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Abstract 

Bulimia Nervosa (BN) is an eating disorder characterized by excessive preoccupations 

with weight and shape, as well as by recurrent binge-eating episodes and compensatory 

behaviours performed to prevent weight gain. While all women with BN present the core 

eating-disorder symptoms just-described, the disorder is known to have various profiles 

of comorbid psychiatric disturbance. Variations as to clinical profiles are thought to 

reflect the involvement of different risk factors, and to be associated with different 

treatment needs. This doctoral dissertation had as its objective to examine the influence 

of developmental, genetic, and epigenetic factors on the clinical presentation in bulimia-

spectrum disorders. More specifically, I explored associations between variations in 

eating-disorder and psychopathological symptoms, on the one hand, and childhood abuse, 

dopamine-system polymorphisms, gene-environment interaction effects involving the 

preceding two factors, and DNA methylation of the dopamine D2 receptor gene 

promoter, on the other. Finally, I investigated the prognostic value, for treatment response 

in bulimia-spectrum disorders, of childhood abuse and of dopamine-system 

polymorphisms. Four studies were conducted to address the objectives stated above. The 

first study explored the role of childhood trauma on eating-symptom presentation in 

bulimia-spectrum disorders, with a special focus on childhood emotional abuse (CEA). 

Study 1 also explored possible psychological mediators of the relationship between 

childhood maltreatment and eating-disorder symptoms, namely, frequency of binging and 

purging, and pathological eating-disorder symptoms as measured by the EAT-26 

questionnaire. Finally, given the dearth of literature on the topic, the last aim of Study 1 

was to compare the rate of CEA in bulimia-spectrum disorders compared to that observed 
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in healthy normal-eaters. Findings revealed that CEA (but not sexual and physical forms 

of abuse) was associated with more severe eating-disorder symptom presentation. The 

relationship between emotional maltreatment and symptom-severity was partially 

mediated by affective instability and felt ineffectiveness—implying that childhood 

emotional abuse may influence severity of eating symptoms by impacting individuals’ 

self-esteem and capacity for affect regulation. Study 2 investigated the bearing of 

dopamine-system polymorphisms, childhood abuse, and interactions among the two, 

upon eating-disorder symptoms and comorbid-trait presentations. We found that carriers 

of the low-function allele of the DRD2 Taq1A polymorphism (associated with low 

dopamine function), when they reported childhood sexual abuse, presented with higher 

sensation-seeking than did non-carriers of the low-function allele, or carriers who did not 

report childhood sexual abuse. Moreover, we reported that carriers of the low-function 

allele of COMT rs4680 (associated with high dopamine function) presented with higher 

compulsivity, lower impulsivity, and a tendency towards lower frequency of binge-

eating, than did non-carriers of the low-function allele. Study 3 was inspired by the gene-

environment interaction finding from Study 2. Following from this finding, we chose to 

explore alterations in DNA methylation, believed to express the link between 

environmental exposures and alterations in gene expression. Specifically, Study 3 

examined relationships between levels of DNA methylation in the promoter region of 

DRD2, on the one hand, and eating-disorder status, childhood abuse and comorbidity, on 

the other. We found that our bulimia-spectrum disorder (BSD) and no eating-disorder 

(NED) groups did not differ as to mean percent DRD2 promoter methylation. However, 

among the women with a BSD, those with comorbid borderline personality disorder 
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showed small, but significant, increases in DRD2 methylation levels compared to women 

with NED. Similarly, women with a BSD who reported a history of childhood sexual 

abuse showed a trend-level elevation of DRD2 methylation compared to our NED group. 

Finally, Study 4 explored the prognostic value for treatment response of childhood 

maltreatment and dopamine-system polymorphisms. We found that childhood emotional 

abuse predicted persistent vomiting and depressive symptoms at a follow-up conducted at 

four months into treatment, whereas physical abuse predicted ongoing dieting. Similarly, 

sexual abuse predicted persistent vomiting symptoms at an eight-month follow-up and 

was associated with dropping out of therapy. Taken together, findings from this doctoral 

dissertation suggest that clinical presentation in bulimia-spectrum disorders (and 

especially traits related to affective and behavioural disturbances), are associated with 

developmental adversity, genetic and epigenetic factors, as well as with gene-

environment interactions effects. Our findings also suggest that traumatic childhood 

experiences may be a predictor of poorer treatment response of eating-disorder and 

comorbid symptoms. Our findings support biopsychosocial models of bulimia nervosa by 

documenting implications of biological and developmental risk factors in the presentation 

of symptoms and outcome of BN. We hope that our results will serve in generating future 

ideas in prevention and treatment research. 
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Résumé 

La boulimie nerveuse (BN) est un trouble des conduites alimentaires (TCA) caractérisé 

par des préoccupations excessives à l’égard du poids et de la silhouette, ainsi que par des 

épisodes de crise de boulimie, desquels succèdent des comportements compensatoires 

dans le but d’éviter une prise de poids éventuelle. Bien que toutes les femmes atteintes de 

la BN présentent les symptômes décrits ci-haut, ce TCA présente toutefois une 

hétérogénéité en ce qui concerne la présentation des traits et désordres concomitants. Les 

données empiriques suggèrent que ces variations de profils cliniques reflètent 

l'implication de facteurs de risque différents. De plus, plusieurs ont émis l’hypothèse que 

des variations au niveau de la présentation clinique justifient un ajustement des stratégies 

de traitement proposées. Cette thèse de doctorat avait trois objectifs principaux. Le 

premier était d'examiner l’influence de divers facteurs sur la présentation clinique dans 

les troubles des conduites alimentaires de type boulimique (TCA-B), notamment a) des 

expériences de maltraitance dans l’enfance, b) des polymorphismes agissant sur le 

fonctionnement du système dopaminergique, et c) des interactions gène-environnement 

(G x E) impliquant les expériences d'abus et des gènes candidats sélectionnés. Découlant 

de mon intérêt pour les interactions G x E, le deuxième objectif était d'enquêter sur des 

substrats biologiques de ces interactions, sous la forme de marqueurs épigénétiques. 

Finalement, le troisième objectif était d'explorer la valeur pronostique, dans la réponse au 

traitement des femmes présentant un TCA-B, des expériences de maltraitance dans 

l'enfance et des polymorphismes agissant sur le fonctionnement du système 

dopaminergique. Quatre études ont été menées pour répondre aux différents objectifs 

énoncés ci-dessus. La première étude avait pour but d’examiner le rôle des expériences 
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de maltraitance dans l'enfance sur la sévérité des symptômes reliés aux TCA-B, avec un 

accent particulier sur l'abus émotionnel (AE). De plus, nous avons exploré l’influence de 

variables médiatrices psychologiques sur la relation entre la maltraitance et les 

symptômes de TCA-B. Enfin, compte tenu du peu d’information disponible dans la 

littérature actuelle, notre dernier objectif était de fournir une estimation du taux de 

prévalence de l’AE dans les TCA-B, et de comparer ce taux à ceux rapportés par les 

femmes ne présentant pas d’historique de TCA. Nos résultats suggèrent que l’AE (mais 

pas l’abus physique ou sexuel) est associé à des symptômes de TCA plus sévères (tels 

que mesurés par le questionnaire EAT-26), et que cette relation entre l’AE et la sévérité 

des symptômes est médiée par l'instabilité affective et le sentiment d'inefficacité. De plus, 

les taux d’AE rapportés par notre échantillon de TCA-B étaient comparables à la seule 

autre estimation publiée à ce jour. La deuxième étude a investigué la possibilité que des 

polymorphismes agissant sur le fonctionnement du système dopaminergique jouent un 

rôle modérateur sur la relation entre la maltraitance et les symptômes de TCA-B. Nous 

avons également examiné l’influence de ces gènes, et des interactions G x E, sur la 

présentation des traits de personnalité pathologiques concomitants. Nous avons constaté 

l’influence d’une interaction G x E sur la comorbidité : les individus rapportant des 

expériences d’abus sexuel dans l’enfance et porteurs de l’allèle à basse fonction du 

polymorphisme DRD2 Taq1A (associée à un bas niveau de fonctionnement du système 

dopaminergique), présentaient un plus haut niveau du trait de personnalité « recherche de 

sensations fortes » que les individus ne portant pas cet allèle, ou que les porteurs de 

l’allèle ne rapportant pas d'abus sexuel. De plus, nous avons aussi constaté des effets 

génétiques non-modérés par l’environnement : les individus porteurs de l’allèle à basse 
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fonction du polymorphisme COMT rs4680 (associé à un haut niveau de fonctionnement 

du système dopaminergique) présentaient un plus haut niveau de compulsivité, un plus 

bas niveau d’impulsivité, et une tendance vers une plus basse fréquence des orgies 

alimentaires, que les non-porteurs de l’allèle en question. La troisième étude fut inspirée 

de notre résultat démontrant une interaction G x E dans l’étude 2, puisque nous avons 

examiné, dans une partie de notre échantillon, la présence de variations des niveaux de la 

méthylation de l’ADN, qui, selon la littérature, capturent l’impact des facteurs 

environnementaux sur l’expression des gènes. Plus spécifiquement, la troisième étude 

visait à explorer les relations entre le niveau de méthylation de l'ADN de la région 

promotrice de DRD2, d'une part, et, d’autre part, la présence d’un TCA-B, d’un trouble 

de personnalité limite concomitant, et un historique d’expériences d'abus dans l'enfance. 

Nos résultats ont démontré que les femmes présentant un TCA-B et notre groupe contrôle 

de femmes sans historique de TCA ne présentaient pas de différence en ce qui a trait au 

degré de méthylation de la région promotrice de DRD2. Au sein de notre échantillon 

ayant un TCA-B, nos résultats démontrent un plus haut niveau de méthylation de l’ADN 

(associé à un plus bas fonctionnement du gène) de la région promotrice de DRD2 chez 

celles présentant un trouble de la personnalité limite concomitant, comparé au niveau 

moyen présent chez les femmes du groupe contrôle. De plus, les femmes ayant un TCA-

B rapportant un historique d'abus sexuel dans l'enfance ont montré une tendance 

statistique vers un plus haut niveau de méthylation de DRD2 par rapport aux femmes du 

groupe contrôle. Enfin, la quatrième étude avait pour objectif d’explorer la valeur 

pronostique des expériences de maltraitance dans l’enfance et des polymorphismes 

agissant sur le fonctionnement du système dopaminergique (DRD2 Taq1A et COMT 
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rs4680) sur la réponse au traitement. Nous avons constaté que l’abus émotionnel était 

prédicteur de vomissements et de symptômes dépressifs persistants, alors que l’abus 

physique était prédicteur de symptômes de restriction alimentaire plus présents, à 

l’évaluation faite après quatre mois de traitement. De plus, l’abus sexuel était associé à 

des vomissements persistants après huit mois de traitement, et était plus souvent rapporté 

par les individus ayant abandonné la thérapie prématurément. Dans l’ensemble, les 

résultats de cette thèse de doctorat suggèrent que la présentation clinique des troubles de 

conduites alimentaires de type boulimique, en particulier la comorbidité des traits de 

personnalité reflétant une dérégulation affective et comportementale, varie en fonction 

des expériences développementales, des facteurs génétiques et épigénétiques reliés au 

système dopaminergique, ainsi que des interactions gènes-environnement. De plus, nos 

résultats confirment l’influence des expériences d'abus dans l'enfance sur la réponse au 

traitement dans les troubles des conduites alimentaires de type boulimique. En somme,    

nos résultats supportent les modèles biopsychosociaux de la boulimie nerveuse, en 

documentant l’influence de facteurs de risque biologiques et développementaux sur la 

présentation, et les changements en cours de traitement, des symptômes associés au 

trouble des conduites alimentaires, de même que des symptômes de pathologies 

concomitantes. Nous espérons que nos résultats serviront à l’élaboration de projets de 

recherche futurs sur la prévention et le traitement de la boulimie nerveuse.  



 

 

General Introduction 

Although accounts of behaviours such as overeating and self-induced vomiting 

have been recorded as early as the 19th century (Casper, 1983), the first formal reports on 

bulimic syndromes emerged in the 1970s, in roughly concurrent publications by Igoin in 

France, Boyadjieva and Achkova in Bulgaria, by Robert Palmer and Gerald Russell in 

England (Vandereycken, 1994), and by Ziolko in Germany (Ziolko, 1994). Russell’s 

pivotal paper (1979) introduced the term “Bulimia Nervosa” (BN), and described 30 

patients who demonstrated intractable urges to eat, avoidance of the fattening effects of 

food by vomiting and/or abusing purgatives, and a morbid fear of fatness. The 

accumulating evidence for this syndrome eventually led to the introduction of “bulimia” 

as a new eating disorder diagnosis in the third edition of the Diagnostic and Statistical 

Manual of Mental Disorders (DSM-III: American Psychiatric Association [APA], 1980). 

Several criticisms followed the introduction of this term, given that the term “bulimia” 

does not capture BN’s characteristic morbid fear of fatness. Indeed, “bulimia” is derived 

from the Greek words “bous” and “limos”, respectively meaning “ox” and “hunger” 

(Russell, 1997), suggesting two possible tendencies: “hunger as large as that of an ox” 

and “sufficient to consume an entire ox”, clearly not capturing the concept of fear of 

fatness. In response to criticisms, DSM-III-R (APA, 1987) introduced a change in 

nomenclature, replacing the diagnosis of “bulimia” with “bulimia nervosa”.  

 Until the 1990s, although some multifactorial causal model of BN had been put 

forward, the disorder was mostly thought to be the consequence of society’s growing 

obsession with thinness. Since then, an accumulating body of evidence has provided 

support for a more complex etiological model, in which BN is characterized as being a 
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multiply-determined disorder, with findings supporting a causal role for genetic and 

environmental (including sociocultural) factors (Hildebrandt, 2013; Steiger & Bruce, 

2007; Steiger, Bruce & Groleau, 2011). Despite advances in our understanding of what 

BN is and what might lead to its development, several questions remain as to what 

increases vulnerability to BN. In other words, more research into the contributions of 

specific genetic and environmental vulnerability factors is still warranted. 

Defining Characteristics of Bulimia Nervosa 

Even the earliest models of BN identify as a core psychopathological feature the 

excessive influence of shape and weight over one’s self-evaluation (Russell, 1997; 

Fairburn & Harrison, 2003). Over-evaluation of weight, shape and their control (criterion 

D, DSM-IV-TR; APA 2000) is believed to lead individuals to restrict caloric intake, 

which, in turn, is regarded as being the principal cause of binge eating (Polivy & Herman, 

1985). In BN, binge eating episodes (criterion A, DSM-IV-TR; APA, 2000) are defined 

by consumption of an objectively large amount of food with a sense of loss of control,  

followed by inappropriate compensatory behaviours to prevent weight gain, such as self-

induced vomiting, laxative misuse and excessive exercising (criterion B, DSM-IV-TR; 

APA, 2000). In DSM-IV-TR, the criterion frequency of binge eating episodes and 

compensatory behaviours is set at an average of twice weekly, for at least the past three 

months (criterion C, DSM-IV-TR; APA, 2000). Moreover, the disturbance cannot occur 

exclusively during an episode in which diagnostic criteria for Anorexia Nervosa are met 

(criterion E, DSM-IV-TR; APA, 2000). Two subtypes of BN are identified: BN Purging 

type, which includes individuals who compensate through purging behaviours (self-

induced vomiting, laxative use, diuretics or enemas) and BN Nonpurging type, which 
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includes individuals who compensate through non-purging methods (fasting and 

excessive exercising). The latest version of the DSM (DSM-5: APA, 2013) was recently 

published and changed the “Eating Disorders” category of diagnoses to one that 

encompasses disorders throughout the lifespan, now labelled “Feeding and Eating 

Disorders”. The DSM-5 has applied minimal, but clinically-meaningful, changes to the 

diagnostic criteria of BN: first, the average minimal frequency of binge eating and 

compensatory behaviours was reduced to once a week for three months; second, the 

specification of Purging vs. Nonpurging Type was eliminated (APA, 2013). Such 

changes have been motivated by empirical findings that show no significant clinical 

differences between threshold and subthreshold forms of BN (Fairburn & Harrison, 2003) 

and between Purging and Nonpurging subtypes (van Hoeken et al., 2009), thereby 

supporting the inclusion, in research projects, of individuals who present with all forms 

of compensatory behaviours. 

Relationship of BN to Other Eating Disorders 

Anorexia Nervosa. Anorexia Nervosa (AN) and BN share as their core 

psychopathology the excessive reliance on body weight, shape and their control to derive 

one’s sense of self-worth (for AN, criterion C, DSM-IV-TR; APA, 2000) (Fairburn & 

Harrison, 2003). One of the main differentiating characteristics of individuals with AN is 

the refusal to maintain a body weight at, or above, a minimally normal weight for age and 

height (criterion A, DSM-IV-TR; APA, 2000). The fear of weight gain (criterion B, 

DSM-IV-TR; APA, 2000) and refusal to maintain a normal body weight lead individuals 

to engage in extreme forms of restriction, which, in turn, lead to weight loss. Although 

the preceding cycle resembles the one described for BN, individuals with AN are 
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generally more “successful” at their restrictive behaviours, leading to weight loss, while 

body weight typically remains in the normal range for BN as a result of cycling between 

restriction and episodes of overeating. In AN, weight loss should be accompanied by the 

absence of menses for three consecutive months, when otherwise expected (criterion D, 

DSM-IV-TR; APA, 2000). In DSM-IV-TR, two types of AN are described: the 

Restricting Type (AN-R) and the Binge-Eating/Purging Type (AN-B/P), differentiated by 

the absence, in the former case, vs. presence, in the latter case, of binge eating and/or 

purging episodes. The difference between BN and AN-B/P therefore lies in body weight, 

mainly determined by the relative frequency and severity of restriction and binging 

behaviours. Some studies suggest that the Binge-Eating/Purging Type of AN shares more 

commonalities with BN (than with AN-R), showing that AN-B/P and AN-R are distinct 

on a range of demographic and clinical variables (Dacosta & Halmi, 1992; Rosval et al., 

2006). Other studies, however, have shown that individuals with AN, whatever type, are 

distinct from individuals with BN on important clinical indices, such as disorder course, 

mortality rates, recovery and relapse (Eddy et al., 2002; Herzog et al., 1999). Very few 

changes were made to AN’s diagnostic criteria in DSM-5: Criterion A changed its focus 

from cognition (“refusal” to gain weight) to behaviour (“restriction of caloric intake”) 

and criterion D was eliminated.   

Eating Disorder Not Otherwise Specified. A third diagnosis of eating disorders, 

called eating disorders not otherwise specified (EDNOS), accounts for individuals who 

present with symptoms resembling those of AN or BN, but that do not fulfill diagnostic 

criteria for full-threshold disorders.  Examples of the preceding include: individuals who 

meet all diagnostic criteria for AN, except for amenorrhea or weight that remains in the 
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normal range; individuals who meet all diagnostic criteria for BN, except for the minimal 

frequency of binging episodes and compensatory behaviours; individuals who display 

binge eating episodes, but who do not engage in compensatory behaviours (DSM-IV-TR; 

APA, 2000). The latter instance pertains to individuals with Binge Eating Disorder 

(BED), for which some research criteria had been laid out, with the aim to include or 

exclude this diagnosis in the following edition of the DSM. Along with the binge eating 

episodes (criterion A, DSM-IV-TR; APA, 2000) without compensatory behaviours 

(criterion E, DSM-IV-TR; APA, 2000), individuals with BED also have to experience 

marked distress regarding binge eating (criterion C, DSM-IV-TR; APA, 2000). In 

addition, the binge eating episodes have to be associated with at least three of the 

following (criterion B, DSM-IV-TR; APA, 2000): eating much more rapidly than normal, 

eating until feeling uncomfortably full, eating large amounts of food when not physically 

hungry, eating alone because of being embarrassed by how much one is eating, feeling 

disgusted with oneself, depressed, or very guilty after overeating. Finally, the binge 

eating episodes have to occur on average twice per week for six months (criterion D, 

DSM-IV-TR; APA, 2000). BED was introduced as an official diagnosis in DSM-5’s 

Feeding and Eating Disorders category. Some changes in criteria followed those made to 

BN’s criteria, such as lowering the frequency of binge eating to once a week, as well as 

the reduction of the minimal duration of symptoms to three months (as for other ED 

diagnoses). Finally, one last change that was made in DSM-5 pertains to a name change 

to the EDNOS category; two categories now replace EDNOS, one called Other Specified 

Feeding and Eating Disorders (OSFED) and Unspecified Feeding or Eating Disorders 

(UFED). The former category includes subthreshold forms of AN, BN, and BED, as well 
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as two conditions, Purging Disorder and Night Eating Syndrome, which have been 

researched in the last decade but for which more information is still needed to decide 

whether or not they should receive an official diagnosis. The UFED category includes 

individuals who present with some atypical eating-disordered behaviours, but who do not 

fit in the OSFED conditions described above (for example, someone with binging and 

compensatory behaviours with no preoccupations with shape and weight). 

 In sum, BN and other EDs share the common feature of over-evaluation of shape, 

weight and their control to derive one’s self-esteem. The over-reliance on shape and 

weight to evaluate one’s self-worth drives individuals to engage in restriction, ultimately 

leading to binge eating and to some form of compensatory behaviour, in cases that 

present with bulimic features. Together, DSM-5’s small, but clinically meaningful, 

changes to BN’s diagnostic criteria aim to provide a better description of what BN is, and 

how it is related to, and different from, other EDs.  

Epidemiology and disorder course 

Bulimia Nervosa is a prevalent mental disorder, especially in women. BN’s 

lifetime prevalence is reported to be between 1% and 2% in women, and between 0.1% 

and 0.5% in males (Smink, van Hoeken, & Hoek, 2012; Keski-Rahkonen et al., 2008; 

Garfinkel et al., 1995; Fairburn & Beglin, 1990). Suggesting that prevalence figures for 

BN may be an underrepresentation of the actual rate of bulimic syndromes, studies 

investigating rates of subthreshold and full-blown forms of BN in women suggest that the 

lifetime prevalence of any BN-spectrum eating disorder ranges from 4.5% to 15% 

(Garfinkel et al., 1995; Keel, Gravener, Joiner, & Haedt, 2010). In line with etiological 

models that associate eating pathology with society’s increasing idealization of thinness, 
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Keel and Klump’s review of epidemiological studies (2003) reported that, in general, 

findings suggest that the prevalence of BN is on the rise. However, when only reviewing 

estimates from studies published throughout the 1980s, the authors reported a significant 

reduction in prevalence rates during that decade. Indeed, point prevalence for BN in 

college women was reported to be between 8% (Pyle, Halvorson, Newman & Mitchell, 

1986; Zuckerman, Colby, Ware, & Lazerson, 1986) and 19% (Halmi, Falk, & Schwartz, 

1981) in studies published in the early 1980s, while it was reported to be between 1% 

(Schotte & Stunkard, 1987) and 3% (Drewnowski, Yee, & Krahn, 1988) in the last few 

years of the decade. Methodological factors have been thought to account for findings 

documenting decreasing rates of BN. Firstly, early 1980s’ studies were done using DSM-

III criteria, while later 1980s’ studies used the ones from DSM-III-R, which were more 

stringent (requiring the use of recurrent inappropriate compensatory behaviours to meet 

criteria for BN, which was not the case in DSM-III) and more specific (requiring a 

minimum frequency of binging and compensatory behaviours, as opposed to solely 

stating that it had to be “recurrent” in DSM-III). Secondly, one should note that earlier 

studies have tended to use self-report questionnaires, whereas more recent ones have 

tended to use interview data. Self-report measures have been found to generate over-

reporting of binge eating in the general population, due to the complexities inherent in 

defining whether one’s eating behavior does or does not fulfill the definition of a binge 

episode (Mond, Hay, Rodgers, & Owen, 2006). However, it is also believed that self-

report questionnaire data lead to more candid answers than interviews, potentially giving 

access to information that would otherwise not be divulged, and therefore capturing a 

more accurate portrait of the frequency of bulimic behaviours (Keel & Klump, 2003). 
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Overall, studies suggest that BN-spectrum disorders are highly prevalent psychiatric 

disorders. Moreover, available findings suggest that rates of BN may have been 

increasing since the disorder was first described in the 1970s. Future epidemiological 

studies conducted using DSM-5 diagnostic criteria are expected to report greater lifetime 

prevalence rates for BN than studies based on the ones from DSM-IV-TR, given the 

reduction in the threshold frequency of binging and compensatory behaviours (from, on 

average, twice to once per week) to meet diagnostic criteria.       

Research shows that BN afflicts individuals from all origins, living in various 

types of environments, and of different socio-economic statuses. However, studies 

suggest that some characteristics are associated with increased rates of BN. For example, 

although BN is now found in all ethnic groups, studies associate greater rates of BN 

among women who identify most with beauty ideals of industrialized societies (Crago, 

Shisslak, & Estes, 1996). When looking at race and ethnicity, cross-cultural research in 

the United States reports inconsistent patterns of lifetime prevalence estimates across 

different ethnic groups. For example, some findings suggest that, compared to Non-

Hispanic whites, Hispanics report similar rates of BN (Johnson, Lewis, Love, Lewis, & 

Stuckey, 1984; Gross & Rosen, 1988), while African and Asian Americans report lower 

rates of BN (Gross & Rosen, 1988; Nevo, 1985; Johnson et al., 1984). Others have 

reported rates to be higher among African Americans and Hispanic whites than Non-

Hispanic whites (Marques et al., 2011). Regardless of ethnic background, findings 

suggest a dose-response relationship between incidence of BN and degree of 

urbanization, with individuals living in urban environments reporting 2.5 to 5 times 

greater rates of BN than individuals living in rural areas (van Son, van Hoeken, Bartelds, 
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van Furth, & Hoek, 2006). Finally, despite the stereotype associating eating disorders 

with higher socio-economic status (SES), most studies find no association between BN 

and SES (see Gard & Freeman, 1996 for a review), and two studies find associations with 

lower SES (Pope, Champoux, & Hudson, 1987; Rand & Kuldau, 1990). In sum, despite 

some inconsistencies in findings comparing cross-cultural rates of BN, in general, studies 

show that BN is highly prevalent in environments most influenced by Western values, 

and is seen across socio-economic classes.    

Studies on the course of BN suggest that it tends to run a chronic course, with 

findings suggesting that approximately 50% of BN sufferers still meet diagnostic criteria 

after five years (Grilo et al., 2007; Fairburn, Cooper, Doll, Norman, & O'Connor, 2000; 

Keski-Rahkonen et al., 2008), and approximately 14% do so after twenty years (Keel et 

al., 2010). In line with the preceding, spontaneous remission of BN has been found to be 

relatively uncommon (Mills, Polivy, McFarlane, & Crosby, 2012). Possibly contributing 

to chronicity, findings from community studies suggest that only about a third of 

individuals with BN are identified by the health-care system (Hoek & van Hoeken, 2003; 

Keski-Rahkonen et al., 2008). In other words, most BN sufferers seem not to receive any 

active treatment. Together, relevant studies indicate that BN is a disorder with substantial 

potential for chronicity, which may be explained, at least in part, by relatively low 

identification rates.  

Comorbid Disorders and Traits 

Individuals with BN display heterogeneous comorbid psychiatric traits and disorders, 

with variations as to profiles of concomitant psychiatric syndromes and 

psychopathological traits believed to be associated with different etiological factors and, 
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possibly, different treatment needs (Steiger & Bruce, 2007; Westen & Harnden-Fischer, 

2001). Such possible variations in etiological pathways and treatment needs underline the 

importance of accurately describing comorbidity presentations. The following section 

reviews the literature on the comorbidity of anxiety disorders, mood disorders, substance-

use disorders, attention deficit disorder, as well as several personality traits and disorders, 

in BN. 

Anxiety Disorders. Anxiety disorders (ADs) are among the most frequently 

observed comorbid disorders in BN. Studies suggest that ADs are two to three times 

more common in BN than in the general population (Fornari et al., 1992; Mitchell, 

Specker, & de Zwaan, 1991). On average, 60% to 80% of individuals with BN report a 

lifetime AD diagnosis (Hudson, Hiripi, Pope, & Kessler, 2007; Godart, Flament, 

Lecrubier, & Jeammet, 2000; Kaye, Bulik, Thornton, Barbarich, & Masters, 2004). 

Social phobia is the most frequently comorbid AD, but obsessive-compulsive disorder, 

generalized anxiety disorder, post-traumatic stress disorder, and panic disorder are all 

frequently reported (Godart et al., 2000; Kaye et al., 2004; Hudson et al., 2007). 

Comorbidity between ADs and BN have led to the question of whether one disorder may 

confer vulnerability to the other, or whether ADs and BN might share common 

vulnerability factors. Several studies have shown that ADs precede the onset of the eating 

disorder in approximately 75% of cases (Godart et al., 2000; Kaye et al 2004), providing 

support for the hypothesis that having an AD may constitute a risk factor for developing 

an ED. However, findings from twin studies documenting shared genetic transmission of 

BN and ADs suggest that it may not be the AD that confers vulnerability to BN but, 

rather, that there may be a shared genetic liability for both disorders (Keel, Klump, 
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Miller, McGue, & Iacono, 2005; Kendler et al., 1995). Findings currently support the 

hypothesis that there are shared genetic factors underlying BN and ADs, but more 

research is needed to specify genetic variants that may contribute to the etiology of both 

disorders.  

Mood Disorders. Mood disorders are very frequently comorbid in BN. Studies 

conducted in clinical samples suggest that between 60% and 80% of individuals with BN 

meet criteria for a lifetime diagnosis of major depressive disorder (MDD: Bushnell et al., 

1994; Brewerton, Lydiard, Herzog, & Brotman, 1995; Herzog et al., 1999), and 

approximately 40% present with a current comorbid MDD (Brewerton et al., 1995; 

Schwalberg, Barlow, Alger, & Howard, 1992). In the same vein, studies conducted in 

community samples report higher rates of MDD in individuals with BN than in 

individuals with no ED (Bushnell et al., 1994; Hudson et al., 2007), with lifetime 

comorbidity between BN and MDD ranging between 30% and 64% (Kendler et al., 1991; 

Bushnell et al., 1994; Garfinkel et al., 1995; Garfinkel et al., 1996), and current 

prevalence varying between 20% and 29% (Garfinkel et al., 1995; Garfinkel et al., 1996). 

Few studies have investigated the question of whether mood disorders tend to predate or 

follow the onset of the ED. The few investigations that have done so show that, in 

approximately one-to-two thirds of individuals, at least one episode of MDD precedes the 

onset of BN (Hudson, Pope, Yurgelun-Todd, Jonas, & Frankenburg 1987; Hudson, Pope, 

Jonas, Yurgelun-Todd, & Frankenburg, 1987; Hudson et al., 1988; Kendler et al., 1991; 

Brewerton et al., 1995; Schwalberg et al., 1992)—implying that, as for anxiety disorders, 

having a MDD might increase risk for developing BN, or that common genetic factors 

may confer vulnerability to both disorders. Studies investigating the familial 
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coaggregation of mood disorders with EDs have yielded inconsistent findings, some 

studies reporting significant coaggregation between the two (e.g. Mangweth et al., 2003) 

and others suggesting independent transmission of bulimic and affective problems (e.g. 

Lilenfeld et al., 1998), meaning that BN sufferers with no comorbid MDD did not tend to 

have high family loadings on affective problems. Similar inconsistent findings have been 

found in twin studies, with some suggesting shared genetic liability (e.g. Walters et al., 

1992) and others suggesting the absence of such a shared diathesis (Keel et al., 2005). In 

sum, major depressive disorder is often comorbid with BN and is more common in BN 

than in the general population. Inconsistencies in findings on shared genetic liability 

suggest more research is needed to understand what factors may explain comorbidity 

between MDD and BN. 

Substance Abuse and Dependence Disorders. Findings suggest that alcohol 

abuse or dependence is present in from 30% to 45% of women with BN (Garfinkel et al., 

1995; Hudson et al., 2007; Lilenfeld et al., 1998; Holderness, Brooks-Gunn, & Warren, 

1994). Rates of comorbid drug abuse and dependence have been found to be somewhat 

lower, ranging from 8% to 36% (Lilenfeld et al., 1998; Hudson et al., 2007; Holderness et 

al., 1994). Studies conducted in clinical and community samples show that, compared to 

women with no eating disorder, women with BN report higher lifetime rates of alcohol- 

or drug-use disorders (Lilenfeld et al., 1998; Garfinkel et al., 1995; Dansky, Brewerton, 

& Kilpatrick, 2000).  Co-occurrence of BN and substance-use disorders (SUDs) could 

imply genetic co-transmission, but twin and family studies have failed to find evidence of 

shared genetic liability (Lilenfeld et al., 1998; Kendler et al., 1995; Keel et al., 2005), 

suggesting that BN and SUDs may be transmitted independently (Kaye et al., 1996). 
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Instead, it is possible that genetic vulnerability towards trait characteristics relevant in 

both disorders, such as tendencies towards impulsivity and novelty-seeking, underlie 

observed comorbidity (Trace, Baker, Penas-Lledo, & Bulik, 2013; Dawe & Loxton, 

2004). In keeping with this view, women with BN who present with a comorbid SUD 

have been found to report higher levels of impulsivity than women with BN and no 

comorbid SUD (e.g. Kane, Loxton, Staiger, & Dawe, 2004; Bulik & Sullivan, 1997). In 

sum, substance-use disorders co-occur frequently with BN, but appear to be transmitted 

independently of BN, perhaps through genetic risks towards impulse-control difficulties.  

Attention Deficit Hyperactivity Disorder. With a substantial subgroup of 

individuals with BN showing elevated impulsivity, recent studies have turned to 

examining comorbidity rates between attention deficit hyperactivity disorder (ADHD) 

and BN. In general, studies have documented higher rates of childhood and adult ADHD 

in adults with BN than occur in the general population (Seitz et al., 2013; Yilmaz, 

Kaplan, Zai, Levitan, & Kennedy, 2011; Wentz et al., 2005; Yates, Lund, Johnson, 

Mitchell, & McKee, 2009)--with documented rates of comorbid ADHD in BN ranging 

from 9% to 21%. Similarly, a study comparing women with ADHD to women with no-

ADHD showed that rates of BN were six times higher in the ADHD group, in whom BN 

was diagnosed in approximately 12% of cases (Surman, Randall, & Biederman, 2006). 

Moreover, findings support an association between childhood impulsivity and the 

development of bulimic pathology (Mikami, Hinshaw, Patterson, & Lee, 2008; Mikami 

et al., 2010). Although some studies have investigated relationships between specific 

candidate genes on the one hand, and BN and ADHD, on the other (e.g., Yilmaz et al., 

2011; Yilmaz et al., 2012), twin studies examining the overall shared genetic liability 
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between the two disorders have yet to be conducted. Together, findings suggest a 

significant co-occurrence between BN and ADHD, with a need for future research to 

examine possible genetic co-transmission. 

Personality Disorders and Traits.  

Personality Disorders. Numerous reports suggest that Personality Disorders 

(PDs) co-occur frequently with BN (Vitousek & Manke, 1994) and that they are more 

prevalent in BN than in other Axis-I Disorders (Grilo, 2002). Despite a general 

agreement that PDs, especially Clusters B and C PDs, are frequently comorbid with BN, 

less consensus has been reached on expected comorbidity rates, given that studies have 

yielded very varied estimates, ranging from 27% to 93% (see Vitousek & Manke, 1994). 

Variability in reported comorbidity rates have been mainly attributed to methodological 

differences, with findings based on self-report data yielding higher estimates than 

interview-based data (Rosenvinge, Martinussen, & Ostensen et al., 2000). Another source 

of variability in comorbidity rates has been associated with the type of samples studied, 

with inpatient samples yielding higher rates than outpatient ones (Rosevinge et al., 2000). 

A review of five self-report studies reported the following average rates of PDs in BN: 

for Cluster B PDs, 9% presented with Antisocial Personality Disorder, 32% presented 

with Borderline Personality Disorder (BPD), 33% presented with Histrionic Personality 

Disorder, and 16% presented with Narcissistic Personality Disorder; for Cluster C PDs, 

40% presented with Avoidant Personality Disorder (AVPD), 41% presented with 

Dependent Personality Disorder, and 28% presented with Obsessive-Compulsive 

Personality Disorder (Cassin & von Ransom, 2005). In the same review paper, Cassin 

and von Ranson (2005) also reported rates of PDs in BN in studies using interview 
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methods, and showed, as expected, significantly lower rates of PDs, with BPD and 

AVPD being the most frequently comorbid in BN, with rates of 21% and 19%, 

respectively. Regardless of assessment methods, PDs should be diagnosed with caution in 

EDs, since malnutrition and binge-purge cycles may create, or inflate, states that 

resemble PD-traits (Vitousek & Manke, 1994). In an effort to distinguish ED-related 

artifacts from stable PD traits, studies have been run in remitted cases. In general, 

findings show a persistence of PD-diagnoses after recovery (Zanarini et al., 1990; 

Matsunaga et al., 2000), albeit ED remission was found to have a tempering influence on 

PD in one study (Matsunaga et al., 2000). Together, findings suggest that Clusters B and 

C Personality Disorders are common in BN, and persist after recovery.        

Personality Traits. Several personality traits have been associated with BN, 

representing tendencies towards both “over” and “under”-control. Several reports show 

that individuals with BN-spectrum disorders present with elevations on measures of 

perfectionism (Lilenfeld et al., 2000; Pratt, Telch, Labouvie, Wilson, & Agras, 2001), 

obsessive-compulsive traits (Anderluh, Tchanturia, Rabe-Hesketh, & Treasure, 2003; von 

Ransom, Kaye, Weltzin, Rao, & Matsunaga, 1999), and harm avoidance (Fassino et al., 

2002; Klump et al., 2000), on the one hand, as well as elevations on impulsivity (Claes, 

Vandereycken, & Vertommen, 2002; Díaz-Marsá, Luis, & Sáiz, 2000), sensation and 

novelty seeking (Fassino et al., 2002; Fassino, Daga, Pierò, Leombruni, & Rovera, 2001; 

Klump et al., 2000; Steiger, Jabalpurwala, Champagne, & Stotland, 1997), narcissism 

(Steiger et al., 1997) and affective instability (Vitousek & Manke, 1994; Díaz-Marsá et 

al., 2000), on the other. As it is the case with PDs, personality assessment in BN can be 

complicated by the effects of malnutrition and binge-purge cycles. However, several 
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studies have aimed to clarify whether or not these personality characteristics predate BN 

and/or persist after its recovery. For instance, individuals with BN are found to display 

more retrospectively-assessed childhood perfectionism than do individuals with no eating 

disorder (Fairburn, Welch, Doll, Davies, & O’Connor, 1997). Perfectionism was also 

found to remain higher in individuals recovered from BN compared to women with no 

history of ED (Stein et al., 2002; Lilenfeld et al., 2000). Similar findings have been 

reported for obsessive-compulsive traits, with findings suggesting that such traits predate 

the onset of BN (Anderluh et al., 2003) and persist after recovery (von Ransom et al., 

1999). Such findings suggest that individuals with BN might carry a genetic 

predisposition towards personality traits that have been associated with BN. In support, 

results from a family study have also documented similar tendencies towards heightened 

perfectionism, ineffectiveness and interpersonal distrust among BN probands’ relatives 

never affected by an ED, compared to never-affected relatives of normal-eaters (Lilenfeld 

et al., 2000), suggesting a genetic transmission independent of that of risk of eating 

disorder. Together, the preceding body of findings supports the idea that personality 

disturbances: 1. are often present before the onset of BN (and during its course), 2. persist 

after recovery, and 3. run in families with BN, supporting a possible role of these 

personality traits in the pathogenesis of the disorder. 

The reviewed literature shows that BN has highly heterogeneous presentations. In 

an effort to better characterize the bulimic population, studies have attempted to identify 

subgroups capturing clusters of shared traits and comorbidities. Several studies suggest 

that BN is best subdivided into two subgroups (Richardson et al., 2008; Duncan et al., 

2005): one typically characterized by low psychopathology (typically only presenting 
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comorbid major depressive disorder), and another characterized by a high-

psychopathology profile (with comorbid anxiety, substance-use and antisocial personality 

traits, as well impulsivity). Other studies, including two by our group, applied personality 

characteristics towards subtype classification and found that individuals with BN could 

be divided into three subgroups:  one that could be qualified as “dysregulated”, which 

includes individuals presenting with traits of impulsivity and dissocial tendencies, one 

that is qualified as “over-regulated”, characterized by elevations on traits of compulsivity 

and inhibition, and a third that is qualified as a having “low psychopathology” (Steiger et 

al., 2009; 2010; Wonderlich et al., 2005). Together, findings suggest that individuals with 

BN present with very varied comorbidity profiles, which, in turn, may be associated with 

different etiological factors.  

Putative risk factors 

Bulimia Nervosa is believed to be multiply-determined. With this reality in mind, 

research in the past two decades has aimed to build biologically and environmentally-

informed etiological models of BN. The following section provides a review of findings 

in BN of the possible influences of various environmental and biological factors, and 

their interactions, in the development and clinical presentation of this disorder.    

Environmental Factors.  

Sociocultural factors. The role of sociocultural influences on the development of 

BN is well documented in the literature. The increase of thin idealization over the course 

of the 20th century has also been associated with a rise in prevalence of eating disorders, 

including BN (Keel & Klump, 2003). Several studies in college women have supported 

an association between media exposure and greater body dissatisfaction, drive-for-
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thinness, eating-disorder symptomatology, and several indices of negative affect (Stice & 

Shaw, 1994; Stice, Schupak-Neuberg, Shaw, & Stein, 1994; Harrisson & Cantor, 1997). 

The association between media-borne thinness pressures and eating pathology was 

further supported by a naturalistic prospective study that examined the effects of the 

introduction of television in the Fiji Islands in two different cohorts. The first cohort was 

sampled in 1995, prior to television being introduced, while the second cohort was 

sampled three years later (Becker, 2002). Results from this investigation were striking: 

the percentage of girls who reported the use self-induced vomiting as a way to control 

their weight or shape went from zero to 11.3% (Becker, 2002). Similarly, the percentage 

of girls who presented clinically-significant eating-disordered attitudes and behaviours 

went from 12.7% to 29.2% (Becker 2002). With accumulating evidence for the 

relationship between media exposure and eating pathology, research focus has moved to 

examining what variables render some individuals at heightened risk, in a cultural context 

that exposes all members of the society to similar messages favoring development of an 

eating disorder. Stice’s (1994, 2001) sociocultural theory for the development of BN 

posits that, in a context where sociocultural pressure to be thin is present, body 

dissatisfaction and internalization of the thin-ideal combine to foster dieting and negative 

affect, which, in turn, increase the risk for bulimic pathology. Of note, moderators of the 

effect of culture on ED pathology—namely, body dissatisfaction, thin-ideal 

internalization, dieting and negative affect, have all been found to have genetic and 

environmental substrates (Suisman et al., 2012; Keel & Forner, 2013). In sum, there is 

ample evidence that societal and cultural factors contribute to the etiology of BN, but 

findings showing contributions of genetic and environmental factors to variables known 
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to moderate the effect of culture on ED pathology reinstate the importance of a 

biopsychosocial etiological model for BN.  

Developmental factors. 

Family functioning. The characteristics of family environments have been 

investigated as potential etiological factors in BN. In line with a theoretical framework in 

which restricters and bingers were seen as representing extremes of a continuum, families 

of individuals with AN were described as enmeshed and overprotective (Minuchin, 

Rosman & Baker, 1978), whereas families of individuals with BN were described as 

being more hostile and incohesive (Strober & Humphrey, 1987). Several studies have 

provided some support for the preceding description of families of individuals with BN, 

with results showing that such families were perceived, by BN probands, as being more 

blaming and rejecting (Humphrey, 1986), more conflictual, and achievement-oriented 

(Stern, 1989) than families of individuals with no eating disorder. Similarly, families of 

individuals with BN were also described as being unempathic (Steiger, van der Feen, 

Goldstein, & Leichner, 1989; Humphrey, 1986), unsupportive (Stern, 1989), less 

nurturing (Humphrey, 1986; Stern, 1989), as having lower levels of expressiveness, 

cohesiveness, encouragement for personal growth and independence, and as having a 

generally lower quality of interpersonal relationships (Latzer, Hochdorf, Bachar, & 

Canetti, 2002), than families of individuals with no eating disorder. However, limited 

support has been given for distinctive family characteristics between eating-disorder 

subgroups (Steiger, Liquornik, Chapman, & Hussain, 1991; O’Shaughnessy & Dallos, 

2009). Despite findings implying that families of individuals with BN differ from those 

of normal-eaters, family functioning is believed to act as a non-specific factor to ED 
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development, such that it might contribute to higher psychopathology in general, but that 

it cannot be labelled as an ED-specific etiological factor. In recent years, the Academy 

for Eating Disorders (AED) has taken the following stance: “It is the position of the AED 

that whereas family factors can play a role in the genesis and maintenance of eating 

disorders, current knowledge refutes the idea that they are either the exclusive or even the 

primary mechanisms that underlie risk. Thus, the AED stands firmly against any etiologic 

model of eating disorders in which family influences are seen as the primary cause of 

anorexia nervosa or bulimia nervosa, and condemns generalizing statements that imply 

families are to blame for their child’s illness” (LeGrange, Lock, Loeb & Nichols, 2010, 

p.1).  

Childhood Abuse. Childhood maltreatment has received significant attention in 

studies examining possible causal factors in EDs. Several reports show that childhood 

sexual (CSA) and physical abuse (CPA) are more frequently reported by individuals with 

BN than normal-eaters (Rorty, Yager, & Rossotto, 1994). Findings from several 

investigations report that CSA and CPA are typically reported by approximately 30% and 

50% of women with BN, respectively (Rorty et al., 1994; Fullerton, Wonderlich, & 

Gosnel, 1995; Leonard, Steiger, & Kao, 2003). Although abuse is reported to occur 

consistently more frequently in women with BN than in women with no eating disorder, 

one should note that rates reported in BN are not significantly different from those found 

in psychiatric control groups (Steiger & Zanko, 1990; Welch & Fairburn, 1996), 

suggesting that childhood abuse is better conceptualized as a susceptibility factor for 

psychopathology in general, as opposed to one specific for BN. Adding to the preceding, 

studies support a role of CPA and CSA in the severity of general psychopathology, but 
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less so of eating-symptom severity (see Schmidt, Humfress & Treasure, 1997 for a 

review). For instance, in individuals with BN, a history of childhood maltreatment has 

been associated with increased submissiveness (Leonard et al., 2003), borderline 

personality disorder (Steiger, Jabalpurwala, Champagne, 1996), impulsivity (Myers et al., 

2006), self-destructiveness (Corstorphine, Waller, Lawson & Ganis, 2007), and alcohol 

and substance use (Corstorphine, et al., 2007).  

Aside from physical forms of abuse (like CPA and CSA), there has recently been 

interest in less-tangible forms of maltreatment acting upon emotions. Rorty and 

colleagues (1994) were the first to include childhood emotional abuse (CEA) in a study 

on the association between childhood abuse and EDs, and reported significantly higher 

rates of CEA among a group of bulimic women compared to a non-psychiatric control 

group (76.3% vs. 37.5%). Additionally, findings from studies conducted in population 

samples have shown that EDs are more common in individuals who report CEA than in 

individuals who do not (Mullen, Martin, Anderson, Romans, & Herbison, 1996). 

Moreover, CEA has been found to predict pathological eating attitudes (Kennedy, Ip, 

Samra, & Gorzalka, 2007; Witkiewitz, & Dodge-Reyome, 2000; Kent, Waller, & 

Dagnan, 1999), overall eating pathology (Burns, Fischer, Jackson, & Harding, 2012; 

Fisher, Stojek, & Hartzell, 2010; Mazzeo & Espelage, 2002) and severity of bulimic 

symptoms (Burns et al., 2012; Messman-Moore & Garrigus, 2007; Fisher et al., 2010; 

Kennedy et al., 2007) in community samples. Only a few studies have been done in 

clinical samples, providing evidence for an association between CEA, on the one hand, 

and body dissatisfaction in binge eating disorder (Dunkley, Masheb, & Grilo, 2010; Grilo 

& Masheb, 2001) and overall eating symptom severity in BN (Wonderlich, et al., 2007).  
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In conclusion, the literature on maltreatment in BN shows a strong, but 

unspecific, association between BN and a history of physical and/or sexual abuse in 

childhood, whereas findings have shown a more consistent association between 

emotional maltreatment and eating pathology. More research is needed to understand 

what factors explain what appears to be a more ED-specific relationship between 

childhood emotional abuse and eating pathology.     

Biological factors. After years of exploration into the possible role of 

environmental influences in EDs, recent studies have examined the causal implications of 

neurobiological and genetic factors in the development and maintenance of BN. A 

summary of findings of alterations of some of the most researched neurobiological 

systems in EDs follows. Finally, findings from early genetics, candidate-gene, gene-

environment interaction and epigenetic studies in BN are reviewed. 

Neurobiological systems of interest in BN.  

Serotonin system. Serotonin (5-hydroxytryptamine: 5-HT) figures among the most 

widely studied of neurotransmitters in BN due to its role as a regulator of mood, 

impulsivity, as well as social and eating behaviors (Lesch & Mossner, 1998). Various 5-

HT anomalies are reported in women with BN, with findings indicating reduced platelet 

binding of serotonin uptake inhibitors (Ramacciotti, Coli, Paoli, Marazziti, & Dell'Osso, 

2003; Steiger et al., 2005), and altered brain receptor sensitivity and transporter activity 

(Kaye, 2008; Bailer et al., 2004; Steiger & Bruce, 2007). Moreover, studies in individuals 

who fully recovered from BN have documented persistent alterations in 5-HT2A receptor 

binding and reduced platelet paroxetine-binding (Steiger et al., 2005), perhaps suggesting 

an inherited tendency towards low 5-HT. In line with the preceding, a study by our group 
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showed unaffected first-degree relatives of women with BN to show similar anomalous 

peripheral uptake of 5-HT, when compared to relatives of women with no ED (Steiger et 

al., 2006). Over the years, findings in active and remitted cases of BN, and in their 

unaffected relatives, have been amassed, providing a large body of literature in support of 

a role for the serotonin system in the etiopathology of BN. 

Sex hormones. With the majority of affected ED sufferers being female, studies 

have examined the possible contribution of sex hormones (androgens and estrogens) in 

ED development. Twin studies have provided evidence in support of the etiological role 

of sex hormones in ED, with findings showing lower rates of ED in female co-twin from 

opposite-sex twin pairs than from a same-sex twin pair, suggesting a significant role of 

androgen in buffering against risk of ED development (Culbert, Breedlove, Burt, & 

Klump, 2008). However, results from the preceding study could not be replicated in a 

different twin sample (Baker, Lichtenstein, & Kendler, 2009). Findings using an indirect 

measure of intrauterine androgen exposure, the second digit/fourth digit ratio, have 

provided support of a buffering effect of higher androgen exposure on ED 

symptomatology in women (Klump et al., 2006). Finally, apparent activating effects of 

puberty upon genetic risk for ED development provide further support for a role of sex 

hormones in shaping risk of ED development (Klump et al., 2012). In sum, although the 

contribution of sex hormones on ED development has only recently been examined, most 

available findings support a possible etiological role of such hormones in EDs.  

Hormones, proteins and peptides involved in appetite-regulation and food intake. 

For obvious reasons, hormones, proteins and peptides involved in appetite-regulation and 

food-intake have also been examined as possible contributors to ED development. One 
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widely studied neurotrophin, Brain-Derived Neurotrophic Factor (BDNF), which acts as 

an important regulator of food intake and energy homeostasis (Mercader, Ribasés, & 

Gratacòs, 2007), has been found to be reduced in people with BN (Monteleone, 2011). 

Similarly, studies investigating the role of cholecystokinin (CCK), a peptide secreted by 

the gut known to relay satiety signals to the hypothalamus, have reported low plasma 

CCK levels in BN, suggesting a possible facilitating effect upon binge eating (Pirke, 

Kellner, Friess, Krieg, & Fichter, 1994). In line with the preceding, Peptide YY (PYY), a 

gut peptide involved in appetite regulation, has been found to be low, after eating, in BN 

(Monteleone, Martiadis, Rigamonti, Fabrazzo, Giordani, Muller et al., 2005). Likewise, 

findings have documented abnormally low levels of leptin in BN, a hormone secreted by 

fat cells that regulates appetite and energy expenditure (Brewerton, Lesem, Kennedy & 

Garvey, 2000). Finally, findings in Binge Eating Disorder (BED) suggest an association 

between BED and abnormal ghrelin levels, a hormone known to influence the short-term 

regulation of appetite and long-term regulation of energy balance (Monteleone et al., 

2005). Together, findings in active BN cases suggest an association between hormones, 

proteins and peptides involved in appetite-regulation and BN. Future research should use 

other designs, such as family studies, studies in remitted cases and prospective designs, in 

order to provide better insights as to whether or not such anomalies reflect a possible 

etiopathological role of systems acting upon the regulation of appetite and satiety in BN. 

Hypothalamic-pituitary-adrenal axis. The hypothalamic-pituitary-adrenal (HPA) 

axis is the body’s main stress-response system. Findings in BN indicate various HPA-

axis alterations (Brambilla, 2003). However, more research is needed to disentangle the 

role of various factors known to influence HPA axis functioning, such as malnutrition, 
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comorbid mood and anxiety pathology, post-traumatic stress disorder, from possible ED-

specific anomalies. Within ED samples, findings have associated more severe 

psychopathology with more pronounced anomalies in HPA axis functioning (Bruce, et al. 

2012; Díaz-Marsá et al., 2008). Future studies in remitted BN cases and unaffected 

relatives of individuals with BN could provide more information on the possible role of 

the HPA axis in ED development. 

Dopamine system. Dopamine (DA) is a catecholamine involved in the regulation 

of such processes and traits as craving and motivation, motor control, feeding-behaviours, 

weight and impulse-control (see Broft, Berner, Martinez & Walsh, 2011; Bello & Hajnal, 

2010). It is often referred to as the “reward-system” neurotransmitter, because of its role 

in approach-related and stimulation-seeking behaviors. Dopamine’s involvement in the 

regulation of feeding and weight, as well as in traits related to impulse-control, has led 

researchers to examine DA as a candidate neurotransmitter in the pathophysiology of BN. 

Several studies have documented DA abnormalities in BN. For instance, studies have 

reported that people with BN, when compared to normal-eaters, have lower levels of 

homovanillic acid, the major DA metabolite, in cerebrospinal fluid (Jimerson et al., 1992; 

Kaye et al., 1990) and in plasma (Kaplan et al., 1989). Similarly, findings from imaging 

studies have shown that, compared to normal-eaters, individuals with BN present reduced 

striatal dopamine transporter availability (Tauscher et al., 2001), tendencies towards 

lower D2 receptor binding potential in two striatal subregions (Broft et al., 2012), 

reduced DA release in the putamen (Broft et al., 2012), and reduced striatal activity 

during tasks involving reward (Wagner et al., 2010) and self-regulatory control (Marsh et 

al., 2009, 2011). In line with the preceding, recent findings in women who have 
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recovered from BN (rBN) have shown reward learning deficits compared to normal-

eaters (Grob et al., 2012). Likewise, a recent study has shown altered anterior striatal 

response in rBN women in response to palatable food when compared to women who had 

recovered from AN or to normal-eaters (Radeloff et al., 2012). Aside from findings 

showing general DA anomalies in BN, there is additional evidence that some of these DA 

dysfunctions may vary in function of eating-disorder symptom-severity. For example, 

striatal DA release was found to be significantly associated with the frequency of binge 

eating in women with BN (Broft et al., 2012). In sum, the available literature documents 

peripheral and central measures of DA-function anomalies in active and remitted cases of 

BN.  Such findings have been interpreted as indicating trait-like deficits increasing 

vulnerability to, and suggesting core DA dysfunction in, BN (Grob et al., 2012).   

Animal models of binge eating have also provided some support for an 

association between BN and abnormal DA function (see Avena & Bocarsly, 2012 for a 

review).  In general, animal studies have reported associations between binge eating 

(provoked in rats through limiting access to food and by varying the kind of food given), 

and lower D2 receptor binding in the dorsal striatum (Bello et al., 2002; 2003; Colantuoni 

et al., 2001). In rodents, binge eating was also found to be associated with repeated (vs. 

attenuated, in the case of normal food intake) DA release in the nucleus accumbens 

(Avena et al., 2008; Bassareo & Di Chiara, 1997; Liang et al., 2006). The preceding 

findings have been found to parallel those of several human studies from the drug-

dependency, obesity and eating-disorder literatures (e.g. Johnson & Kenny, 2010; Koob 

& Volkow, 2009; Wang et al., 2004; Broft et al., 2012). Findings from animal and human 
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studies suggest that abnormalities of the dopamine-system functioning may be implicated 

in the etiopathology of BN. 

Early genetic studies. Family studies examining the rates of eating disorders in 

first-degree relatives of individuals with BN provided initial support for familial 

transmission. For example, one study showed that relatives of BN probands were 4.4 

times more likely to have an ED than relatives of no eating-disorder comparison 

individuals (Strober, Freeman, Lampert, Diamond, & Kaye, 2000). Similarly, another 

study found a 12 times increased rate of EDNOS in relatives of probands with BN than in 

relatives of no-ED comparison individuals (Lilenfeld et al., 1998). While early studies 

pointed to a role of genetic factors in the development of BN, there remained a need for 

research that would help disentangle specific contributions of genetic and environmental 

factors, as familial aggregation of BN could have been solely explained by shared 

environment. In the hope of filling the gaps left by family studies, investigations were 

conducted comparing concordance rates in monozygotic and dizygotic twin pairs. These 

studies provided the additional necessary evidence to support the case of a strong 

heritability of BN, with results showing concordance rates to range between 28% and 

80% (Bulik, Sullivan, & Kendler, 1998; Kendler et al., 1991; Wade, Neale, Lake, & 

Martin, 1999), with the majority of findings suggesting an average of 50-60%. The 

accumulating body of evidence supporting the implication of genetic factors in BN led 

researchers to pursue investigations on specific candidate genes involved in the 

regulation of neurobiological systems of interest in EDs.  

Molecular genetics. Molecular genetics is a field of study concerned with the 

expression and regulation of genes at the molecular level by identifying DNA segments 
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involved in the synthesis of important biological molecules (Miller, 1972). The first 

molecular-genetic studies in BN were run in the late 1990s, early 2000s, and were based 

on a “candidate gene” approach, in which candidate genes are selected based on their 

involvement in neurobiological systems of interest in BN. Advantages of such approach 

are several: studies are based on theory-driven hypotheses; associations between specific 

polymorphisms and phenotypes of interest can be tested; sample sizes required to conduct 

such experiments are in the moderate range, thereby increasing the odds that several 

research teams will test the same hypotheses, in order to provide confirmatory or negative 

evidence (Rutter et al., 2009; Daly & Day, 2001). However, many disadvantages have 

also been discussed over the years, with the lack of replicability of findings and the low 

variance explained by any single polymorphism perhaps being the most common 

criticisms  (Hirschhorn & Daly, 2005; Kitsios & Zintzaras, 2009; Duncan & Keller, 

2010).   

More recently, a new approach in molecular genetics has been used to study 

genetic associations in psychiatric and medical disorders. Genome-wide association 

studies (GWAS) aim to scan the entire genome and report on all associations between a 

specific disorder and genetic loci. Using a genome-wide approach therefore allows 

researchers to examine over a million gene variants across individuals (using single-

nucleotide-polymorphism arrays), typically comparing allele frequencies between people 

with a disease (or trait) to those without it (i.e. using a case-control design). In this way, 

if a variant is more frequent in people with the phenotype of interest, then this variant is 

considered to be “associated with” the disorder. The advantages of this approach are 

considerable, since it allows for the exploration of all possible sites associated with a 
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phenotype, with the possibility to identify new candidate genes without having identified 

possible biological pathways between the system in which the gene operates and the 

phenotype of interest (Kitsios & Zintzaras, 2009; Hirschhorn & Daly, 2005). However, 

conducting this type of analysis requires enormous samples (on the order of tens of 

thousands) to allow for the necessary multiple statistical corrections. With sample sizes 

this large, several research teams are typically required to collaborate, leading to issues 

related to congruence in measurement across study sites (van der Sluis, Verhage, 

Posthuma, & Dolan, 2010). Moreover, the GWAS approach has also been found to share 

some of the same obstacles as are seen in candidate-gene studies, including modest 

effects of the gene variants found to be significantly associated with the phenotype of 

interest, and therefore little predictive value of observed associations (van der Sluis et al., 

2010; Kitsios & Zintzaras, 2009).  

All studies included in this dissertation used a candidate gene-based approach. We 

based our decision to opt for a candidate-gene approach on practical and theoretical 

grounds. Practically-speaking, given the necessary sample size to run a GWAS, and the 

resulting costs, it would have been impossible to carry out a GWAS for the purpose of 

this dissertation (especially given our interest in gene-environment interactions). 

Theoretically-speaking, while GWASs have the merit of being able to examine the 

involvement of all possible polymorphisms in a disorder, such studies are not based on a 

priori hypotheses and can therefore sometimes yield results that are difficult to interpret. 

For instance, GWASs have often reported associations between disorders and 

polymorphisms that do not seem to be in any way involved in the functioning of 

neurotransmitter or hormonal systems believed to be implicated in the pathology of 
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interest, yielding results that can only be described, but not interpreted. Most importantly, 

our interest was to test for the possible influence of dopamine-system polymorphisms on 

specific symptoms and traits relevant in BN, rather than to identify “x” number of genes 

that come out as statistically significantly associated with BN. Based on all of the 

preceding arguments, we felt our use of a candidate-gene approach was justified.  

Over the past two decades, several studies have reported on relationships between 

BN and comorbid features, on the one hand, and candidate genes involved in various 

neurotransmitter and hormonal systems, on the other. Polymorphisms of the serotonin (5-

HT) and dopamine systems, as well as those involved in appetite regulation and food 

intake, have deserved the most attention. The following section provides a review of the 

available literature on most candidate-gene studies in BN, keeping the literature on 

dopamine-system genes last, given our specific interest in this system. 

Serotonin-system genes. Numerous studies have investigated associations between 

5-HT polymorphisms, on the one hand, and BN and comorbid traits, on the other. 

Research examining associations between 5-HT candidate genes and BN itself has 

generally yielded inconsistent findings. For instance, recent meta-analyses on the 

association between the serotonin transporter gene polymorphism (5HTTLPR) and BN 

have not supported a significant association between the two (see Trace et al., 2013b for a 

review: Polsinelli et al., 2012; Calati et al., 2011; Lee & Lin, 2010). Similarly, findings 

on the association between BN and other polymorphisms, like the -1438G/A of the 

5HT2a receptor gene, have been inconclusive. Of two studies that did report an 

association between this polymorphism and BN, one reported a significant relationship to 

the A-allele (Ricca et al., 2004), while the other did to the G-allele (Nishiguchi et al., 
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2001). Others found no significant association between the same polymorphism of the 

5HT2a receptor gene and BN (Sherag, et al., 2010).  In general, data do not support a 

significant relationship between carrying a specific variant of a 5-HT polymorphism and 

being diagnosed with BN. 

Perhaps providing more consistent results are studies exploring relationships, 

within BN samples, between 5-HT polymorphisms and comorbid traits. For example, 

some studies have suggested an association between the short variant of 5HTTLPR, 

associated with low 5-HT function, and more harm avoidance (Monteleone et al., 2006), 

anxiety (Ribases et al., 2008), affective instability, impulsivity (Steiger et al., 2005), 

sensation-seeking (Steiger et al., 2007), and the higher-order trait of dissocial behavior –

which combines traits tapping upon hostility and reckless tendencies (Steiger et al., 

2008a, b). In contrast to the preceding body of literature, one study reported no 

association between 5HTTLPR and latent class analysis-derived personality clusters 

characterized as “low psychopathology,” “affective perfectionistic,” and “impulsive” 

(Wonderlich et al., 2005). However, a subsequent replication, by our group, of the 

preceding study documented results in line with the vast majority of the literature: We 

found significantly increased rates of high-function alleles in individuals classified as 

being “inhibited-compulsive” and significantly more low-function alleles in individuals 

classified as being “dissocial-impulsive” (Steiger et al., 2009). Similarly, studies in 

eating-disordered samples examining the contribution of the -1428G/A promoter 

polymorphism of the 5HT2a receptor gene on clinical profile variations found the G-

allele to be associated with more dietary disinhibition (Nishigushi et al., 2001), more 

impulsivity (Nishigushi et al., 2001; Bruce et al., 2005), and greater likelihood of 
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borderline personality disorder (Nishiguchi et al., 2001). Likewise, in a clinical sample of 

women with BN, carriers of the high-function variants of the MAOA gene (which is in 

charge of regulating the enzyme responsible for monoamine degradation, thereby 

impacting serotoninergic activity) have been reported to be at increased risk of self-

harming behaviours (Steiger et al., 2010). Together, findings suggest that 5-HT 

polymorphisms may influence trait variations in BN, but not globally increased risk of 

BN itself. 

Genes involved in appetite-regulation and food intake. Few studies have 

investigated the possible etiological role of genes involved in the regulation of appetite, 

despite these constituting obvious candidates in BN. Genetic variants influencing ghrelin, 

ghrelin receptor and leptin functioning have generally yielded inconclusive findings. 

Ghrelin is a peptide and hormone that is involved in hunger signaling. One case-control 

study reported a significant association between the 171T/C polymorphism of the ghrelin 

receptor and BN (Miyasaka et al., 2006), whereas two others failed to find significant 

associations between various polymorphisms of Ghrelin genes and BN (Monteleone et 

al., 2006; Cellini et al., 2006). Similarly, only one study investigated associations 

between genes regulating leptin (involved in the signalling of satiety cues) and BN, and 

reported no significant associations (Hinney et al., 1998). Moreover, the limited research 

on the role of genes regulating estrogen and cannabinoid receptors, both indirectly 

involved in the regulation of food intake, has also generated inconclusive findings. One 

study found no association between BN and the estrogen receptor beta gene (ERβ) 

(Rosenkranz et al., 1998), but another found an association between two variants of ERβ 

(the 1730 G→A and ERβ cx+56 G→A) and BN (Nilsson et al., 2004). Finally, there is 
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some evidence to show that polymorphisms of the cannabinoid receptor gene (CNR1) 

and of the gene coding the fatty acid amide hydrolase (FAAH), the major degrading 

enzyme of endocannabinoids, are significantly associated with BN (Monteleone et al., 

2009). In sum, although there is some support for the role of genes involved in the 

regulation of appetite and food intake in the etiology of BN, findings are mixed and 

require replication.  

Dopamine-system genes. Findings suggest that DA-system polymorphisms may 

contribute directly, or indirectly, to vulnerability to BN. The following section reviews 

the available evidence pertaining to the three DA-system polymorphisms of specific 

interest in this dissertation: DRD2 Taq1A, Catechol o-Methyltransferase (COMT) and 

DAT1 genes—respectively representing genetic influences upon DA receptor sensitivity, 

DA breakdown, and DA reuptake.  

DRD2 Taq1A. Carriers of the low-function A1-allele (A1/A1 or A1/A2 

genotypes) of DRD2 Taq1A (rs1800497) have been shown to have reduced brain 

dopamine function when compared to A2 homozygotes (Ritchie & Noble, 2003). One 

study in a mixed sample of eating disorders (including BN) found no association between 

the A1-allele and having an ED (Nisoli et al., 2007). In non-eating-disordered samples, 

carrying the DRD2 A1-allele has been associated with increased food intake (Epstein et 

al., 2004, 2007), greater weight gain and risk for obesity (Stice et al., 2010), and greater 

food craving and motivation for food (Epstein et al., 2007; Comings et al., 1993). 

Furthermore, the A1-allele has been associated with traits of impulsivity (White et al., 

2008; Eisenberg et al., 2007) and of novelty/sensation seeking (Ratsma et al., 2001; 
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Comptom et al., 1996). In line with findings associating the A1-allele with greater 

impulsivity, cumulating evidence supports associations between this variant of Taq1A 

and substance-use disorders (Foll et al., 2009), attention-deficit/hyperactivity (Kopeckova 

et al., 2008), and gambling (Comings et al., 1996). In apparent contrast to the preceding, 

the A1-allele has been associated with increased sensitivity to reward in non-eating-

disordered obese individuals and in individuals with Binge Eating Disorder (Davis et al., 

2008; Davis et al., 2012). The preceding is somewhat surprising, given the large body of 

literature that associates carrying the A1-allele of DRD2 Taq1A with reduced dopamine 

function, and,  consequently, to what has been called a “reward-deficiency syndrome”, 

which theoretically leads individuals to seek more stimulation to compensate to low DA-

function. In general, the majority of findings support the “reward-deficiency syndrome” 

hypothesis and suggest that A1-allele carriers tend to seek more stimulation, whether it be 

through food, substances or other impulsive behaviours.  

COMT rs4680. The Met and Val alleles of COMT (rs4680) have been thought to 

influence availability of DA in the synapse, with the former allele leading to lower 

degradation of dopamine (and therefore increased DA function) and the latter having the 

opposite effect (Benjamin et al., 2000). Few studies have investigated whether or not this 

polymorphism is associated with BN, yielding mixed findings. Indeed, one case-control 

study associated the Val-allele with BN (Mikolajczyk et al., 2010), while another found 

no association (Yilmaz et al., 2011), but reported that the Met-allele was overtransmitted 

from parents to offspring with BN (Yilmaz et al., 2011).  In non-eating-disordered 

samples, the Met-allele has been associated with Obsessive-Compulsive Disorder (OCD; 

Denys et al., 2006), higher harm avoidance (Hashimoto et al., 2007), anxiety-related traits 
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(Stein et al., 2005), and lower extraversion (Hoth et al., 2006). Somewhat mirroring the 

preceding findings, studies have found the Val-allele to be associated with polysubstance 

abuse (Vanderbergh et al., 1997), physical aggression (Kulikova et al., 2008), antisocial 

and criminal behaviours (Caspi et al., 2008), sensation-seeking (Lang et al., 2007), and a 

higher likelihood of ADHD within BN (Yilmaz et al., 2011). Together, this body of 

literature suggests that carrying the Met-allele is associated with fearful-compulsive 

tendencies, whereas carrying the Val-allele is associated with increased impulsivity and 

sensation-seeking. The preceding results associating somewhat opposite trait 

characteristics with each allele of COMT may help explain the observed inconsistencies 

in findings in BN, given the heterogeneity of the bulimic population. In light of this body 

of literature, one can hypothesize that selecting more specific phenotypes within BN 

would yield a more consistent pattern of results. 

DAT1. Findings on the action of the DAT1 gene have been inconsistent. Some 

studies have suggested that short (7 and 9-repeat) alleles are associated with lower 

transcriptional availability than the 10-repeat allele (Fuke et al., 2001); others have found 

the opposite effect (van Dyck et al., 2005). Only one study tested for associations 

between DAT1 and BN, reporting a relationship between the 9-repeat allele and bulimic 

eating disorders (Shinohara et al., 2004). Recently, our group reported on an association 

between the DAT1 10/10 genotype and increased frequency of binging episodes in a 

sample of women with a bulimia-spectrum disorder (Thaler et al., 2012). In non-eating-

disordered samples, studies have reported associations between the 9-repeat allele and 

OCD (Hemmings et al., 2003, 2004), as well as with alcohol withdrawal and dependence 

(Köhnke et al., 2005; Samochowiec et al., 2006), while the absence of the 9-repeat allele 



36 

 

has been associated with lower reward-related brain activity in the ventral striatum 

(Forbes et al., 2009). Together, findings suggest a role for DAT1 in disorders related to 

anxiety and reward-related circuits, but the lack of consistency in findings documenting 

DAT1’s allelic function renders the interpretation of findings difficult.  

Gene-Environment Interactions 

With accumulating evidence documenting effects of both adversity and candidate 

genes on psychopathology, research in the early 2000s aimed to investigate whether or 

not these two vulnerability factors moderated each other’s effects on the development of 

symptoms and disorders. Two pivotal studies by Caspi and colleagues (Caspi et al. 2002; 

Caspi et al., 2003) were among the first to report on gene-environment interaction effects 

in a cohort of children followed into adulthood. The first study reported that males who 

carried the low-function genotype of MAOA (a gene regulating the enzyme responsible 

for the degradation of monoamines) and who also reported severe childhood 

maltreatment, were at increased risk of violent offense and presented with more antisocial 

behaviours (Caspi et al., 2002). The second study reported a gene-environment 

interaction effect involving the low-function allele of 5HTTLPR and childhood 

maltreatment on increased risk of major depression, suicidality and depressive 

symptomatology (Caspi et al., 2003). Caspi and colleagues’ findings provided the 

foundation of a new line of research on the moderating effects of genes on life stressors 

in various populations and disorders, including BN. For instance, a few of studies from 

our group have documented associations between BN and G x E interaction effects 

involving the low-function variant of Bcl1, a functional polymorphism involved in the 

regulation of HPA-axis responsivity, and childhood abuse (Steiger et al., 2011; Steiger et 
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al., 2012). The preceding findings suggest that carrying genetic vulnerability towards 

lesser adaptability to stress and having experienced trauma may contribute to increased 

risk of BN. While there is some evidence of associations between G x E interactions and 

BN itself, many G x E findings, as it is the case with the candidate-gene studies described 

in the previous section, predict trait and symptom-variation in BN. For instance, studies 

from our group have documented G x E interaction effects implicating the low-function 

allele of 5HTTLPR and childhood maltreatment on higher stimulus-seeking (Steiger, et 

al., 2007), interpersonal insecurity (Steiger, et al., 2007), dissocial behaviour (Steiger et 

al., 2008) and increased risk of comorbid BPD (Steiger et al., 2007) in women with a 

bulimic disorder. Similarly, we found that a latent-class derived subgroup of individuals 

with BN displaying comorbid anxiety, substance-abuse, and conduct disorders, was more 

likely to include carriers of 5HTTLPR low-function alleles and individuals who report 

experiences of childhood abuse than another subgroup of individuals with BN with lesser 

comorbidity (Richardson et al. 2008). In population samples, similar G x E interaction 

effects have been reported, showing increased levels of binge eating, drive for thinness, 

and other bulimic symptoms in adolescent girls carrying the low-function allele of 

5HTTLPR and who also reported adverse life events (Akkerman et al., 2012). Similarly, 

a recent twin study reported higher heritability estimates of body dissatisfaction among 

twins from divorced parents compared to those from intact families, suggesting a 

moderating effect of life stress onto the heritability of this psychological risk factor for 

disordered-eating (Suisman et al., 2011). In sum, several findings suggest that carrying 

genetic variants associated with increased psychopathology moderates the effects of 

adversity on trait and eating-symptom variations in BN and in the general population.  
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The literature on G x E interactions implicating DA-system polymorphisms 

documents several examples of G x E findings in non-eating-disordered populations. For 

instance, G x E interaction effects involving the Taq1A polymorphism, on the one hand, 

and child-rearing environment or stress, on the other, have been found to predict novelty-

seeking (Keltikangas-Jarvinen et al., 2009), biobehavioural markers of alcoholism 

(Berman & Noble, 1997), severity of alcohol dependence (Bau et al., 2000), and 

emotional eating in teenagers (van Strien et al., 2010). Likewise, increased contacts with 

delinquent peers was reported in youths coming from a disadvantage neighborhood who 

were also carriers of the A1-allele of Taq1A (Beaver et al., 2012). Similar findings have 

been reported for the COMT rs4680 polymorphism. For instance, G x E interactions 

involving stressors, like childhood sexual abuse, and COMT, have been found to predict 

levels of anger-related traits (Perroud et al., 2010), insensitive parenting (van IJzendoorn 

et al., 2008), and increased risk of cannabis-induced psychosis symptoms (Alemany et 

al., 2013). While most findings document G x E interactions as predictive of negative 

outcomes, a recent study suggested that COMT may also act as a plasticity gene that can 

buffer the effect of adversity. Indeed, findings from a twin study showed that, in twin 

pairs homozygous for the Met-allele of COMT rs4680, increased cognitive flexibility was 

observed in the co-twin who reported increased levels of childhood adversity (Goldberg 

et al., 2013). In light of findings that associate the Met-allele with both greater 

vulnerability to stress (Collip et al., 2010; Smolka et al., 2005) and increased stability of 

cortical networks responsible for higher-order cognitive processes (Caldu et al., 2007; 

Chen et al., 2004), the authors interpreted their results as denoting a relative capacity for 

Met/Met carriers to strengthen to environmental stress (Goldberg et al., 2013). Finally, 
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reports of G x E findings involving the DAT1 gene are extremely scarce, but some 

findings have associated low levels of self-control in youths carrying the 10-repeat allele 

of DAT1 who also reported high maternal negativity (Wright et al., 2012). In sum, G x E 

findings implicating dopamine-system polymorphisms in non-eating-disordered 

population suggest a role for genetic susceptibility and environmental factors onto 

various outcomes, like aggressive behaviour, novelty-seeking and emotional eating. 

Despite the increasing body of literature on the implication of DA-system candidate 

genes in eating disorders, no study has investigated the possibility that G x E effects 

involving DA-system polymorphisms contribute to risk of BN, or to its clinical 

presentation.  

Epigenetics 

Epigenetics, which means “outside conventional genetics” or “above the genome”, 

is the study of changes in the epigenome that lead to alterations in gene expression potential 

(Jaenish & Bird, 2003). The epigenome consists of the genome coupled with the chemical 

compounds that can modify functioning of the genome, without altering the DNA itself. 

Epigenetic changes are essential and expected in the course of the development of a human 

being, but are also known to happen stochastically (Jaenish & Bird, 2003). Proof of the 

plasticity of the epigenome was initially supported by research in aging tissue, as well as 

from twin studies, that both documented lifelong epigenetic changes (Calvanese et al., 

2009; Fraga et al., 2005). Research has identified several mechanisms through which 

epigenetic changes are produced, with the most commonly studied being DNA methylation. 

The hypothesis was put forth in 1975 that DNA methylation contributed to the maintenance 
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of stable alterations in gene expression (Holliday & Pugh, 1975). Since then, this hypothesis 

has been confirmed, with advances in knowledge allowing us to understand that DNA 

methylation usually results in gene underexpression (i.e., loss of function)--directly, by 

inhibiting the binding of transcription factors to their recognition elements in the gene, or 

indirectly, by recruiting proteins that precipitate inactive chromatin (Jaenish & Bird, 2003). 

More rarely, promoter hypermethylation prevents the binding of inhibitory factors and 

results in overexpression (Booij et al., 2013).  Various environmental factors (e.g., perinatal 

complications, maternal nutritional status during gestation, early childhood stress, the 

individual’s current nutritional status, and adult stress levels) are thought to influence the 

momentary state of DNA methylation (e.g. Campbell et al., 2012; Toyokawa et al., 2012; 

Szyf et al., 2007; Meaney et al., 2007). In mental disorders, several studies have 

investigated the impact of childhood maltreatment and other stressors on the epigenome. A 

series of study by Weaver and colleagues (2004) documented increased DNA methylation 

of the glucocorticoid receptor (GR) gene promoter region in rat pups reared in low-care 

environment (i.e. low frequency of licking and grooming, and arch-back nursing from the 

rat mother) compared to pups reared in high-care environment. Furthermore, the epigenetic 

effects observed were found to be reversible, since cross-fostering pups yielded DNA 

methylation patterns that reflected those expected to be obtained in the new environment, as 

opposed to the birth environment (Weaver et al., 2004). Several subsequent studies aimed to 

investigate similar associations between epigenetic changes in promoter regions of 

neuroregulatory genes and environmental stressors in humans. For example, 

hypermethylation of the GR promoter region was found in the brains of suicide victims for 

whom childhood maltreatment was ascertained, compared to suicide victims who did not 
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report such experiences (McGowan et al., 2009). Similar findings associating 

hypermethylation of neuropsychiatric genes and childhood maltreatment have been 

observed in peripheral biomaterial (as opposed to brain tissue) in the GR (Perroud et al., 

2011) and the serotonin transporter gene promoter regions (Beach et al., 2010). Genome-

wide epigenetic studies have also reported relationships between past traumatic experiences 

and altered methylation levels (Labonté et al., 2012; Metha et al., 2013). In sum, several 

studies conducted in animals and in humans suggest environmental stressors can impact 

gene functioning through epigenetic changes that, in turn, control access to genes’ 

transcriptional machinery.   

In addition to findings linking epigenetic marks to environmental stress, findings 

have suggested that epigenetic indices may vary in function of psychiatric diagnoses. 

Altered DNA methylation and/or gene expression have been reported in various 

psychiatric disorders. For instance, alterations in 5HTT and MAOA methylation were 

reported in various substance-use disorders (Philibert et al., 2008a; Philibert et al., 2008). 

Similar findings were reported for DRD2, COMT and REELIN (implicated in 

synaptogenesis and neuronal development) in schizophrenia (e.g. Chen et al., 2002; Costa 

et al., 2002; Veldic et al., 2007). One study examined the role of methylation of several 

neuroregulatory genes in Borderline Personality Disorder (BPD) and reported alterations 

in 5HT2A, NR3C1, MAOA, and COMT methylation (Dammann et al., 2011). In line 

with the preceding, our group has recently reported on an association between 

hypermethylation of key regulatory regions of the GR gene promoter and suicidality in a 

group of women with BN (Steiger et al., 2013). Finally, one study documented both an 

association between increased severity of depressive symptomatology and childhood 
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maltreatment, on the one hand, and increased methylation of 5-HT transporter gene 

promoter region (Kang et al., 2013). Together, findings provide support for epigenetic 

dysregulation of several neuroregulatory genes in psychiatric disorders. 

Evidence of epigenetic alterations has also been documented in people with eating 

disorders. For instance, a study examining methylation patterns of the gene that regulates 

alpha synuclein, a protein known to influence brain serotonin and dopamine levels, 

revealed DNA hypermethylation in AN, but not in BN (Frieling et al 2007).  In a 

subsequent study, the same research group documented evidence of hypermethylation of 

the atrial natriuretic peptide (ANP) gene in women with BN (Frieling et al 2008). These 

authors have also published evidence for increased mRNA expression of the 

endocannabinoid receptor 1 in a mixed sample of eating disorders compared to normal-

eaters, although this mRNA elevation was not accompanied by DNA hypomethylation, as 

one would expect (Frieling et al 2009). Another study has shown increased expression 

and hypomethylation of the proopiomelanocortin (POMC) gene, involved in the 

regulation of hunger and satiety, in acute AN, compared to recovered AN and normal-

eaters (Ehrlich et al 2010). Finally, a preliminary study on genome-wide epigenetic 

alterations was conducted in weight-restored individuals with AN, with 67 significant 

effects of both down and up-regulation of gene expression being reported in this ED 

sample (Kim et al., 2013).  To conclude, while most epigenetic studies in EDs have been 

conducted in AN, providing several examples of altered methylation patterns and gene 

expression, preliminary evidence exists in BN of similar dysregulation.  

Paralleling other reports associating epigenetic changes with eating disorders, 

Frieling and colleagues (2010) were the first to investigate alterations in DNA 
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methylation and gene expression of dopamine-system genes. Results showed 

hypermethylation of DAT in AN and BN compared to normal-eaters, as well as 

hypermethylation of DRD2 in AN (and a trend towards hypermethylation of DRD2 in 

BN) compared to normal-eaters (Frieling et al., 2010). Conversely, a second study by a 

different group found no association between AN and methylation levels of the DRD2, 

BDNF, SERT and leptin genes (Pjetri et al., 2013). The available literature provides 

mixed evidence in AN, and preliminary evidence in BN, of epigenetic dysregulation of 

DA-system genes. Unfortunately, none of the preceding investigations examined possible 

associations between comorbidity patterns and developmental stressors, on the one hand, 

and epigenetic alterations, on the other.   

Treatment Outcome  

Eating disorders tend to be chronic or frequently relapsing disorders, and are 

consequently perceived as being hard to treat. Although several types of treatments have 

been proven to be effective for BN, response rates remain disappointing. In their review 

on treatment outcome, Steinhausen and Weber (2009) reported that, on average, 45% of 

women with BN recover from the disorder at the end of time-limited treatments (which 

included various forms of psychotherapy and/or pharmacological treatments), while 27% 

continue to present clinically significant symptoms, and 23% show a protracted clinical 

course. In addition, a meta-analysis of treatment outcome studies, in which various 

psychotherapeutic approaches were used, showed similar results—indicating that about 

50%-60% of women with BN show full recovery from, or significant improvement of, 

their bulimic symptoms, whereas 40%-50% retain significant symptoms after treatment 

(Thompson-Brenner et al., 2003). When looking at purely cognitive-behavioural therapy 
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trials, similar rates have been observed, with 45% of treatment completers showing 

complete recovery at the end of treatment, 35% showing symptom-improvement (but 

with ongoing bulimic symptoms), and 20% remaining “bulimic” at full threshold levels 

(Agras et al., 2000). Overall, findings suggest that approximately half of women with BN 

who complete therapy will retain clinically significant symptoms. Additional research 

into factors that may account for variations in treatment response is therefore warranted. 

Given the body of literature associating childhood abuse and genetic factors to BN and its 

symptom and trait-presentation, studies have also investigated whether or not these 

variables may have some prognostic value upon treatment outcome. The following 

section reviews the available literature on the prognostic value of childhood abuse and 

candidate genes on treatment response in BN. It also provides a brief summary of the 

same literature in other psychopathological disorders. 

Childhood abuse as a predictor of outcome. Maltreatment experiences have 

been quite thoroughly examined as potential predictors of treatment response in BN. For 

example, studies have shown that individuals with BN who report exposure to physical 

and/or sexual abuse show a higher frequency of binging and purging after four months of 

treatment (Rodriguez et al., 2005), and higher drop-out rates (Rodriguez et al., 2005; 

Mahon et al., 2001) compared to women who did not report such traumatic experiences. 

Similarly, individuals with BN who report childhood sexual abuse (CSA) have been 

found to have higher rates of rehospitalisation and a lower reduction in depression, 

anxiety, and eating-disorder attitudes over the course of treatment compared to 

individuals who did not report CSA (Anderson et al., 1997). Likewise, a study in 

individuals with the binge-purge subtype of AN found that those with a history of CSA 
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were more likely to terminate treatment prematurely (Carter et al., 2006). Together, these 

findings support the hypothesis that survivors of childhood trauma tended to show poorer 

treatment outcome on indices of both eating-disorder symptoms and general 

psychopathology.  

Studies in non-eating-disordered population have also investigated the prognostic 

value of childhood abuse on treatment response. The majority of studies come from the 

fields of substance-use disorders (SUDs) and major depressive disorder (MDD). With 

respect to SUDs, results have been mixed: Some studies have linked a history of abuse 

(sexual, physical or emotional) to poorer prognosis after residential or outpatient 

treatments, on indices of substance-use and psychological functioning (Sacks, 

McKendrick, & Banks, 2008), as well as with slower recovery time and higher risks of 

relapse (Branstetter et al., 2008). Other findings have shown no predictive role of 

experiences of trauma on outcome of substance-use disorders (Oviedo-Joekes et al., 

2011; Guttieres et al 1997; Gil-Rivas et al., 1997). In the case of MDD, results from 

recent meta-analyses have provided support for an association between poorer treatment 

outcome and a history of childhood maltreatment (Nanni et al., 2012; Shamseddeen et al., 

2011). In sum, studies conducted in BN and other psychiatric populations generally 

suggest that childhood trauma may have some predictive value on treatment response.  

While reviewing the literature, it became apparent that none of the studies 

conducted in BN included childhood emotional abuse as a predictor of treatment 

response, and this, despite numerous findings associating this type of maltreatment to 

more severe eating pathology in clinical and population samples (e.g. Burns et al., 2012; 
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Kent et al., 1999). Based on previous findings associating childhood adversity to poorer 

outcome, and in the light of current lacunae in the available literature, additional research 

into the prognostic role of maltreatment experiences, this time including emotional abuse, 

upon treatment response in BN seemed warranted.  

Candidate genes as predictors of outcome. Studies have documented effects of 

genetic factors on outcome of BN, but findings have been limited to polymorphisms 

acting upon the serotonin system. For example, various groups (including our own) have 

reported an association between carrying the low-function alleles of 5HTTLPR and 

poorer response on indices of  binging (Steiger et al., 2008; Monteleone et al., 2005) and 

purging (Richardson et al., 2010) frequencies after four or eight months of treatment. 

Similarly, our group found that carrying the G-allele of the -1438A/G polymorphism of 

the 5HT2a receptor gene was associated with a smaller reduction in eating-disorder 

symptoms and a lesser improvement in daily-living functioning at follow-up (Steiger et 

al., 2008). Given the body of literature associating variants of DA-system polymorphisms 

to increased psychopathology and to the regulation of eating behaviours, an examination 

of DA-system polymorphisms’ prognostic value seems justified. Findings on the topic 

have yet to be published in BN. 

Studies in substance-use disorders have provided support for a role of DA-system 

candidate genes on treatment response. For instance, in individuals with alcohol 

dependence, the A1-allele of DRD2 Taq1A has been associated with increased risks of 

relapse (Dahlgren et al., 2011), and higher mortality rates at a ten-year follow-up 

(Berggren et al., 2010).  Similar findings have been documented in nicotine dependence: 

Carrying the A1-allele of Taq1A has been found to predict poorer outcomes of 
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pharmacological treatment in smoking cessation (David et al., 2007; Swan et al., 2005; 

Cinciripini et al., 2004). Also suggesting a role of DA-system variants in outcome of 

smoking cessation are findings that show a relationship between the Met-allele of the 

Catechol-O-Methyltransferase (COMT) gene (rs4680), associated with increased DA 

function (Benjamin et al., 2000), and a better response to nicotine replacement therapy 

(Johnstone et al., 2007; Colilla et al., 2005). Together, results suggest that carrying 

genetic variants influencing dopamine function predicts treatment response in substance 

dependence, with available findings suggesting susceptibility towards low and high DA-

function being associated with poorer and better outcomes, respectively. 

Thesis Objectives 

The literature reviewed in this General Introduction section suggests that while 

individuals with BN all present with diagnosis-specific behavioural and psychological 

features, the BN population is highly heterogeneous. Such variability as to clinical 

profiles has been hypothesized to be associated with different genetic and environmental 

factors. For instance, high rates of childhood trauma have been reported in BN, but most 

studies associate these experiences more closely with general psychopathology than with 

severity of bulimic symptoms per se  (e.g. Schmidt, Humfress, & Treasure, 1997). 

Childhood emotional abuse, contrary to physical and sexual forms of abuse, has been 

associated with eating pathology, but little research has been conducted in clinical 

samples of eating-disorders. In the literature on biological factors, there has been a recent 

rise in interest in the dopaminergic system in eating disorders, with several studies 

associating dopamine (DA) abnormalities with BN (e.g. Marsh et al., 2009, 2011; 

Wagner et al., 2010; Broft et al., 2012; Radeloff et al., 2012). Despite the numerous 
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reports of such DA abnormalities, very few studies have examined relationships between 

DA-system polymorphisms, on the one hand, and BN and comorbid psychopathological 

traits, on the other. In keeping with the preceding lacunae in the literature, no study has 

examined the bearing of gene-environment (G x E) interaction effects, involving DA-

system candidate genes and childhood abuse, on eating and psychopathological 

presentation in BN. In recent years, studies investigating epigenetic processes have aimed 

to demonstrate the physical link between environmental exposures and psychopathology, 

on the one hand, and alterations in gene expression, on the other. In BN, only one study 

reported on possible epigenetic alterations of DA-system genes. However, the preceding 

investigation did not examine the effects of childhood abuse exposure and BN-relevant 

comorbidities on DNA methylation levels, despite several reports showing associations 

between DNA methylation and these factors in non-eating-disordered populations. 

Finally, genetic and developmental factors have received some support as possible 

predictors of treatment outcome in BN. However, no study has ever examined the 

prognostic value of childhood emotional abuse and of DA-system polymorphisms on 

response to treatment. In light of the preceding summary of the available literature on 

childhood abuse, dopamine-system candidate genes, G x E interactions, epigenetic 

markers in promoter regions of DA-system polymorphisms, and treatment outcome, the 

following section describes the series of studies included in this dissertation.     

Study 1. The first study explored the role of childhood trauma on eating-symptom 

presentation in bulimia-spectrum disorders, with a special focus on childhood emotional 

abuse (CEA). Additionally, we had two other goals in this study: One was to explore 

what psychological factors seem to mediate the relationship between childhood 
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maltreatment and eating-disorder symptoms. Finally, given the dearth of literature on the 

topic, our last aim was to provide an estimate of the prevalence rate of CEA in bulimia-

spectrum disorders, and compare the preceding to rates reported by normal-eaters. 

Study 2. The second study followed from the first study in that it investigated the 

possible moderating role of dopamine-system polymorphisms on the relationship 

between childhood abuse and eating-disorder symptoms in bulimia-spectrum disorders. 

Furthermore, given the majority of findings associating DA-system polymorphisms and 

childhood maltreatment with traits frequently comorbid in BN, more so than with BN 

itself and bulimic symptoms, we were interested in examining the bearing of DA-system 

candidate genes, childhood abuse, and their interactions, on comorbid trait presentations 

in our sample of bulimia-spectrum disorders. For reasons discussed in previous sections, 

we opted to go for a candidate-gene approach, selecting functional DA-system 

polymorphisms that have all been found to be involved in the regulation of symptoms and 

traits relevant in BN. 

Study 3. The third study was inspired by the gene-environment interaction effect 

found in Study 2. In Study 3, we chose to investigate associations between DNA 

methylation (believed to physically represent the link between environmental exposures 

and alterations in gene expression) and eating-disorder status, comorbidity and history of 

childhood trauma. We measured levels of DNA methylation in the promoter region of the 

DRD2 gene, for which one study has documented a trend-level association with BN 

(Frieling et al., 2010). We had two objectives in Study 3: the first was to see if we could 

replicate findings from Frieling and colleagues’ study (2010) in our bulimia-spectrum 

disorder sample, and the second was to explore associations between borderline 
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personality disorder and childhood maltreatment, on the one hand, and DRD2 

methylation levels, on the other. Our second objective was selected based on a growing 

body of literature documenting epigenetic changes of neuroregulatory genes (other than 

DRD2) in individuals with BPD and chronic suicidality (Dammann et al., 2011; Steiger 

et al., 2013), and in individuals who report experiences of childhood maltreatment (e.g. 

Labonté et al., 2012; Metha et al., 2013; Perroud et al., 2011).    

Study 4. Finally, the fourth study explored the prognostic value on response to 

treatment of the developmental and genetic factors studied in this doctoral dissertation, 

namely childhood maltreatment and dopamine-system polymorphisms. With previous 

accounts supporting a role of physical and sexual forms of maltreatment experiences on 

treatment response (Rodriguez et al., 2005; Anderson et al., 1997; Mahon et al., 2001), 

we were interested in replicating such effects in our sample. In addition, we aimed to 

explore, for the first time, the prognostic value of childhood emotional abuse. Similarly, 

with studies supporting the role of 5-HT polymorphisms on outcome of EDs (Steiger et 

al., 2008; Monteleone et al., 2005), and findings showing a similar prognostic value of 

DA-system polymorphisms on outcome of substance-use disorders (Dahlgren et al., 

2011; Johnstone et al., 2007), we were interested in exploring, for the first time, the role 

of selected DA-system candidate genes on outcome of EDs.  
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Abstract 
 

Objective: We sought to estimate prevalences of childhood emotional abuse (CEA) in 

bulimic and normal-eater control groups, and to replicate previous findings linking CEA 

to severity of eating symptoms in BN. We also examined potential mediators of the link 

between CEA and disordered eating. Methods: Women diagnosed with a bulimic disorder 

(n= 176) and normal-eater women (n= 139) were assessed for childhood traumata, eating-

disorder (ED) symptoms and psychopathological characteristics (ineffectiveness, 

perfectionism, depression, and affective instability) thought to be potential mediators of 

interest. Results: CEA was more prevalent in the bulimic than in the nonbulimic group, 

and predicted severity of some eating-symptom indices. Ineffectiveness and affective 

instability both mediated relationships between CEA and selected ED symptoms. 

Discussion: We found CEA to predict eating pathology through mediating effects of 

ineffectiveness and affective instability. CEA might influence severity of ED symptoms by 

impacting an individual’s self-esteem and capacity for affect regulation.  
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Introduction 

Early interpersonal traumata (related to such experiences as childhood physical or 

sexual abuse) are disturbingly common in individuals with bulimia-spectrum disorders 

(BSDs)-- Bulimia Nervosa (BN), Binge Eating Disorder (BED), or subthreshold variants 

of these syndromes. According to available studies, roughly a third of adults with a BSD 

reports unwanted childhood sexual experiences, and about half an experience of physical 

maltreatment (Folsom et al., 1993; Fullerton, Wonderlich, & Gosnell, 1995).  The 

association between childhood maltreatment and BSDs has led to the belief that early 

adversity might be one of the setting conditions that confer vulnerability to bulimic eating 

pathology (Polivy & Herman, 2002).  

  Although past attention to childhood abuse in the ED literature has emphasized 

sexual and physical abuse, recent attention has shifted to other forms of maltreatment--

notably childhood emotional abuse (CEA; Kent & Waller, 2000). Rorty and colleagues 

(1994) were the first to include CEA in a study on the association between childhood 

abuse and the EDs, and reported significantly higher rates of CEA among a group of 

bulimic women compared to a non-psychiatric control group (76.3% vs. 37.5%). 

Similarly, findings from a community study have shown that EDs are more common in 

individuals who report CEA than in individuals who do not (Mullen, Martin, Anderson, 

Romans, & Herbison, 1996). Likewise, in population and clinical samples alike, CEA has 

been found to predict severity of bulimic symptoms (Messman-Moore & Garrigus, 2007; 

Fisher, Stojek, & Hartzell; Kennedy, Ip, Samra, & Gorzalka, 2007), pathological eating 

attitudes (Kennedy et al., 2007; Witkiewitz & Dodge-Reyome, 2000; Kent, Waller, & 
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Dagnan, 1999), body dissatisfaction (Dunkley, Masheb, & Grilo, 2010; Grilo & Masheb, 

2001) and overall eating-symptom severity (Fisher et al., 2010; Mazzeo & Espelage, 

2002; Wonderlich et al., 2007). Such findings have led to the hypothesis that CEA might 

be a risk factor for ED development (Kent & Waller, 2000).    

Mediating Factors in the CEA-ED relationship 

The literature has pointed to various possible mediators of a putative link between 

CEA and bulimic eating problems. In clinical samples, there has been support for 

mediating roles of depression (Kong & Bernstein, 2009) and self-criticism (Dunkley et 

al., 2010). In population samples, there has been support for mediating roles of depression 

(Mazzeo & Espelage, 2002), anxiety (Kent et al., 1999), dissociation (Kent et al., 1999) 

and alexithymia (Mazzeo & Espelage, 2002). Aside from the preceding, perfectionism 

and affective instability have been associated with CEA (Kenney-Benson & Pomerantz, 

2005; Frost, Lahart, & Rosenblate, 1991; Hart, Brassard, & Karlson, 1996; Spertus, 

Yehuda, Wong, Halligan, & Seremetis, 2003), but possible mediating effects in the 

relationship between CEA and ED symptoms have not been explored. Weighing 

available findings and theoretical literature, in the present study we opted to explore the 

potential mediating roles, in the link between CEA and bulimic symptoms, of 

ineffectiveness, affective instability, perfectionism and depression.  

Methods 

Subjects 
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Participants in this institutional ethics-board approved study provided informed 

consent. Women with a bulimia-spectrum disorder were recruited through a specialized 

Eating Disorders Program in Montreal, Canada. A total of 176 women completed the 

study. Of the 176 participants, 123 (69.9%) met DSM-IV criteria for BN-Purging 

subtype, 13 (7.4%) for BN-Nonpurging subtype, 34 (19.3%) for Eating Disorder Not 

Otherwise Specified (EDNOS) binge-purge subtype, 2 (1.1%) for EDNOS purge only 

subtype, and 4 (2.3%) EDNOS binge non-purge subtype. Available reports suggest that 

women with BN in its full-blown form do not differ substantially from those with 

subthreshold forms (Fairburn & Harrisson, 2003). Furthermore, we felt that the 

diagnostic variations described allowed for good representation of the population of 

treatment-seeking bulimic women. Mean Age and BMI (Kg/m²) in our sample were 

24.95 (± 5.52) and 22.42 (± 3.85), respectively. We also recruited 139 women for whom 

a current or past ED was ruled out using diagnostically-relevant questions from the 

Eating Disorders Examination (described below). Advertisements in newspapers and on 

university bulletin boards and websites were used to recruit the latter group. Mean Age 

and BMI in the normal-eater (NE) group were 23.91 (± 5.62) and 21.90 (± 2.58) 

respectively. BSD and NE groups did not differ on either dimension. 

Measures 

The Eating Disorders Examination (EDE; Fairburn & Cooper, 1993) is regarded 

as the “gold standard” interview to assess eating disorder symptoms. The EDE has been 

reported to have good discriminant validity (Fairburn & Cooper, 1993). Short-term test-

retest reliability coefficients for behavioural symptoms associated with bulimia (e.g. 
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frequency of binging and vomiting episodes) have been reported to be between .85 and 

.97 (Rizvi, Peterson, Crow, & Agras, 2000). Current DSM-IV ED diagnosis was 

established for each BSD participant by trained research assistants and doctoral students 

using the EDE. We also used the EDE to derive the average monthly binging and purging 

episodes. The full EDE interview was used to confirm the absence of current EDs within 

our NE group. Diagnostically-relevant items from the EDE were assessed over the 

lifetime to ensure the absence of an ED history in the latter group.  

The Eating Attitudes Test-26 (EAT-26; Garner, Olmsted, Bohr, & Garfinkel, 

1982) is a 26-item questionnaire designed to assess overall severity of eating symptoms. 

The EAT-26 can be subdivided into 3 subscales: Bulimia and Food preoccupation, Oral 

Control, and Dieting subscales. The three subscales, along with the total score, have 

demonstrated acceptable internal consistency estimates (Garner et al., 1982), which have 

been found to range between .72 and .89 in the current sample. 

The Centre for Epidemiological studies for Depression (CES-D; Radloff, 1997) is 

a 20-item self-report questionnaire assessing depression symptomatology. The scale has 

been reported to have good content, concurrent, and discriminant validity (Radloff, 

1977), as well as acceptable internal consistency estimates (Weissman et al., 1997), with 

an alpha coefficient in the current sample of .92. A total score was computed to reflect 

current depressive symptoms to test the hypothesis that CEA predicts disordered eating 

through the effect of depression.  

We also applied the Ineffectiveness and Perfectionism subscales of the Eating 

Disorder Inventory-2 (EDI-2; Garner, 1991). The Ineffectiveness scale served to reflect 
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global self-esteem (Garner, 1991). We also used the Perfectionism subscale to reflect trait 

perfectionism. The Ineffectiveness and the Perfectionism subscales have both been found 

to have internal consistency estimates in the acceptable range (Eberenz & Gleaves, 1993), 

with alpha coefficients of .90 and .73 in the current sample, respectively.  

To test the hypothesis that mood instability mediates the CEA-ED relationship, 

we used the Affective Instability subscale of the Dimensional Assessment of Personality 

Pathology- Basic Questionnaire (DAPP-BQ; Livesley, Jackson, & Schroeder, 1992). The 

subscale contains sixteen items tapping the trait of affective instability (e.g. “I often feel 

as if I am on an emotional roller-coaster”). The DAPP-BQ’s psychometric properties 

have been reported to be very good, with alpha coefficients ranging between .83 and .94 

(Livesley, Jang, Jackson, & Vernon, 1993). The internal consistency estimate for the 

Affective Instability subscale was .91 in our sample.   

The Childhood Trauma Interview (CTI; Bernstein et al., 1994) is a semi-

structured interview with good psychometric properties and high convergent validity with 

the Childhood Trauma Questionnaire (CTQ), a well-established measure of childhood 

trauma (Fink, Bernstein, Handelsman, Foote, & Lovejoy, 1995). Abuse scales from the 

CTI and the CTQ have been reported to have high convergent validity when continuous 

scores from the CTI are generated by summing the product of the severity and frequency 

of each event for each category of abuse (Fink et al., 1995). Following from the 

preceding, we generated continuous score for sexual, physical and emotional abuse by 

summing the product of the severity and frequency of each event for each separate 

category of abuse. To derive the prevalence of each type of abuse, we also developed 
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categorical indices of sexual, physical and emotional abuse. We based our assessment of 

the presence of “abuse” upon combinations of severity and frequency indices, as follows: 

For CPA and CSA to be coded as “present”, at least one event of moderate-to-high 

severity (e.g. being slapped in the face or having genitals fondled through clothing) had 

to have occurred at a low frequency (i.e. no more frequently than once a year), or at least 

one event of extreme severity (e.g. multiple punches, or oral sex or penetration by a 

trusted caregiver or relative) had to have occurred at least once. For CEA to be coded as 

“present”, we required the presence of a low-severity event (e.g. speaking in a derogatory 

way about the child’s behaviour) at a high frequency (i.e. at least every two weeks), or a 

moderate-severity event (e.g. telling the child “you’re stupid”) at a moderate frequency 

(i.e. at least once every four months), or a high-severity event (e.g. telling the child “I 

wish I had never had you”) at a low frequency (i.e. at least once or twice a year), or an 

extremely severe event or emotional torture at least once. The CTI interview was 

conducted by trained research assistants and doctoral students.  Interrater reliability 

estimates were calculated for each type of abuse in a selected sample of CTI interviews 

(N=59), revealing k= 0.80 for emotional abuse, k= 0.74 for physical abuse and k= 0.67 

for sexual abuse. Such values are comparable to audits conducted on other samples in our 

lab.  

Data Analysis 

We used Chi-squared statistics to compare frequencies of each variant of 

childhood abuse between eating-disordered and normal-eater groups. Subsequently, to 

explore direct and indirect effects of childhood trauma on disordered eating within our 
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BSD group only, we carried out multiple regression analyses following Baron and 

Kenny’s (1986) guidelines for assessing mediational effects. We note that such analyses 

could not be conducted within our NE group, given that inclusion criteria for the latter 

group (absence of behavioural and attitudinal features of an ED) left little to no variance 

on the dependent eating-symptom measures.  

 Before testing for mediating influences, we established primary relationships 

between the independent variables (sexual, physical, and emotional abuses) and the 

dependent variables (total score from the EAT-26, Bulimia and Food preoccupation, Oral 

Control, and Dieting subscales, and monthly average of binging and purging episodes). 

Then, we tested for a relationship between each independent variable and each mediator 

(Ineffectiveness, Affective Instability, Perfectionism, and Depression). Finally, we 

entered mediator variables into regression equations together with the independent 

variables. Based on Baron and Kenny’s procedure (1986), a perfect mediation can be 

assumed to occur when the relationship between the independent variables and the 

dependent variable is no longer statistically significant after introduction of the 

mediator(s). Imperfect mediation occurs when the relationship remains statistically 

significant, but is weakened (Baron & Kenny, 1986).  

Results 

 Among the 176 BSD participants, experiences of childhood physical, sexual and 

emotional abuses were reported by 72 (41.6%), 44 (25%), and 142 (80.7%) participants, 

respectively. Among the 139 women in the NE group, corresponding values for each type 

of abuse were of 33 (23.7%), 10 (7.2%), and 73 (52.5%) participants respectively. Chi-
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squared statistics indicated that all forms of childhood abuse (CPA: [χ2 
(1)= 11.032, p= 

0.001]; CSA: [χ2 
(1)= 17.335, p< 0.001]; CEA: [χ2 

(1)= 28.43, p< 0.001]) were significantly 

more common in the BSD than in the NE group.    

To examine bivariate associations between pairs of independent, mediator and 

dependent variables within our BSD group, we computed Pearson’s product moment 

correlations. Table 1 shows resulting correlation coefficients for each pair of variables. 

CEA was significantly correlated with Ineffectiveness, Affective Instability, and 

Depression. CEA was also significantly correlated with the EAT-26 total score, and the 

Dieting and Oral Control subscale scores. Given absence of correlation between CEA and 

Bulimia and Food preoccupation (from the EAT-26), and average frequency of binging 

and purging episodes, we excluded these eating-symptom variables from further analyses. 

Likewise, we dropped Perfectionism from our regression models, because it was not 

correlated significantly with CEA. Finally, as neither Sexual nor Physical Abuse was 

correlated significantly with any of our eating-symptom variables, we did not explore 

mediational relationships implicating these abuse variables further. We note that we also 

tested for pairwise correlations between CEA and each of our four mediator variables 

within the NE group, and found none of the resulting correlations to be significant. 

Tests for Mediation Effects 

We used regression analyses to establish the influence of childhood emotional 

abuse on eating psychopathology (EAT-26 total score, Dieting, and Oral Control) within 

our BSD group. CEA had a significant overall predictive effect on EAT-26 total scores 
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[F (1, 174) = 8.834; p = .003], EAT-26 Dieting scores [F (1, 174) = 6.595; p = .01], and 

EAT-26 Oral Control values [F (1, 174) = 7.758; p = .006].  

To establish the role of CEA in predicting scores on our mediator variables 

(Ineffectiveness, Affective Instability, and Depression), we conducted separate, simple 

linear regressions using each mediator as an outcome. Childhood emotional abuse had a 

significant overall predictive effect on all 3 variables: Ineffectiveness [F (1, 174) = 5.133; 

p = .03], Affective Instability [F (1, 171) = 5.371; p = .02], and Depression [F (1, 174) = 

4.516; p = .04].  

Following Baron and Kenny’s procedure (1986), potential mediators 

(Ineffectiveness, Affective Instability and Depression) were entered together in multiple 

regression analyses as predictors of each eating-symptom variable. Summary statistics for 

the mediator model are presented in Table 2. Overall severity of eating symptoms (Total 

EAT-26 scores) and EAT-26 Diet scores were both found to be significantly explained by 

reliable influences from Ineffectiveness. Likewise, EAT-26 Oral Control scores were 

significantly predicted by the influence of Affective Instability. Given high positive 

correlations among the three mediating variables, tests for collinearity were run to 

support the use of multiple regression methods. Tolerance values and variance inflation 

factors (VIFs) did not suggest high levels of multicollinearity among our mediating 

variables (tolerance > .480; VIFs < 2.085), supporting our use of the multiple regression 

techniques. 

Finally, Childhood emotional abuse was re-entered into each of the three multiple 

regression equations described above. Summary statistics for the resulting full models are 
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presented in Table 2. We observed a relationship between CEA and overall severity of 

symptoms that was partially mediated by Ineffectiveness. The relationship between CEA 

and Dieting was fully mediated by Ineffectiveness. Finally, the relationship between CEA 

and Oral Control was partially mediated by Affective Instability.  

Discussion 

The present study estimated the prevalences of various forms of childhood abuse 

in a sample of women with a bulimia-spectrum disorder, and in a group of normal-eater 

women. It also explored possible associations between presence of childhood abuse and 

severity of eating symptoms (in data from our bulimic participants). Finally, it examined 

the role of selected psychological variables as mediators of observed relationships 

between childhood-abuse experiences and eating-symptom severity.  

Our results parallel previous findings showing an association between childhood 

abuse and eating disorders. Rates of childhood physical and sexual abuse in our sample 

always exceeded those observed in our normal-eater group, and were comparable to those 

reported in the literature (Folsom et al., 1993; Fullerton et al., 1995). Likewise, the rate of 

childhood emotional abuse in our BSD group was significantly higher than that observed 

in our normal-eaters, with 80.7% of women with a BSD reporting childhood emotional 

abuse—a rate that is quite in line with a 76.3% rate reported in the only other published 

estimate of childhood emotional abuse in BSDs (Rorty, Yager, & Rossotto, 1994). 

Our study is one of the first to investigate, in a relatively large sample of women 

suffering clinical bulimic disorders, the mechanisms through which childhood abuse 
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might be linked to ED symptom severity. Although childhood physical and sexual abuses 

are clearly associated with the presence of an ED, we did not find the latter two types of 

abuse to be related, specifically, to severity of eating pathology. While this finding could 

be related to limited power for the assessment of a “dose-response” relationship, it is 

nevertheless in line with several findings that have failed to support an association 

between exposure to physical or sexual abuse, on the one hand, and severity of ED 

symptoms, on the other (Folsom et al., 1993; Fisher et al., 2010; Kennedy et al., 2007; 

Grilo & Mashed, 2001; Leonard, Steiger, & Kao, 2003; Nagata, Kiriike, Iketani, 

Kawarada, & Tanaka, 1999). 

 In contrast, and in line with previous findings in population and clinical samples 

(Kennedy et al., 2007; Kent et al., 1999; Dunkley et al., 2010; Kong & Bernstein, 2009), 

we found childhood emotional abuse to be related to severity of eating-disorder 

symptoms. Ineffectiveness emerged as a significant mediator of the link between 

experiences of childhood emotional abuse, on the one hand, and overall severity of eating 

symptoms and dieting, on the other. The latter finding could suggest that experiences of 

childhood emotional maltreatment significantly impact a person’s self-esteem, to the 

point that such an individual might be drawn to engage in eating-disordered behaviors to 

compensate for feelings of inadequacy, and to feel “accomplished” in a valued area 

(Fairburn, Cooper, Shafran, Bohn, Hawker, 2008). Similarly, Affective Instability 

emerged as a significant mediator of the link between experiences of childhood emotional 

abuse and symptoms of oral control. The EAT-26 subscale of Oral Control comprises 

items related to self-control about food (Garner et al., 1982). Our results could suggest 

that individuals who are highly affectively unstable might turn to such eating-disordered 
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behavior to cope with negative emotions and therefore achieve a sense of control. Our 

results therefore compare with findings supporting the mediating role of anxiety in the 

relationship between childhood emotional abuse and eating-symptom severity in 

population samples (Kent et al., 1999).  

In contrast to the preceding, among the mediating variables we tested, 

Perfectionism and Depression were not found to mediate the relationship between 

experiences of childhood emotional abuse and eating symptoms. Our result pertaining to 

Depression is in line with findings negating the mediating role of depression on the CEA-

ED relationship (Kennedy et al., 2007; Dunkley et al., 2010). Future studies should 

replicate our result with regards to Perfectionism, as this is the first examination of any 

such mediating role.   

Together, our findings could be interpreted as indicating that CEA contributes to 

ED development via its adverse impacts upon individuals’ abilities to maintain stable 

self-esteem and mood. Indeed, it is possible that the repeated experience of being insulted 

and criticized in childhood leads to eating-disorder symptoms because of its impact on an 

individual’s self-concept and emotional regulation. Alternatively, it remains possible that 

CEA is a correlate of genetic factors associated with negative emotionality, affective 

instability and self-esteem, that may be etiological for EDs. For example, parents of 

individuals high on negative emotionality might themselves be highly emotionally 

unstable (as seen through the perpetrations of emotionally abusive acts), and might have 

transmitted a genetic susceptibility for negative emotionality to their offspring. Future 

research should therefore explore potential gene-environment effects (involving exposure 
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to childhood trauma) that may influence risk of ED development. Several such effects 

have already been documented by our research group (Steiger et al., 2010; Steiger et al., 

2008).  

Strengths and limitations 

The current study furthers the understanding of the role of potentially traumatic 

childhood experiences in eating-symptom development, and is also one of the first to 

examine the role of mediators that might explain a link between childhood emotional 

abuse and eating-disorder symptoms in bulimia-spectrum disorders. Nonetheless, the 

present study has several limitations. Perhaps the most important is the cross-sectional 

nature of the data obtained. Indeed, while it is possible that ineffectiveness and affective 

instability result from exposure to childhood emotional traumata, it is equally plausible 

that low self-esteem and affective instability are consequences of an existent eating 

disorder. One should also note that current feelings of ineffectiveness and affective 

instability might influence the recall of some lower-severity childhood abuse events, 

since negative emotionality could be associated with greater availability of negative 

childhood memories. Prospective studies would better inform the actual nature of 

associations linking trauma to later symptom development. Finally, all of our BSD 

participants were treatment-seeking, perhaps presenting with more severe symptoms than 

you would find in community samples, potentially contributing to differences between 

our BSD and NE groups on the reported rates of childhood abuse and observed 

relationships between abuse forms and our mediators.  

Clinical implications 
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Our results suggest that childhood emotional abuse may influence severity of 

eating symptoms, perhaps by impacting individuals’ self-esteem and affect regulation. 

For individuals reporting a history of emotional maltreatment, it may be particularly 

important to select therapeutic interventions that aim to challenge negative views of the 

self and that help with the management of mood fluctuations.  
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Table 1. Correlations between independent, mediating and dependent variables. 

     1         2         3         4         5         6         7         8         9         10         11         12         13 

____________________________________________________________________________________________ 

Independent  

1. CEA                  - 

2. CPA                           .57**    - 

3. CSA                           .25**  .25**    - 

 

Mediating  

4. Ineffectiveness    .17*    .20**  -.01      -          

5. Perfectionism             .09      .06       .02     .30**   -         

6. Affective Instability   .18*    .14       .03     .46**  .32**    -       

7. Depression                 .16*   .22**  -.09     .69**  .36**  .51**    -       

 

Dependent  

8. EAT-26 Total            .22**   .12      -.01     .41**   .19*   .30**   .36**    - 

9. EAT-26 Dieting         .19*     .10     -.06     .37**   .16*   .23**   .30**  .94**   -    

10. EAT-26 Oral C.       .24**   .07       .05     .23**   .17*   .28**   .29**  .51**  .67**  - 

11. EAT-26 Bulimia      .10       .12       .04     .38**   .29** .22**   .28**  .69**  .52**  .19*     - 

12. Average Binging     -.08      .05      -.06     .04**   .06     -.08     .05      -.06     -.12     -.14     .20**     -        

13. Average Purging      .06       .13       .14     .08       .03     .03       .08      .15       .04     -.04      .44**    .58**   - 

* p< .05 

** p< .01 
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Table 2. Summary statistics for multiple regression analyses predicting EAT-26 Total, 

Dieting, and Oral control scores 

Total   Dieting  Oral Control 

                   ___________              ___________               _____________ 

Predictors             β       t        Adj.R2       β       t        Adj.R2       β       t        Adj.R2 

Mediator Model  

16.9%    12.3%      8.7% 

Ineffectiveness       .287    2.948**      .290   2.898**       .040    .387 

Affective Instability .113    1.378       .068     .811                 .205   2.382 *  

Depression  .096 .957         .058     .566                 .131   1.242 

 

Full Model  

18.4%    13.3%      10.4% 

Ineffectiveness       .275    2.846**      .280   2.804**       .027    .263 

Affective Instability .095 1.161       .053     .622                 .186   2.163 *  

Depression  .094 .945         .057    .551                  .128   1.233 

CEA   .142 2.020*                  .124   1.716                 .152   2.069* 

* p< .05 

** p< .01 

 

 

 

 

 

 

 

 

 

 



69 

 

Rationale for Study 2 

Study 1 (Groleau et al., 2012a) investigated the influence of childhood abuse 

experiences, with a special focus on emotional maltreatment, on the clinical presentation 

of eating-disorder symptoms in bulimia-spectrum disorders. The study also examined the 

possible implication of psychological mediators of interest in the relationship between 

trauma and ED symptoms. Findings from Study 1 corroborated those of studies in clinical 

and population samples alike suggesting that childhood emotional abuse (CEA), but not 

physical and sexual forms of trauma, is associated with severity of eating pathology (e.g. 

Kennedy et al., 2007; Kent et al., 1999; Dunkley et al., 2010; Kong & Bernstein, 2009). 

In addition, our results suggested that the association between CEA and symptom-

severity might be, at least in part, explained by affective instability and ineffectiveness.  

In Study 2, I chose to explore, in bulimia-spectrum disorders, the possible 

moderating role of candidate genes of the relationship between childhood trauma, on the 

one hand, and eating and psychopathological symptoms, on the other. An accumulating 

body of literature in eating disorders suggests that gene-environment interaction (G x E) 

effects involving serotonin-system polymorphisms can influence the  presentation of 

clinical symptoms in people with eating disorders (e.g. Akkerman et al., 2012; Steiger et 

al., 2008, 2009). In non-eating disordered populations, several G x E effects involving 

dopamine (DA)-system polymorphisms have been reported to predict traits relevant in 

BN, such as novelty-seeking (Keltikangas-Jarvinen et al., 2009). Given the absence of G 

x E studies involving childhood abuse and DA-system polymorphisms in EDs, I chose to 

explore, in Study 2, interaction effects involving three DA-system variants (DRD2 
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Taq1A, DAT1, and COMT rs4680) and childhood physical, sexual, and emotional abuse, 

on clinical presentation in bulimia-spectrum disorders (i.e. severity of binge eating, 

impulsivity, compulsivity, sensation-seeking, and affective instability).  
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Abstract 

Objective: We explored interaction effects involving polymorphisms of targeted 

dopamine-system genes and selected forms of childhood abuse (sexual, physical and 

emotional) acting upon severity of binge-eating and psychopathological symptoms in 

women with Bulimia-Spectrum Disorders (BSDs).  Methods: Women diagnosed with a 

BSD (n= 216) were assessed for childhood traumata, eating-disorder (ED) symptoms, 

and selected psychopathological features (sensation seeking, impulsivity, compulsivity 

and affective instability), and then provided blood samples for genotyping of main 

polymorphisms of dopamine-2 receptor (DRD2), dopamine transporter (DAT1) and 

catechol o-methyltransferase (COMT) genes. Results: Sensation Seeking was elevated in 

carriers of the low-function allele of the DRD2 Taq1A polymorphism who also reported 

childhood sexual abuse, relative to that in individuals showing other combinations of 

alleles and abuse exposures. In addition, carriers of a low-function allele of COMT 

scored higher on compulsivity, lower on impulsivity, and marginally lower on frequency 

of binge-eating than did individuals in whom the allele was absent. Discussion: Our 

results suggest that genes acting within the dopamine system may contribute, either 

directly or indirectly (i.e., in interaction with traumatic childhood experiences), to 

variations in the presentation of comorbid traits and, possibly, of bulimic symptoms.  
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Introduction 

Bulimia Nervosa (BN) is a severe eating disorder, characterized by recurrent 

binge-eating episodes, subsequent compensatory behaviours, and excessive 

preoccupations with body shape and weight. Whereas some BN sufferers appear to be 

quite free of major psychopathology, a sizable subgroup displays prominent disturbances 

of mood (Milos, Spindler, Buddeberg, Crameri, 2003), anxiety (Kaye, Bulik, Thornton, 

Barbarich, & Masters, 2004), substance abuse (Newman & Gold, 1992), and personality 

(Cassin & von Ranson, 2005; Steiger & Bruce, 2007), as well as comorbid adult 

attention-deficit/hyperactivity disorder (Surman et al., 2006). Such heterogeneity has 

inspired the belief that, in BN, psychopathological variations correspond to important 

differences as to etiological processes and, in turn, treatment needs (Westen & Harnden-

Fischer, 2001; Steiger & Bruce, 2007; Steiger et al., 2011).  The preceding motivates 

interest in research into the factors, constitutional and environmental, that may underlie 

phenotypic variations within the bulimic population.   

Dopamine (DA) has been involved in several brain functions relevant to BN, 

including the regulation of mood and reward-related behaviors, such as those implicated 

in overeating and addictions. In support, various findings indicate abnormal DA activity 

in people with BN. Compared to normal eaters, individuals with BN have been reported 

to have lower levels of homovanillic acid, the major DA metabolite, in both cerebrospinal 

fluid (Jimerson, Lesem, Kaye, & Brewerton, 1992; Kaye et al., 1990) and in plasma 

(Kaplan, Garfinkel, Warsh, & Brown, 1989). Similarly, compared to normal eaters, 

women with BN show reduced striatal dopamine transporter availability (Tauscher et al., 
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2001) and reduced striatal activity during tasks involving reward (Wagner et al., 2010) 

and self-regulatory control (Marsh et al., 2009, 2011). Together, these findings support 

the hypothesis that the dopaminergic system has an etiopathologic role in BN. 

BN and genes acting in the DA system 

Various studies have investigated the possibility that genes involved in the 

regulation of dopamine activity may contribute to risk of BN and to variations in the 

presentation of bulimic symptoms and comorbid traits. Available data suggest that 

polymorphisms involved in the regulation of dopamine may contribute directly to 

vulnerability to BN, or indirectly, through associations with overeating and frequently 

associated comorbid traits. The following provides a brief overview of available evidence 

pertaining to DRD2 Taq1A, Catechol o-Methyltransferase (COMT) and DAT1 genes—

respectively representing genetic influences upon DA receptor sensitivity, DA breakdown 

and DA reuptake—which are among the most frequently studied of polymorphisms 

relevant to DA.  

Across populations, findings suggest that carriers of the low-function, A1-allele 

(A1/A1 or A1/A2 genotypes) of Taq1A (rs1800497) show reduced brain dopamine 

function when compared to A2 homozygotes (Ritchie & Noble, 2003). In population 

samples, carrying the DRD2 A1-allele has been associated with increased food intake 

(Epstein et al., 2004, 2007), greater food craving and motivation for food (Epstein et al., 

2007; Comings et al., 1993), and greater weight gain and risk for obesity (Stice, Yokum, 

Bohon, Martin, & Smolen, 2010). Additionally, accumulating evidence supports 

associations between the A1-allele and disorders of substance use (Foll, Gallo, Strat, Lu, 
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& Gorwood, 2009), attention-deficit/hyperactivity (Kopeckova et al., 2008), and 

gambling (Comings et al., 1996). Similarly, the A1-allele has been associated with 

increased sensitivity to reward in non-eating disordered obese individuals and in 

individuals with Binge Eating Disorder (Davis et al., 2008), as well as with traits of 

impulsivity (White, Morris, Lawford, & Young, 2008; Eisenberg et al., 2007) and of 

novelty/sensation seeking (Ratsma, van der Stelt, Schoffelmeer, Westerveld, & Gunning, 

2001; Comptom et al., 1996).  

The Met and Val alleles of COMT (rs4680) have been thought to influence 

availability of DA in the synapse, the former leading to lower degradation of dopamine 

and the latter having the opposite effect (Benjamin et al., 2000). The Met-allele of COMT 

has been associated with Obsessive-Compulsive Disorder (OCD; Denys, Van 

Nieuwerburgh, Deforce, & Westenberg, 2006), higher harm avoidance (Hashimoto et al., 

2007), anxiety-related traits (Stein, Fallin, Schork, & Gelernter, 2005), and lower 

extraversion (Hoth et al., 2006); the Val-allele has been associated with polysubstance 

abuse (Vanderbergh et al., 1997), physical aggression (Kulikova et al., 2008), antisocial 

and criminal behaviours (Caspi et al., 2008), sensation-seeking (Lang, Bajbouj, Sander, 

& Gallinat, 2007), and a higher likelihood of ADHD within BN (Yilmaz, Kaplan, Zai, 

Levitan, & Kennedy, 2011). Studies investigating associations between COMT rs4680 

and BN have yielded mixed findings. Indeed, one case-control study associated the Val-

allele with BN (Mikolajczyk, Grzywacz, & Samochowiec, 2010), while another found no 

support for such association (Yilmaz et al., 2011), but reported that the Met-allele was 

overtransmitted from parents to offspring with BN (Yilmaz et al., 2011).   
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Findings on the action of the DAT1 gene have been inconsistent. Some studies 

suggest that short (7 and 9-repeat) alleles are associated with lower transcriptional 

availability than the 10-repeat allele (Fuke et al., 2001); others find the opposite effect 

(van Dyck et al., 2005). Despite ambiguity surrounding functional effects, several studies 

have reported associations between the 9-repeat allele and OCD (Hemmings et al., 2003, 

2004), bulimic eating disorders (Shinohara et al., 2004), and alcohol withdrawal and 

dependence (Köhnke et al., 2005; Samochowiec et al., 2006), while absence of the 9-

repeat allele has been associated with lower reward-related brain activity in the ventral 

striatum (Forbes et al., 2009). 

BN and childhood abuse 

Another factor that has been thought to confer vulnerability to bulimic (and 

associated) pathology is childhood abuse (Steiger & Bruce, 2007; Polivy & Herman, 

2002). Several forms of childhood abuse (CA) are reported disproportionately often by 

individuals with BN (Rorty, Yager, & Rossotto., 1994), and have been linked to severity 

of bulimic and comorbid psychopathological symptoms. For instance, childhood physical 

abuse (CPA) and childhood sexual abuse (CSA) have been associated with dissocial and 

impulsive traits in BN (Steiger et al., 2010), borderline personality disorder (Steiger, 

Jabalpurwala, Champagne, 1996), and submissiveness (Leonard, Steiger, & Kao, 2003). 

Moreover, recent reports suggest that childhood emotional abuse (CEA) is related to 

eating-disorder symptom severity, and to comorbid depression, affective instability, 

impulsivity and felt ineffectiveness (Kong & Bernstein, 2009; Groleau et al., 2012).  
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Of interest, given our concern with gene x environment interaction effects, several 

recent studies report moderating effects of environmental factors, like childhood 

maltreatment, on genetic vulnerability. For example, in non-eating-disordered 

populations, gene-environment (G x E) interaction effects involving the Taq1A 

polymorphism, on the one hand, and child-rearing environment or stress, on the other, 

have been found to predict novelty seeking (Keltikangas-Jarvinen et al., 2009), 

biobehavioural markers of alcoholism (Berman & Noble, 1997), severity of alcohol 

dependence (Bau, Almeida, & Hutz, 2000), and emotional eating in teenagers (van 

Strien, Snoek, van der Zwaluw, & Engels, 2010). Similarly, G x E interactions involving 

stressors, like CSA, and COMT have been found to predict higher levels of anger-related 

traits (Perroud et al., 2010) and insensitive parenting (van IJzendoorn, Bakermans-

Kranenburg, & Mesman, 2008). In bulimic samples, our group has reported several 

comparable interaction effects, involving actions of childhood abuse upon 

polymorphisms that influence serotonin and glucocorticoid activity (Steiger et al., 2008; 

Steiger et al., 2011, 2011). However, to our knowledge, no study involving an eating-

disordered sample has, as yet, investigated interaction effects involving childhood abuse 

and dopamine-system genes.  

The present study  

This study examined the bearing of selected DA polymorphisms (DRD2 Taq1A, 

COMT rs4680, and DAT1), childhood abuse (sexual, physical or emotional), and 

potential G x E interactions, on the expression of bulimic and comorbid symptoms in 

women with a Bulimia-Spectrum Disorder (BSD). Based on their prominence in bulimic 
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syndromes, and documented associations with dopamine function and abuse, we opted to 

explore effects on traits of sensation seeking, impulsivity, compulsivity and affective 

instability, and on severity of binge eating. We expected alleles associated with low 

dopamine function (i.e., the A1-allele of Taq1A and the 9-repeat of DAT1) to be 

generally associated with greater behavioral and affective dysregulation, and with 

increased frequency of binge episodes. In contrast, we expected the Met-allele of COMT 

rs4680, linked to high dopamine function, to be associated with greater compulsivity. 

Finally, given reported G x E interactions involving DA polymorphisms and negative 

childhood experiences, we hypothesized that individuals reporting abuse and carrying the 

high-risk alleles would present with more severe clinical symptoms.  

Methods 

Subjects 

Participants in this institutional ethics-board approved study provided informed 

consent. Two hundred and sixteen women with a bulimia-spectrum disorder were 

recruited through a specialized Eating Disorders Program in Montreal, Canada. Of the 

216 participants, 136 (63.0%) met DSM-IV criteria for BN-Purging subtype, 11 (5.1%) 

for BN-Non Purging subtype, and 69 (31.9%) an Eating Disorder Not Otherwise 

Specified (EDNOS) in the BN spectrum—among which 48 (22.2%) subthreshold BN-

Purging subtype, 11 (5.1%) for an EDNOS purge only subtype, and 10 (4.6%) showed 

subthreshold versions of BN-Non Purging subtype. Available reports suggest that women 

with full-blown BN do not differ substantially from those with subthreshold forms 

(Fairburn & Harrisson, 2003). Furthermore, we felt that the diagnostic variations 
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described allowed for good representation of the population of treatment-seeking bulimic 

women. Mean Age and body mass index (Kg/m²) in our sample were 25.90 (±6.73) and 

22.28 (±3.53), respectively. The Quebec population is mainly of Caucasian descent. 

Correspondingly, our sample was composed of 208 (96.7%) Caucasians. The remainder 

of our sample was composed of 2 (0.9%) who identified themselves as Asian, 2 (0.9%) as 

Aboriginal, 1 (0.5%) as Black or African American, 1 (0.5%) as Native Hawaiian or 

other Pacific Islander, and 1 (0.5%) as having a mixed background Caucasian/Asian. 

Information on race was missing on one participant. According to ancillary analyses (not 

reported here), exclusion of non-Caucasian members of our sample did not substantively 

alter patterns of findings. 

Measures 

The Eating Disorders Examination (EDE: Fairburn & Cooper, 1993), regarded as 

the “gold standard” interview to assess eating disorder symptoms, has been reported to 

have good discriminant validity (Fairburn & Cooper, 1993). Short-term test-retest 

reliability coefficients for behavioural symptoms associated with bulimia (e.g., frequency 

of binging and vomiting episodes) have been reported to be between .85 and .97 (Rizvi, 

Peterson, Crow, & Agras, 2000). Current DSM-IV ED diagnosis was established for each 

BSD participant by trained research assistants/ doctoral students using the EDE. We also 

used the EDE to derive the average monthly binging episodes. 

Consistent with our interest in comorbid features, we selected additional scales to 

reflect relative degrees of under- to over-regulation. These included the Sensation 

Seeking, Affective Instability and Compulsivity subscales of the Dimensional 
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Assessment of Personality Pathology- Basic Questionnaire (DAPP-BQ: Livesley, 

Jackson, & Schroeder, 1992). The DAPP-BQ’s psychometric properties have been 

reported to be very good, with alpha coefficients ranging between .83 and .94 (Livesley, 

Jang, Jackson, & Vernon, 1993). In our data, internal consistency estimates for the three 

subscales were .91, .91, and .89, respectively. In addition, we used the total score from 

the Barrat Impulsivity Scale (BIS-11: Patton, Standford, & Barratt, 1995), a 30-item self-

report questionnaire which measures impulsivity. The BIS-11 reportedly exhibits good 

psychometric properties (Patton et al., 1995); internal consistency of the total score was 

estimated to be .81 in our sample.  

The Childhood Trauma Interview (CTI: Bernstein et al., 1994) is a semi-

structured interview with good psychometric properties and high convergent validity with 

established measures of childhood trauma (Fink, Bernstein, Handelsman, Foote, & 

Lovejoy, 1995). We developed categorical indices of sexual, physical and emotional 

abuse, basing our assessment of the presence of abuse upon combinations of severity and 

frequency indices, as follows: For CPA and CSA to be coded as “present”, at least one 

event of moderate-to-high severity (e.g., being slapped in the face, or having genitals 

fondled through clothing) had to have occurred at a low frequency (i.e., no more 

frequently than once a year), or an  event of extreme severity (e.g., multiple punches, or 

oral sex or penetration by a trusted caregiver or relative) had to have occurred at least 

once. For CEA to be coded as “present”, we required the presence of a low-severity event 

(e.g., speaking in a derogatory way about the child’s behaviour) at a high frequency (i.e., 

at least every two weeks), or a moderate-severity event (e.g., telling the child “you’re 

stupid”) at a moderate frequency (i.e., at least once every four months), or a high-severity 
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event (e.g., telling the child “I wish I had never had you”) at a low frequency (i.e., at least 

once or twice a year), or an extremely severe event or emotional torture at least once. 

Interrater reliability estimates were calculated for each type of abuse in a selected sample 

of CTI interviews (N=49), revealing k= 0.77 for emotional abuse, k= 0.84 for physical 

abuse and k= 0.93 for sexual abuse. We note that such coding of abuse has been used in 

the past by our group (Groleau et al., 2012) and has yielded rates of abuse highly 

comparable to those published elsewhere (e.g. Rorty et al., 1994, Steiger et al., 2010).  

Genotyping  

DRD2 Taq1A. For the DRD2 TaqA1 rs1800497, 100 ng of genomic DNA was 

amplified in a 20 ul PCR reaction containing 10 pM forward 

(5’CCGTCGACGGCTGGCCAAGTTGTCTA 3’), 10 pM reverse (5’ 

CCGTCGACCCTTCCTGAGTGTCATCA 3’) primers , 200 µM dNTP, 1 units Taq DNA 

polymerase (Qiagen) and 1X Buffer & 1.5mM MgCl2 (Qiagen).  

Cycle conditions were: 10 min denaturation at 94°C, 35 cycles of 60s denaturation at 94° 

C, 60 s annealing at 54° C, 1 min extension at 72° C and one final extension of 7 minutes 

at 72° C. The PCR product was digested with 5U of TaqαI enzyme (New England 

Biolabs) overnight at 65° C and visualized under UV on a 3% ethidium bromide agarose 

gel with 100 bp ladder. The 304bp PCR product is not cut by the restriction enzyme in 

A1-alleles, and A2 alleles yield a 126 bp and 178 bp fragment.  

COMT rs4680. Genomic DNA was extracted from human lymphocytes. 100 ng of 

genomic DNA was amplified in a 20 ul PCR reaction containing 10 pM forward 

(5’ACTGTGGCTACTCAGCTGTG3’), 10 pM reverse (5’ 



82 

 

CCTTTTTCCAGGTCTGACAA3’) primers, 25 µM dNTP, 1 Unit Taq DNA polymerase 

(Qiagen) and 1X Buffer & 1.5mM MgCl2 (Qiagen). Cycle conditions were: 2 min 

denaturation at 95°C, 35 cycles of 30s denaturation at 94° C, 20s annealing at 57° C, 20s 

extension at 72° C and one final extension of 5 minutes at 72° C. The 169bp COMT 

fragment was digested with 5U of NlaIII enzyme (New England Biolabs) overnight at 

65° C and visualized under UV on a 3% ethidium bromide agarose gel with 100 bp 

ladder.  

DAT1. Genomic DNA was extracted from blood leukocytes using the FelxiGene 

DNA Kit (Qiagen) according the manufacturer’s instructions. PCR amplification of the 

40 bp VNTR of the human DAT1 gene was performed using the 5’-

TGTGGTGTAGGGAACGGCCTGAG-3’ and 5’-

CTTCCTGGAGGTCACGGCTCAAGG-3’ reported previously (Vanderbergh et al., 

1992; Kang, Palmatier, & Kidd, 1999). The PCR reaction was carried out in a final 

volume of 10 μl reaction containing 100ng of genomic DNA, 200 μM of dNTPs, 5 pM of 

each primer, 1 U of Taq DNA Polymerase (Qiagen, Alameda, CA), 1 x PCR buffer and 1 

x Q solution (Qiagen).  PCR protocol involved a single denaturation step at 93 oC for 4 

min, followed by 35 cycles of denaturation at 93o C for 30 sec, annealing at 73o C for 30 

sec and extension at 72o C for 30 sec. Reaction was completed with a final 10 min 

extension step at 72o C.  The PCR products, ranging in size from 200 bp to 520 bp, were 

analysed on a 3% agarose gel electrophoresis.  

Data Analysis 
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Separate hierarchical linear regression analyses were run, using IBM SPSS 

Statistics version 20, on each of the outcome variables of interest (sensation seeking, 

affective instability, impulsivity, compulsivity and average number of binge episodes per 

month) to examine the main effect of the “at-risk” allele (step 1), main effect of each 

form of childhood abuse (step 2), and the “at-risk” allele x abuse interaction (step 3). To 

avoid over parameterization, we ran each of the models separately for each 

polymorphism and for each type of abuse. Average number of binge episodes was log-

transformed to correct for the non-normality of the distribution. 

Results 

Table 1 presents observed frequencies (and percentages) of DRD2 Taq1A, COMT 

rs4680, and DAT1 genotypes and alleles, and reported rates of sexual, physical and 

emotional abuse. Genotype distributions for all three polymorphisms were in Hardy-

Weinberg equilibrium in our sample [(DRD2 χ(1)
2 =2.435, n.s.); (COMT χ(1)

2 =0.02, n.s.); 

(DAT1 χ(1)
2 =1.996, n.s.)]. Table 2 shows unstandardized coefficients (and standard 

errors) for the presence of the A1-allele, abuse and the DRD2 x abuse interaction terms in 

the final models of DRD2 Taq1A. Changes in R2 are also displayed at each step of the 

regression analyses.  

Analyses involving DRD2 Taq1A revealed a significant interaction effect of the 

A1-allele with Childhood Sexual Abuse on Sensation Seeking (Fchange (1, 202)= 4.20, 

p=.04), indicating that individuals carrying the A1-allele and reporting experiences of 

sexual abuse had higher scores on sensation seeking than did other individuals (see Table 

2). We found no G x E interaction effects involving Taq1A and any form of abuse on 
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affective instability, impulsivity, compulsivity or average binge frequency (results not 

shown for interactions involving Childhood Physical and Emotional Abuse). Likewise, 

we found no main effects of Taq1A gene on any of our dependent variables.  

For COMT rs4680, the first step in our hierarchical regressions, which included 

only the main effect of gene, revealed associations between the Met-allele and increased 

compulsivity (Fchange (1, 205)= 4.35, p=.038), lower impulsivity (Fchange (1, 202)= 5.20, 

p=.023), and a trend towards lower frequency of binge eating (Fchange (1, 208)= 3.18, 

p=.076). In contrast, we found no interaction effect of gene with any form of childhood 

abuse on any of our dependent variables (results not shown). In other words, the COMT 

rs4680 polymorphism appeared to have an effect on the expression of traits related to 

impulse control (and perhaps the severity of binge eating) independently of prior 

maltreatment experiences. 

Finally, analyses involving DAT1 revealed no main effects of gene and no 

interaction effects of DAT1 with any of the types of childhood abuse (results not shown). 

The latter results suggest that, in our sample of bulimia-spectrum disorders, the DAT1 

gene seemed to have neither a direct effect nor an effect moderated by childhood abuse 

on the expression of impulse and emotion-regulation traits, and on the severity of binge 

eating.   

Discussion 

The present study is, to our knowledge, the first to examine the bearing of 

potential gene x abuse interactions involving dopamine-system polymorphisms (DRD2 
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Taq1A, COMT rs4680 and DAT1 variants) and childhood abuse (sexual, physical or 

emotional) upon the expression of binge eating and comorbid symptoms in women with 

Bulimia-Spectrum Disorders. Based on available literature linking dopamine activity 

inversely with reward-related behaviors and novelty seeking (e.g., Lang et al., 2007; 

White et al., 2008), and prior evidence of activation of such tendencies via environmental 

stressors (e.g., Berman & Noble, 1997; Keltikangas-Jarvinen et al., 2009), we had 

hypothesized that bulimic individuals carrying genetic tendencies towards low dopamine 

function, when exposed to childhood abuse, would tend to display most pronounced 

behavioral disinhibition, affective instability and (possibly) bulimic symptoms. 

Consistent with our expectations, we found that bulimic individuals with the A1-allele of 

DRD2 Taq1A who reported childhood sexual abuse scored higher on sensation seeking. 

The preceding tendency appears to be compatible with previous reports linking sensation 

seeking and impulsivity to genetic factors that influence dopaminergic neurotransmission 

(Compton et al., 1996; Ratsma et al., 2001; White et al., 2008; Eisenberg et al., 2007). It 

is believed that impulsive and sensation-seeking behaviours are sometimes motivated by 

the fact that individuals who carry genetic variants associated with low dopamine 

function are drawn to act in ways that stimulate dopamine release within reward-related 

circuits. Our finding is consistent with this impression, but adds the point that expressions 

of the sensation seeking trait may tend to be most pronounced in individuals in whom 

latent genetic potentials have been activated by an environmental trigger-- in this case, 

childhood sexual abuse. 

Although we found no parallel G x E effects involving other polymorphisms we 

studied, we did observe main effects of the COMT rs4680 polymorphism that were also 
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consistent with a connection between higher dopamine activity, on the one hand, and 

lower behavioral disinhibition, on the other—in the sense that the rs4680 Met-allele was 

associated with greater compulsivity and lower impulsivity. Here, our findings parallel 

those of previous studies that have associated the Met-allele with Obsessive-Compulsive 

Disorder (Denys et al., 2006), harm avoidance (Hashimoto et al., 2007) and other 

anxiety-related traits (Stein et al., 2005). In addition, we observed a marginally 

significant association between the Met-allele and lower frequency of binge eating. 

Mixed findings have been reported on the association between the COMT rs4680 

polymorphism and BN in case-control studies, with one linking the Val-allele to 

increased risk of BN (Mikolajczyk et al., 2010) and the other reporting null results 

(Yilmaz et al., 2011). In the latter study, the Val-allele had been associated with a 

diagnosis of ADHD in BN probands. While our findings do not address whether or not 

the Met-allele is associated with BN, the marginally-significant association between the 

absence of Met-allele and more severe binging symptoms adds to the idea that COMT 

rs4680 may contribute to variations in symptom presentation in BN. Viewed together, our 

findings are in line with Yilmaz and colleagues’ conclusions (2011) that COMT rs4680 

may influence the expression of symptoms related to impulse-regulation, such that, in our 

sample, individuals who carry the allele associated with high dopamine activity were 

prone to elevation on traits of compulsivity or over-control and, in corollary, of low 

impulsivity.   

In sum, our findings suggest that polymorphisms involved in the regulation of 

dopamine activity contribute directly (in the case of COMT) or in interaction with 

adverse childhood experiences (in the case of DRD2 Taq1A) to trait variations in 
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Bulimia-Spectrum Disorders. We found no main or interaction effects attributable to 

DAT1. Here we suspect that one possible explanation may be related to the ambiguity 

surrounding the functionality of DAT1 alleles. Perhaps a better understanding of the 

gene’s function would allow for a more informed examination of relationships between 

DAT1 and symptoms.  

Strengths and Limitations 

This study specifically adds to the understanding of the contribution made by 

dopamine-system genes to the heterogeneity of clinical presentations in people with 

Bulimia-Spectrum Disorders, and to the ways in which individuals who both carry a 

genetic vulnerability and have been exposed to environmental stress may be at risk of 

certain psychopathological manifestations. Nonetheless, the study has several limitations. 

Perhaps the most important relates to the number of comparisons carried out within a 

moderately-sized sample. Such investigations, especially in candidate genes studies, 

come with the risk of detecting and reporting spurious effects (Duncan & Keller, 2011). 

Furthermore, we are conscious that our study will have had  limited power to detect gene-

environment interaction effects of interest, given that the risk allele and abuse exposure 

were present in only 30.6% and 27.1% of our sample, respectively. It has been noted that 

full statistical power is preserved only in instances in which categorical predictor 

variables entered into an interaction term are both at a roughly 50% rate (Caspi, Hariri, 

Holmes, Uher, & Moffitt, 2010). Following from this logic, there is a risk that the present 

study, despite a reasonably large sample size, may still have been underpowered. While 

the preceding is possible, we note also that low power would be more likely to have led 
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to a failure to detect an existent effect, rather than the erroneous detection of a spurious 

one. Adding further to confidence that the interaction effect we identify here reflects a 

genuine G x E phenomenon, we note that our study was based on a principled selection 

of phenotypes and of polymorphisms with known functional effects. We also note that 

limiting investigations to polymorphisms and environmental exposures with “optimal” 

exposure rates would have been incompatible with the effort to identify relationships 

between actual phenomenological variations in a clinical population, on the one hand, 

and genetic and environmental-exposure variations, on the other. Furthermore, we 

underline that the gene-environment interaction and main effects we report are in line 

with tendencies suggested by previous findings in the literature. While considering 

limitations, we mention the problem of distinguishing whether our results portray a 

“gene-environment interaction” or a “gene-environment correlation”. For instance, it is 

possible that individuals who carry the A1-allele are more at risk for proneness towards 

taking risks and seeking sensations of high intensity, and that this phenotype is expressed 

when exposed to adverse environmental conditions. However, it is also possible that the 

genetic susceptibilities we have studied are also carried by members of the same family, 

rendering the parents more at-risk of being impulsive, and hence of being abusive of their 

offspring. Of relevance to this question, we note that reported evidence of 

hypermethylation of the DRD2 gene in BN (Frieling et al., 2010) would be consistent 

with a genuine epigenetic (silencing) effect due to environmental stress exposure, and 

hence with a genuine (causal) gene x environment interaction.  We also note that 

preliminary data we have generated, involving methylation of the promoter region of the 

DRD2 gene, corroborates this same impression. 
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Future Directions 

 Our study suggests that dopamine-system genes contribute directly or indirectly 

(in interaction with childhood maltreatment) to eating-disorder and comorbid-symptom 

presentation in bulimia-spectrum disorders. Further investigations will be needed to 

establish the stability across samples of the tendencies we have observed. Future studies 

might also examine whether or not such genetic and developmental factors have 

prognostic significance when it comes to treatment response.  Finally, future studies into 

epigenetic processes could potentially clarify how environmental stressors might modify 

gene expression, with the aim to develop a more informed model of etiology and, 

ultimately, more individualized treatments.     
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Table 1 

Frequencies of (and percentages) of cases with 1) various DRD2 Taq1A, DAT1 and 

COMT rs4680 genotypes and alleles, 2) childhood sexual, physical and emotional abuse 

                                                        N (%) 

DRD2 Taq1A Genotype 

A1/A1                                                                            10 (4.6%) 

A1/A2                                                                            56 (25.9%) 

A2/A2                                                                          150 (69.4%) 

DRD2 A1-allele (A1/A1 or A1/A2) 

A1-allele                                                                        66 (30.6%) 

DAT1 Genotype 

9/9                                                                                  15 (7.0%) 

9/10                                                                                98 (45.6%) 

10/10                                                                              99 (46.0%) 

10/11                                                                                2 (0.9%) 

7/10                                                                                  1 (0.5%) 

DAT1 9-repeat allele (9/9 or 9/10) 

9-repeat allele                                                                113 (52.6%)  

COMT rs4680 genotype 

Met/Met                                                                          47 (21.8%) 

Met/Val                                                                         109 (50.5%) 

Val/Val                                                                           60 (27.8%) 

COMT rs4680 Met-allele (Met/Met or Met/Val) 

Met-Allele                                                                     156 (72.2%) 

Childhood Sexual Abuse (CSA)                                     58 (27.1%) 

Childhood Physical Abuse (CPA)                                  93 (44.1%) 

Childhood Emotional Abuse (CEA)                             171 (79.5%) 
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Table 2 : Results of hierarchical linear regression analyses in which main effects of DRD2 A1-allele and childhood sexual abuse, as well as the 

interaction effect of gene x abuse were regressed onto clinical variables of interest 

                  Constant;              Gene;                ∆r2                  CSA;                   ∆r2              Gene x CSA;           ∆r2 

               β (and SE)            β (and SE)                                 β (and SE)                              β (and SE) 

                _________         __________      ______            _________         _____          ____________        ______ 

 

n=206 

Sensation seeking                              2.72 (0.08)**         -0.02 (0.16)         0.011          0.03 (0.17)         0.015           0.57 (0.28)*             0.020 

Affective Instability                           3.45 (0.08)**         0.04 (0.16)          0.008          -0.20 (0.17)        0.001           0.49 (0.27)               0.011 

Compulsivity                                      3.39 (0.07)**        -0.06 (0.14)         0.001          -0.11 (0.15)        0.005           0.03 (0.24)               0.005 

Impulsivity                                        70.53 (1.05)**        0.32 (1.99)          0.003          1.42 (2.14)         0.009           2.29 (3.52)               0.002 

n= 213 

Log Average binge episodes/mo.      1.06 (0.06)**          0.07 (0.11)         0.000           0.10 (0.12)         0.000          -0.23 (0.20)              0.006   

                                                 

SE= standard error; CSA= childhood sexual abuse 

**p<0.001 

*p<0.05 

†p<0.10 

Note: variations in ns reflect isolated missing values 

Significance levels refer to significance of coefficients in final model
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Rationale for Study 3 

In Study 2 (Groleau et al., 2012b), we found significant associations in our sample of 

bulimia-spectrum disorder patients between the low-function allele of COMT rs4680 (associated 

with high dopamine function), on the one hand, and lower impulsivity, higher compulsivity, and 

a trend towards lower binge-eating frequency, on the other. In addition, we found increased 

levels of sensation-seeking in women who carried the low-function variant of DRD2 Taq1A 

(associated with low dopamine function) and who reported childhood sexual abuse. Our findings 

were in line with the available literature linking dopamine activity inversely with reward-related 

behaviors (e.g., Lang et al., 2007; White et al., 2008), as well as with studies showing evidence 

of activation of such tendencies via environmental stressors (e.g., Berman & Noble, 1997; 

Keltikangas-Jarvinen et al., 2009).  

Inspired by our DRD2 x Abuse interaction finding, I chose to investigate, in Study 3, 

possible biological substrates of gene-environment interaction effects, in the form of an 

epigenetic mark, in a subset of our bulimia-spectrum-disorder sample. Effects of environmental 

exposures are thought to be represented by epigenetic changes that lead to alterations in gene 

expression (Champagne & Curley, 2009). Several findings, in animals and in humans, suggest 

that developmental experiences impact DNA methylation levels (a main factor in epigenetic 

regulation) of neuropsychiatric genes (McGowan et al., 2009; Perroud et al., 2011; Weaver et al., 

2004). Other studies have reported associations between DNA methylation levels and 

psychopathology, including, but not limited to, eating disorders (e.g. Frieling et al., 2010), 

chronic suicidality and Borderline Personality Disorder (e.g. Steiger et al., 2013; Dammann et 

al., 2011). Such findings suggest a possible influence of alterations in the epigenome on the 

development of mental disorders and/or on comorbidity presentation. Based on the available 
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literature, Study 3 had two objectives: The first was to see if we could replicate findings from 

Frieling and colleagues’ study (2010), which indicated a trend-level association between BN and 

increased methylation of the promoter region of DRD2. The second built on Frieling and 

colleagues’ research (2010) by also exploring associations between DRD2 promoter region 

methylation, and borderline personality disorder and childhood maltreatment.  
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Manuscript 3: Methylation of the dopamine D2 receptor (DRD2) gene promoter in 

women with a bulimia-spectrum disorder: Associations with borderline personality 

disorder and exposure to childhood abuse 
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of the dopamine D2 receptor (DRD2) gene promoter in women with a bulimia-spectrum 

disorder: Associations with borderline personality disorder and exposure to childhood abuse. 
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Abstract 

Objective. Previous findings indicate that women with Bulimia Nervosa (BN), when compared 

to women with no eating disorder (NED), tend to display elevated methylation in the promoter 

region of the DRD2 gene. The preceding would be compatible with evidence of generally 

reduced dopamine activity in people with BN. However, altered DNA methylation has also been 

associated with adverse environmental exposures (such as to childhood abuse) and with 

psychiatric disturbances (such as Borderline Personality Disorder: BPD). In this study, we 

examined the extent to which DRD2 methylation was associated with the presence or absence of 

a bulimic eating disorder, to childhood abuse exposure, or to comorbid BPD. Method. Women 

with a bulimia-spectrum disorder (BSD) and women with NED were assessed for childhood 

traumata, eating-disorder symptoms and BPD, and provided blood samples for methylation 

analyses. Results. BSD and NED groups did not differ as to mean percent DRD2 promoter 

methylation. However, among the women with a BSD, those with BPD showed small, but 

significant increases in DRD2 methylation levels compared to women with NED (as indicated by 

Hochberg’s post-hoc tests). Similarly, women with a BSD who reported a history of childhood 

sexual abuse showed a trend-level elevation of DRD2 methylation compared to our NED group. 

Discussion. Our findings imply that, in people with a BSD, increased methylation of the DRD2 

gene promoter may be more strongly characteristic of comorbid psychopathology than it is a 

global correlate of the eating disorder per se. We discuss theoretical implications of our findings. 
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Introduction 

Bulimia Nervosa (BN) is a serious eating disorder characterized by recurrent episodes of 

binge eating, compensatory behaviors aimed at preventing weight gain, and an excessive reliance 

on weight and shape to regulate one’s self-worth. Although all individuals with BN display 

eating and body-image preoccupations, the disorder has diverse presentations. For instance, 

studies indicate that some women with BN display substantial mood, impulse and behavior 

regulation difficulties, some, traits of “overregulation” (like inhibition and compulsivity), and 

some, negligible psychopathology (Steiger et al., 2010). The “dysregulated” subgroup, given 

prominent impulsivity, affective instability and recklessness, not infrequently meets criteria for 

Borderline Personality Disorder (BDP). Variations in clinical profiles have been hypothesized to 

correspond to differences in etiological processes and treatment needs.  

Genetic factors and Gene-Environment Interactions 

Genetic factors have been thought to contribute to risk of developing BN, and to help 

explain phenotypic diversity within the population of BN sufferers. Furthermore, several studies 

report moderating effects of environmental factors on the expression of genetic vulnerabilities in 

eating disorders (EDs). For example, findings from our group in BN suggest a role for gene-

environment (G x E) interactions involving polymorphisms from the glucocorticoid and 

serotonergic systems (e.g. Steiger et al., 2008; Steiger et al., 2011). For BN, candidate genes 

acting upon the dopamine-system have also received recent attention (Scherag et al. 2010). The 

DRD2 Taq1A polymorphism, a well-studied functional polymorphism known to influence DA 

receptor sensitivity, has been associated with weight gain and greater risk of obesity (Stice et al., 

2010), food-craving (Epstein et al., 2007), and with BN-relevant symptoms and traits, such as 

binge eating, emotional eating and food cravings (Davis et al., 2012), impulsivity (Eisenberg et 
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al., 2007) and novelty seeking (Ratsma et al., 2001). Furthermore, studies in non-eating-

disordered samples have documented several gene-environment interaction effects involving the 

low-function allele of DRD2 Taq1A and stress exposure—including G x E effects that predict 

bio-behavioural markers of alcoholism (Berman & Noble, 1997), novelty seeking (Keltikangas-

Järvinen et al., 2009), and emotional eating (van Strien et al., 2010). Of direct relevance to BN, 

our group has shown that carrying the low-function allele of DRD2 Taq1A polymorphism and 

reporting past experiences of childhood abuse is associated with a heightened propensity towards 

stimulus seeking in women with a bulimic disorder (Groleau et al., 2012b). Such findings 

generate interest in the possibility of measuring the extent to which risk of BN, and of comorbid 

symptoms that are frequently associated with it, requires the activation, by environmental 

factors, of genetic susceptibilities linked to the dopamine system.   

Epigenetic factors 

Epigenetic processes are thought to create a physical link between environmental 

exposures and alterations in gene expression, and are believed to act in the etiology of various 

mental disorders (Champagne & Curley, 2009), including eating disorders (Campbell et al., 

2010; Toyokawa et al., 2012). DNA methylation, a main factor in epigenetic regulation, consists 

of the addition of methyl groups to the cytosines of CpG islands that are common in the 

regulatory regions of many genes. Methylated CpGs in genes’ promoters reduce access of the 

transcriptional machinery to the DNA (possibly by attracting repressor complexes)—which 

ultimately lowers or blocks gene expression. Several findings, in animals and in humans, suggest 

that developmental experiences impact methylation levels and corresponding transcription of 

neuropsychiatric genes (McGowan et al., 2009; Perroud et al., 2011; Weaver et al., 2004). For 

example, pups reared in a low maternal-care environment have been found to show, when 
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compared to pups reared in a high care environment, higher levels of methylation of the 

glucocorticoid receptor (GR) gene promoter (Weaver et al., 2004). In parallel, human studies 

report evidence of hypermethylation of the GR promoter in DNA obtained from brains and blood 

of individuals with a history of childhood abuse, compared to DNA from individuals who did not 

report experiences of maltreatment (McGowan et al., 2009; Perroud et al., 2011). Together, the 

preceding findings suggest that early adversity can lead to changes in the expression of 

neuropsychiatric genes, and, in turn, create variations in phenotypes related to stress reactivity 

and mood regulation. In line with the preceding, recent findings report tendencies towards 

hypermethylation of many neuro-regulatory genes in individuals with BPD (Dammann et al., 

2011), a disorder that stands out as a prototype for severe affective and behavioral dysregulation. 

Our group has recently documented associations, in people with Bulimia-Spectrum Disorders 

(BSDs), between BPD and recurrent suicidality, on the one hand, and hypermethylation of the 

promoter region of the glucocorticoid receptor gene, on the other (Steiger et al., 2013). Despite 

growing interest in the contribution of the dopaminergic system to eating and personality 

pathology, only two studies in EDs have investigated methylation levels of dopamine-system 

genes. One found no association between Anorexia Nervosa (AN) and methylation of the 

dopamine transporter (DAT) and DRD2 genes (Pjetri et al., 2013). Another found that women 

with BN, when compared to women with no eating disorder, showed significant 

hypermethylation of the promoter region of the DAT gene, and trend level increases in 

methylation of the DRD2 gene (Frieling et al., 2010). The latter study also reported significant 

DAT and DRD2 hypermethylation in AN (Frieling et al., 2010). Neither of the investigations 

noted tested for possible associations between DNA methylation levels and factors like comorbid 

psychopathology or exposure to developmental stress. Given the strength of evidence 
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documenting effects of such factors as developmental stress or severe psychopathology (like 

BPD) on epigenetic processes, we felt that further investigation on this topic was warranted.   

The Present Study 

This study had two objectives: A first was to replicate previously reported findings 

suggesting tendencies towards increased methylation of the DRD2 promoter region in women 

with a BSD compared to women with no eating disorder (NED) (Frieling et al., 2010). A second 

was to explore associations between methylation levels of DRD2, on the one hand, and prior 

experiences of childhood abuse and comorbid Borderline Personality Disorder, on the other. We 

expected women with a BSD to display overall increased DRD2 methylation compared to 

women with NED. However, based on previous findings pointing to the effect of developmental 

adversity on epigenetic processes, we also expected that women with a BSD who reported prior 

experiences of maltreatment in childhood might show higher DRD2 methylation levels than 

women who did not report such experiences. Similarly, we expected that women with a BSD and 

comorbid BPD would show higher DRD2 methylation levels than would BSD women without 

BPD.  

Methods 

Participants 

Participants in this institutional ethics-board approved study provided informed consent. 

Women with a bulimia-spectrum disorder were selected as part of a larger-scale study conducted 

at a specialized Eating Disorders Program in Montreal, Canada. The sample from the full study 

included 206 women with a fully threshold or subthreshold form of BN as defined by DSM-IV-

TR (American Psychiatric Association, 2000). Additionally, 102 women with no eating-disorder 
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(NED) were recruited through advertisements in newspapers or university bulletin boards and 

websites. For the latter group, any history of an ED (past or present) was ruled out using 

diagnostically-relevant questions from the Eating Disorders Examination (described below).  

From among the samples described above, we selected subsamples of participants to enable 

specific tests of hypotheses concerning the effect of ED status and childhood abuse on DRD2 

promoter region methylation.  From among the women in our database who had a BSD and on 

whom we had collected information regarding childhood-abuse experiences, we selected the 26 

BSD participants who reported the most extreme forms of childhood sexual and/or physical 

maltreatment experiences (out of the 121 women who reported any form of abuse; instrument 

described below) and 26 who denied such experiences altogether. Interest in Borderline 

Personality Disorder developed post hoc, so that BPD status was not one of the original selection 

criteria used to derive our subsample. Of the 52 women with a BSD, 33 (63.5%) met DSM-IV 

criteria for BN-Purging subtype, 2 (3.8%) for BN-Non Purging subtype, and 17 (32.7%) an 

Eating Disorder Not Otherwise Specified (EDNOS) in the BN spectrum—among which 13 

(25%) showed subthreshold BN-Purging subtype, and 4 (7.7%) subthreshold versions of BN-

Non Purging subtype. Available reports suggest that women with full-blown BN do not differ 

substantially from those with subthreshold forms on most pertinent clinical indices (Fairburn & 

Harrison, 2003). Mean Age and body mass index (BMI: Kg/m²) in our BSD sample were 24.67 

(5.68±) and 22.79 (±4.36), respectively. Limiting recruitment to unmedicated individuals was 

impractical (and undesirable on grounds of representativeness), and we therefore included 35 BN 

women (67.3% of the sample) who were using a psychoactive medication when tested. Similarly, 

we randomly selected 19 NED women who denied any form of childhood maltreatment from our 

larger database. (Sample-size selections were based on expediency—namely, the desire to have a 
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larger group of BN participants who could be divided into abused and no-abuse groups, and 

limits of the laboratory plate used for pyrosequencing). Mean Age and BMI for NED women 

were 23.68 (± 4.57) and 22.41 (± 2.76), respectively. BSD and NED groups did not differ 

significantly on either dimension. None of the NED women were using psychoactive 

medications. 

Measures  

The Eating Disorders Examination (EDE: Fairburn & Cooper, 1993), regarded as the 

“gold standard” interview to assess eating disorder symptoms, displays good discriminant 

validity (Fairburn & Cooper, 1993). Short-term test-retest reliability coefficients for behavioural 

symptoms associated with bulimia (e.g., frequency of binging and vomiting episodes) are 

reported to be between .85 and .97 (Rizvi, et al., 2000). Current DSM-IV ED diagnosis was 

established for each BSD participant by trained research assistants/ doctoral students using the 

EDE. The full EDE interview was used to confirm the absence of current EDs within our NED 

group. Diagnostically-relevant items from the EDE were assessed over the lifetime to ensure the 

absence of an ED history in the latter group.  

The Childhood Trauma Interview (CTI: Bernstein, et al., 1994) is a semi-structured 

interview with good psychometric properties and high convergent validity with other established 

measures of childhood trauma (Fink et al., 1995). We developed categorical indices of sexual 

and physical abuse--used in a number of our previous studies on childhood trauma (e.g. Groleau 

et al., 2012a; Steiger et al., 2013)--basing our assessment of the presence of abuse upon 

combinations of severity and frequency indices. For CPA and CSA to be coded as “present”, at 

least one event of moderate-to-high severity (e.g. being slapped in the face or having genitals 

fondled through clothing) had to have occurred at a low frequency (i.e. no more frequently than 
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once a year), or at least one event of extreme severity (e.g. multiple punches, or oral sex or 

penetration by a trusted caregiver or relative) had to have occurred at least once.  An insufficient 

number of interviews in the current subsample had been subjected to inter-rater reliability checks 

to support computation of reliability estimates. However, we note that our group has documented 

such estimates in previous publications (Groleau et al., 2012a; Steiger et al., 2010) and that 

kappa values were always found to be very acceptable (k ranging from 0.67 to 0.80). We also 

add that such methods of coding for abuse have been used in the past by our group, and have 

yielded rates that are highly comparable to those published elsewhere (Rorty, Yager, & Rossotto, 

1994).  

The Structured Clinical Interview for DSM-IV-TR for Axis II [SCID-II: First et al., 1996) 

was used to assess Borderline Personality Disorder. Interviews were conducted by trained 

doctoral students and research assistants. Once again, we did not calculate the interrater 

reliability for the current sample due to its size, but we refer readers to previously published 

kappa values from our group (Steiger et al., 2004). The SCID-II BPD module served to rule out 

BPD diagnosis in all NED individuals.  

Methylation  

DNA was extracted from venous blood, and then used for methylation analyses 

conducted at Génome Québec Innovation Centre with pyrosequencing methods. Pyrosequencing 

is a real-time sequencing technology that generates reproducible quantification of methylation 

frequencies at individual consecutive CpG sites—allowing for very accurate localization of 

changes in methylation levels. In this method, DNA is first treated with sodium bisulfite to 

convert unmethylated Cytosine (C) residues into Uracil (U), leaving methylated Cytosines 

unchanged. After PCR amplification, the U residues appear as Thymines (T), giving rise to two 

http://www.gqinnovationcentre.com/
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sequences that can be distinguished. In a cascade of enzymatic reactions, visible light is 

generated that is proportional to the number of incorporated nucleotides. The heights peak in the 

resulting program report the ratio of C to T at each analyzed CpG site, which reflects the 

proportion of methylated DNA. Bisulfite treatment was conducted using the EZ DNA 

Methylation-Gold Kit from Zymo Research (catalog number: D5007). Quality control was 

insured by quantifying the DNA by putting on QIAxcel every PCR products to quantify and 

calculate the right amount of PCR to start with. Two negative bisulfite treatment controls were 

also used in order to insure that the bisulfite conversion was total.  

In the present study, we studied methylation of the promoter region of the dopamine D2 

receptor (DRD2). The sequence of DRD2 was identified using UCSC Genome Browser 

Assembly February 2009 (http://genome.ucsc.edu/cgi-bin/hgGateway), which identifies CpG 

islands as a region greater than 200bp, an observed-to-expected CpG ratio that is greater than 

60% and a GC percentage that is greater than 50%. The DRD2 region analyzed is located on 

chromosome 11q at position 113 346 140-113 346 389, in the promoter of exon 1 region (see 

Figure 1). Results were obtained for the first third of the above-mentioned fragment (comprising 

the first 10 consecutive CpG units, location: 113 346 237- 113 346 328) and yielded no missing 

data. 

Data analyses 

Our outcome measure was percent methylation at each of the 10 CpGs analyzed. 

Repeated measures ANOVAs were used to test for main effects of our groups of interest (G), 

promoter-region site (S: repeated-measure on the 10 CpGs), and interaction effects between our 

groups of interest and promoter-region sites (G x S). A first ANOVA compared our BSD and 

http://genome.ucsc.edu/cgi-bin/hgGateway
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NED groups. A second ANOVA compared our NED, BSD with no comorbid BPD (BSD/no-

BPD), and BSD with BPD groups (BSD/BPD). A third series of ANOVAs compared our NED, 

BSD with no abuse, and BSD with abuse, with each type of abuse (physical and sexual) tested in 

separate ANOVAs. Finally, we re-ran analyses that yielded significant effects with covariates 

controlling for psychoactive medication use, BMI, and binging and vomiting frequencies, to 

ensure that effects observed were not attributable to eating-symptom sequelae or psychoactive 

medication use. Psychoactive medication use was treated as a dichotomous variable 

(absent/present). Variables reflecting binging and vomiting frequencies had non-normal Poisson 

distributions, and we therefore recoded continuous frequency measures into values reflecting the 

lowest, middle and highest tertiles.  

Results 

Table 1 presents mean percent methylation (+ standard deviation) for each of our groups 

of interest.  Mean differences for each group comparison and statistical significance levels are 

also indicated. We found no interaction effect involving promoter-region site and any of our 

groups of interest, indicating that no one CpG site seemed to be particularly different for one 

group vs. the others. However, we did obtain a significant group effect associated with BPD 

status [F (2, 68) = 3.360; p = .04], with pairwise comparisons (LSD post-hoc tests) indicating 

that our BSD/BPD group had a significantly higher mean methylation than did either our BSD/ 

no-BPD (p<.05) or our no eating disorder (p<.05) groups1. Given the unequal sample sizes of our 

groups, we ran additional Hochberg’s GT2 post-hoc tests, which are recognized as being less 

likely to yield Type-I errors than are other post-hoc tests when used in unbalanced designs, 

providing that they are used in situations in which the assumption of homogeneity of variances is 

respected (Field, 2005)—as was the case here (as confirmed by a non-significant Levine’s Test). 
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Comparisons using the Hochberg’s GT2 post-hoc test indicated that our BSD/BPD group had a 

significantly higher mean methylation level than did our no eating disorder group (p<.05), and a 

marginally significant elevation when compared to the BSD/ no-BPD group (p<.10). In addition 

to the preceding, we observed a marginally significant group effect associated with childhood 

sexual abuse [F (2, 68) = 2.687; p = .075], with pairwise comparisons (LSD post-hocs) showing 

that BSD/CSA women to have a significantly higher mean methylation than did NED women 

(p<.03), and marginally increased mean methylation compared to BSD/no-CSA women (p<.07). 

Comparisons using Hochberg’s GT2 post-hoc tests indicated that our BSD/CSA group had a 

marginally significantly higher mean methylation than did our no eating disorder group (p<.10), 

but that it did not differ significantly from the BSD/ no-CSA group (trend lost; p >.10). We 

found no overall mean methylation difference between our NED and BSD groups. Likewise, we 

found no main effect of group based on prior experiences of Childhood Physical Abuse. 

A final round of analyses evaluated whether or not significant effects observed were 

confounded with effects of eating-symptom sequelae or psychoactive medication use. In these 

analyses, we tested for differences between BSD/BPD and BSD/no-BPD subgroups, this time 

including covariates reflecting current use of psychoactive medication (coded yes/no), BMI, and 

frequency of binging and vomiting symptoms. (We restricted the analyses to members of our 

BSD sample alone, given the relevance of covariates to individuals with BSD only). Each 

covariate measure was introduced in separate analyses in order to avoid over-parameterization of 

our models. We found none of the covariates to alter the statistical significance of our finding 

related to BPD groupings (results not shown).  

Discussion 
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The present study attempted to replicate a previous report indicating heightened DRD2 

gene methylation in eating disorders (Frieling et al., 2010). It also evaluated whether or not prior 

experiences of childhood maltreatment and Borderline Personality Disorder contributed to 

variations of DRD2 methylation in a sample of women with bulimia-spectrum disorders. Based 

on findings reported by Frieling and colleagues (2010), we expected women with a BSD to show 

higher mean DRD2 methylation than would women with NED. Moreover, based on literature 

suggesting a role for developmental experiences on epigenetic processes, we had hypothesized 

that, in our ED sample, women reporting childhood trauma would display higher mean 

methylation than those who did not. Similarly, based on recent papers reporting on DNA 

methylation in people with BPD (Dammann et. al., 2011; Steiger et al., 2013), we expected BPD 

to predict especially elevated DRD2 methylation.  

In line with one of our predictions, we found that, in our sample of women with a 

bulimia-spectrum disorder, those who also had a diagnosis of BPD showed significantly 

increased average methylation of the promoter region of DRD2 when compared to women in our 

NED group (as indicated by Hochberg’s GT2 post-hoc tests), and marginally increased DRD2 

methylation when compared to women with a BSD but no comorbid BPD. Other studies have 

reported similarly increased methylation of neuropsychiatric genes in BPD (Dammann et al., 

2011; Steiger et al., 2013). Increased methylation is generally associated with silencing of a gene 

which, in this case, would lead to lower dopaminergic functioning at the D2 receptors. Our result 

is consistent with findings that associate low-DA function and traits related to emotional and 

impulse dysregulation (White et al., 2008; Eisenberg et al., 2007), as are pathognomonic in 

Borderline Personality Disorder. It is also important to note that our findings implicating BPD 

remained statistically significant after controlling for eating-symptom severity and psychoactive 
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medication use, indicating that, in our sample, methylation differences owing to BPD status 

could not be attributed to more severe eating pathology or medication use alone.  

In partial support of our hypothesis related to trauma, we found that women with a BSD 

who also reported experiences of Childhood Sexual Abuse tended (at a trend level, as indicated 

by Hochberg’s GT2 post-hoc tests) to have higher DRD2 promoter methylation than did women 

in our NED group (but not compared to women with a BSD who did not report experiences of 

Childhood Sexual Abuse). The preceding is in line with a growing body of literature suggesting 

that childhood maltreatment experiences may have epigenetic effects that impact gene 

expression in human adults and animals (McGowan et al., 2009; Perroud et al., 2011; Weaver et 

al., 2004). There are various possible accounts for why the preceding finding, comparing our 

BSD with CSA and NED groups, only reached marginal significance. A first is that we had a 

sample that was too small to detect a statistically significant effect of abuse on methylation. 

Another is that DNA methylation may vary in function of changing environmental exposures, 

since methylation levels are influenced by various factors (related to heredity, developmental 

experiences, current stressors, factors related to nutrition and drugs). If so, then methylation 

levels may tend to more closely reflect the effects of temporally proximal factors, such as current 

psychopathology, than of more distal events, such as childhood abuse.  

Contrary to expectation, we found no overall difference as to DRD2 methylation between 

our NED and BSD groups. In this respect, our findings are in apparent contradiction of those of 

Frieling and colleagues (2010), but consistent with those of Pjetri and colleagues (2013), who 

also found no association between a group of women with an eating disorder (in their case AN) 

and DRD2 methylation. We note, however, that while Frieling and colleagues (2010) reported a 

significant DRD2 promoter methylation difference between healthy-control women and women 
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with AN, their findings comparing healthy-controls to women with BN suggested only a 

marginally significant difference in mean methylation levels. Based on our findings, we suggest 

that factors that are non-specific to eating disorders (e.g. comorbidity or trauma exposure) may 

explain the observed difference in DRD2 methylation differences across studies. In support, we 

note that many findings on vulnerability factors in BN suggest that risk factors, whether genetic 

or environmental, correspond to increased risk of general psychopathology, rather than to 

increased risk for bulimia per se. For instance, several molecular-genetic (and more recently 

epigenetic) findings from our group support the preceding concept (Steiger et al., 2013; Groleau 

et al., 2012b; Richardson et al., 2008). Elsewhere, we have interpreted such findings as meaning 

that BN requires the activation of non-specific vulnerabilities towards dysregulation (e.g. 

impulsivity, stimulus seeking) via dietary restraint, a well-documented risk factor for binge 

eating and bulimia (Polivy & Herman, 1985). As an alternative to the preceding, we note that 

differences between our findings and those of Frieling and colleagues’ may be attributable to 

methodological differences between studies. Of note, the methylation measurement method used 

by Frieling et al. was methylation specific endonuclease digestion, whereas we used 

pyrosequencing. It is possible that measurement method impacted methylation values, especially 

when we consider that our average DRD2 methylation was 7.35%, while Frieling and colleagues 

(2010) reported an average DRD2 methylation of 87.7% in their BN group. Pjetri and colleagues 

(2013) reported an average DRD2 methylation (9.5%) that was closer to ours, using yet a third 

methylation measurement method (EpiTyper).  While each type of measurement method has 

been reported to have advantages and disadvantages, we note that pyrosequencing has proven to 

be a highly specific measurement method (Laird, 2010). We add that, regardless of methodology, 

it is apparent that additional studies are needed to understand better what mechanisms underlie 



109 

 

patterns of increased methylation of promoter regions of dopamine-system genes in eating 

disorders, comorbid psychopathology and developmental adversity. 

Strengths and Limitations 

Our study is the first to examine DRD2 promoter methylation differences in function of 

eating-disorder status, childhood maltreatment and borderline personality disorder in a sample of 

women with a Bulimia-Spectrum Disorder and with no eating disorder. It is also the first to 

investigate associations between Borderline Personality Disorder and DRD2 methylation in any 

sample. Nonetheless, the present study has limitations. First, the observed group differences as to 

mean methylation levels were very small--approximately 1%. The preceding raises questions 

about the possible clinical significance of findings. We do note, however, that our mean 

differences correspond to those reported to be associated with a BPD/no-BPD distinction by 

Dammann and colleagues (2011). Furthermore, there is reason to believe that small methylation 

differences could, nonetheless, have significant effects over gene transcription operations. For 

instance, Dammann and colleagues (2011) found that a 1.5% increase in methylation levels was 

associated with transcriptional inactivation in cell lines of MAOA and MAOB. Future studies 

should document effects at the receptor level of small DRD2 methylation differences. Second, 

the sample size of the BSD/BPD group was very small in our analyses examining associations 

between promoter region DRD2 methylation levels and BPD status. In this regard, our project 

should be viewed as a pilot investigation. We note, however, that small sample sizes result in 

low power, which would more likely lead to a failure to detect an existent effect, rather than the 

erroneous detection of a spurious one. Third, we recognize that the use of blood samples (as 

opposed to brain tissue) to assay methylation levels raises concerns about the implications of 

findings for mental-health outcomes. However, we direct readers to recent findings suggesting 
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that blood measures can act as a good proxy for brain tissue-derived methylation levels (Davies 

et al., 2012) and add that the use of peripheral biomaterial is increasingly common in the study of 

epigenetic processes in mental disorders. Finally, all potential confounding variables could not 

be controlled in the present study (e.g. nutritional factors). Nonetheless, we did control for body 

mass index and binging and vomiting frequencies and found that weight status and eating-

symptom severity did not explain our findings. 

Summary and Future Directions 

The present findings add to a growing body of literature suggesting that severe 

psychopathology, as well as traumatic developmental experiences, may be associated with 

changes in the epigenome. However, our results need to be replicated in a larger sample of 

women with a Bulimia-Spectrum Disorder, with a significantly larger subgroup of women with 

comorbid Borderline Personality Disorder, with the aim to elucidate how DRD2 methylation 

differences may reflect effects of severe psychopathology characterized by affective 

dysregulation, as seen in BPD. In addition, longitudinal studies could help improve our 

understanding of the relative contributions of developmental factors, psychopathology, and diet 

on the variations of methylation level in neuropsychiatric genes. For example, with 

measurements of methylation levels obtained at various time points, studies could tease apart 

effects of trauma, eating-disorder symptoms and other psychopathology, before and after each of 

the preceding occurred or developed.  
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Footnote 

1. We re-ran the analysis described excluding 6 BSD individuals who compensated through 

non-purging methods (i.e., exercise or strict dieting) and found the same pattern of 

results, but at a slightly reduced significance level [F (2, 62) = 3.097; p = .052]. 

Similarly, we re-ran the analysis excluding 9 individuals whose frequency of binging and 

compensatory behaviors was below DSM 5 threshold for BN, and again found a similar 

pattern of results, but at with a reduced significance level [F (2, 59) = 2.994; p = .058]. 

Since patterns of findings were unchanged in both cases, we believe the change in 

significance to trend levels to be due to reduced statistical power (in the analyses with 

reduced ns), rather than effects attributable to sampling heterogeneity. 

 

 

 

 

 

 

 



112 

 

Table 1 

Frequencies of cases of each group of interest and respective mean percentage (+SD) of methylation of the DRD2 promoter. Groups include: 1) 

Women with no Eating Disorder (NED), 2) BSD, 3) BSD without BPD, 4) BSD with BPD, 5) BSD with no CSA, 6) BSD with CSA, 7) BSD with 

no CPA, 8) BSD with CPA. Mean difference for each group comparison and significance level are also reported. 

     n            Mean % methylation (SD)       

 

1. Women with NED   19  7.11 (0.72) 

2. BSD  (full sample)   52  7.35 (0.67) 

3. BSD- no BPD  44(/52)   7.26 (0.60) 

4. BSD- with BPD  8 (/52)               7.83 (0.87) 

5. BSD- no CSA  38 (/52)  7.24 (0.69) 

6. BSD- with CSA  14 (/52)  7.64 (0.52) 

7. BSD with no CPA  28 (/51)  7.36 (0.77) 

8. BSD with CPA  23 (/51)  7.33 (0.56) 

Comparisons            Mean Difference           

Group 1 vs. 2           -0.24 

Group 1 vs. 3           -0.16 

Group 1 vs. 4 *          -0.72 

Group 3 vs. 4 *          -0.57 

Group 1 vs. 5           -0.14 

Group 1 vs. 6 *          -0.53 

Group 5 vs. 6           -0.40 

Group 1 vs. 7           -0.25 

Group 1 vs. 8           -0.23 

Group 7 vs. 8            0.03 

* p<.05 

Note: variations in ns reflect isolated missing values 

SD= standard deviation; CSA= childhood sexual abuse; CPA= childhood physical abuse 
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Figure 1  

 

Localization of the DRD2 region analyzed indicated below on chromosome 11, at position 113 346 140-113 346 389. The 10 analyzed 

CpGs are indicated by the black squares in the zoomed-in snapshot below. 
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Rationale for Study 4 

 Studies 1, 2 and 3 examined associations between eating-disorder and comorbid 

psychopathological symptom-presentation in bulimia-spectrum disorders, on the one 

hand, and childhood adversity, dopamine-system polymorphisms, gene-environment 

interactions, and epigenetic anomalies in the DRD2 promoter region, on the other. In 

general, our results have replicated or paralleled available findings. In Study 1, we have 

replicated findings showing no relationship between presenting severity of eating 

symptoms and physical and sexual forms of trauma (see Schmidt, Humfress & Treasure, 

1997 for a review). In addition, we have reported an association, like several other 

findings (e.g. Burns et al., 2012; Dunkley et al., 2010), between childhood emotional 

abuse and increased severity of selected indices of eating pathology. In Study 2, our 

findings relevant to the dopamine system parallel available results in non-eating-

disordered populations suggesting that carrying DA-system variants can influence, 

independently or jointly with environmental stressors, presentation of traits associated 

with affect and impulse-control regulation (e.g. White et al., 2008; Keltikangas-Jarvinen 

et al., 2009). Finally, the findings of Study 3 also support an association between low 

DA-function (as would be expected with evidence of hypermethylation of the DRD2 

promoter region) and comorbid presentation of traits of behavioural and affective 

dysregulation, as captured in Study 3 by a diagnosis of Borderline Personality Disorder 

(BPD). Here, our findings parallel those of others reporting associations between 

hypermethylation of neuropsychiatric genes, on the one hand, and BPD and suicidality, 

on the other (e.g. Dammann et al., 2011; Steiger et al., 2013).  
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 Our findings are congruent with a large body of literature suggesting that 

heterogeneity in BN is associated with different putative risk factors. Variations in 

clinical profiles have also been hypothesized to be associated with different treatment 

needs (Steiger & Bruce, 2007; Westen & Harnden-Fischer, 2001). With outcome studies 

showing that only about half of individuals with BN show full recovery at the end of 

time-limited treatment (Steinhausen & Webber, 2009; Thompson-Brenner et al., 2003), 

additional research on predictors of unfavorable treatment response is necessary to 

understand how to improve response rates.  

The last study included in this dissertation, Study 4, aimed to explore the value of 

traumatic developmental experiences and genetic factors as possible predictors of 

outcome in BN. Childhood physical and sexual abuse have been shown to predict poorer 

response to treatment in individuals with BN (e.g. Rodriguez et al., 2005; Anderson et al., 

1997). When it comes to candidate genes, serotonin-system polymorphisms have been 

shown to predict poorer outcome of eating and other psychopathological symptoms in 

BN (Steiger et al., 2008; Monteleone et al., 2005). Studies on the possible predictive 

value of childhood emotional abuse and of dopamine-system polymorphisms on 

treatment response have yet to be conducted in eating disorders. These two avenues for 

future research in mind, Study 4 therefore aimed to replicate past findings on the 

influence of childhood physical and sexual abuse on outcome, and to test, for the first 

time, the prognostic value of emotional maltreatment, and of DA-system polymorphisms 

(DRD2 Taq1A, COMT rs4680), on treatment response in bulimia-spectrum disorders.  
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Manuscript 4: Prognostic value of dopamine-system polymorphisms and 

childhood abuse for treatment response in bulimia-spectrum disorders 
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Abstract 

Objective: Treatment response in Bulimia Nervosa (BN) has been linked to diverse 

factors, some developmental, others genetic. For instance, previous studies have found 

childhood abuse and serotonergic genes to predict poorer outcome of BN. Although never 

studied in BN, findings in other populations have documented a predictive role of 

dopamine-system variants on treatment response.  The present study examined the 

prognostic value, in women seeking treatment for a bulimia-spectrum disorder (BSD), of 

childhood abuse and dopamine-system polymorphisms. Method: We recruited 229 women 

undergoing treatment for a BSD at a specialized Eating Disorders Program in Montreal. 

Assessment of eating and comorbid symptoms was done at the beginning of treatment and 

at two follow-up time points, after roughly 4 and 8 months of therapy. The Childhood 

Trauma Interview was used to assess childhood sexual, physical and emotional abuse. 

Genotyping was carried out to obtain genotypes on the DRD2 Taq1A and the COMT 

rs4680 polymorphisms. Multilevel modeling analyses were used to test the following 

expectations: a) All forms of childhood abuse would predict poorer treatment response, 

and b) Carrying the A1-allele of DRD2 Taq1A would predict poorer response of eating 

and comorbid symptoms, whereas carrying the Met-allele of COMT rs4680 would predict 

greater treatment-induced reduction in binging, and possibly of other eating symptoms. 

Our hypotheses regarding candidate genes were based on findings associating the A1-allele 

with increased emotional eating in a longitudinal study (van Strien et al., 2010) and on a 

trend-level association we found in our data between the Met-allele and lower binging 

frequency at baseline (Groleau et al., 2012b). Results: After controlling for treatment 

intensity and psychoactive medication use, we found at a follow-up conducted at four 
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months into treatment that childhood emotional abuse predicted persistent vomiting and 

depressive symptoms, whereas physical abuse predicted ongoing dieting. Similarly, sexual 

abuse predicted persistent vomiting symptoms at an eight-month follow-up and was 

associated with dropping out of therapy. We found no effect of dopamine-system 

polymorphisms on outcome of eating or comorbid symptoms in our sample. Discussion: 

Our results add to a growing body of literature suggesting that childhood abuse may 

contribute to variations in outcome of eating-disorder and comorbid symptoms in bulimia-

spectrum disorders. When it comes to our results pertaining to candidate genes, this study 

is the first to explore the possible influence of DA-system polymorphisms on outcome. 

Future studies should aim to replicate our findings.  
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Introduction 

Although several forms of therapy have proven to be effective in treating BN, 

studies suggest that 40 to 50% of affected individuals end treatment with active clinical 

symptoms (Steinhausen & Weber, 2009; Thompson-Brenner et al., 2003). Such mitigated 

outcomes point to the need for more research into factors that influence treatment 

response.  

Developmental factors and ED outcome 

Individuals with BN frequently report exposure to maltreatment in childhood 

(Rorty et al., 1994), leading experts to consider traumatic events as contributing factors in 

the development and maintenance of the disorder. Treatment outcome studies have 

shown that women with BN who report physical and sexual abuse evince more frequent 

binging and purging after four months of treatment (Rodriguez et al., 2005), and higher 

rates of drop-out (Rodriguez et al., 2005; Mahon et al., 2001) compared to women with 

BN who do not report such traumatic experiences. Similarly, individuals with BN who 

report childhood sexual abuse (CSA) have been found to have higher rates of 

rehospitalisation and a lower reduction in depression, anxiety, and eating-disorder 

attitudes over the course of treatment, compared to individuals who do not report CSA 

(Anderson et al., 1997). Although in a slightly different population, a study in individuals 

with anorexia nervosa (binge-purge subtype) found that those with a history of CSA were 

more likely to terminate treatment prematurely (Carter et al., 2006). Despite a growing 

body of literature associating childhood emotional abuse with eating pathology in clinical 

and population samples (e.g. Groleau et al., 2012a; Burns et al., 2012; Dunkley et al., 

2010; Kent et al., 1999), CEA has not been examined as a predictor of treatment 
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outcome. With several findings supporting a role of CSA and CPA on treatment 

response, and research supporting an association between CEA and disordered eating, 

additional research into the role of emotional abuse on outcome seems warranted.  

Genetic factors and ED outcome 

Some available studies have documented effects of genetic factors on outcome of 

BN. For instance, carriers of the low-function allele of the serotonin transporter gene 

(5HTTLPR) have been found to display smaller treatment-induced reductions in binging 

(Steiger et al., 2008; Monteleone et al., 2005) and purging frequencies (Richardson et al., 

2010) than do non-carriers of the low-function allele. Similarly, carriers of the G-allele of 

the -1438A/G polymorphism of the 5HT2a receptor gene (also associated with lower 

serotonin function) have been found to show more modest  reductions in eating-disorder 

symptoms and problems in daily living, compared to non-carriers of the G-allele  (Steiger 

et al., 2008).  

In recent years, there has been growing interest in the involvement of the 

dopamine (DA) system in eating disorders, with several studies reporting abnormal DA 

functioning in individuals with BN (e.g. Marsh et al., 2009; Broft et al., 2012). Also 

suggesting an implication of the DA system in symptom presentation, several findings in 

bulimia-spectrum disorders and other populations have shown associations between traits 

of impulse-control (and possibly binging frequency) and variants of DA-system 

polymorphisms (e.g. Groleau et al., 2012b; White et al., 2008; Eisenberg et al., 2007). 

However, no study has as-yet examined whether or not candidate genes acting in the DA 

system might influence outcome of treatments aimed at disordered eating. Providing 

appeal to the hypothesis that DA-system genes might act in such a way, evidence does 
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suggest, in other populations, that DA-system polymorphisms may influence treatment 

response. For example, in samples of individuals suffering from alcohol dependence, the 

low-function (A1) allele of DRD2 Taq1A, a well-studied functional polymorphism, has 

been associated with increased risks of relapse (Dahlgren et al., 2011), and a higher 

mortality rate at a ten-year follow-up (Berggren et al., 2010). Similarly, carrying the A1-

allele has been associated with poorer outcomes in pharmacological treatments for 

smoking cessation (David et al., 2007; Swan et al., 2005; Cinciripini et al., 2004). Also 

suggesting a role of DA variants in outcome of smoking cessation are findings that show 

a relationship between the Met-allele of the Catechol-O-Methyltransferase (COMT) gene 

(rs4680), associated with greater DA availability in the synapse (Benjamin et al., 2000), 

and a better response to nicotine replacement therapy (Johnstone et al., 2007; Colilla et 

al., 2005). Together, these results suggest that carrying genetic variants that act upon 

dopamine function might influence treatment response in substance dependence, with 

low and high DA-function being associated with poorer and better outcomes, 

respectively. With several findings associating DA-system genetic variants to the 

regulation of eating behaviours, increased psychopathology, and poorer outcome of 

substance dependence, we deemed justified to explore DA-system polymorphisms’ 

prognostic value on treatment outcome of BN.  

The present study 

The present study had several objectives. First, it aimed to explore effects of 

emotional maltreatment on treatment outcome in BN. It also aimed to replicate findings 

associating childhood physical and sexual abuse with poorer treatment response in BN. 

Third, it aimed to examine main effects of selected DA-system polymorphisms, namely 
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DRD2 Taq1A and COMT rs4680, upon outcome. Based on the available literature, we 

expected childhood maltreatment to be generally associated with poorer outcome (as 

defined by: 1. lower reductions in the frequency of binging and vomiting behaviours, 2. 

lower reductions in the severity of symptoms of dieting, oral control and of those related 

to bulimia, and 3. lower reduction in comorbid depressive and impulsive  symptoms). We 

selected depressive and impulsive symptoms as secondary outcome measures given their 

prominence in people with BN (Brewerton, 1995; Díaz-Marsá et al., 2000). Moreover, 

based on findings associating the A1-allele with poorer outcome in substance dependence 

(e.g. Dahlgren et al., 2011; Berggren et al., 2010), as well as with greater emotional 

eating (van Strien et al., 2010), we expected the A1-allele to be generally associated with 

lower reduction in eating-disorder symptoms at the end of two treatment segments, after 

four and eight months of therapy. Conversely, we expected the Met-allele of COMT 

rs4680, which is linked to high dopamine function, to be associated with greater 

treatment-induced reduction in binge-eating, and possibly in our other ED outcome 

measures (frequency of vomiting, and eating-disorder symptoms measured by the EAT-

26 questionnaire: symptoms of dieting, oral control and other bulimic symptoms). We 

based the preceding prediction on our results from Study 2 that associated the Met-allele 

with a tendency towards lower severity of binging symptoms (Groleau et al., 2012b). 

Results associating the A1-allele and the Met-allele with, respectively, higher and lower 

levels of impulsivity (e.g. Groleau et al., 2012b; White et al., 2008) were used to derive 

our predictions with regards to outcome of impulsivity: We hypothesized that the A1-

allele would predict lesser improvements, and the Met-allele greater ones. Given the 

absence of findings reporting on associations between DRD2 Taq1A and COMT rs4680, 
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on the one hand, and outcome of depression on the other, we did not have any specific 

expectations on the predictive role of the alleles-of-interest in this study on outcome of 

depressive symptoms.  

Methods 

Procedure 

Women with a bulimia-spectrum disorder were recruited at a specialized Eating 

Disorders Program in Montreal, Canada. Eligible participants provided initial consent to 

be contacted by a research assistant at the beginning of therapy to learn more about the 

ongoing study. At baseline, eligible participants who consented to the study were invited 

to undergo structured clinical interviews and a blood draw, as well as to answer self-

report questionnaires. After four and eight months of treatment, participants were 

contacted again to participate in structured clinical interviews and complete self-report 

questionnaires measuring eating-disorder and comorbid symptoms. 

Participants 

This institutional ethics-board approved study recruited 229 consecutive women 

with a diagnosis of BN as defined by the DSM-IV-TR (American Psychiatric 

Association, 2000) or of eating disorder not otherwise specified characterized by binging 

and/or purging. Available reports suggest that women with full-blown BN do not differ 

substantially from those with subthreshold forms (Fairburn & Harrison, 2003). The 

sample was further subdivided into two subsamples: the first consisted of 176 treatment-

completers who engaged in at least a first, and usually a second, 4-month span of 

treatment. The 176 treated cases had a mean (±standard deviation: SD) age and body 
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mass index (BMI: Kg/m²) of 26.44 (±6.53) and 22.56 (±4.21), respectively. Of the 176 

completers, 113 (64.2%) met DSM-IV criteria for BN-Purging subtype, 8 (4.5%) for BN-

Non Purging subtype, and 55 (31.3%) an Eating Disorder Not Otherwise Specified 

(EDNOS) in the BN spectrum—among which 42 (23.9%) showed subthreshold BN-

Purging subtype, and 13 (7.4%) subthreshold versions of BN-Non Purging subtype. The 

breakdown of ethnic origins in this group was as follows: 145 (82.4%) of Caucasian, 

Western European descent, 7 (3.9%) of Asian or South Asian descent, 6 (3.4%) of 

Caucasian, Eastern European descent, 6 (3.4%) of Caucasian, Latin American descent, 4 

(2.3%) of mixed Caucasian and Asian descent, 3 (1.7%) of Caucasian, Arabic descent, 2 

(1.1%) of Caucasian, Southern Europe/Northern African descent, 1 (0.6%) Black, of 

Arabic descent, 1 (0.6%) Black, of African descent, and 1 (0.6%) of Aboriginal descent.  

A remaining 53 women met inclusion criteria and were recruited for the study, but 

did not pursue the treatment offered. These individuals formed a “drop-out” comparison 

group, with a mean (±SD) age and BMI of 24.38 (±5.71) and 22.87 (±4.45), respectively. 

Of the 53 individuals included here, 39 (73.6%) met DSM-IV criteria for BN-Purging 

subtype, 3 (5.7%) for BN-Non Purging subtype, and 11 (20.8%) an Eating Disorder Not 

Otherwise Specified (EDNOS) in the BN spectrum—all of the subthreshold BN-Purging 

subtype. The breakdown of ethnic origins among “drop-outs” was as follows: 43 (81.1%) 

of Caucasian, Western European descent, 3 (5.7%) of Caucasian, Eastern European 

descent, 2 (3.8%) of Caucasian, Southern European/Northern African descent, 1 (1.9%) 

of Caucasian, Latin American descent, 1 (1.9%) Pacific Islander, of Arabic descent, 1 

(1.9%) of Aboriginal descent, 1 (1.9%)  Black, of Caribbean descent, and one person on 

whom the information was missing.  
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Measures  

Eating Disorder Diagnosis and Symptoms. Current eating-disorder diagnosis 

and symptomatology was assessed using the Eating Disorders Examination (EDE: 

Fairburn & Cooper, 1993) and/or the Eating Disorders Examination Questionnaire (EDE-

Q: Fairburn and Beglin, 1994). The EDE is regarded as the “gold standard” interview to 

assess eating-disorder symptoms; it has good discriminant validity (Fairburn & Cooper, 

1993), and good short-term test-retest reliability (Rizvi, et al., 2000). Derived from the 

EDE, the EDE-Q is a self-report questionnaire that contains 38 questions that assess 

eating disorder symptomatology. On the basis of practical considerations, some 

participants did not complete both the EDE and the EDE-Q. Average frequency of 

binging episodes and vomiting days was derived from answers to the EDE, or from the 

EDE-Q, when the EDE was missing. We note that we have used both measures 

interchangeably in cases of missing data in a previous publication (Steiger et al., 2008), 

in which we reported satisfying correspondences between the EDE and EDE-Q on 

binging and vomiting frequencies. Finally, the Eating Attitudes Test-26 (EAT-26; Garner 

et al., 1982) is a 26-item questionnaire designed to assess overall severity of eating 

symptoms and which can also be subdivided into 3 subscales: Bulimia and Food 

preoccupation, Oral Control, and Diet. The three subscales, along with the total score, 

have demonstrated acceptable internal consistency estimates (Garner et al., 1982). Only 

the three subscales were analysed in the present study. All of the measures described 

above were applied at baseline, at the four-month and at the eight-month follow-up 

assessments. 
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Comorbid symptomatology. The Centre for Epidemiological studies for 

Depression (CES-D; Radloff, 1977) is a 20-item self-report questionnaire assessing 

depressive symptoms. A total score is computed for the scale, which has been reported to 

have good content, concurrent, and discriminant validity (Radloff, 1977), as well as 

acceptable internal consistency estimates (Weissman et al., 1997). In addition, the Barrat 

Impulsivity Scale (BIS-11: Patton, Standford, & Barratt, 1995), a 30-item self-report 

questionnaire, was used to measure impulsivity. The BIS-11 has been found to exhibit 

good internal consistency in population and clinical samples, as well as good 

discriminant validity (Patton et al., 1995). The CES-D and the BIS-11 were applied at 

baseline, at the four-month and at the eight-month follow-up assessments. 

Childhood Trauma. The Childhood Trauma Interview (CTI: Bernstein, et al., 

1994) is a semi-structured interview with good psychometric properties and convergence 

with established measures of childhood trauma (Fink et al., 1995). We developed 

categorical indices of sexual, physical and emotional abuse, basing our assessment of the 

presence of abuse upon combinations of severity and frequency indices. For CPA and 

CSA to be coded as “present”, at least one event of moderate-to-high severity (e.g. being 

slapped in the face or having genitals fondled through clothing) had to have occurred at a 

low frequency (i.e. no more frequently than once a year), or at least one event of extreme 

severity (e.g. multiple punches, or oral sex or penetration by a trusted caregiver or 

relative) had to have occurred at least once. For CEA to be coded as “present”, we 

required the presence of a low-severity event (e.g. speaking in a derogatory way about the 

child’s behaviour) at a high frequency (i.e. at least every two weeks), or a moderate-

severity event (e.g. telling the child “you’re stupid”) at a moderate frequency (i.e. at least 
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once every four months), or a high-severity event (e.g. telling the child “I wish I had 

never had you”) at a low frequency (i.e. at least once or twice a year), or an extremely 

severe event or emotional torture at least once. The CTI interview was conducted at the 

baseline assessment by trained research assistants and doctoral students. Interrater 

reliability estimates were calculated for each type of abuse in a subsample of CTI 

interviews (N= 32), revealing k=0.76 for sexual abuse, k=0.74 for physical abuse and k= 

0.89 for emotional abuse. We note that the coding of abuse described has been used in the 

past by our group (Groleau et al., 2012) and has yielded similar rates of abuse to those 

published elsewhere (e.g., Rorty et al., 1994; Steiger et al., 2010). 

Genotyping. Genotyping analyses were conducted using native lymphocytes 

obtained from whole blood.  

DRD2 Taq1A. For the DRD2 TaqA1 rs1800497, 100 ng of genomic DNA was 

amplified in a 20 ul PCR reaction containing 10 pM forward 

(5’CCGTCGACGGCTGGCCAAGTTGTCTA 3’), 10 pM reverse (5’ 

CCGTCGACCCTTCCTGAGTGTCATCA 3’) primers , 200 µM dNTP, 1 units Taq 

DNA polymerase (Qiagen) and 1X Buffer & 1.5mM MgCl2 (Qiagen). Cycle conditions 

were: 10 min denaturation at 94°C, 35 cycles of 60s denaturation at 94° C, 60 s annealing 

at 54° C, 1 min extension at 72° C and one final extension of 7 minutes at 72° C. The 

PCR product was digested with 5U of TaqαI enzyme (New England Biolabs) overnight at 

65° C and visualized under UV on a 3% ethidium bromide agarose gel with 100 bp 

ladder. The 304bp PCR product is not cut by the restriction enzyme in A1-alleles, and A2 

alleles yield a 126 bp and 178 bp fragment.  
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COMT rs4680. Genomic DNA was extracted from human lymphocytes. 100 ng of 

genomic DNA was amplified in a 20 ul PCR reaction containing 10 pM forward 

(5’ACTGTGGCTACTCAGCTGTG3’), 10 pM reverse (5’ 

CCTTTTTCCAGGTCTGACAA3’) primers, 25 µM dNTP, 1 Unit Taq DNA polymerase 

(Qiagen) and 1X Buffer & 1.5mM MgCl2 (Qiagen). Cycle conditions were: 2 min 

denaturation at 95°C, 35 cycles of 30s denaturation at 94° C, 20s annealing at 57° C, 20s 

extension at 72° C and one final extension of 5 minutes at 72° C. The 169bp COMT 

fragment was digested with 5U of NlaIII enzyme (New England Biolabs) overnight at 

65° C and visualized under UV on a 3% ethidium bromide agarose gel with 100 bp 

ladder.  

Treatment 

Treatment was delivered at a specialized eating disorders program in Montreal. 

Interventions were mainly guided by cognitive-behavioural therapy principles. All 

participants received individual therapy (mean ± SD= 16.5 ± 8.79; range: 2 to 56 

sessions), 152 (86.9%) participated in outpatient group therapy sessions (mean ± SD= 

13.06 ± 7.75; range: 1 to 41 sessions), and 69 (39.2%) participated in 6 to 10-hour/day 

treatment, four days per week (mean ± SD= 43.68 ± 34.62; range: 1 to 197 sessions)1. 

Finally, 130 (73.9%) received adjunctive psychoactive medication at some point in 

treatment.  

 Treatment was delivered in roughly 16-week segments, with patients being 

offered, when indicated, the chance to participate in a second segment of sixteen weeks. 

Among the 176 who completed at least two assessments in the study, 172 (97.7%) 

completed the first research follow-up, and 112 (63.6%) the second one. Out of the 64 
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individuals who did not complete the second follow-up, 36 (56.3%) completed treatment 

but did not provide assessment data, and 28 (43.7%) dropped out of treatment before the 

second follow-up. We defined dropping-out of treatment as a failure to complete the four-

month segment of therapy the individual was currently engaged in.   

Statistical Analyses 

 To examine the prognostic value of the various forms of childhood abuse and of 

the two DA-system polymorphisms, we applied multilevel modeling analyses (MLMs). 

MLMs allow for the specification of random and fixed effects and handle missing data 

without listwise deletion (Snijders & Bosker, 1999). Analyses were performed using the 

HLM7 software (Scientific Software International, Chicago, Ill., available at 

www.ssicentral.com). Repeated outcome measures assessing eating symptoms (EAT-26 

subscales, average frequency of binge episodes/month in the past three months, average 

frequency of vomiting days/month in the past three months) and comorbid depressive 

symptoms and impulsivity (level-1 variables) were conceptualized as being nested within 

participants (level-2) and effects for each outcome measure were modelled across time. 

Time was modelled using two dummy variables, the first representing reports measured 

after 4 months of treatment, and the second representing reports after 8 months of 

treatment.  

 Binging and vomiting frequencies called for analyses using Poisson outcomes, 

given the high rates of treatment-induced absence of binging and vomiting at follow-up 

time points, producing count-like outcome variables. The Oral Control subscale of the 

EAT-26 questionnaire was log-transformed, due to non-normal distribution. The Oral 

Control subscale measures symptoms of ritualistic, controlled behaviours around food, 
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which are more commonly reported in anorexia-spectrum, than in bulimia-spectrum, 

disorders, accounting for the non-normal distribution of this subscale in our sample. All 

of the other outcome measures called for continuous, normally- distributed outcome 

variables.  

A first set of analyses, including no level-2 variables, examined the effect of time 

(and presumably treatment) on all outcome measures. Analyses were performed using the 

model:  

Model 1 

Level-1 Model 

Yij = β0j + β1j*(TIME_Dummy_1) + β2j*(TIME_Dummy_2) + eij  

Level-2 Model 

 β 0j = γ00 + υ0j 

 β1j = γ10  

β2j = γ20 

A significant coefficient of the fixed effect parameters γ10 or γ20 reflected a 

significant difference in symptoms at the 4-month or at the 8-month follow-up, 

respectively.  

A second set of analyses included level-2 variables examining the effects of 

childhood abuse or genes on treatment outcome measures. We had originally considered 

to also investigate the influence of gene-environment interactions involving childhood 

abuse and dopamine-system polymorphisms on outcome. A previous study by our group 

(Groleau et al., 2012b) had examined the relationship between such gene-environment 

interactions and symptom-presentation in bulimia-spectrum disorders. However, we 
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could not add an examination of gene-environment interaction effects in the current study 

due to insufficient sample size at the two evaluation follow-up time points. We therefore 

only ran analyses investigating main effects of childhood abuse and dopamine-system 

polymorphisms. Effects of each type of childhood abuse (CSA, CPA and CEA) were 

assessed by adding to both the intercept and the time dummy variables, a level-2 variable 

that differentiated people who reported, from people who did not report, experiences of 

childhood abuse. Effects of each allele-of-interest were assessed by adding to both the 

intercept and the time dummy variables, a level-2 variable that differentiated people who 

had the allele-of-interest from those who did not (i.e. the A1-allele of DRD2 Taq1A and 

the Met-allele of COMT rs4680). We based our choice of allelic coding on the available 

literature. An example of the model used in the second set of analyses is as follows: 

Model 2  

Level-1 Model 

Yij = β0j + β1j*(TIME_Dummy_1) + β2j*(TIME_Dummy_2) + eij  

Level-2 Model 

 β 0j = γ00 + γ01*(Childhood sexual abuse or A1-allele of Taq1A) + υ0j 

 β1j = γ10 + γ11*(Childhood sexual abuse or A1-allele of Taq1A)   

β2j= γ20 + γ21*(Childhood sexual abuse or A1-allele of Taq1A)   

            Significant coefficients for the parameters γ01, γ11, γ21 reflected effects of 

childhood abuse or of the allele-of-interest at baseline, 4 months, or 8 months, 

respectively. Effects of childhood sexual, physical and emotional abuse on treatment 

outcome were assessed by creating 3 dummy variables, with “1” representing the 

presence of childhood abuse. In our sample of n = 176 patients with at least two time 
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points, n = 29 were missing CSA information, 26 were missing CPA information and 25 

were missing CEA information. In the remaining patients, past experiences of sexual, 

physical and emotional abuse were reported by 28 (19%), 64 (42.7%) and 119 (78.8%) 

participants, respectively. Such frequencies are in line with several published estimates of 

childhood abuse in BN (Fullerton, Wonderlich, & Gosnell, 1995; Folsom et al., 1993; 

Rorty, Yager, & Rossotto, 1994). Similarly, effects of the DRD2 Taq1A and COMT 

rs4680 polymorphisms were assessed by creating 2 dummy variables, with “1” 

representing the presence of the A1-allele and the Met-allele, respectively. Genotype 

information for DRD2 Taq1A and COMT rs4680 was missing on 35 participants. In the 

remaining 141 participants, 45 (31.9%) and 99 (70.2%) had the A1-allele and the Met-

allele, respectively. Genotype distributions for both polymorphisms were in Hardy-

Weinberg equilibrium in our sample [(DRD2 χ(1)
2 =0.4171, n.s.); (COMT χ(1)

2 =0.0354, 

n.s.).    

 Lastly, we re-ran Model-2 analyses that yielded statistically significant results, but 

this time controlling for the type and amount of psychotherapy received, as well as for 

the use of psychoactive medication. Possible confounding effects of psychoactive 

medications were controlled using a level-1 variable that coded medication use as a 

dichotomous (present/absent) time-varying factor. Possible confounding effects of 

amount and type of psychotherapy were controlled as follow: Due to non-normal 

distributions of variables coding the number of individual, group and day-treatment 

sessions, variables were transformed into categorical indicators, creating 5 level-1, time-

varying dummy variables: 1) a dummy variable contrasting people attending day 

treatments (6-hour day program or 10-hour day hospital) to those who did not, 2) 2 
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dummy variables contrasting people in the highest or middle tertile of “number of 

individual sessions” to those in the lowest tertile, and 3) 2 dummy variables contrasting 

people in the highest or middle tertile of “number of group sessions” to those in the 

lowest tertile. This approach has been used in a preceding paper from our group 

examining the predictive value of serotonin-system polymorphisms on treatment outcome 

(Steiger et al., 2008).  

An example of Model 3 can be seen below. 

Level-1 Model 

Yij = β0j + β1j*(TIME_Dummy_1) + β2j*(TIME_Dummy_2) + 

β3j*(PSYCHOACTIVE MEDS) + β4j*(DAY TREATMENT _DUMMY)+ 

β5j*(INDIVIDUAL THERAPY_DUMMY_1)  + β6j* (INDIVIDUAL 

THERAPY_DUMMY_1)+ β7j*(OUTPATIENT GROUP_D1) + 

β8j*(OUTPATIENT GROUP_D2) + eij  

Level-2 Model 

 β 0j = γ00 + γ01*(Childhood sexual abuse or A1-allele of Taq1A) + υ0j 

 β1j = γ10 + γ11*(Childhood sexual abuse or A1-allele of Taq1A)   

β2j= γ20 + γ21*(Childhood sexual abuse or A1-allele of Taq1A)   

 β3j = γ 30  

 β4j = γ 40  

 β5j = γ 50  

 β6j = γ 60  

 β7j = γ 70  

β8j = γ 80  
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As stated above, significant coefficients for the parameters γ01, γ11, γ21 reflected 

effects of childhood abuse (or of allele-of-interest), at baseline, at the four-month and 

eight-month follow-ups, while taking into account psychoactive medication use and 

amount of treatment. 

  A final set of analyses compared the group of treatment completers (n = 176) to 

treatment dropouts (n = 53) on age, BMI, average binging episodes/month, vomiting 

days/month, EAT-26 subscales scores, impulsivity, and depressive symptoms, at baseline 

assessment, as well as rates of childhood sexual, physical and emotional abuse and of the 

A1 and Met-alleles.  

Results 

Binging symptoms 

Table 1 shows results of multilevel modeling analyses carried out on the average 

frequency of binging episodes/month in the past three months. Table 1 includes 

coefficients and standard errors (SEs) for each parameter contained in Models 1, 2, and 3, 

described above. Results of Model 1 show that the frequency of binging had decreased at 

the four and eight-month follow-ups (see row 1, column 1). Results of analyses 

examining the role of childhood sexual, physical and emotional abuse on treatment 

response (see rows 1 to 3, column 2) showed no effect of any form of childhood abuse on 

binging frequency at baseline, four or eight-month follow-up. Similarly, results of 

analyses examining the role of dopamine-system polymorphisms on treatment response 

showed that there was no effect of the COMT rs4680 polymorphism (see row 5, column 

2) on binging frequency at baseline, or at the four or eight-month follow-up. In contrast, 

we found a significant effect of carrying the DRD2 Taq1A polymorphism on treatment 
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response of binging frequency at the eight-month follow-up, with individuals carrying the 

A1-allele showing a greater reduction in binging episodes compared to non-carriers (see 

row 4, column 2). However, the preceding finding was no longer statistically significant 

after controlling for psychoactive medication and treatment intensity (see row 4, column 

3).   

Vomiting symptoms 

Table 2 shows results of multilevel modeling analyses carried out on the average 

frequency of vomiting days/month in the past three months. Results of Model 1 show that 

the frequency of vomiting days had decreased at the four and eight-month follow-ups 

(see row 1, column 1). Results of analyses examining the role of childhood sexual, 

physical and emotional abuse on treatment response (see rows 1 to 3, column 2) showed 

effects of childhood sexual and emotional (but not physical) abuse on vomiting frequency 

(both types of abuse predicting a lower reduction in symptoms) at the four-month follow-

up in the case of CSA and at both follow-ups in the case of CEA. These results remained 

statistically significant after controlling for psychoactive medication use and treatment 

intensity (see rows 2 and 3, column 3), aside from the significance level of CEA at the 

eight-month follow-up that was reduced to a trend. Figures 1 and 2 illustrate the effects of 

CSA and CEA, respectively, on outcome of vomiting. Results of analyses examining the 

role of dopamine-system polymorphisms on treatment response showed that there was no 

effect of the DRD2 Taq1A and the COMT rs4680 polymorphisms (see rows 4 and 5, 

column 2) on vomiting frequency at baseline, or at the four or eight-month follow-up.  

EAT-26 Diet subscale 
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Table 3 shows results of multilevel modeling analyses carried out on the severity 

of dieting symptoms, as measured by the EAT-26 Diet subscale. Results of Model 1 show 

that the severity of dieting symptoms had decreased at the four and eight-month follow-

ups (see row 1, column 1). Results of analyses examining the role of childhood sexual, 

physical and emotional abuse on treatment response (see rows 1 to 3, column 2) showed 

effects of childhood physical (but not sexual or emotional) abuse on the severity of 

dieting symptoms (predicting a lower reduction in symptoms) at the four-month follow-

up (see Figure 3). The preceding result remained statistically significant after controlling 

for psychoactive medication use and treatment intensity (see row 1, column 3). Results of 

analyses examining the role of dopamine-system polymorphisms on treatment response 

showed that there was no effect of the DRD2 Taq1A and the COMT rs4680 

polymorphisms (see rows 4 and 5, column 2) on the severity of dieting symptoms at 

baseline, or at the four or eight-month follow-up.  

EAT-26 Bulimia and Food preoccupation subscale 

Table 4 shows results of multilevel modeling analyses carried out on the severity 

of bulimic symptoms, as measured by the EAT-26 Bulimia and food preoccupation 

subscale. Results of model 1 show that the severity of bulimic symptoms had decreased 

at the four and eight-month follow-ups (see row 1, column 1). Results of analyses 

examining the role of childhood sexual, physical and emotional abuse on treatment 

response (see rows 1 to 3, column 2) showed no effect of any forms of childhood abuse 

on EAT-26 bulimia symptoms at baseline, four or eight-month follow-up. Similarly, 

results of analyses examining the role of DA-system polymorphisms on treatment 

response showed that there was no effect of the DRD2 Taq1A and COMT rs4680 
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polymorphisms (see rows 4 and 5, column 2) on the severity of bulimic symptoms at 

baseline, or at the four or eight-month follow-up.  

EAT-26 Oral Control subscale 

Table 5 shows results of multilevel modeling analyses carried out on the severity 

of oral control symptoms, as measured by the EAT-26 Oral Control subscale. Results of 

model 1 show that the severity of oral control symptoms had decreased at the four and 

eight-month follow-ups (see row 1, column 1). Results of analyses examining the role of 

childhood sexual, physical and emotional abuse on treatment response showed effects of 

childhood emotional (but not physical or sexual) on the severity of oral control symptoms 

at baseline (see row 3, column 2). However, this result was no longer statistically 

significant (reduced to a trend) after controlling for psychoactive medication use and 

treatment intensity (see row 3, column 3). Results of analyses examining the role of DA-

system polymorphisms on treatment response showed that there was no effect of the 

COMT rs4680 polymorphism (see row 5, column 2) on the severity of oral control 

symptoms at baseline, or at the four or eight-month follow-up. In contrast, we found an 

effect of the DRD2 Taq1A polymorphism on the severity of oral control at baseline, with 

carriers of the A1-allele showing more severe symptoms (see row 4, column 3). 

However, this finding was no longer statistically significant once we controlled for 

psychoactive medication use and treatment intensity (see row 4, column 3).  

Depressive symptoms 

Table 6 shows results of multilevel modeling analyses carried out on the severity 

of depressive symptomatology, as measured by the CES-D questionnaire. Results of 

model 1 show that depressive symptoms had decreased at the four and eight-month 
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follow-ups (see row 1, column 1). Results of analyses examining the role of childhood 

abuse on treatment response showed effects of childhood emotional (but not physical or 

sexual) abuse on the severity of depressive symptoms (see Figure 4), with CEA 

predicting a smaller reduction in symptoms at the four-month follow-up (see row 3, 

column 2). This result remained statistically significant after controlling for psychoactive 

medication use and treatment intensity (see row 3, column 3). Results of analyses 

examining the role of dopamine-system polymorphisms on treatment response showed 

that there was no effect of the COMT rs4680 and DRD2 Taq1A polymorphisms (see 

rows 4-5, column 2) on the severity of depressive symptoms at baseline, or at the four or 

eight-month follow-up.  

Impulsivity 

Table 7 shows results of multilevel modeling analyses carried out on the severity 

of impulsive symptoms, as measured by the BIS-11 questionnaire. Results of model 1 

show that impulsivity had decreased at the four and eight-month follow-ups (see row 1, 

column 1). Results of analyses examining the role of childhood abuse on treatment 

response (see rows 1 to 3, column 2) showed no effect of childhood physical, sexual, or 

emotional abuse on baseline levels and outcome of impulsivity. Results of analyses 

examining the role of dopamine-system polymorphisms (see rows 4 and 5, column 2) on 

treatment response showed no effect of the COMT rs4680 and DRD2 Taq1A 

polymorphisms on the severity of impulsivity, at baseline, or at the four or eight-month 

follow-up.  

Among treatment completers, we had information on CSA, CPA and CEA on 

147, 150 and 151 participants, respectively. Among treatment drop-outs, we had 
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information on CSA, CPA and CEA on 22, 24, and 24 participants, respectively. In the 

vast majority of cases in the treatment drop-out comparison group, childhood 

maltreatment information was missing because individuals dropped-out prior to 

completing the Childhood Trauma Interview. Experiences of CSA, CPA and CEA were 

reported by 28 (19%), 64 (42.7%) and 119 (78.8%) participants, respectively, in the 

treatment completers, compared to 9 (40.9%), 14 (58.3%), and 22 (91.7%) in treatment 

drop-outs. Chi-squared statistics indicated that only CSA was significantly more 

commonly reported in the drop-out than in the treatment-completer group [CSA: χ2 
(1)= 

5.348, p<.05; CPA: χ2 
(1)= 2.053, p> .05; CEA: χ2 

(1)= 2.187, p> .05]. Moreover, 

genotyping information was available on 142 (80.7%) of treatment completers and on 34 

(64.2%) of drop-outs. The A1 and Met-alleles were carried by 45 (31.7%) and 99 

(69.7%) of completers, respectively, and by 14 (41.2%) and 24 (70.6%) of drop-outs. 

Chi-squared statistics indicated no difference in allele frequencies between the two 

groups. Independent t-tests were used to compare treatment completers and drop-outs on 

age, BMI, depression, impulsivity, average frequency of binging episodes/month in the 

past three months, average frequency of vomiting days/month in the past three months, 

and all three EAT-26 subscale scores at baseline. Frequency of binging and vomiting, as 

well as scores on the Oral Control subscale of the EAT-26, were log-transformed due to 

non-normal distributions. Means and standard deviations of all the continuous descriptive 

variables described in this paragraph are presented for treatment completers and drop-

outs in Table 8 (actual, non log-transformed, descriptives are reported for average 

frequencies of binging and vomiting, as well as for the EAT-26 Oral Control). The two 

groups were found to be different on age (t(227)=2.165, p=.031), and, at trend-level, on 



140 

 

binging frequency (t(223)= -1.956, p=.052), with  treatment-completers having a higher 

mean age and a tendency towards lower binging frequency than treatment drop-outs. The 

two groups were not different on any other dimension. 

Discussion 

The present study had two objectives. The first was to examine predictive effects 

of childhood emotional abuse on outcome in bulimia-spectrum disorders, as well as to 

replicate previously reported findings linking poorer outcome in eating-disorder 

treatment to childhood physical and sexual abuse. The second was to investigate the 

potential role of selected polymorphisms, acting within the dopamine system, on outcome 

in BN.  

In line with previous findings that have associated childhood physical and/or 

sexual abuse with poorer outcome (e.g. Anderson et al., 1997; Rodriguez et al., 2005), we 

found childhood physical abuse to predict smaller reductions in restrictive eating 

(dieting), and sexual abuse to predict smaller reductions in vomiting, at four- and eight-

month treatment follow-ups, respectively. In addition, we found rates of childhood sexual 

abuse to be higher in our drop-out comparison group than in our treatment-completers. Of 

particular interest in the present study, we found childhood emotional abuse to predict 

lesser symptom-improvement—this type of trauma predicting lower reductions in 

vomiting and depressive symptoms at the four-month follow-up. As for effects of 

dopamine-system polymorphisms on outcome of eating-disorder and comorbid 

symptoms, very few effects were detected, none of which remained statistically 

significant after controlling for treatment intensity and use of psychoactive medication. 

For instance, we found the A1-allele of DRD2 Taq1A to predict a greater reduction in 
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binging frequency at the eight-month follow-up, compared to non-carriers. In addition, 

we found the A1-allele to predict increased levels of Oral Control symptoms at baseline, 

compared to non-carriers. However, neither of these effects remained statistically 

significant after introducing our treatment covariates. A discussion of our findings 

follows, with mentions of limitations and potential clinical implications. 

Effects of childhood abuse on outcome. Our findings pertaining to physical and 

sexual abuse parallel those in the literature that have associated physical and/or sexual 

forms of abuse with a lower reduction of purging (Rodriguez et al., 2005) and of eating-

disorder attitudes (Anderson et al., 1997). Moreover, observed difference as to rates of 

reported sexual abuse between treatment-completers and treatment drop-outs corroborate 

previous findings associating trauma with tendencies towards premature treatment 

termination (Carter et al., 2006; Rodriguez et al., 2005; Mahon et al., 2001). We note, 

however, that rates of abuse in our drop-out comparison group was only available in half 

of the participants, possibly providing a biased estimate within our group of individuals 

who chose to discontinue treatment early on. In addition to corroborating available 

findings, our study also add to the literature on the role of traumatic experiences on 

outcome by being the first to evaluate the effects of childhood emotional abuse on 

treatment response. In our sample, childhood emotional abuse was predictive of lower 

reduction in vomiting frequencies and depressive symptoms at the four-month follow-up. 

However, there was no longer a significant difference at the eight-month follow-up in the 

severity of vomiting and depressive symptoms between individuals who reported 

emotional maltreatment and those who did not report having experienced this type of 

abuse. There are various alternative explanations for the lack of difference at eight 
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months in the severity of vomiting and depressive symptoms between individuals who 

did and who did not report emotional abuse. For example, it is possible that, considering 

attrition and the relatively low frequency of non-reporting emotional abuse, we do not 

have the necessary statistical power to detect effects of childhood emotional abuse on 

symptom-severity at the second follow-up. Another possibility is that effects of having 

experienced maltreatment experiences are reduced after eight months of treatment, such 

that the “disadvantaged” group “catches up” with individuals who did not report 

experiences of abuse. Studies with larger sample sizes and longer follow-up periods 

would provide additional information on the association between childhood adversity and 

prognosis.  

Genetic effects on outcome. Contrary to expectations, we found no effect of 

DRD2 Taq1A and COMT rs4680 on outcome of eating-disorder or comorbid symptoms 

after controlling for treatment intensity and psychoactive medication use. Our results 

suggest that, on their own, the DRD2 Taq1A and COMT rs4680 polymorphisms do not 

contribute to differential treatment response of eating-disorder or comorbid 

symptomatology in bulimia-spectrum disorders. Our hypotheses regarding DRD2 Taq1A 

and COMT rs4680 were based, in part, on results from investigations in substance-use 

disorders that have reported effects of DRD2 Taq1A and COMT rs4680 on outcome in 

alcohol dependence (Dahlgren et al., 2011; Berggren et al., 2010) and of nicotine 

replacement therapy (Johnstone et al., 2007; Colilla et al., 2005). Our findings may 

reflect a genuine differential prognostic value of DRD2 Taq1A and COMT rs4680 in 

outcome of substance-use vs. bulimia-spectrum disorders. It is possible, however, that 

methological factors explain differences between our findings and some of those reported 
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in substance-use disorders. For instance, Dahlgren and colleagues’ study in alcohol-

dependent individuals (2011) followed their participants for a longer period of time (a 

year and a half vs. approximately eight months in the current study), and predicted 

greater risks of relapse (as opposed to short-term response to the twelve-step program 

participants were engaged in). It is possible that we would have found effects similar to 

those of Dahlgren and colleagues’ study (2011) if we had had a longer follow-up period 

and used risk of relapse as our outcome variable. Our findings on the influence of 

dopamine-system polymorphisms on outcome are the first in the field of eating disorders. 

As such, future studies in bulimia-spectrum disorders should be conducted to test the 

same hypotheses as ours in order to support our findings. In addition, bearing in mind 

findings in substance-dependent individuals, studies in bulimia-spectrum disorders 

should also aim to test dopamine-system polymorphisms’ influence on long-term 

outcome, including risk of relapse in their assessment of prognosis.      

Strengths and limitations 

Our study has several strengths. First, it is the first to include childhood emotional 

abuse in its assessment of the role of abuse on treatment response. Second, it is the first to 

investigate effects of dopamine-system polymorphisms on outcome of eating disorders. 

Despite its strengths, our study inevitably had limitations. Perhaps the most important to 

note has to do with the naturalistic design of the study, which does not allow us to control 

the specific content of therapy received. While we could not control for psychotherapy 

content, we took statistical measures to control for treatment intensity (modality and 

amount), as well as for psychoactive medication use. Moreover, we note that naturalistic 

designs, despite their disadvantages, have the advantage of producing results that can 
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most likely be generalized to other clinical settings. Another limitation to take into 

consideration concerns our sample size, which, despite being one that is considerably 

large for a longitudinal clinical study, is nevertheless modest when it comes to studying 

genetic effects. Investigations in relatively small-to-moderately-sized candidate genes 

studies, like the present study, come with the risk of reporting spurious effects (Duncan & 

Keller, 2011), or of leading to Type II error (i.e. not reporting an existent effect). In the 

present case, it is possible that we did not find any effects of dopamine-system 

polymorphisms on outcome of eating and comorbid symptoms due to lack of power. 

Future studies should aim to replicate our findings in larger samples to add to the 

confidence that dopamine-system candidate genes do not contribute to variations in 

treatment response in bulimia-spectrum disorders.    

Clinical implications. Our results can be extended to clinical practice in several 

ways. First, our findings suggest that it is important to routinely assess for childhood 

abuse, including emotional maltreatment, as such experiences may have an impact on 

treatment response, especially in the first few months of therapy. Based on our findings, 

we suggest that adverse life experiences should be included in each patient’s personalized 

case conceptualization, with the objective to acknowledge the possible contributing role 

of maltreatment in the genesis of psychopathology and present treatment strategies to 

address the long-lasting consequences of interpersonal trauma. With regards to genetic 

factors, we believe that, while we did not find effects of two specific dopamine-system 

polymorphisms on treatment outcome that remained statistically-significant after 

controlling for treatment variables, it is important to inform patients of available findings 

that support the influence of genetic and epigenetic factors on treatment outcome and 
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symptoms presentation. Biopsychosocial conceptualizations are helpful in increasing 

patients’ understanding of their condition, and, by the same token, often reduce shame 

and self-blame. Ultimately, it is our hope that increasing our understanding of factors that 

influence outcome will render our selection and administration of pharmacological and 

psychotherapeutic interventions more scientifically-informed, and, hopefully, more 

effective. 
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Footnote 

1. Three individuals received minimal psychotherapy between the pre-treatment 

assessment and the first follow-up (between 2 and 5 individual therapy 

sessions and no form of group therapy). Excluding these individuals did not 

alter the statistical significance of effects observed, and were therefore 

included in the final sample given their participation in the research 

assessment at the first follow-up. All three individuals dropped out of therapy 

before the second follow-up. All other participants received a minimum of 5 

individual therapy sessions combined with some form of group therapy 

(whether outpatient or day treatment). 
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Table 1. Results of multilevel modeling analyses on number of binging episodes per 

month in the past 3 months (Poisson outcome variable) examining 1) Response to 

treatment, 2) Effects of childhood abuse and genes on response to treatment, 3) Effects of 

childhood abuse and genes on response to treatment while controlling for medication use 

and amount of therapy (model 3 only run when significant fixed effects were obtained in 

model 2).   

 

No. of Binging 

Episodes 

1) Model 1 

Coefficient (SE) 

2) Model 2 

Coefficient (SE) 

3) Model 3 

Coefficient (SE) 

 N=153 N=130  

1) Intercept 

Childhood 

Physical Abuse 

(CPA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CPAxT2 

CPAxT3 

 2.85 (0.11)*** 

 

 

 

 

-0.70 (0.12)*** 

 

-0.97 (0.16)*** 

 2.72 (0.13)*** 

  

 0.33 (0.22) 

 

 

-0.66 (0.18)*** 

 

-1.14 (0.15)*** 

-0.09 (0.24) 

 0.39 (0.32) 

 

 

  N=128  

2) Intercept 

Childhood 

Sexual Abuse 

(CSA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CSAxT2 

CSAxT3 

  2.82 (0.12)*** 

  

 0.11 (0.27) 

 

 

-0.70 (0.13)*** 

 

-1.00 (0.18)*** 

  0.01 (0.38) 

  0.17 (0.33) 

 

  N=131  

3) Intercept 

Childhood 

Emotional Abuse 

(CEA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CEAxT2 

CEAxT3 

  2.53 (0.24)*** 

  

 0.40 (0.26) 

 

 

-0.66 (0.43) 

 

-1.04 (0.40)**  

-0.05 (0.44) 

 0.09 (0.44) 

 



148 

 

 N=153  N=123 N=123 

4) Intercept 

DRD2 A1-allele 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

DRD2xT2 

DRD2xT3 

  2.91 (0.12)*** 

-0.03 (0.24) 

 

-0.68 (0.16)*** 

 

-0.77 (0.22)***  

-0.25 (0.28) 

-0.60 (0.29)* 

2.98 (0.22)*** 

-0.11 (0.25) 

 

-0.77 (0.17)*** 

 

-0.88 (0.24)*** 

-0.14 (0.29) 

-0.36 (0.33) 

5) Intercept 

COMT Met-

allele 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

COMTxT2 

COMTxT3 

  2.98 (0.15)*** 

-0.11 (0.21) 

 

-0.66 (0.24)** 

 

-0.99 (0.26)***  

 

-0.13 (0.28) 

 0.04 (0.34) 

 

† p<.10; *p<.05; **p<.01; ***p<.001 
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Table 2. Results of multilevel modeling analyses on number of vomiting days per month 

in the past 3 months (Poisson outcome variable) examining 1) Response to treatment, 2) 

Effects of childhood abuse and genes on response to treatment, 3) Effects of childhood 

abuse and genes on response to treatment while controlling for medication use and 

amount of therapy (model 3 only run when significant fixed effects were obtained in 

model 2).   

No. of Vomiting 

Days 

1) Model 1 

Coefficient (SE) 

2) Model 2 

Coefficient (SE) 

3) Model 3 

Coefficient (SE) 

 N=143 N=119  

1) Intercept 

Childhood 

Physical Abuse 

(CPA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CPAxT2 

CPAxT3 

 2.50 (0.08)*** 

 

 

 

-0.35 (0.08)*** 

 

-0.58 (0.10)*** 

 2.46 (0.10)*** 

  

 0.09 (0.16) 

 

-0.40 (0.11)*** 

 

-0.63 (0.12)*** 

 

 0.10 (0.16) 

 0.11 (0.20) 

 

  N=117 N=117 

2) Intercept 

Childhood 

Sexual Abuse 

(CSA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CSAxT2 

CSAxT3 

  2.54 (0.09)*** 

 

-0.19 (0.19) 

 

 

-0.39 (0.10)*** 

 

-0.67 (0.11)*** 

 0.20 (0.19) 

 0.41 (0.20)* 

2.48 (0.14)*** 

 

-0.23 (0.20) 

 

 

-0.47 (0.11)*** 

 

-0.76 (0.13)*** 

 0.24 (0.17) 

 0.44 (0.22)* 

  N=120 N=120 

3) Intercept 

Childhood 

Emotional Abuse 

(CEA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CEAxT2 

CEAxT3 

  2.55 (0.15)*** 

 

-0.05 (0.17) 

 

 

-0.73 (0.21)*** 

 

-1.00 (0.23)*** 

 0.47 (0.23)* 

 0.53 (0.25)* 

2.48 (0.18)*** 

 

-0.09 (0.17) 

 

 

-0.79 (0.20)*** 

 

-1.05 (0.23)*** 

 0.45 (0.21)* 

 0.48 (0.27)† 
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  N=116  

4) Intercept 

DRD2 A1-allele 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

DRD2xT2 

DRD2xT3 

  2.54 (0.09)*** 

-0.20 (0.17) 

 

-0.33 (0.10)** 

 

-0.60 (0.13)*** 

-0.10 (0.21) 

 0.08 (0.22) 

 

5) Intercept 

COMT Met-

allele 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

COMTxT2 

COMTxT3 

  2.59 (0.12)*** 

-0.17 (0.16) 

 

 

-0.61 (0.19)** 

 

-0.85 (0.20)*** 

 0.35 (0.21) 

 0.38 (0.23) 

 

† p<.10; *p<.05; **p<.01; ***p<.001 
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Table 3. Results of multilevel modeling analyses on EAT-26 Dieting symptom score 

examining: 1) Response to treatment, 2) Effects of childhood abuse and genes on 

response to treatment, 3) Effects of childhood abuse and genes on response to treatment 

while controlling for medication use and amount of therapy (model 3 only run when 

significant fixed effects were obtained in model 2).   

EAT-26 Diet 

Score 

1) Model 1 

Coefficient (SE) 

2) Model 2 

Coefficient (SE) 

3) Model 3 

Coefficient (SE) 

 N=165 N=144 N=144 

1) Intercept 

Childhood 

Physical Abuse 

(CPA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CPAxT2 

CPAxT3 

 1.79 (0.06)*** 

 

 

 

 

-0.45 (0.06)*** 

 

-0.50 (0.07)*** 

 1.75 (0.07)*** 

  

 0.09 (0.12) 

 

 

-0.54 (0.07)*** 

 

-0.57 (0.10)*** 

 0.23 (0.11)* 

 0.13 (0.14) 

1.66 (0.10)*** 

 

 0.07 (0.12) 

 

 

-0.60 (0.08)*** 

 

-0.59 (0.10)*** 

 0.25 (0.11)* 

 0.14 (0.15) 

  N=141  

2) Intercept 

Childhood 

Sexual Abuse 

(CSA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CSAxT2 

CSAxT3 

  1.77 (0.06)*** 

  

 0.12 (0.15) 

 

 

-0.42 (0.06)*** 

 

-0.51 (0.09)*** 

-0.18 (0.14) 

 0.06 (0.15) 

 

  N=145  

3) Intercept 

Childhood 

Emotional Abuse 

(CEA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CEAxT2 

CEAxT3 

  1.67 (0.12)*** 

 

 0.15 (0.14) 

 

 

-0.62 (0.14)*** 

 

-0.65 (0.19)*** 

 0.22 (0.15) 

 0.20 (0.21) 

 

  N=132  
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4) Intercept 

DRD2 A1-allele 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

DRD2xT2 

DRD2xT3 

  1.79 (0.07)*** 

-0.06 (0.13) 

 

-0.43 (0.07)*** 

 

-0.46 (0.08)*** 

-0.06 (0.13) 

-0.13 (0.18) 

 

5) Intercept 

COMT Met-

allele 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

COMTxT2 

COMTxT3 

  1.74 (0.11)*** 

 0.04 (0.13) 

 

 

-0.41 (0.13)*** 

 

-0.65 (0.17)*** 

-0.05 (0.13) 

 0.19 (0.19) 

 

† p<.10; *p<.05; **p<.01; ***p<.001 
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Table 4. Results of multilevel modeling analyses on EAT-26 Bulimia symptom score 

examining 1) Response to treatment, 2) Effects of childhood abuse and genes on response 

to treatment, 3) Effects of childhood abuse and genes on response to treatment while 

controlling for medication use and amount of therapy (model 3 only run when significant 

fixed effects were obtained in model 2).   

 

EAT-26 Bulimia 

Score 

1) Model 1 

Coefficient (SE) 

2) Model 2 

Coefficient (SE) 

3) Model 3 

Coefficient (SE) 

 N=165 N=144  

1) Intercept 

Childhood 

Physical Abuse 

(CPA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CPAxT2 

CPAxT3 

 1.86 (0.07)*** 

 

 

 

 

-0.61 (0.07)*** 

 

-0.80 (0.08)*** 

 1. 83 (0.07)*** 

  

 0.06 (0.12) 

 

 

-0.70 (0.09)*** 

 

-0.84 (0.12)*** 

  0.22 (0.15) 

  0.11 (0.17) 

 

  N=141  

2) Intercept 

Childhood 

Sexual Abuse 

(CSA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CSAxT2 

CSAxT3 

  1.90 (0.07)*** 

 

-0.15 (0.13) 

 

 

-0.66 (0.08)*** 

 

-0.84 (0.10)*** 

 0.19 (0.17) 

 0.14 (0.17) 

 

  N=145  

3) Intercept 

Childhood 

Emotional Abuse 

(CEA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CEAxT2 

CEAxT3 

  1.76 (0.12)*** 

 

 0.13 (0.12) 

 

 

-0.72 (0.16)*** 

 

-0.94 (0.18)*** 

 0.14 (0.18) 

 0.18 (0.21) 

 

  N=132  
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4) Intercept 

DRD2 A1-allele 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

DRD2xT2 

DRD2xT3 

  1.92 (0.07)*** 

-0.19 (0.13) 

 

-0.60 (0.09)*** 

 

-0.78 (0.11)*** 

-0.01 (0.18) 

-0.06 (0.20) 

 

5) Intercept 

COMT Met-

allele 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

COMTxT2 

COMTxT3 

  1.91 (0.12)*** 

-0.08 (0.14) 

 

 

-0.64 (0.14)*** 

 

-0.95 (0.20)*** 

 0.06 (0.17) 

 0.21 (0.22) 

 

† p<.10; *p<.05; **p<.01; ***p<.001 
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Table 5. Results of multilevel modeling analyses on EAT-26 Oral Control symptom score 

(variable log-transformed due to non-normal distribution) examining 1) Response to 

treatment, 2) Effects of childhood abuse and genes on response to treatment, 3) Effects of 

childhood abuse and genes on response to treatment while controlling for medication use 

and amount of therapy (model 3 only run when significant fixed effects were obtained in 

model 2).   

 

EAT-26 Oral 

Control score 

1) Model 1 

Coefficient (SE) 

2) Model 2 

Coefficient (SE) 

3) Model 3 

Coefficient (SE) 

 N=165 N=144  

1) Intercept 

Childhood 

Physical Abuse 

(CPA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CPAxT2 

CPAxT3 

 0.18 (0.01)*** 

 

 

 

 

-0.05 (0.01)*** 

 

-0.07 (0.01)*** 

  0.16 (0.02)*** 

  

  0.05 (0.03)† 

 

  

-0.05 (0.01)*** 

 

 -0.07 (0.02)*** 

 -0.01 (0.02) 

 -0.00 (0.02) 

 

  N=141  

2) Intercept 

Childhood 

Sexual Abuse 

(CSA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CSAxT2 

CSAxT3 

   0.17 (0.01)*** 

  

  0.05 (0.04) 

 

 

 -0.04 (0.01)*** 

 

 -0.06 (0.01)*** 

 -0.01 (0.02) 

 -0.02 (0.03) 

 

  N=145 N=145 

3) Intercept 

Childhood 

Emotional Abuse 

(CEA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CEAxT2 

   0.13 (0.03)*** 

   

  0.06 (0.03)* 

 

 

 -0.04 (0.02)* 

 

 -0.08 (0.03)**  

-0.003 (0.02) 

0.11 (0.03)*** 

   

0.06 (0.03)† 

 

 

-0.05 (0.03)** 

 

-0.08 (0.03)**  

-0.003 (0.02) 
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CEAxT3   0.02 (0.03) 0.02 (0.03) 

  N=132 N=132 

4) Intercept 

DRD2 A1-allele 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

DRD2xT2 

DRD2xT3 

   0.15 (0.01)*** 

  0.06 (0.03)* 

  

 -0.04 (0.01)** 

 

 -0.04 (0.02)** 

 -0.03 (0.02) 

 -0.04 (0.03) 

0.12 (0.02)*** 

  0.06 (0.03)† 

  

-0.05 (0.03)*** 

 

 -0.05 (0.02)** 

 -0.02 (0.03) 

 -0.03 (0.03) 

5) Intercept 

COMT Met-

allele 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

COMTxT2 

COMTxT3 

   0.14 (0.02)*** 

  0.04 (0.03) 

  

  

-0.03 (0.02) 

 

 -0.07 (0.03)** 

 -0.02 (0.02) 

  0.02 (0.03) † 

 

† p<.10; *p<.05; **p<.01; ***p<.001 
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Table 6. Results of multilevel modeling analyses on CES-D score examining 1) Response 

to treatment, 2) Effects of childhood abuse and genes on response to treatment, 3) Effects 

of childhood abuse and genes on response to treatment while controlling for medication 

use and amount of therapy (model 3 only run when significant fixed effects were 

obtained in model 2).   

 

CES-D score 1) Model 1 

Coefficient (SE) 

2) Model 2 

Coefficient (SE) 

3) Model 3 

Coefficient (SE) 

 N=161 N=141  

1) Intercept 

Childhood 

Physical Abuse 

(CPA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CPAxT2 

CPAxT3 

31.10 (1.06)*** 

 

 

 

 

-5.25 (1.11)*** 

 

-8.65 (1.33)*** 

30.11 (1.25)*** 

    

  2.88 (2.00) 

 

  

-6.20 (1.32)*** 

 

 -7.85 (1.68)*** 

  1.91 (2.07) 

 -2.74 (3.02) 

 

  N=138  

2) Intercept 

Childhood 

Sexual Abuse 

(CSA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CSAxT2 

CSAxT3 

 31.47 (1.15)*** 

 

  1.30 (2.38) 

 

  

-5.82 (1.14)*** 

 

 -9.23 (1.63)*** 

  2.65 (2.95)    

  3.07 (3.20) 

 

  N=142 N=142 

3) Intercept 

Childhood 

Emotional Abuse 

(CEA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CEAxT2 

CEAxT3 

 30.06 (2.10)*** 

  

  1.30 (2.38) 

 

 

-10.17 (2.02)*** 

 

-12.81 (2.45)*** 

  6.47 (2.34)** 

  5.55 (2.95)† 

28.06 (2.31)*** 

     

   1.12 (2.31) 

 

  

-10.97 (2.10)*** 

 

 -13.32 (2.63)*** 

    6.40 (2.38)** 

    5.09 (3.16) 

  N=128  
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4) Intercept 

DRD2 A1-allele 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

DRD2xT2 

DRD2xT3 

 30.36 (1.32)*** 

 2.81 (2.14) 

 

-4.93 (1.36)*** 

 

-7.20 (1.78)*** 

-0.22 (0.49) 

-4.14 (3.07) 

 

5) Intercept 

COMT Met-

allele 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

COMTxT2 

COMTxT3 

 30.25 (1.90)*** 

  1.43 (1.28) 

  

 

 -3.02 (2.54) 

 

 -9.91 (3.41)** 

 -2.85 (2.80) 

  1.65 (3.76) 

 

† p<.10; *p<.05; **p<.01; ***p<.001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



159 

 

Table 7. Results of multilevel modeling analyses on BIS total score examining 1) 

Response to treatment, 2) Effects of childhood abuse and genes on response to treatment, 

3) Effects of childhood abuse and genes on response to treatment while controlling for 

medication use and amount of therapy (model 3 only run when significant fixed effects 

were obtained in model 2).   

 

BIS-total score 1) Model 1 

Coefficient (SE) 

2) Model 2 

Coefficient (SE) 

3) Model 3 

Coefficient 

(SE) 

 N=161 N=141  

1) Intercept 

Childhood 

Physical Abuse 

(CPA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CPAxT2 

CPAxT3 

71.36 (0.99)*** 

 

 

 

 

-1.52 (0.71)* 

 

-2.81 (0.89)** 

 70.01 (1.36)*** 

   

 3.26 (1.92)† 

 

  

-1.71 (0.77)* 

 

 -2.40 (0.91)** 

   0.55 (1.55) 

  -1.18 (2.11) 

 

  N=138  

2) Intercept 

Childhood 

Sexual Abuse 

(CSA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CSAxT2 

CSAxT3 

  70.47 (1.12)*** 

   

  3.93 (2.38)† 

 

 

 -0.90 (0.78) 

 

 -2.10 (1.05)* 

  -3.36 (1.80)† 

  -3.34 (1.94)† 

 

  N=142  

3) Intercept 

Childhood 

Emotional Abuse 

(CEA) 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

CEAxT2 

CEAxT3 

  68.20 (1.72)*** 

   

  3.93 (2.06)† 

 

 

 -2.18 (1.58) 

 

 -3.42 (1.35)* 

   0.97 (1.76) 

   0.85 (1.74) 

 

  N=128  
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4) Intercept 

DRD2 A1-allele 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

DRD2xT2 

DRD2xT3 

 71.59 (1.25)*** 

 1.15 (2.16) 

 

-0.50 (0.97) 

 

-1.30 (1.21) 

-2.04 (1.53) 

-2.70 (1.78) 

 

5) Intercept 

COMT Met-

allele 

4-month follow-

up (T2) 

8-month follow-

up (T3) 

COMTxT2 

COMTxT3 

 74.90 (1.75)*** 

 -4.04 (1.14)† 

 

 

 -3.27 (1.72)† 

 

 -3.37 (2.48) 

  2.90 (1.90) 

  1.54 (2.64) 

 

† p<.10; *p<.05; **p<.01; ***p<.001 
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Table 8. Mean (and standard deviation) age, body mass index, CES-D total score, BIS-11 

total score, average frequency of binging episodes/month in the past three months, 

average frequency of vomiting days/month in the past three months, EAT-26 Oral 

Control score, EAT-26 Diet score, and EAT-26 Bulimia and Food Preoccupations score 

in treatment completers and treatment drop-outs, assessed at baseline. 

 Treatment completers Treatment drop-outs 

Age 26.44 (±6.53) 24.38 (±5.71) 

Body Mass Index 22.56 (±4.21) 22.87 (±4.45) 

CES-D total score  31.53 (±12.04) 30.14 (±13.71) 

BIS-11 total score 71.50 (±11.60) 72.43 (±8.98) 

Average frequency of 

binging episodes/month in 

the past three months 

25.15 (±31.44) 41.57 (±48.14) 

Average frequency of 

vomiting days/month in the 

past three months 

13.42 (±10.47) 17.28 (±13.60) 

EAT-26 Oral Control score 0.60 (±0.61) 0.71 (±0.63) 

EAT-26 Diet score 1.78 (±0.68) 1.69 (±0.76) 

EAT-26 Bulimia and Food 

Preoccupations score 

1.86 (±0.71) 1.87 (±0.92) 
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General Discussion 

This doctoral dissertation had four objectives. The first was to examine possible 

influences on clinical presentation in bulimia-spectrum disorders of a) childhood 

maltreatment experiences, and b) polymorphisms acting upon the dopamine system. The 

second was to explore the possibility that environmental factors (like childhood abuse) 

interact with gene variants acting upon the dopamine system to influence phenotypic 

variations in bulimia-spectrum disorders. The third objective was to investigate possible 

biological substrates for gene-environment interaction effects, in the form of epigenetic 

marks, as captured by measures of DNA methylation. A fourth objective was to explore 

the prognostic value, for treatment response in bulimia-spectrum disorders, of childhood 

abuse, and effects of carrying dopamine-system polymorphisms. Four studies were 

conducted to address the various stated objectives. A summary of each study’s findings is 

provided below, followed by a discussion of the relevance and implications of my results. 

Study 1 examined the link between exposure to childhood abuse and clinical 

manifestations of eating pathology. The study was novel in being one of very few studies 

in this area to have examined the relationship between childhood emotional abuse and 

disordered eating in a clinical sample of women with a bulimia-spectrum disorder. In 

addition, Study 1 added to available findings by exploring the mediating role of 

psychological factors in the relationship between emotional abuse and eating-disorder 

(ED) symptoms. Finally, the study aimed to estimate the rate of emotional maltreatment 

in bulimia-spectrum disorders. I found that childhood emotional abuse, unlike physical 

and sexual forms of trauma, predicted severity of ED symptoms. Moreover, felt 

ineffectiveness and affective instability were both found to be mediators of relationships 
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between emotional maltreatment and selected indices of eating pathology, namely 

measures of “dieting” and “oral control” symptoms. Lastly, I found that childhood 

emotional abuse was more prevalent in women with a bulimia-spectrum disorder than in 

normal-eaters, and that our rates were highly similar to the only available published 

estimate of emotional maltreatment in bulimia nervosa (Rorty et al., 1994). Our results 

suggest that experiences of emotional maltreatment in childhood may influence ED-

symptom presentation in clinical samples, and that it may do so through mediating 

influences upon an individual’s self-esteem and capacity for affect regulation.  

Study 2 examined main effects of dopamine-system polymorphisms (DRD2 

Taq1A, COMT rs4680, DAT1) and childhood abuse (sexual, physical and emotional) on 

the severity of bulimic and comorbid psychopathological symptoms in women with a 

bulimia-spectrum disorder. The study also included an examination of gene-environment 

(G x E) interaction effects on clinical presentation. We observed that carriers of the low-

function allele of the DRD2 Taq1A polymorphism who also reported childhood sexual 

abuse presented with higher levels of sensation-seeking than did individuals showing 

other combinations of alleles and abuse exposures (i.e. non-carriers of the low-function 

allele, whether or not they reported abuse, and carriers of the low-function allele who did 

not report sexual abuse). Moreover, we observed that carriers of the low-function allele 

of COMT rs4680 (associated with high dopamine function) presented with higher 

compulsivity, lower impulsivity, and a tendency towards lower frequency of binge-

eating, than did non-carriers of the low-function allele. Our results imply that genes 

acting within the dopamine system may contribute, either directly or indirectly (i.e., in 

interaction with traumatic childhood experiences), to variations in the presentation of 
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comorbid traits in people with bulimia-spectrum disorders, especially those related to 

impulse-control. Our findings also suggest that genetic variants affecting dopamine 

functioning may influence the severity of bulimic symptoms.  

Following from evidence suggesting that environmental insults can impact gene 

expression through epigenetic mechanisms, Study 3 explored the extent to which 

methylation of the DRD2 gene promoter region was associated with the presence or 

absence of a bulimia-spectrum disorder, to childhood abuse exposure, or to comorbid 

Borderline Personality Disorder (BPD). We opted to study associations between DRD2 

DNA methylation and eating-disorder status based on previous results showing a 

tendency toward hypermethylation of the DRD2 promoter region in bulimia nervosa 

(Frieling et al., 2010). In addition, we chose to include maltreatment experiences as a 

possible predictor of variations in DNA methylation in our sample, based on the growing 

body of literature associating altered DNA methylation patterns with childhood adversity 

(e.g. McGowan et al., 2009; Perroud et al., 2011). Finally, recent findings showing 

altered DNA methylation in individuals with BPD and in individuals with chronic 

suicidality (e.g. Steiger et al., 2013; Dammann et al., 2011) guided our choice to also 

study associations between DRD2 methylation and comorbid BPD in our sample. We 

observed a significant association between BPD and hypermethylation of DRD2 in our 

sample of bulimia-spectrum disorders. We also observed a trend towards 

hypermethylation of DRD2 in individuals with a bulimia-spectrum disorder who also 

reported experiencing childhood sexual abuse. Since we did not find our eating-disorder 

and normal-eater groups to differ as to mean percent DRD2 promoter methylation, our 

results suggested a greater impact of general psychopathology, or a history of trauma, on 
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abnormal DRD2 methylation patterns, than of having an eating disorder per se. The 

preceding is important, because it implies that epigenetic changes of dopamine-system 

genes might contribute to nonspecific factors that act in ED risk, which coincide with 

traits associated with dysregulation of mood and behaviours. In this way, our findings 

add to the available literature documenting associations between low dopamine function 

and tendencies towards impulsivity and affect disturbances. Moreover, our results 

corroborate  those of previous studies from the human and animal literature that show 

that childhood maltreatment experiences appear to leave epigenetic marks which, in turn, 

impact gene expression (McGowan et al., 2009; Perroud et al., 2011; Weaver et al., 

2004).  

Study 4 investigated the prognostic value of genetic variants and experiences of 

childhood maltreatment upon treatment response in our sample of treatment-seeking 

women with a bulimic disorder. The study in question is the first to examine the bearing 

of dopamine-system polymorphisms (DRD2 Taq1A and COMT rs4680) on treatment 

outcome of eating and comorbid symptoms, and the first to study potential effects of 

childhood emotional abuse (CEA) on treatment response in bulimia-spectrum disorders. 

At a four-month treatment follow-up, we observed that prior emotional abuse predicted 

poorer response on vomiting and depressive symptoms, whereas childhood physical 

abuse (CPA) predicted ongoing dieting. Childhood sexual abuse (CSA) predicted 

persistent vomiting at an eight-month follow-up, and was associated with dropping out of 

therapy. With regard to effects of candidate genes on treatment response, we found 

DRD2 Taq1A and COMT rs4680 to bear no predictive value. Possible ways of 

interpreting our results will be discussed in the “Treatment outcome” section. In sum, 
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findings from my fourth study support those of previous research in BN showing poorer 

outcome to be associated with childhood maltreatment. Furthermore, our results suggest 

that, on their own, carrying specific variants of the DRD2 Taq1A and COMT rs4680 

polymorphisms does not contribute to differential treatment response of eating-disorder 

or comorbid symptomatology.  

Putative Risk Factors 

Findings in this doctoral dissertation contribute in various ways to the 

understanding of the role of developmental, genetic and epigenetic factors in shaping the 

clinical presentation in bulimia nervosa.  

Developmental Factors. In my dissertation, I opted to study childhood abuse as 

an indicator of developmental adversity. Corroborating available findings documenting a 

higher prevalence of trauma exposure in people with Eating Disorders (EDs) than in the 

general population (e.g. Everill & Waller, 1995; Rorty et al., 1994; Wonderlich et al., 

1997), Study 1 showed rates of childhood sexual, physical and emotional abuse to be 

higher in our bulimia-spectrum disorder group than in our normal-eaters. After testing the 

influence of childhood abuse on ED symptom-presentation, I found emotional abuse to 

be associated with more severe eating pathology in our group of women with a bulimia-

spectrum disorder. Our findings support a growing body of literature that relates 

emotional maltreatment to severity of eating symptoms (e.g. Kent et al., 1999; Kennedy 

et al., 2000; Wonderlich et al., 2007). In contrast, I found no association between having 

experienced physical and sexual trauma and presenting with more severe ED symptoms, 

in line with the majority of findings published on the topic (see Schmidt, Humfress & 

Treasure, 1997 for a review). It is possible that our findings reflect a genuine difference 
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between effects of emotional abuse and of other forms trauma onto severity of eating 

pathology. However, it is also possible that we may be detecting an effect that is mostly 

attributable to statistical power, given that childhood emotional abuse is considerably 

more prevalent than physical and sexual maltreatment. To provide a theoretical model 

behind the observed relationships between emotional abuse and symptom-severity, Kent 

and Waller (2000) proposed that childhood emotional abuse may play one of two roles 

within a multifactorial etiological model of EDs. Their first hypothesis was that 

emotional maltreatment in childhood is a causal factor, in that it leads to psychological 

consequences that increase an individual’s vulnerability for developing pathological 

eating behaviours and attitudes (Kent & Waller, 2000). In our sample, we examined 

possible psychological mediators (namely, depression, ineffectiveness, affective 

instability and perfectionism) of the relationship between emotional abuse and ED 

severity. Providing some support to Kent and Waller’s first hypothesis (2000), we found 

ineffectiveness (a trait capturing feelings of inadequacy, insecurity, and worthlessness) to 

be a significant mediator of the link between emotional abuse, on the one hand, and 

overall severity of eating symptoms and dieting, on the other. Our findings could suggest 

that individuals who are subjected to emotional maltreatment in childhood may, as a 

result, suffer from feelings of inadequacy and worthlessness, and may be drawn to 

engage in eating-disordered behaviors to compensate for such feelings. Perceived 

“success” at dieting behaviours might increase feelings of “accomplishment” in a valued 

area of life (i.e. appearance), thereby unfortunately providing positive reinforcement of 

eating-disordered behaviours (Fairburn, Cooper, Shafran, Bohn, & Hawker, 2008), 

leading to more severe symptoms. In addition, we found affective instability to be a 
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significant mediator of the link between emotional maltreatment and symptoms of oral 

control. The EAT-26 subscale of Oral Control contains items related to self-control about 

food (Garner et al., 1982). Our result suggests that individuals who are highly affectively 

unstable might turn to such eating-disordered behavior to modulate negative emotions 

and therefore achieve a sense of control.  

The second hypothesis inherent in Kent and Waller’s (2000) theory is that 

emotional maltreatment may act as a moderator of the impact of other etiological factors, 

rather than playing a direct causal role itself. Following this hypothesis, we examined 

how childhood abuse might interact with other potential etiological factors to influence 

clinical presentation. Specifically, we tested the hypothesis that childhood maltreatment 

(whether sexual, physical or emotional) may, in bulimia-spectrum disorders, interact with 

specific genetic factors acting in the dopamine system to contribute to variations in eating 

symptoms and comorbid traits. Results of our tests of such hypothesis are discussed in 

the “Gene-environment interactions” section, to follow. 

Candidate genes. In Study 2, we observed that carrying the low-function Met-

allele of COMT rs4680 (linked to high dopamine function) was associated with increased 

compulsivity and reduced impulsivity. Here, our results parallel those of previous studies 

in non-eating-disordered populations that have associated the rs4680 Met-allele with 

Obsessive-Compulsive Disorder (Denys et al., 2006), harm avoidance (Hashimoto et al., 

2007) and other anxiety-related traits (Stein et al., 2005). Together, these findings suggest 

that there may be an association between high dopamine function and high behavioural 

inhibition, as seen in harm avoidance and compulsivity. We also reported, in Study 2, a 

marginally significant association between the Met-allele and lower frequency of binge 
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eating. The available literature pertaining to COMT rs4680’s involvement in BN includes 

findings from two case-control studies, with one linking the Val-allele to increased risk of 

BN (Mikolajczyk et al., 2010) and the other reporting no such association  (Yilmaz et al., 

2011). To our knowledge, our study was the first to explore COMT rs4680’s influence on 

the severity of bulimic symptoms. Our trend towards an association of the Met-allele with 

less severe binging symptoms suggests that COMT rs4680 may contribute to variations in 

eating-disorder symptom presentation in bulimia-spectrum disorders. Whether any such 

influence acts directly (through pathways influencing eating behavior) or indirectly 

(through mediating effects of traits like compulsivity) remains to be established in future 

research. 

We did not find main effects of any other polymorphisms studied (i.e., DRD2 

Taq1A and DAT1 polymorphisms) on trait and eating-symptom presentation.  The lack 

of association between DAT1 variants and trait and symptom variations could mean that 

the polymorphism has no bearing upon eating-symptom and comorbid trait presentation. 

However, we note that there is ambiguity surrounding the functioning of DAT1 alleles, 

with some studies suggesting that short alleles (7 and 9-repeat) are associated with lower 

transcriptional availability than the 10-repeat allele (Fuke et al., 2001), while other 

studies find the opposite effect (van Dyck et al., 2005). The heterogeneity in findings on 

the functioning of the DAT1 polymorphism may, in practice, translate into less-than-

optimal ways of examining associations between phenotypes of interest and carrying a 

certain variant of the gene. In our study, we chose to examine whether or not having at 

least one copy of a short allele was predictive of more severe eating-disorder and 

comorbid psychopathological symptoms. The preceding coding scheme has been used in 
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the past in several studies (e.g. Hemmings et al., 2004; Shinohara et al., 2004; Köhnke et 

al., 2005; Samochowiec et al., 2006), but others have instead used a coding scheme based 

on having at least one copy of a long (as opposed to at least one short) allele (e.g. Braet et 

al., 2011). It is expected that a better understanding of the gene’s function will allow for 

more informed examinations of relationships between DAT1 and symptoms in bulimia-

spectrum disorders and other populations.  

Gene-Environment Interactions. In Study 2, we also explored the possibility 

that gene-environment interaction effects might influence clinical presentation in 

bulimia-spectrum disorders. We reported an interaction effect involving the low-function 

(A1) allele of DRD2 Taq1A and childhood sexual abuse that predicted higher levels of 

sensation-seeking in our sample. This finding is compatible with previous reports linking 

sensation-seeking and impulsivity to genetic factors associated with low dopamine 

neurotransmission (Compton et al., 1996; Ratsma et al., 2001; White et al., 2008; 

Eisenberg et al., 2007). Low dopamine function has been thought to lead to a 

phenomenon called the “reward-deficiency syndrome”.  According to this theory, 

impulsive and sensation-seeking behaviours serve the function of stimulating dopamine 

release within reward-related circuits. Theoretically, such reward-deficiency syndrome 

would render individuals disposed towards low dopamine activity to be more prone to 

seek stimulation, as a compensatory gesture. Our finding is consistent with this theory, 

given that the G x E effect involved the low dopamine-function DRD2 Taq1A allele, but 

also adds the point that expressions of the sensation-seeking trait may be most 

pronounced in individuals in whom latent genetic potentials have been activated by an 

environmental trigger-- in this case, childhood sexual abuse. In support, we refer to 
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reports of similar gene-environment interaction effects—with G x E interactions 

involving the A1-allele and adversity having been found to predict higher novelty-

seeking (Keltikangas-Jarvinen et al., 2009), biobehavioural markers of alcoholism 

(Berman & Noble, 1997), severity of alcohol dependence (Bau et al., 2000), emotional 

eating in teenagers (van Strien et al., 2010), and increased contacts with delinquent peers 

(Beaver et al., 2012).  

Controversies related to Gene-Environment Interaction Findings. Replication is 

one of the fundamentals of the scientific method and, unfortunately, G x E interaction 

studies are often found to produce inconsistent results, with published findings often 

being unrepeatable. A much-discussed meta-analysis (Risch et al., 2009) was published 

in the midst of the debate on the genuineness of gene-environment interaction effects, in 

the hope of shedding light on some of the problems associated with G x E studies. The 

preceding study (Risch et al., 2009) yielded no confirmatory evidence of Caspi and 

colleagues’ original findings (2003) of a G x E effect involving the serotonin transporter 

gene and stressful life events onto increased risk of major depression. In light of the 

negative results obtained, Risch and colleagues (2009) casted doubts on G x E interaction 

effects in general.  In response to Risch and colleagues’ manuscript (2009), Rutter and 

colleagues (2009) wrote a rebuttal letter in which he discussed several flaws in the 

methods used and conclusions drawn by the authors. Recently, another, more 

comprehensive, meta-analysis on the same topic addressed some of the points raised by 

Rutter and colleagues (2009) and showed, in contrast, strong evidence for a moderating 

influence of the serotonin transporter gene on the relationship between stress and 

depression (Karg et al., 2011). The above-mentioned manuscripts remind us of important 



174 

 

principles in research: Replication is key and trying to understand inconsistencies in 

findings pushes the field forward. With undisputed biological plausibility of gene-

environment interactions, and no scientific support for the lack of genuineness of such 

effects, replication and understanding non-replication remain necessary steps in G x E 

studies in psychiatric disorders, including BN. We hope future studies will attempt to 

replicate our results in independent samples of women with a bulimia-spectrum disorder. 

Another commonly raised concern with G x E studies has to do with the problem 

of differentiating gene-environment interactions from gene-environment correlations 

(rGE). As discussed in prior sections, G x E describes a process in which one’s 

environment triggers or activates genetic effects at a biological level to create a 

phenotype of interest (Caspi et al., 2010). In contrast, in rGE, a person’s genotype 

influences, or is associated with, exposure to some characteristic in his or her 

environment (Plomin, DeFries, & Loehlin, 1977). Although rGEs were first described 

several decades ago (Plomin et al., 1977), the vast majority of studies investigating 

interplays between genetic and environmental factors have failed, up until recently, to 

discuss G x E findings in light of such phenomena. Three types of rGEs have been 

described: passive, evocative and active (Plomin et al 1977). Passive rGE would be when 

genetic relatedness between the parent and the child accounts for the observed correlation 

between the child’s trait and environment. For example, the reason why children who 

have been spanked are more aggressive (Gershoff, 2002) could be that parents who spank 

them are themselves more aggressive and transmit this trait to their offspring—without 

the spankings themselves having any causal effect. Evocative rGE would be when a 

characteristic of the child evokes a certain reaction from its environment. Finally, active 
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rGE would be when a trait in the child leads him or her to actively seek a certain type of 

environment. It is possible that gene-environment correlations explain our finding 

showing higher sensation-seeking in individuals carrying the A1-allele of DRD2 Taq1A 

and reporting childhood sexual abuse. However, with findings showing that sexual abuse 

tends to be perpetrated by extrafamilial abusers (Steiger et al., 2010), it is improbable that 

a passive rGE would explain our finding. Studies in the present dissertation were not 

designed to rule out evocative and active rGEs. Still, we note that our epigenetic findings 

(discussed below) may provide some support in favor of the hypothesis that results from 

Study 2 document a G x E effect, and not a form of rGE. Nonetheless, a variety of 

research designs, like longitudinal studies, epigenetic studies, and animal studies, will be 

necessary to distinguish gene-environment interactions from correlations. 

Epigenetics. Epigenetic processes are thought to create a physical link between 

environmental exposures and alterations in gene expression (Jaenish & Bird, 2003). 

Studying epigenetic mechanisms in our bulimia-spectrum disorder sample therefore 

allowed us to explore whether or not the gene-environment interaction observed 

involving DRD2 would be reflected in the form of an epigenetic mark.  In Study 3, we 

observed a significantly increased average methylation of the promoter region of DRD2 

in women with a bulimia-spectrum disorder (BSD) and comorbid borderline personality 

disorder (BPD) compared to normal-eater women, and marginally increased DRD2 

methylation compared to women with a bulimia-spectrum disorder but no comorbid 

BPD. In addition, we reported a trend towards hypermethylation of the promoter region 

of DRD2 in individuals with a BSD who also reported childhood sexual abuse compared 

to our normal-eater group (who denied experiences of sexual abuse). Finally, we did not 
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find a significant average DRD2 methylation difference between our eating-disorder and 

normal-eater groups. 

When methylation occurs in gene promoters, it usually causes underexpression of 

the gene--directly, by inhibiting the binding of transcription factors to their recognition 

elements in the gene, or indirectly, by recruiting proteins that precipitate inactive 

chromatin (Jaenish & Bird, 2003; Niculescu & Zeisel, 2002). Following the preceding 

principle, our result associating increased methylation of the DRD2 promoter region and 

comorbid BPD supports the general concept that traits of affective and behavioural 

dysregulation coincide with reduced dopamine neurotransmission. Results associating 

low dopamine function with impulse-control difficulties have been documented in 

molecular genetic and brain-imaging studies in humans (e.g. Koob & Volkow, 2010; 

White et al., 2008; Eisenberg et al., 2007) and in animals (see Avena & Bocarsly, 2012). 

Moreover, results of Study 3 add a precision to previous findings on DNA methylation of 

dopamine-system genes in BN (Frieling et al., 2010) by uncovering an association with a 

frequent comorbidity, such as BPD. Knowing that the dopamine receptor D2 gene plays a 

role in reuptake of dopamine in reward-related circuits, our finding provides empirical 

data in support for commonly reported associations between BN and impulsive, reward-

seeking phenotypes.  

Another point of interest is that findings from Study 3 seem to demonstrate a 

stronger relationship between neurobiological abnormalities, in this case DRD2 

methylation, and general psychopathology, than with the ED pathology per se. We 

reported similar findings in Study 2, such that gene-environment interaction effects, and 

main effects of dopamine-system polymorphisms, were more predictive of traits related 
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to impulse-control, and less so of eating-disorder symptoms. We note that many findings 

on vulnerability factors in BN suggest that risk factors, whether genetic or environmental, 

often correspond to increased risk of comorbid psychopathological symptoms, rather than 

to increased risk for bulimia itself. For instance, several molecular-genetic (and more 

recently epigenetic) findings from our group support the preceding concept (e.g. Steiger 

et al., 2013; Groleau et al., 2012b; Steiger et al., 2008a,b; Richardson et al., 2008). 

Elsewhere, we have interpreted such findings as meaning that BN requires the activation 

of non-specific vulnerabilities towards dysregulation (e.g. impulsivity, stimulus seeking) 

via dietary restraint, a well-documented risk factor for binge eating and bulimia (Polivy 

& Herman, 1985).  

While important theoretical and technological advances have been made in the 

field of epigenetics in the past few decades, still, fundamental knowledge remains to be 

acquired. For instance, to this date, the impact small methylation differences has on gene 

expression is still unknown for the majority of genes. Moreover, the clinical significance 

in psychiatric disorders of small epigenetic effects remains to be documented. Although 

our mean methylation differences in Study 3 corresponded to those reported to be 

associated with a BPD/no-BPD distinction for other neuropsychiatric genes by Dammann 

and colleagues (2011), studies have yet to document effects at the receptor level of small 

DRD2 methylation differences like those we observed. In addition, convergence between 

peripheral and central measures of DRD2 methylation has yet to be confirmed. The 

preceding step is important, since some findings show high convergence of peripheral 

and central measures of methylation for some genes (e.g. Murphy et al., 2005), but others 

show tissue-specific methylation for other genes (e.g. Schilling & Rehli, 2007). Finally, 
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although it is documented that many micro-nutrients, like folate, play a role in the 

maintenance of methylation patterns (Friso & Choi, 2002), the relative importance of the 

influence of daily nutrition, and effects of environmental stressors like maltreatment, has 

yet to be studied in psychiatric disorders. In Study 3, we ran additional analyses 

controlling for body mass index, and binging and vomiting frequencies, in the hope of 

taking into account some variance that could be explained by eating-disorder symptom-

severity. We could not, however, run more specific analyses when it comes to dietary 

factors. Future studies should aim to differentiate effects of nutrients on methylation 

levels from those of other environmental factors. 

Treatment Outcome 

Childhood Abuse. In Study 4, we reported results that are compatible with 

several other published findings documenting a predictive role of childhood maltreatment 

on treatment response in BN. Our findings parallel others associating childhood physical 

and/or sexual abuse with unfavorable treatment outcomes in BN-spectrum disorders—

including lesser reductions in vomiting after four months of treatment (Rodriguez et al. 

2005), lesser attitudinal change  (Anderson et al., 1997) and higher drop-out rates 

(Rodriguez et al., 2005; Carter et al., 2006; Mahon et al., 2001). Furthermore, our study is 

the first to document the prognostic value of childhood emotional abuse (CEA) in BN. 

Here, we found that individuals who reported experiences of CEA showed smaller 

reductions in vomiting and in depressive symptoms at the four-month follow-up. Our 

results corroborate those of a recent meta-analysis that associates experiences of 

childhood maltreatment (including CEA) to poorer outcome of depression (Nanni, Uher 

& Danese, 2012). The importance of inquiring about a wide range of traumatic 
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experiences is reinstated by our findings, since all forms of trauma were found to predict 

poorer response to treatment, as measured by various indices. Unfortunately, the 

mechanisms underlying the relationship between developmental adversity and poorer 

prognosis remain unknown.   

One possible explanation is that individuals who experienced childhood trauma 

may also present with comorbid personality disorder or traits that complicate response to 

typical interventions, therefore leading to less symptom-improvement. In support, several 

findings suggest that poorer outcome may be associated with personality traits like 

impulsivity (Keel & Mitchell, 1997), and Cluster B personality disorders (Rossiter et al., 

1994). Moreover, several studies have shown associations between experiences of 

childhood abuse and psychopathology, like borderline personality disorder (Steiger et al., 

1996), impulsivity (Myers et al., 2006), self-destructiveness (Corstorphine, Waller, 

Lawson & Ganis, 2007), and suicidality (e.g. Brown & Anderson, 1991; Moeller et al., 

1993). The preceding suggests the relationship between developmental trauma and poorer 

treatment response might be mediated by traits capturing affective and behavioural 

dysregulation.  

An alternative explanation is that individuals who experienced childhood 

maltreatment may suffer from a comorbid post-traumatic syndrome that could impede 

treatment response. In many cases, physical and sexual abuse experiences predate the 

development of eating pathology, and several studies report high rates of post-traumatic 

stress disorder (PTSD) in survivors of childhood abuse (Elliott & Briere, 1995; Epstein, 

Saunders, & Kilpatrick, 1997). Although no formal test has been done of PTSD’s 

possible mediating role on the link between trauma and outcome of bulimia nervosa, 
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addressing trauma and post-traumatic symptoms in treatment has been deemed essential 

by some authors for ED recovery (Brewerton, 2007). In clinical practice, patient accounts 

are often heard that support the hypothesis that PTSD symptoms may mediate the 

relationship between trauma and poorer treatment response. For instance, some patients 

say that restriction and ensuing weight loss contribute to making them feel less sexually 

attractive, thereby lowering their perceived risk of being assaulted again. In the case of 

physical abuse, some patients report that appearing underweight was the only thing that 

stopped their abuser from physically hurting them. In the examples described, fear of re-

traumatization appears to trigger, and has the potential to maintain, eating-disorder 

symptoms. Other individuals report using eating-disorder behaviours to numb the distress 

associated with PTSD symptoms. Albeit anecdotal evidence, these patient reports suggest 

that post-traumatic symptoms could explain why some individuals who report childhood 

abuse show poorer treatment response. Neurobiological abnormalities associated with 

PTSD, such as HPA-axis dysregulation (Yehuda, Halligan, & Grossman, 2001), also 

suggest that post-traumatic symptoms could render more difficult the implementation of 

therapeutic strategies aimed at facing fears of certain foods and at increasing distress 

tolerance. 

Finally, childhood abuse may be associated with interpersonal disturbances that 

impede therapeutic response. Individuals who report childhood abuse experiences have 

often been found to display interpersonal dysfunctions and maladaptive attachment 

patterns as adults (DiLillo, 2001; Alexander, 1993). Such difficulties developing secure 

relationships with others would most likely translate into challenges in building a good 

therapeutic alliance, which, in turn, has been shown to predict outcome of psychotherapy 
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(Messer & Wampold, 2002; Horvath & Symonds, 1991). In this way, a poor therapeutic 

alliance could act as the mechanism through which childhood trauma leads to poorer 

treatment response.  

It is likely that more than one factor explains why childhood maltreatment 

predicts poorer outcome of BN. Increasing our understanding of underlying mechanisms 

between trauma and response to psychotherapy will help selecting interventions tailored 

for individuals who report, and continue to suffer from, childhood abuse experiences.  

  Candidate genes. In Study 4, we provided the first investigation of the possible 

influence of dopamine-system polymorphisms on treatment response in bulimia-spectrum 

disorders. We found no statistically significant effect of candidate genes on treatment 

outcome of eating-disorder and comorbid symptoms after controlling for treatment 

intensity and psychoactive medication use. We had based our hypotheses regarding 

DRD2 Taq1A and COMT rs4680 on available findings in substance-use disorders that 

have reported effects of the two polymorphisms on outcome in alcohol dependence 

(Dahlgren et al., 2011; Berggren et al., 2010) and of nicotine replacement therapy 

(Johnstone et al., 2007; Colilla et al., 2005). Our null findings might reflect a genuine 

lack of influence on outcome, in bulimia nervosa, of DRD2 Taq1A and COMT rs4680, 

contrary to what has been found in outcome of substance-use. Our findings from Study 4 

on the influence of dopamine-system polymorphisms on outcome are the first in the field 

of eating disorders, and, as such, should be considered preliminary.  

Future Directions 

The studies reported in this doctoral thesis show that variations in clinical 

presentation in bulimia-spectrum disorders may correspond to differential exposures to 
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developmental adversity, to genetic and epigenetic variations, and to gene-environment 

interactions. Moreover, this dissertation provides novel information on the influence of 

developmental adversity on treatment response in bulimia-spectrum disorders. Several 

avenues for future research can be pursued following our results. 

One such avenue would be, given the heterogeneity in the population of 

individuals with BN, to privilege phenotype-centered approaches in future biological 

research. This dissertation reviewed literature, and provided additional data, showing that 

research on putative biological risk factors for BN often shows contributions of these 

factors to psychopathological traits, rather than to BN itself. With such accumulating 

body of findings in mind, it appears well-guided to suggest that genome-wide screens of 

genetic and epigenetic markers be done to uncover associations with trait-defined 

phenotypes within the bulimic population. In fact, in recent years, there has been rising 

interest in the study of “phenomics”, an “emerging transdiscipline dedicated to the 

systematic study of phenotypes on a genome-wide scale” (Bilder et al., 2009). Future 

studies examining putative causal factors for BN, as for other psychiatric disorders, 

should adopt such phenotype-centered approaches.  

Another avenue for future studies in bulimia nervosa would be to study effects of 

treatment upon epigenetic marks. Preliminary evidence in other populations supports the 

hypothesis that pharmacological treatment and psychotherapy may lead to alterations in the 

epigenome. For instance, findings in major depression have shown epigenetic changes in 

response to pharmacological interventions (Lopez et al., 2013; Melas et al., 2012).  

Moreover, a study in Borderline Personality Disorder has shown that individuals who had 

shown good treatment response to a specialized cognitive-behavior therapy for BPD 
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presented significant reductions in BDNF methylation, compared to non-responders (Perroud 

et al., 2013). In light of the preceding, longitudinal studies could be run in BN to test whether 

or not psychotherapy and pharmacological treatment have the potential of impacting 

expression of neuropsychiatric genes by producing epigenetic changes. If DNA methylation 

and gene expression of targeted genes were found to vary in function of treatment response, 

such findings would possibly uncover a clinically-significant role of epigenetic mechanisms 

in disorder-maintenance. Results confirming an association between epigenetic changes and 

outcome of eating disorder symptoms could then guide the development of novel 

pharmacological interventions aimed at altering DNA methylation of neuropsychiatric genes.  

Yet another avenue for future research in bulimia nervosa would be to explore 

possible interplays between epigenetic alterations and effects of carrying specific genetic 

variants. As an example of this type of study, data from a population study showed  that 

the high-function allele of the serotonin transporter gene (5HTTLPR) was associated with 

unresolved responses to loss or other trauma when high levels of methylation were 

present in the 5HTT promoter (van IJzendoorn et al., 2010). Conversely, in the same 

study, the low-function variant of 5HTTLPR was predictive of more unresolved trauma 

when low methylation levels were observed (van IJzendoorn et al., 2010). More evidence 

of genetic and epigenetic interplays are necessary to support the cited example, but, in the 

event where such effects were to be replicated, interactions between genetic and 

epigenetic factors could possibly explain, at least in part, the difficulties in replicating 

candidate gene and gene-environment interaction effects.  

Clinical Implications 
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Our findings involving genetic factors may be clinically relevant in several ways. 

Firstly, our results may inform the development of new pharmacological interventions in 

bulimia nervosa. For instance, observed effects of dopamine-system polymorphisms on 

the presentation of symptoms may point to possible benefits of prescribing 

pharmacological agents like dopamine agonists for the treatment of BN. Some studies 

have reported changes in bulimic symptoms following the introduction of a 

psychostimulant medication (Keshen & Ivanova, 2013; Dukarm, 2005; Drimmer, 2003) 

and others have recommended to further explore this pharmacological avenue (Yilmaz et 

al., 2011). Secondly, our findings relative to candidate genes and epigenetics, whether or 

not they have direct implications for pharmacological interventions, should be integrated 

as part of psychoeducation done with patients regarding putative risk factors in eating 

disorders. Bulimia Nervosa is known to be associated with shame and self-blame (Frank, 

1991; Sanftner et al., 1995). Informing patients of the complex interplay between genetic 

and environmental factors in BN, and associated traits, could help challenging beliefs that 

one is weak or faulty for presenting and maintaining eating-disorder symptoms.  

There are several clinical applications of our results pertaining to the role of 

childhood abuse on bulimic symptom presentation and treatment response. First, our 

findings associating emotional abuse to more severe presentation of symptoms, as well as 

poorer outcome, support the need to assess for a wide range of possible maltreatment 

experiences. Indeed, our findings suggest that being repeatedly told messages that impact 

one’s sense of self-worth may have lasting effects on one’s well-being and may be even 

more directly related to eating pathology than other forms of trauma. Second, our results 

supporting a mediating role of affective instability and felt ineffectiveness on the link 
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between emotional trauma and eating disorder symptom severity suggests that 

psychotherapeutic interventions aimed at addressing such affective and self-worth 

difficulties may be particularly relevant in individuals who report emotional 

maltreatment. To that effect, the Cognitive Behavioural Therapy-Enriched (CBT-E: 

Fairburn et al., 2008) for eating disorders treatment manual contains a “broad form” in 

which three additional modules are proposed to treatment-deliverers, targeting the 

following obstacles to change: perfectionism, interpersonal difficulties, and core low self-

esteem. Our results suggest that two specific modules, the self-esteem and the mood 

intolerance (part of the “focused form” of treatment) ones, may be particularly relevant to 

use with individuals who report childhood emotional abuse and in whom sense of 

ineffectiveness and affective dysregulation are most marked.  

Conclusions 

In sum, this dissertation offers additional support for a biopsychosocial conceptualization 

of bulimia nervosa. Our findings suggest that clinical presentation in bulimia-spectrum 

disorders, especially symptoms capturing affective and behavioural disturbances, is 

associated with developmental adversity, genetic and epigenetic factors, as well as with 

gene-environment interaction effects. Evidence of multidimensional causality for 

disorder development and clinical presentation have possible implications for 

practitioners’ selections of pharmacological and psychological treatment interventions. 

This body of findings contributes to increasing our understanding of the implications of 

biological and environmental risk factors in the presentation and outcome of bulimia 

nervosa, and, hopefully, will serve in generating future ideas in prevention and treatment 

research. 
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