Journal of Eating Disorders© The Author(s) 2023corrected publication 2023

https://doi.org/10.1186/s40337-023-00796-x

Research

Secondary outcomes and qualitative findings of an open-label feasibility trial of lisdexamfetamine dimesylate for adults with bulimia nervosa

Laura Dixon1 , Sara Bartel1 , Victoria Brown1, Sarrah I. Ali1, Susan Gamberg1, 2, Andrea Murphy2, 3, Katherine L. Brewer4, Susan L. McElroy5, 6, Allan Kaplan7, Abraham Nunes2, 8  and Aaron R. Keshen1, 2   
(1)Eating Disorder Program, Nova Scotia Health Authority, Halifax, NS, Canada

(2)Department of Psychiatry, Dalhousie University, Halifax, NS, Canada

(3)College of Pharmacy, Dalhousie University, Halifax, NS, Canada

(4)College of Doctoral Studies, University of Phoenix, Tempe, AZ, USA

(5)Lindner Center of HOPE, Mason, OH, USA

(6)Department of Psychiatry and Behavioral Neuroscience, University of Cincinnati College of Medicine, Cincinnati, OH, USA

(7)Department of Psychiatry, Centre for Addiction and Mental Health, Institute of Medical Science, University of Toronto, ON, Toronto, Canada

(8)Faculty of Computer Science, Dalhousie University, Halifax, NS, Canada

 

 
Aaron R. Keshen
Email: aaron.keshen@nshealth.ca


 Contributed equally


Received: 5 January 2023Accepted: 21 April 2023Published online: 22 May 2023
Abstract
Background
There is emerging evidence that stimulants warrant further investigation as a treatment for bulimia nervosa (BN) including a recent open-label feasibility trial examining the use of lisdexamfetamine dimestylate (LDX) for BN. The current report presents the secondary outcomes and qualitative interview results from that feasibility trial. These outcomes explore several purported mechanisms that may explain how stimulants affect symptoms of BN: appetite, impulsivity, obsessive and compulsive symptoms, eating disorder psychopathology/impairment and reward-based decision-making.

Methods
Twenty-three participants with BN received LDX for eight weeks. Questionnaires assessing appetite, impulsivity, obsessive and compulsive symptoms, eating disorder psychopathology and impairment were administered at baseline and post-treatment. Participants also completed a two-step reinforcement learning task to assess their decision-making. Semi-structured interviews took place at baseline, week 5, and follow-up.

Results
Reductions in hunger, food-related impulsivity, obsessive and compulsive features, eating disorder psychopathology and impairment were found. However, reward learning, as far as it is assessed by the task, did not seem to contribute to the effect of LDX on BN symptoms. Qualitative analysis suggested four themes: (1) reprieve from the eating disorder, (2) improvement in function and quality of life, (3) renewed hope for recovery, and (4) ability to normalize eating.

Conclusions
This report suggests several potential mechanisms by which LDX may reduce symptoms of binging and purging in those with BN. Importantly, due to the open-label design, we are unable to attribute findings to the medication. Instead, our results should be interpreted as hypothesis generating to inform future studies such as adequately powered randomized controlled trials.
Trial registration NCT03397446.

Plain English summary
Recent research suggests that stimulant medications could be a potential treatment for bulimia nervosa (BN). Participants in this study took lisdexamfetamine dimesylate (LDX) for 8 weeks while their eating disorder symptoms and medical status were carefully monitored. As part of this study, twenty-three participants with BN completed several interviews, questionnaires and computer tasks at the start and end of treatment which were delivered to help researchers learn more about the how LDX impacts people with BN. Scores on questionnaires measuring different aspects of the eating disorder improved over time. Participants’ performance on the computer task which measures a type of decision making did not change during treatment. Interviews exploring participants’ experience taking LDX found four common themes: reprieve from the eating disorder, improvement in function and quality of life, renewed hope for recovery, and ability to normalize eating. This report suggests several potential ways LDX may reduce symptoms of binging and purging in those with BN. Importantly, due to the size and type of study, we cannot conclude that changes observed were a direct result of the medication. Instead, our results should be used to form new questions that can be explored by larger studies with controlled designs.
Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s40337-023-00796-x.
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Background
The limited effectiveness of existing treatments [1] for bulimia nervosa (BN) warrants exploring novel interventions such as stimulants (see Keshen et al. [2] for a review). Robust evidence supports lisdexamfetamine dimestylate (LDX) as an effective treatment for binge eating in the context of binge eating disorder (BED) [3]. To date, no substantial clinical trials have specifically examined stimulant medication use in BN; however, case reports [2] have been promising and a recently published 8-week open-label feasibility trial found LDX was associated with a reduction in objective binge eating episodes and compensatory behaviors [4].
Stimulants are purported to impact the symptoms of binge eating in BED and BN through multiple mechanisms including reducing appetite, impulsivity, obsessive and compulsive symptoms, and affecting reward-based decision-making [3, 5–7].
Regarding reduced appetite, evidence from pre-clinical rat studies [8, 9] and LDX clinical trials for BED [3] suggest that stimulants have a general appetite suppressant effect. In the LDX for BED trials, up to a quarter of participants reported reduced appetite as an adverse event [6]. However, studies have not yet elucidated the degree to which appetite suppression moderates or mediates a reduction in binge eating symptoms in those treated with stimulants.
Animal models of impulsivity (e.g., delayed discounting task) have shown the tendency of binge-eating rats to act without regard for future consequences (non-planning impulsivity) compared to non-binge-eating rats [8, 10]. Moreover, the LDX for BED clinical trials by McElroy et al. [5] suggest that LDX improves impulsivity as measured by the Barratt Impulsiveness Scale (Version 11; BIS-11) [11]. Specifically, LDX was associated with motor impulsivity (tendency to act without thinking) and non-planning impulsivity improvements, though only at the 70 mg dose. More recently, Griffiths et al. [12] found that only the non-planning impulsivity subscale of the BIS-11 was associated with a decrease in binge episodes in those receiving LDX, suggesting that LDX may moderate reductions in binge frequency via concurrent reductions in that subtype of impulsivity only.
Binge eating has been associated with compulsive responding, or the tendency to engage in repetitive, or habitual behaviors despite negative consequences [6]. Reductions in obsessive and compulsive symptoms related to binge eating, as measured by the Yale-Brown obsessive-compulsive scale modified for binge eating (YBCOS-BE), have been reported with LDX [5].
Lastly, there has been research interest in reward-based decision-making deficits in BN; specifically, three putative mechanisms warrant further examination: (1) goal directed (model-based) vs. habitual (model-free) control, (2) learning rate, and (3) the exploration/exploitation trade-off (see Auer et al. [13] for a detailed description). ​​Since dopamine (DA) depletion is associated with these decision-making impairments [14–16], and stimulants increase intracellular DA levels, it is possible that stimulant mediated improvements in these cognitive deficits could explain BN symptom improvements in those treated with stimulants.
The current report presents the secondary outcomes and qualitative findings from the recently published open-label, 8-week LDX feasibility trial for adults with BN [4]. The primary efficacy outcome reported by Keshen et al. [4] was change in objective binge episodes and compensatory behaviors in the previous 28 days from baseline to post/end-of-treatment. In the intent-to-treat sample, there were reductions in objective binge episodes and compensatory behaviors from baseline to post/end-of-treatment (mean difference = − 29.83 binge eating episodes in the past 28 days, 95% confidence interval: − 3.38 to − 16.27; and mean difference = − 33.78 compensatory behavior episodes in the past 28 days, 95% confidence interval: − 48.74 to − 18.82, respectively). The aims of the current study were to examine changes in secondary measures of appetite, impulsivity, obsessive and compulsive symptoms, eating disorder psychopathology, functional impairment, and reward-based decision-making deficits (using a reinforcement learning task) during 8 weeks of LDX treatment. Additionally, the present study sought to explore participants’ subjective experiences with LDX during participation in the study from thematic analysis of semi-structured interviews. Hypotheses should be reserved for randomized control trials and not feasibility studies [17]; therefore, no specific hypotheses were made.

Methods
Study design
The study is an open-label, 8-weeks feasibility study utilizing a dose-optimization design [4] with both quantitative and qualitative data collection methods. The research conformed to the International Conference of Harmonization and Good Clinical Practice guidelines and was approved by Health Canada and the Nova Scotia Health Research Ethics Board. All participants provided written informed consent.

Participants
Twenty-three participants with moderate to extreme BN were enrolled (female = 23; white = 95.65%; mean age = 26.83, SD = 7.96), with 18 completing the study (n = 2 withdrawn by investigator; n = 3 dropout). Please note that while one participant prematurely dropped out, they did so for non-exclusionary reasons, took their maintenance dose of LDX for 39 days, and completed their final data collection. As such, they are included in the completer analysis. See Dixon [18] for additional details on sample characteristics. Detailed information about participant enrollment and inclusion/exclusion criteria can be found in Keshen et al. [4].

Quantitative outcome measures
The measures for assessing quantitative outcomes included:
The Three Factor Eating Questionnaire (TFEQ) [19] which is a 51-item self-report questionnaire measuring three dimensions of eating behavior (cognitive restraint, disinhibition, and hunger). Item response formats include true/false or Likert style responses (0–4 or 0–5). Each dimension has satisfactory internal consistency (α = 0.85–.93). The Hunger subscale of the TFEQ is a measure of the perceived feeling of hunger and its behavioural consequences. The Restraint subscale of the TFEQ evaluates dietary restraint and conscious mechanisms for restraining food intake.
The Barratt Impulsiveness Scale, Version 11 (BIS-11) [11] is a 30-item self-report measure of trait impulsivity. Items are scored from one (rarely/never) to four (almost always/always), resulting in a global score and subscales for attentional, motor, and non-planning impulsivity. Internal consistency has been shown to be acceptable.
The Yale-Brown Obsessive-Compulsive Scale Modified for Binge Eating (YBOCS-BE) [20] is a modified version of the Yale-Brown Obsessive-Compulsive Scale which assesses urges, thoughts, impulses, and compulsions related to binge eating. The YBOCS-BE is an interview measure and composed of 10 items scored from 0 (no symptoms) to 4 (extreme symptoms). With permission from the scale developer, the YBOCS-BE was further modified for BN (i.e., ‘purge’ was inserted following ‘binge’ throughout the measure).
The Eating Disorder Examination 17.0D (EDE) [21] was selected to measure eating disorder psychopathology. The EDE assesses psychopathology on four subscales (Restraint, Eating Concern, Shape Concern and Weight Concern) and provides a global score [21]. A systematic review by Berg et al. [22] reported internal consistency coefficients of EDE subscales in clinical eating disorder (ED) populations ranging from 0.64 to 0.85.
The Clinical Impairment Assessment questionnaire (CIA) [23] is a 16-item self-report measure of the severity of psychosocial impairment due to eating disorder features. Items cover impairment in domains of life that are typically affected by eating disorder psychopathology. A cut off score of 16 has shown to be an appropriate predictor of ED case status [23]. The CIA has excellent internal consistency, Cronbach’s alpha has been reported as 0.97 [23].
The Two-Step Reinforcement Learning Task [24] is a computer-based task that prompts users to make a series of choices between two stimuli. Each choice deterministically transitions to a second-stage state that is associated with a fluctuating reward payoff. Task-related decisions were used to assess participants’ relative degree of decisional goal-directed (model-based) versus habitual (model-free) behavioural control, learning rate and exploration/exploitation. A detailed description of the reinforcement learning task is presented in the Additional file 1.

Qualitative interviews
Semi-structured interviews were completed at baseline, following medication titration (week 5), and during the follow-up visit. Baseline interviews focused on expectations for treatment with LDX and prior experiences with ED treatments. The week 5 and follow-up interviews explored participants’ experiences with the medication for symptoms related to their BN. The interview guide was developed by LD and refined by ARK and other team members (see Additional File 1 for full interview guides). Participants who did not complete the study were contacted for an interview at the time of discontinuation. All interviews were audio-recorded, transcribed verbatim by LD, and checked for accuracy by LD and SIA.

Procedure
Participants were recruited through online advertisements, local classifieds, study posters, and through an ED clinic. Following informed consent, participants had a medical and psychiatric assessment to determine eligibility. The 8-week trial began with a flexible 4-week titration period to 50 mg or 70 mg of LDX, followed by a 4-week maintenance period [4]. The reinforcement learning task was administered at week 1 (baseline), week 2, week 9 (post-treatment) and week 10 (follow-up). All other quantitative measures were administered at baseline and week 9 (post-treatment). The dosage protocol and additional procedural details about screening, treatment, and follow-up phases are found in Keshen et al. [4].

Statistical and qualitative analysis
Feasibility studies should not conduct null hypothesis significance testing without adequate power [17]. Given our relatively small sample size and feasibility study design, effect sizes were calculated using Cohen’s d, with 0.20, 0.50, and 0.80 corresponding to small, medium, and large effect sizes, respectively. Intent-to-treat (ITT) results compared post or last observation carried forward (LOCF) to baseline, while Completer Sample (CS) results compared post to baseline. For the reinforcement learning outcomes, computational learning models were fit to subjects’ trial-by-trial behaviours to quantify (A) the likely decision-making strategy being used and (B) the degree to which specific model parameters, such as model-based/model-free control, exploration-exploitation balance, and learning rate were used at each time point (see Additional File 1 for details). This was performed by constructing reinforcement learning models that mirrored the participants’ trial-by-trial behavioral data.
Qualitative data analysis followed Braun and Clark’s [25] approach to thematic analysis. Individual transcripts were inductively coded by LD through an iterative process of coding and revising codes based on data from additional transcripts. Codes were regularly reviewed and discussed amongst team members. Themes were developed through grouping codes and examining patterned meaning in the data.


Results
Quantitative findings including means, standard deviations and Cohen’s d for all outcome measures are presented in Table 1. From sections “Hunger and cognitive restraint” to “Eating disorder psychopathology and impairment” quantitative and qualitative findings are integrated in a joint analysis format to describe the following outcomes: (A) hunger1 and cognitive restraint, (B) impulsivity, (C) obsessive and compulsive features and (D) eating disorder psychopathology and impairment. The “Reward-based decision making” section describes the results related to three putative reward-based decision-making deficits in BN (goal directed vs. habitual control, learning rate, and the exploration/exploitation trade-off). Finally, the “Thematic analysis” section summarizes the thematic analysis from qualitative interview data.

Table 1Change in outcomes for ITT and completer samples during 8-weeks of lisdexamfetamine dimesylate treatment


	Measure
	Intent-to-treat sample (n = 23)
	Study completers (n = 19)

	Baseline
	Post or LOCF
	Cohen’s d
	Baseline
	Post
	Cohen’s d

	
M

	
SD

	
M

	
SD

	 	
M

	
SD

	
M

	
SD


	Hunger and cognitive restraint


	
 TFEQ restraint
	12.52
	5.26
	10.57
	4.99
	0.38
	12.47
	5.33
	9.68
	4.57
	0.56

	
 TFEQ hunger
	8.22
	3.81
	3.96
	3.69
	1.14
	8.00
	3.87
	3.42
	3.72
	1.21

	
Impulsivity


	
 TFEQ disinhibition
	12.74
	2.49
	6.26
	4.27
	1.85
	12.74
	2.57
	5.16
	3.67
	2.31

	
 BIS-11 total
	65.26
	8.80
	63.87
	11.61
	0.13
	65.11
	7.89
	62.84
	11.12
	0.24

	
 BIS-11 attention
	17.83
	4.42
	17.48
	4.61
	0.08
	17.58
	4.44
	17.12
	4.40
	0.10

	
 BIS-11 motor
	23.04
	3.87
	22.52
	4.09
	0.13
	23.00
	3.51
	22.16
	4.03
	0.22

	
 BIS-11 NP
	24.39
	3.86
	23.87
	4.66
	0.12
	24.53
	3.64
	23.58
	4.39
	0.24

	
Obsessive compulsive features


	
 YBOCS-BE total
	22.30
	3.42
	5.83
	4.33
	4.22
	22.63
	2.99
	4.89
	3.60
	5.36

	
 YBOCS-BE (O)
	10.97
	1.62
	3.52
	2.78
	3.27
	11.00
	1.41
	2.68
	2.06
	4.71

	
 YBOCS-BE (C)
	11.39
	2.04
	2.65
	2.23
	4.09
	11.63
	1.86
	2.21
	1.99
	4.89

	
Eating disorder psychopathology and impairment


	
 EDE restraint
	1.76
	1.41
	0.97
	1.27
	0.59
	1.53
	1.38
	0.58
	0.91
	0.81

	
 EDE eating concern
	2.23
	1.28
	1.03
	1.26
	0.94
	2.01
	1.25
	0.57
	0.68
	1.43

	
 EDE shape concern
	3.48
	1.66
	2.06
	1.67
	0.85
	3.19
	1.67
	1.47
	1.09
	1.22

	
 EDE weight concern
	2.79
	1.56
	1.63
	1.40
	0.78
	2.57
	1.61
	1.16
	0.99
	1.06

	
 EDE global score
	2.56
	1.29
	1.42
	1.27
	0.89
	2.32
	1.26
	0.94
	0.69
	1.36

	
 CIA
	32.42
	8.04
	13.04
	12.17
	1.88
	31.72
	7.76
	9.00
	8.15
	2.86


Cohen’s d reflects differences between baseline and post or LOCF measurements
TFEQ   Three factor eating questionnaire, YBOCS-BE Yale Brown obsessive compulsive scale (modified for binge eating), O obsessions, C  compulsions), BIS-11 Barratt impulsiveness scale, NP non-planning, EDE eating disorder examination, CIA clinical impairment assessment



Hunger and cognitive restraint
Both ITT and CS demonstrated large score reductions on the TFEQ Hunger subscale and small-medium reductions in the TFEQ Restraint subscale. In qualitative interviews, participants described overall improvement in the regulation of hunger and ability to implement more flexible and structured meals (see Theme 4 and associated quotes in Table 2 for examples).

Table 2Description of four themes and example quotes


	Theme
	Participant quotes

	Theme 1: Reprieve from the Eating Disorder
Participants reported experiencing a reprieve from ED behaviors, urges, and cognitions while taking LDX. Participants describe being surprised by how easy it now felt to abstain from binging and purging. They reported that stress from their ED and from the cycle of binge eating and purging was alleviated.
	Quote #1: “It’s a weird adjustment to make, suddenly to not just have so much of my day consumed by that, that cycle, right? Like every day too…, I was never feeling good, I was just taken over by it and I didn’t have like a desire to do anything really or like put myself in situations where I’d have to do things, and to not have that kind of hanging over me anymore was a strange feeling but a good one. It was like suddenly having like this huge weight not there anymore.” [Participant #4]
Quote #2: “Yeah it’s been interesting to see how life is without having to worry about binging every day and purging every day and just obsessive thoughts about being hungry all the time and then being upset because you don’t want to eat bad food but you want to. So yeah, ‘cause I experienced that for like 10 years straight so it’s been like a lot of stress lifted from not having those thoughts.” [Participant #13]

	Theme 2: Improvement in Function and Quality of Life
Participants reported improvements in many domains affected by their ED. For example, they reported improved ability to function at work and school and engage with others socially. They described experiencing increased feelings of connection with their families and loved ones, and improvements to their mood.
	Quote #3: “I didn’t even, even answering the questions now compared to the beginning… I didn’t really know how much it [the eating disorder] influenced my life until it wasn’t as prevalent and it wasn’t there every single day. Like that drive and that obsessive thought process behind it, I didn’t even realize that was a component to it so just realizing that it can be different than it was [has been the best part about participating].” [Participant #14]
Quote #4: “Just like a) financially definitely is a big one. While I was on [the medication] at least, being able to go out with my friends, and you could go out to eat or whatever and you wouldn’t have any issues, that is a big thing. So like socially too, and with my family things were a lot better too… I think probably because I didn’t realize before how you do become agitated when you are always having these thoughts and you’re not agitated at the people, you’re just agitated in general. So I think I didn’t realize how bad that was [before] versus now.” [Participant #1]
Quote #5: “Oh my goodness, so radically really. Like I just, I just feel so much more in control of who I am and I feel like I’m a better mom, I feel like I’m better at my job, I, you know, I just feel, I feel better, I feel, you know. I don’t know how else to put it but it’s, it’s really changed.” [Participant #15]

	Theme 3: Renewed Hope for Recovery
Participants often reported that prior to the trial, they felt hopeless and had little confidence in their ability to stop binge eating and purging or to fully recover from their ED. Participants expressed that taking the medication and experiencing the subsequent improvements in ED behaviors during the trial offered a newfound sense that recovery was possible.
	Quote #6: “I felt like I had my life back. Like, and that makes me get super emotional saying that, it sounds so corny, but it’s like I haven’t been able to do what I’ve been doing the last two months in years, and I can remember how driven and how ambitious and how hard working I used to be, and that all got taken away with the eating disorder…, and I hadn’t realized how much the eating disorder itself had taken away from my life, and like being on this medication just made everything easy. It made my like life function, I could do what I wanted to do, I didn’t have to even think about wanting to binge and purge, which I haven’t had in years…, I could see the light and the hope of what life could then be like again …, I don’t know if I’ve ever really gotten that since this eating disorder started.” [Participant #3]
Quote #7: “I’m feeling a little bit more hopeful that I can change this, there was a time that I felt, you know, like this will just be how I, how life is, which was a very sad thought to think but I’m starting to get some, see the light at the end of the tunnel and see that you know, change is possible and um I can have a life free of this hopefully.” [Participant #16]
Quote #8: “It’s given me a lot of hope and that’s been a really exciting thing. I felt really lost for a really long time and it’s given me, and in some aspects more than others definitely, but it’s given me a sense of normalcy that I really enjoy.” [Participant #17]

	Theme 4: Ability to Normalize Eating
Participants described an increased ability to implement more consistent meal structure and/or to improve existing meal structure while on the medication. Participants reported increased flexibility and freedom around food that allowed them to eat a greater variety of food, as well as increase consumption of “fear foods”. In some instances, participants reported that the medication normalized their appetite, either increasing their ability to experience hunger and fullness cues or normalizing their “insatiable” appetites.
	Quote #9: “I feel like the medication was like a nice reset so I can like, I got myself on this whole plan of I’ll eat every 3 hours and I’ll eat vegetables or whatever and I was just able to like start fresh you know? And now I can hopefully continue that for the rest of my life.” [Participant #2]
Quote #10: “Prior to the study, say if I was trying to stop binging and purging I think I was super restrictive on what I would eat when I didn’t really realize that back then. There was foods I almost had deemed bad foods and now, slowly over the last couple of weeks I introduce different things that maybe prior to this I wouldn’t have eaten if I was trying to not binge and purge.” [Participant #1]
Quote #11: “I think [my appetite] probably has gone down a little bit but I’ve also been able to sort of listen to my hunger cues in ways that I wasn’t able to before. Even though I still sort of eat no matter what, but I’m aware of them. Sometimes I would try to listen to my hunger cues before but they were so out of whack I had no idea. I didn’t even really know what it felt like to be hungry or full or yeah, so it’s definitely sort of helped me get to a stable place where I can start sort of remembering what that feels like.” [Participant #18].





Impulsivity
In the ITT sample, total and subscale scores of the BIS-11 remained consistent. In the CS, small reductions were observed for the total score and motor and non-motor planning subscales of the BIS-11. Negligible changes were observed for the BIS-11 attention subscale. Both ITT and CS demonstrated large reductions on the TFEQ disinhibition subscale (eating-related impulsivity). In qualitative interviews, participants described a greater degree of control over their binge eating and purging behaviors while taking LDX, including increased ability to consider the outcomes of binge eating/purging instead of acting impulsively on these urges (see Quote #1 in Table 2 for an example).

Obsessive compulsive features
Both ITT and CS demonstrated large reductions in total scores and subscale scores of the YBOCS-BE. In qualitative interviews, participants reported similar reductions or complete absence of bulimia-related obsessive and compulsive features (see Quote #2 in Table 2 for an example).

Eating disorder psychopathology and impairment
In the CS and ITT sample, reductions in EDE scores corresponding to large effect sizes were observed on all subscales and the Global score of the EDE apart from the Restraint subscale for the ITT sample where a medium effect size was found. During qualitative interviews, participants often described a reduction or absence of eating disorder thoughts (e.g., thoughts about food, eating, urges to binge/purge, shape and weight). There were mixed responses regarding thoughts about body image/shape/weight as some participants continued to experience these thoughts while others noted these thoughts were less prominent or impactful.
Both the CS and ITT sample demonstrated reduced impairment corresponding to large effect sizes. See Table 2, Theme 2 and associated quotes for details on changes to impairment and quality of life reported by participants.

Reward-based decision making
At all time points, participants used habitual (model-free) control during the completion of the two-step task (see Additional File 1). This meant that participants were more likely to select previously rewarded actions instead of acknowledging the underlying, causal structure of the task. Participant learning rate was negligible across all time points (i.e. participants were unable to adjust their prediction of task outcomes over time; see Additional File 1). As LDX did not affect learning rate, it is irrelevant to report on participants’ exploration/exploitation tradeoff. This is because the participants were found to be insensitive to reward contingencies. As a result of this, they would not be able to differentiate between selecting the option of highest expected value (exploitation), and exploration of the environment for potentially greater rewards.

Thematic analysis
Findings from the thematic analysis include four main themes: (1) reprieve from the ED, (2) improvement in function and quality of life, (3) renewed hope for recovery, and (4) ability to normalize eating. See Table 2 for a description of these themes and sample participant quotes.


 Discussion
In this open-label feasibility study with 23 participants, reductions in hunger (without a corresponding increase in restraint as per the EDE and TFEQ), eating-related impulsivity, bulimia-related obsessions and compulsions, eating disorder psychopathology, and impairment were observed. The expected improvements in reward-based decision-making were not observed.
 Hunger and restraint
Based on the TFEQ hunger subscale score changes and Themes 1 and 4, participants experienced a reduction in hunger that was often described as ‘excessive’ at baseline. In other words, these participants interpreted their hunger as too high at baseline and construed the LDX as reducing their hunger to normalized levels. However, since hunger measurement in this study was subjective, it is not clear whether participants were objectively experiencing excessive hunger at baseline. Instead, they may have been experiencing subjective distress about normal degrees of hunger and the LDX may have suppressed their hunger to below normal levels.
Notably, despite observing decreased hunger per the TFEQ and decreased appetite (as described by Keshen et al. [4]), levels of restraint measured by the EDE and TFEQ decreased during the study. This is consistent with results discussed in Theme 4: Ability to Normalize Eating, where participants reported having more flexibility and freedom around food, allowing for less restrained eating. In the interviews, participants often reported feeling more purposeful about their eating choices alongside reduced urges to binge and binge eating behaviours. As a result, participants may have been less driven to restrict food intake to compensate for loss of control eating (i.e., binging). This finding is reassuring because dietary restriction and cognitive restraint are known to worsen or maintain BN [26].

Impulsivity
Results demonstrated a large reduction in TFEQ Disinhibition (food/eating specific impulsivity), but only a small or negligible reduction in BIS-11 impulsivity scales (general trait impulsivity). This difference may be accounted for by the degree to which each type of impulsivity was present in the sample at baseline. The average TFEQ Disinhibition score was clinically elevated at baseline and thus had the potential for significant improvement, while the BIS-11 impulsivity scales were not elevated at baseline relative to clinical norms, thereby leaving less potential for such improvement. Notably, participants with ADHD were excluded from the trial (i.e., high trait impulsivity individuals).
Our results were not consistent with other studies that found improvements in non-planning impulsivity [27] and non-planning/motor [5] subscales of the BIS-11 in BED participants treated with LDX. One explanation for this difference is that other studies [5, 27] may have had higher levels of baseline trait impulsivity in their samples and limited exclusion of those with ADHD. Alternatively, this difference could represent a discrepancy in the significance of trait-impulsivity as a moderator/mediator of LDX effect in those with BN versus BED.

Obsessive compulsive features
The YBOCS-BE and qualitative interviews elucidated decreased presence and impact of both obsessions and compulsions related to binging and purging. These findings were consistent with decreases in binge-related obsessions and compulsions in the BED LDX trials [5]. Mechanistically, it is possible that LDX-induced appetite reduction lessens the drive to eat, thereby diminishing obsessive thoughts and compulsive urges to engage in binge eating and purging. It is also possible that with fewer binge eating and compensatory behaviours, participants had more consistent nourishment, resulting in fewer hunger-driven obsessions and compulsions to binge eat [28]. Plausibly, LDX may have also mediated non-appetite related changes to brain regions involved in compulsivity (e.g., the dorsal striatum [29]).

Eating disorder psychopathology and impairment
Reductions on all subscales and the Global score of the EDE were observed and these quantitative results are supported by qualitative findings. Participants generally described reduced frequency and intensity of eating disorder cognitions during the study. For some, one exception was concerns about weight and shape. Although reductions in scores on the Weight Concern and Shape Concern subscales were observed on quantitative measures overall, participants described varying experiences with changes in shape/weight concerns. Responses from participants varied from reporting no change to the degree of concern about their weight/shape and body image to reporting thoughts and concerns were absent or had decreased in frequency and importance. Given that overevaluation of weight and shape is known to maintain EDs [30] and contribute to relapse [31], it is important that future studies examining the use of LDX for BN continue to assess this variable during treatment. Should future research support the use of LDX for BN, combining LDX with psychotherapy which directly targets shape/weight concern may be beneficial for addressing ongoing overevaluation of shape and weight.
Reduced CIA scores corresponding to large effect sizes were observed from Baseline to Post in both the CS and ITT sample. This finding was also captured in qualitative interviews (e.g., Theme 2: Improvements in Function and Quality of Life); for example, participants often reported improvements to various functional domains (e.g., school, work, socially). Since the CIA focuses on impairment from the eating disorder it is possible that the reprieve from the eating disorder participants experienced (i.e., Theme 1) could account for reduced impairment. Having freedom from the consuming nature of eating disorder thoughts, urges, and behaviours may have allowed participants to engage in valued activities. It is also possible that the described functional improvements may be explained by stimulant mediated effects unrelated to changes in ED symptoms (e.g., improved mood).

Reward-based decision making
Unexpectedly, reward-based decision making (as measured by a reinforcement learning task) did not improve with LDX treatment and was not associated with decreasing binge/purge behaviours. One explanation is that LDX does not mediate/moderate BN symptom reduction through reward-based decision-making processes. Alternatively, while it is unlikely that the reinforcement task lacked ecological validity, this should also be acknowledged as a possible reason why participant reward learning did not relate to a reduction in BN symptoms.

Thematic analysis
Participants experienced an increased ability to normalize their eating (i.e., Theme 4) and hope for recovery (i.e., Theme 3), both of which have been found to predict ED recovery [28, 32]. Moreover, results from Theme 2 suggest that changes in symptomatology translated to changes in their ability to function in social, work, and academic domains. Participants also reported improvements to their quality of life. These findings further support the rationale for conducting adequately powered RCTs that explore the use of LDX for BN.

Limitations
Our study had a small sample size, was open-label, and not placebo-controlled. Additionally, the duration of treatment (8 weeks) and follow-up (1 week) in the trial was relatively short. Further, stringent inclusion/exclusion criteria limited the sample to a narrow subset of individuals with BN. For example, inclusion was limited to only those with moderate to extreme severity of illness, a BMI between 21 and 30 kg/m2, limited psychiatric comorbidities, no history of anorexia nervosa, and minimally restrictive eating patterns at baseline. Full inclusion/exclusion criteria are listed in the Keshen et al. [4] supplemental file.
The results presented should be interpreted cautiously due to the absence of a control group and it should be recognized that participants were carefully monitored during treatment and aware of criteria for treatment discontinuation such as weight loss or increased dietary restriction based on weekly/bi-weekly assessment. Considering these limitations, the results should be interpreted as preliminary, and not as sufficient evidence to recommend routine clinical use of LDX for BN.

 Conclusion
Quantitative and qualitative results from this feasibility study suggest that participants experienced reduced hunger (without a corresponding increase in restraint), eating-related impulsivity, bulimia-related obsessions/compulsions, eating disorder psychopathology, and impairment while participating in the trial. Moreover, participants described experiencing a reprieve from their ED, improvement to their functioning and quality of life, and renewed hope for recovery from BN. Ideally, these findings will help generate hypotheses for future studies that explore mechanistic pathways and clinical outcomes with stimulants, such as LDX, in the management of this complex and debilitating disorder.


Acknowledgements
Not applicable.

Author contributions
ARK, LD, SLM, AK, and AN contributed to study conception. ARK, LD, SIA, AK, SLM, and AN were involved in study design and protocol development. LD, ARK and SIA implemented the protocol and acquired data. LD and SIA submitted the project for ethics and Health Canada approval. LD completed quantitative data analysis. LD, ARK, SIA contributed to interpretation of quantitative data. AN and VB complete computational task data analysis and interpretation. LD, SIA, SG, AM, KLB and ARK developed qualitative interview guides and contributed to analysis/interpretation of qualitative data. LD, SB, ARK and AN wrote the manuscript. All authors reviewed and edited the manuscript and approved the submission of the final manuscript draft.

Funding
This work was supported by the Nova Scotia Health Authority Research Fund and the Dalhousie Department of Psychiatry (Award no. 1023016). The Nova Scotia Health Authority Research Fund and the Dalhousie Department of Psychiatry were not involved in the design of the study, data collection, analysis and interpretation, or in writing the manuscript. The article has received sponsorship from Takeda Pharmaceutical Australia to cover the Article Processing Charge.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The research conformed to the International Conference of Harmonization and Good Clinical Practice guidelines and was approved by Health Canada and the Nova Scotia Health Research Ethics Board (File no. 1023099). All participants provided written informed consent for participation.

Consent for publication
Not applicable.

Competing interests
ARK has been a member of scientific advisory boards, participated in speaker events and received educational grant support from Takeda Inc. and Otsuka/Lundbeck. AK has been a member of scientific advisory boards and participated in speaker events from Takeda Inc. SLM has been a consultant to, or member of, the scientific advisory board of Avanir, Bracket, F. Hoffmann-La Roche Ltd., Idorsia, Mitsubishi Tanabe Pharma Corporation, Myriad, Naurex, Novo Nordisk, Otsuka, Shire, Sunovion, and Takeda (Shire); has been a principal or co-investigator on studies sponsored by Alkermes, Allergan, Avanir, Azevan, Forest, Marriott Foundation, Medibio, Myriad, National Institute of Mental Health, Naurex, Neurocrine, Novo Nordisk, Shire, Sunovion, and Takeda Pharmaceutical Company Limited; and is an inventor on United States Patent No. 6,323,236 B2, Use of Sulfamate Derivatives for Treating Impulse Control Disorders, and along with the patent’s assignee, University of Cincinnati, Cincinnati, Ohio, has received payments from Johnson & Johnson, which has exclusive rights under the patent.


Change History
16 November 2023A Correction to this paper has been published: https://​doi.​org/​10.​1186/​s40337-023-00926-5


References
	1.
Svaldi J, Schmitz F, Baur J, Hartmann AS, Legenbauer T, Thaler C, et al. Efficacy of psychotherapies and pharmacotherapies for bulimia nervosa. Psychol Med. 2019;49(6):898–910.CrossrefPubMed

	2.
Keshen A, Bartel S, Frank GKW, Svedlund NE, Nunes A, Dixon L, et al. The potential role of stimulants in treating eating disorders. Int J Eat Disord. 2022;55(3):318–31.CrossrefPubMed

	3.
McElroy SL, Hudson JI, Mitchell JE, Wilfley D, Ferreira-Cornwell MC, Gao J, et al. Efficacy and safety of lisdexamfetamine for treatment of adults with moderate to severe binge-eating disorder: a randomized clinical trial. JAMA Psychiatry. 2015;72(3):235–46.CrossrefPubMed

	4.
Keshen AR, Dixon L, Ali SI, Helson T, Nunes A, Milliken H, et al. A feasibility study evaluating lisdexamfetamine dimesylate for the treatment of adults with bulimia nervosa. Int J Eat Disord. 2021;03(5):872–8.Crossref

	5.
McElroy SL, Mitchell JE, Wilfley D, Gasior M, Ferreira-Cornwell MC, McKay M, et al. Lisdexamfetamine dimesylate effects on binge eating behaviour and obsessive–compulsive and impulsive features in adults with binge eating disorder. Eur Eat Disord Rev. 2016;24(3):223–31.CrossrefPubMed

	6.
Schneider E, Higgs S, Dourish CT. Lisdexamfetamine and binge-eating disorder: a systematic review and meta-analysis of the preclinical and clinical data with a focus on mechanism of drug action in treating the disorder. Eur Neuropsychopharmacol. 2021;53:49–78.CrossrefPubMed

	7.
Schienle A, Schäfer A, Hermann A, Vaitl D. Binge-eating disorder: reward sensitivity and brain activation to images of food. Biol Psychiatry. 2009;65(8):654–61.CrossrefPubMed

	8.
Heal DJ, Goddard S, Brammer RJ, Hutson PH, Vickers SP. Lisdexamfetamine reduces the compulsive and perseverative behaviour of binge-eating rats in a novel food reward/punished responding conflict model. J Psychopharmacol. 2016;30(7):662–75.CrossrefPubMed

	9.
Presby RE, Rotolo RA, Yang JH, Correa M, Salamone JD. Lisdexamfetamine suppresses instrumental and consummatory behaviors supported by foods with varying degrees of palatability: exploration of a binge-like eating model. Pharmacol Biochem Behav. 2020;189:172851.CrossrefPubMed

	10.
Vickers SP, Goddard S, Brammer RJ, Hutson PH, Heal DJ. Investigation of impulsivity in binge-eating rats in a delay-discounting task and its prevention by the d-amphetamine prodrug, lisdexamfetamine. J Psychopharmacol. 2017;31(6):784–97.CrossrefPubMed

	11.
Patton JH, Stanford MS, Barratt ES. Factor structure of the barratt impulsiveness scale. J Clin Psychol. 1995;51(6):768–74.CrossrefPubMed

	12.
Griffiths S, Mitchison D, Murray SB, Mond JM, Bastian BB. How might eating disorders stigmatization worsen eating disorders symptom severity? Evaluation of a stigma internalization model. Int J Eat Disord. 2018;51(8):1010–4.CrossrefPubMed

	13.
Auer P, Cesa-Bianchi N, Fischer P. Finite-time analysis of the multiarmed bandit problem. Mach Learn. 2002;47(2/3):235–56.Crossref

	14.
de Wit S, Standing HR, DeVito EE, Robinson OJ, Ridderinkhof KR, Robbins TW, et al. Reliance on habits at the expense of goal-directed control following dopamine precursor depletion. Psychopharmacology. 2012;219(2):621–31.CrossrefPubMed

	15.
Frank MJ, Doll BB, Oas-Terpstra J, Moreno F. Prefrontal and striatal dopaminergic genes predict individual differences in exploration and exploitation. Nat Neurosci. 2009;12(8):1062–8.CrossrefPubMedPubMedCentral

	16.
Wang T, Wu X, Jiang J, Liu C, Zhu M. Functional neural interactions during adaptive reward learning: an functional magnetic resonance imaging study. Int J Imaging Syst Technol. 2020;30(1):92–103.Crossref

	17.
Tickle-Degnen L. Nuts and bolts of conducting feasibility studies. Am J Occup Ther. 2013;1(2):171–6.Crossref

	18.
Dixon L. Exploring the use of lisdexamfetamine dimesylate as a treatment for adults with bulimia nervosa: A quantitative and qualitative assessment [Internet] [Master’s thesis]. [Halifax, Nova Scotia]: Dalhousie University; 2021. Available from: http://​hdl.​handle.​net/​10222/​80739.

	19.
Stunkard AJ, Messick S. The three-factor eating questionnaire to measure dietary restraint, disinhibition and hunger. J Psychosom Res. 1985;29(1):71–83.CrossrefPubMed

	20.
Deal LS, Wirth RJ, Gasior M, Herman BK, McElroy SL. Validation of the yale-brown obsessive compulsive scale modified for binge eating. Int J Eat Disord. 2015;48(7):994–1004.CrossrefPubMed

	21.
Fairburn CG, Cooper Z, O’Connor M. Eating Disorder Examination (Edition 17.0D) [Internet]. 2014 [cited 2021 Apr 21]. Available from: https://​www.​credo-oxford.​com/​pdfs/​EDE_​17.​0D.​pdf.

	22.
Berg KC, Peterson CB, Frazier P, Crow SJ. Psychometric evaluation of the eating disorder examination and eating disorder examination-questionnaire: a systematic review of the literature. Int J Eat Disord. 2012;45(3):428–38.CrossrefPubMed

	23.
Bohn K, Fairburn C. The clinical impairment assessment questionnaire (CIA 3.0). Cognitive Behavior Therapy and Eating Disorders.Guilford Press; 2008.

	24.
Kool W, Cushman FA, Gershman SJ. When does model-based control pay off? PLOS Comput Biol. 2016;12(8):e1005090.CrossrefPubMedPubMedCentral

	25.
Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 2006;3(2):77–101.Crossref

	26.
Elran-Barak R, Sztainer M, Goldschmidt AB, Crow SJ, Peterson CB, Hill LL, et al. Dietary restriction behaviors and binge eating in anorexia nervosa, bulimia nervosa and binge eating disorder: trans-diagnostic examination of the restraint model. Eat Behav. 2015;18:192–6.CrossrefPubMedPubMedCentral

	27.
Griffiths KR, Aparício L, Braund TA, Yang J, Harvie G, Harris A, et al. Impulsivity and its relationship with lisdexamfetamine dimesylate treatment in binge eating disorder. Front Psychol. 2021;12:716010.CrossrefPubMedPubMedCentral

	28.
Södersten P, Bergh C, Leon M, Brodin U, Zandian M. Cognitive behavior therapy for eating disorders versus normalization of eating behavior. Physiol Behav. 2017;174:178–90.CrossrefPubMed

	29.
Kessler RM, Hutson PH, Herman BK, Potenza MN. The neurobiological basis of binge-eating disorder. Neurosci Biobehav Rev. 2016;63:223–38.CrossrefPubMed

	30.
Lampard AM, Tasca GA, Balfour L, Bissada H. An evaluation of the transdiagnostic cognitive-behavioural model of eating disorders: cognitive-behavioural model of eating disorders. Eur Eat Disord Rev. 2013;21(2):99–107.CrossrefPubMed

	31.
Fairburn CG, Peveler RC, Jones R, Hope RA, Doll HA. Predictors of 12-month outcome in bulimia nervosa and the influence of attitudes to shape and weight. J Consult Clin Psychol. 1993;61(4):696–8.CrossrefPubMed

	32.
Steel Z, Jones J, Adcock S, Clancy R, Bridgford-West L, Austin J. Why the high rate of dropout from individualized cognitive-behavior therapy for bulimia nervosa? Int J Eat Disord. 2000;28(2):209–14.CrossrefPubMed



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Footnotes
1Hereafter, the concepts of hunger and cognitive restraint will reflect, or are proxy measures for, the concept of ‘appetite’.
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