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Abstract

Objective—Exposure therapy in anorexia nervosa has preliminarily been shown to be effective 

for increasing food intake. D-Cycloserine is a glutamatergic N-methyl-D-aspartate receptor agonist 

that has been shown to facilitate the benefits of exposure therapy for anxiety disorders by 

enhancing the emotional learning in the exposures; therefore, we examined D-cycloserine–

facilitation of exposure therapy to increase body mass index (BMI) in patients with anorexia 

nervosa.

Method—Participants (N = 36) with anorexia nervosa (diagnosed via DSM-IV) were recruited 

from a partial hospitalization eating disorder clinic between February 2013 and November 2013. 

Participants were randomly assigned to receive exposure therapy plus D-cycloserine (n = 20) or 

placebo (n = 16). Participants completed psychoeducation and 4 sessions of exposure therapy, 

with medication (D-cycloserine vs placebo) given prior to the first 3 exposure sessions. They also 

completed a 1-month follow-up.

Results—As hypothesized, participants in the D-cycloserine group showed a significantly greater 

increase in BMI than those in the placebo group (Wilk Λ = 0.86, F3,32 = 2.20, P = .043, ηp
2 = 

0.12). D-Cycloserine participants gained 3 pounds relative to 0.5 pounds in the placebo group. Both 

groups experienced significantly decreased anxiety over the course of therapy (Wilk Λ = 0.80, 

F3,32 = 3.32, P = .023, ηp
2 = 0.20).

Conclusions—This study preliminarily demonstrates that D-cycloserine facilitates exposure 

therapy for anorexia nervosa, leading to increased weight gain. A potential mechanism is that 

participants who receive D-cycloserine may generalize learning from within-session exposures to 

food intake during other similar meals, resulting in sustained increases in BMI. Further research is 
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needed to confirm these findings and test the putative mechanism that generalized learning from 

exposure therapy can increase BMI and stabilize a healthy weight.

Trial Registration—ClinicalTrials.gov identifier: NCT01996644

Anorexia nervosa is a severely impairing disorder characterized by extreme weight loss.1 It 

typically afflicts young adults and has a chronic course, which is associated with high 

mortality rates, additional psychiatric comorbidities, and high risk of suicide.2,3 Success 

rates specifically for the treatment of anorexia nervosa in adults are low, and, for those 

individuals who seek treatment, the recovery process is costly and lengthy.4,5 Furthermore, 

in individuals who do improve, relapse (ie, weight loss after regain) is very common, 

occurring in more than one-third of recovered individuals.6 More efficacious treatments are 

urgently needed that improve and maintain weight regain in anorexia nervosa.

It has been proposed that exposure therapy (a form of treatment focused on extinguishing 

fears by enhancing learning) may help facilitate eating in individuals with anorexia 

nervosa.7–9 In the first clinical trial10 to test exposure therapy for weight-restored patients 

with anorexia nervosa, exposure and response prevention therapy (ERP) successfully 

reduced mealtime anxiety such that patients who completed ERP ate significantly more food 

at a final meal compared to a control group, which, if generalized to similar meals, should 

relate to increased and sustained weight gain over time. These findings support the use of 

exposure therapy in anorexia nervosa, but also raise the question of how to improve its 

effectiveness.

There has been great interest in using learning-enhancement medications, such as D-

cycloserine, to facilitate exposure therapy.11 D-Cycloserine is an N-methyl-D-aspartate 

(NMDA) receptor modulator, and at a single oral dose range of 50–500 mg, D-cycloserine 

acts as an agonist of the NMDA receptor and facilitates learning.12,13 Thus, D-cycloserine 

facilitates exposure therapy by augmenting glutamatergic function and increasing the 

efficiency of fear extinction. Several studies in anxiety disorders have shown that D-

cycloserine facilitates exposure therapy and increases behavioral learning,14 enhancing 

learning that occurs from exposure therapy.15 In regard to anorexia nervosa, D-cycloserine 

facilitation of exposure could be especially useful if it can lead to weight gain, given that 

research has shown that patients with a lower rate of weight gain during treatment16 and 

who are less likely to adhere to their meal plan during treatment are more likely to relapse.17 

Further, the best predictor of weight maintenance after treatment is high body mass index 

(BMI).18 Thus, utilizing D-cycloserine or similar learning-enhancing agents coupled with 

exposure therapy may be an intervention that could promote weight gain and reduce the high 

rate of relapse. Additionally, anorexia nervosa is often a treatment-refractory illness, and, 

therefore, any type of treatment augmentation would be extremely beneficial.

Our objective was to conduct a pilot study to test if D-cycloserine would facilitate exposure 

therapy in anorexic patients who expressed experiencing anxiety during mealtime. We 

hypothesized that (1) exposure therapy would be effective in reducing anxiety and 

increasing percentage of food intake during meals; (2) participants in the D-cycloserine 

group, relative to placebo, would experience significantly more anxiety reduction over the 

course of therapy; and (3) participants in the D-cycloserine group would experience greater 
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increases in body mass index relative to participants in the placebo group (perhaps because 

of the ability to generalize the learning facilitated during exposure meal therapy to 

subsequent meals). Finally, this study would serve as a test of the feasibility of conducting 

exposure therapy for anorexic patients in a routine clinical care setting.

METHOD

Participants

Participants were recruited between February 2013 and November 2013 from a community 

eating disorder treatment center that provides a partial hospitalization program and were 

currently undergoing treatment in this program. All participants were identified as needing 

to gain weight. Eligibility required a DSM-IV diagnosis of anorexia nervosa and 

endorsement of significant mealtime anxiety. All participants met criteria for anorexia 

nervosa (N = 36). There were participants initially included in the study who met criteria for 

bulimia nervosa (n = 4) and eating disorder not otherwise specified (n = 1). However, 

because of the small sample size of these categories, they were not included in the results 

reported here. Notably, there were no substantive changes to the results when analyzed both 

with and without participants with bulimia nervosa and eating disorder not otherwise 

specified. No participants were currently psychotic or manic. All participants endorsed high 

levels of mealtime or food anxiety determined (1) during the psychoeducation portion (see 

Procedures for details) of the trial via interview and (2) by a measure19 of fear of food, 

which assesses trait vulnerability to feel anxious and fearful when eating. These materials 

are available at request from the first author.

Procedures

This clinical trial was registered at ClinicalTrials.gov (NCT01996644). The Washington 

University institutional review board approved the study. Participants gave written consent. 

The complete study protocol is available from the first author. Figure 1 outlines study 

procedures.

Measures—Body mass index was our primary outcome variable, as a major goal of 

treatment in an eating disorder center is to increase and stabilize a healthy weight. We also 

assessed anxiety and percentage of meal completed (the amount of the meal consumed) as 

process variables. Body mass index was assessed by either a licensed nurse or approved staff 

and was measured by a medical grade Detecto precision scale and height tool. All 

participants were weighed in light clothing without shoes and were not informed of their 

weight.

Anxiety was measured with the Subjective Units of Distress Scale (SUDS),20 which is a 

behavioral measure often used during exposure treatment and behavioral assessment to 

measure anxiety. The SUDS has been shown to be a valid and reliable measure of state 

anxiety for research outcomes.21 Subjective Units of Distress Scale ratings can range from 0 

(completely calm) to 100 (highest anxiety) and were measured before, during, and after the 

meal. We tested both a composite of mean SUDS ratings across all time points within a 
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given exposure (total average SUDS) and SUDS ratings at each time point individually. 

Internal consistency for the SUDS across all time points was excellent (α levels ≥ .96).

Food percentage was measured by the kitchen staff who recorded total caloric intake of 

meals based on grams before the meal and then calculated the percentage of the meal eaten 

after the exposure. Eating disorder symptoms were measured by the Eating Disorder 

Inventory, 2nd revision (EDI-2),22 and depression levels were measured by the Beck 

Depression Inventory, 2nd revision (BDI-II)23 (see Table 1).

Participants were given a formal assessment using 2 structured clinical interviews: the Mini-

International Neuropsychiatric Inventory24 and the Structured Clinical Interview for DSM-

IV Eating Disorder Module25 to determine eligibility.

Treatment—Participants were given structured psychoeducation on the purpose of anxiety 

and exposure therapy. Specifically, participants were educated on the purpose and nature of 

anxiety, the tendency for anxiety to reduce with sustained exposure to a feared stimulus, and 

the purpose of exposure therapy. All psychoeducation materials are available at request from 

the first author. Participants were explicitly instructed to allow themselves to feel anxiety 

during the meal exposure (explained below) instead of avoiding anxiety via distraction or by 

using compulsive behaviors (ie, cutting the food into tiny pieces). Participants were given an 

explanation of the SUDS, asked for their current SUDS level to assess understanding of the 

scale, and asked what their SUDS level would be during a meal.

Participants completed 4 exposure sessions consisting of mealtime exposures across 2 

weeks, similar to 1 previous small trial26 of D-cycloserine–facilitated exposure. All 

participants were given the same combination of a sandwich, fruit, yogurt, and pretzels to 

control for differences that differing foods across exposures could produce in anxiety levels. 

Exposure sessions were carried out in a group format with 2 to 5 participants during 45-

minute lunchtime meals that were led by a trained cognitive behavioral therapist (C.A.L.). 

During these exposure sessions, participants were reminded periodically to experience and 

not avoid any anxiety that they felt. Any anxiety-reducing behaviors (ie, tearing food) were 

redirected, and patients were reminded not to engage in any anxiety-reducing compulsions, 

but rather to allow themselves to experience the anxiety. At the end of the meal, participants 

completed a short postmeal therapy group focusing on anxiety.

Medication and randomization—Participants were randomly assigned by a random 

number generator to 250 mg of D-cycloserine or placebo in identical-appearing sequentially 

numbered capsules by a data manager unaffiliated with the treatment center and who had no 

interaction with study participants. We decided to use 250 mg based on scientific and 

pragmatic considerations: it is in the middle of the range of well-tolerated and efficacious 

doses for learning facilitation,11 it is a dose that has previously been shown to facilitate 

learning in humans, and it is a dose that has been previously used in a study of biological 

target engagement for D-cycloserine.27 Further, data suggest that the minimum dosage of 50 

mg might be too low, given some failures to find target engagement at that dosage in 

conjunction with target engagement being found at higher dosages.27,28 All individuals who 

had any interaction with patients were blinded to treatment assignment until study 
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completion. Adequacy of the blind was assessed by having both participants and 

experimenters guess treatment assignment after session 1 of the study; neither participants 

nor experimenters were able to discern assignment (P values > .75). Participants ingested 

their assigned pill 1 hour prior to the session.

The following was our completion rate: 28 participants completed 4 sessions, 4 participants 

completed only 3 sessions, 2 participants completed only 2 sessions, and 2 participants 

completed only 1 session. Sessions were missed because insurance no longer supported 

participant treatment (n = 5) or a scheduled outing conflicted with the session date (n = 2). 

Completers did not differ by group (P = .61). We also conducted a 1-month follow-up 

assessment in which participants were asked to imagine they were eating a meal, and we 

collected SUDS levels before, during, and after the imagined meal, as well as recorded 

weight for BMI in person (n = 28).

Statistical analyses—All analyses were conducted in SPSS Version 19 or in R (Version 

2.15). Missing data were imputed using the Amelia package in R.29 Group differences at 

baseline were examined using independent t tests for continuous variables and the χ2 test for 

categorical variables. Repeated measures analyses of variance (ANOVAs) were conducted 

to assess whether there was a significant effect of group, time, and time-by-group interaction 

on the outcome and process variables (anxiety and meal percentage). Time was a within-

participant variable, whereas group (D-cycloserine vs placebo) was a between-participant 

variable. Body mass index; total average anxiety (SUDS); anxiety before, during, and after 

exposure; and percentage of food intake at each visit were entered as dependent variables.

RESULTS

Demographic and Clinical Characteristics

Participants (N = 36) were diagnosed with anorexia nervosa (n= 10, binge-purge type; n=26, 

restricting type). Participants were mostly female (n = 35; 97.2%). The mean age of 

participants was 25.44 years (range, 14–49 years) and participants were mostly white (n = 

35; 97.2%). Participants exhibited high levels of comorbidity for at least 1 anxiety (n = 30, 

83.3%) or depressive disorder (n = 28, 77.7%). Participants’ mean BMI at Exposure 1 was 

20.24 (SD = 2.02; range, 15.34–24.27). Most participants (n = 29) were nearing a healthy 

weight, but a substantial percentage (n = 7; 19.4%) were underweight as defined by a BMI < 

18.5. The participants ≥ 18.5 BMI cutoff for being underweight were not at their target 

healthy weight via recommendation by their primary dietician and clinical team (ie, it was 

recommended that they gain additional weight). Table 1 shows clinical and demographic 

characteristics (means and standard deviations and number of participants) across groups. 

There were no significant differences on any pretreatment variable across groups.

D-Cycloserine Facilitation of Exposure for Weight Regain

We first evaluated the effect of the intervention on change in BMI. We conducted a repeated 

measures ANOVA with time as the within-subject variable and BMI as the dependent 

variable. There was a significant time (Wilk Λ = 0.59, F3,32 = 7.55, P < .001, ηp
2 = 0.40) 

and time-by-group interaction (Wilk Λ = 0.86, F3,32 = 2.20, P = .043, ηp
2 = 0.12), such that 
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participants in the D-cycloserine group had a greater increase in BMI relative to participants 

in the placebo group. Participants in the D-cycloserine group increased their BMI on average 

by 0.385 points, whereas participants in the placebo condition increased their BMI on 

average by 0.098 points. In other words, the clinical impact of these results showed that D-

cycloserine–facilitated participants gained and maintained a 3-pound weight change, versus 

only 0.5 pounds in the placebo group. When we included 1-month follow-up as a fifth time 

point, there was a nonsignificant, moderate effect size for a time-by-group interaction (Wilk 

Λ = 0.88, F3,32=1.03, P = .387, ηp
2 = 0.12), such that at 1-month follow-up, BMI continued 

to increase for participants in the D-cycloserine–facilitated exposure group, whereas in the 

placebo group, participants’ BMI began to decrease (Figure 2). These effects held when 

initial BMI was included as a covariate. These effects held when age was included as a 

covariate, which was a nonsignificant predictor of BMI (F3,32 = 0.72, P = .404). These 

results also held when adolescent participants (n = 4) were removed from analyses.

Process Variables

We then conducted this analysis with total average SUDS scores as the dependent variable 

and group as the between-subject variable. There was a significant multivariate effect for 

time (Wilk Λ = 0.80, F3,32 = 3.32, P = .023, ηp
2 = 0.20), meaning that participants’ 

subjective anxiety decreased over the course of the intervention. The interaction between 

group and time was nonsignificant (P = .575), showing that anxiety levels significantly 

decreased over the course of the 4 exposure sessions, regardless of group (D-cycloserine vs 

placebo). The same analysis was conducted with food percentage as the dependent variable. 

There was a significant multivariate effect for time (Wilk Λ = 0.63, F3,37 = 6.03, P = .002, 

ηp
2 = 0.36). The interaction between group and time was nonsignificant (P = .878), showing 

that all participants’ food intake increased over the course of the intervention, regardless of 

group. The effect of time for anxiety held at 1-month follow-up when 1-month follow-up 

was included as the fifth time point (Wilk Λ = 0.67, F3,32=4.95, P = .001, ηp
2 = 0.26). This 

effect held for total average anxiety and anxiety before, during, and after exposure (Figure 

3).

Post Hoc Analysis

Finally, we conducted a post hoc analysis to determine if the interaction between time and 

group for BMI was driven by starting weight, such that those with lower weight were 

gaining more weight more rapidly. We predicted the standardized residual of Exposure 4 

BMI controlling for Exposure 1 BMI by group, Exposure 1 BMI, and the interaction 

between group and Exposure 1 BMI. Group held as a significant predictor (partial r = 0.35, 

(β* = 0.35, P = .042). There was no significant interaction between group and Exposure 1 

BMI (P = .259), showing that the increase in BMI was not dependent on or moderated by 

starting BMI.

DISCUSSION

In this randomized controlled trial, we found that D-cycloserine may facilitate exposure 

therapy, thereby increasing weight gain in patients diagnosed with anorexia nervosa, within 

a partial hospitalization setting. Participants who received D-cycloserine to facilitate 
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exposure therapy, relative to placebo, were more likely to gain weight during the course of 

intervention. Further, at 1-month follow-up, for participants in the D-cycloserine group, there 

was some indication that participants continued to gain weight, whereas participants in the 

placebo group did not gain significant weight; their weight began to lapse. This finding is 

promising because it suggests that D-cycloserine may facilitate weight regain, and it is even 

more important given the recent research that implicates weight gain and high BMI as an 

important marker of symptom reduction in anorexia nervosa.18,30 However, we need future 

research with larger sample sizes to replicate this finding. Furthermore, this study is also the 

first to show that exposure therapy can be implemented in an anorexic population within a 

routine clinical care setting.

Why would 3 doses of a drug, given across 2 weeks, facilitate weight gain? D-Cycloserine is 

believed to be a learning-facilitation medication that arguably helps to enhance learning 

gained during exposure therapy.31 Thus, in our study, the putative mechanism could be that 

D-cycloserine increases positive learning during exposure sessions by disruption of the 

connection between fear and eating, which may then generalize to similar meals completed 

outside of the exposure sessions (between-exposure sessions). In other words, the learning 

that occurs within the exposure-facilitated session is reflected between sessions by an 

overall increase in food intake during other situations when food is present. This learning 

facilitated during exposure therapy may increase calorie consumption and weight gain for 

those in the D-cycloserine–facilitated group only. This finding is similar to other research 

finding that D-cycloserine facilitates between-session learning.32 These hypotheses need to 

be confirmed by additional research that explicitly tests the mechanisms behind D-

cycloserine–facilitated exposure for weight regain.

In terms of behavior during the exposure sessions, we found that self-reported anxiety 

decreased similarly for both groups and was no different in the D-cycloserine versus placebo 

group. Given that participants in the D-cycloserine group were gaining weight more rapidly, 

they may have experienced the same level of anxiety as participants in the placebo group 

because of an overall larger intake of food outside of the therapy session, which would 

create a more challenging and anxiety-provoking exposure. This finding is consistent with 

other positive studies of D-cycloserine facilitation of exposure therapy, which found no 

differences in within-session anxiety33,34 and with current theories of exposure therapy for 

anxiety, which suggest that the goal of exposure therapy should be to promote behavioral 

learning and increase fear tolerance in spite of experienced anxiety.35,36 This result is also 

consistent with findings suggesting that most learning that occurs from exposure therapy is 

not done within session, but from the habituation that occurs between therapy sessions.37,38 

In this case, we hypothesize that increased BMI was reflective of learning that was initiated 

during the exposure session and applied outside of the defined treatment session.

These results are promising for further development of D-cycloserine and other 

pharmacologic or nonpharmacologic facilitation of exposure therapy in anorexia nervosa. 

Anorexia nervosa is often chronic, treatment-resistant, and characterized by lack of 

motivation and high levels of relapse. Facilitation of exposure may be a mechanism that can 

decrease the negative effects of lower rate of weight gain during treatment16 and may help 

increase adherence to meal plans, which could prevent long-term relapse17 and decreased 
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negative symptoms.18,30 Future researchers should attempt to replicate these results with a 

population that is entirely underweight and include additional potentially important 

covariates, such as time in treatment or history of treatment receipt. Future researchers 

should also consider utilizing alternate measures of weight, such as the body shape index or 

expected BMI for age and gender, given that these may be more suitable measures of body 

weight.39 Finally, future researchers should test potential mechanisms driving these effects, 

as well as test the optimal dosage of D-cycloserine and whether D-cycloserine affects appetite 

or metabolism.

Limitations of our study include a small sample size, short follow-up period, and limited 

outcome measures, including a limited measure of food intake. The small sample size 

increases concerns about the interpretability of the results and limits our power to detect 

small or medium size effects, which is often the case when conducting research with 

anorexia nervosa.1 For example, a larger sample size would provide greater power to detect 

any significant pretreatment differences on variables such as body dissatisfaction and 

presence of a comorbid anxiety disorder. Future research should replicate the results found 

here using a larger sample. However, a strength of this design was that we found 4 sessions 

of D-cycloserine–facilitated exposure to be easily administrated in a routine clinical setting. 

Unfortunately, we did not include a control group for the exposure-plus-placebo group. We 

hope that researchers will test if a similar type of intervention is effective in this type of 

setting regardless of D-cycloserine administration. Additionally, it is acknowledged that there 

still remain overarching questions on the optimal dose of D-cycloserine, for which patients D-

cycloserine might be most effective,40–42 and whether other learning-facilitation methods 

might be more efficacious.43 However, our results suggest that treatment of anorexia 

nervosa with D-cycloserine augmentation may be a novel and valuable usage of D-

cycloserine. Finally, our sample was primarily weight-restored and in a partial 

hospitalization program. Future researchers should test if these results generalize to 

additional populations of patients with anorexia nervosa, such as non–weight-restored 

individuals in residential treatments. Nevertheless, this is the first study to show that 

exposure therapy can be successfully implemented in an anorexic population undergoing 

treatment in a routine clinical care setting.

In summary, this study builds upon literature that suggests that exposure therapy may be an 

effective treatment for anorexia nervosa10 and adds to research showing that D-cycloserine 

augments learning from exposure therapy for anxiety disorders.14,32,44 We found that D-

cycloserine–facilitated exposure can increase weight gain in patients with anorexia nervosa, 

which may be a step toward alleviating the extreme impairment and suffering associated 

with this disorder.
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Clinical Points

■ This study tested D-cycloserine facilitation of exposure therapy for anorexia 

nervosa in a routine clinical care setting.

■ Exposure therapy during mealtime was effective for decreasing anxiety 

experienced during meals and was feasible to implement in a partial 

hospitalization program.

■ D-Cycloserine–facilitated exposure therapy enhanced weight gain in patients 

with anorexia nervosa.
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Figure 1. 
Assessment and Intervention Procedures for D-Cycloserine– vs Placebo-Facilitated Exposure 

Therapy for Mealtime Anxiety in Patients With Anorexia
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Figure 2. 
D-Cycloserine vs Placebo Facilitation of Exposure Therapy Effects on Body Mass Index 

Across 4 Exposure Sessions and at 1 -Month Follow-Up
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Figure 3. 
Process Variables Assessed During Interventiona
aEstimated marginal means of mealtime anxiety across 4 D-cycloserine–facilitated exposure 

sessions and at 1-month follow-up.

Abbreviation: SUDS = Subjective Units of Distress Scale
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