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Abstract

Objective—Bulimia nervosa (BN) has been characterized as similar to an addiction, though the
empirical support for this characterization is limited. This study utilized PET imaging to determine
whether abnormalities in brain dopamine (DA) similar to those described in substance use
disorders occur in BN.

Method—PET imaging with [11C]raclopride, pre/post methylphenidate administration, to assess
dopamine type 2 (D>) receptor binding (BPnp) and striatal DA release (ABPp).

Results—There was a trend towards lower D, receptor BPyp in two striatal subregions in the
patient group compared to the control group. DA release in the putamen in the patient group was
significantly reduced and, overall, there was a trend towards a difference in striatal DA release.
Striatal DA release was significantly associated with the frequency of binge eating.

Discussion—These data suggest that BN is characterized by abnormalities in brain DA that
resemble, in some ways, those described in addictive disorders.
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Bulimia nervosa (BN) is a serious psychiatric disorder, characterized by recurrent binge

eating and inappropriate compensatory behavior such as self-induced vomiting and laxative
abuse. While multiple neurotransmitters may be involved in the initiation and maintenance
of BN, dopamine (DA) is of particular interest because of its established role in mediating
food reward (1) and because abnormalities in central nervous system DA have been well-
described in several substance use disorders (2).

Parallels between the behavioral patterns of individuals addicted to drugs or alcohol and the
behavior of individuals with BN have long been noted (3), including difficulty ‘cutting
back’ on the substance (drug or food) in question, the ongoing use of the substance despite
deleterious health effects, and the use of the substance to temporarily alleviate emotional
distress. The development of positron emission tomography (PET) imaging, in the last two
decades, has permitted dopaminergic measures, such as the density of type 2 dopamine (D5)
receptors and the release of DA in response to pharmacological probes, to be examined in
humans. Studies using PET have consistently found that the density of dopamine type 2 (D)
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receptors in the striatum is reduced among individuals with a variety of substance use
disorders, including cocaine, heroin, methamphetamine, and alcohol use disorders (2).
Striatal DA release in individuals who abuse cocaine and alcohol has been evaluated in a
smaller number of PET studies (4, 5). These studies, which use a pharmacological probe or
‘challenge’ to provoke DA release, have found striatal DA release to be reduced in patients
with substance use disorders. Further, among cocaine abusers, the reduction in DA release is
significantly inversely associated with the choice to self-administer cocaine over an alternate
reinforcer — i.e., the lower the release of striatal DA, the greater the tendency to choose
cocaine (5). These data have thereby established an association, in living humans, between
disturbances in striatal DA function and substance abuse.

DA’s role in food reward supports the rationale for studying the DA system in BN. Multiple
preclinical studies have demonstrated that DA is released into the striatum of animals
receiving food reward, and in response to cues associated with food reward (1). Two human
studies using PET have demonstrated striatal DA release in response to food cues and
ingestion in healthy control participants (6, 7). Preclinical studies of bulimic-like eating
patterns (i.e., models in which periods of food restriction in rodents are alternated with
binge-like consumption of sugar solutions) have found alterations in DA release in striatal
regions, resembling alterations seen in preclinical models of repeated drug taking (8).
Another recent study found that overconsumption of a palatable diet was associated with
reduced striatal D, receptor levels (9).

Only a few studies have attempted to assess brain DA function among individuals with BN,
and these have employed indirect measures of DA. Patients with more severe BN were
found to low levels of CSF homovanillic acid [a marker of DA turnover] (10), and patients
with BN have been found to carry a genetic DA-related polymorphism which has also been
implicated in addictive disorders (11). Other neuroimaging studies have shown
hypofunctioning in reward-related areas of the brain in BN, though without clear
implications on brain DA levels or function (12, 13). We are not aware of previous studies
utilizing PET to evaluate striatal D, receptor density, or striatal DA release in BN.

In summary, given the likely involvement of brain DA circuits in mediating food reward,
and the similarity of some symptoms of BN to those of substance abuse, we conducted a
study to assess striatal D, receptor density and striatal DA release in patients with BN. We
hypothesized that patients with BN would exhibit abnormalities in DA circuits similar to
those found in patients with addictive disorders, relative to controls, Specifically, we
hypothesized (1) decreased striatal D, receptor density in BN, and (2) decreased striatal DA
release to a psychostimulant in BN.

METHODS

The study was conducted through the Eating Disorders Research Unit of the New York State
Psychiatric Institute/Columbia University Medical Center. The study was reviewed and
approved by the New York State Psychiatric Institute/Columbia University IRB.

Recruitment and screening

Based on the effect sizes from PET studies of differences in D, receptor density and in DA
release reported in individuals with substance abuse vs. controls, and in PET studies of
obese vs. normal weight individuals, we calculated that a sample size of 15 patients with BN
and 15 control participants would provide sufficient (80%) power to detect a statistically
significant difference with a = 0.05 (2-tailed).
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Treatment-seeking women with BN were recruited via self-referral and referral from
clinicians; control participants responded to notices and advertising in local media. During
the subject’s initial phone call to the clinic, potential participants were briefly told about the
study by a research coordinator, and information was collected from the subject after verbal
consent was obtained. Following this telephone assessment, those participants who
continued to be interested and eligible underwent an in-person assessment, including (1) full
psychiatric and medical assessment, including physical exam, (2) a complete blood count,
basic metabolic panel, liver function tests, thyroid stimulating hormone, and serum
pregnancy test, (3) urine toxicology, (4) electrocardiogram, (5) Structured Clinical Interview
for DSM-IV (SCID) (14), the Beck Depression Inventory (BDI) (15), and the Eating
Disorder Examination (EDE-12) (16).

Inclusion/exclusion

Participants were excluded if they met DSM-IV-TR criteria for current or past Axis |
disorders, other than BN or past history of anorexia nervosa, for the patient group.
Participants were required to weight at least 85% of ideal body weight, thereby excluding
individuals with anorexia nervosa. Because of the frequent comorbidity of BN with anxiety
and mood disorders, patients with BN were not excluded by the presence of mild or
moderate depressive and anxiety symptoms. Of note, PET/SPECT studies of striatal DA
measures in unipolar depression have been discrepant and, in many cases, have not strongly
demonstrated striatal DA alterations between patients with MDD and control participants
(17, 18). Patients who reported a diagnosis of current ADHD during the telephone
assessment or in-person interview were excluded from the study. In addition, participants
were excluded for the presence of (1) lifetime past histories of abuse or dependency on
alcohol or other drugs (assessed by phone interview, in-person MD clinical interview, and
urine drug screen on the screening day), (2) active suicidal ideation, (3) use of fluoxetine in
the 6 weeks prior to the study, and other psychoactive medications in the 4 weeks prior to
the study, (4) ongoing medical or neurological illness, (5) pregnancy, (6) exposure to
radiation in the workplace, or nuclear medicine procedures during the previous year, and (7)
presence of metallic implants that could be adversely affected by MRI procedures.

Participants who continued to be eligible and interested provided written informed consent.
Patients were offered treatment for BN after completion of the study; control participants
were given financial compensation. We attempted, when possible, to perform PET studies
during the early follicular phase of the menstrual cycle. As this was sometimes not possible,
we also attempted to match patients and control participants for menstrual cycle status
(follicular vs. luteal phase).

Scanning protocol

PET scanning was conducted using an ECAT EXACT HR+ camera. Scans were acquired on
the same day in almost all cases, to maximize convenience and subject retention between
scans 1 and 2, and to standardize conditions between the two scans. The radiotracer
[1C]raclopride (maximum dose 15 mCi/scan),was synthesized on-site immediately prior to
scanning. This radiotracer has been used extensively in several psychiatric populations (19).

Outpatients with BN were admitted to the hospital for 24-48 hours prior to scanning, to
control for acute effects of disordered eating patterns on scan results. Both patients and
control participants were given a standardized meal of an English muffin, 1 pat of butter,
and 8 fl oz apple juice, for whatever meal (breakfast or lunch) immediately preceded
scanning procedures.
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Two scans with [11C]raclopride were performed on each subject: a baseline scan (for
measurement of baseline D, receptor density) and a second scan which began 60 minutes
following administration of methylphenidate 60 mg p.o. (20). Methylphenidate
administration results in an increase in extracellular DA and a consequent reduction in
[1C]raclopride binding. The magnitude of this decrease is a measure of the change in
extracellular DA, and the comparison of the pre- and post-methylphenidate [11C]raclopride
scans provides a noninvasive measure of changes in DA concentration in the human brain
(21). Vital signs were monitored throughout both scans, and an ECG was obtained 120
minutes after the dose. The subjective response to methylphenidate was evaluated by asking
participants to rate four items (euphoria, energy, restlessness, and anxiety) on a scale of 1
(not at all) to 5 (most ever) at baseline (10 min before methylphenidate) and periodically
through the scan. An MRI was acquired for co-registration of PET data.

PET data were co-registered to each subject’s MRI according to methods previously used by
the Division of Functional Brain Mapping, Columbia University Medical Center (19, 22),
for anatomical localization of regions of interest. Five ROl were identified on the MRI,
including the ventral striatum, the caudate rostral to the anterior commissure (dorsal
caudate), the caudate caudal to the anterior commissure (posterior caudate), the putamen
rostral to the anterior commissure (anterior putamen), and the putamen caudal to the anterior
commissure (posterior putamen). Activities from left and right regions were averaged. The
activity of the striatum as a whole was derived as the spatially-weighted average of the
ROls, excluding the posterior caudate, due to the noisiness of this area. The cerebellum was
identified as a sixth ROI, and used as the reference region. After regions were drawn on the
MRI, they were then pasted on the co-registered PET for activity concentration
measurement in the anatomical region.

The simplified reference tissue model (SRTM) (23) was used for derivation of the binding
potential (BP) implemented in MATLAB (The Math Works, Inc., South Natick,
Massachusetts), using the cerebellum as the reference region. The outcome measure for the
PET studies was binding potential, defined as the ratio of specifically bound to
nondisplaceable radioligand at equilibrium (BPnp) (24). BPnp can also be described as:

BPND =fND *(Bmax/Kd)

where Bpax IS the concentration of Dyj3 receptors, Ky is the inverse of the affinity of the
radiotracer for the receptor, and f,,q is the free fraction in the nonspecific distribution volume
of the brain (25). [11C]raclopride has a similar affinity for D, and D5 receptors (26), and the
signal from these receptors cannot be distinguished. The reduction in D, receptor
availability following MP (referred to as ABPyp) was calculated as the relative reduction in

BPnp Where ABPNp = (BPND-Baseline — BPND-MP) / BPND-Baseline)-

Primary outcome measures (striatal BPyp; striatal ABPyp) were statistically tested using a
two-sided t-test. We then examined between-group differences in each of 5 striatal
subregions (ventral striatum, anterior and posterior putamen, dorsal and posterior caudate),
using two-sided t-tests. We conducted a post-hoc subgroup analysis within the patient group
to assess the impact of a past history of anorexia nervosa. We also examined, using linear
regression, potential associations between DA measures and core features of BN:
specifically, (1) number of objective binge eating episodes (OBES) in the last month; (2)
number of vomiting episodes in the last month; (3) typical binge size, in kilocalories [based
on a representative binge meal as given in the EDE]; and (4) duration of eating disorder. To
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assess for the potential confound of mild to moderate depression on DA measures, we also
examined the association between DA measures and Beck Depression Inventory Scores.

RESULTS

Clinical characteristics

Clinical characteristics of the participants are shown in Table 1. Patients with BN and
control participants were similar with respect to age, BMI, smoking status, and phase of
menstrual cycle. The patients with BN had a moderate level of illness, as indicated by the
number of binge eating and purging episodes per month [objective binge episodes in past
month = 35.4; subjective binge episodes in past month = 22.0; vomiting episodes in the past
month = 68.3], the average duration of illness [7.8 years], and the fact that the majority were
seeking inpatient treatment. The BMI range of subjects with BN was 18.8 — 23.6 kg/m?; the
BMI range of control subjects was 19.0 — 23.6 kg/m?.

Scanning procedures

16 patients with BN and 17 control participants completed the baseline scan, and 15 patients
and 14 control participants completed both scans. Therefore, D, receptor BPyp measures
are reported for 33 participants, and DA release measures are reported for 29 participants.

The mean injected dose of [11C]raclopride did not vary between patients and controls, for
either the baseline scan or the post-methylphenidate scans [baseline scan: 11.47 +/- 2.00
mCi (patients) vs. 12.00 +/- 1.82 mCi (control participants), p=0.44; post-methylphenidate
scan: 11.18 +/- 1.86 mCi vs. 11.24 +/- 2.02 mCi, p = 0.94]. The mean mass of
[1C]raclopride also did not differ between patients and controls, for either the baseline scan
or the post-methylphenidate scans [baseline scan: 4.25 +/- 1.86 pg (patients) vs. 4.61 +/-
1.71 ug (control participants), p=0.40; post-methylphenidate scan: 3.07 +/- 1.34 g
(patients) vs. 3.61 +/- 1.35 pg (controls), p = 0.15]. The region of interest sizes (including a
between-group comparison of the striatum as a whole, as well as a between-group
comparison of the striatal substructures) were not significantly different between patients
and control participants (data not shown; all p > 0.16).

Striatal D, receptor binding potential

Results are presented in Table 2. For the primary outcome measure (i.e., Do receptor BPNp
across the striatum as a whole), the difference in D, receptor BPyp between the patient and
control groups was not statistically significant [striatal D, receptor BPyp = 2.53 +/- 0.18
(BN) vs. 2.64 +/- 0.23 (CTR); p=0.14]. By subregion, there was a trend towards a
difference in BPyp in the posterior putamen and posterior caudate [posterior putamen BPyp
=2.88 +/- 0.22 (BN) vs. 3.05 +/- 0.35 (CTR); p=0.10; posterior caudate BPyp 1.61 +/-
0.22 (BN) vs. 1.76 +/- 0.31; p=0.10.]

Striatal DA response to psychostimulant

In the striatum as a whole, there was a trend suggesting a difference in DA release between
the patient and control groups in response to pharmacological challenge with
methylphenidate [striatal BPnp = =10.5% +/- 7.7% (BN) vs. —15.1% +/- 5.7% (CTR); two-
sided t-test, p=0.07] (Table 3). The difference between patient and control groups was
statistically significant in the anterior and posterior putamen [anterior putamen ABPyp =
-8.5% = 7.5% (BN) vs. —13.9% * 6.2% (CTR), p=0.04; posterior putamen ABPyp = -
14.8% + 12.5% (BN) vs. —=23.7% = 10.1% (CTR), p=0.05]. Although the differences in the
other subregions did not reach statistical significance, it is notable that, in all but the ventral
striatum, ABPyp was lower in the patient group than in the control group. BMI did not
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appear to influence striatal DA response (among patients with BN: r=0.18; p=0.52; among
control subjects: r=0.10; p=0.73).

Subgroup analysis — history of anorexia nervosa

Association

Within the BN group, there were no statistically significant differences in measures of D,
receptor density or of DA release between those patients with a history of anorexia nervosa
(n=6), and those without a history of anorexia nervosa (n=10) [all p > 0.20].

between dopamine measures and symptom severity

There was a statistically significant association between striatal DA release and frequency of
objective binge episodes (OBE) as measured by the EDE (r?=0.44, p=0.007; see Figure 1);
the lower the striatal DA response to methylphenidate, the greater the frequency of binge
eating in the previous 28 days. The association between DA release and vomiting frequency
(typically coupled closely with frequency of binge eating) was similar (r2=0.30; p=0.03).
Release of DA in the anterior and posterior putamen (ANP and POP, respectively), the
subregions with significantly lower DA release, was also inversely related to the frequencies
of binge eating and of vomiting [OBE and ANP DA release: r2 = 0.29; p = 0.04; OBE and
POP DA release: r2 = 0.46; p = 0.006; vomiting frequency and ANP DA release: r2 = 0.26; p
= 0.05; vomiting frequency and POP DA release: r2=0.29; p=0.04].

Data from the individual with the lowest displacement of [11C]raclopride contributed
importantly to the statistical significance of these associations [with data point excluded,
striatal DA release and OBE: r2=0.11, p=0.24; posterior putamen DA release and OBE:
r2=0.16, p=0.15], consistent with a medium effect size.

The kilocalories content of a typical binge described by the patient was inversely associated
with DA response in ANP and POP [Binge kilocalorie and ANP DA release: r2 = 0.27, p =
0.05; Binge kilocalorie and POP DA release: r2 = 0.31; p = 0.03]. There were no statistically
significant associations between DA measures and Beck Depression Inventory Scores.

Subjective effects of methylphenidate, and association with dopamine

Data on subjective effects of methylphenidate were acquired for 11 patients with BN and 12
control subjects. Peak change from baseline mood rating (scale of 1-5) for ‘happy/
euphoric’, ‘restless’, “anxious’, and ‘energetic’ were calculated. Most subjects, in both
groups, did not report rating changes of more than 2 points, limiting variability detectable in
the sample. The average change in “happy/euphoric’ was 1.2 (BN) and 0.8 (controls;
p=0.21). The average change in ‘restless’ was 1.1 (BN) and 1.9 (controls; p=0.11). The
average change in ‘anxious’ was 0.8 (BN) and 1.8 (controls; p=0.07). The average change in
‘energetic’ was 1.3 (BN) and 1.2 (controls; p=0.83).

Associations between striatal DA response and subjective effects were tested, indicating a
possible association between striatal DA and change in “‘energetic’ in the patient group
(r?=0.55; p=0.009), and a possible association between striatal DA and change in ‘happy/
euphoric’ in the control group (r?=0.26; p=0.09). A small number of data points appear to
have driven these associations. There were no other significant associations between striatal
DA response and change in subjective ratings.

DISCUSSION

The current study found a trend towards decreased mean D5 receptor BPyp in the posterior
putamen and posterior caudate in the patient group, and a statistically significant difference
in DA response to psychostimulant challenge in the putamen. In addition, there was a
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statistically significant negative association between the frequencies of binge eating and
vomiting and the striatal DA response.

These results suggest that patients with BN have disturbances in brain DA function
resembling those described as characteristic of individuals with substance abuse, specifically
with cocaine and alcohol dependence (4, 5). How such disturbances may relate to the
development and perpetuation of the symptoms in BN is unclear. In substance use disorders,
blunted DA response has been associated with the choice to self-administer the substance of
abuse. Blunted DA response may represent a “downregulation” of the DA system after
prolonged responding for reward. It may also be related to a loss of capacity to flexibly shift
towards use of alternative reinforcers suggesting that a hypodopaminergic striatal state may
contribute to impairments in reward-related learning (5, 27). By extrapolation, low striatal
DA in BN may impair the ability of patients to make use of alternative reinforcers to binge
eating and/or purging.

In contrast to some studies of substance abuse, neuroanatomically, the findings in this study
of low striatal DA response are present at significant levels only in the putamen. The
putamen is a heterogeneous region with many projections to associative as well as
sensorimotor areas of the brain (28), although the more ventral portions of the putamen are
known to form circuits with the gustatory cortex as well as limbic regions such as the
amygdala (29). Other neuroimaging studies have implicated the putamen in aberrant eating
processes and in deficiencies in reward prediction. In an fMRI study of BOLD response to
receipt of a palatable food in obese patients, hypoactivity in the putamen (as well as in the
caudate) was associated with high BMI, a finding that was not observed in the ventral
striatum (30). An fMRI study in control participants demonstrated greatest BOLD activation
in the left putamen during food reward prediction errors (31). The association between
putamen DA response and frequency of binge eating episodes found here further supports
the notion that a hypofunctioning putamen may confer rigidity in reward behavior in a
patient population.

An additional consideration in interpretation of these results is that the posterior putamen
DA release reported here in control participants was slightly higher [-23.7% +/- 10.1%)]
than has been reported in previous studies of psychostimulant-induced DA release in control
participants [e.g., —16.6% +/- 9.9%] (32). Previous studies of DA release by striatal
subregion have been conducted with amphetamine, as opposed to methylphenidate, which
may account for this difference, as may the overall young age (mean = 24.9 years) of this
sample. Further, the overall striatal DA release measure of —15.1% in this control sample is
quite consistent with the report of Volkow et al (20). Notably, low striatal DA response did
not appear to be associated with DA response in the ventral striatum, a striatal subregion
classically associated with limbic functions (as it is the region homologous to the nucleus
accumbens). Findings from PET studies in addictive disorders, using methodology similar to
that implemented here, have revealed low DA response in the caudate, putamen, and ventral
striatum in cocaine dependence (5), and low DA response in the putamen and ventral
striatum in alcohol dependence (4).

There are several important limitations to the current study. One is sample size. The effect
size used to determine the number of participants was based on previous studies of
individuals with addictive disorders. The differences described here, while qualitatively
consistent with those described among individuals with substance abuse, do not appear as
robust.. For example, our results indicating blunted striatal DA release suggest a medium
effect size, as does the correlation between striatal DA response and OBE’s, excluding data
from the individual with the lowest DA release; these results contrast with differences of
large effect size between controls and individuals with substance abuse. It is likely that the
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sub-regional results would not survive correction for multiple comparisons; nonetheless,
these preliminary data suggest the possibility of between-group differences in DA measures,
and provide strong support for a larger study.

Other limitations relate to the interpretation of the presence of comorbid illness. As is
typical, patients with BN frequently described symptoms of depression. Previous PET/
SPECT neuroimaging studies have not consistently found significant striatal DA alternations
in unipolar depression (as discussed in the Methods), suggesting that the presence of modest
levels of mood disturbances among our patients are unlikely to account for the findings
reported here. The absence of a significant association between Beck Depression Inventory
scores and DA measures in our sample also argues against depression being a major
contributor to the differences between the BN and control groups. A second potential
diagnostic confound is that six patients had a history of anorexia nervosa. In almost all cases
this history was remote (>1 year prior to study), and anorexia nervosa has been associated
with a relative increase in striatal D, receptor density in the ventral striatum (33), in contrast
to the decreases described here. In addition, post-hoc analysis did not detect a significant
difference between patients with a history of AN, and those patients without. Third, patients
with BN may have had subsyndromal attentional symptoms which did not meet full criteria
for current ADHD; however, subsyndromal attentional problems, or past attentional
problems not clearly meeting criteria for past ADHD may have been present in some
subjects. Such past/present symptoms were not systematically assessed, and might be
associated with abnormal DA function. Similarly, while any subject with past/present
substance abuse or dependence was excluded, subsyndromal levels of drug use were not
systematically assessed with structured instruments, and might be related to the
abnormalities in DA function.

Other limitations relate to technical aspects of the PET imaging methods used. For example,
interpretation of PET D, [11C]raclopride data is generally limited by the fact that
[11C]raclopride is a competitive antagonist at the D, receptor, and therefore differences in
D, receptor BPyp findings reflect the density of D, receptors, but may also reflect the
quantity of endogenous DA available in the synaptic cleft, receptor affinity, receptor
internalization, or other factors (34). Raclopride is also known to have some affinity for the
dopamine type 3 (D3) receptor (35), and this affinity may influence interpretation of
findings. Another limitation of the data analysis methods used here is that regions of interest
(ROI) were drawn bilaterally, not permitting detection of unilateral regional striatal
abnormalties. Finally, as in other PET imaging studies utilizing oral psychostimulant
challenge (20), the psychostimulant dose used in this study was not adjusted by weight. In
this study, the BMI range in both groups was narrow and the mean BMI was very similar,
limiting the potential impact of dose adjustment by weight. The association between BMI
and DA response was not significant, further suggesting that BMI did not influence
pharmacological response to the psychostimulant. Serum methylphenidate concentrations
were not obtained, so it is not possible to assess the relationships between those parameters.

Despite these limitations, the current study using PET detected decreased DA
neurotransmission in the striatum in patients with BN relative to control participants, a
pattern similar to that described among individuals with substance use disorders. Additional
studies are needed to confirm these findings, and to elucidate in greater detail similarities
and differences between DA abnormalities in BN and in substance use disorders.
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Figure 1. Scatterplots of between-group differencesin dopamine (DA) type 2 (D2) receptor
binding, and DA response to methylphenidate

A. Posterior putamen DA type 2 (D2) receptor binding potential (D2 BPnd; unitless), in
control subjects (left) and patients with bulimia nervosa (right). B. A. Posterior caudate D2
receptor BPnd (D2 BPnd; unitless), in control subjects (left) and patients with bulimia
nervosa (right). C. Striatal DA response (“DA release”), measured as the percent difference
between the baseline PET scan and the post-methylphenidate scan, in control subjects (left)
and patients with bulimia nervosa (right). D. Anterior putamen percent DA response in
control subjects (left) and patients with bulimia nervosa (right). E. Anterior putamen percent
DA response in control subjects (left) and patients with bulimia nervosa (right). For panels
C-E, a more negative DA measure indicates greater DA response to methylphenidate.
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Table 1

Characteristics of patients with Bulimia Nervosa (BN) and Controls (CTR)?

Page 13

BN CTR Stat
Number enrolled 16 17
Number completing both scans 15 14
Mean Age (years) 244 +/-5.1 249 +/-4.2 p=0.85
Mean weight (pounds) 132.1+/- 143 125.0 +/- 16.1 p=0.21
Mean BMI (kg/m2) 217 +/- 1.4 214 +/- 2.0 p=0.78
Race 13 Caucasian 10 Caucasian x2=1.96; p=0.26

Smoking Status?

EDE-OBE
EDE-SBE
EDE-Purge
Mean BDI score

Hormonal Stage at time of PET

Duration of illness
# seeking inpatient treatment

# seeking outpatient treatment

3 non-Caucasian (2 mixed Caucasian; 1
Native American)

4 current/past smokers (1 current smoker; 2

light smokers; 1 past smoker)

12 non-smokers
35.4+/-29.1
22.0+/-25.1

68.3 +/-74.4
15.6 +/- 9.0

11 Follicular phase
5 Luteal Phase

7.8 years
11
5

7 non-Caucasian (4 mixed Caucasian; 1
Asian; 2 Hispanic)

2 current/past smokers (2 past smokers)

15 non-smokers
0.0 +/- 0.0
0.0 +/- 0.0
0.0 +/- 0.0
0.3+/-1.0
13 Follicular phase
3 Luteal phase

1 unknown

x2=1.87; p=0.225

p<0.01

p<0.01

p<0.01

p<0.001

x2=0.67; p=0.685

aAbbreviations: BN = Bulimia Nervosa; CTR = Healthy Control participants; N = number of participants; BMI = Body Mass Index (kilograms
per square meter); EDE = Eating Disorder Examination; OBE = Objective Binge Episodes (in month prior to study); SBE = Subjective Binge
Episodes (in month prior to study); BDI = Beck Depression Inventory; PET = positron emission tomography.

bSmoking status was subdivided into current smokers (defined as regularly smoking 1 pack per week or more), light smokers (defined as smoking
less than 1 pack per week, or other irregular/”social” smoking); past smokers; and non-smokers.
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Table 2

Page 14

[11C]Raclopride Binding Potential (baseline scan) of patients with Bulimia Nervosa (BN) and controls (CTR)

a

Region BPyp (BN) BPy\p (CTR) p
Striatum, whole 2.53+0.18 2.64 +0.23 0.14
Ventral striatum 2.03+019 2.07+019 057
Putamen, anterior 2.75+0.27 2.86 +£0.25 0.21
Putamen, posterior  2.88 +0.22 3.05+0.35 0.10*
Caudate, dorsal 2.38+£0.20 249 £0.25 0.18
Caudate, posterior  1.61 +0.22 1.76 +0.31 0.10*

aAbbreviations: BPND = binding potential; SD = standard deviation; BN = bulimia nervosa; CTR = control participants.
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Table 3

Striatal Dopamine Response to methylphenidate, as measured by the change in striatal D, receptor Binding

Potential after methylphenidate administration, in patients with Bulimia Nervosa (BN) and controls (CTR). ¢
(A more negative displacement indicates a greater release of DA.)

Region A BPyp (BN) ABP\p (CTR) p
Striatum, whole -10.5% + 7.7% -15.1% +5.7%  0.07*
Ventral striatum -11.3% + 8.5% -9.7% +7.7% 0.60
Putamen, anterior -8.5% + 7.5% -13.9% +6.2%  0.04*
Putamen, posterior -14.8% +12.5% -23.7% +10.1% 0.05*
Caudate, dorsal -5.8% *+ 6.8% -8.4% *+ 6.4% 0.31

Caudate, posterior -8.5% +145% -10.7% +10.6% 0.65

aAbbreviations: BPND = binding potential; SD = standard deviation; BN = bulimia nervosa; CTR = control participants
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