error bars
represent 95% confidence interval. RED-R: Recently reduced-obese; RED-S: Stable reduced-obese; Stable: Stable weight.

* p <0.05, where (a) conditions significantly different.

There were no significant differences between conditions on measures of weight efficacy (t(27)=
0.336, p=1.000) or emotional eating (t(23)= 1.080, p=0.291). Although the RED-R group scored higher
on the EEQ resulting in the mean falling within the Emotional Eater category (211) (12.6 + 4.0)
compared to RED-S (9.0 + 3.9; p= 0.077) and the Stable group (9.0 + 6.6; p= 0.157) (Fig 3.3).
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Fig 3.3: Emotional-eating behaviour displayed per group, as measured by the Emotional Eater Questionnaire (EEQ). Dots
represent individual data points; bars represent mean scores; error bars represent 95% confidence interval. Scores > 11
indicate emotional eater behaviour. RED-R: Recently reduced-obese; RED-S: Stable reduced-obese; Stable: Stable weight.

3.4.3 Measures of Depression, Self-control and Self-efficacy

There was no significant difference between conditions in self-control (U=59, p=0.575) or self-efficacy
(U= 58, p= 0.581) (See supplementary material S1 for full descriptive). While no difference was
observed between groups in terms of depression (x?(2)= 1.843, p= 0.164) as measured by the BDI, the
RED condition did appear to score higher on the BDI compared to the Stable condition (10 (5-17) vs
4.5 (0-10); U= 36, p= 0.080), however, they were still within the minimal-mild range for depressive
symptoms (<19).

3.4.4 Physical Activity and Energy Metabolism
Physical Activity

There was no significant difference in self-reported physical activity between groups or conditions
(See supplementary material S2 for full descriptive). The RED condition report total activity of 290
min/week (180-600 min/week), while the Stable condition reported total activity of 350 min/week
(184-1114 min/week) (U= 81, p= 0.546). From the total activity, the RED condition reported vigorous
activity of 80 min/week (0-180 min/week), while the Stable condition reported vigorous activity of 150
min/week (90-338 min/week) (U= 90, p= 0.278). On sedentary time the RED condition reported time
spent in sedentary of 5040 min/week (3360-5460 min/week) and the stable condition 5460 min/week
(2100-5933 min/week)(U=72.5, p= 0.854).
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Resting Metabolic Rate
There was a significant difference in the time since last meal (TLM) at group analysis (F(2,21)= 5.180;

I”

p= 0.015). The “time since last meal” was defined as the duration of fasting prior to the resting
metabolic rate measurement. Post-hoc analysis showed that RED-S (13.37 +1.37 hrs) fasted on
average 2hrs more than the RED-R (11.64 +1.09 hrs) and Stable (11.35 +1.38 hrs) groups. For this
reason it was decided to do ANCOVA with TLM as a covarying factor. With this adjustment there was

no significant difference in the fasting state between conditions or groups (Table 3.2).

Following ingestion of the test meal, there was a significant difference between groups and conditions
in their post-prandial metabolic response (Table 3.2). There was a significant difference between
groups in the percentage change in energy expenditure in response to the meal (TEF%) (F(2,21)=
0.025, p=0.025). Bonferroni correction showed that this difference was found to be greatest between
the Stable group and RED-S, with Stable having a much higher TEF than RED-S (p= 0.021). Together,
RED condition displayed a lower TEF compared to the Stable condition (t(22)=-2.520, p=0.020).

There was no significant difference between groups in total post-prandial energy expenditure,
however, there was a significant difference between groups in post-prandial change in energy
expenditure from fasting (¥REE (kcal/kg): F(2,21)= 6.625,p= 0.006; £REE (kcal/kg FFM): F(2,21)=5.602,
p= 0.011). Post-hoc analysis showed that both RED-R and RED-S had a significantly lower energy
expenditure change from fasting per kg bodyweight than the Stable group (p= 0.028 and p=0.005),
while RED-S had significantly lower energy expenditure change from fasting per kg FFM than Stable
(p=0.009). There was no significant difference between RED-R and RED-S in response to the meal.
When comparing conditions the stable condition displayed a greater total post-prandial change in
energy expenditure compared to RED (REE (kcal/kg): t(22)= -2.133, p= 0.044); REE (kcal/kg FFM):
t(22)=-2.276, p= 0.033), as well as a greater change in energy allocation from fasting (¥REE (kcal/kg):
t(22)=-3.274, p= 0.003; ¥REE (kcal/kg FFM): t(22)=-2.962, p= 0.009).

Change in RER is displayed in Fig 3.4. Group analysis showed that the greatest difference in RER
between the groups was at 120min (F(2,21)= 5.993, p= 0.009) and 180min (F(2,21)= 3.025, p=0.070).
With RED-R and RED-S being significantly different to stable at 120min (p= 0.017 and p= 0.011). The
RED condition had a significantly higher RER at 60 min (t(22)=2.090, p=0.048), 120 min (t(22)=3.420,
p=0.002) and 180 min (t(22)= 2.292, p= 0.032) post-meal consumption. The greatest difference at 120
min was seen in the substrate oxidation, with the Stable group reaching a mean of 99.4 + 0.4 % fat

oxidation, while RED reached a mean of 77.6 £14.9 % fat oxidation (t(19.124)= -6.535, p< 0.001).
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Table 3.2: Metabolic measurements displayed per group and condition (mean values * standard deviations)

Stable Reduced
RED RED-R RED-S
(n=4) (n=20) (n=14) (n=6)
Fasting
RER 0.76 = 0.09 0.77 £ 0.04 0.77 £ 0.05 0.78 + 0.04
REE (kcal/day) 1378 + 129 1467 + 156 1520 + 157 1344 + 49
REE (kcal/kg FFM/day) 31.8+ 2.7 30229 304+ 34 29.8 + 1.7
Fat (%) 79.8 + 28.5 77.1+ 150 78.3 + 15.9 74.4 + 13.7
Postprandial
TEF (%) 21.1 + 6.3 13.6 £ 5.3 14.8 £ 5.8 109 + 2.7 *ab
REE (kcal/kg) ¥ 0.6 £ 0.2 0.3+ 01 04+ 0.1 0.3+ 0.1 **ab
REE (kcal/kg FFM) £ 0.8+ 0.2 0.5+ 0.2 0.6 £ 0.2 0.4 % 0.1 **a*b

RED-R: Recently reduced-obese; RED-S: Stable reduced-obese; Stable: Stable weight; RER: Respiratory exchange ratio;
REE: Resting Energy Expenditure; FFM: Fat-free mass; TEF: Thermic effect of feeding.

T Postprandial three-hour change from fasting measures, calculated as AUC of hourly fasting metabolic measures
subtracted from total hourly metabolic measures, following ingestion of the test meal.

* p <0.05, ** p < 0.01, where (a) conditions significantly different; (b) groups significantly different.

10 - Group
== RED-R (n=14)
] = RED-S (n=16)
0.8 —— Stable (n=4)
*a **ab *a
@ 087 —ee————
u.? = —\___
0.6
0.5

TO T30 T60 T120 T180

Fig 3.4: Respiratory Exchange Ratio (RER) measures, displayed per group per time point. Time points are as follows: TO:
fasting measure; T30: 30 min post meal consumption; T60: 60 min post meal; T120: 120 min post meal; T180: 180 min post
meal. Lines represent mean measures at each time point for each group. RED-R: Recently reduced-obese; RED-S: Stable
reduced-obese; Stable: Stable weight.

* p <0.05; ** p <0.01, where (a) conditions significantly different; (b) groups significantly different.

3.4.5 Glucoregulatory Response and Appetite

Due to the difference in TLM at group analysis, ANCOVA was used for fasting measurements with TLM

as a covarying factor. There was no significant difference in fasting HbAlc, fasting blood glucose,
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fasting insulin or HOMA-IR between conditions or groups (see Table 3.3). None of the participants
displayed signs of insulin resistance as observed by HOMA-IR, which was within the normal range for
all groups (<1.9). RED-S did have a mean HOMA-IR less than 1 which is indicative of insulin sensitivity.
There was also no significant difference in postprandial blood glucose or insulin between groups or

conditions.

There was no significant difference between groups in appetite measures at fasting or following meal
consumption. For all participants there was a general decline in hunger, and desire to eat, as well as
an increase in satiety observed after the meal (Fig 3.5). There was, however, a significant difference
in hunger between conditions at 60 min postprandial (U= 80.5, p= 0.035), with RED feeling less hunger
than Stable (5.45 +10.03 vs 13.80 £10.50).

Table 3.3: Glucoregulatory response and Appetite Regulating Hormone displayed per group and per condition (mean
values # standard deviations)

Stable Reduced
RED RED-R RED-S

(n=>5) (n=20) (n=14) (n=6)
HbA1c (mmol/mol) 364+ 4.2 342 + 3.7 349 + 36 323+ 3.7
Fasting Glucose (mmol/l) 48 + 0.4 47 + 0.4 48 + 0.3 4.4 + 0.5
2hr Glucose (mmol/I) 47 + 0.9 47 + 04 47 + 0.4 48 + 0.4
Fasting Insulin (uU/ml) 53+ 19 6.0+ 3.3 6.8+ 3.4 41+ 2.1
2 hr Insulin (uU/ml) 13.1+ 5.6 18.6 + 15.1 189 + 16.8 179 + 12.2
HOMA-IR 1.12 £ 0.36 1.28 + 0.73 1.46 + 0.75 0.85 + 0.50

RED-R: Recently reduced-obese; RED-S: Stable reduced-obese; Stable: Stable weight; HbAlc: Hemoglobin Alc; HOMA-IR:
Homeostatic Model Assessment of Insulin Resistance
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Fig 3.5: Subjective appetite measurements (mm) displayed per group per time point. Time points are as follows: TO: fasting
measure; Post: immediately post meal consumption; T60: 60 min post meal; T120: 120 min post meal; T180: 180 min post
meal. Appetite measures were that of Hunger, Satiety and Desire to eat. Lines represent mean measures at each time
point for each group. RED-R: Recently reduced-obese; RED-S: Stable reduced-obese; Stable: Stable weight.

* p < 0.05, where (a) conditions significantly different.

3.4.6 Executive Function and Working Memory

BRIEF-A

Out of the 29 participants, five scored 265 on the global executive composite (GEC), indicating possible
executive dysfunction (RED-R (n=2); RED-S (n=2); Stable (n=1)). There was no significant difference
between groups on any of the subscale or summary scales (See supplementary material S3 for full
descriptive). Additionally conditions did not significantly differ on any of the subscales or the GEC (U=
47.5, p=0.254), the BRI (U= 36, p= 0.080) or the MI (U= 59.5, p= 0.618) summary scales (Fig 3.6).
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Fig 3.6: BRIEF-A summary t-scores displayed per group. T-Scores 2 65 are within clinical range and are indicative of
executive dysfunction. Dots represent individual data points; bars represent median scores; error bars represent 95%
confidence interval. RED-R: Recently reduced-obese; RED-S: Stable reduced-obese; Stable: Stable weight; BRI:
Behavioural regulation index; MI: Metacognition index; GEC: Global executive composite.

N-back
There was no significant difference between groups or conditions in any measures of the n-back (Table
3.4). Mean accuracy on the n-back task was 72.2 +15.5% and mean latency for correct responses was

680ms (586-826 ms).

Table 3.4: Computerized N-back task displayed per group and condition (mean values * standard deviation; median
values (IQR))

Stable Reduced
RED total RED-R RED-S
(n=6) (n=23) (n=15) (n=8)
Accuracy (%) 67 +19 74 +15 77 +12 68 +19
Latency (ms) 784 (650-941) 619 (580-748) 684 (592-740) 591 (543-839)

Measures taken are percentage accuracy and response time to correct hits (latency). RED-R: Recently reduced-obese;
RED-S: Stable reduced-obese; Stable: Stable weight.

Subliminal Image N-back
There were no significant differences between groups or conditions on any of the outcome measures
of the fMRI n-back task, this was true even when comparing outcomes of food vs neutral stimuli (Table

3.5).
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Table 3.5: Subliminal image N-back task, conducted during fMRI, displayed per group and condition (Median values (IQR)).

STABLE REDUCED
RED total RED-R RED-S

(n=4) (n=19) (n=13) (n=16)
Food
Accuracy (%) 94 (92-96) 88 (76-96) 88 (74-96) 90 (67-93)
Latency (ms) 770 (674-889) 720 (658-776) 749 (637-867) 685 (653-739)
Neutral
Accuracy (%) 94 (92-99) 92 (83-100) 92 (83-100) 92 (61-97)
Latency (ms) 672 (616-845) 705 (640-798) 728 (654-951) 684 (618-731)

Alternating n-back task with blocks of either subliminal food images (Food) or subliminal neutral images (Neutral).
Measures taken are percentage accuracy and response time to correct hits (latency). RED-R: Recently reduced-obese; RED-
S: Stable reduced-obese; Stable: Stable weight.

Digit Span

There was no significant difference between groups or conditions on any measures of the DS (Table
3.6). The difference between conditions on the DS was as follows: fTE_ML (U= 80, p= 0.581); fTE_TT
(U= 77, p= 0.694); fML (U= 79.5, p= 0.581); fMS (U= 74.5, p= 0.773); bTE_ML (U= 54.5, p= 0.445);
bTE_TT (U= 57, p= 0.546), bML (U= 41, p= 0.142); bMS (U= 43.5, p= 0.174).

Table 3.6: Digit Span Measures displayed per group and condition (Median values (IQR))

Stable Reduced
RED total RED-R
(n=16) (n=23) (n=15) (n=38)
Forward Digit Span
fTE_ML 7 (5-8) 6 (6-7) 7 (5-8) 6 (6-7)
fTE_TT 6 (3-8) 5 (4-6) 5 (4-7) 5 (4-6)
fmML 8 (7-8) 7 (6-8) 7 (6-8) 7 (6-8)
fMS 7 (6-7) 7 (6-7) 7 (5-8) 7 (6-7)
Backward Digit Span
bTE_ML 5 (4-6) 5 (4-7) 5 (4-7) 6 (57)
bTE_TT 4  (3-7) 4 (4-6) 4 (4-6) 6 (4-6)
bML 6 (5-7) 7 (6-8) 6 (5-8) 7 (6-8)
bMmS 5 (4-6) 6 (5-7) 6 (4-7) 7 (6-7)

RED-R: Recently reduced-obese; RED-S: Stable reduced-obese; Stable: Stable weight; TE_ML: Two error maximum length;
TE_TT: Two error total trials; ML: Maximum length; MS: Mean span.
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3.5 Discussion

The current analysis aimed to describe the behavioural, physiological and cognitive differences that
may exist between reduced-obese women and those who have remained stable weight. Importantly,
the analysis also aimed to determine whether time since weight loss had an effect on any of these
factors. This was done by dividing the RED condition into recently reduced-obese and stable reduced-
obese. The main finding was that both groups of reduced-obese women displayed a stunted post-
prandial metabolic response compared to their stable-weight controls. While obese-reduced women
showed some evidence of different eating and food-related behaviours compared to stable-weight
controls, there were no other observed differences in self-control, self-efficacy or executive function

between the conditions.

The greatest difference found between reduced-obese women and stable-weight controls was in their
post-prandial metabolic response. It is important to note, however, that this analysis had a small
sample size of stable-weight controls, so while there was significance there is a high chance of these
findings being the result of a type Il error due to the small sample size. For this reason our discussion
relies heavily on previous evidence which has found similar results and therefore serves to corroborate
our findings. Although fasting metabolic rate was similar across our sample, food consumption of an
identical meal in terms of weight, macronutrient and energy composition, generated a greater
thematic effect of feeding in the stable-weight women. This would indicate that obese-reduced
women were more energy efficient as they metabolised less energy from their meal, despite
consuming the same amount of calories. This is in line with previous findings that have found reduced
TEF following weight loss (Camps et al., 2013; Nelson et al., 1992). This adds onto the theory that there
is a physiological attempt to conserve energy after weight loss so that the body can “restore balance”.
It also appeared that reduced-obese women had signs of reduced metabolic flexibility, which is the
ability to transition between substrate oxidation according to substrate availability (Galgani et al.,
2008). Despite an equal ratio fat and carbohydrate meal, the reduced-obese women showed minimal
change in their substrate oxidation, while stable-weight controls showed an increase in fat oxidation
in response to the meal. Low fat oxidation results in greater carbohydrate utilisation, which promotes
greater fat storage at times when a positive energy balance may occur (Raben et al., 1994). This could
put obese-reduced women at a metabolic disadvantage and predispose them to a greater likelihood
of weight regain, due to the ease of fat storage, compared to women that have never experienced
weight loss. Importantly both reduced-obese groups displayed similar metabolic profiles in response
to the meal, indicating that 6 months or more of weight maintenance following weight loss did not

affect the energy efficiency of the stable reduced-obese group.
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Interestingly, there did not appear to be a difference in appetite between reduced-obese and stable-
weight women, despite their postprandial difference in energy metabolism. To evaluate whether
there was a change in the hormonal regulation of appetite, we observed whether reduced-obese
women showed a difference in their postprandial insulin response compared to stable-weight women.
Insulin is an appetite regulatory hormone that is released after food intake to suppress appetite, and
it’s levels have been shown to vary with adiposity, those with greater adiposity release more insulin
(Austin & Marks, 2009; Flint et al., 2007; Verdich et al., 2001). While there was not a significant
difference in fasting insulin or HOMA-IR, it did appear that the reduced-obese women who had
maintained their weight loss over 6 months did have a much lower HOMA-IR than both stable-weight
women and recently reduced-obese women, indicating potentially better insulin sensitivity. This is in
line with previous research that has shown that weight loss results in greater insulin sensitivity in those
who are able to maintain this weight loss over time (Clamp et al., 2017). Yet, there was no significant
difference between stable-weight and reduced-obese women’s postprandial insulin response, which
may explain why hunger, desire to eat and satiety, as measured by VAS, saw very little to no difference

among groups and why substrate oxidation was similar between both reduced-obese groups.

Within the sample there was no differences in self-efficacy or feelings of self-control, although all
three groups appeared to score on the lower end of the self-control scale. Depressive symptoms and
emotional eating indicated some differences between reduced-obese women and stable-weight
women, with reduced-obese women scoring higher in these factors. Research shows that obese
individuals are more likely to suffer from depression (Barry et al., 2008; Petry et al., 2008), emotional
eating (Ganley, 1989), and exhibit less self-control (Fan & Jin, 2014) than their leaner counterparts.
Yet, weight loss itself has been shown to improve these outcomes (Braden et al., 2016; Choo & Kang,
2015; Clark et al., 1996; Will Crescioni et al., 2011), which may mean that these factors were recently
improved in the reduced-obese group, resulting in reduced variance between conditions. Most
notably the reduced-obese women showed signs of greater eating-disordered behaviour compared
to stable-weight women, such as higher feelings of restraint and eating concern. While restraint is an
important factor in weight maintenance, with higher dietary restraint associated with greater
likelihood of long-term weight maintenance (Vogels et al., 2005), research shows that inhibition of
appetite needs, such as that experienced by dieters, results in more obsessive thoughts related to
eating and food which may put them at risk for weight gain (Hart & Chiovari, 1998). It is also important
to note that while the Stable weight women did not have a history of weight gain or loss, they were

still within the BMI range of overweight. As evidence shows that higher BMI is associated with greater
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dieting and body dissatisfaction (McLean et al., 2010) it is unsurprising that despite being stable weight

these women may also exhibit disordered eating and food-related behaviours.

There did not appear to be a difference in executive function between reduced-obese women and
those of stable weight as measured by performance-based and subjective executive function
measures. There could be many reasons for why groups showed similar measures. For instance one
reason could be that the weight loss itself improved the executive function and working memory
capacity of the reduced-obese women to that of a stable-weight individual, as weight loss has been
shown to improve executive function in various populations (Brinkworth et al., 2009; Bryan &
Tiggemann, 2001; Green et al., 2005; Halyburton et al., 2007; Siervo et al., 2012). In opposition, it
could also be that executive function was slightly impaired in the stable-weight group, as majority of
the stable weights had a BMI in the range of overweight. Overweight participants have also been
implicated with significant deficits in some areas of executive function, such as inhibition and working
memory (Y. Yang et al., 2018). Without knowing individuals executive function measures before the
weight loss occurred, and with such a small stable weight group, it is difficult to theorise as to why no
difference was observed. Alternatively it could be that the tests were not sensitive enough to pick up

these differences.

Importantly, there did not appear to be any differences between those who had maintained their
weight loss over a minimum of 6 months and those who had lost a significant amount of weight within
the 6 months before recruitment. While the recently reduced-obese did appear to display greater
emotional eating than the stable reduced-obese, both groups displayed a similar difference in post-
prandial metabolic response and eating-disordered behaviours compared to the stable-weight
women. This provides evidence that the physiological and behavioural changes that occur with weight
loss are still very present between 6 months to one year after weight loss. This means that there is
still a physiological drive and risk to regain weight, as seen by greater energy efficiency, reduced
metabolic flexibility and similar disordered-eating behaviour. Interestingly there was no difference in
executive function between these groups, which would imply that the weight-maintenance period
experienced by the stable obese-reduced women did not have a visible effect on executive function.
Some have suggested that diet and weight loss itself can negatively impact executive function as
restrictive eating and daily self-monitoring are thought to cause cognitive strain (Clarkson et al., 2011;

Green et al., 1997; Hester & Garavan, 2005; Kemps et al., 2005; Kemps & Tiggemann, 2005).

It is important to note that limitations to this analysis may have had an influence over the findings or
lack of findings attained. A prime limitation to this analysis was the small sample size, especially within

the stable-weight controls. The reduction in the number of participants during the metabolic testing
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and fMRI n-back task further reduced the size of the stable-weight group, which may have resulted in
reduced statistical significance. This may have led to greater type | or type Il errors; ideally a bigger
sample size would have yield more significant and trustworthy results. Furthermore the stable-weight
group consisted of mainly overweight individuals, as overweight has too been implicated in executive
dysfunction and eating concerns this may have resulted in reduced variance between groups. In order
to test this theory additional control groups consisting of stable-weight obese (BMI>30kg/m?) and lean
(BMI<25kg/m?) women could aid in our understanding of the differences that are present between
these groups compared to reduced-obese women. Importantly the lack of pre weight loss data doesn’t
allow the observation of changes at the individual level. Data collected before, during and after weight
loss would assist in providing greater insight into the behavioural, physiological and cognitive changes
that occur on an individual level as this may provide greater insight than when comparing at group

level.

3.6 Conclusion

In conclusion the present analysis found that obese-reduced women show differences in their
physiological and eating behaviour compared to stable-weight women. These challenges may play an
important role in increasing their risk of weight regain following weight loss. Importantly, these
differences are still present up to one year after weight loss, indicating that weight regain is still of
concern during this time. This finding contributes to the current evidence that reduced-weight
individuals experience physiological compensatory responses to weight loss, which in turn can
influence their behaviour. Although obese-reduced women displayed no differences in their executive
function compared to stable-weight controls, it is unknown whether their executive function may have

changed during the weight-loss process itself.

44



Chapter 4 Intervention Analysis

The Effect of Working Memory Training on Executive Function in Reduced-Obese

Women: Implications for Long-term Weight-Loss Maintenance

4.1 Introduction

As detailed in Chapter 1, a major concern in the battle against obesity is that weight-loss maintenance
is often unsuccessful; many of those who lose a significant amount of weight will regain most of this
weight within a year. The previous chapters explored the challenges associated with weight loss by
comparing how reduced-obese women differ from stable-weight women, touching on why these
differences may increase their risk of weight regain. As executive function plays an important role in
maintaining weight and overcoming these challenges, improving executive function through training

may aid in weight-loss maintenance.

One way to potentially improve executive function is through working memory training (WMT). It has
been suggested that WM is the largest component of executive function, and that it's processes
underly the other components of executive function (Baddeley, 1992). As executive function has been
implicated in weight maintenance, it is expected that WM too plays a similar role. Reduced WM
capacity has shown associations with overweight and obesity (Y. Yang et al., 2018), while higher WM
capacity has been shown to be a predictor of successful weight loss (Hege et al., 2013; Meule, 2016).
The logic behind WMT is that if WM can be improved through training, it should in turn improve the
components that are interlinked with WM. WMT has therefore emerged as a potential means to
improve executive function, thereby improving self-control and discipline in those suffering from

impulse driven behaviour.

WMT typically involves the use of adaptive WM tasks, in which the task becomes progressively more
difficult as the individual improves over time. Many studies have found this type of training to produce
improvements in WM capacity (Klingberg, 2010; Melby-Lervag & Hulme, 2013). Yet evidence remains
controversial on whether these improvements in WM capacity are able to transfer to behaviour. For
instance, Houben and colleagues (2016) examined whether WMT would improve self-regulation in
overweight participants. The authors found that while all participants who received WMT showed
improvements in their WM, only those that were initially reported as highly restrained eaters saw an
improvement in their food intake. These findings indicate that transfer of WMT to behaviour may

depend on the mindset of the participants. Strengthening WM capacity therefore may be of little use
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if there is a lack of motivation to change ones behaviour or a lack of knowledge on what changes need
to be made (Hofmann et al., 2012). It is then hypothesised that WMT will only produce an effect if (1)
the WMT results in an improvement in WM capacity as well as (2) participants are actively motivated

to change their behaviour.

The current study examined this possibility by focusing on women who had already lost a significant
amount of weight and were motivated to maintain their weight. In this regard they already had the
underlying motivation and knowledge on what lifestyle changes need to be enforced in order to
maintain a healthy lifestyle. Having reached the weight-maintenance phase, we examined whether
WMT could be used as an aid in weight maintenance following significant weight loss, by incorporating
a 6-week WMT intervention into the lives of these recently reduced-obese women. To our knowledge
an investigation such as this has not been conducted previously. The hypothesis was that the WMT
would improve their WM and executive function thereby improving their self-control and restraint,
allowing them to better control their food intake and show greater discipline when it comes to food

choices. This would result in greater likelihood of remaining weight stable in the long term.

4.2 Aims and Objectives

This study follows a one-group pre- and post-intervention test, quasi-experimental design. The main
aim of this analysis was to determine the effect of a 6-week WMT intervention on cognition, behaviour
and physiology in reduced-obese women. The objectives were (1) to determine whether WMT
improved WM capacity in reduced-obese women, and whether this was retained in the long term,

and (2) whether this in turn affected behaviour and the physiology of reduced-obese women.

4.3 Methods

4.3.1 Participants

Participant recruitment and criteria are described in chapter 2. Nineteen reduced-obese women
between the ages of 25 and 45 years (M= 35.6 + 5.7 years) were chosen for the full intervention
analysis (Fig 5.1). All 19 participants completed the full intervention procedures, with no dropouts
occurring between baseline testing and post-intervention testing. Only 11 participants completed the
6 month follow up, of the 8 that did not, 2 were unresponsive to communication and 6 missed the 6

month time frame due to unforeseen circumstances.

46



RED
(n=19)

tl

Intervention
(n=19)

] [Inter\rention]

h

Posttest
(n=19)

t2

Lost to 6 month Follow Up (n=8)
Dropped out(n=2)
Missed 6 month timeframe (n=6)

Y

h
6 month
Follow Up
(h=11)

Week 38

L 4 0y

t3

Fig 4.1: Flowchart indicating participant numbers at each point of the intervention. t1: Baseline; t2: Post intervention; t3:
6-month follow-up.

4.3.2 Measures

Measures used in this analysis were those measures that were repeated at post intervention and the
follow up. This included anthropometric measures, BIA, executive function tests (BRIEF-A, n-back, DS),
resting metabolic rate, appetite measures, and questionnaires (EDE-Q, EEQ, Self-control scale, self-
efficacy, WEL and BDI). Full description of measures and experimental design, including the

intervention, are described in Chapter 2 (see sections 2.1; 2.2; 2.3; 2.4)

4.3.3 Statistical Analysis

All analyses were conducted using IBM SPSS version 26 for Windows (IBM Corp, Armonk, NY). All
variables were tested for normality using the Shapiro-Wilk test. For comparisons between baseline
(t1) and post intervention (t2) the paired-t test was used for parametric data, while the Wilcoxon
signed-rank test was used for non-parametric data. For measures over time (t1, t2, t3), only the follow
up group data was used (n=11) for the three time points, repeated ANOVA was used for parametric
data, while Friedman test was used for non-parametric data. Statistical significance was accepted at p

<0.05.
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4.4 Results

4.4.1 Participant Characteristics

All 19 reduced-obese women completed the WMT intervention. Of this sample the highest level of
education was as follows: 5 had a matric certificate, 4 completed a diploma qualification, 3 completed
an undergraduate degree and 7 had completed a postgraduate degree. There was equal proportion

of ethnicities with 5 of African descent, 6 of mixed race and 8 of Caucasian descent.

Participants had a mean BMI in the range of overweight (27.7 #3.1 kg/m?2), after having lost 21.1 +
11.1% of their body weight from their highest adult weight. Most of this weight loss occurred in the 6

months and 12 months before recruitment (9.7 + 8.2% and 17.2 + 8.7% respectively).

The total duration between Visit 1 and Visit 5 was approximately 73.6 + 6.3 days, with the intervention
running over approximately 39.1 + 1.5 days. On average participants completed 23.9 + 0.6 WMT
sessions, with only one participant completing 23 sessions and another 22 sessions. Highest levels

achieved during the intervention ranged between level 3 to level 8 (M=5 % 1.6).

4.4.2 Anthropometric Measures

Table 4.1: Participant anthropometric measures displayed per time point (mean values * standard deviations)

Repeated
(n=11)
t p-value F p-value
BMI (kg/m?) 27.7 + 3.1 27.8 + 3.2 288+ 1.1 -1.218 0.239 2.472 0.110
Waist (cm) 83.7 + 9.4 84.4 + 9.4 85.6 + 11.9 -1.159 0.261 2.064 0.153
WHtR 0.5 0.1 0.5+ 0.1 0.5+ 0.0 -1.147 0.266 2.052 0.155
BF (%) 33.1+ 6.3 33.8+ 6.6 35.9 + 1.9* -1.490 0.153 7.557 0.004

Measures taken at baseline (t1), post intervention (t2) and six-month follow-up (t3). BMI: Body mass index; WHtR: Waist-
to-height ratio; BF: Body fat. * p< 0.05 significantly different from other time points.

There was no significant change between baseline and post intervention in any of the anthropometric
measures (Table 4.1). While there was no significant change over time for BMI, waist circumference
or WHtR, there was a significant change in body fat over time (F(2,20)= 7.557, p= 0.004). Bonferroni
correction revealed that for the follow-up group body fat did not differ significantly between baseline
and post intervention (p= 1.000). However, by the 6 month follow-up, body fat had increased to 35.9
+ 1.9%, which was significantly higher than baseline (t1: 33.1 + 6.3%, p = 0.029) and post intervention
(t3: 33.8 £ 1.9%, p=0.038).

48



4.4.3 Executive Function and Working Memory
N-Back

At baseline, total n-back accuracy was within the upper limit (t1: 71.2 + 15.1%). There was no
significant improvement seen at post intervention (t2: 74.2 + 10.6 %,; t(18)=-0.957, p= 0.351) or over
time (t3: 75.3 + 6.3%; F(2,20)= 1.986, p= 0.163). There was no significant change in latency at post
intervention (t1: 684(592-784) ms; t2: 617(538-760) ms; z= -1.449, p= 0.147), or over time (t3: 625
(579-676) ms; x*(2)=2.360, p= 0.307).

Digit Span

There was no significant change in most fDS measures at post intervention or over time (Table 4.2),
with the exception of fML. There was a significant increase in fML between baseline and post
intervention (z= -2.226, p= 0.026), however this was lost by the 6 month follow-up, resulting in no

significant effect of time for the follow-up group (x*(2)= 2.55, p= 0.280).

There was a significant improvement in all bDS measures post intervention (Table 4.2). Furthermore,
there was a significant effect of time on bTE_ML (x?(2)= 14.25, p= 0.001), bTE_TT (x*(2)= 10.17, p=
0.006) and bMS (x*(2)= 11.46, p= 0.003). Post-hoc analysis with Wilcoxon signed rank test was
conducted to show that follow-up scores were significantly higher than baseline scores in bTE_ML (z=
-2.845, p= 0.004), bTE_TT (z= -2.687, p= 0.007), bML (z= -2.111, p= 0.035) and bMS (z= -2.845, p=

0.004). There was no significant change in bDS scores between post-intervention and follow-up.
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Table 4.2: Digit span measures displayed per time point (Median values (IQR))

Repeated
(n=11)
z p-value X2 p-value
Forward Digit Span

fTE_ML 6 7 7 -1.387 0.166 2.00 0.368
(6-7) (6-7) (6-7)

fTE_TT 5 5 5 -0.792 0.428 0.69 0.710
(4-6) (4-6) (4-7)

fmML 7 7 7 -2.226 0.026 2.55 0.280
(6-8) (7-8) (6-7)

fmS 6.7 6.9 6.3 -1.087 0.277 3.48 0.176

(5.6-7.1) (6-7.5) (6.1-7.5)
Backward Digit Span

bTE_ML 5 6 6 -2.536 0.011 14.25 0.001
(4-6) (5-8) (5-8)

bTE_TT 4 6 6 -2.535 0.011 10.17 0.006
(4-6) (4-7) (4-8)

bML 6 7 6 -2.658 0.008 4.20 0.122
(5-7) (6-9) (6-8)

bMS 5.9 6.3 5.8 -2.938 0.003 11.46 0.003

(4.9-6.9) (5.5-8.2) (5.5-7.4)

Digit span measures at baseline (t1), post intervention (t2) and six-month follow-up (t3). t1*t2: Wilcoxon signed rank test
used to evaluate differences between baseline and post intervention; Repeated: Friedman’s test used to evaluate effect
of time over all three time points for the subset of 11 participants.

TE_ML: two error max length; TE_TT: two error total trials; ML: max length; MS: mean span. Error bars represent
interquartile range. Significance displayed for post-intervention measures.

BRIEF-A

There was no significant change between baseline and post intervention in any of the BRIEF-A
summary scale scores (Table 4.3) or subscale scores (See supplementary S4 for full descriptive),
although the MI did appear to increase over time (x?(2)=5.060, p= 0.080). Furthermore, no
improvement was seen in the WM subscale post intervention (z= -0.246, p= 0.806) or overtime
(x3(2)=2.39, p= 0.303). Majority of the subscales did not see an effect of time, with the exception of
the Task monitor subscale, (x?(2)=8.267, p= 0.016). Post-hoc analysis with Wilcoxon signed rank test
was conducted to show that the greatest difference in Task monitor scores appeared between

baseline and the 6 month follow-up (t1: 51 (42-65) vs t3: 61 (46-65); z=-2.371; p= 0.057).
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Table 4.3: BRIEF-A Summary t-scores displayed per time point (Median Values (1QR))

R
(n=11)
z p-value X2 p-value
BRI 54 51 52 -0.065 0.948 2.39 0.303
(50-56) (47-65) (48-61)
M 52 54 59 -0.728 0.466 5.06 0.080
(44-61) (44-65) (54-61)
GEC 53 51 57 -0.19 0.849 0.33 0.850
(46-63) (46-68) (46-60)

Measures taken at baseline (t1), post intervention (t2) and 6-month follow-up (t3). t1*t2: Wilcoxon signed rank test used
to evaluate differences between baseline and post intervention; Repeated: Friedman test for repeated measures across
all three time points.

BRI: Behaviour regulation Index; MI: Metacognition index; GEC: Global executive composite.

4.4.4 Measures of Energy Metabolism and Appetite
Energy Metabolism

There was no significant change in fasting measures of energy metabolism between baseline and post
intervention (RER: t(18)= 0.475, p= 0.641; REE (kcal/kg/day): t(18)= -0.530, p= 0.602; REE (kcal/kg
FFM/day): t(18)= -0.936, p= 0.363) or over time (RER: F(2,20)= 0.711, p= 0.503; REE (kcal/kg/day):
F(2,20)= 1.341, p= 0.284; REE (kcal/kg FFM/day): F(2,20)= 2.209, p= 0.136). There was no significant
change in the thermic effect of feeding (TEF) post intervention (t1: 13.3£5.3% vs t2: 12.746.5%, t(18)=
0.370, p= 0.716).

Glucoregulatory response and appetite

There was no significant change in most blood measures between baseline and post intervention, this
included fasting glucose (t(18)= -0.520, p= 0.609), fasting insulin (t(18)=-1.220, p= 0.238), HOMA-IR
(t(17)=-0.981, p= 0.340), 120 min post-prandial glucose (t(17)= 1.925, p= 0.071) and 120 min post-
prandial insulin (t(18)= 1.017, p= 0.323), however, there was a significant increase in HbAlc at post

intervention (t1: 34.4 + 3.6 mmol/mol vs t2: 35.6 + 4 mmol/mol; t(18)=-2.302, p= 0.033).

In terms of subjective appetite, there was a significant increase post intervention in fasting hunger
and desire to eat (Hunger: t1: 18 (3-53) vs t2: 52 (15-78); z=-2.853, p= 0.004)( Desire: t1: 27 (10-54) vs
t2: 50 (7-77); z=-2.344, p=0.019). Desire to eat was also shown to be significantly higher immediately
following ingestion of the meal (t1: 0 (0-2) vs t2: 2 (0-6); z= -2.805, p= 0.005). There was no difference

in hunger, satiety or desire to eat at 60 min, 120 min or 180 min postprandial.

51



4.4.5 Measures of Eating Behaviour and Food-related thoughts

There was a significant decrease in the total score of the EDE-Q between baseline and post
intervention (t1: 2.6 (1-3.2) vs t2: 2.3 (1-2.8); z=-1.972, p= 0.049) (Fig 4.2). Within the factors, eating
restraint (z=-1.767, p= 0.077) and shape concern (z=-1.862, p=0.063) saw the greatest reduction post
intervention. There was no significant change in emotional eating post intervention (t(18)= 0.431, p=
0.627) or over time (F(2,20)= 0.160, p= 0.853) (See supplementary S5 for full descriptive of EDE-Q and
EEQ).

EDE-Q Score

0 1 1
Baseline Post

Fig 4.2: Total score for self-reported eating-disordered behaviour displayed individually, as measured by the Eating
Disorder and Examination Questionnaire (EDEQ). Time points include Baseline and Post intervention. Dots represent
individual data points .* p < 0.05

4.4.6 Measures of Self-control, Self-efficacy and Depression

There was no significant difference post intervention or over time on measures of self-control, weight

efficacy, self-efficacy or depression (See supplementary S6 for full descriptive).

4.5 Discussion

The aim of this chapter was to observe the immediate and long-term effects of a 6-week WMT
intervention on executive function and behaviour in reduced-obese women. The training resulted in
significant training effects on WM capacity, with improvements seen in non-trained tasks that were
still retained at the 6 month follow-up. While no change was observed in self-reported cognitive
abilities and most behaviours, there was a reduction in self-reported eating-disordered behaviour. On
average, participants still experienced a gain in body fat in the long term. It is important to note,

however, that without a control group it is difficult to say whether training had no effect on weight or
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behaviour or whether there was actually a maintenance effect which went unseen without a control
group.

In the current study WMT resulted in a significant improvement in non-trained tasks, which is in line
with previous studies (as reviewed by Klingberg, 2010). While there was only a slight improvement in
one forward recall measure, maximum length forward recall, all four measures of the backward recall
showed improvement. The bDS is a validated measure of WM, while the fDS is a measure of attention
and short-term memory and therefore does not in itself measure WM (Baddeley, 1992). While the
improvement on the fDS therefore is likely to indicate improved attention, the improvement seen
across the bDS is an indication that there may have been an overall improvement in WM capacity.
Importantly, the improvement in bDS was likely not a learning effect due to improvement between
baseline and post intervention, as the improvement observed in the more difficult bDS task far
outweighed any improvement observed in the easier fDS task. While these effects were mostly
retained after 6 months of no training, which means that they were maintained over a long-term
period, there was an indication that they could be on the decline. As with Dassen and colleagues
(2018) who experienced diminished training effects at 6 months, it is suggested that ‘top-up’ sessions
are needed in order to maintain these improvements after 6 months. Interestingly, there was a lack
of significant improvement on the trained n-back test itself, though this may have been the result of
a “ceiling effect”. The in-lab n-back test, used as a measure of WM at each timepoint, consisted of
alternating 0-back to 3-back tasks, whereas the n-back training became consistently more difficult
overtime and was only censored at 8-back. As baseline abilities were already within the upper limit
for the in-lab test it is unsurprising test scores would remain at a similarly high level, especially as
training went beyond the difficulty of the in-lab n-back test. Another possibility was the tediousness
of the in-lab n-back test itself. As observed by the researcher, many of the participants reported
discontent at the length of time that it took to complete the test, especially after having trained on
the same task for the preceding 6-weeks. This discontent may have resulted in diminished effort when
completing the test at post intervention and follow-up visits, which may have affected participants
accuracy scores. This could have resulted in scores that were within the same range as baseline. This
highlights the importance of using testing procedures that are not tedious and boring, instead,

potentially incorporating game-like elements into the tests themselves.

Despite the improvement on performance-based measures of executive function, there was no
immediate effect of training on self-reported measures of executive function, as measured by the
BRIEF-A. One explanation could be that as no change was observed in subjective ratings of executive

function, it would appear that the WMT was not able to transfer to other areas of executive function.
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This is line with other studies that have been unable to demonstrate transfer of WMT to other areas
of cognitive function (Melby-Lervag & Hulme, 2013; Shipstead et al., 2012). Yet, many studies have
found WMT to transfer to other areas of cognitive function (Jaeggi et al., 2008; Klingberg, 2010;
Morrison & Chein, 2011; Spencer-Smith & Klingberg, 2015). Alternatively it could be that the
subjective measure for executive function does not accurately assess one’s ability to perform cognitive
tasks. Evidence suggests performance-based and subjective measures for executive function assess
two different underlying processes of cognitive function, being that one measures optimal
performance while the other measures typical performance (Toplak et al., 2013). While executive
function may have been improved by the WMT, it may be that participants continued to perform
everyday tasks at typical performance. Alternatively, Shwartz and colleagues (2020) found that the
BRIEF-A itself, with the exception of the Task Monitor subscale, does not measure executive function
but rather the responses are associated with generalised distress and response bias. In the study the
Task Monitor subscale was the only scale to show a positive relationship with executive function
performance. While the current study did not show an improvement in the Task Monitor subscale
immediately post intervention, there was a significant improvement at the 6 month follow up. This
could corroborate the improvement in those individuals WM capacity and highlight the efficacy of the
WMT. These contradictory findings between objective and subjective measures of executive function
are an important acknowledgement that may not measure the same construct and thereby cannot be

used interchangeably.

As no change was observed in subjective executive function, this may account for why no training
effect was seen in most measures of behaviour expected to be controlled by executive function, such
as self-control, self-efficacy or emotional eating. Without a change in the implementation of executive
function in daily life, there cannot be a change in the behaviour expected to be controlled by executive
function. Although most behaviour saw no change, there was a decrease in self-reported eating-
disordered behaviour, with shape concern and dietary restraint declining post intervention. While
dietary restraint is an important component in long-term weight maintenance (Vogels et al., 2005),
studies show that self-reported dietary restraint may not reflect actual restriction in food intake, but
rather reflect eating-related guilt and concerns (de Witt Huberts et al., 2013; Stice et al., 2010). By
improving executive function with WMT, this may have resulted in a decline in the obsessive thoughts
related to eating and food. Previous studies have suggested a link between the dieting related
preoccupation over food and weight with cognition impairment (Kemps et al.,, 2005; Kemps &
Tiggemann, 2005; Leclerc et al., 2020; Martin et al., 2007). When restricting calories through dieting,

for some, there is a huge allocation of mental resources towards dieting-related thoughts, this results
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in less mental resources available for other cognitive tasks. It could be that by participants allocating
more mental resources towards the WMT, that there was a reduction in mental resources being
allocated towards these eating-disordered behaviours. While this is merely a theory and more
research is needed to confirm this, it could highlight the importance of cognitive training as a means
to divert mental resources away from these negative thoughts and behaviours. It is important to
acknowledge that external factors may have played a role in the decrease in eating-disordered
behaviour, such as the lack of blinding of participants. Due to the extensive nature of the intervention
and the number of testing procedures involved, participants had knowledge that they were taking
part in a weight-maintenance study. It is well known that participants who are aware of their group
assighment can influence their response to the intervention, with those knowingly receiving
treatment having greater expectations and favourable outcomes (Schulz & Grimes, 2002). Having
known they were taking part in a weight-maintenance study, participants may have felt more relaxed
about their eating and dietary behaviours. Therefore future research, with the addition of controls
and blinding of participants, will need to be conducted to determine whether this was the result of

the WMT itself or external factors.

Energy metabolism and subsequently appetite were identified as potential confounding factors that
could influence eating behaviour and weight change. In order to confirm that any changes observed
in behaviour or body fat were due to the WMT and not these physiological factors, metabolic
measures were taken at baseline and post intervention. The only change in physiology observed,
however, was an increase in fasting hunger and desire to eat, and an increase in HbAlc. While
participants did appear to experience greater fasted hunger, a likely explanation is the anticipation of
the meal. At baseline participants had limited knowledge of the meal they would be eating until it
arrived in lab, so there were no taste or smell sensory triggers. At the post-intervention test, the
participants knew the layout of the visit and, having previously eaten the meal, anticipated when it
would arrive. Evidence shows that anticipation of a meal causes a rise in hunger hormones (Frecka &
Mattes, 2008), which explains the increase in hunger seen at the post-intervention test. Although
HbAlc saw a slight increase post intervention, the lack of change in glucose and insulin offered no

explanation for this change, it was deemed to be possibly due to external factors.

It is important to note that there were limitations to this study which may influence its reliability. The
most prevalent limitation was that it did not include a no-treatment control group, which introduces
threats towards internal validity. Without a control we need to interpret the results with caution and
cannot accurately conclude that the increase in WM capacity and decrease in eating-disordered

behaviour was as a result of the WMT itself. A no-treatment reduced-obese control group would aid
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in our understanding of the effects that the WMT may have produced. As little change was observed
in behaviour and body mass, a no-treatment control group would also confirm whether a maintenance
effect occurred due to the WMT. Another limitation was the small sample size at the 6-month follow-
up. With only 58% of participants completing the follow up, the long-term effects of the WMT may
not be an accurate reflection of the full sample. A final limitation to this study was the inability to
observe the training itself and thereby the lack of control over the environment in which training
occurred. Participants were advised that training should have been practiced in a quiet environment
with little distractions, preferably when participants were feeling most motivated and focused.
However, by allowing training to occur in their home environments there was no control over the
setting, which introduces the likelihood that distractions could have influenced the results of the
training. Surveillance over training sessions and a more consistent approach to training may have
improved the training results, resulting in greater WM improvements. Future research should

therefore address these issues.

4.6 Conclusion

In conclusion, this investigation found that a 6-week WMT intervention resulted in improvement in
non-trained WM tasks in reduced-obese women, which could indicate an increase in WM capacity.
These improvements were maintained after 6 months indicating long-term retention of these skills.
The WMT did not appear to have an effect on most behaviours, however, there was a general
improvement in eating-disordered behaviour, which may indicate a positive outcome of the training
in reducing detrimental dieting-related thoughts. While there was no change in body fat post
intervention, there was a general increase in body fat after 6-months. The current findings indicate
that the value of WMT as a weight-maintenance intervention remains positive, however, the
limitations of the study mean that more research is needed in this area to extend on these findings

and accurately demonstrate the value of WMT as a weight-maintenance intervention.
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Chapter 5 Methodological Analysis

Comparing Subjective and Performance-based Measures of Executive Function
in Reduced-Obese and Stable-weight Women

5.1 Introduction

Executive function is known to play a role in weight management, but the effect of weight loss itself
on executive function remains unclear. In order to observe how executive function may change over
time it is important to identify the appropriate measure of an individual’s executive function abilities.
Analysis of executive function can be performed using either performance-based measures
(neuropsychological tests) or subjective measures. Performance-based measures involve the
individual completing a task, while subjective measures are questionnaires that allow for the
individual’s rating of their own executive function abilities. While both types of measures claim to
assess the executive system as a whole, the extent to which they measure the same underlying
construct remains unclear. As discrepancies between these measures may have an important impact
on our understanding of how executive function may change with weight loss, and thereby a change

in cognitive abilities, it is important to understand how these measures relate to one another.

5.1.1 Subjective Measures of Executive Function

Subjective measures of executive function are questionnaires which allow for the individual’s
assessment and rating of their ability to carry out or complete tasks in everyday life. The Behaviour
Rating Inventory of Executive Function-Adult version (BRIEF-A) is one of the most commonly used
subjective measure of executive function (Roth et al., 2005). The questionnaire asks the individual to
rate 75 statements of everyday life situations, such as ‘I get overwhelmed by large tasks’ and ‘I talk at
the wrong time’, with the choice of either ‘never’, ‘sometimes’ or ‘often’. Scores from the answers are
compiled into nine subscales, which each represent different components of executive function. These
nine subscales are further compiled into two summary index scales and the global summary scale. The
four subscales: Inhibit, Shift, Emotional Control, and Self-Monitor, produced the summary scale ‘the
Behavioural Regulation Index’ (BRI). The BRI is made up of the subscales that are involved in
maintaining control of ones behaviour and emotional response, which reflects the self-regulation
aspect of executive function. The five subscales: Initiate, Working Memory, Plan/Organize, Task
Monitor, and Organization of Materials, produce the summary scale ‘the Metacognition Index’ (Ml).

The Ml is made up of subscales that are involved in initiating activity, sustaining attention, and solving
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problems through planning and organization. Together the two index scales produce a Global
Executive Composite (GEC) score, which is the summary scale reflecting the individuals level of

executive dysfunction, with higher scores indicative of greater executive dysfunction.

The BRIEF-A has demonstrated evidence of reliability and validity as a measure of executive function
in adult samples (Roth et al., 2005), it has also been shown to be sensitive to disorders associated with
executive dysfunction (Rabin et al., 2006). For instance, studies have shown those suffering from SUD
and those with eating disorders score notably higher on the questionnaire compared to normal
samples (Ciszewski et al., 2014; Hadjiefthyvoulou et al., 2012; Hagen et al., 2016; Rouel et al., 2016).
Due to the ease of the questionnaire and its ecological validity it is a potentially valuable diagnostic

tool for executive dysfunction across various settings.

5.1.2 Performance-Based Measures of Executive Function

Performance-based measures of executive function require the completion of a task within a given
timeframe. These measures usually assess the individuals’ response time and accuracy. The tasks are
often performed in a controlled environment with minimal distractions and with guidance from an
investigator. The n-back task and digit-span task (DS) are two performance-based tasks of working
memory (WM), which is one of the largest components of executive function (Diamond, 2013; Miyake
et al., 2000). In addition to the WM component, both tasks require selective and sustained attention,
which means that they can also be used as measures of executive function (Diamond, 2013). The DS
involves recalling numbers in either forward recall (fDS) or backward recall (bDS). The fDS is a measure
of attention and short-term memory, while the bDS is a validated measure of WM as it requires the
retention and manipulation of a number sequence (Baddeley, 1992). The n-back task is a common
measure of WM used in neuro-imaging research, and the task has been found to activate the neutral

substrates associated with WM processes (Braver et al., 1997; Manoach et al., 1997).

5.1.3 Association between Subjective and Performance-based Measures of Executive Function in the
Literature

Evidence for association between subjective and performance-based measures of executive function
remains controversial. Various studies have not found evidence for association between these
measures in healthy participants (Davids et al., 2016; Jacola et al., 2014) or those suffering from
various neuropsychological disorders (Gelonch et al., 2016; Goverover et al., 2005; Koerts et al., 2011;
Niendam et al., 2007; Vlagsma et al., 2017). However, weak correlations between these measures
have been found in those suffering from autism (Davids et al., 2016), bipolar disorder (Demant et al.,

2015), traumatic brain injury (Bennett et al., 2005), and troubled youth (Mcauley et al., 2010; Nordvall
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et al., 2017). Only a few studies have compared n-back task accuracy to measures of the BRIEF-A
(Gelonch et al., 2016; Jacola et al., 2014; Mcauley et al., 2010; Nordvall et al., 2017), although results
remain controversial with some studies finding either negative correlations (Gelonch et al., 2016;
Nordvall et al., 2017), positive correlations (Mcauley et al., 2010) or no correlation (Jacola et al., 2014).
The review by Toplak and colleagues (2013) suggests that these discrepancies show little evidence for
association between performance-based measures and subjective measures of executive function, as
one assesses the completion of a structured task while the other assesses the numerous unstructured

and unguided tasks of everyday life.

As evidence remains controversial on the association between subjective and performance-based
measures of executive function, it is important to identify whether these associations exist across
various populations. By understanding how these measures relate to one another, our understanding
of an individual’s actual executive function abilities, and how they may be able to improve it, will

enhance.

5.2 Aims and Objectives

No study to date has explored the associations between performance-based and subjective measures
of executive function in a sample of majority reduced-obese women. The aim of this chapter was to
explore the relationship between the subjective measure of executive function, BRIEF-A, and the
performance-based measures of executive function, n-back and DS, in a sample of majority reduced-
obese women. The specific objectives were (1) to determine whether there is an association between
the n-back task, the DS task (fDS, bDS) and the BRIEF-A questionnaire; and (2) to understand the

relationship that may exist between them.

5.3 Methods

5.3.1 Participants

Participants (n=29) were described in chapter 3.3.1, data presented in the current analysis consisted
of baseline measures. Full description of criteria and recruitment are described in chapter 2 (see
section 2.1). Participants had a mean age of 35.5 + 5.8 years, a BMI of 27.5 + 3.2 kg/m?, WHtR of 0.5 +
0.1, and body fat of 32.9 +6.4 %. Mean total weight loss was 16.8 + 12.1 %, however, 6 participants

had no weight loss history.
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5.3.2 Measures

Correlation analyses were conducted between performance-based measures of executive function
and a subjective measure of executive function to determine if there was any association between
them. The performance-based measures used were measures of the n-back task and DS (fDS; bDS).
The subjective measure used was the BRIEF-A. Additionally, correlation analyses were conducted
between the n-back and DS to determine if they two showed any association. Full description of these

executive function measures are described in Chapter 2 (see section 2.3.4).

Multiple linear regression was undertaken to determine whether performance-based measures of
executive function could predict the subjective measure, while controlling for variables that may
themselves influence subjective executive function. Covariates used in the final regression included:
age, percentage weight loss, depression status and eating-disordered behaviour. Percentage weight
loss was used as a covariate in order to control for the fact that the sample included women with no
weight loss history (n=6). Depression status, determined using the Becks Depression Inventory (BDI),
was chosen as a covariate as depression has been shown to be a strong predictor of executive
dysfunction (Cserjési et al., 2009; Mohammadnia et al., 2020; Wingo et al., 2013). Additionally, the
Eating Disorder Examination Questionnaire (EDE-Q) was included as covariate as not only did the EDE-
Q show variability between participants in Chapter 3, but the literature also highlights that the
presence of eating-disordered behaviour can be indicative of subjective executive dysfunction, with
those suffering from eating disorders scoring poorly on subjective ratings of executive function
(Ciszewski et al., 2014; Koven & Senbonmatsu, 2013). Full description of the EDE-Q and BDI are

described in Chapter 2 (see section 2.3.2).

5.3.3  Statistical Analysis

Analyses were conducted using IBM SPSS version 26 for Windows (IBM Corp, Armonk, NY) and
GraphPad Prism version 8.0.0 for Windows (GraphPad Software, San Diego, California USA;
www.graphpad.com). All variables were tested for normality using the Shapiro-Wilk test. Correlations
were conducted using Spearman-rho correlations for non-parametric data, as some of the variables
revealed a non-parametric distribution. Associations between performance-based measures and
subjective measures were further analysed using linear regression analysis. Correlations and analyses
were conducted first with only the reduced-obese participants and then with the addition of stable-
weight participants. As the addition of stable-weight participants served only to strengthen the
observed associations, it was decided to include these findings in the final results. Statistical

significance was accepted at p < 0.05.
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5.4 Results

5.4.1 Correlations

N-back and DS
Correlation analyses were conducted between the n-back task (accuracy and latency) and measures

of the fDS and bDS (Fig 5.1).
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Fig 5.1: Correlation between different measures of fDS and bDS with (A) N-back accuracy and (B) N-back latency. The
preceding lower case ‘f’ denotes forward digit span measures, the preceding lower case ‘b’ denotes backward digit span
measures. Points represent the r value as determined by Spearmans-rho; error bars represent 95% confidence interval.
TE_ML: two error max length; TE_TT: two error total trials; ML: max length; MS: mean span.

*p <0.05 ** p <0.01 (2-tailed)

N-back accuracy showed a significant positive association with one measures of fDS, fML (r=0.389, p=

0.037). N-back accuracy was also positively associated with two measures of the bDS, bTE_ML (r=
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0.383, p= 0.040) and bTE_TT (r= 0.471, p= 0.010), such that higher n-back accuracy was associated
with longer forward-span maximum length and a less likelihood to make two consecutive errors in the

early stages of bDS.

N-back latency did not show any associations with fDS measures. Latency did, however, show a
negative correlation with bTE_ML (r=-0.389, p= 0.037). This meant that longer reaction time on the
n-back task was associated with less precision at the start of the bDS; such that those who responded
slowly during the n-back were more likely to make two consecutive errors in the early stages of the

bDS.

N-back and BRIEF-A

Correlation analyses were conducted between n-back measures (accuracy and latency) and BRIEF-A
(subscales and summary scales) (Fig 5.2). N-back accuracy showed a significant positive correlation
with the inhibit (r= 0.550, p= 0.002) and emotional control subscales (r= 0.473, p= 0.010); resulting in
a significant positive correlation with the BRI summary scale (r= 0.545, p= 0.002) and GEC summary
scale (r= 0.368, p= 0.050). This means that greater accuracy on the n-back task was associated with

higher scores on the two subscales of the BRI and the BRI and GEC summary scales themselves.

Latency showed a significant positive correlation with the plan subscale (r=0.506, p= 0.005). The plan
subscale is a component of the MI summary scale, which resulted in latency showing a positive
correlation with the Ml summary scale (r= 0.398, p= 0.033). This means that slower response time on
the n-back task was associated with a higher score on the plan subscale and Ml summary scale. Neither
n-back accuracy nor n-back latency showed correlation with the WM subscale (r=0.118, p= 0.541 and

r=0.298, p=0.116).
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Fig 5.2: Correlation between different scales of the BRIEF-A and (A) N-back accuracy and (B) N-back latency. First grouping
(inhibit; shift; emotional control; self-monitor) is made up of the subscales representing the BRI scale; second grouping
(initiate; WM); plan; task monitor; organization) is made up of the subscales representing the Ml scale; third grouping (BRI;
MI; GEC) is made up of the summary scales. Points represent the r value as determined by Spearmans-rho; error bars
represent 95% confidence interval. BRI: Behaviour Regulation Index; Ml: Metacognition index; GEC: Global Executive
Composite.

* p < 0.05, **p < 0.01 (2-tailed).

BRIEF-A and DS

Correlation analysis was conducted between BRIEF-A (subscales and summary scales) and measures
of the fDS and bDS (See supplementary material S8 for full correlations). There were no significant
associations between any of the scales of the BRIEF-A and either fDS or bDS measures.
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5.4.2 Regression Analysis

Linear regression was undertaken to determine the associations between subjective and
performance-based measures of executive function in reduced-obese women. The BRIEF-A summary
indexes, BRI and MI, were the two main dependent variables as they each encompass the two
components of the BRIEF-A. The n-back was chosen as the predictor variable for BRI and Ml as it
showed correlations with the BRIEF-A, while DS did not show any correlation with BRIEF-A. N-back
accuracy was chosen as the predictor variable for the BRI as it showed significant correlations with
two subscales associated with the BRI (Inhibit and Emotional Control) and the BRI itself. N-back latency
was chosen as the predictor variable for the Ml as it showed significant correlations with the subscale
associated with the Ml (Plan) and the Ml itself. Regression models were first run with the covariates
and then with the predictor variable. The regression model was then run again with the removal of

non-significant covariates.

Behaviour Regulation Index

To examine whether n-back accuracy could predict the BRI, BRI was regressed on the independent
variable while controlling for age, weight loss, depression and eating-disordered behaviour (Table 5.1).
The first model explained 52% of the variance in BRI, with depression being a significant predictor of
the BRI. After accounting for covariates, the overall second model was significant (F(5,23)=11.244, p<

0.001) and explained 65% of the variance in the BRI, with accuracy accounting for 13% (AR?= 0.128).

As age, percentage weight loss and EDE-Q were not predictors of BRI, the model was run again without
these covariates to see if BDI and accuracy could still predict the BRI (Table 5.2). BDI by itself explained
55% of the variance in the BRI. With the inclusion of accuracy the model was still significant (F(3,25)=
20.320, p< 0.000) and explained 67% of the variance in the BRI. The removal of the covariates

therefore resulted in very little change to the model.
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Table 5.1: Multiple linear regression analysis predicting BRI scores

Predictors B SEB B t p R adj. R?
Model 1 0.000 0.766 0.519
Age 0.035 0.228 0.022 0.154 0.879
% Wt Lost -0.020 0.106 -0.026 -0.193 0.849
BDI 0.537 0.107 0.712 5.029 0.000
EDE-Q 1149 098  0.160 1165  0.255
Model 2 0.000 0.842 0.647
Age 0.001 0.196 0.001 0.005 0.996
% W Lost 0018 0091  -0.023  -0.195  0.847
BDI 0.501 0.092 0.664 5.433 0.000
EDE-Q 1.008 0.846 0.140 1.191 0.246
Accuracy 0217 0070 0355 3112  0.005

BDI: Becks Depression Inventory; Accuracy: N-back accuracy; EDE-Q: Eating Disorder Examination Questionnaire; B:
Unstandardised beta coefficient; SEB: Standard error coefficient; B: Standard coefficient.

Table 5.2: Multiple linear regression analysis predicting BRI scores after removal of non-significant covariates

Predictors B 3] B t p R adj. R?
Model 1 0.000 0.751 0.548
BDI 0.567 0.096 0.751 5.910 0.000
Model 2 0.000 0.832 0.668
BDI 0522 0083 0692 6267  0.000
Accuracy 0221 0067 0362  3.279  0.003

BDI: Becks Depression Inventory; Accuracy: N-back accuracy; EDE-Q: Eating Disorder Examination Questionnaire; B:
Unstandardised beta coefficient; SEB: Standard error coefficient; B: Standard coefficient.

Metacognition Index

To examine whether n-back latency could predict the MI, Ml was regressed on the independent
variable while controlling for age, weight loss, depression and eating-disordered behaviour (Table 5.3).

The first model explained 49% of the variance in MI, with depression being a significant predictor of
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the MI. After accounting for covariates, the overall second model was significant (F(5,23)=10.497, p<

0.001) and explained 63% of the variance in MI, with latency accounting for 14% (AR?= 0.141).

Table 5.3: Multiple linear regression analysis predicting Ml scores

Predictors B
Model 1
Age 0.287
% Wt Lost -0.093
BDI 0.580
EDE-Q 1.604
Model 2
Age 0.156
% Wt Lost -0.006
BDI 0.546
EDE-Q 2.201
Latency 0.034

SEB

0.288
0.134
0.135
1.245

0.249
0.117
0.115
1.076
0.011

B

0.144
-0.097
0.629
0.183

0.078
-0.006
0.592
0.251
0.399

0.996
-0.693
4.305
1.289

0.627
-0.047
4.740
2.047
3.186

0.000
0.329
0.495
0.000
0.210

0.000
0.537
0.963
0.000
0.052
0.004

R adj. R?

0.749 0.488

0.834 0.629

BDI: Becks Depression Inventory; Latency: N-back latency; EDE-Q: Eating Disorder Examination Questionnaire; B:
Unstandardised beta coefficient; SEB: Standard error coefficient; B: Standard coefficient.

As age, percentage weight loss and EDE-Q were not significant predictors of MI, the model was run

again without these covariates to examine whether depression status and latency were still able to

predict the Ml score (Table 5.4). BDI by itself explained 49% of the variance in MI. With the inclusion

of latency the model was still significant (F(2,26)=22.720, p< 0.000) and explained 61% of the variance

in MI, again, displaying results very similar to those before the removal of the covariates.
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Table 5.4: Multiple linear regression analysis predicting Ml scores after removal of non-significant covariates

Predictors B SEB B t p R adj. R?
Model 1 0.000 0.714 0.492
BDI 0.659 0.124 0.714 5.299 0.000
Model 2 0.000 0.798 0.608
BDI 0.618 0.110 0.670 5.616 0.000
Latency 0030 0010 0358  3.003  0.006

BDI: Becks Depression Inventory; Latency: N-back latency; EDE-Q: Eating Disorder Examination Questionnaire; B:
Unstandardised beta coefficient; SEB: Standard error coefficient; B: Standard coefficient.

5.5 Discussion

The aim of this chapter was to explore the associations between subjective and performance-based
measures of executive function in a group of reduced-obese and stable-weight women. The
performance-based measures showed good associations to one another, yet, contrary to what was
expected, the n-back task showed a significant positive association with the BRIEF-A; such that those
who scored poorly on the BRIEF-A performed better on the n-back task. In addition, there was little

evidence for association between the DS and BRIEF-A.

An important component of this analysis was first determining if there was a relationship between the
two performance-based measures of executive function. While the bDS is a commonly used clinical
measure for WM, some suggest that the n-back is not a valid measure of WM (Jaeggi et al., 2010;
Miller et al., 2009). The current analysis found a positive association between measures of bDS and n-
back accuracy, which is consistent with a number of studies to have found n-back accuracy to
positively correlate with bDS in healthy populations (Gevins & Smith, 2000; Jacola et al., 2014; Jaeggi
et al., 2010; Roberts & Gibson, 2002). In the backward span task, those with higher accuracy on the n-
back task were more likely to reach later trials before making their first two consecutive errors;
however, n-back accuracy did not show association with maximum backward recall, which means n-
back accuracy was only associated with better performance in the early stages of the bDS task. Yang
(2017) suggests that the two trial maximum length (TT-ML) is a true and traditional measure of digit
span as the final maximum recall will be based heavily on how quickly it takes before the errors are

made. N-back accuracy also showed an association with maximum forward recall, which is likely the
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association between the attention component of both measures (Baddeley, 1992; Diamond, 2013).
Furthermore, consistent with other findings, n-back latency showed some association with the bDS
(Gevins & Smith, 2000; Jacola et al., 2014; Jaeggi et al., 2010), such that faster reaction times on the
n-back task were associated with longer list recall on the backward span before making two
consecutive errors. These associations add to the current literature which may help to validate the

use of the n-back task as a WM measure and training tool.

There was no evidence to indicate a relationship between the bDS and the validated BRIEF-A. Although
the bDS is a common measure of WM, and thereby executive function, it showed no associations with
the WM subscale on the BRIEF-A. To date only one study has been able to find an association between
bDS and the WM subscale of BRIEF-A. The study by Garlinghouse and colleagues (2010) found that in
a sample of schizophrenia patients, poor subjective WM (high scores on the WM subscale) was
associated with better performance on the bDS, which is contrary to what was expected. The authors
suggest that either the two measures are disparate in nature or that these patients were not

sufficiently self-aware to accurately perceive their cognitive abilities in everyday life.

Despite the lack of association between DS and BRIEF-A, the current study found the n-back task
showed evidence of association with the BRIEF-A. The current analysis found n-back accuracy to show
a positive relationship with the Initiate and Emotional control subscales, resulting in a strong positive
relationship with the BRI summary scale. The BRI is the summary index involved in maintaining control
of ones behaviour and emotional response. In general, high scores on the BRIEF-A indicate a greater
degree of executive dysfunction (i.e. higher scores are considered poor), while high accuracy on the
n-back indicates better WM performance. This positive association between the measures therefore
suggests an inverse relationship, with better accuracy scores associated with poorer BRI scores. In
previous studies n-back accuracy has been found to negatively correlate with the BRI subscales of
inhibit and shift in fibromyalgia patients (Gelonch et al., 2016) and troubled youth (Nordvall et al.,
2017), but there have been opposing results regarding the WM, initiate, organisation of materials and
plan subscales. In regards to the MI, previous studies have shown n-back accuracy to negatively
correlate with the Ml in fiboromyalgia patients (Gelonch et al., 2016), but positively correlate with the
MI summary scale in ADHD adolescents (Mcauley et al., 2010), while the current study found no
association between n-back accuracy and the MI. The n-back task reaction time did, however, show a
positive association with the Plan subscale and thereby the Ml summary scale. The Ml is the summary
scale involved in initiating activity and problem solving across a variety of situations. Unsurprising in
this regard, faster response time on the n-back task was associated with better (lower) Ml scores,

indicating better control over initiating responses. This is one of the few studies to have compared n-
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back latency to BRIEF-A. Jacola and colleagues (2014) is the only other study to have compared these
two measures, however, only the WM subscale was used as the BRIEF-A component in the comparison

and was found to have no correlation with n-back latency.

The different association of the n-back accuracy and latency to separate indexes of the BRIEF-A would
indicate that each could potentially represent different components of executive function.
Interestingly, although the n-back task is used as a measure of WM, neither accuracy nor latency
correlated with the WM subscale of the BRIEF-A. Although it’s important to note that bDS, a more

commonly used measure for WM did not correlate with this subscale either.

Two theories may explain the contradictory and inverse association found between n-back accuracy
and the BRIEF-A; either the participants are overly self-critical resulting in exaggerated self-ratings, or
the two types of measures are not associated. The creators of the BRIEF-A (Roth et al., 2005) suggest
that high scores on the BRIEF-A in opposition to what is seen by others, or in performance, could be a
result of an overly critical self-analysis or distress on the individual. This is in line with others who
theorise that the discordance between these measures may be due to difficulties with self-perception,
self-evaluation and/or emotional distress, common in neurological disorders, which may affect
subjective ratings of cognitive abilities (Fuermaier et al., 2015; Garlinghouse et al., 2010; Shwartz et
al., 2020; Vlagsma et al., 2017). As our sample contained majority overweight women, of which most
were recently reduced-obese, it could be that weight-loss behaviour, such as dieting and eating
restraint, may have contributed towards feelings of distress and loss of control (Atlantis & Ball, 2008).
For this reason it was decided to control for variables which might influence participants views of
themselves, such as eating behaviour and depression. For instance those with eating disorders have
been shown to score higher on measures of the BRIEF-A (Ciszewski et al., 2014; Koven & Senbonmatsu,
2013). In the current analysis eating-disordered behaviour appeared to have little predictive power
over the BRI summary scale, however, it did appear to offer some influence over the MI summary
scale. The study by Koven & Senbonmatsu (2013) found a similar discrepancy between the subjective
and performance-based measures of executive function in a sample of orthorexia nervosa (ON)
women. The study, which involved a random non-clinical sample of students, found those who scored
within the range for orthorexia nervosa (ON) scored significantly higher on measures of the BRIEF-A.
ON is a disordered eating behaviour in which the individual is fixated on healthy eating, resulting in a
restrictive-diet mindset. Yet, interestingly, the ON sample from the study did not significantly differ
from controls in six out of the seven performance-based measures of executive function. This would
imply that while their subjective measures label them as possibly having executive dysfunction, their

performance-based measures did not, indicating a similar discrepancy in WM methodologies.
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Overall, depression status had the greatest predictive power over both summary scales, accounting
for half the variance seen in each summary scale. Depression has been found to be associated with
executive dysfunction, and has been implicated along with executive dysfunction as a mediating factor
in weight gain (Cserjési et al., 2009). For instance in a group of college students, depression status was
correlated with BRIEF-A, however, neither BRIEF-A nor depression status were correlated with
performance-based measures of executive function (Wingo et al., 2013). It is therefore unsurprising
that depression status as measured by the BDI had the greatest predictive power over the BRIEF-A.
Yet, despite controlling for these variables, n-back accuracy and latency still held predictive power

over the BRIEF-A.

As per the second explanation for the contradictory association found between n-back accuracy and
the BRIEF-A, it may just be that the two types of measures represent different types of executive
functioning, and therefore cannot be used interchangeably. Correlation between subjective and
performance-based measures of executive function appear to differ greatly across studies, implying
that they may not be measuring the same construct (as reviewed by Toplak et al., 2013). Yet these
two types of measures may still be of importance. Subjective and performance-based measures of
executive function together may indicate how well individual are able to utilise their executive
function abilities depending on the environment they are in, thereby indicating an individual’s optimal
performance vs their typical performance (Toplak et al., 2013). Performance-based measures are
performed in a structured environment in which the individual is asked to complete a task under a
certain time limit; whereas subjective measures are an assessment of how the individual performs in
the somewhat unstructured environment of everyday life. In other words, one measures their actual
abilities while the other measures how well they utilise their abilities. Performance-based measures
therefore are a good indication of actual executive function and together with the subjective measure
may indicate whether executive function needs to be strengthened (i.e. with training) or whether

more focus needs to be directed towards learning how to utilise executive function in every day life.

Future research may aid in our understanding of these theories by addressing the limitations faced in
this study. The major limitation to this analysis was that no measure of executive function was taken
before the individuals lost weight, as weight loss is thought to affect executive function (Brinkworth
et al., 2009; Clarkson et al., 2011; Green et al., 1997; Hester & Garavan, 2005; Kemps & Tiggemann,
2005; Siervo et al., 2012), his data could add to our understanding of how their abilities may have
changed during this time and whether this resulted in the controversial results obtained in this
analysis. The small sample size was also a limiting factor as the large confidence intervals would have

resulted in a loss of significance, therefore replication is required with a larger sample size. The
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analysis could also have been improved with the addition of varied performance-based measures of
executive function. Although WM can be used as a proxy of executive function (McCabe et al., 2010),
with both n-back and DS used as measures of executive function (Diamond, 2013), it may have been
beneficial to include tasks focused on the other two components of executive function, inhibition and
cognitive flexibility. The addition of inhibitory tasks, such as the Stroop task (MacLeod, 1991), or
cognitive flexibility tasks, such as the Wisconsin Card Sorting Task (Milner, 1963; H. E. Nelson, 1976),

may have added greater insight to their performance-based results.

5.6 Conclusion

In conclusion, there was evidence of association between subjective and performance-based
measures of executive function in a majority reduced-obese sample of women. While depression
played the greatest predictive role in predicting the BRIEF-A summary indexes, the n-back task, a
performance-based measure of WM, showed associations with these summary indexes, despite n-
back accuracy displaying an inverse relationship with the BRI. This controversial association between
the measures add to the uncertainty that they measure the same underlying construct. This analysis
highlights the importance of utilising both types of measures in the analysis of executive function as
each measure may provide useful information and a complementary understanding of how executive
function is being utilised in different environments. Importantly, the n-back task showed associations
with the bDS, a validated measure of WM, this finding advocates for the use of the n-back task as a

measure and training tool for WM.
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Chapter 6 Concluding Remarks

In its investigation in the changes that occur after significant weight loss, the aim was to investigate
the behavioural, physiological and cognitive differences between reduced-obese women and stable-
weight women. The findings of this study support our understanding of what we know to occur
physiologically, however, the cognitive changes still remain uncertain. The study found that reduced-
obese women, who had significantly reduce their body mass within the 18 months prior, displayed
reduced post-prandial energy metabolism and greater symptoms of eating-disordered behaviour
compared to stable-weight women. Importantly, these differences were still present in reduced-obese
women who had maintained their weight for at least 6 months after their weight loss. This
physiological compensatory response to weight loss and detrimental food-related thoughts may put
reduced-weight women at risk for weight regain. This highlights the importance of the weight
maintenance phase being included as a component during weight loss initiatives, as long-term weight
loss maintenance is often unsuccessful due to these increased risk factors for weight regain.
Treatment initiatives should therefore focus on ways to sustain discipline and self-control after weight
loss in order to overcome the physiological and psychological compensatory responses to weight loss,
which may induce increased appetite and lower metabolism. While there was no observed difference
between reduced-obese and stable-weight women in terms of executive function, executive function
has been identified as an important component in impulse control and thereby self-control and
discipline. Improving executive function in these reduced-obese women could allow them to maintain
control over their diet and allow them to overcome cravings. WMT having been identified as a
potential way to improve on executive function could be an important stepping stone towards
improving weight-loss maintenance outcomes. As an easy to administer treatment, it is therefore
important to investigate the effects a WMT intervention may have on reduced-obese individuals and

whether it benefits in their ability to maintain their weight in the long term.

In its investigation into the effects of a WMT intervention on reduced-obese women, the aim was to
investigate whether WMT could improve on any factors that might lead to better weight maintenance.
The findings of this study add to the few studies that have been conducted in this area. WMT was
found to improve WM capacity in reduced-obese women, as measured through performance-based
(objective) measures of WM. Yet, the ability of improved WM to transfer to other areas of cognition
or behaviour remains unclear. No change was observed in the subjective measure of executive
function, a self-rated measure of the utilisation of executive function in everyday life. This lack of

change in self-rated executive behaviour could explain why no change was observed in self-rated self-
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control, self-efficacy, emotional eating or depression. Yet, there was a reduction in eating-disordered
behaviour, as measured through a self-rated questionnaire, with a reduction in shape concern and
dietary restraint. This could indicate a positive effect of training in reducing obsessive thoughts related
to eating and food. While there was still a general gain in body fat over the long term, it is unknown
whether the training had no effect on weight maintenance or if the gain in body fat was possibly
reduced due to the training. It's important to note that without a control group there was no
comparison group in order to corroborate these findings. Additionally, the conflicting findings
between the observed improvement in the performance-based measure of executive function
compared with no change observed in the subjective measure of executive function, arises the need
to determine whether they measure the same construct and to offer an explanation as to why they
may differ. The current findings indicate that the value of WMT as a weight-maintenance intervention
remains positive, however, the limitations identified in this study, such as the lack of control group
and non-blinding of participants, mean that more research is needed in this area to extend on these
findings and accurately demonstrate the value of WMT as a weight-maintenance intervention. The
analysis offers future research valuable insight and the ability to improve on and correct those

concerns in order to fully understand whether or not WMT can aid in weight maintenance.

In its investigation into the relationship between WM methodologies, the aim was to determine the
association that exists between subjective and performance-based measures of executive function.
The findings of this study are in many ways both contradictory and supported by studies found
elsewhere, although it is important to note that no other study has made these comparisons using a
sample of majority reduced-obese women. The current analysis found a positive association between
the n-back task and the BRIEF-A, with n-back accuracy inversely associated to the BRI of the BRIEF-A
and n-back latency positively associated to the Ml of the BRIEF-A. Furthermore the n-back task was
found to show associations with digit span backwards, a commonly used measure for WM, which helps
justify the use of the n-back task as a WM measure. While some studies have found no signs of
association between performance-based and subjective measures of executive function, those that
have found associations show weak but often supporting associations. The controversial relationship
between n-back accuracy and BRIEF-A, may suggests that subjective and objective measures of
executive function measure different constructs of executive function. Performance-based measures
of executive function measure actual abilities (optimal performance) while subjective measures of
executive function measures how well these abilities are utilised in everyday life. This supports the
idea that both measures should be utilised in studies involving executive function and identifies why

contradictory results may be observed when incorporating both types of measures.
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It is important to address the biases and limitations that exist within this study in order to improve
upon for future research. The biggest limitation of this study is the threat to internal validity. It is
important to note that due to the Covid-19 pandemic of 2020, the current study had to be adapted
due to the halt in all research activities which resulted in a reduced sample size. This was mainly
observed in the reduced control group in the crossover study and a lack of control group in the
intervention analysis. Reduced sample sizes within the crossover analysis mean that differences
between groups may have gone unseen and that results need to be interpreted with caution. With
no follow up data for controls, the intervention analysis had to follow a within-subject design, which
means that the current findings are speculatory and cannot be confirmed to be a result of the WMT,
as there is a chance they may be the result of external factors. Due to the limitations introduced in the
first two analyses, an additional methodological chapter was included to increase the scientific

relevance of this dissertation.

In addition to the reduced sample size, bias may have been introduced into this study due to the
unblinding of participants and researchers, and the lack of randomization in the selection of the
experimental group. The study was conducted by a single researcher, and due to the nature of the
study, participants were aware that the focus of the study was to improve weight maintenance.
Additionally the exclusion criteria did not address various behaviour or cognitive problems that could
be considered confounders, such as ADHD, anxiety, depression, stress load etc., exclusions for these

criteria may well be beneficial in future research.

Recommendations for future studies comparing reduced-obese and stable weight groups includes the
addition of pre-weight loss executive function measures. Observation on how executive function may
change before weight loss and after weight loss may aid in our understanding of how executive
function may change during the weight maintenance phase, or how it can be improved upon. This
data would also assist when comparing reduced-obese subjects to stable weight controls, to account
for why there may or may not be a difference between groups. Future research on weight-loss
maintenance could also consider the other components of executive function, by incorporating them
collectively into the intervention. By incorporating different tasks that address each component, such
as inhibition tasks or cognitive flexibility tasks, the likely hood of a transfer to behaviour may be
improved upon. This incorporation of different tasks is also likely to increase participants motivation

and interest as the task no longer becomes repetitive.

In conclusion this study adds to the literature on the effects of WMT, and while the results need to be
interpretated with caution the findings of this study add positive insight into the efficacy of WMT in

reduced-obese women and offers a substantiated hypothesis for future research.
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8.1 Formative Analysis

Table S1: Measures of Depression, Self-Efficacy and Self-control per group (Median values (IQR); Mean values * SD)

Stable Reduced
RED total RED-R RED-S

(n=16) (n=23) (n=15) (n=8)
Self Efficacy 32 (23-38) 33 (31-37) 33 (31-38) 31 (31-36)
Weight Efficacy 72 £13 71 £11 74 £1.6 70 £1.7
BDI 45 (0-10) 10 (5-17) 10 (5-15) 12 (4.8-23)

(n=5) (n=20) (n=14) (n=6)
Self-Control Scale 39 (3.34.2) 3.8 (3.4-4.0) 3.7 (3.3-3.9) 39 (3.54.2)

RED-R: Recently reduced-obese; RED-S: Stable reduced-obese; Stable: Stable weight; BDI: Becks Depression Inventory.

Table S2: Self-reported measures of Activity and Sedentary behaviour per group (Median values (IQR))

Stable RED
RED total RED-R RED-S
(n=6) (n=23) (n=15) (n=8)
Activity (min/wk)
Vigorous 150 80 90 58
(90-338) (0-180) (0-180) (0-165)
Moderate 93 135 150 120
(45-244) (90-210) (90-300) (84-175)
Transport 15 0 0 30
(0-608) (0-80) (0-80) (0-99)
Total activity 350 290 290 280
(184-1114) (180-600) (180-720) (195-375)
Sedentary (min/wk) 5460 5040 5040 4620
(2100-5933) (3360-5460) (2940-5460) (3780-6405)

Activity and sedentary behaviour expressed in minutes per week as reported in the Global Physical Activity Questionnaire
(GPAQ). RED-R: Recently reduced-obese; RED-S: Stable reduced-obese; Stable: Stable weight.



Table S3: BRIEF-A subscale and summary scale t-scores per group (Median values (IQR))

Reduced
RED-R
(n=16) (n=23) (n=15) (n=8)
Inhibit 47 51 51 54
(42-56) (46-58) (46-58) (45-59)
Shift 56 56 56 52
(48-57) (48-57) (48-57) (47-66)
Emotional 42 55 55 57
(41-52) (50-62) (50-62) (46-67)
Self Monitor 42 51 51 57
(41-55) (42-59) (42-55) (39-60)
Initiate 53 47 47 50
(43-59) (44-57) (41-55) (47-67)
wMm 53 56 53 57
(455-64) (46-64) (46-64) (42-63)
Plan 49 50 50 48
(39-63) (46-61) (47-58) (45-64)
Task Monitor 49 54 51 58
(40-65) (46-60) (45-60) (54-64)
Organization 44 51 48 54
(39-50) (43-60) (43-60) (38-62)
BRI 46 54 54 58
(41-53) (49-62) (50-56) (43-65)
mi 49 51 51 52
(41-62) (45-56) (45-54) (46-60)
GEC 47 52 51 54
(39-59) (47-58) (47-53) (47-63)

T-Scores 2 65 are within clinical range and are indicative of executive dysfunction. RED-R: Recently reduced-obese; RED-
S: Stable reduced-obese; Stable: Stable weight; BRI: Behavioural regulation index; MI: Metacognition index; GEC: Global
executive composite.
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8.2 Intervention Analysis

Table S4: BRIEF-A subscale and summary scale t-scores per time point (Median values (IQR))

t1 t2 t3 Repeated
(n=19) (n=19) (n=11) (n=11)
z p-value X2 p-value

Inhibit 48 48 49 -0.421 0.673 0.40 0.819
(44-55) (45-61) (44-59)

Shift 56 56 57 -0.236 0.813 1.19 0.552
(48-57) (48-61) (52-65)

Emotional 55 56 55 -0.142 0.887 0.05 0.973
(50-62) (50-62) (48-63)

Self Monitor 51 51 55 -0.095 0.924 0.96 0.618
(37-59) (42-64) (37-64)

Initiate 47 54 55 -0.315 0.752 1.27 0.531
(44-55) (41-60) (47-57)

WM 59 50 56 -0.246 0.806 2.39 0.303
(40-64) (43-67) (47-64)

Plan 50 61 58 -1.59 0.112 2.88 0.237
(45-65) (48-66) (48-65)

Task Monitor 51 51 61 -0.087 0.930 8.27 0.016
(42-65) (42-65) (46-65)

Organization 53 54 52 -0.794 0.427 2.25 0.325
(43-60) (43-59) (50-57)

BRI 54 51 52 -0.065 0.948 2.39 0.303
(50-56) (47-65) (48-61)

Mi 52 54 59 -0.728 0.466 5.06 0.080
(44-61) (44-65) (54-61)

GEC 53 51 57 -0.19 0.849 0.33 0.850
(46-63) (46-68) (46-60)

BRI: Behaviour regulation Index; MI: Metacognition index; GEC: Global executive composite. Median t-scores for baseline
(t1), post intervention (t2) and 6-month follow up (t3). t1*t2: Wilcoxon signed rank test used to evaluate differences
between baseline and post intervention; Repeated: Friedman test for repeated measures across all three time points.
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Table S5: Measures of Eating behaviour per time point (Mean values * SD; Median values (1QR))

t3 Repeated
(n=11) (n=11)
t/z p-value F/x? p-value

EDE-Q

Restraint 3.0 (1.4-3.8) 24 (1-3) -1.767 0.077

Eating concern 1.2 (0.2-1.8) 0.8 (0.2-1.6) -0.798 0.425

Shape Concern 3.4 (1.4-3.9) 2.5 (1-3.8) -1.862 0.063

Weight Concern 22 (1-3.4) 24 (1-2.8) -1.235 0.217

Total Score 2.6 (1-3.2) 2.3 (1-2.8) -1.972  0.049
EEQ 11.7 43 115 4.7 10.8 3.6 0.431 0.672 0.160 0.853

EDE-Q: Eating Disorder Examination Questionnaire; EEQ: Emotional Eater Questionnaire. Mean and median values for
baseline (t1), post intervention (t2) and 6-month follow up (t3). t1*t2: Wilcoxon signed rank test used to evaluate
differences between baseline and post intervention; Repeated: Friedman test for repeated measures across all three time
points.

Table S6: Measures of Self-control, Self-efficacy and Depression per time point (Mean values + SD; Median values (IQR))

Repeated
(n=11)
t/z p-value F/x? p-value
Self-Control Scale 3.8 (3.4-4) 3.7 (3.1-39) 4.0 (3.542)  -0.827 0408  2.048  0.359
WEL 7.2 14 6.8 +1.4 6.8 *19 1.128 0.274 1.165 0.332
Self Efficacy 336 4.2 335 3.7 336 +2.8 0.076 0.940 0.352 0.707
BDI 10 (4-15) 9 (6-11) -0.087 0.930

WEL: Weight Efficacy Lifestyle Questionnaire; BDI: Becks Depression Inventory. Mean and median values for baseline (t1),
post intervention (t2) and 6-month follow up (t3). t1*t2: Wilcoxon signed rank test used to evaluate differences between
baseline and post intervention; Repeated: Friedman test for repeated measures across all three time points.
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8.3 Methodological Analysis

Table S7: Spearman’s correlation between BRIEF-A scales and Digit Span measures.

BRI
Inhibit
Shift
Emotional Control
Self Monitor
Ml
Initiate
WM
Plan
Task Monitor
Organization

BRI
mi
GEC

fTE_ML

-0.121
-0.102
-0.337
-0.245

-0.146
-0.135
-0.150
-0.101
-0.341

-0.290
-0.221
-0.224

fTE_TT

-0.045
-0.002
-0.312
-0.074

0.046
0.019
0.047
0.027
-0.190

-0.197
-0.043
-0.071

fMmL

0.212
0.061
-0.151
0.010

0.004
0.198
0.083
0.154
0.004

0.008
0.093
0.106

fMms

0.114
-0.159
-0.255
-0.058

-0.126
-0.005
-0.090
0.037
-0.084

-0.152
-0.067
-0.039

bTE_ML

0.211
0.160
-0.001
0.110

0.288
0.177
0.142
0.268
-0.073

0.108
0.146
0.187

bTE_TT

0.303
0.238
0.110
0.113

0.217
0.208
0.154
0.208
-0.054

0.211
0.120
0.230

bML

0.122
0.081
-0.158
-0.043

0.148
0.154
0.199
0.226
-0.141

-0.031
0.131
0.100

bMS

0.168
0.129
-0.119
0.039

0.240
0.197
0.202
0.245
-0.141

0.029
0.166
0.145

BRI: Behaviour rating index; MI: Metacognition index; GEC:

TE_TT: two error total trials; ML: max length; MS: mean span.

Global executive composite. The preceding lower case ‘f’
denotes forward digit span, the preceding lower case ‘b’ denotes backward digit span. TE_ML: two error max length;
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APPENDIX

APPENDIX 1 — Ethics Clearance Letter

: : UNIVERSITY OF CAPE TOWN
3 i Faculty of Health Sciences
pay Human Research Ethics Committes
Room E53-46 Old Main Bulldin
Groote Schuur Hosplts
Observatory 792!
20 Jurne 2018

HREC REF: 230/2018

Dr J Kroff

Sport Sclence Institute
Human Blology

3™ floor ESSM

Dear Dr Kroff

PROJECT TITLE: THE EFFECT OF WORKING MEMORY TRAINING ON THE POSSIBLE
PHYSIOLOGICAL AND BEHAVIOURAL COMPENSATORY RESPONSES TO CONVENTIONAL
WEIGHT LOSS: THE MIND THE GAP INTERVENTION STUDY {MTG2)

Thank you for submitting your study to the Faculty of Health Sciences Human Research Ethics
Committee.

It is a pleasure to Inform you that the HREC has formally approved the above-mentioned study.
Approval Is granted for one year until the 30 June 2019,

Please submit a progress form, using the standardised Annual Report Form If the study continues
beyond the approval peried. Please submit a Standard Closure form If the study Is completed within the

approval perlad.
(Forms can be found on our webslte:

Please note that the ongelng ethical conduct of the study remains the responslbility of the principal
investigator.

Please note that for all studles approved by the HREC, the principal Investigator mugt obtaln
appropriate Institutional approval, where necessary, before the research may occur,

Please quote the HREC reference number in all your correspondence.

Yours sincerely
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APPENDIX 2 — CONSENT FORM

Division of Exercise Science and Sports Medicine

1 Department of Human Biology

e S S m [ ] Faculty of Health Sciences

EXERCISE SCIENCE AND § SPORTS MEDICINE University of Cape Town

\

P.O. Box 115, Newlands 7725, South Africa
Tel: +27 21 650 4561 Fax: +27 21 650 1796

Head of Division: Professor E V Lambert

PARTICIPANT INFORMATION SHEET AND CONSENT FORM 1
INTERVENTION GROUP

PROJET TITLE: The Effect of Working Memory Training on the Possible Physiological and
Behavioural Compensatory Responses to Conventional Weight loss: The Mind the Gap
Intervention Study (MTG2)

Dear Volunteer,

We would like to give information about the above-mentioned study, which will be conducted by
researchers from the University of Cape Town (UCT)’s Division of Exercise Science and Sports
Medicine, Department of Human Biology, Faculty of Health Sciences.

WHY ARE WE DOING THIS STUDY?

We understand that achieving and maintaining a healthy body weight are a concern for many
people all over the world. We as researchers are also concerned about the obesity problem, with
obesity becoming a major health problem already negatively affecting the lives of more than 55%
of women and 30% of men living in South Africa. Furthermore, research shows that 50-80% of
obese individuals who have successfully lost weight return to their starting weight within 3-5
years. Scientists have identified several physical (e.g. slower metabolic rate, higher level of hunger
gut hormones) and behavioural (e.g. reduction in unplanned physical activity) factors as
“compensations” which are triggered by the reduction in body weight, making further weightloss
more difficult.

In our previous study very similar to this study, we have recognized that individuals who are
successful at weight loss, have attitudes and behaviours which include exercising more, have very
strict rules toward their eating habits and regularly weigh themselves to prevent weight regain.
They also show that they adhere to the ability to consciously make decisions on a daily basis not
to overeat or eat unhealthy foods. Individuals who cannot adhere to this, go back to their old
habits and regain the weight that they have lost.

WHAT IS THE STUDY ABOUT?
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In this study we will attempt to determine if specific memory training will help a previously
overweight individual to keep to specific eating and exercise behaviours that will prevent weight
regain. We will try to identify the physiological and behavioural factors that may possibly change
over time that could result in either successful weight loss maintenance or weight regain.

WHO CAN TAKE PART IN THIS STUDY?

We are looking for Women between the ages of 25-45 years of age, who are apparently healthy
and premenopausal. You may participate if you have done the following: below:

. Reached a BMI > 33 prior to weight loss.
. Lost more than 10% of initial weight or highest adult weight
. Reached goal weight within the last 6 months

The following individuals can unfortunately not take part in the study even if they do fit in the
criteria mentioned above:

. Had an initial BMI > 45 prior to weight loss
. Has a BMI >32 after 10% body weight loss/goal weight reached
. Have been diagnosed with an illness causing weight loss but are currently recovered

The following individuals cannot take part in the study even if they fall in any of the 2 categories
above:

. Pregnant, lactating or breast feeding

. Irregular menstrual cycle function (defined as less than 7 cycles per year, or cycles with
intervals greater then 35 days )

. Any medical condition and/or require chronic medication known to affect energy
expenditure (i.e. B2-agonists, Beta-blockers, corticosteroids)

. On medication/supplements for weight loss

. Diagnosed with thyroid dysfunction

. Diagnosed as having an eating disorder (e.g. bulimia or anorexia nervosa) or mental
disorder

. Achieving a score indicative of Executive Dysfunction with Behavioural Rating of

Executive Function Questionnaire (BRIEF-A)

. Contraindications for MRI (presence of any pin, prosthesis, or any other magnetic
materials inside/within their bodies, claustrophobia).

WHAT WILL HAPPEN IF YOU DECIDE TO TAKE PART IN THIS STUDY?
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Volunteers will be asked to visit the UCT Division for Exercise and Sports Medicine, based on the
2nd and 3rd floor of the Sports Science Institute of South Africa, in Newlands, on 10 separate
occasions for testing over a period of one and a half years. The following will take place at each
meeting:

Baseline testing will consist of three laboratory visits and will happen during week 1 to week 4 of
the project.

Prior to Day 1

. Survey: You will complete online questionnaires on Survey Monkey. This will determine
if you can take part in the study.

VISIT 1 (+2 HOURS IN DURATION)

. Informed Consent: A researcher will explain all the testing procedures to you, after which
you will be requested to sign a consent form if you are willing to take part in the study.

. Survey Completion via 1-on-1 interview: A researcher will interview you about your
health, weight loss history, eating habits, physical activity levels, emotional well-being and
sleeping habits.

. Body Mass Index: Your weight and height will be measured and your body mass index
will be calculated to determine if you are normal or overweight.

. Waist and Hip Circumferences: We will measure your waist and hip circumferences
using a spring-loaded tape measure, applied over a light weight T-shirt.

. Resting Heart Rate and Blood Pressure: Systolic and diastolic blood pressure will be
measured using an automatic blood pressure monitor. The average of three readings will be
considered as your blood pressure. Resting pulse (heart rate) will also be measured by the
automatic blood pressure monitor.

. Working Memory Performance Tests: You will be asked to perform two different
working memory tests (test 1 and test 2) on a computer. Test 1: You will be asked to remember a
sequence of numbers (of increasing increments) flashed on the screen, you will have to recall the
sequence by typing it in the appropriate block on the screen. At first sequences will have to be
recalled in forward order (e.g. 2, 4, 8, 3 will become 2, 4, 8, 3) as flashed on the screen. With the
second trial during the test, the sequence of numbers must be recalled in reverse order (e.g. 2, 4,
8, 3 will become 3, 8, 4, 2). Test 2: You will be asked to recall letters of the alphabet that will be
flashed on the screen by clicking on the mouse of the computer if the letter is the same as 1 before
(first trial), 2 before (second trial) and 3 before (3rd trial). These tests will determine your short-
term memory capacity.

. 24-Hour Dietary Recall: You will be asked with the assistance of a registered dietician to
complete an online dietary assessment of all the food and beverages that you have consumed
during the previous 24-hours. The dietician will guide you on how to complete this assessment
using the online tool.

. Physical Activity and sleep questionnaire completion: You will complete a
questionnaire about your planned and unplanned exercise frequency (times per week) and
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duration and three short questionnaires about your sleep behaviour. This will provide a measure
of your physical activity levels and describe your sleepiness index and risk for two major sleep
disorders (insomnia and apnoea).

7-day period between Visit 1 and Visit 2

. Accelerometry: You will be fitted with an accelerometer which will measure the number
of steps you take per day. We will be able to determine the amount of time you spend performing
light, moderate or vigorous physical activity. The device is a small watch-like device without a
“face” attached to a waist band that connects with Velcro. The device will be worn with the waist
belt over your right hipbone. You will be asked to wear this device on your hip over a full 7-day
period for the collection of your physical activity. You will be asked to sleep with the device on
your hip, however, if this is too uncomfortable, you may remove the band during sleep time.

. Assessment of habitual sleep: you will be fitted with an actiwatch 2 on the wrist of your
non-dominant arm for seven consecutive days (including two non-working days) to objectively
measure your sleep patterns. Timing of sleep periods will be established manually based on
published guidelines.

These 2 devices are not water proof; therefore, you will be asked to remove the devices during
bathing/showering, swimming or any other type of water-based activities.

. Dietary recall: You will be asked to complete two 24-hour Dietary Recall assessments
between visit 1 and visit 2. This information will be used to determine your daily and weekly
energy intake in kilocalories.

VISIT 2 (+4 HOURS IN DURATION)

. Resting Metabolic Rate: You will be asked to not eat or drink anything (except water) for
10-12 hours prior to my visit. For this test you will be lying down and then be fitted with a canopy
(a clear plastic helmet-like device) which will measure the amount of oxygen you consume and
carbon dioxide you produce at rest - this can be used to calculate your resting metabolic rate (i.e.
the amount of calories you expend per day in a resting state). You will be asked to simply lie down
and relax for 20 - 40 minutes.

. Body Composition: Bioelectrical Impedance Analysis (BIA) will be used to measure your
body composition, and for this we require that you be in a fasted state. Four small electrodes will
be attached to your body (two on the same hand, and two on the same foot) to which four wires
will be attached. A very light electrical impulse (so light that you will not feel it) will be sent
through your body, and a value will then be recorded. This value represents how well the current
passes through your body, and is a good indicator of body fatlevels. It does not require undressing
and is completely painless and non-invasive.

. Standardized meal: you will be asked to eat a ready-made meal consisting of ~45%
calories from fat and 45% of calories from carbohydrate and 10% calories from protein. Prior the
meal, one hour and 3 hours after the meal you will be asked to rate the sensation of “fullness” that
you attribute to eating these kinds of meals.

105



. Fasting and post-meal Blood Samples: Prior to consuming a standardized meal, a small
tube (cannula) will be inserted into either a blood vessel in your forearm or one in the crook of
your elbow. This is necessary to collect blood samples prior to the pre-standarized meal, and 1
hour and 3 hours after initial meal consumption. The blood samples taken will be analysed for
hunger and appetite hormones in your blood stream. These markers will be used to determine
your appetite in a fasted state and in response to the standardized meal.

. Metabolic Response to Standardized Meal: You will repeat the canopy/plastic hood test
whereby oxygen uptake and carbon dioxide production will be measured. This will help us
determine your metabolic response to the meal.

. Visual Analogue Scales (VAS): Four subjective appetite sensations (desire to eat, hunger,
fullness and prospective food consumption) will be assessed before and after the your meal
ingestion and at Thour and 3 hours post-ingestion to determine you level of subjective hunger.

. Eating Behaviour questionnaire completion: You will be asked to complete four
questionnaires about your eating behaviour. The type of questions that will be asked will focus
on your diet restraint and emotional factors towards eating. One of the questionnaires will be a
computer-based questionnaire where you have to rate how much you like the taste, or want to
eat a specific food by looking at a colour picture of the food item on the screen.

VISIT 3 (+1 HOURS IN DURATION)

. Brain Response to food cues: This assessment will take place at MRI unit of Groote
Schuur Hospital, Observatory, Cape Town. The Functional Magnetic Resonance Imaging (MRI)
scanner will measure your brain response while you are looking at specific food items. The MRI
scanner is a large tunnel-like device with enough space for a human body to be surrounded by
the device. You will be asked to lie flat on the MRI bed, while on the bed you will move into the
scanner via an operator who monitors you carefully. The MRI procedure itself is harmless, you
may only experience physical discomfort due to the enclosed space around you. During the first
test in the scanner you will be asked to complete a memory task by clicking on a computer mouse
when the letter on the screen is the same as the letter 1-before or 2-before. You will have the
computer mouse in your hand. This test will determine the specific area of the brain (for example
the reward centre of the brain) that will be activated when food cues are flashed at you. This will
provide more information on your behaviour towards food. Prior to entering the scanner, you
will also be fitted with three additional electrodes: 1 on each shoulder, and one on the lower left
area of your chest or ribcage, that will record your heart rate throughout the test.

. Visual Analogue Scales (VAS): Four subjective appetite sensations (desire to eat, hunger,
fullness and prospective food consumption) will be assessed before and after the fMRI
assessment to assess your subjective rating of hunger at the time.

Intervention period: (From week 5 to week 10)

After baseline testing, you will be asked to undergo the working memory training, using a specific
iPhone/iPad application (C-Ya app). This app will be downloaded for you on your iPhone/iPad. If
you do not have an iPhone or iPad, one will be provided for the duration of the study. You will
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complete a 30min session using the application, 4 times a week for a period of 6 weeks. You will
be able to complete sessions anytime during the day on your training days. You will start with the
easy levels on the application during the first week, and progress to more complex levels as you
improve your performance on the preceding levels.

The researcher will explain the different steps of the working memory training programme to
you once they have downloaded the application for you. You will also receive a step-by-step
information sheet on guidelines how to use the application and complete the training. You will
be asked to send your training data result (given to you at the end of each session on the app) to
the test administrator by clicking on the “send” option.

Educational programme: You will also be asked to undergo a specific educational programme
starting the week after visit 3 and lasting for 6 weeks, before returning for visit 4. You will be
asked to listen to a recorded session (45 min talk) on challenges and guidelines to weight loss
maintenance by the Principal investigator in the comfort of your home/office at any time during
the first week of the 6-week period. Hereafter, you will be given opportunities to ask questions,
via telephone or email, regarding the information presented in the talk. You will receive a
WhatsApp/SMS message twice a week to stay motivated in your attempt to maintain weight loss.
Each whats app will be different in content and will entail words of encouragement and or healthy
eating and benefits of exercise advice.

After the intervention you will undergo the post-intervention assessments during week 11 to 13.
VISIT 4 (+2 HOUR IN DURATION):

You will undergo height, weight, BMI, waist circumference and hip circumference measurement
as in visit 1 prior to the intervention. You will also undergo resting heart rate and blood pressure
measurements and will you be asked to complete the working memory performance test, 24-
Hour Dietary Recall, sleep and physical activity questionnaire completion.

Between visit 4 and visit 5, you will be asked to complete two more 24-Hour Dietary recalls.
VISIT 5 (+4 HOURS IN DURATION):

Visit 5 will be a repeat of visit 2. The following procedures will be repeated: Resting Metabolic
Rate, ingestion of standardized meal, Fasting and post-meal Blood Samples, metabolic response
to standardized meal, eating behaviour questionnaire completion.

VISIT 6 (+1 HOUR IN DURATION)

You will be asked to undergo a repeat of the brain response to food cues assessment at Groote
Schuur hospital.

After completion of the Post-intervention visits, you will be asked to continue your endeavours
and lifestyle as is for the following six months. After six months you will be contacted via email
and telephone to take part in the 6 months follow-up assessments.

Long-term Data Collection (week 37 to 61) - Optional

Six months after the 6-week study period, we will contact you by email or telephonically to ask if
you would be willing to complete 3 more visits to the laboratory on 3 separate days. Following
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the six month set of visits, you will also be asked to visit the laboratory one more time at 12-
months after the 6-week study period.

6 months Post-Intervention: During week 37 to week 39 of the project, you will visit the lab on
three separate days (visit 7, 8 and 9). During these visits the same data collection, tests and order
of assessments will be conducted as during visit 4, 5 and 6. This will determine if any changes in
the outcomes post-intervention will still be present at 6 months after training/educational
programme was ceased.

12 months Post-Intervention: During week 61 of the project, you will be asked to visit the lab
on one occasion (visit 10). During this visit you will be asked to complete height, weight, BMI,
Waist circumference, Hip Circumferences, resting Heart Rate, blood pressure and body
composition measures. You will repeat the Working Memory Performance tests, the resting
metabolic rate test, fasting blood tests and all dietary analyses (24-Hour Dietary recall), eating
behaviour questionnaires, physical activity and sleep questionnaires and 7-day physical activity
measurement with an accelerometer and 7-day sleep patterns with an actiwatch. On the 8th day
following visit 10, the test administrator will collect the accelerometer, actiwatch and dietary
recall from your office/home.

WHAT ARE THE RISKS AND DISCOMFORTS OF THIS STUDY?

The potential risks associated with the technique that will be used to collect blood from veins in
your arms (i.e. cannulation) in this study are: infection, delayed healing, hematoma, physical pain,
mental discomfort and injury to a nerve or vessel. These risks are small and will be minimized by
the use of individuals trained to take blood samples, use of sterile techniques and the use of
disposable, single-use materials.

If you are claustrophobic or have difficulty spending time in confined spaces, you may experience
mild discomfort during the ventilated hood (in laboratory) and fMRI tests (at Groote Schuur
Hospital). These trials will be conducted and supervised by fully trained researchers, and any
uneasiness will be immediately attended to making you feel as comfortable as possible.

Some risks associated with your participation in computer-based Working Memory Performance

Tests and computer-based Food Item Rating and Choice Test will be hesitance and uncertainty
regarding the answers and operation of the keyboard commands. The researcher will ensure that
you are fully familiarized with the keyboard commands by letting you complete practice trials
prior to the “real” test until you are comfortable in how to operate and complete the commands.
You will also be allowed, if you are not comfortable with a question, to skip the question on the
screen and proceed to the next step.

Other small discomforts include an unpleasant taste in your mouth during the premade meal
ingestion. You may experience discomfort during the anthropometric measurements when you
will be asked to appear in minimal clothing for your weight measurement, however, an
alternative method can be followed if you do not want to stand on the scale in minimal clothing.

You may experience minimal discomfort from wearing the accelerometer device on right hip
especially during sleep and during change of clothing. You will be free to sleep without the
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accelerometer on if it does cause discomfort and interfere with your normal activity. There is no
risk associated with using the actiwatch to measure sleep habits.

The only other risks may be those associated with completing questionnaires which may ask
probing questions about dieting history or attitudes toward food. Researchers will make every
effort to treat all volunteers respectfully and with empathy. You are not required to answer any
questions which may make you feel uncomfortable.

The researchers are aware that undergoing ten different categories of assessments (laboratory
visits) and a working memory training intervention, does cause respondent burden and
inconvenience of time. You will be well informed prior to your participation regarding the length
of the study, the duration of visits and specific instructions to adhere to prior to the day of testing.
If, at any point, you feel you are no longer prepared to tolerate the administrative and time-related
constraints of this study, you are free to withdraw.

ARE THERE ANY BENEFITS TO YOU FOR BEING IN THIS STUDY?

Through participating in this study you will gain valuable information about your general health,
body composition, eating behaviour, exercise and sleep behaviours, resting metabolic rate,
metabolic rate in response to high-fat intake, brain activity in response to food, and psychological
and sleep characteristics. You will receive the overall compiled results of the study in a
comprehensive final report. The information that you will receive in your report includes health
and behaviour outcomes that equates to a value of R10 000 if you would have had this tested
commercially.

You will receive remuneration of R50 for your travel cost to and from the laboratory with every
visit. This will be paid cash to you on the day of your visits.

During the long-term data collection (after 6 months and after 12 months post intervention), you
will be encouraged to keep to your regular eating and physical activity regime. You will receive a
voucher allowing you to attend evening talks related to health topics at the Sport Science Institute
of South Africa. You will also receive a voucher to visit the laboratory for a weigh-in and body fat
calculation session free of charge. You will receive these vouchers once every two months during
the 12-month period starting at the end of the 8-week study and ending with visit 10.

WHAT ARE THE OTHER ETHICAL CONSIDERATIONS?

The University of Cape Town’s Faculty of Health Sciences Human Research Ethics Committee
(contact information below) has approved this study. The study will be performed in accordance
with the principles of the Declaration of Helsinki (2013, Fortaleza, Brazil), International
Conference on Harmonisation and the European Good Clinical Practice (GCP) guidelines, the
South African GCP guidelines, and the laws of South Africa. The study will be covered by the
University of Cape Town'’s no-fault insurance policy (more details below).

You will not be included in the study unless you have signed a consent form, after the investigator
has provided substantial verbal and written explanation of the study, including risk factors.
Participation in the study is entirely voluntary and you have the right to withdraw from the study
at any time without stating a reason. The investigator may also withdraw you from the study at
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any time. All records and results generated from this study will be stored in a password-protected
computer database to ensure your confidentiality and your information will not be passed on to
any other parties. You will remain anonymous in any publication resulting from this study.

WHAT HAPPENS IF I GET HURT TAKING PART IN THIS STUDY?

This research study is covered by an insurance policy taken out by the University of Cape Town
if you suffer a bodily injury because you are taking part in the study. The insurer will pay for all
reasonable medical costs required to treat your bodily injury, according to the SA Good Clinical
Practice Guidelines 2006 (or latest version), which are based on the Association of the British
Pharmaceutical Industry Guidelines. The insurer will pay without you having to prove that the
research was responsible for your bodily injury. You may ask the study doctor for a copy of these
guidelines.

The insurer will not pay for harm if, during the study, you:

. Use medicines or other substances that are not allowed

. Do not follow the study doctor’s instructions

. Do not tell the study doctor that you have a bad side effect from the exercise
. Do not take reasonable care of yourself

If you are harmed and the insurer pays for the necessary medical costs, usually you will be asked
to accept that insurance payment as full settlement of the claim for medical costs. However,
accepting this offer of insurance cover does not mean you give up your right to make a separate
claim for other losses based on negligence, in a South African court. It is important to follow the
instructions of the study investigator, medical doctors and biokineticists and to report
straightaway if you have become injured as a result of participation in this study.
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WHO DO I SPEAK TO (OR CONTACT) IF I HAVE ANY QUESTIONS ABOUT THE STUDY

Should you have any ethical concerns or questions about the study, please contact the Human
Research Ethics Committee:

Faculty of Health Sciences -
Human Research Ethics
Committee Room E53-46, Old
Main Building, Groote Schuur
Hospital Observatory, 7925

Tel: (021) 406 6338
Fax: (021) 406 6441
Email: nosi.tsama@uct.ac.za

Prof Marc Blockman

Should you have any queries directly related to the study itself, please contact any of the
investigators:

Principal Investigator:

Division of Exercise Science
and Sports Medicine,
Department of Human
Biology, Faculty of Health
Sciences, University of Cape

Tel: 021 650 5126

Dr Jacolene Kroff jacolene.kroff@uct.ac.za

Town
Co-Investigators:
Trinity Rudner Co-Investigator & Study | rudnertrinity@gmail.com
administrator 0838610333
Laurie Rauch Co-Investigator & Study | laurie.rauch@uct.ac.za
administrator 021 6503108
Samantha Brooks Co-Investigator drsamanthabrooks@gmail.com
079 031 1967
Louise Clamp Co-Investigator & Registered | louiseclamp@btinternet.com
Dietician 021 6503108
David John Hume Co-Investigator davidjohnhume@gmail.com
021 650 3108
Estelle V Lambert Co-Investigator vicki.lambert@uct.ac.za
021 6503108
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CONSENT FORM

I, the undersigned, have been fully informed about the study entitled “The Effect of Working
Memory Training on the Possible Physiological and Behavioural Compensatory Responses to
Conventional Weight loss: The Mind the Gap Intervention Study (MTG2)” to be conducted by
researchers from the Division of Exercise Science and Sports Medicine within the Department of
Human Biology, Faculty of Health Sciences at the University of Cape Town.

. [ agree to complete questionnaires disclosing my personal details and information
relating to my medical, health, sleep and physical activity habits and eating behaviour.

. [ understand that I will undergo working memory performance and food choice tests that
will require focus and concentration.

. [ understand that I will undergo a resting metabolic rate test under a ventilated plastic
hood, and a brain response to food cue test inside an MRI scanner, that may cause me to feel
uncomfortable in an enclosed space.

. [ understand that I will be asked to ingest a 45% carbohydrate, 45% fat and 10% protein
meal to test how satisfied I feel after ingesting this type of meal.

. [ understand that I will be asked to wear a device on my hip for a period of seven days to
determine my level of every-day physical activity and a watch also for seven days to determine
my sleep habits.

. [ understand that I will be required to complete dietary intake recordings, 3 x 24hour
dietary recalls with the help of a dietician.

. [understand that [ will be required to undergo a working memory training program using
a iPhone/iPad Application, 4 times per week for 6 weeks.

. [ understand that I will be required to undergo an educational programme which include
listening to a health talk on weight loss maintenance once off and receiving health messages twice
per week over a period of 6 weeks.

. [ understand that my data, and blood samples will be stored anonymously and my details
only identifiable by a unique code that only the principle investigator of this study knows.

. If any of the blood I have provided for this research project is unused or left over when
the research is completed (tick ONE choice from each of the following boxes):

o Idonot give permission for my blood samples to be stored for future research.

AND

[ give permission for my blood samples to be stored indefinitely and used in future research of
any type, which has been approved by a registered or accredited HREC.

o Iwant my identity removed from my blood and muscle samples.
o Iwant my identity kept with my blood and muscle samples.
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. If any of the data I have provided for this research project may be used again for future
studies (tick ONE choice from each of the following boxes)

o Igive permission to the Principal Investigator to contact me to ask permission
o Idonotgive permission and do not want my data to be used in future research

I have read the information, or it has been read to me. I have had the chance to ask questions
about it and I am satisfied with the answers [ was given. | consent voluntarily and understand
that I have the right to withdraw my consent without this affecting the research I am currently
taking part in or my medical care. [ have been informed about the risks involved in participating
in this study. I understand that my personal details will be treated confidentially. [ understand
that I may (i) ask the investigator any questions about the tests and results of the study and (ii)
withdraw from this study at any time without stating any reason. I also understand that the
investigator may withdraw me from this study at any stage. I understand that [ will receive
general feedback regarding my personal results and that I will not be remunerated for
participating in this study. | agree to participate in the study.

PARTICIPANT

FULL NAME SIGNATURE DATE
INVESTIGATOR

FULL NAME SIGNATURE DATE
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APPENDIX 3 — SCREENING (ONLINE FORM)
UCT Mind the Gap Study Criteria Screening

The following information will allow us to determine whether you meet the criteriato be
included as a participant in this study

1.Name:
2. Surname:

3. Are you aged between 25 and 45 years*

o Yes
o No
4. Did you reach a BMI > 33 before weight loss?*
o Yes
o No
5. Have you lost more than 10% of your initial weight or highest adult weight?*
o Yes
o No
6. Did you reach your goal weight within the last 6 months?
o Yes
o No

7. 1f not in the last 6 months, how long ago (hnumber of months) did you reach your goal
weight?

Are you currently:

8. Pregnant
o Yes
o No
9. Breastfeeding
o Yes
o No

10. Experiencing irregular menstrual cycle function (defined as less than 7 cycles per year or
cycles with intervals greater then 35 days)
o Yyes
o No
11. What is your Date of Birth:
12. How old are you?
13. Your height in cm (if known)?
14. Your current weight in kg (if known)?

15. Your heaviest weight in kg (if known)?

16. Do you suffer from/have you ever been diagnosed with a metabolic disease?

o Yes
o No
17. Do you suffer from/have you ever been diagnosed with any other chronic condition?
o Yes
o No
18. Do you suffer from/have you ever been diagnosed with thyroid dysfunction?
o Yes
o No
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19. Do you take any chronic medication (for example: High blood pressure medications,
asthma medications, statins and/or diabetic medications etc.)?

o Yes

o No
20. Do you take chronic medication known to affect energy expenditure (i.e. B2-agonists, Beta-
blockers, corticosteroids)

o Yes
o No
21. Do you currently take any medications/supplements for weight loss?
o Yes
o No

22. Do you suffer from/have you ever been diagnosed with a eating disorder (for example
bulimia, anorexia nervosa)?

o Yes

o No

APPENDIX 4 — MEDICAL SCREENING (ONLINE FORM)

Medical History: Family

Where applicable please answer which of your first degree relatives (mother/father/brother/sister)
have presented with the following (please also indicate the year of the event/diagnosis):
* Required
Before starting the questionnaire, please enter your participant code: *
la. Has anyone from your immediate family (mother/father/brother/sister) suffered from a
stroke? *

o Yes

o No
1b. If yes please indicate who and in what year it occurred?
2a. Has anyone from your immediate family (mother/father/brother/sister) suffered from
diabetes? *

o Yes

o No
2b. If yes, please indicate who and in what year it occurred?
3a. Has anyone of your immediate family (mother/father/brother/sister) suffered from

obesity? *
o Yes
o No

3b. If yes, please indicate who and for how many years (approximately) they have been
Obese
4a. Has anyone of your immediate family (mother/father/brother/sister) suffered from high
cholesterol? *

o Yes

o No
4b. If yes, please indicate who and for how many years (approximately) they have had high
cholesterol.
10. 5a. Has anyone of your immediate family (mother/father/brother/sister) suffered from high
blood pressure? *

o Yes

o No
5b. If yes, please indicate who and in what year it occurred?
6a. Has anyone of your immediate family (mother/father/brother/sister) suffered from
Cancer? *

o Yes

o No
6b. If yes, please indicate who and in what year it occurred?
7a. Has anyone of your immediate family (mother/father/brother/sister) suffered from a
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Heart attack? *

o Yes

o No
7b. If yes, please indicate who and in what year it occurred?
8a. Has anyone of your immediate family (mother/father/brother/sister) suffered from other
heart conditions? *

o Yes

o No
8b. If yes, please indicate the condition, which family member in particular and in what
year it occurred?
18. 9a. Has anyone of your immediate family (mother/father/brother/sister) suffered from
Angina (Heart pains)? *

o Yes

o No
9b. If yes, please indicate who and in what year it occurred?
10a. Has anyone of your immediate family (mother/father/brother/sister) undergone
Bypass surgery? *

o Yes

o No
10b. If yes, please indicate who and in what year it occurred?
1la. Has anyone from your immediate family (mother/father/brother/sister) suffered from
Peripheral cardiovascular disease (of the veins in the arms and legs)? *

o Yes

o No
11b. If yes, please indicate who and in what year it occurred?
12a. Has anyone of your immediate family (mother/father/brother/sister) suffered from
Coronary artery disease? *

o Yes

o No
12b. If yes, please indicate who and in what year it occurred?
13a. Have any of your immediate family (mother/father/brother/sister) suffered a sudden
cardiac death at younger than 60 years of age (due to natural causes) *

o Yes

o No
13b. If yes, please indicate who and in what year it occurred?
14a. Has anyone of your immediate family (mother/father/brother/sister) suffered from a
condition not mentioned? *

o Yes

o No
14b. If yes, please indicate the condition, which member in particular and in what year it
occurred?

Medical History: Self
la. Have you ever suffered from a stroke *
o Yes
o No
1b. If yes, please indicate in what year this occurred?
2a. Have you ever been diagnosed with diabetes? *
o Yes
o No
2b. If yes, please indicate in what year you were diagnosed?
3a. Have you ever been diagnosed with obesity? *
o Yes
o No
3b. If yes, please indicate in what year you were diagnosed?
4a. Have you ever been diagnosed with high cholesterol? *
o Yes
o No
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4b. If yes, please indicate in what year you were diagnosed?
5a. Have you ever been diagnosed with high blood pressure? *
o Yes
o No
5b. If yes, please indicate in what year you were diagnosed?
6a. Have you ever been diagnosed with cancer? *
o Yes
o No
6b. If yes, please indicate in what year you were diagnosed?
7a. Have you ever suffered a heart attack? *
o Yes
o No
7b. If yes, please indicate in what year the attack occurred?
8a. Do you or have you suffered from any other heart conditions? *
o Yes
o No
8b. If yes, please indicate the condition and in what year it occurred?
9a. Have you ever suffered from Angina (heart pains)? *
o Yes
o No
9b. If yes, please indicate in what year it occurred?
10a. Have you undergone Bypass surgery? *
o Yes
o No
10b. If yes, please indicate in what year you underwent surgery?
1la. Have you ever suffered from Peripheral cardiovascular disease? *
o Yes
o No
11b. If yes, please indicate in what year it occurred?
12a. Have you ever suffered from coronary artery disease? *
o Yes
o No
12b. If yes, please indicate in what year it occurred?
13a. Have you suffered from a condition not mentioned above? *
o Yes
o No
13b. If yes, please indicate what condition and in what year it occurred?

Reproductive History
1. How old were you when you had your first period? *
2. Have you ever had a hysterectomy (removal of the uterus)? *

o Yes
o No
3. Have you reached menopause? *
o Yes
o No

4. Number of pregnancies *
5. Number of children you have breastfed *
6. Are you lactating (i.e. are your breasts producing milk)? *

o Yes
o No
7. Are you using contraception? *
o Yes
o No

8. If yes, what form of contraceptive are you using?
9. For how long have you been using these contraceptives... years?
10. Have you used other forms of contraception in the past? *

o Yes
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o No
11. What forms and for how long did you use these other forms of contraception (years)?

APPENDIX 5 — MEDICATION SCREENING (ONLINE FORM)

Medications, Supplements and Cardiac Risk Factors
* Required

Before starting the questionnaire, please enter your participant code *

1. Please list ALL the medications you are currently taking as well as the number of years
you have taken them (i.e. high blood pressure medication 3 years). Answer 'none' if you

are not taking any medication. *

2. Please list ALL supplements you are currently taking as well as the number years you
have taken them (i.e Whey protein 2 years; Creatine 2 years). Answer 'none' if you are not
taking any supplements. *

Do you ever experience any of the following:
3. Chest wheezing *

o Yes
o No
4. Chest pain *
o Yes
o No
5. Syncope/dizziness *
o Yes
o No
6. Heart palpitations *
o Yes
o No
7. Chronic fatigue syndrome (feeling tired for extended periods) *
o Yes
o No
8. Muscle cramps *
o Yes
o No
9. Asthma *
o Yes
o No

10. Any other symptoms not listed, if yes, please describe your symptoms below.

APPENDIX 6 — SF36 Health Survey (ONLINE FORM)

General Health Survey
* Required
Before starting the questionnaire, please enter your participant code: *
Question 1: In general, how would you describe your health? *
o Excellent
Very Good
Good
Fair
Poor

O O O O
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Question 2: Compared to 1 year ago, how would you rate your health now? *

o Much better now than a year ago

o Somewhat better now than a year ago

o About the same as a year ago

o Somewhat worse than a year ago

o Much worse than a year ago
Question 3: On atypical day, does your health ever limit you in vigorous activities such as
running, lifting heavy objects, or strenuous sports? *

o Yes, limited a lot

o Yes, limited a little

o No, not limited at all
Question 4: On a typical day, does your health ever limit you in moderate activities such
as moving atable, household chores, or playing golf? *

o Yes, limited a lot

o Yes, limited a little

o No, not limited at all
Question 5: On atypical day, does your health ever limit you in lifting/carrying groceries? *

o Yes, limited a lot

o Yes, limited a little

o No, not limited at all
Question 6: On atypical day, does your health ever limit you in climbing MORE THAN ONE
flight of stairs? *

o Yes, limited a lot

o Yes, limited a little

o No, not limited at all
Question 7: On atypical day, does your health ever limit you in climbing ONE flight of
stairs? *

o Yes, limited a lot

o Yes, limited a little

o No, not limited at all
Question 8: On atypical day, does your health ever limit you in bending or kneeling? *

o Yes, limited a lot

o Yes, limited a little

o No, not limited at all
Question 9: On a typical day, does your health ever limit you in walking MORE THAN ONE
kilometre? *

o Yes, limited a lot

o Yes, limited a little

o No, not limited at all
Question 10: On atypical day, does your health ever limit you in walking MORE THAN ONE
block? *

o Yes, limited a lot

o Yes, limited a little

o No, not limited at all
Question 11: On atypical day, does your health ever limit you in walking ONE block? *

o Yes, limited a lot

o Yes, limited a little

o No, not limited at all
Question 12: On a typical day, does your health ever limit you in bathing or dressing
yourself? *

o Yes, limited a lot

o Yes, limited a little

o No, not limited at all
Question 13: Over the past 4 WEEKS, has your PHYSICAL health caused you to cut down
on the amount of time you spend on work or other activities? *

o No

o Yes
Question 14: Over the past 4 WEEKS, has your PHYSICAL health caused you to
accomplish less work than you would have liked? *
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o No

o Yes
Question 15: Over the past 4 WEEKS, has your PHYSICAL health caused you to limit the
KIND of activities you are able to participate in? *

o No

o Yes
Question 16: Over the past 4 WEEKS, has your PHYSICAL health caused you to
experience difficulty performing your usual activities? (e.g. it took longer than usual to do
what you had planned). *

o No

o Yes
Question 17: Over the past 4 WEEKS, has your EMOTIONAL health caused you to cut
down on the AMOUNT OF TIME you spend on work or other activities? *

o No

o Yes
Question 18: Over the past 4 WEEKS, has your EMOTIONAL health caused you to
accomplish less than you would have liked? *

o No

o Yes
Question 19: Over the past 4 WEEKS, has your EMOTIONAL health caused you to do work
or other activities less carefully than usual? *

o No

o Yes
Question 20: To what extent have your physical OR emotional problems affected your
social life over the past 4 weeks? *

o None

o Alittle

o A moderate amount
o Quite a bit

o Extremely
Question 21: How much bodily pain have you experienced over the past 4 weeks? *

o None

o Alittle

o A moderate amount
o Quite a bit

o Extremely
Question 22: If applicable, how much has this pain interfered with your normal work? *

o None

o Alittle

o A moderate amount
o Quite a bit

o Extremely

Question 23: How often have you felt CHEERFUL over the past 4 weeks? *
o All of the time

Most of the time

A good bit of the time

Some of the time

A little of the time
o None of the time

Question 24: How often have you felt NERVOUS over the past 4 weeks? *
o All of the time

Most of the time

A good bit of the time

Some of the time

A little of the time
o None of the time

Question 25: How often have you felt DOWN IN THE DUMPS over the past 4 weeks? *
o All of the time
o Most of the time

O O O O

O O O O
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A good bit of the time
Some of the time
A little of the time
o None of the time
Question 26: How often have you felt CALM/PEACEFUL over the past 4 wks? *
o All of the time
Most of the time
A good bit of the time
Some of the time
A little of the time
o None of the time
Question 27: How often have you felt ENERGETIC over the past 4 weeks? *
o All of the time
Most of the time
A good bit of the time
Some of the time
A little of the time
o None of the time
Question 28: How often have you felt DISHEARTENED over the past 4 wks? *
o All of the time
Most of the time
A good bit of the time
Some of the time
A little of the time
o None of the time
Question 29: How often have you felt WORN OUT over the past 4 weeks? *
o All of the time
Most of the time
A good bit of the time
Some of the time
A little of the time
o None of the time
Question 30: How often have you felt HAPPY over the past 4 weeks? *
o All of the time
Most of the time
A good bit of the time
Some of the time
A little of the time
o None of the time
Question 31: How often have you felt TIRED over the past 4 weeks? *
o All of the time
Most of the time
A good bit of the time
Some of the time
A little of the time
o None of the time
Question 32: Over the past 4 weeks, how OFTEN has your physical OR emotional health
interfered with your social activities? *
o All of the time
Most of the time
A good bit of the time
Some of the time
A little of the time
o None of the time
Question 33: How true is the following about you? “I get sick easier than others.” *
o Definitely true
o Mostly true
o Don’t know
o Mostly false

o O O

O O O O

@)
@)
@)
@)

O O O O

O O O O o O O O O O O O

O O O O
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o Definitely false
Question 34: How true is the following about you? “l am as healthy as anybody | know.” *
o Definitely true
o Mostly true
o Don’t know
o Mostly false
o Definitely false
Question 35: How true is the following about you? “l expect my health to get worse in the
future.” *
o Definitely true
o Mostly true
o Don’t know
o Mostly false
o Definitely false
Question 36: How true is the following about you? “My health is excellent.” *
o Definitely true
o Mostly true
o Don’t know
o Mostly false
o Definitely false

APPENDIX 7 — DEMOGRAPHIC (ONLINE FORM)

Basic Demographic Information

* Required

1. Before starting the questionnaire, please enter your participant code *
2. Please identify your marital status: *

O
O
O
O

Single
Married
Divorced
Widowed

3. Please indicate your highest level of education achieved: *

@)
@)
@)
@)
@)

High school

Matric

Diploma
Undergraduate degree
Postgraduate degree

4. Please identify your occupation: *
5. What is the nature of your work? *

@)

O OO0 OO OO OO O0OO0OOo

o

Unemployed
Agriculture
Mining/quarrying
Manufacturing
Construction
Transport
Trade
Services
Education
Health
Administration
Management
Student

Other

6. Please select your monthly income bracket: *

o

No income
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R1 - R2499
R2500 - R4999
R5000 - R7499
R7500 - R9999
R210 000 or more
you receive supplementary financial support or funding? *
No additional income
Government
Spouse
Friend
Family
ich of these best describes your living arrangements? *
Studio apartment
1 bedroom dwelling
2 bedroom dwelling
3 bedroom dwelling
4 bedroom dwelling
o 5 or more bedroom dwelling
9. How many housemates or flatmates do you have? *

7.D

O 0O O O O 0O O OO0 Oo

8. W

>

o O O O O

10. Do you own acar? *

o Nocar
o 1lcar
o 2cars

o 3 ormore cars

11. Do you own a cell phone?
o Yes
o No

APPENDIX 8 — WEIGHT LOSS SCREENING (ONLINE FORM)

Dieting and Weight Loss History

Exclude any weight fluctuations in the last 5 years due to pregnancy , surgery, illness, medications or
other diet-related factors

* Required

Before starting the questionnaire, please enter your participant code: *

. What has been your lowest adult weight? *
. What has been your highest adult weight?*
. What was your age at your highest adult weight? *
. Have you lost weight in the past 6 months? *

o Yes

o No
5. If you answered yes to the previous question, how much weight (kg) did you lose?

A WN PP

6. Have you lost weight in the past 12 months? *
o Yes
o No
7. If you answered yes to the previous question, how much weight (kg) did you lose?

8. Has your weight changed more than 2 - 4kg over the past 5 years? *

o Yes
o No

9. How many times in the past five years have you lost and then regained weight?
This section is for weight loss participants. If the questions do not apply to you (steady weight
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participants) you can skip the following questions and submit.

9a. Number of times weight lost?____

9b. Number of times weight regained?

9c. Kilograms gained more than starting weight?

9d. Please indicate your weight loss methods (tick all that apply)
o Self-monitored dieting

Self-initiated exercise

Self-initiated dieting and exercise

Group-based dieting

psychological counseling

Over-the-counter products

Prescription medications

Surgery

Other...

O O O O O O O O

APPENDIX 9 — GENERAL SELF EFFICICY (ONLINE FORM)

General Self-Efficacy Questionnaire
* Required
1. Before starting the questionnaire, please enter your participant code: *

Answer the next 10 questions in terms of how much the

statements describe YOU.
Question 1: | always manage to solve problems if | try hard enough. *
o Definitely not
o Disagree slightly
o Agree slightly
o Exactly true
Question 2: If someone opposes me, | can find the means and ways to get what | want. *
o Definitely not
o Disagree slightly
o Agree slightly
o Exactly true
Question 3: It is easy for me to stick to my aims and accomplish my goals. *
o Definitely not
o Disagree slightly
o Agree slightly
o Exactly true
Question 4: | am confident that | could deal well with unexpected events. *
o Definitely not
o Disagree slightly
o Agree slightly
o Exactly true
Question 5: Thanks to my resourcefulness, | know how to handle unforeseen situations *
o Definitely not
o Disagree slightly
o Agree slightly
o Exactly true
Question 6: | can solve most problems if | invest the necessary effort. *
o Definitely not
o Disagree slightly
o Agree slightly
o Exactly true
Question 7: | can remain calm when facing difficulties because | can rely on my coping
abilities *
o Definitely not
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o Disagree slightly
o Agree slightly
o Exactly true
Question 8: When | am confronted with a problem, | can usually find several solutions. *
o Definitely not
o Disagree slightly
o Agree slightly
o Exactly true
Question 9: If  am in trouble, | can usually think of a solution *
o Definitely not
o Disagree slightly
o Agree slightly
o Exactly true
Question 10: | can usually handle whatever comes my way. *
o Definitely not
o Disagree slightly
o Agree slightly
o Exactly true

APPENDIX 10 — WEIGHT EFFICACY LIFESTYLE QUESTIONNAIRE (ONLINE FORM)

Weight Efficacy Lifestyle Questionnaire
* Required
1. Before starting the questionnaire, please enter your participant code: *

Answer the next 20 questions, rating your level of confidence
for each activity/item.

Question 1: | can resist eating when | am anxious or nervous. *
Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident
Question 2: | can control my eating over the weekends. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident
Question 3: | can resist even if | have to say “no” to others. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident
Question 4: | can resist eating when | feel physically "run down." *
Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident
Question 5: | can resist eating when | am watching TV. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident
Question 6: | can resist eating when | am depressed/down. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident

Question 7: | can resist eating when there are different kinds of foods available (e.g. a
buffet). *
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Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident

Question 8: | can resist eating when it is impolite to refuse a 2nd helping. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident
Question 9: | can resist eating when | have a headache. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident
Question 10: | can resist eating when | am reading. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident
Question 11: | can resist eating when | am angry or irritated. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident
Question 12: | can resist eating when | am at a party. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident
Question 13: | can resist eating when others expect me to eat. *
Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident
Question 14: | can resist eating when | am in pain. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident
Question 15: | can resist eating just before | go to bed. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident

Question 16: | can resist eating when there is an unexpected failure in my life. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident

Question 17: | can resist eating when high calorie foods are available. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident

Question 18: | can resist eating when | think others will be upset if | don’t. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident
Question 19: | can resist eating when | am uncomfortable. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident
Question 20: | can resist eating when | am happy. *

Not confident- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) -Very Confident



APPENDIX 11 — BECKS DEPRESSION INVENTORY (ONLINE FORM)

Beck Depression Inventory

Before starting the questionnaire, please enter your participant code: *
Answer the following questions by responding to how you

experience the feelings and emotions identified.

Question 1: SADNESS *
o |do not feel sad
o | feel sad much of the time
o |am sad all of the time
o | am so sad and unhappy | can’t stand it
Question 2: PESSIMISM *
o lam not discouraged about my future
o | feel more discouraged about my future than | used to be
o |l do not expect things to work out for me
o | feel my future is hopeless and will only get worse
Question 3: FAILURE *
o ldo notfeel like a failure
o | have failed more than | should have
o As | look back, | see a lot of failures
o Ifeellike | am a total failure as a person
Question 4: LOSS OF PLEASURE *
o | getas much pleasure as | ever did from the things that | enjoy
o | don’t enjoy things as much as | used to
o | getvery little pleasure from the things | used to enjoy
o | can’t get any pleasure from the things | used to enjoy
Question 5: GUILT *
o | do not feel particularly guilty
o | feel guilty over many things | have done or should have done
o | feel quite guilty most of the time
o | feel guilty all of the time
Question 6: PUNISHMENT *
o |donotfeel | am being punished
o Ifeel I may be punished
o | expectto be punished
o |feell am being punished
Question 7: SELF DISLIKE *
o | feel the same about myself as ever
o | have lost confidence in myself
o lam disappointed in myself
o |dislike myself
Question 8: SELF CRITICALNESS *
o | do not criticize or blame myself more than usual
o |'am more critical of myself than | used to be
o | criticize myself for all of my faults
o | blame myself for everything bad that happens
Question 9: SUICIDAL THOUGHTS *
o | do not have any thought of killing myself
o I have thoughts of killing myself, but | would never carry them out
o |'would like to kill myself
o |'would kill myself if | had the chance
Question 10: CRYING *
o | do notcry any more than | used to
o | cry more than | used to
o | cry over every little thing
o |feellike crying, but | can’t
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Question 11: AGITATION *
o lam no more restless or wound up than usual
o | feel more restless or wound up than usual
o | am so restless or agitated that it’s hard to stay still

o | am so restless or agitated that | have to keep moving or doing something

Question 12: LOSS OF INTEREST IN LIFE *
o | have not lost interest in other people or activities
o lam less interested in other people or things than before
o | have lost most of my interest in other people or things
o It's hard to get interested in anything

Question 13: INDECISIVENESS *
o | make decisions about as well as | ever have
o I find it more difficult to make decisions than usual

o | have much greater difficulty in making decisions than | used to

o | have trouble making any kind of decision
Question 14: SELF WORTHLESSNESS *
o ldo not feel like | am worthless
o | do not consider myself as worthwhile and useful as | used to
o | feel more worthless as compared to other people
o | feel utterly worthless
Question 15: LOSS OF ENERGY *
o | have as much energy as ever
o | have less energy than | used to have
o |l do not have enough energy to do very much
o | do not have enough energy to do anything at all
Question 16: CHANGES IN SLEEPING PATTERN *
o | have not experienced any change in my sleeping pattern
| sleep somewhat more than usual
| sleep somewhat less than usual
| sleep a lot more than usual
| sleep a lot less than usual
| sleep most of the day
o lwake up 1 to 2 hours early and can’t get back to sleep
Question 17: IRRITABILITY *
o lam no more irritable than usual
o |l am more irritable than usual
o lam much more irritable than usual
o lamiirritable all of the time
Question 18: CHANGES IN APPETITE *
o | have not experienced any change in my appetite
My appetite is somewhat less than usual
My appetite is somewhat greater than usual
My appetite is much less than before
My appetite is much greater than before
| have no appetite at all
o | crave food all the time
Question 19: CONCENTRATION DIFFICULTY *
o | can concentrate as well as ever
o | can’t concentrate as well as usual
o Itis hard to keep my mind on anything for very long
o |find | can’t concentrate on anything at all
Question 20: FATIGUE/TIREDNESS *
o |'am no more tired or fatigued than usual
o | get more tired or fatigued more easily than usual
o lam too tired or fatigued to do a lot of the things | used to do
o lam too tired or fatigued to do most of the things | used to do
Question 21: LOSS OF INTEREST IN SEX *
o | have not noticed any change in my interest in sex
o | am less interested in sex than | used to be

O O O O O

O O O O O
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I am much less interested in sex than | used to be

| have lost interest in sex completely

APPENDIX 12 — SELF-CONTROL SCALE

10-Item Self-Scoring Self-Control Scale

Adapted from

Tangney, J.P., Baumeister, R.F., Boone, A.L. (2004). High Self-Control Predicts Good

Adjustment, Less Pathology, Better Grades, and Interpersonal Success. Journal of Personality,

271-324

First, please read the following 10 statements and for each, check the box that best
represents you.

Not at A Some Very
all | tittle | what | MY | mych
like like like Me like
me me me me

I have a hard time breaking bad habits.

| get distracted easily.

| say inappropriate things.

| refuse things that are bad for me, even if
they are fun.

I’'m good at resisting temptation.

People would say that | have very strong
self-discipline.

Pleasure and fun sometimes keep me from
getting work done.

| do things that feel good in the moment but
regret later on.

Sometimes | can’t stop myself from doing
something, even if | know it is wrong.

| often act without thinking through all the
alternatives.
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APPENDIX 13 — EMOTIONAL EATER QUESTIONNAIRE

Emotional Eater Questionnaire (EEQ) Garaulet

1. Do the weight scales have a great power over you? Can they change your mood?

Néver Sometimes Genérally Always
2. Do you crave specific foods?

. [ C |

Never Sometimes Generally Always
3. Isitdifficult for you to stop eating sweet things, especially chocolate?

O ] — -

Never Sometimes Generally Always
4. Do you have problems controlling the amount of certain types of food you eat?

[ [ O [

Never Sometimes Generally Always
5. Do you eat when you are stressed, angry or bored?

[ O C [

Never Sometimes Generally Always
6. Do you eat more of your favourite food and with less control when you are alone?

O O O O

Never Sometimes Generally Always
7. Do you feel guilty when eat “forbidden” foods, like sweets or snacks?

[ O C [

Never Sometimes Generally Always
8. Do you feel less control over your diet when you are tired after work at night?

O O 3 C

Never Sometimes Generally Always

9. When you overeat while on a diet, do you give up and start eating without control, particularly food that you think is fattening ?

Never Sometimes Genérally

[

Always
10. How often do you feel that food controls you, rather than you controlling food?
O O O O
Never Sometimes Generally Always
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APPENDIX 14 — EATING DISORDER EXAMINTATION QUESTIONNAIRE (ONLINE
FORM)

Eating Disorder Examination Questionnaire

The following questions are concerned with the past four weeks (28 days) only. Please read
each question carefully. Please answer all the questions. Thank you.

1.Before starting the questionnaire, please enter your participant code:*

Questions 1to 12: Please indicate the appropriate number of days where applicable.
Remember that the questions only refer to the past four weeks (28days) only.
On how many of the past 28 days .....

1.Have you been deliberately trying to limit the amount of food you eat toinfluence your shape
or weight (whether or not you have succeeded)?
o No days
1-5days
6 - 12 days
13 - 15 days
16 - 22 days
23 — 27 days
o Everyday
2. Have you gone for long periods of time (8 waking hours or more) withouteating anything at
all in order to influence your shape or weight?
o No days
1-5days
6 - 12 days
13 - 15 days
16 - 22 days
23 - 27 days
o Everyday
3. Have you tried to exclude from your diet any foods that you like in order to influence your
shape or weight (whether or not you have succeeded)?
o Nodays
1-5days
6 - 12 days
13 - 15 days
16 - 22 days
23 - 27 days
o Everyday
4. Have you tried to follow definite rules regarding your eating (for example, acalorie limit) in
order to influence your shape or weight (whether or not you have succeeded)?
o No days
1-5days
6 - 12 days
13 - 15 days
16 - 22 days
23 - 27 days
o Everyday
5. Have you had a definite desire to have an 'empty' stomach with the aim of influencing your
shape or weight?

o O O O O O O O O O O O O O O

O O O O O

o Nodays

o 1-5days

o 6-12days
o 13-15days
o 16-22days
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@)
@)

6. Have you had a definite desire to have a 'totally flat' stomach?

o

O O O O O

o

23 - 27 days
Everyday

No days
1-5days

6 - 12 days
13 - 15 days
16 - 22 days
23 - 27 days
Everyday

7. Has thinking about food, eating or calories made it very difficult to concentration things you

are interested in (for example, working, following a conversation, or reading) ?

o

O O O O O

@)

No days
1-5days

6 - 12 days
13 - 15 days
16 - 22 days
23 - 27 days
Everyday

8. Has thinking about shape or weight made it very difficult to concentrate on things you are

interested in ( for example, working, following a conversation, or reading)?

@)

o 0O O O O

o

9. Have you had a definite fear of losing control over eating?

@)

10.

11.

000000 ITXTOoOOODOODODOOITITOOOOOO

o

No days
1-5days

6 - 12 days
13 - 15 days
16 - 22 days
23 - 27 days
Everyday

No days
1-5days

6 - 12 days
13 - 15 days
16 - 22 days
23 - 27 days
Everyday

ave you had a definite fear that you might gain weight?

No days
1-5days

6 - 12 days
13 - 15 days
16 - 22 days
23 - 27 days
Everyday

ave you felt fat?

No days
1-5days

6 - 12 days
13 - 15 days
16 - 22 days
23 - 27 days
Everyday

12. Have you had a strong desire to lose weight?
No days

1-5days

6 - 12 days

13 - 15 days

16 - 22 days

23 - 27 days
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Everyday

Questions 13 -18: Please fill in the appropriate number in the spaces provided (such as
completed above) Remember that the questions only refer to the past four weeks (28 days).
Over the past four weeks (28 days) ...

13. How many times have you eaten what other people would regard as an unusually large
amount of food (given the circumstances)?

14. On how many of these times did you have a sense of having lost control over your eating
(at the time that you were eating)?

15. On how many DAYS have such episodes of overeating occurred (l.e., you have eaten an
unusually large amount of food and have had a sense of loss of loss of control at the
time)?

16. How many times have you made yourself sick (vomit) as a means of controlling your shape
or weight?

17. How many times have you taken laxatives as a means of controlling your shape or
weight?

18. How many times have you exercised in a "driven" or "compulsive" way as a means of
controlling your weight, shape or amount of fat, or to burn off calories?

Questions 19 to 21: Please indicate the appropriate number where applicable. Please note that
for these questions the term "binge eating" means eating what others would regard as an
unusually large amount of food for the circumstances, accompanied by a sense of having lost
control over eating.

19. Over the past 28 days, on how many days have you eaten in secret (i.e.furtively)? Do not
count episodes of binge eating
o Nodays
1-5days
6 - 12 days
13 - 15 days
16 - 22 days
23 - 27 days
o Everyday
20. On what proportion of the times that you have eaten have you felt guilty(felt that you've
done wrong) because of its effect on you shape or weight? Do not count episodes of binge
eating
o None of the times
A few of the times
Less than half
Half of the times
More than half
Most of the time
o Everytime
21. Over the past 28 days, how concerned have you been about other people seeing you eat?
Do not count episodes of binge eating

O O O O O

O O O O O

o Notat all

o Slightly

o Moderately
o Markedly

Question 22 to 28: Please indicate the appropriate number where applicable. Remember that
the questions only refer to the past four weeks (28 days).
Over the past 28 days...
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22. Has your weight influenced how you think about (judge) yourself as a person?

o Notat all

o Slightly

o Moderately

o Markedly

23. Has your shape influenced how you think about (judge) yourself as a person?

o Notat all

o Slightly

o Moderately

o Markedly

24. How much would it have upset you if you had been asked to weigh yourselfonce a week
(no more, or less, often) for the next four weeks?

o Not at all

o Slightly

o Moderately
o Markedly

25. How dissatisfied have you been with your weight?
Mark only one oval.

o Not at all

o Slightly

o Moderately

o Markedly

26. How dissatisfied have you been with your shape?

o Not at all

o Slightly

o Moderately

o Markedly

27. How uncomfortable have you felt seeing you body (for example, seeing your shape in the
mirror, in a shop window reflection, while undressing or taking a bath or shower)?

o Not at all

o Slightly

o Moderatley
o Markedly

28. How uncomfortable have you felt about others seeing your shape or figure (for example, in
communal changing rooms, when swimming, or wearing tight clothes)?

Not at all

Slightly

Moderately

Markedly

O O O O
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APPENDIX 15 — GENERAL PHYSICAL ACTIVITY QUESTIONNAIRE

GPAQV2

Next | am going to ask you about the tme you spend doing different types of physical activity in a typical week. Please
answer these questions even if you do not consider yourself to be a physically active person.

Think first about the time you spend doing work. Think of work as the things that you have 1o do such as paid or unpaid
work, study/training, household chores, harvesting food/crops, fishing or hunting for food, seeking employment. [inserf
other examples i needed]. In answering the following questions 'vigorous-intensity actvibes’ are activites that require
hard physical effort and cause large increases in breathing or heart rate, ‘moderate-intensity activities’ are activities that
require moderate physical effort and cause small increases in breathing or heart rate.

Response Coding Column
P1 Does your work involve vigorous-ntensity actvity Yes 1 D
ﬂmwasgslarger_ueasesnmwnquhmm No 2
like fcamying or liting heavy loads, digging or
construction work] for at least 10 minutes
contnuously?
INSERT EXAMPLES & USE SHOWCARD
In a typical week, on how many days do you do Days a week
P2a vigorous-intensity activities as part of your work? DD
How much time do you spend doing wigorous- =~
P2b intensity activities at work on a typical day? s i M‘DD MDD
P3 Does your work involve modesate-ntensity activity, Yes 1
that causes small increases in breathing or heart No 2 D
rate such as brisk walking for camying light loads] for
at least 10 minutes continuously?
INSERT EXAMPLES & USE SHOWCARD
In a typical week, on how many days do you do
Paa | ot inwaily actillios ss part of you week? Days a week DD
How much time do you spend doing moderate- .
PAb | iensiyactvtes ot workon a typca day? nhorsandminses  M1M] . (][]
The next questions exclude the physical activites at work that you have already mentioned.
Now | would like to ask you about the usual way you travel to and from places. For example to work, for shopping, to
market. 10 place of worship_ [nserf other examples if needsd]
P5 Do you walk or use 2 bicycle (pedal cycle) for at Yes 1 D
least 10 minutes continuously to gt to and from No 2
places?
In a typical week, on how many days do you wak or Days a week
Péa bicycle for at ieast 10 minutes continuously o get to DD
and from places?
How much time do you spend walking or bicycling .
2 Q| et R i | i S |
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| Response |  Coding Column

The next questons exclude the work and trancport activities that you have already mentioned.
Now | would like to ask you about sports, filness and recreational actviies (leisure) finsert refevant ferms].

P7 Do you do any vigarous-intensity sports, fitness or Yes i D
recreational (leisure) actvites that cause large No 2 1Mo, go to P9
increases in breathing or heart rate ke [running or
football ] for at least 10 minutes continuously?
INSERT EXAMPLES & USE SHOWCARD

P8a | | . typical week on how many days do you do e 2 woek DD
vigorous-intensity sports, fitmess or recreational
{leisure) actvities?

P 8b | How much ime do d doing vigorous- In hours and minutes .
Mm.hﬁ%mﬁﬁﬁﬁma h"‘DD -""NDD
typical day?
Do you do any moderate-ntencity sports, fitness or Yes 1

P9 recreaional (leisure) actwites that causes a small No 2 D IfNo, goto P 11

increase in breathing or heart rate such as brisk
walking, [cycling. swimming, vollzyball] for at least 10
minutes confinucusly?

INSERT EXAMPLES § USE SHOWCARD

"1 s e 00
In a typical week, on how many days do you do

moderate-iniensity sports, filness or recreational

(leisure) actviies?

P 10b | How much time do d doing moderate- In hours and minutes .
MMEQM{M} hrsDD .m‘mDD
achvities on a typical day?

The following question is about siting or reclining at work, at home, getting to and from places, or with frends including
time: spent [siting at a desk, sitting with friends, travelling in car, bus, frain, reading, playing cards or watching television],
but do not include time spent sleeping.

INSERT EXAMPLES & USE SHOWCARD

P11 m“::nt::’::aﬂ:-ﬁhwmm " hoes and minutes hmDD :m'nsDD
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APPENDIX 16 - VAS

Date: Time: Code:

Instructions: Please make a mark on the line according to how you are feeling.

VISUAL ANALOGUE SCALE
1. How hungry are you?
Not al all hungry Very hungry
2. How full do you feel?
Not at all full Very full

3. How strong is your desire to eat?

Not at all strong Very strong
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APPENDIX 17 — BRIEF-A (ONLINE FORM)

Behavioural Rating Inventory of Executive Function

(BRIEF-A)

Before starting the questionnaire, please enter your participant code:
1. I have angry outbursts *

o Never
o Sometimes
o Always
2. I make careless errors when completing tasks *
o Never
o Sometimes
o Always
3. lam disorganized *
o Never
o Sometimes
o Always
4. | have trouble concentrating on tasks (such as chores, reading or work) *
o Never
o Sometimes
o Always
5. I'tap my fingers or bounce my legs *
o Never
o Sometimes
o Always
6. 1 need to be reminded to begin atask, even when | am willing *
o Never
o Sometimes
o Always
7.1 have a messy closet *
o Never
o Sometimes
o Always
8. I have trouble changing from on activity or task to another *
o Never
o Sometimes
o Always
9. | get overwhelmed by large tasks *
o Never
o Sometimes
o Always
10. I forget my name *
o Never
o Sometimes
o Always
11. I have trouble with jobs or tasks that have more than one step *
o Never
o Sometimes
o Always
12. | overreact emotionally *
o Never
o Sometimes
o Always
13. 1 don’t notice when | cause others to feel bad, or get mad until it is too late *
o Never
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o Sometimes

o Always
14. I have trouble getting ready for the day *
o Never
o Sometimes
o Always
15. I have trouble prioritizing activities *
o Never
o Sometimes
o Always
16. | have trouble sitting still *
o Never
o Sometimes
o Always
17. 1 forget what | am doing in the middle of things *
o Never
o Sometimes
o Always
18. 1 don’t check my work for mistakes *
o Never
o Sometimes
o Always
19. I have emotional outbursts for little reason *
o Never
o Sometimes
o Always
20. I lie around the house a lot *
o Never
o Sometimes
o Always
21. | start tasks (such as cooking projects) without the right materials *
o Never
o Sometimes
o Always
22. | have trouble accepting different ways to solve problems with work, friends, or tasks *
o Never
o Sometimes
o Always
23. I talk at the wrong time *
o Never
o Sometimes
o Always
24. 1 misjudge how difficult or easy tasks will be *
o Never
o Sometimes
o Always
25. 1 have problems getting started on my own *
o Never
o Sometimes
o Always
26. | have trouble staying on the same topic when talking *
o Never
o Sometimes
o Always
27.1get tired *
o Never
o Sometimes
o Always

28. I react more emotionally to situations than my friends *
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o Never
o Sometimes

o Always
29. | have problems waiting my turn *
o Never
o Sometimes
o Always
30. People say that | am disorganized *
o Never
o Sometimes
o Always
31. I lose things (such as keys, money, wallet, homework, ect.) *
o Never
o Sometimes
o Always
32. | have trouble thinking of a different way to solve a problem when stuck *
o Never
o Sometimes
o Always
33. l overreact to small problems *
o Never
o Sometimes
o Always
34. | don’t plan ahead for future activities *
o Never
o Sometimes
o Always
35. I have a short attention span *
o Never
o Sometimes
o Always
36. | make inappropriate sexual comments *
o Never
o Sometimes
o Always
37. When people seem upset with me | don’t understand why *
o Never
o Sometimes
o Always
38. | have trouble counting to three *
o Never
o Sometimes
o Always
39. | have unrealistic goals *
o Never
o Sometimes
o Always
40. | leave the bathroom a mess *
o Never
o Sometimes
o Always
41. | make careless mistakes *
o Never
o Sometimes
o Always
42.1get emotionally upset easily *
o Never
o Sometimes
o Always
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43. 1 make decisions that get me into trouble (legally, financially, socially) *

o Never
o Sometimes
o Always
44.1 am bothered by having to deal with changes *
o Never
o Sometimes
o Always
45. | have difficulty getting excited about things *
o Never
o Sometimes
o Always
46. | forget instructions easily *
o Never
o Sometimes
o Always
47. 1 have good ideas but can not get them on paper *
o Never
o Sometimes
o Always
48. 1 make mistakes *
o Never
o Sometimes
o Always
49. | have trouble getting started on tasks *
o Never
o Sometimes
o Always
50. | say things without thinking *
o Never
o Sometimes
o Always
51. My anger is intense but ends quickly *
o Never
o Sometimes
o Always
52. 1 have trouble finishing tasks (such as chores, work) *
o Never
o Sometimes
o Always
53. | start things at the last minute (such as assignments, chores, tasks) *
o Never
o Sometimes
o Always
54. | have difficulty finishing a task on my own *
o Never
o Sometimes
o Always
55. People say that | am easily distracted *
o Never
o Sometimes
o Always
56. | have trouble remembering things even for a few minutes (such as directions, phone
numbers) *
o Never
o Sometimes
o Always
57. People say that | am too emotional *
o Never
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58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

o Sometimes

o Always

I rush through things *
o Never

o Sometimes

o Always

| get annoyed *

o Never

o Sometimes

o Always

| leave my room or home a mess *
o Never

o Sometimes

o Always

| get disturbed by unexpected changes in my daily routine *
o Never
o Sometimes

o Always

I have trouble coming up with ideas for what to do with my free time *
o Never

o Sometimes

o Always

| don’t plan ahead for tasks *

o Never

o Sometimes

o Always

People say that | don’t think before acting *
o Never

o Sometimes

o Always

I have trouble finding things in my room, closet or desk *
o Never
o Sometimes

o Always

| have problems organizing activities *
o Never

o Sometimes

o Always

After having a problem, | don’t get over it easily *

o Never

o Sometimes

o Always

I have trouble doing more than one thing at a time *
o Never

o Sometimes

o Always

My mood changes frequently *
o Never

o Sometimes

o Always

I don’t think about consequences before doing something *
o Never
o Sometimes

o Always

| have trouble organizing work *
o Never

o Sometimes

o Always

| get upset quickly or easily over little things *
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o Never
o Sometimes

o Always
73. 1 am impulsive *
o Never
o Sometimes
o Always
74. | don’t pick up after myself *
o Never
o Sometimes
o Always
75. | have problems completing my work *
o Never
o Sometimes
o Always
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