Impulsivity Predicts Weight Loss after Obesity Surgery
Abstract

Objective: There is evidence that executive function, and specifically inhibitory control, is related to obesity and eating behaviour. The goal of this study was to determine whether personality traits and inhibitory control predict weight loss after bariatric procedures. Although the impressive weight reduction following bariatric surgery has been shown in short- and medium-term studies, the effect of personality traits on this reduction is uncertain. Specifically, the effect of impulsivity is still largely unknown. 

Setting: Patients attending either a multidisciplinary information session or out-patient clinic at the Imperial Weight Management Centre were recruited with informed consent into the trial over a four month period from January to April 2013. Participants were invited to attend behavioural testing on an outpatient basis in a silent room invigilated by a single researcher. 
Methods: 45 bariatric patients participated in the study (25 patients had a gastric bypass, with a mean BMI of 41.8 and age of 39.0; 20 had a sleeve gastrectomy, with a mean BMI of 47.2 and age of 49.0). All patients completed personality measures of impulsivity – Barratt's Impulsivity Scale (BIS), as well as behavioural measures of impulsivity – the Stop Signal Reaction Time (SSRT) task measuring inhibitory control and the Temporal Discounting Task measuring reward processing. Those measures were examined in relation to weight loss six months after surgery. 

Results: The surgical procedure and changes in the behavioural measure of inhibitory control (SSRT) were found to be significant predictors of reduction in Body Mass Index (BMI) in patients undergoing bariatric surgery. The sleeve gastrectomy group showed a reduction in BMI of 14.1% which was significantly less than the 25% reduction in BMI in the gastric by-pass group. The direction (parameter estimate) of the significant effect was positive for SSRT change, which indicates that pre-post reduction in impulsivity predicts reduction in BMI.
Conclusions: Impulsivity measures predict weight reduction in patients undergoing bariatric surgery. This result has implications for predicting outcomes from surgical treatments of obesity. 
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INTRODUCTION

Post-operative weight loss after bariatric surgery is likely to be dependent on more than just the technical adequacy of the procedure, and both demographic and personality factors have been implicated. Age, sex and pre-operative Body Mass Index (BMI) have been found to be important modulators of outcome.4 A review of the psychological predictors of weight loss after bariatric surgery has identified those who are younger, female, of high self-esteem and of good mental health as likely to have greater success.5 Furthermore, in the UK a leading National surgical report has highlighted the need to take psychological factors further into consideration in order to optimize weight management and well-being in bariatric surgical patients.6 Therefore, behavioural determinants are likely to be key contributors to obesity, with a need for applied research in this field.

The Role of Impulsivity

Recently, obesity has been compared to food addiction – a condition characterized by overeating,7 with the connotation that obese individuals are impulsive in their behaviour. More so, food addiction is associated with a cluster of psychological symptomatology including: binge eating disorder and attention-deficit hyperactivity disorder, conditions for which impulsivity is part of the diagnostic criteria.8 Overeating displays a huge amount of similarity to substance dependence, and as a result, food addiction has been viewed by some as a model for weight gain and obesity.9 Obese subjects have been found to ingest greater amounts of food than originally intended, as well as a reduced ability to participate in a range of social and occupational activities. They also make frequent and usually unsuccessful attempts in controlling their overconsumption of food, and/or continue their overeating while ignoring the consequences to their health. These striking likeness to characteristics of substance dependence has prompted the proposal of obesity to be included in the Diagnostic and Statistical Manual of Mental Disorder (DSM).

Impulsivity is a multifaceted construct10 defined as ‘behaviour without adequate thought, the tendency to act with less forethought than do most individuals of equal ability and knowledge or a predisposition towards rapid, unplanned reactions to internal or external stimulus without regard to the negative consequences of these reactions’ (International Society for Research on Impulsivity, 2013). In psychology, impulsivity is traditionally thought to be one of many potential traits used to describe personality – personality traits are habitual patterns of behaviour, thoughts and emotions, which characterize an individual.11  

Impulsivity is thought to contribute to the development and maintenance of obesity as it causes uncontrolled and excessive food intake.12 It is suggested that obese and overweight persons find it difficult to inhibit automatic or dominant behaviours and intrusive thoughts. They also have a tendency to exaggerate the impact of rewards and punishments. Because these traits involve dimensions of impulsivity, this evidence suggests there might be a link between impulsivity and food intake. Binge-eating disorder has also been associated with impulsivity, due to its defining characteristic, experiencing loss of control while consuming a large amount of food.13 In addition, impulsivity is also linked to different maladaptive eating styles which cause obesity.14 Emotional eating refers to eating in response to negative emotions (e.g., anxiety or irritability) and it has been studied in relation to eating binges in Bulimia and Binge Eating Disorders.15
Measuring Impulsivity: Traits versus States

According to trait theory, personality traits are stable over time, differ between individuals and influence behaviour.16 The wide range of impulsive phenomena is reflected by the various self-report measures used by trait theorists, which have focused on group statistics to siphon distinct aspects of impulsivity.17 In contrast to personality measures of trait impulsivity, behavioural measures tend to capture more narrowly defined components of impulsivity and therefore have been used as measure of state impulsivity.18-20 

Personality Measures of Traits

In research and in the clinical setting, Barratt's Impulsiveness Scale (BIS) is the most commonly administered self-report questionnaire measuring impulsivity. BIS separates impulsivity into 3 distinct types, attentional impulsivity (inability to focus attention or concentrate), motor impulsivity (acting without thinking), and non-planning impulsivity (lack of future orientation or forethought).21 The subtraits of the BIS have been derived from measures of self-report questionnaires, cognitive and behavioural tasks and brain-behavioural research in animals.22 Clinical samples with eating disorder have shown a differential relationship between various sub scales of the BIS and eating disorder symptomatology. Attentional impulsivity is most consistently related to various measures that are associated with overeating.23 Positive, but less consistent, relationships can also be found with motor impulsivity, particularly in patients with binge eating behaviour. Non-planning impulsivity seems to be only weakly related to overeating. Neither subscale seems to be consistently correlated with BMI, which may be due to the fact that BMI is influenced by many factors other than eating behaviour. Patients with the Binge Eating Disorder have higher scores on the motor impulsivity subscale compared to healthy controls, but do not differ on the other two subscales.24 Two studies have compared scores on the BIS between patients with Anorexia Nervosa (AN) and Bulimia nervosa (BN) (both binge-purge type and restrictive type) and healthy controls;25 and revealed that people with binge eating behaviour have higher BIS scores, particularly on its motor and attentional impulsivity subscales, compared to people with restrictive eating behaviour and controls. 

Behavioural Measures of States

Impulsivity is also a commonly applied behavioural construct, which has been used to better our understanding of eating and obesity. Behavioural measures are laboratory tests that provide a method to study underlying brain mechanisms related to impulsivity. In the field of neuropsychology, behavioural measures are thought to capture different facets of impulsivity to personality questionnaires; and neurobiological studies have begun to discover neurobiological substrates of those measures. Executive control is used as an umbrella term for the functions of the cognitive system that allow people to regulate their behaviour towards according to higher order goals or plans; which involves organising, monitoring, and altering the settings of lower level cognitive processes such as stimulus detection and motor programming.26-28 In cognitive neuroscience and clinical psychology, individual or group differences in executive control are attributed to variation in the effectiveness of two mechanisms: response inhibition and reward processing.29 

Response inhibition is considered a key component of executive function.30-32 Inhibitory control is the ability to stop or suppress responses that are no longer required or deemed inappropriate. It is a dynamic concept and supports flexible and goal-directed behaviour in an ever changing environment. An everyday example of response inhibition may be an emergency stop whist driving when a cat runs across the road. The paradigm used most often for the measurement of response inhibition in the laboratory setting is the stop-signal paradigm,33 which is a choice reaction time task. In the go-task, also referred to as the primary task, individuals have to respond to the shape of a stimulus in a uniform fashion. For example, pressing the left key for a circle or the right key for a square. On given number of trials the go stimulus will be followed by an auditory signal (the stop signal), which instructs subjects to withhold their response. In adults, eye movements, hand movements, key presses, squeezes and speech can all be stopped in about 200 msec.33 The similar latencies across tasks and effector systems suggest that stopping relies on an age related modal process. Typically, individuals can inhibit their response when the stop signal is presented close to the go signal, but becomes more difficult when the stop signal is presented close to the moment of response execution. In light of these findings, Logan proposed the ‘race model’, whereby ones performance on this task can be explained by a race between a go process and a stop process.

Reward processing is an account based on recent developments within behavioral economics and cognitive neuroscience.34 This unique approach to understanding behavior conceptualizes every action as resulting from some kind of decision-making, which, by definition, requires computation and comparison of the ‘value’ resulting from each choice of a course of action (akin to cost-benefit analysis). Economics has already revealed the optimal or ‘rational’ ways to compute and combine such values. In addition, behavioral economics has discovered that value is automatically and often subconsciously computed in non-trivial ways, because the brain contains multiple decision systems.35 According to this approach, a key factor that affects/modulates the reward values assigned to actions is the delay with which those payoffs occur. In many choice situations, there is a time lag between decisions and outcomes; and optimal decision making requires assigning lower values to delayed rewards than to immediate ones, which is known as time discounting. In the models of discounting, rewards and costs that arrive in the future are discounted by a discount factor k that is a function of time, so that a smaller (bigger) k is associated with less (more) discounting, that is, more (less) patience. For example, less discounting individuals are willing to sacrifice immediate rewards, such as suppressing a desire for high-calorie food, for the sake of bigger benefits in future, such as weight loss and better health. A number of studies have looked at the relationship between intertemporal discounting and diet choice and body weight outcomes.36
Hypotheses

This type of psychological assessment of surrogate measures of impulsivity traits (personality) and states (brain pathways) is termed endophenotyping, because those measures, although not measured in direct relation to foods, have been linked to maladaptive eating behaviours37,38 and related to the prefrontal cortex.31 There is also an association between trait impulsivity (personality measures such as BIS) and state impulsivity (behavioural measures of response inhibition).39 Therefore, we predict that those measures of traits and states predict outcomes from bariatric surgery. However, because response inhibition and reward processing measure state impulsivity, we expect them to change as a result of changes in biological and psychological conditions after surgery; which is not the case for the personality measure of impulsivity – reflecting a stable trait. Therefore, we expect the changes in response inhibition and reward processing, before and 6 months after surgery to predict outcomes from surgery, while personality measures only before surgery should predict outcomes.  
This article reports the predictive validity of trait and state measures of impulsivity. Specifically, the aim is to investigate the role of personality trait measures and behavioural state measures in predicting weight reduction after two common bariatric procedures.

STUDY

Methods

Patients attending either a multidisciplinary information session or out-patient clinic at the Imperial Weight Management Centre were recruited with informed consent into the trial over a four month period from January to April 2013. All patients were eligible for bariatric surgery as determined by the Planned Procedures with a Threshold criteria attended a 30 minute talk informing them of the surgical procedures available to them. The patients’ medical history and Body Mass Index (BMI) were recorded prior to surgery and at 6 month post-operatively. All medical information was confirmed using patients’ hospital notes. A number of obesity related patient co-morbidites were recorded, including: hypertension, diabetes, obstructive sleep apnoea and polycystic ovarian syndrome. A list of their medications and their smoking, drug and alcohol history was also elicited. 
Fifty-five patients were invited to participate in the study and 50 agreed to be enrolled. All enrolled in the study were interviewed by a psychologist or psychiatrist to exclude organic mental disorders such as personality disorders and schizophrenia. None were excluded on the basis of those criteria. Anxiety and depression were not used as an exclusion criteria as there is a high prevalence of these conditions in bariatric patients47,48 (including as many as 60% of patients attending the Imperial Weight Management Centre). Five patients were excluded on the basis of a formal diagnosis of binge eating disorder. Defined as having two main characteristics: firstly consumption of a large amount of food relative to the circumstances and secondly the experience of loss of control. Those patients were excluded, because, prior to surgery, they had to undergo psychotherapy that deals with their underlying psychiatric conditions causing the binge eating disorder (otherwise they may not benefit from surgery), which delayed their surgery. Therefore, they could not participate in the study within the time frame required to complete the research project. Forty-five patients met the inclusion criteria with a mean age of 43.4 (20-69). Of these 32 were female and 13 male. Seventy-six percent of participants had at least one of hypeetension, diabetes or hyperlipidaemia as a co-morbidity.   Participants were invited to attend behavioural testing on an outpatient basis in a silent room invigilated by a single researcher. BMI was objectively measured preoperatively and at 6 month post-operatively. Testing was performed at least one week prior to surgery to eliminate anxiety close to surgery as a potential co-founder. Tests were performed in a silent room invigilated by a single researcher. 

Personality Measures

Barratt Impulsiveness Scale

The Barratt Impulsiveness Scale40 is a questionnaire designed to assess the personality and behavioural construct of impulsiveness. All three second order factors of impulsive behaviour (attentional impulsiveness, motor impulsiveness and non-planning impulsiveness) captured by the BIS have been associated with unhealthy eating in normal weight adults and in those with Binge Eating Disorder.41 Principle component analysis has identified six first order factors: Attention, Motor, Self-control, Cognitive Complexity, Perseverance and Cognitive Instability. Examples of questionnaire for each of the components are illustrated in Table 1. The BIS-11 has an internal consistency of 0.83 (Cronbach’s α) for the total score and test-retest reliability at one month of 0.83 (Spearman’s Rho). This finding is to be expected as the questionnaire was developed based on psychopathology.40
--------------------------------- Insert Table 1 ----------------------------------------------------

Behavioural Measures of Impulsivity 

All computerised tasks were administered on the same occasion.
Stop Signal Task

The Stop Signal Task used was adapted from that employed by Logan and colleagues42 and was used to measure inhibitory control to a pre-potent motor response. These tests have been validated by a number of studies in different patient groups.43 The experimental task contained two components: the go-task and the stop-task. The stimuli for the go-task were arrows pointing either to the left or right of a computer monitor for 1000ms.  Participants were instructed to make a speeded response to targets in the go-task by pressing the corresponding key on a controller with their index and middle finger. The stop-task required subjects to inhibit responses to the stimulus to the go-task when a stop signal appeared. The stop signal was an audible sound delayed after the go stimulus. The initial stop signal delay was set at 250ms and then adjusted dynamically dependent on the subject's behavior, such that it is decreased after a failure to inhibit and increased after a successful inhibition. The Stop Signal Reaction Time (SSRT) measures the time (in ms) needed to cancel a go response following an audible stop stimulus and is an indicator of inhibitory control (i.e. the point at which the competition between go and stop processes ends in a draw). Individuals classified as ‘impulsive’ are slower to respond to the stop signal. 
Temporal Discounting Task 

Temporal discounting in the literature has assessed both monetary and food rewards, but there is greater evidence to support the use of monetary rewards over food or hypothetical questions.36 Several studies have also demonstrated that many established properties of financial discounting also apply in the health domain.36 In our study, a monetary Temporal Discounting Task44 presented participants with two labels on either side of the monitor. A sooner and shorter monetary reward on one side (e.g. £5 now) and a larger delayed reward on the other side (e.g. £50 in 5 weeks). Pressing the corresponding left or right arrow key made the preferred choice. Participants were told that there was no time limit to the task, there was no correct or incorrect answer and these were one-off payments with no need to make any calculations. Choices were made for real monetary rewards with a total of 240 monetary options. This specific task has already been reported in the literature.45 The discounting parameter k was recorded as an index of the rate at which the participants depreciate rewards as a function of time, according to the formula: V = A / (1+kD), where V is the present value of the delayed reward A, at delay D, and k is the discount rate.46 A high k value is an indicator of greater impulsivity.
Results

Patients

Overall, all 45 patients (31 men, 14 women) screened underwent bariatric surgery and agreed to participate in the study. Table 2 presents the descriptive statistics. 25 patients (16 men, 9 women) had a gastric bypass, with a mean BMI of 41.8 (SD = 5.7) and age of 39.0 (SD = 13.4). The sleeve gastrectomy group (15 men, 5 women) were significantly older, 49 years (SD = 10.4), with a mean BMI of 47.2 (SD = 5.9). The sleeve gastrectomy group showed a reduction in percentage BMI of 14.1% (SD = 4.7) which was significantly less than the 25% (SD = 4.1) reduction in BMI in the gastric by-pass group (p < .001). There was no difference between the number of diagnosis of psychiatric conditions between both groups (p = .23). There was no correlation between any of the behavioural measures of impulsivity and comorbidities or the number of psychiatric or medical diagnosis between groups. 
--------------------------------- Insert Table 2 ----------------------------------------------------

A General Linear Model was conducted with BMI change (pre-post) as the dependent variable, and type of surgical Procedure and Gender as between-subject factors, and Age, SSRT change (pre-post), Discounting change (pre-post), BIS, Age, and Initial BMI as covariates. There was a significant main effect of Procedure, F(1,36) = 19.42, p < .001 (η2 = .35), and SSRT change, F(1,36) = 12.97, p = .001 (η2 = .27). Gender (F(1,36) = 0.33, p = .572, η2 = .01), Gender x Procedure interaction (F(1,36) = 0.91, p = .348, η2 = .03), Age (F(1,36) = 0.74, p = .394, η2 = .02), Initial BMI (F(1,36) = 1.61, p = .213, η2 = .04), Discounting change (F(1,36) = 2.71, p = .109, η2 = .07), and BIS (F(1,36) = 1.39, p = .247, η2 = .04) did not predict weight loss. The direction (parameter estimate) of the significant effect was positive for SSRT change (B = .039, t = 3.60, p = .001), which indicates that pre-post reduction in impulsivity predicts reduction in BMI i.e. better BMI-outcomes.
DISCUSSION AND CONCLUSION
There has been an increase in the research interest in psychological and behavioural determinants of health states as a whole. Obesity and weight loss has been no exception to this rule. A previous study by our team has shown that impulsivity as measured by inhibitory control was able to predict weight loss in an adolescent obese population after a residential weight loss programme.12 However in this past study the change in impulsivity after attempted weight loss was not studied. This may be important as some facets of personality may potentially be modifiable.  If weight loss after surgery is thought to be due to change in impulsivity, one expects a reasonable change in impulsivity too and vice versa. Hence the pre and post-operative measures being taken into consideration in the current study. The current study has shown that individuals who see the most change in SSRT also experience optimal weight loss six months after bariatric surgery. These findings suggest that the weight loss may be explained by psychological predictors such as impulsivity and there is increasing evidence that executive function, and specifically inhibitory control, is related to obesity and eating behavior. It must be made clear that both the psychometric tests are a proxy measures of executive function and reward responsiveness. The personality trait measure BIS was not predictive of weight reduction. In comparison to the psychometric tests, although the BIS is a short questionnaire it can be less engaging for the participants than the psychometric measures which were computerized. There is also an assumption that self-reported questionnaires represent impulsivity as a stable trait while behavioural measures are subject to state-dependent variations. Therefore one would no necessarily see a change in the questionnaires. This was true for first order factors also when the scorings were broken down. Although highly regarded as the gold standard for testing impulsivity in much psychopathology. To date, similar clear-cut results for the BIS and eating behavior are missing.   It is also reassuring that inhibitory control is once again consistently related with weight loss as in previous studies. There is now growing evidence that neither the mere physical restriction of the stomach nor nutrient malabsorption is sufficient to explain weight loss and the improvement of glucose metabolism after bariatric surgery. Impulsivity has been closely related to dopaminergic pathways through top down control to oppose the conditioned responses that predict reward from eating food and the desire to eat the food.54-58 Both preclinical and clinical studies have shown that a decrease in dopamine signaling in striatal regions, that are linked with reward in obesity.59 This decrease in dopamine release has been linked to compulsive food intake in obese rodents and with decreased metabolic activity in key brain regions in obese humans involved with food reward.60 There is now indirect evidence to suggest that that neural activity in high order centres of the brain related to food reward may be modified after bariatric surgery. These include altered food preference, an increase in the risk of alcoholism after gastric bypass and altered dopamine receptor 2 availability after a Roux-en-Y gastric bypass.61-64 Gastric banding has shown reduced hypothalamic activity after gastric banding.65 Although these are preliminary findings it may well be that bariatric surgery as well as changing the chemical milieu of the body may also lead to favourable neurological imbalances in the reward centres of the brain. The temporal discounting task did not show any change with weight loss. Scientific evidence is accumulating for a relationship between temporal discounting and body mass.66-68 Therefore, the greater the BMI, the more likely one is choose smaller, more immediate monetary rewards. Others have applied different commodities to temporal discounting including food, alcohol, drug related and sexual rewards.69 Considering the documented commodity specific effects of temporal discounting, one’s impulsivity for delayed monetary rewards might not apply to all aspects of obesity related decision making.70-73 Certainly weight loss with bariatric surgery has been associated with an improvement in inhibitory control and therefore executive function. This improvement looking at newly developing studies is secondary to changes in dopaminergic brain pathways.
There are several limitations of this study. First, our sample is relatively small and there is a risk of small samples being influenced by single individuals. Therefore future studies should attempt to significantly increase the sample size. Second, this was a single-centre study which may bias and limit the generalizability of the results. Future studies should attempt to demonstrate the importance of impulsivity in multi-centre study. Third, our follow up measures were relatively soon after surgery being at six months, as it is thought that the weight loss after bariatric surgery is predominantly due to the physical bypass or restrictive procedure. Prolonged follow-up of the patients over a year to two years would show whether changes in weight persisted or were accompanied by changes in impulsivity measures. Fourth limitation is the inclusion of multiple variables which reduces the values of eta-squared. Of course, this limitation will be resolved by including a substantially bigger sample in the study. Fifth, an important notice is that when analyzing the behavioural measures it may have been beneficial to take into account other confounding factors such as intelligence and socioeconomic status.
At present in the UK bariatric surgery candidates are assessed pre-operatively for major psychiatric conditions. However, is currently very little known about the psychological predictors of weight reduction in those undergoing bariatric surgery. Evidence suggests that re-existing psychological disorders in obese individuals is a major problem, especially in patients with a BMI beyond 40 kg/m2. These disorders have tendency to persist or rebound after surgery. For example, a large number of patients report a pre-operative mood disorder such as depression re-experience post-operative symptoms.49 The relative risk of suicide and accidents is nearly twice that of obese controls, in patients who have had gastric by-pass surgery.50 Therefore psychological screening of bariatric patients pre- and post-operatively may help determine their post-operative course. Additionally it can identify those who are may benefit from extra support such as behavioural therapy or psychotherapy. Farmer and Golden have listed the behavioural interventions that can be used with various functional formulations of impulsive behaviours.52 Therefore behavioural modulation can be tailored to what if found on psychological screening.
Previous studies looking at impulsivity in an obese adolescent group found that inhibitory control predicted weight loss at one year. This was not the case in this adult group undergoing surgery. Therefore serial measurements of impulsivity would be necessary in order to decide on stratifying patients for treatment in adults. 
The role of impulsivity measurements and potential interventions may have greater clinical use in those having less invasive procedures such as a gastric band or the endobarrier. These procedures involve minimal anatomical changes and hence a smaller weight reduction (42%) in comparison to conventional procedures (67%) during longer term follow-up.53 To date these relatively cheap and easy to fit devices have not been in favor with clinicians due the high proportion of patients who regain weight without adequate post-operative support. For those having a gastric band both lifestyle choice and self-control are more so important in order to maintain their weight loss. Therefore impulsivity testing and follow-up could be fruitful in these patient groups.
To conclude, impulsivity measures predict weight reduction in patients undergoing bariatric surgery. This result has implications for predicting outcomes from surgical treatments of obesity. This line of research needs further confirmation with functional brain imaging. 
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