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ABSTRACT

Background. Separate lines of research link lowered serotonin tone to interpersonal submissiveness
and bulimia nervosa (BN). We explored the impact of co-morbid avoidant personality disorder
(APD), as a proxy for submissiveness, on behavioural inhibition and serotonin function in women
with BN.

Method. Participants included women with BN with co-morbid APD (BNA+, N=13); women
with BN but without APD (BNAx, N=23), and control women with neither BN nor APD
(N=23). The women were assessed for psychopathological tendencies and eating disorder symp-
toms, and participated in a computerized laboratory task that measured behavioural inhibition
and disinhibition. Participants also provided blood samples for measurement of serial prolactin
responses following oral administration of the partial 5-HT agonist meta-chlorophenylpiperazine
(m-CPP).

Results. The BNA+ group had higher scores than the other groups on self-report measures
of submissiveness, social avoidance, restricted emotional expression, affective instability and self-
harming behaviours. Compared with the other groups, the BNA+ group tended to be more in-
hibited under cues for punishment on the computerized task and to have blunted prolactin response
following m-CPP. The bulimic groups did not differ from each other on current eating symptoms or
on frequencies of other mental disorders.

Conclusions. Findings indicate that women with BN and co-morbid APD may be characterized by
interpersonal submissiveness and avoidance, affective instability, self-harm, behavioural inhibition
in response to threat and lower sensitivity to serotonergic activation. These findings may indicate
common, serotonergic factors, associated with social submissiveness, behavioural inhibition to
threat and BN.

INTRODUCTION

Alterations in the functioning of the central
serotonin (5-hydroxytryptamine, 5-HT) system
have been widely implicated in bulimia nervosa
(BN). For example, women with BN have re-
duced binding of 5-HT uptake inhibitors in

platelets (Marazziti et al. 1988; Steiger et al.
2000), decreased levels of 5-HT metabolite
5-HIAA in cerebrospinal fluid (CSF) (Jimerson
et al. 1992) and blunted neuroendocrine re-
sponses to 5-HT agonists like meta-chloro-
phenylpiperazine (m-CPP) (Brewerton et al.
1992; Steiger et al. 2001a, b) and fenfluramine
(Jimerson et al. 1997). Furthermore, acute
depletion of the 5-HT precursor tryptophan re-
sults in a temporary exacerbation of symptoms
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in women with active BN (Weltzin et al. 1995)
and in women with BN in remission (Smith et al.
1999).

Serotonergic function in BN appears to be
associated with several factors. First, 5-HT func-
tion may correlate with severity of BN symp-
toms. For example, blunting of neuroendocrine
response to fenfluramine is correlated with
binge-eating and purging symptoms (Monte-
leone et al. 2000; but compare Steiger et al.
2001a, b). Secondly, 5-HT function in BN may
be influenced by the presence of co-morbid
symptoms such as anxiety or depression (Bre-
werton, 1995) as per neuroendocrine response
to tryptophan but not m-CPP (Brewerton et al.
1992). Personality traits may also influence
5-HT function in BN. For example, Waller et al.
(1996) found that self-reported hostility in
women with BN was related to smaller neuro-
endocrine responses following administration
of the 5-HT1a receptor agonist, buspirone.
Furthermore, our group has shown that greater
self-reported impulsivity predicts reductions in
platelet paroxetine binding in BN (Steiger et al.
2001a), and that a history of self-mutilation
or suicidal behaviour coincides with further
blunting of m-CPP stimulated neuroendocrine
responses (Steiger et al. 2001b). Such findings
demonstrate that, while serotonergic function
is lowered in BN, further reductions of 5-HT
status in BN are associated with hostile and
impulsive personality traits.

It is important to note that some indices of
5-HT function ‘normalize’ along with symptom
remission. For example, neuroendocrine re-
sponses to fenfluramine (Wolfe et al. 2000) and
m-CPP (Kaye et al. 1998) in women recovered
from BN are comparable with those of healthy
women with no history of BN. Such findings
suggest that some indices of 5-HT functioning
in active BN may reflect nutritional or state-
related factors. Other indices of 5-HT function
remain altered even after symptomatic re-
mission. For example, compared with control
women, women remitted from BN have in-
creased levels of CSF 5-HIAA (Kaye et al. 1998)
and reductions of medial orbital frontal cortex
5-HT2A binding (Kaye et al. 2001). In summary,
some indices of 5-HT status in BN may reflect
state factors (such as nutritional factors or
severity of active BN symptoms) while others
may be markers of trait vulnerability in BN.

It may be that 5-HT function in BN reflects the
combination of dieting, binge-eating, purging,
as well as psychosocial–interpersonal stressors,
perturbing and interacting with an already vul-
nerable 5-HT system (Brewerton, 1995).

The current report was designed to further
explore the implications of personality path-
ology for 5-HT status in BN. In this light, we
list some important observations: (1) a recent
meta-analysis of 28 studies on personality dis-
orders (PDs) in BN (Rosenvinge et al. 2000)
found that DSM-IV (American Psychiatric
Association, 1994) Cluster B (i.e. antisocial, bor-
derline, histrionic and narcissistic) and Cluster
C (i.e. avoidant, dependent, obsessive–compul-
sive) PDs were both – and equally – common
(at 44% respectively) in BN; (2) compared with
research on Cluster B PDs, there is very little
research on the role of PDs from Cluster C in
BN; (3) of the Cluster C PDs, Avoidant PD
(APD) appears to be the most common in both
BN (e.g. Gartner et al. 1989; Yates et al. 1989)
and in the general population (Torgersen et al.
2001) ; and (4) there is indirect evidence on
clinical and preclinical fronts that APD may
be related to reduced serotonergic tone. The
clinical evidence is that serotonin re-uptake
inhibitors have been shown to reduce frequency
of APD symptoms. For example, APD symp-
toms are shown to reslove after citalopram and
sertraline in patients with depression (Ekselius
& von Knorring, 1998), after venlafaxine in
patients with social phobia (Altamura et al.
1999) and after fluvoxamine in patients with
body dysmorphic disorder (Phillips & McElroy,
2000). Preclinical evidence suggests that behav-
ioural traits significant for APD may involve
reduced 5-HT activity. For example, increased
5-HT levels in brain, particularly in forebrain,
have been implicated in dominant behaviours in
rodents (File et al. 1981), small reptiles (Baxter
et al. 2001) and monkeys (Raleigh & McGuire,
1991). Evidence suggests that serotonin plays
a similar role in the regulation of dominant
and submissive behaviour in humans as well.
For example, in studies of healthy participants,
Moskowitz et al. (2001) found increases in
self-reported dominant behaviours following a
2-week period of tryptophan loading while Tse
& Bond (2002) found decreases in other-rated
submissiveness with citalopram. An increase in
5-HT thus increases dominance and decreases
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submissiveness in humans; such findings are
interesting given that APD is characterized
by patterns of behavioural, interpersonal and
emotional restraint or avoidance (American
Psychiatric Association, 1994).

The current study was designed to examine
the implications for co-morbid APD for behav-
iour and serotonergic function in BN. Three
groups of women participated: those with BN
and co-morbid APD, those with BN but with-
out co-morbid APD, and normal-eater control
women with no PD. Serotonergic function was
measured by serial prolactin responses to the
partial 5-HT agonist, meta-chlorophenylpipera-
zine (m-CPP). The hypotheses were that
bulimic patients would show decreased 5-HT
function and that bulimic women with APD
would show further reductions. A related but
secondary goal was to compare the groups on
behavioural measures of inhibition and disin-
hibition, as well as and self-report measures of
eating symptoms and personality pathology.
Here the expectations were that the group with
APD would be more behaviourally inhibited
and would report more trait submissiveness and
social avoidance.

METHOD

Participants

Women with BN

Women (N=36) aged 18–45, and meeting
DSM-IV (American Psychiatric Association,
1994) criteria for a bulimic-spectrum eating
disorder, were recruited through out-patient
consultations at a specialized hospital-based eat-
ing disorders programme. DSM-IV criteria were
established using the Eating Disorders Exam-
ination (EDE) (Fairburn & Cooper, 1993).
Twenty-eight of the women met criteria for
BN, purging subtype; four of the women met
criteria for BN, non-purging subtype; and four
of the women met criteria for ‘subclinical ’ BN,
purging subtype (where participants reported
bingeing and purging within the past 3 months,
but less than twice a week on average). Given
characteristic weight fluctuations in BN, mod-
est deviations from normal body mass index
(BMI) (Beaumont et al. 1988) were accepted,
but cases with extreme BMIs (under 17 or over
28), and individuals meeting DSM-IV criteria

for anorexia nervosa, were excluded. To test
our primary and secondary hypotheses, bulimic
participants were subdivided into two groups,
based on the presence (BNA+, N=13) or ab-
sence (BNAx, N=23) of APD (with SCID-II
criteria) (First et al. 1996). There were no dif-
ferences in terms of BN subtype (described
above) across the two groups, with chi-square
testing.

Controls

Normal-eating women (control, N=23) were
recruited who had no identifiable eating or
personality (according to responses on the ED
and SCID-II) disorder. Control women also
denied a history of psychological/psychiatric
treatment.

Participants were recruited from an ongoing
project examining the implications of person-
ality and other variables for response to m-CPP
in BN. The first report from this dataset exam-
ined impulsivity and affective instability (BN,
N=26; control, N=22) (Steiger et al. 2001a)
and data are shared with the current report
for 23 BN and 21 control participants. The se-
cond report examined self-destructiveness (BN,
N=40; control, N=21) (Steiger et al. 2001b)
and data are shared with the current report for
36 BN and 21 control participants. The third
report examined childhood abuse (BN, N=35;
control, N=25) (Steiger et al. 2001c) and data
are shared with the current report for 31 BN and
23 control participants. Participant inclusion
for each project depended on availability and on
the specific measures needed (e.g. controlling for
different psychopathology and developmental
experiences).

Mean ages of the three groups were compared
using univariate ANOVA, and there was a non-
significant trend towards a group difference
(F(2,56=2.77, P=0.07), however pairwise test-
ing with least significant difference (LSD) tests
revealed no significant age differences among
the groups. Mean (¡S.D.) for the control,
BNAx and BNA+ groups were 24.9 (¡7.5),
22.3 (¡3.4) and 26.5 (¡4.2) years respectively.
Further, the three groups did not differ signifi-
cantly on mean BMI using univariate ANOVA
(F(2,56)=0.04, P=0.96). Mean (¡S.D.) for the
control, BNAx and BNA+ groups were re-
spectively 22.0 (¡2.0), 21.8 (¡3.1) and 21.9
(¡3.0) kg/m2.
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Measures

Eating disorder diagnoses and symptoms

Eating Attitudes Test-26 (EAT-26)
(Garner et al. 1982)

This is a 26-item measure of eating disorder
symptoms and has established psychometric
properties (e.g. Garner et al. 1982; Banasiak
et al. 2001).

Eating Disorder Examination (EDE )
(Fairburn & Cooper, 1993)

The EDE establishes presence and severity of all
criterion BN symptoms (e.g. bingeing, purging,
body-image disturbances, menstrual function
and dietary restraint). The interview yields valid
estimates of average weekly frequency of bin-
geing and purging (episodes of vomiting, laxa-
tive abuse, compulsive exercise, diuretic or ‘diet
pill ’ abuse). Reliability exceeds 0.90 on all but
three of 62 EDE items, and internal consistency
and discriminant validity figures are excellent
(Fairburn & Cooper, 1993). We have developed
a French EDE translation, and equivalence
in English and French versions is indicated
according to conventional indices (t tests, coef-
ficient alphas).

Psychopathology

Diagnostic Interview Schedule, version 4
(DIS-4) (Bucholz et al. 1991)

The DIS-4 is a DSM-IV version of the NIMH
Diagnostic Interview Schedule (Robins et al.
1981) and is a self-administered interview used
to assess DSM-IV (APA, 1994) Axis I disorders.
Given a bilingual population, we also used a
validated French-language version of the DIS-4
(Lepage et al. 1996). Modules relating to major
depression and anxiety disorders were used.

Structured Clinical Interview for DSM-IV
Axis II (SCID-II ) (First et al. 1994)

The SCID-II is a face-to-face interview that
yields good inter-rater reliabilities and differen-
tiation of main PD classifications. The SCID-II
for DSM-III-R has test–retest reliabilities from
0.74 to 0.87 and kappas from 0.43 to 1.00 (Segal
et al. 1994), while for DSM-IV, inter-rater
kappas range from 0.48 to 0.98 for categorical
diagnosis, and intraclass correlation coefficients
range from 0.90 to 0.98 for dimensional judge-
ments ; internal consistency coefficients range

from 0.71 to 0.94, overall, SCID-II has adequate
inter-rater reliability and internal consistency
(Maffei et al. 1997). The interview guides
decision-tree branching for the interviewer and
scores automatically. For consistency with our
prior studies in this population (e.g. Steiger et al.
1992), we disregarded the borderline PD cri-
terion referring to ‘overeating’.Given a bilingual
population, we also used a validated French-
language version of the SCID-II (see Steiger
et al. 2001c). In the current study, interviews
were conducted by a primary interviewer and a
random sampling of 50% of the APD sections
of interviews were scored by a second inter-
viewer (kappa 0.84).

Personality pathology

Dimensional Assessment for Personality
Pathology-Basic Questionnaire (DAPP-BQ)
(Livesley et al. 1992)

The DAPP-BQ is an extremely well constructed
questionnaire providing a comprehensive di-
mensional assessment of personality pathology.
Content is derived from expert-based lists
describing DSM-III and DSM-III-R person-
ality-disorder features, and content analysis
of interviews with patients. The current ‘Basic
Questionnaire ’ comprises 18 subscales (12–16
items each, with alphas ranging from 0.87 to
0.94) (Livesley et al. 1992), representing factor-
based dimensions obtained in large, indepen-
dent population samples. With permission of the
author, we have developed a French-language
translation of the DAPP, performance of which
(via t tests, coefficient alphas) resembles that of
the English version.

Behavioural inhibition and disinhibition

Go/No-Go discrimination task (Newman et al.
1985)

The Go/No-Go is a well-established laboratory
measure of behavioural response inhibition and
disinhibition. We used a version of the task
modified to so as to permit comparative exam-
ination of the differential effects of four combi-
nations of monetary reward and punishment
(Iaboni et al. 1995; LeMarquand et al. 1999).
The task as employed herein has four con-
ditions. Each condition contains a different set
of eight stimuli (two-digit numbers).Within each
condition, four of the stimuli are designated as
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positive (S+), and four of the stimuli are nega-
tive (Sx). Individuals must learn (through a pro-
cess of trial and error) whether to respond (by
pressing a button) to stimuli presented one at a
time on a computer screen. Correct responses
are signalled with a high pitched tone and the
word ‘correct ’ on the computer screen. Incor-
rect responses are signalled by a low-pitched
tone and the word ‘wrong’ on the screen. Errors
of commission (i.e. failure to inhibit responses
to Sx) and errors of omission (failure to re-
spond to S+) are tracked, under each of four
randomized conditions : (1) reward–punishment,
in which subjects start with 50 cents, and are
rewarded (win 5 cents) for responses to S+ and
punished (lose 5 cents) for responses to Sx ; (2)
punishment–punishment, in which subjects be-
gin with $2.00, have no opportunity to win more
money, but lose money (5 cents) of they respond
to Sx or fail to respond to S+ ; (3) reward–
reward, in which subjects begin with no money,
but earn rewards (5 cents) by responding ap-
propriately to S+ and Sx ; (4) punishment–
reward, in which subjects start with 50 cents,
and a non-response to S+ is punished (loss of
5 cents) and a non-response to Sx is rewarded
(winning of 5 cents). The overall task can be
learned and completed in about 30 min.

Validity of the task has been established in
laboratory studies implicating several and
diverse clinical and non-clinical populations.
On the Go/No-Go task, impulsive or aggressive
(e.g. psychopaths, aggressive mothers, impulsive
normals) subjects show consistently greater
response disinhibition (as measured by errors
of commission on the task (e.g. Newman et al.
1985, 1990; Newman & Kosson, 1986; Patter-
son et al. 1987; Iaboni et al. 1995; LeMarquand
et al. 1999)). As concerns response inhibition,
introverted individuals make fewer commission
errors than extroverts while neurotic introverts
make more omission errors than other subjects
(Helmers et al. 1995).

Serotonergic functioning

m-CPP challenge (Mueller et al. 1985)

Since 5-HT promotes prolactin secretion from
the pituitary, it is conventional to draw infer-
ences about central 5-HT functioning from
5-HT-induced alterations in plasma prolactin
levels (Yatham & Steiner, 1993). We measured

prolactin levels before and after oral adminis-
tration of the partial 5-HT agonist m-CPP,
which (since it binds with highest affinity to
5-HT2c receptors (see Mueller et al. 1985) is
thought to be a fairly specific 5-HT probe
(Yatham & Steiner, 1993). Participants, tested
as out-patients, were required to have been
free of psychoactive medications for at least
6 weeks and were tested in follicular phase
of menses (i.e. 5 to 14 days following start of
last menses). Before testing, participants were
asked to refrain from alcohol, exercise, or street
drugs for 48 h and from binge-eating for 24 h.
On the test morning, participants underwent a
urine screen for drug (cocaine, amphetamine,
opiates, cannabinoids (marijuana), and benzo-
diazepines) use with an enzyme-multiplied im-
munoassay technique kit. Samples were drawn
after an overnight fast. Detailed procedures
for biochemical assays are described elsewhere
(Steiger et al. 2001a). Baseline measures on hor-
mones constitute the mean of two values ob-
tained from samples drawn at 8.30 and 9.00 a.m.
before m-CPP administration. Prolactin levels
were determined by radioimmunoassay, using
the corresponding, validated Amersham radio-
immunoassay kits from Johnson and Johnson,
Markham, Ontario.

Procedure

The protocol was approved by hospital Re-
search Ethics Board. Bulimic participants were
contacted and recruited for participation at
entry to treatment at a specialized Eating Dis-
orders Program. Normal eater controls were
recruited through community newspapers. All
participants gave informed consent prior to par-
ticipating, and completed testing in three or four
sessions that took place at the outpatient clinic
of the Eating Disorders Program. Procedures
for the Go/No-Go and m-CPP challenges were
as described in the respective sections above.
Participants were reimbursed modestly ($5/h)
for their time and expenses.

Statistical analyses

Participants were organized into three sub-
groups: BNwith avoidant PD (BNA+ ;N=13),
BN without avoidant PD (BNAx ; N=23),
controls (normal eaters) (N=23). Groups were
compared on eating and psychopathological
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symptoms using ANOVAs and (except as in-
dicated) with Newman–Keuls tests (to control
family-wise error). Where EDE measures (e.g.
binge frequencies) yielded zero values in normal
eaters, we applied t tests to examine pairwise
differences across avoidant and non-avoidant
bulimic women only. We used pairwise chi-
square tests to explore group effects on categori-
cal measures of pathology (Axis I and II). We
used one-way ANOVA to explore group effects
on dimensional indices of personality pathol-
ogy and repeated-measures ANOVAs to test
for group effects on serial prolactin. Repeated
measures ANOVAs treated group (BNA+,
BNAx, controls) and time (baseline and at
30, 60, 90, 120, 150, 180, 210 and 240 min)
factors. Mauchly’s test of sphericity was used
to test for homogeneity of covariance. We tested
the groups for differences on variables (season
of testing, contraceptive use) known or thought
to influence prolactin responses after m-CPP
administration. Because our sample size was not
sufficiently large to allow for stable estimation
of seasonal effects, we turned to published find-
ings : prolactin response after m-CPP adminis-
tration is reportedly larger in winter than in
summer and at intermediate levels in spring
and fall (Brewerton, 1989) and our own data
(e.g. Steiger et al. 2001c) has shown a similar
trend. To control for the effect, we entered two
dummy variables as covariates, which compared
samplings obtained in summer (and then fall
and spring) to those obtained in winter. Stat-
istical tests were two-tailed and conducted at
the 0.05 level of significance. To balance type I
and type II errors, we report pairwise group
comparisons with and without Bonferroni
corrections.

RESULTS

Eating symptoms

To compare the three groups on overall eating
symptomatology, they were compared on mean
EAT-26 final scores. As expected, we found
a significant group effect using univariate
ANOVA (F(2,56)=145.1, P<0.0001). Post hoc
tests using Newman–Keuls test indicated
that both bulimic groups differed from con-
trols (P<0.05), but did not differ from each
other. Mean¡S.D. EAT-26 final score for the
control, BNAx and BNA+ groups were

respectively : 2.8¡2.9, 40.3¡9.8 and 40.6¡
11.9. Thus, the two bulimic groups had higher
EAT-26 final scores than controls.

On EDE measures, the two BN subgroups
were contrasted using t tests and did not differ
on any of the EDE items examined. Included
here were the average number of episodes per
month of binge eating 33.6 v. 30.4¡S.D. 28.0 v.
32.0 (t=0.31,P=0.94) or self-induced vomiting,
38.6 v. 31.4¡S.D. 33.0 v. 38.7, (t=0.11,P=0.56),
over the preceding 3 months.

Psychopathology

Axis I

The groups were compared for presence of
major depression and for anxiety disorders over
the preceding 12 months. Results are shown
in Table 1. There were no significant (P<0.05)
differences detected among the groups on any of
the disorders using pairwise chi-square tests,
indicating that the groups did not differ in terms
of current frequency these Axis I disorders.

Axis II

The BNA+ and BNAx groups had originally
been formed based on presence or absence of
co-morbid avoidant PD, while control group
participants were excluded if they met criteria
for a PD. Numbers of participants meeting
criteria for a PD for the BNAx and BNA+
groups were: paranoid (0,0), schizoid (0,0),

Table 1. Number of cases and percentage of
groups meeting current (preceding 12 months)
criteria for select Axis I psychopathology
according to the DIS-4

Control
(N=23)

BNAx
(N=23)

BNA+
(N=13)

Cases
N (%)

Cases
N (%)

Cases
N (%)

Simple phobia 1 (4.3) 2 (8.7) 2 (15.4)
Social phobia 1 (4.3) 5 (21.7) 2 (15.4)
Agoraphobia 0 (0) 0 (0) 0 (0)
Panic disorder 0 (0) 0 (0) 2 (15.4)
OCD 0 (0) 2 (8.7) 0 (0)
GAD 0 (0) 1 (4.3) 0 (0)
PTSD 1 (4.3) 1 (4.3) 3 (23.1)
MDD 2 (8.7) 7 (30.4) 2 (15.4)

OCD, obsessive–compulsive disorder ; GAD, generalized anxiety
disorder ; PTSD, post-traumatic stress disorder ; MDD, major
depressive disorder.
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schizotypal (0,0), antisocial (2,0), borderline
(5,3), histrionic (0,1), narcissistic (0,0), depen-
dent (1,2) and obsessive–compulsive (5,3).
Using pairwise chi-square tests, both bulimic
groups were found to have higher proportions
(P<0.05) than controls meeting criteria for
borderline PD and for obsessive–compulsive
PD. The bulimic groups did not differ from each
other on these PDs, however, and there were
no significant group differences found for the
remaining PDs. In summary, the bulimic groups
were more likely than controls to meet criteria
for borderline and obsessive–compulsive PDs,
and the bulimic groups did not differ from each
other on PDs beyond avoidant PD used for
grouping.

Personality pathology

The groups were compared on each of the 18
DAPP subscales using separate univariate
ANOVAs with an Bonferroni adjusted P value
of 0.0027 (0.05/18) for significance on the
ANOVAs for multiple comparisons. The re-
sults (group means and statistics) are shown
in Table 2. Consistent with our hypotheses, the
BNA+ group reported significantly (Newman–
Keuls post hoc, P<0.05) more restrictive
(emotional) expression, social avoidance and

submissiveness than the other groups. Incon-
sistent with our expectations, the BNA+ group
also reported significantly (Newman–Keuls
post hoc, P<0.05) more affective instability and
self-harming behaviours than the other groups.
Furthermore, both bulimic groups reported
significantly (Newman–Keuls post hoc, P<0.05)
more antisocial aggression, anxiousness, cogni-
tive distortion, identity problems, narcissism
and suspiciousness than did the controls but did
not differ from each other on these scales.

Behavioural inhibition and disinhibition

The three groups were contrasted on their per-
formance on the Go/No-Go task. Eight separ-
ate ANOVAs were run: for commission errors
(one for each of the four conditions) and for
omission errors (also one for each of the four
conditions). The results (group means and stat-
istics) are shown in Table 3. The BNA+ group
made significantly more omission errors in
the punishment–punishment condition than the
other groups (Newman–Keuls post hoc, P<
0.05), and that the latter two groups did not
differ from each other. Thus, the BNA+ group
was more inhibited than the other groups
specifically when faced only with cues for pun-
ishment (here, the prospect of losing money
or not winning money). The significance level
of this effect did not remain after Bonferroni
correction (adjusted alpha, 0.05/8=0.00625)
and no other differences were significant with
or without correction.

Table 2. Group means and statistics for
DAPP scales

DAPP scale Control BNAx BNA+ F(2,56)

Affective instability 2.48a 3.48b 3.95c 21.5***
Antisocial aggression 2.06a 2.82b 3.06b 12.1***
Anxiousness 2.33a 3.70b 4.09b 26.6***
Callousness 1.77 1.93 1.93 NS
Cognitive distortion 1.64a 2.36b 2.73b 10.6***
Compulsivity 3.15 3.17 3.86 NS
Conduct problems 1.42 1.78 1.72 NS
Identity problems 1.82a 3.30b 3.83b 30.0***
Insecure attachment 1.95a 2.79b 3.14b 9.71***
Intimacy problems 1.80 2.32 2.79 NS
Narcissism 2.69a 3.63b 3.54b 12.4***
Rejection sensitivity 2.39 2.94 2.35 NS
Restricted expression 2.21a 2.84b 3.62c 19.2***
Self-harming behaviours 1.09a 2.2a 2.84b 20.1***
Social avoidance 2.20a 3.02b 3.95c 23.4***
Stimulus seeking 2.55 2.87 2.88 NS
Submissiveness 2.25a 2.87b 3.67c 17.0***
Suspiciousness 1.59a 2.56b 2.54b 10.8***

Postscripts (a, b, c) identify significantly different (P<0.05) group
means (Newman–Keuls post hoc test).
*** P<0.001.

Table 3. Group means and statistics for the
Go/No-Go Discrimination Task

Control BNAx BNA+ F(2,56)

Commission errors
RR 11.3 9.13 14.7 NS
RP 7.21 6.3 8.69 NS
PR 12.9 14.7 9.84 NS
PP 7.60 8.17 12.2 NS

Omission errors
RR 3.22 1.57 2.23 NS
RP 3.52 2.78 4.31 NS
PR 8.17 6.39 8.23 NS
PP 3.65a 3.43a 8.85b 3.86*

Postscripts (a, b) identify significantly different group means
(P<0.05, Newman–Keuls).
RR, reward/reward condition; RP, reward/punisment condition;

PR, punishment/reward condition; PP, punishment/punishment
condition.
* P=0.037.
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Serotonergic function

Groups were compared on prolactin response to
m-CPP challenge using ANOVA (grouprtime
with time as a repeated-measures variable). The
results are shown in Fig. 1. We found a signifi-
cant group by time interaction (F(16,98)=1.79,
P=0.042), a main effect of time (F(8,49)=7.57,
P<0.001) and a non-significant trend for a
main effect of group (F(2,56)=2.63, P=0.081).
Pairwise post hoc analyses were performed using
Newman–Keuls but no group differences could
be detected. Using Fisher’s LSD tests, the
BNA+ group was found to have a significantly
(P<0.05) lower mean prolactin level than the
BNAx group at 120 min. The BNA+ group
also significantly (P<0.05) lower mean pro-
lactin levels than the control group at 150 and
180 min. Both bulimic groups had lower mean
prolactin levels than the control group at
210 min. No other differences were significant.
In summary, the prolactin data indicate that :
(a) the BNA+ group was blunted relative to
the BNAx group 120 min after m-CPP inges-
tion and relative to the control group 150 and
180 min after m-CPP ingestion; and, (b) both
bulimic groups were blunted relative to controls
210 min after m-CPP ingestion. We also verified
responses to m-CPP by examining the simple
effects of time for each of the three groups;
effects were significant for control and BNAx,
but not for BNA+. Post hoc testing using

Newman–Keuls tests indicated that the control
and BNAx groups experienced an increase
in prolactin levels following m-CPP relative to
their respective baselines while the values for the
BNA+ group did not increase relative to its
baseline.

Covariates

We compared the groups in terms of season
of testing. Numbers according to seasons (win-
ter, spring, summer, fall) of testing were: for
HC (3,4,9,7) ; BNAx (4,7,4,8) ; and BNA+
(8,4,1,0). Chi-square analysis was significant
(P<0.006), indicating differences in group sizes
across season. However, when we re-ran the
prolactin results covarying season, the covariate
effect was not significant, indicating season
did not affect group differences. We were also
interested in controlling for possible effects due
to contraceptive medication and numbers of
participants taking contraceptives were: con-
trol, BNAx, BNA+ (11, 8, and 2). Chi-square
analysis was not significant (P=0.148), indicat-
ing the groups did not differ significantly in
terms of contraceptive use. Also, given that the
groups differed on affective instability and self-
harming scores (not traditionally associated
with APD), we tested for these as well in co-
variance analyses. Neither covariate effect was
significant, implying that differences on pro-
lactin response in the BNA+ group were not
due to variance from affective instability and
self-harming behaviours.

DISCUSSION

We compared three groups of women (women
with BN and co-morbid APD, women with
BN but without co-morbid APD and normal
eater control women) on self-report measures
of psychopathology and personality pathology,
on eating symptomatology, on behavioural
measures of inhibition and disinhibition, and on
serial prolactin responses to m-CPP. Compared
with the other groups, women in the BNA+
group differed on several measures that appear
to be consistent with our hypotheses. First,
the BNA+ group reported relatively more
emotional restriction, social avoidance and in-
terpersonal submissiveness as assessed with the
DAPP (Table 2). Such dimensional findings
appear generally consistent with categorical
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FIG. 1. Mean group serial prolactin levels following m-CPP chal-
lenge. ANOVA results indicate a significant grouprtime interaction
(F(16, 98df )=1.79, P=0.042). Post hoc testing results are depicted
with a and b letters representing significantly different means using
Fisher’s least significant difference. (X - - -X, healthy controls (HC);
&—&, bulimia nervosa without avoidant personality (BNAx) ;
m- - -m, bulimia nervosa with avoidant personality (BNA+).)
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DSM-IV criteria for APD. Secondly, the
BNA+ group also made more omission errors
on the Go/No-Go task under cues for punish-
ment (Table 3), indicating that the BNA+
group was characterized by behavioural inhi-
bition specifically in the face of monetary
‘threat. ’ We note that the significance level of
the result is modest (P=0.037) and the group
difference would no longer be significant with
Bonferroni corrections for the multiple tests.
That the BNA+ group should make more
omission errors (but not more commission
errors) appears to be consistent with the result
of Helmers et al. (1995), who found that ‘neur-
otic introverts ’ – which seems like a fitting de-
scription of those with APD – made more total
omission errors than other groups and did not
differ from other groups on commission errors.
Furthermore, that the group differences were
selective to the punishment–punishment con-
dition appears to complement a recent finding
from our group (Bruce et al. 2003), wherein
laxative abusing women with BN made more
commission errors than non-abusers, but only
in the punishment–punishment condition. Such
findings could indicate that some women with
BN have altered sensitivity to punishment
with no change in sensitivity to reward. Thirdly,
the BNA+ group evinced a somewhat blunted
(prolactin) response to 5-HT activation com-
pared with both of the other groups (Fig. 1).
This result was statistically significant between
BNA+ v. controls 150, 180 and 210 min after
ingestion of m-CPP. We also found differences
between BNA+ and BNAx at 120 min after
ingestion of m-CPP. We must highlight that
these effects were also modest (blunting found at
3/8 time points after baseline v. controls and 1/8
time points after baseline v. BNAx, and using
LSD tests without correction for multiple tests).
We interpret the m-CPP results as potentially
consistent with our primary hypothesis that
APD may be related to reductions in sero-
tonergic activation in BN. We also found that,
compared with controls, the BNAx group
had blunted prolactin response at 210 min fol-
lowing m-CPP. Although arguably a marginal
effect (at 1/8 time points after baseline), such a
finding is consistent with the previous literature
showing that active BN (regardless of psychi-
atric co-morbidity) is associated with at least
modestly blunted prolactin response following

m-CPP (e.g. Brewerton et al. 1992; Levitan et al.
1997; Steiger et al. 2001a, b, c).

The bulimic groups did not differ significantly
from each other (or from controls) on frequency
of (current) major depression or anxiety dis-
orders so it appears that differences between the
bulimic groups were not due to confounding
effects of depression or anxiety symptoms. Our
result seems consistent with those of Brewerton
et al. (1992) who found that co-morbid major
depression did not influence neuroendocrine
response to m-CPP in BN. Also, the bulimic
groups did not differ from each other in terms
of the frequency of other PDs, indicating that
the results for the BNA+ group were not likely
to be due to confounds in additional DSM-IV
Axis II co-morbidity. The BNA+ group (as
well as the BNAx group) was more likely than
controls to meet criteria for BPD and obsessive–
compulsive PD. Such findings seem consistent
with the Rosenvinge et al. (2000) meta-analysis
that showed Cluster B and Cluster C PDs are
more common in BN than in controls. The
BNA+ group did differ from the BNAx group
on two measures that do not fit neatly with
the APD diagnosis, namely affective instability
and self-destructiveness (Fig. 1). Such results
could mean that affective instability and/or self-
harming behaviours (elevated in the BNA+
group) might be associated with the Go/No-Go
and m-CPP challenge results. Indeed, previous
results from a partly overlapping dataset (Stei-
ger et al. 2001a, b) demonstrated the importance
of these personality traits, particularly impul-
sivity and self-destructiveness, for (blunted)
5-HT status in BN. We note, however, that the
BNA+ group was not more likely to meet cri-
teria for BPD, and that the m-CPP results were
unaffected by covarying out affective instability
and self-harming behaviour, suggesting that the
current m-CPP results were not due to increases
in these traits in the BNA+ group. Further,
previous research has found that self-harming
behaviours are quite common in BN, even
among individuals not meeting criteria for BPD
(Paul et al. 2002).

We note the various limitations to the find-
ings. First, as we have alluded to, the sig-
nificance levels of two of our key findings (Go/
No-Go and m-CPP) were modest. We interpret
this result as primarily due to our small sample
size, but it is of course possible that we have
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capitalized on chance error. The overall pattern
of results seems consistent internally (i.e. APD
co-aggregating with behavioural, interpersonal
and serotonergic inhibition) as well as consistent
with other clinical and pre-clinical APD litera-
ture outlined previously suggesting implication
of the 5-HT system. Secondly, there is consider-
able sample overlap with some of our prior pub-
lications. Findings from those reports suggested
that self-destructiveness (Steiger et al. 2001 b)
and other tendencies (Steiger et al. 2001a, c)
were associated with blunted prolactin function.
While we controlled for these effects statisti-
cally, the current results may be limited in their
generalizability by overlap with these prior re-
ports. Thirdly, we were unable to control fully
for nutritionally-related and ‘illness state ’ ef-
fects in our bulimic participants. For example,
we did not measure serial m-CPP concen-
trations along with prolactin, nor were we able
to control for the specific time of testing within
the menstrual cycle. Nutritional status has been
shown to be important in neuroendocrine re-
sponse to 5-HT agonists in BN (e.g. Kaye et al.
1998; Wolfe et al. 2000), and we are unable to
deterimine whether the effects of avoidant PD
on 5-HT function would remain significant
when symptoms of BN remit following treat-
ment. Furthermore, moderate dieting can alter
prolactin response to m-CPP in otherwise
healthy women (Cowen et al. 1996), and there is
a tendency for prolactin response to m-CPP to
normalize with short-term weight gain in anor-
exia nervosa (Brewerton & Jimerson, 1996). It
is therefore possible that nutritional effects
influenced our bulimic v. control and BNA+
v. BNAx differences. We found that the
bulimic and control groups did not differ on age
or BMI, and that the two bulimic groups
had comparable current BN symptomatology.
Finally, while our groups did not differ on their
use of contraceptives, we were unable to deter-
mine whether the groups may have differed on a
more detailed hormonal comparison.

In conclusion, women with BN and avoidant
PD may be characterized by interpersonal sub-
missiveness and avoidance, affective instability,
self-harm, cautiousness when faced with per-
ceived threats and lower sensitivity to seroto-
nergic activation. We hypothesize that – among
other factors including altered nutritional
status, severity of bulimic symptoms, Axis I and

II pathology, contraceptive use and season of the
year – presence of concurrent avoidant PD may
contribute to behavioural and post-synaptic
serotonergic dysregulation in BN. Implications
of the results are that co-morbid avoidant PD
has important biological and behavioural effects
in individuals with BN and such individuals
might benefit from assessments of whether in-
terventions that increase serotonin activity offer
additional therapeutic benefit.
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