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ABSTRACT

A LONGITUDINAL EXAMINATION OF THE STABILITY OF PERSONALITY CLUSTER
MEMBERSHIP AND ASSOCIATIONS WITH PSYCHOPATHOLOGY

By

Jennifer Danielle Slane

Objective: Women with bulimia nervosa (BN) often have very heterogeneous personality
profiles. Cluster analysis has been used to identify personality profiles ofnnweitheBN. One
of the clusters that has emerged most consistently is that of the dysmgluater,
characterized largely by emotional lability and behavioral dysregalatDespite the robustness
of this cluster, previous research has been limited in that it has all been ctassaséand thus,
stability of the clusters is unknown), and has mostly utilized clinical samplesprésent study
aimed to replicate the dysregulated cluster among a population-based sadriplexamine the
stability of cluster membership across timdethod: Participants included a longitudinal,
convenience sample of female twins assessed at ages 17 and 25 from the Minnesaaailyin F
Study. Facet scales from the Multidimensional Personality Questionvetieeused to cluster
the participants based on their personality. BN symptoms and behaviors weredsssess
determine the prevalence of this pathology by cluster. Additional measuresl¢pbol use
disorder symptoms, depressive symptoms, trait anxiety, and behavioral disinh\vire
assessed to determine correlates of the clusters and whether thaplarasbss timeResults:
The dysregulated cluster was identified at both time points and it emer¢feel most stable
profile compared to the other clusters. Examination of the correlates reveabssed levels of

alcohol use disorder



symptoms, depressive symptoms, trait anxiety, and behavioral disinhibition among the
dysregulated group with stability longitudinallipiscussion: Findings suggest that the
dysregulated cluster is a relatively robust profile that is preserdsaadolescence and into
adulthood. Given the higher rates of BN symptoms in this compared to other clusters, future
eating disorder research may benefit from focusing on this cluster whemnéng etiological

and treatment features
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PREFACE

The following two papers comprise my dissertation. The first paper is entiled, “
Longitudinal Examination of the Stability of Personality Cluster Membprahd Associations
with Psychopathology.” This paper focused on the two first aims of my dissepabposal.
Data from female twins, assessed longitudinally at ages 17 and 25, from the Minhesot
Family Study were utilized. Cluster analysis was used to determine akigsoluster
membership among the sample at both time points using the facet scales of ittienktsional
Personality Questionnaire. The main aims of this paper were to 1) refieatgsregulated
cluster, identified in several previous cluster analytic studies, among a papilased sample
assessed in adolescence and young adulthood, and 2) examine the stability of cluster
membership.

The second paper is an extension of the initial paper and is entitled, “Genetic and
Environmental Factors Underlying Comorbid Bulimic Symptoms and Alcohol Usardr
Symptoms: A Role for Personality?” The clusters identified at ages 17 andi#bfirst paper
were utilized in this paper. Previous research has been inconsistent withtoegaether
bulimia nervosa (BN) and alcohol use disorders (AUDs) share genes. Thisigpadyesized
that the reason for these discrepancies is that previous twin studies have idetredrise role
of personality. Personality traits have been found to be very heterogeneous ammrgwith
BN. Therefore, studies examining whether common genetic or environmentas {auderlie
the co-occurrence of BN and AUDS may have been inconsistent because womeni&dth var
personality profiles (and potentially distinct etiologies) have been irtlndihe same sample

based on their eating disorder diagnosis. The goal of this second manuscript iasimee



whether the common genetic factors underlying the association betweerdBN®s are

strongest among a particular cluster identified in the first paper (i.e.y8redlated cluster).

Vi
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INTRODUCTION

Impulsivity and related traits (e.g., sensation seeking, emotional ingtaaikt often
associated with bulimia nervosa (BN). Indeed, research has indicated thatahesee often
higher among women with eating disorders who exhibit bulimic behaviors (i.e., biragging
purging) compared to those who only restrict their intake and compared to consds(&
von Ranson, 2005). However, additional studies, examining a range of personality waigs am
women with BN reveal a greater degree of personality heterogeneitydoeypulsivity
(Vitousek & Manke, 1994). For example, in studies where individual personality teaigs w
examined, women exhibiting bulimic behaviors have been found to report both Idwgand
levels of negative affectivity, extraversion, and novelty-seeking (Westeompson-Brenner, &
Peart, 2006; Vervaet, van Heeringen, & Audenaert, 2004). Thus, although theoretiaaity, m
researchers associate impulsivity and related traits to BN, women gitthidlgnosis tend to vary
with regard to their personality characteristics. This heterogemest been summarized in a
review of personality studies in women with eating disorders (Westen et al., 2d0tsaled
some (e.g., Westen & Harnden-Fischer, 2001) to explore other approaches toatingstig
personality characteristics in individuals with BN.

A popular approach has been to use cluster analysis to group individuals into clusters
based on similarities in personality profiles. Studies using the persomaliting approach
have been relatively consistent with regard to finding clusters that aretehniataally similar.
Several studies found clusters that consist of groups characterized as high-
functioning/perfectionistic (i.e., conscientious, perfectionistic, and anxious),

constricted/overcontrolled (i.e., passive, avoidant, and emotionally constrictedimamoinally



dysregulated/undercontrolled (i.e., emotionally intense and labile, impulsive, pa@bivaagood
regulation, and behaviorally disinhibited; see Table 1 for a summary of these)st@hesof
the most consistent profiles identified is that of a dysregulated clugierdi@otionally
dysregulated/undercontrolled cluster; Westen & Harnden-Fischer, 2001). Inslsadwa in
Table 1, every study to date has identified a cluster characterized laygagh impulsivity and
behavioral dysregulation. Although these studies have focused primarily onl dargales of
individuals with eating disorders, they have consistently identified a dysredjalaster despite
differences in study measures (e.g., NEO- Five Factor InventorpnMillinical Multiaxial
Inventory-1l, Dimensional Assessment of Personality Pathology; Ctads 2006; Goldner,
Srikameswaran, Schroeder, Livesley, & Birmingham, 1999; Espelage, M&zerman, &
Thompson, 2002) and developmental periods (i.e., adolescents and adults with eating disorders;
Thompson-Brenner, Eddy, Satir, Boisseau, & Westen, 2008; Westen & Harnden;F26¢18.
Notably, in several studies, the dysregulated cluster only included women who binge
and/or purge (Claes et al., 2006; Perkins, Slane & Klump, in preparation; ThompsoefBenn
al., 2008; Westen and Harnden-Fischer, 2001), whereas other clusters included women w
binge and purge as well as women who restrict their intake only. Furthermoveuatd with
BN are distributed across all clusters in each of these studies, supportin@ttiatdespite a
higher proportion of women with BN in the dysregulated group, these women represent a
heterogeneous group with regard to personality profiles. Nonetheless, thephagwetion of
BN in the dysregulated group suggest that this cluster may be uniquely assodiataaimic
pathology and may represent a group that is categorically different from thelotters that

also include women who restrict.



Importantly, within subtyping research, the dysregulated cluster shows incaément
validity over and above eating disorder diagnoses in terms of predicting disbeddire
symptoms, adaptive functioning (as measured by Global Assessment of Fugdi®AF]
scores), and illness severity (Thompson-Brenner & Westen, 2005; Westen & Harsclesr,
2001). Specifically, in both Thompson-Brenner & Westen (2005) and Westen & Harnden-
Fischer’'s (2001) studies, the dysregulated group exhibited a worse courdeetbéret clusters.
For example, the dysregulated cluster, had the greatest frequency af tiregeighest rates of
psychiatric hospitalizations, the lowest and longest recovery rates, and debeiVewest
pretreatment GAF scores compared to the other clusters (Thompson-Brennetesa VZ805;
Westen & Harnden-Fischer, 2001). These findings suggest that personalityscheydne
useful in providing information on the current functioning of individuals with eating disorders
and their long-term outcome.

Nonetheless, one could argue that the protracted course identified among térs clus
suggests that the cluster represents symptom severity rather than a pkstantlity profile.
Indeed, this cluster has been associated with higher rates of substancerdsesgisorderline
personality disorder, depression, and anxiety (Claes et al., 2006; Espelage0&2alGoldner et
al., 1999; Thompson-Brenner & Westen, 2005; Thompson-Brenner et al., 2008; Wonderlich et
al., 2005). Supporting this claim further, one study labeled this group as the “séuste’” c

(Goldner et al., 1999).

However, there are some important distinctions that suggest that clustbership is
not just a measure of symptom severity. First, the dysregulated clusterat@zore highest on
all “negative” personality traits. For example, compulsivity has bearciassd with a longer

time to recover among individuals with eating disorders (Strober, Freeman, i&IMbd897) and



is higher among other clusters (e.g., the rigid cluster in Goldner et al.,d88pared to the
dysregulated cluster. Second, several of the cluster studies utilizednhpatiag disorders
samples, a group considered quite severe overall, given the need for intensiz caedicYet,

the inpatients with eating disorders in these samples did not all fall within tregdized

cluster. Rather, they fell within three different clusters, suggestiaig ¢hat the dysregulated

group does not represent the most severe cluster. Third, as stated previoustiyatsvith
anorexia nervosa, restricting type (AN-R) typically do not fall withirrelgslated cluster (Claes

et al., 2006; Thompson-Brenner et al., 2008, Westen and Harnden-Fischer, 2001). Yet women
with AN-R have the highest mortality rate of any DSM-IV Axis | disor(&ullivan, 1995).

Thus, they are unlikely to be labeled as less severe than women falling in tipel @bgiek cluster.

In sum, cluster analyzing individuals with eating disorders based on personaiyapp
to provide incremental validity beyond eating disorder diagnoses and offers additional
information regarding associated mood symptoms and psychopathology. The dystegulat
cluster has been most consistently identified and is characterized gsedtienpulsivity and
emotional lability. Despite the robustness of previous studies with regard totreplmiahe
dysregulated cluster, there are some limitations of past research.

First, although the dysregulated cluster has been identified among safmdedescents
and adults, due to the cross-sectional nature of previous research, it is unknown whether
membership in the dysregulated cluster (and other clusters) is stabletanmsAs stated
previously, cross-sectional research has replicated this clustes agveral studies and found
that bulimic behaviors are consistently higher in this cluster compared to thelogterse
suggesting that this cluster and its association with BN are robust. Howeacktioé

longitudinal findings makes it unclear whether the dysregulated clustestable profile, present



in adolescence and young adulthood, and whether higher levels of BN are consistewatly f
this cluster across time. If longitudinal research supported this stabmityuld suggest that the
dysregulated cluster is potentially associated with the development ofrBdarticular,
examining this stability during the developmental transition from adolesderyoung
adulthood would lend strong support to this hypothesis, as BN typically emerges duwsig the
ages (American Psychiatric Association, 2000). Thus, stability of the dyastedjaluster as
well as a strong association with BN during the periods of risk would suggest tohtstes of
traits present in the dysregulated group may have strong etiologicaiaiss with BN,
informing the development and course of this disorder.

The present study aimed to examine this stability by cluster analyzorgyitudinal
sample of women assessed across two time periods spanning adolescenceg@aduyjthood.
Several correlates were examined at both time points to provide further suptpontether
cluster groups and their associations with key correlates are staide tiore. That is, previous
research has identified significant associations by cluster withgedisorder symptoms and
diagnoses, other Axis | disorders (e.g., anxiety, depression, alcohol use gisander
personality traits, but they have not examined these correlates longitydiBatimination of
these correlates across time would provide information with regard to whetbeadsociations
have temporal stability and would therefore provide further support for the robusttiess of
dysregulated cluster and the potential etiologic association betweerustiier e@nd BN as well
as associated psycholopathology.

Second, with the exception of one study that used a community based sample of women
(Perkins et al., in preparation), all previous studies examining associatiorebetiwster

membership and eating disorders have used clinical samples of women. Indeeluk suatyt



using a community based sample of women only included those who endorsed eating disorder
symptoms (although not full diagnoses; Perkins et al., in preparation). Although preuthas st
have examined personality profiles among females in the general pop(gagigrisendorpf,
Borkenau, Ostendorf, & van Aken, 2001), no study to date has examined the association of
clusters with eating disorders and related pathology among a population-éagdel st is

important to examine these associations in a population-based sample asdieate that

findings can be generalized and may be informative with regard to non-clevedd of bulimic
behaviors, which are far more common in the population than eating disorder diagnoses
(Neumark-Sztainer & Hannan, 2000).

Given all of the above, the first aim of this study was to identify the dysteduttuster
using a longitudinal, population-based sample of women. The second aim was to examine
whether cluster membership is stable from the transition from adolescengeuntpadulthood.
Several correlates that have been examined in previous research and atengbgtassociated
with the dysregulated cluster (i.e., alcohol use disorder symptoms, depreskamexaety
symptoms, and levels of behavioral disinhibition) were included in the study for timo ma
reasons. First, the present study aimed to replicate previous work shownggagsociations
between these correlates and the dysregulated cluster in a populationabagied Second,
given that the stability of clusters is of interest in the current study, stedbeiations with
correlates (from adolescence to young adulthood) would provide further evidente that t

clusters and their phenotypic profiles may be stable across development.

METHOD

Participants



Participants included an archival, convenience sample of female twins from the
Minnesota Twin Family Study (MTFS). The MTFS is a population-based, lmhg#l study of
reared-together same-sex female twins and their parents. A detaibegbiiien of study
recruitment and assessments can be found elsewhere (lacono, Carlson, Tagkr&iGue,
1999). Briefly, public databases were utilized to obtain birth records used to idemg\btvn
in the state of Minnesota. Over 90% of twins born between 1971 and 1985 were located. An
examination of several demographic variables from the US Census indicatiub thitFS is
largely comparable to the Minnesota population (Holdcraft & lacono, 2004).

The current study utilized cross-sectional and longitudinal data from two cohdrés in t
MTFS. Both cohorts were assessed at ages 17 (M =17.87; SD = 0.74) and 25 (M = 25.04; SD =
0.69) years, but they began the studies at different ages and times. Cohort 1 begayn the stud
when they were 11 years old, whereas cohort 2 began the study at age 17. Due tssioge m
data at each time point as well as removal of outliers prior to data anadgsStédistical
Analyses), sample sizes differed across the age groups as follows: 1,2&% fenage 17 and
1,184 females at age 25. Table 2 includes more information about the different cohafisgnc
the years that they were assessed, their ages, and the sample size inchelptesent study.

M easur es

Personality Measure for Cluster Analysis

Multidimensional Personality QuestionnaifEhe Multidimensional Personality Questionnaire (MPQ;
Tellegen, 1982) was used to assess personality characteristics at ages3.7 BmelMPQ is a198-item
self-report, true-false questionnaire measuring personality chastickeon 11 facet scales. These

scales include Well Being (e.g., optimistic, happy disposition), Social Pofercystrong, persuasive),

Achievement (e.g., ambitious, persistent), Social Closeness (e.g., soceinhg, $tress Reaction (e.g.,



anxious, easily upset), Alienation (e.g., feels deceived or unlucky), Aggressioniteligtjve, violent),
Control (e.g., cautious, rational), Harm Avoidance (e.g., avoids risks), Tradsion@.g., endorses
religion and high moral standards), and Absorption (e.g., imaginative, able tpeeexe the past,
becomes absorbed in own thoughts, has episodes of heightened or altered consciousness).
Although previous research has largely focused on the MPQ higher-order factors, the
individual MPQ facet scales measure several personality traits ¢hataminent among the
personality clusters identified in previous cluster analytic studies (eegteWWand Harnden-
Fischer, 2001). For example, the MPQ facet scales measure emotionguldsre (i.e., MPQ
alienation and stress reaction scales) and impulsivity (i.e., MPQ contrdl, $cate that are
often increased among the dysregulated cluster (Thompson-Brennert&\2305; Westen &
Harnden-Fischer, 2001; Wonderlich et al., 2005). Thus, the MPQ facet scales should provide
adequate variability for replicating the dysregulated cluster dssvether clusters identified in

previous research.

Internal consistency for the MPQ is very good with alphas for the 11 primaegscal
ranging from .76 to .90 (Tellegen, 1982). One-month test-retest reliabilitydr&moge .82 to .92
(Tellegen, 1982). In the present sample, internal consistency ranged fram9¥9depending
on the facet scale examined (see Table 3). Notably, the MPQ is usefxafanang personality
in population-based samples, as it was developed and standardized with nonclinical groups
(Krueger, Caspi, & Moffitt, 2000). Further, in previous research, MPQ measured paysonali
traits have shown moderate stability from adolescence into adulthood (Caspi &1S8%a

McGue, Bacon, & Lykken, 1993; Tellegen et al., 1988).

Measures for Bulimia Nervosa Symptoms




Bulimia Nervosa Symptom&ymptom counts of bulimia nervosa (BN) were assessed using the

Eating Disorders Structured Clinical Interview (EDSCI) and the Miot@aeBating Behavior

Survey (MEBS; von Ranson, Klump, lacono, & McGue, 2éoa)he EDSCI and MEBS were
administered at both time points.

The EDSCI is a semi-structured interview based on Module H of the StructimaiC
Interview for DSM Axis | Disorders (SCID; Spitzer et al., 1987). BecduséTFS
longitudinal assessments started in the early 1990s, both DSM-III-R and DSM-IV
symptoms/diagnoses were assessed at both ages.

The present study utilized BN symptom counts and diagnoses in analyses. The BN
symptoms that were assessed include binge eating, loss of control over eating, (euyging
vomiting) and nonpurging (e.g., excessive exercise) behaviors, and the undue inffisageeo
and weight on self-evaluation. These symptom counts allow for the examinationaail clini
symptomatology without having reduced power due to a potentially lower number of diagnoses
as the lifetime prevalence rate of BN is only 1-3% (American Psyichfstsociation, 2000).

Several studies have utilized subclinical measures of BN symptoms (Klunguévi& lacono,
2000; Rowe, Pickles, Simonoff, Bulik, & Silberg, 2002; Sullivan, Bulik, & Kendler, 1998) and
have supported the idea of a multiple threshold model of BN where both broad and narrow
definitions of BN appear to result from a similar underlying vulnerakiiiigndler et al., 1991).
BN diagnoses were coded as absent, probable, and definite based on symptoms endorsed.

A definite diagnosis was given if the subject met full diagnostic criteri8iN. A probable

1The Minnesota Eating Behavior Survey (MEBS; previously known as the Minnestotg E
Disorder Inventory (M-EDI)) was adapted and reproduced by special permission of
Psychological Assessment Resources, Inc., 16204 North Florida Avenue, Luta BR549,
from the Eating Disorder Inventory (collectively, EDI and EDI-2) by @ar@Imstead, Polivy,
Copyright 1983 by Psychological Assessment Resources, Inc. Further rejpmoofithe MEBS
is prohibited without prior permission from Psychological Assessment Resplrrce



diagnosis was given if the participant was one symptom short of a full diagnosisl) hatisat
least subclinical levels of binge eating (i.e., binges on an amount of food thgeisthan an
average meal and purging or nonpurging behaviors (e.g., excessive exerciaeyamqdéncy of
these behaviors (e.g., twice a week for two months instead of twice per weelkeéomitmths).
Similar to previous research in population-based samples (e.g., Bienvenu et al., 20@Miepr
and definite diagnoses were combined to indicate that a diagnosis was present.
“Best estimates” of lifetime BN diagnoses and symptoms were adssssge 17. That
is, at this age, both the twin’'s mother and the twin herself reported on all BN sysnpimibest
estimates coded a symptom as present if either the mother or twin indicatéavdsapresent.
At age 25, best estimates could not be used since the twin’s mother did not report on symptoms

at this time point. Thus, symptoms and diagnoses at age 25 were based on twin repad only

include symptoms present over the earlier three to four 32/ealtstably, BN symptoms tend to
develop in late adolescence and young adulthood and typically persist for atleast years
(American Psychiatric Association, 2000). Thus, it is likely that many of/tdmeen with BN
symptoms between ages 17 and 20 will have BN symptoms present between ages 20 and 5,
assessed at the age 25 time point. Importantly, reliability of BN diagaosiesymptoms was
good with kappa values ranging from .64 to 1.00.

The MEBS was also used to assess BN symptoms. This 30-item truedfalepart
guestionnaire assesses overall levels of eating pathology as weltiis siordered eating

symptoms including body dissatisfaction (i.e., dissatisfaction with one’®s&®ape), binge

2 Given that symptoms between ages 17 and 20 are not included in the symptom count at age 25,
analyses were also conducted with variables indicating symptom counts arstibestee

diagnoses between ages 17 and 25. Although the number of diagnoses and the mean symptom
counts by cluster increased slightly, changes were minimal. Thus, rasldtiei the symptom

count and diagnoses at age 25, which do not include symptoms and diagnoses between ages 17
and 20.

10



eating (i.e., thoughts about overeating or the tendency to binge eat) cormpebshaviors (i.e.,
the use of compensatory behaviors such as self-induced vomiting, diuretics, etighirless),
and weight preoccupation (i.e., preoccupation with dieting, thinness, and weight).nExgami
these continuous measures of BN behaviors allowed for a more fine-tuned andbpdiarat its
component symptoms. For example, examining scores on these measures withiawgach g
could reveal that personality cluster membership is differentially edsdavith specific bulimic

symptoms (e.g., binge eating), rather than BN symptoms in general.

The internal consistency of the MEBS subscales has been shown to be adequate in
samples of females ages bi7<.65-.89) and 20 years old € .68-.89) (Klump et al., 2000; von
Ranson et al., 2005). The MEBS demonstrated sufficient discriminant validity througibilttye
to differentiate between normal control participants and individuals withgedisorders (von
Ranson et al., 2005). Concurrent validity was also demonstrated through signdicalations
(r = .68 - .72) between the MEBS subscales (i.e., Weight Preoccupation and Body
Dissatisfaction) and similar subscales (i.e., Shape concerns and Weigletri@osubscales)
from the Eating Disorders Examination Questionnaire (von Ranson et al., 2005). yNaitabl
subscales demonstrated sufficient discriminant validity through theityabildifferentiate
between normal control participants and individuals with eating disorders, incBMNirfgon

Ranson et al., 2005).

Measures of Cluster Correlates

Alcohol Use Disorder Symptomgtlcohol abuse and dependence symptoms (i.e., alcohol use
disorder [AUD] symptoms) were assessed at both ages using the Substanckldduise
(SAM) from the Composite International Diagnostic Interview (Robins, Bab&@o®&ler, 1987).

These include symptoms such as recurrent alcohol-related legal problemactlaral
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withdrawal. The SAM is a well-established, semi-structured intervieveuneaf these

symptoms that has been used in field trials for the development of the DSM (Gait|er395;
Spitzer, Williams, & Gibbon, 1987). The SAM shows excellent inter-ratextigty (Cottler,
Robins, & Hezler, 1989), with an average kappa reliability of 0.92 for individual alcohol abuse
and dependence symptoms. Further, kappa values from the MTFS assessment of AUD
diagnoses using the SAM were excellent (all kappa’s > .98).

For the purposes of this study, an AUD composite score was used in analyses. This
composite score is a sum of all alcohol abuse and alcohol dependence symptoms. Combining
these symptoms not only increases the variability within the sample, but alsclosely
resembles proposed changes to the AUD diagnosis in DSM-V, where alcohol abuse and
dependence will be combined (American Psychiatric Association, 2010). Impgrsamilar to
BN, previous research supports the idea of a multiple threshold model of alcohol ubestHea
al., 1997; Kendler, Neale, Heath, Kessler, & Eaves, 1992, 1994), suggesting that findings for
these disorders measured continuously are similar to those for full diagnoses.

Diagnoses of alcohol abuse and dependence were also included in analyses. For
dependence, these included both probable (i.e., two full symptoms of dependence) and definite
(i.e., three or more full symptoms of dependence) diagnoses. For abuse, thesduatdd in
definite diagnoses, as only one symptom of abuse is needed to meet full diagriesac cri
These included DSM-III-R diagnoses at age 17 and both DSM-III-R and DSM-IYiatiag at
age 25.

Depressive Symptom8ymptoms of major depressive disorder were assessed using the SCID
and included depressed mood, anhedonia, appetite disturbances, sleep problems, psychomotor

agitation or retardation, fatigue, worthlessness or inappropriate guittutlif concentrating or
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indecisiveness, and suicidal ideation. Similar to BN and AUDs, at both time poingggym
counts and diagnoses (best estimates at age 17) were included in analysete (efior more
full symptoms of depression plus impairment) and probable (four full symptoms ofslepres
with one of the symptoms being depressed mood or anhedonia, plus impairment) and were
combined to indicate the presence of a diagnosis of major depressive disorder. , Kafaddy
reliabilities for the MTFS major depressive disorder diagnoses werbbestdeange = .82 to

89).

Trait Anxiety:The State-Trait Anxiety Inventory (Form Y; STAI; Spielberger, Gdnsuc
Lushene, Vagg, & Jacobs, 1983) is a 20-item self-report scale of statey éneieturrent
anxiety response to stressful situations) and trait anxiety (i.e., an indisitiymtal level of
anxiety in the areas of apprehension, nervousness, and worry) that was admiitostere
participants at both time points. For the purpose of this study, only the Trait sscattywas
examined, as typical levels of anxiety may provide a more accurate picamgiety levels
associated with personality cluster membership. Psychometric propettiesFAI Trait
Anxiety scale are adequate in young adults. Alpha coefficients for high scitboblege
females were .90 and .91, respectively (Spielberger et al., 1983). Testal@bsity ranged
from .65 to .77 for high school and college females over intervals between 20-104 days
(Spielberger et al., 1983). Importantly, the STAI Trait Anxiety scals mot administered at age

25 for the 17-year-old cohort; thus, the sample size for these data is smihiétragfe.

Behavioral Disinhibition ScaleThe Behavioral Disinhibition (BD) scale is composed of 12
items from the Socialization scale of the California Personality Inve(@y;, Cough, 1957).
The Socialization scale is a 46-item self-report scale that assessedent to which an

individual has antisocial tendencies (e.g., he/she engages in stealingriyangy). Using
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content and factor analysis of the CPI Socialization scale, Hicks (unpublighg¢deleloped

the BD scale that includes behavioral (e.g., “When | was going to schoofetiglaoky quite
often”) and personality (e.g., “l would do almost anything on a dare”) iterhsnthra

specifically measure BD than the broader Socialization scale. Biaiaaterized as a tendency
towards difficulties with impulse control, including lack of foresight, poor negatived
regulation, and a need for instant gratification (Hicks, unpublished data). igenttsccompleted
this scale at age 17, but not at age 25. Internal consistency of the BD scale mred@ample
of 17 year old males and females is adequate.68; Hicks, unpublished data).

Procedures for Diagnostic Interviews

AUD, BN, and major depressive disorder symptoms were assessed by trairedrtsach
and master’s level. Each symptom assigned was discussed in a clisecabogerence with at
least two advanced clinical psychology doctoral students. Discrepandiesrged during the
case conference were clarified by listening to interview audiotapescontacting study
participants. Symptoms were counted as present if they qualified foatkmgaificance in both
frequency and severity.

Statistical Analyses

Data Preparation and Descriptive Statistics

Descriptive statistics (i.e., mean, standard deviation, and range) wepatednfor each
personality facet at both time points. At both ages, the majority of the MPtx&ades did not
differ significantly across cohorts. Importantly, the facets that did diffevss cohort had mean
differences of small effect (i.e., .11-.40; Cohen, 1988) with the majority havinifeah ®ze of
.24 or below suggesting minimal differences in trait levels across coldrts, the two cohorts

were combined for all analyses.
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Prior to cluster analysis, two steps were conducted to prepare the data. Hiess, out
(i.e., scores with an absolutescore value of 3.29 or higher) were removed. It is important to
remove outliers prior to cluster analysis because outliers can altenerstriucture of the data
(Hair, Black, Babin, Anderson, & Tatham, 2006) by including uncharacteresg&sdhat do not
represent the population at large (Hair et al., 2006). Second, each of the personaditys/ar
were transformed to z-scores in order to attain means of zero and unit variamckardstation
of the variables is recommended when using continuous variables that should be considered
equally (i.e., have the same case weight) in the cluster analysis (W23€6]}. If variables are
left unstandardized prior to cluster analysis, scales with greater statelaations will have a

larger impact on the estimated proximity (i.e., similarity value; Hail. e€2@06).

Cluster Analysis

In order to determine whether the dysregulated cluster is present in our mrph&ged
sample, cluster analysis was conducted at both time points (i.e., age 17 and 2&)|gejsang
the MPQ facet scales. Cluster analysis of the personality variable®mndscted using
ClustanGraphics 8.06 (Wishart, 2006).

Several steps were utilized to determine the best cluster solution. Firsty alhaysis
was conducted using increase in sum of squares (i.e., Ward’s method), a hierarethiodl m
which minimizes the squared Euclidean distances among each item irea @hastypically
creates somewhat compact clusters (Wishart, 2006).

Second, two objective measures for determining the “best cut” or optimum number of
clusters, were examined. ClustanGraphics offers the uppetdsiland tree validation as two
methods for determining the best solution. As clusters are agglomerated, th&ilp pest

inspects the difference in fusion value size during each step (Mojena, 1977; Mojersh&tyVi
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1980; Wishart, 2006). A significantly large change as two clusters are combguabts
decreasing similarity/homogeneity of the agglomerated clusteas.ig, items are being
clustered together that are significantly more different/heterogenemushiose resulting from
previous clusterings. By contrast, if there is not a significant increalse fodion value size,
then the clusters that are being combined are somewhat similar and the agfiponad®es not
contribute to an increase in cluster heterogeneity. The best solution, as thidictte upper
tail t test, is the cluster number prior to the initial significant increase in trenfualues (i.e., if
the best fit is four clusters, moving from four to three clusters resulted imghsidgnificant
increase in heterogeneity within the agglomerated clusters).

Tree validation was also used in determining which cluster solution provides the mos
optimum fit to the dataset. This method compares the tree (i.e., dendogram) fareéhe cu
dataset with multiple trees generated using random permutation of the datg.thé randomly
permutated data, a distribution is formed and a confidence interval is estimated the mean.
The tree for the dataset is then compared with the confidence interval in orderhoime
whether there are significant departures from random assignment. Tre&osakdi@mpts to
reject the hypothesis that the data do not have structure or are distributed yantlosimethod
seeks cluster solutions that represent the largest deviation from randomnessaseithgi the
greatest absolute difference score. This score is determined by sogttiaetrandomly
estimated fusion statistic from the fusion statistic that is estimategl i data (e.g., |ESSData
— ESSRandom| = Absolute Difference; Wishart, 2006). Importantly, tree tiahdaports no
significant cluster solutions when used with random data. In the present stubpgtisisap
validation method was employed and 120 trials were randomly conducted without regsiacem

(i.e., the default method for this analysis in ClustanGraphics). This random pedrddtd was
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then compared to the proposed partitions to determine which cluster solution appeargléo pr
the best-fit.

K-means analysis using FocalPoint was also employed as a secoratamyation of
optimum cluster fit. Given that there are many procedures for clustesenatg no consensus
as to which method is superior (Schmitt et al., 2007), k-means is often utilized astemalddi
method for examining the consistency of a cluster solution. FocalPoint attemgpdidate a
predetermined cluster solution (e.g., the one indicated by Ward’'s method) acrossntio@d ra
permutations of the dataset. Results of the analysis indicate a percentage dication of
the data based on the permutations.

Lastly, in addition to statistical tests to determine the best fit of aclagglomeration, it
is useful to determine whether a cluster solution makes conceptual sense basedeticdl
assumptions (Aldenderfer & Blashfield, 1984; Hair et al., 2006; Rapkin & Luke, 1993; Wishart
2006). Therefore, as a final assessment of fit, cluster solutions werenerdmsed on these
criteria of interpretability and subjective inspection (Aldenderfer &sBfield, 1984; Rapkin &
Luke, 1993).

Cluster Comparison

After determining the best cluster solution at each time point, multiearetlysis of
variance (MANOVA) was performed to characterize clusters on MP@sfa&gnificant
multivariate effects were examined using univariate analysis of var{@&NOVA). Findings
will provide information about which MPQ facet scales typify each of the ctuster

Cluster Membership Stability

Stability of clusters across ages 17 and 25 was examined by calculatinggdal9ég)

kappa coefficientl). Thek coefficient provides percentage agreement of group membership
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between each time point corrected for what would be expected due to chancepréaséine
study, onek coefficient was calculated with time point equivalent to “rater” and aluste
membership equivalent to group assignment. Suggested interpretations of these kappa
coefficients have been reported by Cicchetti (1994k caefficient between .21 and .40
signifies fair stability of cluster membership, between .40 and .59 is moderate, .60sto .79 i
substantial, and a kappa greater than .75 is excellent (Landis & Koch, 1977).

Cluster Correlates

Correlates of the clusters were examined at each time point to detevimether there
are significant associations with particular clusters as well asataiee whether there is
stability in the correlates by cluster across time. MANOVAs weraputed to determine
whether there are significant differences between groups on personality, mbegngtom
count variables. Significant multivariate effects were examined usir@\AMN\to determine
which groups were significantly different on each variable. Lastly, thedrexy of full
diagnoses of major depressive disorder, BN, alcohol abuse, and alcohol dependence were
examined within each cluster at both time points.

RESULTS

Descriptive Statistics

Means, standard deviations, ranges, and alphas for each MPQ facet IscHidiate
points are included in Table 3. Importantly, correlations between the sameddét@dales at
ages 17 and 25 were all relatively high (data not shown; r's between .51 and .61) indicating

overall stability of these personality characteristics within tmspda.

Cluster Analysis of the MPQ
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The best-cut analysis indicated that a four-cluster solution was thetlfesttie sample
at age 17, and a three-cluster solution was the best fit at age 25. Jumps in fusion gatues oc

at the four and three-cluster solution, respectively, where it was signifiiast.05 on an upper

tail t test for the 17t((19) = 2.65) and 25-year-old samplegld) = 4.91)?

Tree validation, using Ward’s method, was also utilized to determine the best clust
solution at ages 17 and 25 by comparing proposed data partitions with randomly feermuta
results. Similar to the best-cut analysis findings, tree validation resulisaied that the four-
cluster solution was the best fit at age 17, and the three-cluster solution Wwasttfieat age 25,
as the absolute differences (i.e., absolute deviations between the random aiision anbd
estimated fusion statistic) were 25.50 and 38.7 at ages 17 and 25, respectivelyargbese |
absolute difference scores suggests that there is a high departure frommrasslamong the
four cluster solution at age 17 and the three cluster solution at age 25 (i.e., ctuesdelstame
point are created based on patterns in the data).

As noted earlier, K-means analysis using FocalPoint was used to examine the
reproducibility of the four-cluster solution at age 17 and the three-clustsiosoht age 25.
Exact replication of the four-cluster solution at age 17 was reached 97.4% of thathmed00
random permutations of the data. At age 25, this percentage remained high with 75.3% exact
reproducibility of the three-cluster solution. These findings suggest thatrdokigons at both
ages provide good fits to the data.

MPQ Comparisons

3 Due to the non-independence of twin data, analyses were also run sepathtalyandom
selection of twins from each pair at age 17 and at age 25. Findings for both groups of tw
corresponded to those of the entire sample (data not shown.), i.e., a 4-cluster sokibestvaa
age 17, and a 3-cluster solution was best at age 25.
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In order to examine the differences among the clusters at each timeope-way

MANOVAs were conducted on all MPQ facet scales (see Table 4). Ther sigisficant

overall cluster effect at both time points (age 17 Wilkss18,F33= 87.66,p<0.001; age 25

Wilks’'s A = .27,F22 = 99.06 p<0.001). A series of one-way ANOVAs were conducted to

examine whether there were significant differences between the MPG¢ates based on
group membership. Due to the large number of tests, a conservative Typedteradr.01 was
used for the univariate tests.

In addition to comparisons across cluster, it is helpful to examine whether melsrfoe
each cluster are significantly different from those of a normative sarmpiat is, differences
may exist between clusters suggesting that a group is high on a particulaabé®®ut without
a normative comparison group, it is unclear if the trait is also elevated comp#nedyeneral
population. Unfortunately, norms for the 198-item MPQ are not available. However,lthe ful
sample at each age is well over 1,000 participants and is comprised of a conbasedy-
sample. Therefore, comparisons were made against the means of the epleeofam
participants at each time point (see Table 3 for sample means) using ANR&&AIlts of these
comparisons are indicated by effect sizes listed in the text for the theéprimarily
characterize each cluster, whereas comparisons between clustdentfied in Table 4 and
Figures 1 and 2.

Dysregulated Cluster

At ages 17 and 25, 21% (268/1264) and 37% (437/1184) of women fell within the
Dysregulated cluster. At both time points, the Dysregulated cluster had thst héyle¢s of
Stress Reaction (d = .85 and .69 at ages 17 and 25, respectively), Alienation (d= .96 amdl .88)

Aggression (d = 1.23 and .60) compared to the full sample and other clusters (see Table 4 and
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Figures 1 and 2 for comparisons between clusters). This indicates incredséd teelings of
betrayal, and physical and interpersonal aggressiveness among this dtuatidition, the
Dysregulated cluster had the lowest levels Achievement (d = .66 and .37) anobiiaéidith (d

= .64 and .24) compared to the full sample as well as the other groups, suggestingghaiphis
has low levels of ambition and moral values. This group also had the lowest scores on Well
Being (d = .71 and .80) and Social Closeness (d = .48 and .56) at both time points compared to
the full sample and other clusters, suggesting that this group experiencegdi@vofdappiness
and is typically aloof and distant in social interactions. Lastly, this groughkddwest Control
score at age 17 (d =.77) compared to the full sample and other clusters, and theosessirat |
age 25 compared to the other groups, indicating that they may exhibit impulsive andugbell
behavior.

Importantly, this group closely represents that of the dysregulatedrsligsatified in
previous studies (e.g., emotionally dysregulated/undercontrolled group;de€elT.aFollowing
expectations, this cluster is characterized as more interpersonallysaggremotionally labile,
and impulsive than the other clusters.

Resilient Cluster

Twenty percent (257/1264) of women at age 17, and 32% (375/1184) of women at age
25, fell within a Resilient cluster. The Resilient cluster largelyméded clusters identified in
previous studies that were labeled “Resilients” or “High-FunctioniGdgid€s et al., 2006;
Thompson-Brenner & Westen, 2005). This cluster is characterized predominatéiy lspcial
closeness, cautiousness, and moral standards and low anxiety, feeliigysatiba, and
aggression, with significantly different mean levels of related tras, f@gh Control) compared

to the full sample (effect size range = .49-.99) and the other clusters (deel)a
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Sensation Seeking Cluster

The Sensation Seeking cluster contained 32% (398/1264) of women at age 17 and 31%
(372/1184) of the sample at age 25. This cluster contains women with strong, influential
personalities, looking for novel, risky activities. This cluster had signtfigaifferent levels of
related traits (e.g., low Harm Avoidance) compared to the full samplet(sffecange = .34-
.79) and the other clusters (see Table 4). Although the Sensation Seeking clusiaritoghe
“undercontrolled” or “impulsive” clusters found in previous cluster analytic ssuéig., Claes
et al., 2006; Wonderlich et al., 2005) in that this cluster seeks exciting, risk astithiis group
is characteristically different from the undercontrolled cluster in tpeeific ways. First, this
group is more socially persuasive and effective interpersonally than the
impulsive/undercontrolled clusters. Second, the Sensation Seeking cluster does tit¢ have
high levels of negative emotionality (i.e., Stress Reaction, Aggression,li@ndtfon) that are
characteristic of the impulsive and undercontrolled clusters. Third, the $anSa#king cluster
does not have the characteristic emotional instability (likely assdaaatie high Stress Reaction
in the present study) that is characteristic of the impulsive/undercontgoliegs. Therefore, of
the clusters identified in the present study, the Sensation Seeking clusssrasiilar to those
identified in previous studies.
Inhibited Cluster

The Inhibited cluster was only present at age 17 with 27% (341/1264) of women falling
within this cluster. Women in this cluster tend to opt for safe activities okgrarges, prefer
being alone and not being the center of attention, and are not very imaginativgrotipisiso
demonstrated significantly different mean levels of related trags @gh Harm Avoidance)

compared to the full sample (effect size range = .56-.85) and the other cluesteralfte 4).
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This cluster is similar to the Inhibited/Anxious and Avoidant/Depressed groupd fn
previous research (Thompson-Brenner et al., 2008; Wagner et al., 2006).
Alternate Cluster Solutions

As stated previously, one of the final methods to determine the best fit of cluster
agglomeration is to determine whether the cluster solution makes thewetisal (Aldenderfer
& Blashfield, 1984; Hair et al., 2006; Rapkin & Luke, 1993; Wishart, 2006). In the present
paper, if cluster solutions as determined by fit tests (i.e., uppétdat| tree validation, and k
means) were not followed, and instead, the criteria of interpretability and sudbjespection
(Aldenderfer & Blashfield, 1984; Rapkin & Luke, 1993) were utilized, similartelusolutions
across both ages can be fit to the data. Indeed, when a three cluster solutied istfage 17,
it largely resembles that of the three cluster solution at age 25, witkileeRe Sensation
Seeking, and Dysregulated group emerging (see Table 5). Likewise, if auster colution is
fit to the data at age 25, the clusters that emerge are very similar tosthenRdnhibited,
Sensation Seeking, and Dysregulated clusters identified by the fiatesje 17 (see Table 5).
These findings support the idea that the clusters are not randomly (or dypi&ssigned, but
that the increased number of clusters at age 17 simply reflects graability in personality at
this younger age rather than a different personality structure.

Cluster Membership Stability

Because the kappa statistic requires a symmetric two-way tahlenaiching variable
values at both time points, individuals falling within the fourth, Socially Inhibitestet at age
17 were excluded from kappa analyses of cluster stability.

A Cohen’sk coefficient of .31 indicated fair stability (i.e.kaoefficient between .21 and

.40; Cohen, 1960) of cluster membership across the first three clusters (i.etip8e3esaking,
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Resilient, and Dysregulated) from ages 17 to 25. As shown in Table 6, the majority af wome
(55%; 435/797) remained within the same cluster across time, with the Dyssdguiieter

being the most stable. Roughly 53% (123/231) of women originally classified in thiemResi
cluster at age 17 remained in that cluster at age 25, 48% (167/349) of women remained in the
Sensation Seeking cluster, and 67% (145/217) remained in the Dysregulated clustargese |
movement between clusters occurred between the Resilient and Sensdting Sasters, with

32% (73/231) of women who fell within Resilient group at age 17 moving to the Sensation
Seeking cluster at age 25. The opposite movement was not quite as high with 24% (85/230) of
women moving from the Sensation Seeking cluster at age 17 to the Resilieertatiage 25.

By contrast, the smallest movement was between the Dysregulated anchRdsiieers, where
only 10% (22/217) of women categorized as Dysregulated at age 17 moved into tieatResil
cluster at age 25. The reverse of this movement was also low with 15% (32/231) moving from
Resilient at 17 to Dysregulated at 25.

Overall, cluster membership appears to be moderately stable from adotetecgoong
adulthood. The fourth cluster identified at age 17 (i.e., Inhibited), was not included in the
stability analyses due to analytic constraints. However, among the Idrgbatep, 42%

(121/289) moved to the Resilient cluster at age 25, 17% (49/289) moved to the Sensation
Seeking cluster, and 41% (119/289) moved to the Dysregulated cluster.

Correlates of the Personality Clusters

In order to examine correlates of the clusters at each time point and detdrmi
associations of the correlates within the clusters are stable acrossriengay MANOVAS
were conducted on mean levels of continuous BN symptoms, AUD symptoms, behavioral

disinhibition, trait anxiety, and depressive symptoms (see Table 7)e WMasra significant
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overall cluster effect at both time points (age 17 Wilkss58,F30= 9.46,p<0.001; age 25

Wilks’'s A =.66,F1g = 6.76,p<0.001). Conservative Type | error rates of .01 were used for the

univariate tests.

As stated previously, probable and definite diagnoses were combined to form best
estimate diagnoses for BN, alcohol abuse, alcohol dependence, and major depsessige di
DSM-III-R and DSM-IV diagnoses were available at ages 17 and 25 fosatdéirs with the
exception of major depressive disorder, alcohol abuse, and alcohol dependence at age 17 where
only DSM-11I-R diagnoses are available. Frequencies of these diagnosell as BN symptom
counts were calculated for each cluster at both time points in order to exaff@rendes in the
prevalence of these disorders and symptoms.

Cluster Comparisons

BN symptoms and diagnoses

BN symptoms and diagnoses were observed in each of the clusters at both time points,
supporting the idea of personality heterogeneity among individuals with thisftygaging
pathology (see Table 8). However, as expected, the Dysregulated group had thtdduglseof
bulimic behaviors at ages 17 and 25, suggesting that these behaviors may be mdye strong
associated with this type of personality profile, and that this associastable across time.
Specifically, at age 17, the univariate analyses indicated a significararatfect for BN
symptom counts, MEBS total score (ageR73, 597) = 6.55p<.001 and binge eatin§;, (3,
597) = 12.18p<.001. At age 25, this was indicated for MEBS total sder@, 889) = 26.42,
p<.001), body dissatisfactiof, (2, 889) = 23.96p<.001 and compensatory behavier2, 890)
=6.13,p=.002. The Resilient cluster had the lowest mean levels of BN symptom counts at both

time points.
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BN diagnoses resulted in a more varied pattern (see Table 8); however,dbeaxeevy
low rate of diagnoses overall across clusters (i.e., the largest numbey thuster at either time
point was N = 5). Thus differences in BN diagnosis rates are less inforretivéhe
continuous measures of BN symptoms.
Alcohol use disorder symptoms and behavioral disinhibition

Findings corroborate expectations as the Dysregulated group had the highekveisa
of AUD symptoms at both time points, and the highest behavioral disinhibition scores at age 17.
Indeed, at age 17, univariate analyses indicated significant differences #raahgsters in the
DSM-1II-R alcohol abuse and dependence composite SEqf,1227) = 18.87<.001 and
behavioral disinhibition scores from the Socialization scale of theFC@l,1191) = 83.52,
p<.001. Although the mean alcohol composite score was the highest among the Dysregulate
cluster at age 25, thevalue in the overall MANOVA was not below .01, so the post-hoc
ANOVA was not conducted. However, theralue was .021 suggesting a trend in cluster
differences in the alcohol composite at age 25, indicating some stabiliiig icotrelate across
time. Similar to the other correlate findings, the Sensation Seeking diast¢ne second
highest level of these symptoms, and the Resilient cluster had the lowest.
Trait anxiety and depression symptoms

Findings followed expectations with the Dysregulated cluster having the tighelsof
trait anxiety at both time points, suggesting stability in this correlgtecifgcally, univariate
analyses indicated a significant cluster effect for trait anaeage 17F (3, 1005) = 95.12,
p<.001, and 25 (2, 490) = 81.80p<.001. The Dysregulated cluster also had the highest mean
level of depressive symptonts (2, 1171) = 20.49<.001, and diagnoses at age 25. As with the

other correlates, the Resilient cluster had the lowest levels of thésatdisymptoms.
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DISCUSSION

The current investigation is the first to examine cluster membership in audingit
population-based sample of women in an attempt to replicate the Dysreguliated elxamine
cluster membership stability across time, and determine whetheratesrdiffer between the
clusters and are stable longitudinally. Notably, the Dysregulated clusieenpin all previous
cluster analytic examinations of women with eating disorders, was ieentifithis population-
based sample during late adolescence as well as adulthood. In addition, findiceied that
the Dysregulated group was the most stable cluster. Examination of cercéltite
Dysregulated cluster supported previous findings in that this group had the hegkésof
bulimic behaviors, alcohol use problems, behavioral disinhibition, anxiety, and depressive
symptoms. Further, the majority of these correlates remained stabletansms®verall,
findings suggest that the Dysregulated cluster is a fairly staflggnot only among eating
disorders samples, but also among the general population, with associatedesdtrataire
relatively consistent from late adolescence to young adulthood.

It should be noted that although the other clusters identified in the present study largel
resembled those from previous research (e.g., Resilient and Westen & Hafuersf2001]
High-Functioning/Perfectionistic), the majority of previous studies found tthuséer solutions.
This was the case in the present study at age 25, but not at age 17. It is uncle&a why t
discrepancy occurred. However, it may be due to three differences belwearmrent study
and those listed in Table 1. First, the present study had a significantlydangele than the
previous studies (i.e., N = 1,184-1,264 vs. N = 60-306 in studies in Table 1), and larger samples

tend to result in larger numbers of clusters (Wishart, 2006). Nonetheless, thtess clgse
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identified at age 25, suggesting that sample size is not the only potential reabe for t
discrepancy.

Second, the current study used a population-based sample of females rather than
individuals with clinical or subclinical eating disorder diagnoses. Althougkir@eand
colleagues (in preparation) used a community-based sample and also found thees thest
sample only included women who reported symptoms of disordered eating. Thehefiore, t
sample, although community-based, did not have the range of eating pathologpii&o fr
symptoms to full BN diagnoses) of the current, population-based sample. Thus, ithkeposs
that there is a greater range of personality profiles among populasaa-samples. However,
this was only true for the present sample during adolescence; therééoteying a four cluster
solution among the sample at age 17 was likely not simply due to the fact that aiponaaed
sample was utilized.

Third, most previous studies findings a three-cluster solution used adult samples, not
adolescents. It may be that during adolescence, individuals in the generaliposagtegate
into more personality profiles than they do later in development. Indeed, other ahadigic
studies using adolescent samples have found more than three clusters (argk, &afhoun, &
Glaser, 2004). Therefore, it may be that there is more variability in pergdrailis among
adolescents, leading to an increased number of personality clusters, compared tehedul
generally tend to become more “functionally mature” (i.e., all adultsddmve an increase in
traits that contribute to their development in important adult roles, such as pactntsriers;
Donnellan, Conger, & Burzette, 2007), and thus more similar. In support of this hypothesis,
when a three-cluster solution was forced at age 17, cluster groups wesanitayto those at

age 25. Likewise, when a four-factor solution was forced at age 25, the groups largel
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resembled those at age 17. Thus, similar clusters can be fit to the data at $abtaige
statistics suggest that there are more clusters (and thus, more vgyiabdge 17 compared to
age 25. Despite inconsistencies in the number of clusters identified, the predgpravides
additional support for the use of cluster analysis to inform eating disordersyatptogy and
comorbidity.

The current study also expanded on extant research by being the first to useiditahg
sample to examine stability of cluster membership across time. Findalgated only fair
stability (Cohen’sk coefficient =.31) of clusters from ages 17 to 25. The overall fair stability
may be accounted for, in part, by developmental changes in personality trésughl studies
have suggested moderate stability in MPQ personality traits acrosgasei & Silva, 1995;
McGue et al., 1993; Tellegen et al., 1988), some change in facet level traits may bedexpec
across the lifespan (Caspi & Roberts, 2001). Indeed, personality reseanttiteted a “trend
toward growth and maturity” (Blonigen et al., 2008; i.e., “functional maturity”; Dbanet al.,
2007) across time, with increases in “positive” traits associated with tggtig.,
Achievement) and decreases in “negative” traits associated with umiyn&é.g., Aggression;
Blonigen et al., 2008). For example, on the MPQ, mean levels of Harm Avoidance and
Achievement tend to increase with age, while mean levels of Aggression andRetneien
tend to decrease (Blonigen et al., 2008). Indeed, in the present sample, there waesintrea
“positive” traits, such as Well Being and Achievement, and decreases initeégetits, such
as Stress Reaction and Aggression, from ages 17 to 25 (see Table 3).

Examination of the cluster correlates longitudinally suggested stahibtysociations.
Further, correlates of the Dysregulated cluster were largeliasito those of the dysregulated

clusters identified in previous research. First, bulimic behaviors were presdintlusters, as
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expected given the heterogeneity of the disorder, but the Dysregulated giahe hagghest
mean levels of each symptom. Previous studies have produced similar findingsheith e
higher rates of BN behaviors or higher rates of the diagnosis (compared to i)
Dysregulated group (Claes et al., 2006; Espelage et al., 2002; Westen & Harrthen; 2G01)
compared to the other clusters. This supports the idea that the dysregulatedradydte more
strongly associated with bulimic pathology, particularly given that wom#nAN-R are
sometimes absent from this cluster (Westen and Harnden-Fischer, 200d9stiimgéy, there
were more associations between cluster membership and bulimic behavge2&t(disordered
eating, body dissatisfaction, and compensatory behavior) compared to age 17 (dissatiege
and binge eating). It is unclear why this might be. However, eating pathofatp/tteincrease
from adolescence to young adulthood (see mean changes of disordered eating in Table 8)
therefore, the increased prevalence and variability may have led tgestamsociations with the
clusters at age 25. Importantly, however, there was a significant assobietiveen cluster
membership and disordered eating at both time points, with the highest mean levelslefelis
eating among the Dysregulated cluster, suggesting stability of thedateracross time.
Second, the Dysregulated cluster had the highest level of AUD symptoms at age 17 a
the most diagnoses of alcohol abuse and dependence at ages 17 and 25, suggesting that this
correlate is also stable longitudinally. This finding was expected givesdharal studies have
shown that rates of substance use disorders are significantly higher for wothen i
dysregulated group compared to the other clusters (Claes et al., 2006; Thompsuwr-Bre
Westen, 2005; Wonderlich et al, 2005). The Dysregulated cluster may be more swsteptibl
this particular type of comorbidity as this finding is more consistent tbsscetions with other

Axis | psychopathology (e.g., depression and anxiety).

30



Third, the Dysregulated group had significantly higher depressive sympiurite
most diagnoses of (major depressive disorder) MDD at age 25 as well asangiyihigher trait
anxiety at both time points compared to the other clusters. This corroborategrevioes
studies indicating the highest rates of anxiety and MDD were found among thgullyse
clusters (Claes et al., 2006; Thompson-Brenner & Westen, 2005). It must be notedgrhowev
that this has been a less consistent finding among personality clustes stitldisome finding
that different clusters (e.g., Avoidant/Depressed, Thompson-Brenner26G8.and Affective-
Perfectionistic, Wonderlich et al., 2005) have higher levels of these intengadygnptoms.
Nonetheless, associations with trait anxiety were stable across tineegresent study, further
supporting overall stability of the Dysregulated cluster and its corselate

Fourth, the Dysregulated cluster had significantly higher behavioral digiohilpe.g.,
impulse control difficulties and poor negative mood regulation) than the other thresschtst
age 17. Stability of this association could not be examined as this measure walsided imc
the assessment at age 25. Yet, corroborating this finding, several othes Bavdidound that
the dysregulated cluster had the highest levels of borderline persorsitgedi symptoms
and/or diagnoses (a disorder characterized by behavioral dyscontrol and entabitingl
compared to the other clusters (Claes et al., 2006; Espelage et al., 2002; Thonepsen-&r
al., 2005; Thompson-Brenner et al., 2008). The association between BN and borderline
personality disorder is not surprising given that the most common personaityedidiagnosis
among women who engage in bulimic behaviors is borderline personality disorden & asa
Ranson, 2005). Further, borderline personality disorder symptoms have also been found to be

significantly associated with AUDs (Trull, Waudby, & Sher, 2004). It is@sing, however,
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that once again, this cluster has the highest rates of this type of symptomatatogylapls
given that women with BN symptoms were present in each cluster.

The present study was the first study to replicate the Dysregulated thugficudinally
within a population-based sample and also provide information about cluster statohtyver,
there are some limitations that must be noted. First, despite findings sugtiestiing
dysregulated cluster is a personality cluster that is catedgritifierent from other subgroups
based on traits and not on severity, there is still some evidence to suggest the. cntesy,
the Dysregulated cluster did have the highest mean levels of psychopathology oagheeme
included in the present study. Nonetheless, previous research has indicatestitaachlysis
provides incremental validity beyond eating disorder diagnoses, supportingtys util
(Thompson-Brenner & Westen, 2005; Westen & Harnden-Fischer, 2001). Further, #m pres
study provided initial evidence that there is some stability in cluster mempeacross time,
particularly in the Dysregulated cluster. Thus, even if clusters arei@ssbwith symptom
severity, this method is still informative, particularly with regard to idgnty distinct
personality profiles (and associated correlates) among individuals witiwvBiNtend to have
very heterogeneous personality traits (Vitousek & Manke, 1994).

Second, the present study did not include measures of external validation, such as
outcome, treatment response, and course. It would be useful to confirm that these atast
externally valid across time. As stated previously, extant research pastedpghe external
validity of the clusters by examining pretreatment GAF scores, psychiaspitalizations, and
recovery rates (Thompson-Brenner & Westen, 2005; Westen & Harnden-Fischer, 2001)
However, these outcome measures have never been examined longitudinallysol@asif

the clusters have predictive validity across time.
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Overall, the current study indicated that the dysregulated cluster is a pebsmhality
profile that is present in adolescence and adulthood and is relatively stabsetimceosGiven
the increased rates of bulimic behaviors and associated symptoms (e.g., Aptbrsgm
depression, and trait anxiety) in the dysregulated cluster, both cross-dctinda
longitudinally, future researchers may want to focus on this group (or this d@igensonality

traits) when examining the etiology of BN as well as treatments for sledeir.
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Table 1

Studies utilizing cluster analysis to examine personality profiles in samples ehwath eating disorders and eating pathology

Study Sample Age M easur &(s) Clusters
Claes etal.,, 2006 AN-R =84 21.5-24.3 years Neuroticism, Extraversion, 1) Undercontrollers

AN-BP =73 (SD =3.7-7.3) Openness to New Experience - Fiv@) Resilients

BN-NP = 38 Factor Inventory (NEO-FFI; Costa 3) Overcontrollers

BN-P =99 & McCrae, 1992)

EDNOS =12
Espelage, Mazzeo, AN = 33 21.81 years Millon Clinical Multiaxial 1) High-functioning
Sherman, & BN =91 (SD =5.03) Inventory-11 (MCMI-II; Million, 2) Undercontrolled/Dysregulated
Thompson, 2002 EDNOS =59 1987) 3) Overcontrolled/Avoidant
Goldner et al., AN-R =18 26.5 years Dimensional Assessment of 1) Rigid
1999 AN-BP =19 (SD =6.6) Personality Pathology (DAPP-BQ); 2) Severe

BN =84 Livesly, Jackson, & Schroeder, 3) Mild

EDNOS= 15 1991, Schroeder, Wormworth, &

Livesly, 1992)

Thompson- BN-P =104 28.5 years Personality prototype ratings 1) High-functioning
Brenner & Westen, BN-NP = 20 (SD =10.2) 2) Constricted
2005 AN-BP =9 3) Dysregulated

EDNOS =12
Thompson- AN =18 16.5 years Shelder-Westen Assessment 1) High-
Brenner, Eddy, BN =44 (SD=1.2) Procedure for Adolescents (SWAP-{unctioning/Perfectionistic

Satir, Boisseau, & EDNOS =57
Westen, 2008 (1 missing)

[I-A; Westen, Dutra, Shedler, 2005;2) Dysregulated
Westen, Shedler, Durrett, Glass, & 3) Avoidant/Depressed
Martens, 2003) Q-sort

Note: AN = anorexia nervosa; AN-BP = anorexia nervosa binge-purge type; AN-R x@noeevosa restricting type; BN = bulimia
nervosa; BN-NP = bulimia nervosa nonpurging type; BN-P = bulimia nervosa purgeigd®N = control group; EDNOS = eating

disorder not otherwise specified.
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Table 1 (cont’'d)

Study Sample Age M easur &(s) Clusters
Wagner et al., Recovered AN- 23.8-28.0 years Temperament and Character 1) Impulsive
2006 R=21 (SD =5.2-6.9) Inventory (TCI; Cloninger, 2) Inhibited/Anxious
Recovered AN- Przybeck, Svrakic, et al., 1994);
BP or BN =20 Barratt Impulsiveness Scale (BIS;
Current BN = 19 Barratt & Patton, 1983)
Westen & AN-R =13 30.0 years Shelder-Westen Assessment 1) High-
Harnden-Fischer, AN-BP =35 (SD =8.8) Procedure-200 (SWAP-200; Functioning/Perfectionistic
2001 BN =45 Westen & Shedler, 1999a; Westen 2) Constricted/Overcontrolled
(10 missing) & Shedler, 1999b) Q-sort 3) Emotionally Dysregulated/
Undercontrolled
Wonderlich etal, BN-P =119 25.56 years Impulsivity, perfectionism, 1) Low Co-morbidity
2005 BN-NP =5 (SD =8.88) depression, anxiety, substance 2) Affective-Perfectionistic
EDNOS =54 abuse, obsessive-compulsive 3) Impulsive
(subclinical BN) symptoms, genotype
Perkins, Slane, & AN-R =20 19.19 years DAPP-BQ (Livesly et al., 1991; 1) Adaptive (Resilients)
Klump, in AN-BP =62 (SD=1.32) Schroeder et al., 1992) 2) Rigid (Overcontrollers)
preparation CON =109 3) Dysregulated

(Undercontrollers)

Note: AN = anorexia nervosa; AN-BP = anorexia nervosa binge-purge type; AN-R x@noeevosa restricting type; BN = bulimia
nervosa; BN-NP = bulimia nervosa nonpurging type; BN-P = bulimia nervosa purgeid@®N = control group; EDNOS = eating
disorder not otherwise specified.
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Table 2

Assessment Years, Sample Sizes, and Ages of Participants in Cohort 1 and 2 at each Time Point

Age 17 Assessments Age 25 Assessments
Assessment N Age M (SD) Assessment N Age M (SD)
Years Years

Cohort1  1999-2006 594  17.45(50) 2006-2010 573  24.97 (.71)
Cohort2  1993-2001 670 18.28(.70) 2000-2005 611  25.08 (.65)
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Table 3

Means and Standard Deviations for the Multidimensional Personality Questionnaire (MPQ)
Facet Scales at Ages 17 and 25

Age 17 (= 1190-1264) Age 21(=1114-1184)
Scale M SD Ranges « M SD Ranges «
Well Being 55.99 7.98 30-72 .89 56.20 7.60 31-72 .90
Social Potency 45.17 8.20 22-72 .87 43.67 8.41 20-70 .89
Achievement 48.20 8.11 23-72 .87 50.09 7.62 27-72 .87

Social Closeness 56.31 8.14 30-72 .87 56.75 7.84 30-72 .88
Stress Reaction 44 .59 9.27 20-70 .88 41.72 9.04 19-69 .89

Alienation 34.37 8.48 18-62 .89 2987 7.71 18-56 .90
Aggression 34.08 8.52 18-61 .88 29.10 6.44 18-50 .85
Control 48.36  7.47 24-71 .84 5240 7.40 28-72 .87

Harm Avoidance  50.11 9.81 18-72 .83 54.19 9.47 24-72 .84

Traditionalism 52.67 6.49 32-71 .76 5252 6.63 31-72 .78

Absorption 43.39 9.41 18-70 .87 39.81 9.11 19-68 .88
Note.MPQ facet scales were z-transformed prior to analysis; howevercomessare shown for
descriptive purposes. Sample sizes vary due to missing data.
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Table 4

Means of Three- and Four-Cluster Solutions for Multidimensional Personality Questio(M&l(@) Facet Scales at Ages 17and 25

Age 17
Resilient Sensation Seeking Dysregulated
Cluster 1 Cluster 2 Cluster 3 Inhibited Cluster 4 Pairwise
(n=257, 20%) (n=398, 32%) (n=268, 21%) (n=341, 27%) F-value Contrast

M SD M SD M SD M SD
Well Being 62.60 5.13 59.51 6.06 50.68 6.87 51.06 6.51 278.22 1>2>3&4
Social Potency 4745 7.62 49.87 733 44.07 6.19 38.84 6.52 166.47 2>1>3>4
Achievement 5285 8.05 50.21 7.63 4350 5.86 46.06 7.59 89.88 1>2>4>3

Social Closeness 61.44 6.91 58.37 6.99 52.49 7.67 53.04 7.75 99.41 1>2>384
Stress Reaction 37.02 7.51 43.30 7.97 51.82 7.62 46.11 8.26 161.74 3>4>2>1

Alienation 27.08 6.00 33.77 6.96 4212 7.67 34.49 7.01 206.36 3>2&4>1
Aggression 2721 495 34.39 7.18 43.65 6.99 31.37 6.09 314.45 3>2>4>1
Control 53.14  7.56 46.51 6.06 43.06 6.29 51.07 6.27 136.53 1>4>2>3

Harm Avoidance 52.93 9.34 4524 9.50 48.29 9.26 55.10 7.59 87.06 4>1>3>2
Traditionalism 56.81 6.53 51.71 6.40 49.40 5.29 53.25 5.62 71.73 1>4>2>3
Absorption 41.12 9.55 48.31 8.91 44.60 7.08 3841 8.38 90.35 2>3>1>4

Note.Sample sizes vary across age due to missing data. Boldface indicatesasitiyificgher or lower scores on a facet scale
compared to the other clusters at that time point.
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Table 4 (cont’'d)

Age 25
Sensation
Resilient Seeking Dysregulated
Cluster 1 Cluster 2 Cluster 3 Pairwise
(n=375, 32%) (n=372, 31%) (n=437, 37%) F-value Contrast
M SD M SD M SD
Well Being 59.38 6.25 59.65 5.82 5053 657 286.14 1&2>3
Social Potency 42.69 8.53 47.14 814 4157 7.58 52.03 2>1&3
Achievement 50.46 7.36 5279 807 4748 6.52 53.92 2>1>3
Social Closeness 60.90 6.41 57.63 7.01 5245 745 151.44 1>2>3
Stress Reaction 36.73 7.62 39.97 8.29 47.48 7.48 205.97 3>2>1
Alienation 2453 453 28.03 6.86 36.03 6.20 402.25 3>2>1
Aggression 2506 398 28.63 580 3297 642 207.03 3>2>1
Control 56.28 6.72 50.37 7.98 50.79 6.04 87.02 1>2&3
Harm Avoidance 60.02 6.84 47.12 830 55.21 8.46 252.60 1>3>2
Traditionalism 55.60 6.03 51.16 7.32 51.03 5.53 65.98 1>2&3
Absorption 3534 861 43.60 9.67 4041 7.23 90.08 2>3>1

Note.Sample sizes vary across age due to missing data. Boldface indicatesasitipifigher or
lower scores on a facet scale compared to the other clusters at that time poi
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Table 5

Means of Forced Four- and Three-Cluster Solutions for Multidimensional PersonakfstiQnnaire (MPQ) Facet Scales at Ages
17and 25

Age 17

Resilient Sensation Seeking  Dysregulated
Cluster 1 Cluster 2 Cluster 3 Pairwise
(n=370; 23%) (n=376, 24%) (n=846; 53%) F-value Contrast

M SD M SD M SD
Well Being 60.71 5.29 61.88 5.51 51.18 6.83 531.07 2>1>3
Social Potency 4591 7.36 50.91 7.22 42.21 766 178.48 2>1>3
Achievement 49,12 7.46 52.74 8.48 45.67 7.76  108.98 2>1>3
Social Closeness 62.13 5.57 58.02 7.23 52.60 7.96 236.45 1>2>3
Stress Reaction 37.25 6.92 41.32 7.82 48.94 832 320.51 3>2>1
Alienation 27.31 5.83 31.88 7.38 38.70 8.07 330.68 3>2>1
Aggression 27.77 5.10 34.05 8.65 36.80 853 168.24 3>2>1
Control 51.56 7.63 47.46 7.91 46.94 7.43 49.81 2=3>1
Harm Avoidance 53.76 8.64 43.18 9.40 51.35 9.13 147.12 1>3>2
Traditionalism 55.83 6.06 52.01 7.82 50.63 5.86 84.65 1>2>3
Absorption 37.82 8.26 49.52 8.30 51.18 6.83 174.75 3>2>1

Note.Sample sizes vary across age due to missing data. Boldface indicatesasitinifigher or lower scores on a facet scale
compared to the other clusters at that time point.
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Table 5 (cont’'d)

Sensation
Seeking
Resilient Cluster 1 Cluster 2
(n=277, 23%) (n=372, 31%)

Age 25

Dysregulated
Cluster 3
(n=437, 37%)

(n=98, 8%)

Pairwise

F-value  Contrast

M SD M M

Well Being 61.88 455  59.65 50.53 6.57 52.32 288.81 1>2>4>3
Social Potency 45.40 7.63 47.14 41.57 83.08 2=1>3>4
Achievement 51.63 7.04 52.79 4748 6.52 47.17 7.29 45.94 2=1>3=4
Social Closeness  62.33 543 57.63 5245 745 56.85 120.19 1>2=4>3
Stress Reaction 35.05 7.02 39.97 4748 7.48 41.48 160.31 3>4=2>1
Alienation 24.45 4.59 28.03 6.86 36.03 6.20 24.76 268.04 3>2>4=1
Aggression 24.87 3.88 28.63 5.80 3297 6.42 25.58 138.44 3>2>4=1
Control 55.75 6.65 50.37 50.79 60.41 4>1>3=2
Harm Avoidance 59.19 6.66 47.12 55.21 8.46 62.36 173.79 4>1>3>2
Traditionalism 56.45 5.82 51.16 51.03 5.53 53.19 51.26 1>4>2=3
Absorption 36.82 8.56 43.60 40.41 7.23 31.16 72.67 2>3>1>4

Note.Sample sizes vary across age due to missing data. Boldface indicatesasitipificgher or lower scores on a facet scale

compared to the other clusters at that time point.
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Table 6

Stability of Cluster membership (Total n = 797)

Age 25 Cluster Membership

Age 17 Cluster Resilient Sensation SeekingDysregulated  Age 17
Member ship (Cluster 1) (Cluster 2) (Cluster 3) Cluster Totals
Resilient

0 0 )
(Cluster 1) 123 (53%) 73 (32%) 35 (15%) 231
Sensation Seeking o . .
(Cluster 2) 85 (24%) 167 (48%) 97 (28%) 349
Dysregulated o . .
(Cluster 3) 22 (10%) 50 (23%) 145 (67%) 217
Age 25 Cluster 230 290 077 .

Totals

Note.Percentages in parentheses are out of the total number of participants includad in eac
cluster at age 17. The bold-face numbers on the diagonal indicate individuals who remained in
the same cluster across time. Off-diagonal numbers depict individuals who moveerbetwe

clusters across time.
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Table 7

Comparisons between significant correlates at ages 17 and 25

Age 17 Age 25
Sensation Sensation

Resilient Seeking Dysregulated Inhibited Resilient Seeking Dysregulated

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 1 Cluster 2 Cluster 3
'\S/'EBS Total 5.03(4.92) 5.96(5.03), 7.93(5.85)  6.92 (6.10)c 5.50 (4.69)  6.33(5.60) 8.63 (5.81)

core

Binge Eating 064 (1.03) 092 (1.27) 1.66(1.61)  1.13 (1.46) - - -
Body - - - - 217 (2.05)  2.20(2.19) 3.24 (2.27)
Dissatisfaction
Compensatory - - - - 13 (.46), 27 (.72), .30 (.70},
Behaviors
Trait Anxiety 30,02 (5.29) 34.40 (6.62) 41.07 (7.41) 37.20(7.75)  29.28(5.83) 31.94(6.1Q) 38.56 (8.03)
Behavioral 1.40 (1.38)  2.63(1.97) 3.81(2500  1.70 (1.67) - - -
Disinhibition
Depressive - - - - 0.56 (1.64)  0.91(2.16) 1.56 (2.66)
Symptoms
Alcohol 0.18 (0.63)  0.46(1.32) 0.95(2.08  0.23(0.89)p - - -
composite

Note. Depressive Symptoms represents DSM-III-R symptoms of major depraiserder. Alcohol composite consists of DSM-
llI-R alcohol abuse and dependence symptoms combined. Raw scores shown fondeparpbses. Significant differences

between clusters are identified by different subscript letters.

43



Table 8
Comparisons between Clusters on Diagnoses

Age 17 Age 25
Sensation Sensation
Resilient  Seeking  Dysregulated Inhibited Resilient — Seeking Dysregulated
Cluster 1  Cluster 2 Cluster 3 Cluster 4 Cluster1  Cluster 2 Cluster 3

Combined Number of Probable and Definite Diagnoses

DSM-I1II-R Diagnoses

Bulimia Nervosa 1 (0.4%) 3 (0.8%) 4 (1.5%) 1(0.3%) 1 (0.3%) 2 (0.5%) 1 (0.2%)
Major Depressive D/O 24 (9%) 58 (15%) 53 (20%) 48 (14%) 24 (6%) 40 (11%) 72 (17%)
Alcohol Abuse 17 (7%) 46 (12%) 49 (18%) 17 (5%) 33 (9%) 52 (14%) 82 (19%)
Alcohol Dependence 3 (1.2%) 28 (7%) 34 (13%) 15 (4%) 15 (4%) 37 (10%) 42 (10%)
DSM-III-R BN .08 (.44) 13 (.62) 27 (.89) 14 (.67) .10 (.62) .15 (.66) 11 (.52)
Symptoms

DSM-IV Diagnoses

Bulimia Nervosa 5 (1.9%) 2 (0.5%) 4 (1.5%) 0 1 (0.3%) 2 (0.5%) 1 (0.2%)
Major Depressive D/O - - - -- 23 (6%) 38 (10%) 70 (16%)
Alcohol Abuse -- -- -- -- 24 (9%) 51 (14%) 81 (19%)
Alcohol Dependence - -- -- -- 11 (3%) 24 (7%) 28 (6%)
DSM-IV BN Symptoms 10(53)  .17(.81) .34 (1.10) A7 (78) .12 (77) .22 (.94) .13 (.66)

Note. D/O = Disorder; BN = Bulimia Nervosa. Percentages, shown in parenthesegeitiae number of individuals with probable
and definite diagnoses divided by the total number of participants in each clustefar@@eviations are indicated in parentheses for
BN symptoms.
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Figure 1.Means of MPQ Facet Scales Across Overcontrolled 257), Sensation Seeking € 398),
Dysregulatedr{ = 268), and Inhibitedn( = 341) Clusters at 17-years-old.
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Note. For interpretation of the references of color in this and all other figuregatierris referred to the electronic version of this
dissertation.
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Mean Value:

Figure 2.Means of MPQ Facet Scales Across Sensation Segkind372), Overcontrolledn(= 375), anc
Dysregulatedr{ = 437) Clusters at 25-years-old.
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ABSTRACT

GENETIC AND ENVIRONMENTAL FACTORS UNDERLYING COMORBID BLIMIC
BEHAVIORS AND ALCOHOL USE DISORDERS: A ROLE FOR PERSONAM?

By

Jennifer Danielle Slane

Objective:. Women with bulimia nervosa (BN) frequently have co-occurring alcohol use
disorders (AUDs). Family and twin studies have been mixed as to whetheistbleaged
genetic transmission of these disorders. Discrepant findings may be dusctoafigr
heterogeneity among individuals with BN. Cluster analytic studies have begtous
characterize women with BN in groups based on personality profiles with gredjated
cluster emerging as a group that may be more closely linked etidlpgacAUDs. The
Dysregulated cluster is characterized largely by behavioral didiinilaind emotional
dysregulation and has higher rates of AUDs compared to other clusters. Tim¢ gtreheaimed
to examine whether personality heterogeneity has contributed to mixed twirfiatlidgs by
determining whether genetic associations between BN and AUDs argesiramong the
Dysregulated clustetM ethod: Participants included a longitudinal sample of female twins
assessed at ages 17 and 25 from the Minnesota Twin Family Study. Symptoms of BBDand A
were assessed using clinical interviews and self-report scalesonBly clusters were defined
using scores on the Multidimensional Personality QuestionnRiesults. Twin moderation
models suggested small-to-moderate common genetic transmission betweenl®mhswiors
and AUD symptoms. However, shared genetic effects did not differ by pergahaditer.
Nevertheless, findings did indicate in some models that genetic influencesetbatcue to

bulimic behaviors are higher among the Dysregulated cluster compared to thel@itezs,
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suggesting an influence of personality on bulimic behaviors alone, but not on theiat@soci

with AUD symptoms.Discussion: Despite the presence of shared genetic transmission between
BN and AUDs, cluster membership did not affect etiologic associationsdietive phenotypes.

This suggests that although personality clusters may be associated eitiolthgey of BN, they

are unlikely to account for associations between BN and AUDs and inconsistentdimdihg

literature regarding their shared etiology.
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INTRODUCTION

Individuals with bulimia nervosa (BN) frequently have comorbid alcohol use disorders
(AUDs; Dansky, Brewerton, & Kilpatrick, 2000; Holderness, Brooks-Gunn, & Warren, 1994,
Wilson, 1991). Comorbidity rates in women with BN have ranged from 33-47% (Bulik,
Sullivan, Carter, & Joyce, 1997; Mitchell, Hatsukami, Eckert, & Pyle, 1985), with enatstl
median prevalence rate of 22.9% (Holderness et al., 1994). The co-occurrence oktrdsesdi
is associated with many maladaptive problems (Dansky et al., 2000; Duncan et alk&06;
Mitchell, Miller, Davis, & Crow, 1999). For example, women with comorbid BN and AUDs
have higher rates of attempted suicide than women with BN or AUDs alone (Dura¢ar2@05,
2006). Additionally, women with co-occurring BN and AUDs are more likely to hdd#ional
diagnoses of drug dependence and major depressive disorder than women withUBDsor A
alone (Duncan et al., 2006).

Given the deleterious effects of the co-occurrence of BN and AUDs, seasralchers
have used twin and family studies to determine whether there is some slaogy atithe
development of these disorders. Twin studies can help establish whether addétie(gen
the effect of individual genes summed over loci that acts to increase twiargymniélative to
the amount of genes shared), shared environmental (environmental influences common to
siblings that acts to make them similar to each other), or nonshared environmental
(environmental factors differentiating twins within a pair) factors doute to this comorbidity.

If there is a shared etiology between these disorders, this would inform futues stutthi regard
to whether to examine potential common genetic (e.g., personality traits) mrengntal (e.qg.,

bullying) risk factors underlying the association between BN and AUDs.
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Three family studies that have examined associations between BN andhau®®und
that these disorders co-occur in families (Bulik, 1987; Kassett et al., 1989; Idlenfd., 1997).
One study found higher rates of alcoholism among first-degree relatibedirafc probands
compared to healthy control participants (28% vs. 14%; Kassett et al., 1989). A smowhd f
alcoholism to be the most common disorder among first- and second-degree refdiivenic
probands with andithout comorbid AUDs compared to normal control participants (60% vs.
20%; Bulik, 1987). However, a third study had somewhat conflicting results, indicating tha
only family members of BN probands witomorbid AUDs had higher rates of both disorders
compared to both BN probands with@®lDs and controls (Lilenfeld et al., 1997). Familial
transmission that occurs only among BN probands with AUDs does not necassalylgo-
aggregation of the disorders, as the disorders could simply be independentiytteainis
families. Nonetheless, overall, these family studies provide important infoamation
suggesting familial co-aggregation of BN and AUDs.

Twin studies expand on family studies by providing estimates of genetic and
environmental contributions to the covariance of phenotypes. That is, twin studies cateindi
whether phenotypic and familial associations between disorders are due tmarceet of
genetic or environmental factors underlying risk for both phenotypes. Common dectetis
can be assessed via genetic correlations, which indicate the degree of oveztegiiocrgk
factors between phenotypes. Further, common shared environmental correlatiots thelica
magnitude of overlap in environmental effects that are shared by siblings aodredte them
similar to each other. Finally, common nonshared environmental correlations inlkdéecdegree
to which the association between phenotypes is due to experiences that areeddietinggen

siblings.
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In order to determine whether genetic or environmental factors undertertt@bidity
of two disorders, it is important to first determine if they are heritaldaqtiypes. Genetic
influences on BN and bulimic behaviors (i.e., binge eating, the use of compensatmgriseha
weight preoccupation) have ranged from 28-83% and from 41-70%, respectively, with the
remaining variance due to nonshared environmental influences (Bulik, Sullivan, &Kendl
1998; Bulik, Sullivan, & Kendler, 2003; Kendler et al., 1991, 1995; Klump, McGue, & lacono,
2000; Kortegaard, Hoerder, Joergnesen, Gillberg, & Kyvik, 2001; Reichborn-Kjenneald et
2003; Reichborn-Kjennerud, Bulik, Tambs, & Harris, 2004; Rowe, Pickles, Simonoff, Bulik, &
Silberg, 2002; Sullivan, Bulik, & Kendler, 1998; Wade et al., 1999; Walters et al., 1992). Large-
scale twin studies of AUDs and AUD symptoms indicate heritabilities dkugpé0% and 51%,
respectively, in women (Heath et al., 1997; Kendler, Neale, Heath, Kessler, & E89&,
1994; Prescott, Aggen, & Kendler, 1999; Whitfield et al., 2004) with the remaining variance due
to nonshared environmental influences.

To date, only four twin studies have examined associations between BN and AUDs to
determine whether genetic and/or environmental influences underliedghsorladity. Similar
to family study findings, results have been mixed. In the first study, “prothterking” (defined
as “having had or having been considered by others as having a significant drinkingnghatble
is not limited to single isolated incidents”) and BN were found to load on two sepachte
independent genetic factors, suggesting distinct etiologies (Kendler et al., Fa@&)er,
findings indicated that shared and nonshared environmental influences were predpminate
disorder-specific, suggesting that there is no overlap in these factors. IMitcle(2010) also
found mixed evidence for shared genetic effects. Although a large gerretiaton (1.0; 95%

confidence intervals [Cls]: -1.0, 1.0) and moderate nonshared environmental correlation (.53,
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Cls: -.32, 1.0) was observed, both estimates overlapped with zero, indicating thatréheptve
statistically significant effects.

By contrast, two studies suggested significant genetic overlap betweandBAUDs.
Baker, Mitchell, Neale, and Kendler (2010) indicated a moderate genetiatorrdetween BN
and AUDs (.53; Cls: .30, .80) and a small and nonsignificant nonshared environmental
correlation between these phenotypes (-.03, Cls: -.24, .18). Slane, Burt, and Klump (in
preparation) also found evidence for common genetic etiologies between two oifrtaey pr
symptoms of BN (i.e., binge eating and compensatory behaviors) and alcoholthggnetic
correlations of .31 (Cls: .09, .53) for binge eating and .61 for compensatory behavior (Cls: .34,
1.0; Slane, Burt et al., in preparation). No overlap in shared or nonshared environmental fact
were detected, as shared environmental factors were estimated clesedod nonshared
environmental influences were all disorder-specific.

Overall, results are split with two studies finding evidence for common gdaetors,
and two others suggesting no shared etiology. It is unclear why results kbavedmnsistent.
However, one hypothesis is that extant twin studies have not considered the influence of
personality. Personality traits are heritable (heritability = ~5Bé&btichard & McGue, 1990;
Heath, Cloninger, & Martin, 1994; Jang, Livesley, & Vernon, 1996; Jang, LiveslegoNe&
Jackson, 1996; Klump, McGue, & lacono, 2002; Koopmans, Boomsma, Heath, & van Doornen,
1995; Krueger, Caspi, & Moffitt, 2000) and have been studied extensively in BN with findings
indicating that women with BN often show a heterogeneous mix of personality and
temperamental traits (Vitousek & Manke, 1994; Westen, Thompson-Brenner, & O}
This heterogeneity may reflect etiologic differences in the developaid3N that results in

distinct comorbidities (e.g., AUDs) and genetic risk profiles. Studies have begumdo us
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personality profiling/cluster analytic approach to personality ¢legson in women with BN in
order to decrease heterogeneity and obtain more homogeneous groups thateetagorafhon
etiologic factors.

Most cluster analytic studies of eating disorders have found three clustesmehwhat
include a high-functioning/perfectionistic group (i.e., conscientious, perfestimrand
anxious), a constricted/overcontrolled group (i.e., passive, avoidant, and emotionally
constricted), and an emotionally dysregulated/undercontrolled group (i.e.opatigtintense
and labile, impulsive, poor negative mood regulation, and behaviorally disinhibited; Westen &
Harnden-Fischer, 2001). Among these clusters, the emotionally dysreguiaedbntrolled
cluster, frequently labeled the “dysregulated” cluster (Espelage, MaZzemm&h, &
Thompson, 2002; Thompson-Brenner & Westen, 2005; Thompson-Brenner, Eddy, Satir,
Boisseau, & Westen, 2008; Westen & Harnden-Fischer, 2001), is the most stableadioss
time (Slane, Donnellan, Klump, McGue, & lacono, in preparation) and AUDs are orarean
in this group compared to other clusters (Claes et al., 2006; Thompson-Brenner & Westen, 2005;
Wonderlich et al, 2005). Further, the dysregulated cluster tends to consistlprimaomen
who exhibit bulimic behaviors (e.g., bingeing and purging) rather than women wihct teeir
intake only (Claes et al., 2006; Perkins, Slane, & Klump, in preparation, Thompson-Beenner
al., 2008, Westen and Harnden-Fischer, 2001). The frequent co-occurrence of BN symptoms
and AUDs in the dysregulated group suggests that this may be an ideal groamitoeeshared
etiology between the disorders. Indeed, this group could represent a unique subtygpe amon
individuals with BN that is more closely linked etiologically to AUDs.

The overall aim of the present study was to examine whether etiologicaissisc

between BN and AUD symptoms are strongest among individuals in the dysregulatedas
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compared to individuals from other personality clusters. Longitudinal datalieMihnesota
Twin Family Study that was previously cluster analyzed at two time p@ietsat ages 17 and
25; Slane, Donnellan et al., in preparation) was utilized in the present study. The use of
longitudinal data allowed for the examination of cross-sectional (e.g., agd WitlBage 17
AUD) as well as longitudinal phenotypic and genetic associations betheghénotypes.
Longitudinal models examined associations between age 17 BN and age 25 AptDrnsgm
Given that BN typically precedes AUDs (American Psychiatric Assion, 2000), temporally it
makes sense to examine age 17 bulimic behaviors and age 25 AUD symptoms. It must be noted,
however, that the present study hypothesizes a shared etiology, not a catisasngda between
these two disorders. Although the longitudinal aspect of these data allows fotetimeikgtion
of whether one of these disorders is more predictive of the other, the main goatasnine
whether common genetic or environmental influences underlie their associati

METHODS

Participants

Participants included a convenience sample of female twins from the Minnesata Twi
Family Study (MTFS). The MTFS is a population-based, longitudinal studyaoéad-together
same-sex female twins and their parents. A detailed description of stugiymneat and
assessments can be found elsewhere (lacono, Carlson, Taylor, Elkins, & McGue Br298).
public databases were utilized to obtain birth records used to identify twins born tatéhef s
Minnesota. Over 90% of twins born between 1971 and 1985 were located.

The current study utilized cross-sectional and longitudinal data from two cohorts of
MTFS female twins. Cohort 1 began the study when they were 11 years old, vdobi@a

began the study at age 17. Both cohorts were assessed at ages 17 (M = 17.87; SD = 0.74) and 25
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(M = 25.04; SD = 0.69) years. The present study used data from both cohorts at ages 17 and 25.
Overall sample sizes across the age groups were 1,264 twins at age 17 and 1,184dgwiP5.at a
Zygosity Determination

Zygosity was determined using three separate methods (lacono, Malone, & McGue
2003). First, the twins’ parents completed a physical similarity questierthair has been
shown in previous research to be over 95% accurate in diagnosing twin zygosityn(Plomi
DeFries, McClearn, & McGuffin, 2008). Second, research assistants, trainedhmalsietr
determining zygosity, evaluated the similarity of twins’ eye color, ¢@or, ear shape, and
overall physical characteristics. Third, each twin’s ponderal index (i.eeaaure comparable to
body mass index), cephalic index (i.e., a measure of head shape), and nhumberpsirfinger
ridges were utilized to determine zygosity using an algorithm. Thesentfetbeds disagreed in
their zygosity classification in 33.4% (214/641 twin pairs) of twin pairs. Disagrets among
the three methods were resolved using serological analysis of 12 genghogatilisms.
Importantly, serological analysis also confirmed the validity of theamrthree zygosity
methods in 50 twin pairs (McGue, Elkins, & lacono, 2000).
Measures
Bulimia Nervosa Symptoms

Symptom counts of bulimia nervosa (BN) were assessed using the Eating Disorders

Structured Clinical Interview (EDSCI) and the Minnesota Eating Beh&uorey (MEBS; von

Ranson, Klump, lacono, & McGue, 2065)The EDSCI and MEBS were administered at both

time points.

4 The Minnesota Eating Behavior Survey (MEBS; previously known as the Minnestaig E
Disorder Inventory (M-EDI)) was adapted and reproduced by special permission of
Psychological Assessment Resources, Inc., 16204 North Florida Avenue, Lutla BR549,
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The EDSCI is a semi-structured interview based on Module H of the StructimeiC
Interview for the Diagnostic and Statistical Manual of Mental Disord2®M) Axis | Disorders
(SCID; Spitzer, Williams, & Gibbon, 1987). The BN symptoms that were assestede
binge eating, loss of control over binge eating, purging (i.e., vomiting, laxatinestics, diet
pills, ipecac) and nonpurging (i.e., excessive exercise, such as running foouvg after a
subjective or objective binge episode, fasting, strict dieting) behaviors, and theinfhdcrrece
of shape and weight on self-evaluation. Due to the relatively low prevalen®¢dibBnoses
(Hudson, Hiripi, Harrison, & Kessler, 2007), the EDSCI BN symptom counts were used in
analyses instead of diagnoses. These symptoms counts allow for the examinditiocrabf ¢
levels of symptomatology without having reduced power due to a small number of full
diagnoses. Several studies have utilized subclinical measures of BN syniiihoms et al.,

2000; Rowe et al., 2002; Sullivan et al., 1998) supporting the idea of a multiple threshold model
of BN where both broad and narrow definitions of BN appear to result from arsimdarlying
vulnerability (Kendler et al., 1991).

“Best estimates” of lifetime BN symptoms were assessed at agehat is, at this age,
both the twin’s mother and the twin herself reported on all BN symptoms, and bestesstima
coded a symptom as present if either the mother or twin indicated that it wag.pistsage 25,
best estimates could not be used since the twin’s mother did not report on symptosisnae t
point. Thus, symptoms at age 25 were based on twin report only and include symptoms present
over the earlier three to four years. Importantly, reliability of BMstoms was good with

kappa values ranging from .64 to 1.00.

from the Eating Disorder Inventory (collectively, EDI and EDI-2) by @ar@Imstead, Polivy,
Copyright 1983 by Psychological Assessment Resources, Inc. Further rejpmoofithe MEBS
is prohibited without prior permission from Psychological Assessment Resplrrce
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The MEBS was also used to assess bulimic behaviors. This 30-item teugéi&liseport
guestionnaire assesses overall levels of eating pathology as weltiis siordered eating
symptoms including body dissatisfaction (i.e., dissatisfaction with one’®s&t®ape), binge
eating (i.e., thoughts about overeating or the tendency to binge eat), comydnsiagerors
(i.e., the use of compensatory behaviors such as self-induced vomiting, diuretics, veéight
loss), and weight preoccupation (i.e., preoccupation with dieting, thinness, and weight)
Examining these continuous measures of bulimic behaviors allowed for a monenak-
analysis of BN and its component symptoms. For example, examining scoreseomélassires
allows for the examination of associations with specific symptoms of BN (enge bating) in

addition to the full BN symptom count.

The internal consistency of the MEBS subscales has been shown to be adequate in
samples of females ages bi7<.65-.89) and 20 years old € .68-.89; von Ranson et al., 2005).
The MEBS demonstrated sufficient discriminant validity through the albditifferentiate
between normal control participants and individuals with eating disorders (von Raason e
2005). Concurrent validity was also demonstrated through significant camsléti= .68 - .72)
between the MEBS subscales (i.e., Weight Preoccupation and Body Dissati$fact similar
subscales (i.e., Shape concerns and Weight Concerns subscales) from the EatteyDi
Examination Questionnaire (von Ranson et al., 2005). Notably, all subscales demonstrated
sufficient discriminant validity through their ability to differentiattleen normal control

participants and individuals with eating disorders, including BN (von Ranson et al., 2005).

AUD Symptoms
Alcohol abuse and dependence symptoms (i.e., alcohol use disorder [AUD] symptoms)

were assessed at both ages using the Substance Abuse Module (SAM) framposi@
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International Diagnostic Interview (Robins, Babor, & Cottler, 1987). These inclug@eys
such as recurrent alcohol-related legal problems, tolerance, and withdrawalAMhg &well-
established, semi-structured interview measure of these symptoms theéhaséd in field
trials for the development of the DSM (Cottler et al, 1995; Spitzer et al., 1987). Thel8Avs
excellent inter-rater reliability (Cottler, Robins, & Hezler, 1989), with\wrage kappa
reliability of 0.92 for individual alcohol abuse and dependence symptoms. For the purposes of
this study, an AUD composite score was used in analyses. This composite sceueni of all
alcohol abuse and alcohol dependence symptoms. Combining these symptoms not only
increases the variability within the sample, but also more closely reseprbj@sed changes to
the AUD diagnosis in DSM-V, where alcohol abuse and dependence will be combined
(American Psychiatric Association, 2010). Importantly, similar to BN, ptevresearch
supports the idea of a multiple threshold model of alcohol use (Heath et al., 1997; Keald|er et
1992; Kendler et al., 1994), suggesting that findings for these disorders measured cogtinuousl|
are similar to those for full diagnoses.

Notably, only DSM-III-R data were available for both cohorts at age 17. Howewage at
25, both DSM-III-R and DSM-IV symptoms were assessed. Analyses were congithted
DSM-III-R data at age 17 and DSM-1V data at age 25.
Procedures for Diagnostic Interviews

DSM AUD and BN symptoms were assessed by trained bachelor's and mastdr’'s
Each symptom assigned was discussed in a clinical case conferenceleast avo advanced
clinical psychology doctoral students. Discrepancies that emerged dwingde conference

were clarified by listening to interview audiotapes or re-contactundyarticipants.
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Symptoms were counted as present if they qualified for clinical sigmefecan both frequency
and severity.
Personality Clusters

The present study utilized clusters that were previously identified usingdéiesicales of
the Multidimensional Personality Questionnaire assessed longitudinallg &ttes points (i.e.,
ages 17 and 25; Slane et al., in preparation). Data were from the Minnesota TwinStaayl
and four clusters were identified at age 17, whereas three were iderttdigel 25. These
clusters included the Resilient, Sensation Seeking, and Dysregulated dtbi@istime points,
and an additional Inhibited cluster at age 17. As stated previously, the Dysi@gluater is
characterized as interpersonally aggressive, emotionally labile, and ivepultie Resilient
cluster tends to be cautious, have high moral standards, and value social closeness. The
Sensation Seeking cluster is characterized as decisive, persuasivepreigrance for novel,
risky activities. Lastly, women in the Inhibited cluster tend to opt for saiétaes over risky
ones, prefer being alone and not being the center of attention, and are not vergtiregi
Statistical Analyses

Data Preparation and Descriptive Statistics

Prior to analyses, log transformations glg& + 1) were performed for the Binge Eating

scale, Compensatory Behaviors scale, DSM BN Symptoms, and the Alcohol Cenfipesit

AUD symptoms) to account for positive skew.

Phenotypic Associations between Bulimic Behaviors and Alcohol Use Disorder Syidoyptoms

Cluster Membership
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In order to examine initial phenotypic associations, cross-sectional Pearselations
were calculated within cluster at each age between bulimic behaviors angyififioms. Note
that moderation by the Dysregulated cluster is the primary focus of thafsasdy, as this
cluster has increased levels of bulimic behaviors and AUD symptoms compared to the othe
clusters. Given this focus and the fact that the present study did not have sppoitiebes
about the remaining clusters, the age 17 Resilient, Sensation Seeking, and Inlitiéesl @and
the age 25 Resilient and Sensation seeking clusters were collapsddtanegmint into one
cluster labeled “Other clusters” as a comparison group for the Dysedjglaster. For
correlations examining longitudinal associations, the age 25 rather than agetdrg ehese used
as the grouping variable for both the age 17 and age 25 correlations since persotaligntrai
to be more stable in adulthood than adolescence (McGue, Bacon, & Lykken, 1993). These
correlations examined associations between age 17 bulimic behaviors and age 25 AUD
symptoms. Notably, however, results were nearly identical for longituakssalciations using

the age 17 clusters (i.e., Dysregulated vs. Other clusters; data not shown).

Genetic and Environmental Associations between Bulimic Behaviors and Alcohol UsiebDisor

Symptoms by Cluster Membership

In order to examine the influence of a moderator variable (i.e., cluster msmpuhe
Dysregulated vs. Other clusters) on genetic and environmental influenassammations
between BN and AUD symptoms, a gene-environment interaction (i.e., GXE) model was
examined. Typically, GXE models are used to examine the effects of a modemt stressful

life events) on genetic and environmental influences on one trait or disorder (grgsst).

However, a modification of this model, the GxE in the presencg.ofiodel, can be used to

examine the extent to which a moderator influences the degree of genetic antddomeental
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associations between two phenotypes (i.e., BN and AUD). In the current staaygpthfied
model can determine whether there are differences in the extent to whidl ¢emebt
environmental) factors influence the covariation between BN and AUD dexads of the

moderator (i.e., Dysregulated vs. Other clusters).

The altered GXE in the presenceg@fmoderator model, used in the present study, is

shown in Figure 7. In this figure, there are three estimates of genaieniodls. First, there is

an estimate of the genetic effects specific to AUD symptoms (i.e., ispecihe first phenotype

in the model; g). Second, there are genetic factors unique to BN symptoms (i.e., specific to the
second phenotype in the model, after accounting for the overlap with AUD symp{pms; a

Third, there are genetic influences (A) common to both phenotygese(aoverlap in genetic

effects influencing BN and AUD symptoms). It is the genetic (and enveatat) influences on
this covariance path and their potential moderation by personality clustes th&ey interest in
the present study. Shared (C) and nonshared (E) environmental influences that are tineque t
traits and common to both are also estimated, but are not included in Figure 7, due to space

constraints.

Moderation effects (i.efxc andpy,,) are also estimated in the model. The first

coefficient Byc) represent differences (either positive or negative) in genetic or envintedme

influences on the covariance between BN and AUD symptmasad on the effect of the

moderator (i.e., cluster membership). Phe moderator coefficient is of particular interest in

the present study as it addresses the primary aim indicating whethec géhetnces on the

covariance between bulimic behaviors and AUD symptoms are strongest in tbgWstsad
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cluster compared to the Other clusters. Specifically, a positive and saghifistimate indicates
increased influence of genetic effects in the Dysregulated clusteacedto the Other clusters.
By contrast, a nonsignificant estimate indicates that there is no chageeeitic effects by
cluster and a negative and significant estimate indicates thatrtbBagactors are lower in the

Dysregulated cluster compared to the Other clusters.

The secon@ coefficient By,,) indicates whether there are changes in genetic effects that

are unique to bulimic behaviors based on changes in cluster membership. It hratythere

are no changes in genetic effects ondbeariancebetween bulimic behaviors and AUD
symptoms with different levels of cluster membership, but that there is aatmdeffect on
genetic influences specific to bulimic behaviors. For example, if this ceetfis significant

and positive, it would indicate that genetic factors on bulimic behaviorseategin the
Dysregulated cluster compared to the Other clusters. Thus, this would suggesitleatin the
Dysregulated cluster have an increased genetic risk for developing blodihagiors. As

specified in this study, these models do not provide unique estimates of gerieti (far

changes in these effects) on AUD symptoms. Reverse models, with the pheeatgped in

the opposite order, could be examined to determine the unique impact of the moderator on AUD
symptoms; however, given that the present study does not have hypotheses aboutitice influe
of cluster membership on unique effects on AUD symptoms, these reverse modatetver
examined. It must be noted that the longitudinal models did provide this estimate,1&s ag
bulimic behaviors were entered into the model first to make conceptual sensegaitth to
temporal order. Therefore, unique effects of the moderator on age 25 AUD symmmnms w

included in these models.
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Three groups of models were examined in the present study: 1) cross-$ectideks
with age 17 cluster membership, age 17 bulimic behaviors, and age 17 AUD symptoms; 2) cross
sectional models with age 25 cluster membership, age 25 bulimic behaviors, and age 25 AUD
symptoms and 3) longitudinal models that included age 25 cluster membership, age 17 bulimic
behaviors and age 25 AUD symptoms. As stated previously, age 25 cluster mgmilasshi
utilized in the longitudinal analyses, instead of age 17 cluster membership,asapréraits
tend to be more stable in adulthood than in adolescence (McGue et al., 1993). Furthdragiven t
the age of onset for BN is typically earlier than AUDs (American PatrahiAssociation, 2000),

it made sense temporally to examine age 17 bulimic behaviors and age 25 AUDnsgmpt

Each of the modified GXE in the presencegafmoderator models (Purcell, 2002) were

fit to the raw data using full-information maximume-likelihood in Mx (Neale, 19%iitially, a

full ACE model with main and moderation effects was fit to the data. Next, aEudumodel
(with main and moderation effects) of the ACE model was examined to deterrairedificed
model provides a better fit to the data given that BN and AUD symptoms are influence
primarily by genetic (A) and nonshared environmental (E) factors indialescence and
adulthood (Bulik et al., 1998; Heath et al., 1997; Kendler et al., 1991, 1992, 1994, 1995;
Kortegaard et al., 2001; Prescott et al., 1999; Rowe et al., 2002; Wade et al., 1999;at/alters
al., 1992; Whitfield et al., 2004). Additional submodels (dropping the moderation coeflicients
were not examined, as the remaining sources of variance would have absorbed tltk droppe
effects and confidence intervals for other estimates in the model would b»adigifiarrowed
(Sullivan & Eaves, 2002). Although dropping the shared environmental effects (C¥can al

have this influence, the AE model with full moderation was examined in the prasintse to
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consistent extant research indicating little to no influence of thesésefie®N or AUDs in
adulthood.

The fit of all models was examined using a likelihood-ratio chi-square gooafss

(X3 and Akaike’s Information Criteria (AIC £— f; Akaike, 1987). The likelihood-ratio chi-

square goodness of fiXf) examines differences in -2InL values and degrees of freedom

between the AE submodel and the full ACE model. If the chi-square goodness pbfit is
significant, then the most parsimonious (i.e., the model containing fewer estipsaameters,
and hence more degrees of freedom) model is preferred. In addition to this test, the AIC i
utilized to compare model fit, with the lowest AICs indicating better fit.

Prior to conducting model fit analyses, some data preparation was necesstyyhe-
variables were standardized (i.e., z transformed) prior to analysis. TsBtraation has been
conducted in previous research (Burt & Klump, 2009; Klump, Perkins, Burt, McGue, & lacono,
2007) as it aids in interpretation of moderation effects. Second, the dichotomous clrster s
were floored at zero, otherwise, if this adjustment is not made prior to theeamahes Mx
program will arbitrarily code a group as zero, which may or may not correspond to the
hypothesized moderator order.

In all tables and figures, unstandardized parameter estimates from tils ared
reported because standardized estimates can be misleading with regard te ichgegetic and
environmental effects across levels of the moderator. For example, if theatoodauses an
increase in genetic effects at different levels of the moderator, but the envitaheféects stay
constant, standardization of parameter estimates would make it appear as tivinagimental
effects are decreasing as genetic effects are increasing décawssandardization requires that

the estimates are proportional (i.e., A, C, and E estimates add up to 1.0). Thus, the
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unstandardized estimates allow for a straightforward indication of absbhitges in the
genetic and environmental effects with changes in the moderator.

RESULTS

Descriptive Statistics

Means and standard deviations for the bulimic behaviors and AUD symptoms within the
Dysregulated cluster and Other clusters at both time points are presehtdie 9.
Importantly, at both time points, there was sufficient variability in the seorges as well as the
percent of participants scoring above the clinical cut-offs for eatingddiso(i.e., mean scores
among individuals with eating disorders) on the MEBS scale (age 17: 5-28%; age 25: $£85%
von Ranson et al., 2005).

The Dysregulated cluster had the highest levels of bulimic behaviors and AUifosysn
at both time points, with one exception. At age 25, DSM BN symptoms were higher timaong

Other clusters compared to the Dysregulated group.

Phenotypic Associations between Bulimic Behaviors and Alcohol Use Disorder Symptoms by

Cluster Membership

Pearson correlations were calculated to examine phenotypic associatioasrbetivmic
behaviors and AUD symptoms within the Dysregulated cluster versus the Othersc{ast
Table 10) cross-sectionally, at both time points, as well as longitudinallys-€ectionally, at
age 17, nearly all of the bulimic behaviors (with the exception of weight preoccupagien) w
significantly and positively associated with AUD symptoms in the Dysresgulduster (r's =

.16-.29). Surprisingly, nearly all of the bulimic behaviors also were signifycant positively
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associated with AUD symptoms in the Other clusters, although correlatioas@raparatively

smaller (r's = .12-.15).

In contrast to age 17 correlations, cross-sectionally, at age 25, the onlicargnif
correlation in the Dysregulated cluster was between DSM BN symptoms and yhiosns (r
=.15). In the Other clusters, small associations were indicated between dabwimic
behaviors and AUD symptoms (r's = .08-.15), with the exceptions of body dissatisfact
weight preoccupation. Hypotheses that there would be a stronger associateenidamimic
behaviors and AUD symptoms in the Dysregulated cluster compared to the Othes @haste
not confirmed; however, this may be due, in part, to smaller sample sizes in & age
Dysregulated group. For example, some correlations in the Dysregulated grotifharsame
magnitude as those in the Other cluster group (e.g., binge eating r = .11), lmutdlagions are
not significant.

The longitudinal associations between age 17 bulimic behaviors and age 25 AUD
symptoms were somewhat similar to the age 25 cross-sectional correldtitins.Dysregulated
cluster, the only age 17 bulimic behavior that was associated with age 25 AUD sgmy@Eem

compensatory behavior (r =.17). However, all of the associations were signifitaat@ther

clusters (r's = .15-.24), with the exception of DSM BN symptgms.

Genetic and Environmental Associations between Bulimic Behaviors and Alcohol UsiebDisor

Symptoms by Cluster Membership

> Although BN typically precedes AUDs, longitudinal correlations with age WD Aymptoms
and age 25 bulimic behaviors were examined within the Dysregulated clustehandlasters.
Within both groups, there was only one significant correlation (binge eating athibiecluster
group r = .09; data not shown). This provided further support for examining the association
between these phenotypes in temporal order.
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The Pearson correlations described above were also used to inform the twiasanalys
Specifically, twin analyses were only conducted if there were signifassdciations between
bulimic behaviors and AUD symptoms among either the Dysregulated or Otherslui$t
associations were not significant across either cluster, then twin anabmgesat examined for

that behavior. Note that clusters were coded dichotomously as “Other<lsteted 0) and

Dysregulated cluster (coded 1) in all of the mogels.

Moderator M odels

Fit statistics and unstandardized estimates from the cross-sectionahgitddinal

moderator models are included in Table 11. Initially, a full ACE GXE in the presenge of

moderator model was examined to determine whether cluster membership nsathergenetic

and environmental influences underlying the association between bulimic behaxgarbifige
eating) and AUD symptoms. Subsequently, an AE moderator submodel was examined (with C
estimates constrained to zero). In all cases, the AE model resulted iniarditpgmpared to

the ACE fully uncontrained model as indicated by lower AICs and a nonsignificargecira
chi-square.

Table 12 includes the unstandardized estimates of genetic and nonshared enwatfonment
variance that are unique to AUD symptomsdad @), common to both bulimic behaviors and
AUD symptoms (g and &), and unigue to bulimic behaviorg;(and g; after accounting for the
overlap with AUD symptoms) for the AE models. In addition, the moderation effecif#xc,

Baxu, Pexc, andpexy) are included in the table, which represent changes in the common and

6Twin moderation models were also examined with all clusters included anddobyamean

levels of AUD symptoms and bulimic behaviors at each time point, from lowest (ewvdksd 0)

to the highest levels (coded 3 at age 17 and 2 at age 25; data not shown). Notably results were
nearly the same for this examination including all clusters.
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unique genetic and nonshared environmental variance on the covariance between bulimic
behaviors and AUD symptoms and the variance in bulimic behaviors with differentdévets
moderator (i.e., cluster membership). Itis important to note that confidencaister some
parameter estimates overlapped with zero (see Table 12); thus, the poiatesstonthese
parameters are nonsignificant and not meaningful. As stated previously, submedehot fit
in these cases, as the remaining sources of variance would have absorbed the demppanef
confidence intervals for other estimates in the model would be artificiathpwed (Sullivan &
Eaves, 2002). Instead, we kept the nonsignificant parameters in the model, and indicated
significant parameter estimates via boded text in the tables. Figuresl8deinnstandardized
estimates of genetic and nonshared environmental variances for models witbasigni
moderation coefficients.
Age 17 Models

Both bulimic behaviors and AUD symptoms were heritable in all models. Among the
bulimic behaviors examined, heritability estimates were higher for bodgtidisetion and
MEBS total score (i.e., 55% and 51%, respectively) compared to binge eating, cdonyensa
behavior and DSM BN symptoms (i.e., 37%, 22%, and 20%). In all models, the heritability
estimate for AUD symptoms was 57%. The remaining variance for each optrersatypes
was due to nonshared environmental effects.

With the exception of associations with DSM BN symptoms, all of the moderatorsnodel

indicated that there was small-to-moderate common genetic oveslapZ4-.27), but no

common nonshared environmental overlgp<e.03-.06) between the continuous measures of

bulimic behaviors (i.e., MEBS total score, body dissatisfaction, binge eabimgpensatory

behaviors) and AUD symptoms. Although these estimates provide information about thp overl
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in genetic effects underlying the association between bulimic behaviors éndyhptoms, the

ac estimates are not directly comparable to genetic correlations (usedearoftthe extant

studies examining these associations, Baker et al., 2010; Mitchell et al., 201);ERl& et al.,

in preparation). Therefore, these estimates were computed (data not showse fafr ea
comparison between the current study and previous studies that used genédaitorete

indicate associations. Age 17 cross-sectional genetic correlations ramged 7-.27, indicating
that between 3 and 7% of the variance in the association between bulimic behaviors and AUD
symptoms is accounted for by common genetic factors.

Despite this genetic overlap, the estimates of interest (i.e., commorcdfaei] and

common nonshared environmentad|:] moderation effects) were all small and nonsignificant

(i.e., confidence intervals overlapped with zero), suggesting that the magnithdegehktic
and nonshared environmental effects does not differ by cluster membership. oggtbart
these findings strongly suggest that the factors that underlie the &issooetween bulimic

behaviors and AUD symptoms do not differ across Dysregulated versus Othescluster

In general, unique genetiy,) and nonshared environmentéy,) moderation effects

on bulimic behaviors alone also were not significant, with a few exceptions. The uaiiE g

moderation effect was significant for compensatory behaigs<.63), suggesting that

genetic influences on this phenotype are strongest in the Dysregulagt=t.clin order to

interpret this level of increase, the genetic effects were standardigbdw differences in
heritability across the clusters. These standardized estimategertti@athe genetic influences
on compensatory behaviors increase from 11% to 51% moving from the Other clusters to the

Dysregulated cluster. Further, the unique nonshared environmental moderationecthets
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significant for MEBS total score and DSM BN symptoms, suggesting that dheismall-to-

moderate changepéy, = .28 and .57, respectively; see Figures 3 & 4) in nonshared

environmental influences on these phenotypes with levels of the moderator. Standardized
estimates indicated that the nonshared environmental effects on these bulimicrbeherease
in magnitude across the Other clusters to the Dysregulated cluster frono 48% for MEBS
total score and from 50% to 82% for DSM BN symptoms.
Age 25 Models

At age 25, heritability estimates for bulimic behaviors were similar, buéwbiat larger
than at age 17 with estimates ranging from 27-62%. Specifically, essimvate 62% for MEBS
total score, 46% for binge eating, 35% for compensatory behavior, and 27% for DSM BN
symptoms. Heritability estimates for AUD symptoms was lower aR&d88%) as compared to
age 17 (i.e., 57%). As before, the remaining variance for all phenotypes was accouoyed for
nonshared environmental effects.

In contrast to age 17 findings, there were no significant estimates of comneiitge
factors underlying bulimic behaviors and AUD symptoms at age 25. However, common

nonshared environmental factors were indicated for associations between bimgareh AUD

symptoms (g=.20). Age 25 cross-sectional genetic correlations ranged from .05-.14; however,

these were also all nonsignificant, suggesting that none of the variance in that@ssoci

between bulimic behaviors and AUD symptoms is due to common genetic effects.

Similar to the age 17 findings, the common gengigd) and common nonshared

environmental feyc) moderation estimates of interest were all small and nonsignificant,

indicating that personality cluster membership does not moderate comman genet
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environmental associations between these phenotypes cross-sectioagd\y2&t And most of
the unique genetic and nonshared environmental moderation effects on bulimic beha@ors we
not significant although as before, there were some exceptions. There werefreastgmique

genetic moderation coefficients for bulimic behaviors at age 25. However wibee significant

unique nonshared environmental moderation effects on compensatory bepgyjor .40) and

DSM BN symptomsfiex, = .16) were indicated (see Figures 5 & 6), suggesting increases in the

unique nonshared environmental variance on this phenotype across cluster. This thajgests
the unique nonshared environmental effects on these bulimic behaviors increaggeitndea
across the Other clusters to the Dysregulated cluster from 40% to 56%sfpensatory
behavior and from 64% to 67% for DSM BN symptoms.
Longitudinal Models

Longitudinal models examined the influence of age 25 cluster membership on the
association between age 17 bulimic behaviors and age 25 AUD symptoms.

There were a similar number of significant common genetic and nonshared
environmental effects between bulimic behaviors and AUD symptoms in the longditudina

models. Significant common genetic factors were indicated for assosiatbneen age 25

AUD symptoms and age 17 MEBS total score<al7), age 17 body dissatisfactiog {a.16)

and age 17 compensatory behavigr£a36). Common nonshared environmental effects were

only indicated for associations between age 17 binge eating and age 25 AUD syifggtom

17).
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Similar to the cross-sectional findings, the common genédig) and common

nonshared environmentdleyc) moderation estimates were all small and nonsignificant in the

longitudinal models. Again, this indicates that counter to hypotheses, personalgy clust
memberships does not moderate the common genetic or environmental associatiam betwee
bulimic behaviors and AUD symptoms. Due to the ordering of these models (i.e., with age 17
bulimic behaviors entered first in the model), unique effects on bulimic behaviorsetere
specified in the model and thus, they are not discussed herein. Reverse modelsavaigd pr
these estimates; however, the models would be nonsensical temporally as ade 25 AU
symptoms would be predicting age 17 bulimic behaviors.

DISCUSSION

The present study is the first to examine whether genetic factors undélging
association between bulimic behaviors and AUD symptoms are strongest in tagulyied
cluster. Twin model findings indicated that although common genetic factordiersdene
associations between bulimic behaviors and AUD symptoms, these common dgésstsalel
not differ between the Dysregulated cluster and Other clusters. Therefsanaity
heterogeneity may not be what is accounting for discrepancies in twinsséxdieining factors
underlying associations between BN and AUDs.

Phenotypic correlations between bulimic behaviors and AUD symptoms generally
followed expectations at age 17, with significant findings for nearly all edswts in the
Dysregulated group. Associations were also significant in the Other slustbough of smaller
magnitude than those in the Dysregulated group. In contrast, the age 25 phenotypitmosrrela
did not follow expectations. It was hypothesized that the Dysregulated clustiel mave the

strongest associations between bulimic behaviors and AUD symptoms; yetyvéseonly one
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significant correlation between these phenotypes in the Dysregulatest.cldewever, similar
to age 17 correlations, there were several significant associations indictitedther clusters.
As stated previously, this may have been due to sample size differences. Thaing tases,
the correlations were of similar magnitude in the “Other clusters” groupa®ua to the
Dysregulated cluster (e.g., MEBS total score, binge eating, compensdtaxydse However,
they were significant only for “Other clusters”, potentially due to thetfat the “Other
clusters” group had a much higher sample size than the Dysregulated (Cleiste range = 313-
432 in the Other cluster group compared to 577-742 in the Dysregulated group).

Nonetheless, in general, phenotypic correlations between bulimic behaviors Bnd AU
symptoms were smaller in magnitude at age 25 than age 17 in both clusters. Readabkmark
unclear. Findings at age 17 corroborated previous research that showed sigisi$iceiatians
between these behaviors in a population-based sample of adolescents (Timmerilsa&, We
Chen, 1990). However, the lack of associations between several of the bulimic behaviors and
AUD symptoms at age 25 was surprising given the frequent comorbidity lmeBieand
AUDs, even in young adulthood (Krahn, Kurth, Demitrack, & Drewnowski, 1992). Notably,
associations between the DSM symptom counts of AUD and BN symptoms wefieangmn
both cluster groups at age 25. This suggests that in adults, more severe, diagnostic levels of
these disorders are associated, but that continuous measures of bulimic belvhicbrare
more prevalent across the sample) are not associated with AUDs. Thus, &earelre
examining these associations in adults may want to focus on clinical samplesagiioses of
these disorders.

Longitudinally, Pearson correlations also did not follow expectations. The only

significant correlation between age 17 bulimic behaviors and age 25 AUD symptdres in t
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Dysregulated cluster was between age 17 compensatory behavior and age 28gptoms.
Yet, all of the associations were significant in the Other clusters group heigxteption of
DSM BN symptoms. It is unclear why the longitudinal findings did not follow hypetheAs
stated previously, although bulimic behaviors often precede AUDs, they are noliygeea as
risk factors for AUDs. Therefore, it may be that even though there are hagéeiof these
symptoms and behaviors in the Dysregulated cluster, they are not associatedilwaity.
Further, the unexpected significant longitudinal findings in the Other cluptaup, may have
been due to sample size differences between the clusters. That iggehedanple size of the
Other clusters group compared to the Dysregulated group may have contributed to finding
significant associations between these phenotypes in that cluster.

Heritability estimates of AUD symptoms and bulimic behaviors roughlgviat
expectations from previous studies. Specifically, in the present study, AURi@sym
heritabilities ranged from 38 to 57%. Previous studies have indicated heritasiilihates of
approximately 60% for AUDs and 51% for AUD symptoms in women (Heath et al., 1997;
Kendler et al., 1992, 1994; Prescott et al., 1999; Whitfield et al., 2004) with the remaining
variance due to nonshared environmental influences. For bulimic behaviors, the majority of
heritability estimates (i.e., 20-55% at age 17 and 27-62% at age 25) fell withimgjee ra
identified in extant research. As stated previously, many studies haveaddicat genetic
influences on BN and bulimic behaviors range from 28-83% and from 41-70%, respectively,
with the remaining variance due to nonshared environmental influences (Bulikl®&S&, 2003;
Kendler et al., 1991, 1995; Klump et al., 2000; Kortegaard et al., 2001; Reichborn-Kjennerud et
al., 2003, 2004; Rowe et al., 2002; Sullivan et al., 1998; Wade et al., 1999; Walters et al., 1992).

Heritability estimates in the present study corroborate findings imtepdsearch suggesting that
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bulimic behaviors are heritable, but the magnitude differs by the symptomreca(Biulik,

Sullivan, Wade, & Kendler, 2000). Indeed, previous research has indicated heritadities
typically lower for bulimic behaviors such as binge eating, compensatory behavibBN

symptoms (Sullivan et al., 1998). For measures of compensatory behaviors and BN symptoms
these lower estimates are often attributed to lower item endorsemetbd\iiex variability;

Bulik et al., 2000), whereas for binge eating, lower heritabilities are sopgetissociated with
methodological issues (Field, Taylor, Celio, & Colditz, 2004). Specificallfyepbrt

assessments of binge eating can often overestimate rates of this behaldagt(&l., 2004),

thereby increasing measurement error (which is included in nonshared envirrEEnt
estimates).

Several of the twin models, particularly cross-sectionally at age 17, indibated t
common genetic effects underlie associations between bulimic behaviors @nsyAiptoms
(see g parameter estimates in Table 12). This supports findings from two studies (Bak.,
2010; Slane, Burt et al., in preparation), suggesting that there are common géoetices
underlying this covariance. Estimates across studies have been faildy simhagnitude. That
is, previous studies indicated significant genetic correlations betweendbehaviors and
AUD symptoms ranging from .31 to .61 (Baker et al., 2010; Slane, Burt et al., in pi@parat
This suggests that between 10 and 37% of the variance in the association between bulimic
behaviors and AUD symptoms is accounted for by common genetic factors. Again, in the
present study, genetic correlations were generally smaller thanitithsated in extant research,
but some were within the range of those identified previously.

In general, common nonshared environmental effects were not significant, corroborating

previous research (Baker et al., 2010; Kendler et al., 1995; Mitchell et al., 2010; Sldret, Bur
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al., in preparation). These findings suggest that there is little-to-no overlamonshared
environmental effects that influence the association between bulimic beharntAUD
symptoms. The only exception was a significant common nonshared environmental effe
underlying associations between age 25 binge eating with age 25 AUD symftbimsuggests
that for this associations, there are nonshared environmental effects (ioes, flaat act to make
twins within a pair different) that similarly influence the associatidwéen binge eating and
AUD symptoms. It is interesting that the bulimic behavior that was stgnifiwas a symptom
that maps on most closely to BN (i.e., binge eating). Yet, common nonsharesherantal
effects were not indicated for associations between compensatory behavior Brsyptoms
or DSM BN symptoms and AUD symptoms; however, there may not have been enough
variability of these symptoms in the sample (see limitations below).

The result of primary interest in the present study did not follow the main study
hypothesis. That is, although several models indicated common genetic irdluedeglying
the association between bulimic behaviors and AUD symptoms, these factors wbaee not
strongest for the Dysregulated cluster compared to the Other clestsssectionally or
longitudinally. In fact, findings indicated no change in the magnitude of shametigeffects
with changes in cluster membership. Results suggest that even though persoeatigehetty
does exist among women with BN, there may not be different etiologic effectdyimgiéhe
association between these phenotypes, based on personality. This was true for DSM BN
symptoms as well as the continuous measures of bulimic behaviors examined bk moied,
however, that the lack of a cluster effect is likely due to the lack of phenotgpici@sons
between bulimic behaviors and AUD symptoms in the Dysregulated clusterabges

Indeed, if there is no phenotypic association, there cannot be an etiologic overlap.
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Previous studies have indicated higher rates of AUDs in the Dysregulatesdt clus
compared to the Other clusters. Further, the Dysregulated cluster cprisistsly of
individuals with bulimic pathology (rather than restriction; Claes et al., 2008inBet al., in
preparation; Thompson-Brenner et al., 2008; Westen and Harnden-Fischer, 2001). Thus, the
present study predicted that the Dysregulated cluster might represent a ubigpe svithin a
larger group of individuals with BN or bulimic behaviors that may be more closelylinke
etiologically to AUDs. Yet, associations between these disorders welleasohaften
nonsignificant in the Dysregulated cluster. It is unclear why this was $lee €ne possibility
was the use of AUD symptom counts, rather than a continuous measure of AUDg.b# that
more significant associations would have been identified had a continuous measuretesn us
variability would be increased and a wider range of problems would be present imghe sa
(i.e., low levels of alcohol use to problematic alcohol use). Indeed, although one of the previous
studies that indicated that common genetic factors underlie the associatterrb8&N and
AUDs also used a measure of AUD diagnoses (Baker et al., 2010), the other studydindin
shared etiology between these disorders used a continuous measure of alc@lahas8(rt et
al., in preparation). Thus, the present study may have been limited in its abilitg¢osdetred
genetic transmission between BN and AUDs given that only a measurguodstia symptoms
of AUDs was available. Although in some instances, shared genetic transmias indicated,
these estimates were small which may have been due to the use of diagngabonsyati
AUDs rather than a continuous measure. This may have also inhibited the alfifit} t
significant cluster effects. Future examinations of these associatithiis the Dysregulated

may want to use a continuous measure of alcohol use.
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In general, cluster membership did not moderate unique genetic or unique environmental
effects on bulimic behaviors and in cases where it did, these effects weréosmatlerate in
magnitude. Although changes in the unique genetic and environmental effects on bulimic
behaviors by cluster membership were not hypothesized, it is not surprising giviére tha
Dysregulated cluster typically only consists of women exhibiting bulimi@biors (rather than
restriction as in the case of anorexia nervosa, restricting type) in dnstigtic studies of
women with eating disorders (Claes et al., 2006; Perkins et al., in preparation; dhemps
Brenner et al., 2008; Westen and Harnden-Fischer, 2001). Therefore, it maytbe that
personality traits that characterize this cluster contribute to thebhkiytaf BN. In fact, this
may aid in explaining the heritability ranges that are found in studies thatrexthe magnitude
of genetic factors in BN and bulimic behaviors among full samples (i.e., Bldsang8-83%
and bulimic behavior ranges = 41-70%; Bulik et al., 1998, 2003; Kendler et al., 1991, 1995;
Klump et al., 2000; Kortegaard et al., 2001; Reichborn-Kjennerud et al., 2003, 2004; Rowe et al.,
2002; Sullivan et al., 1998; Wade et al., 1999; Walters et al., 1992). That is, a sample consisting
of women with BN will include those in the Dysregulated cluster as well as th@3ther
clusters so heritability may be diluted.

Despite the novelty of the present findings, some limitations must be notet). Firs
although the present study provided information regarding associations among both continuous
measures of bulimic behaviors and DSM BN symptom counts, there may have not been enough
variability in DSM BN symptom counts in the sample to find significant assoogtvith this
phenotype. Indeed, only about 6.5% of the sample at both time points had one or more BN
symptom. Importantly, however, although findings with DSM BN symptoms wsse le

consistent across analyses, there were some significant results intbegegsymptoms.
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Further, despite this low variability, as stated in the Methods, the examinatidhsymBotom
counts and continuous measures of bulimic behaviors was important as it allowed for the
determination of whether associations with BN are driven by particular symséom, binge
eating) or symptoms of the full syndrome.

Second, as stated previously, the present study used AUD symptom counts, rather than a
continuous measure of AUDs. It may be that had a continuous measure of alcohol use been
used, estimates of shared genetic etiology would have been larger andaigcifister
moderation would have been identified.

This study was the first to examine whether cluster membership influgrcesmmon
genetic effects on the covariance between BN and AUDs as well as the umgtie ipduence
on BN and bulimic behaviors. Additional research is therefore needed to determitherwhe
findings in the present study are replicable. Given the deleterious effélsesafmorbidity
between BN and AUDs (Dansky et al., 2000; Duncan et al., 2006; Keel et al., 1999), future
studies should continue to determine what factors might be influencing the coeaceuof
these disorders. Future longitudinal studies examining the development of BN shaud incl
measures of both AUD and personality traits, as this could aid in identifying prospesit

factors.
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APPENDIX: STUDY SUMMARY

Findings from the two studies that comprise this dissertation are summaiiaed be
the first paper, the dysregulated cluster was identified at both time pointseanerged as the
most stable profile compared to the other clusters. Examination of the exrelataled
increased levels of alcohol use disorder symptoms, depressive symptomsxigetyt and
behavioral disinhibition among the dysregulated group with stability longitigingindings
suggest that the dysregulated cluster is a relatively robust profile {hresient across
adolescence and into adulthood.

In the second paper, twin moderation models suggested small-to-moderate common
genetic transmission between bulimic behaviors and AUD symptoms. Howeved gkaetic
effects did not differ by personality cluster. Nevertheless, findings didatedic some models
that genetic influences that are unique to bulimic behaviors are higher amdygstbgulated
cluster compared to the Other clusters, suggesting an influence of peysomalitlimic
behaviors alone, but not on their association with AUD symptoms. Despite the presence of
shared genetic transmission between BN and AUDs, cluster membership dificoétiologic
associations between the phenotypes. This suggests that although personalit/rokgs be
associated with the etiology of BN, they are unlikely to account for assosidtetween BN and

AUDs and inconsistent findings in the literature regarding their shared stiolog
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Table 9

Means and Standard Deviations of Bulimic Behaviors, DSM BN symptoms, and AUD Symptoms
by Cluster at Age 17 and 25

Age 17 Age 25
Dysrequlated Other Clusters Dysrequlated Other Clusters
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

MEBS Total Score 7.93 (5.85) 6.00 (5.43) 8.63 (5.81) 5.95 (5.16)
Body Dissatisfaction 2.47 (2.18) 2.09 (1.99) 3.24 (2.27) 2.19 (2.11)
Weight Preoccupation 2.88 (2.42) 2.34 (2.31) 3.19 (2.38) 2.33 (2.18)
Binge Eating 1.66 (1.61) 0.91 (1.28) 1.34 (1.68) 0.83 (1.25)
Compensatory 0.33 (0.68) 0.25 (0.68) 0.30 (0.70) 0.20 (0.61)
Behavior
Bulimia Nervosa 0.27 (0.89) 0.12 (0.60) 0.13 (0.66) 0.17 (0.86)
Symptoms
Alcohol Composite 0.95 (2.08) 0.31 (1.04) 0.98 (1.77) 0.55 (1.31)

Note. MEBS = Minnesota Eating Behavior Survey. Raw scores for Binge E@bngpensatory
Behaviors, Bulimia Nervosa Symptoms, and Alcohol Composite shown for descriptposesir
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Table 10

Cross-Sectional and Longitudinal Phenotypic Correlations within the Dysregulated Clustetlard3lusters at Age 17 and 25

Cross-Sectional Associations L ongitudinal Associations
Age 17 AUD Symptoms Age 25 AUD Symptoms Age 17 Bulimic Behaviors and Age
25 AUD Symptoms
Age 17 Age 17 Other Age 25 Age 25 Age 25 Age 25
Dysregulated Clusters Dysregulated Other Clusters Dysregulated  Other Clusters

Bulimic Behaviors (n=92-262) (n=509-968) (n=313-432) (n=577-742) (n=178-386) (n=342-670)
MEBS Total Score .25* 4% .06 .09* .07 24**
Body Dissatisfaction 24* 2% -.01 .05 .06 20%*
Weight Preoccupation A2 .08 .03 .07 .07 A15*
Binge Eating 21* 5% A1 A1** .02 22%*
Compensatory Behavior — .29** 3% .09 15%* A7 22%*
DSM BN Symptoms .16* .05 5% .08* -.01 .05

Note.AUD = Alcohol Use Disorder; MEBS = Minnesota Eating Behavior Survey; DSM-Biagnostic and Statistical Manual
Bulimia Nervosa. Sample sizes vary due to missing data. * p < .05, ** p <.01.
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Table 11

Fit Statistics for GXE in the Presence g Models of the Association between Bulimic
Behaviors and Alcohol Use Disorder Symptoms by Cluster Membership

Model -2InL df  x2 @) P AIC

Cross-Sectional Modelsat Age 17
MEBS Total Score

ACE moderation 4589.41 1690 -- -- 1209.41

AE moderation 4589.41 1695 0.00(5) .99 119941
Body Dissatisfaction

ACE moderation 4593.37 1690 -- -- 1213.37

AE moderation 4593.37 1695 0.00(5) .99 1203.37
Binge Eating

ACE moderation 4620.1831690 - -- 1240.18

AE moderation 4624.710 1695 4.53(5) .48 1234.71
Compensatory Behavior
ACE moderation 4640.2101690 -- -- 1260.21
AE moderation 4641.635 1695 1.43(5) .92 1251.64
DSM BN Symptoms
ACE moderation 6293.6162277 -- -- 1739.62
AE moderation 6293.616 2282 0.00(5) .99 1729.62
Cross-Sectional Models at Age 25
MEBS Total Score

ACE moderation 5115.3601L878 -- -- 1359.36

AE moderation 5117.823 1883 2.46(5) .78 1351.82
Binge Eating

ACE moderation 5160.6961878 -- - 1404.70

AE moderation 5161.047 1883 0.35(5) .99 1395.05
Compensatory Behavior

ACE moderation 5179.7321878 -- --  1423.73

AE moderation 5184.600 1883 4.87 (5 .43 1418.60
DSM BN Symptoms

ACE moderation 5950.4012129 -- - 1692.40

AE moderation 5950.404 2134 0.00(5) .99 1682.40

Note.DSM BN = Diagnostic and Statistical Manual Bulimia Nervosa; MEBS = Miatee

Eating Behavior Survey. Longitudinal models include age 17 bulimic behaviors a8 adg¢D
symptoms modified by age 25 cluster membership. -2InL =

-2 times log likelihood of datailf = degress of freedom; AIC = Akaike’s information criterion;
X2 = compares the ACE fully unconstrained model and AE submodel. The best-fitting model i
indicated by bold type.
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Table 11 (cont’d)

Model -2InL df X2 (df) p AIC

Longitudinal M odels

MEBS Total Score

ACE moderation 4169.821538 -- -- 1093.82

AE moderation 4169.83 1543 0.01(5 .99 1083.83
Body Dissatisfaction

ACE moderation 4183.151538 -- -- 1107.15

AE moderation 4183.15 1543 0.00(5) .99 1097.15
Weight Preoccupation

ACE moderation 4210.681538 -- -- 1134.68

AE moderation 4210.76 1543 0.07(5) .99 1124.76
Binge Eating

ACE moderation 4219.101538 -- -- 1143.10

AE moderation 4219.10 1543 0.00(5) 99 1133.10
Compensatory Behavior

ACE moderation 4239.861538 -- -- 1163.86

AE moderation 4240.36 1543 0.49(5) .99 1154.36

Note.DSM BN = Diagnostic and Statistical Manual Bulimia Nervosa; MEBS = Miatee
Eating Behavior Survey. Longitudinal models include age 17 bulimic behaviors a8 adg¢D
symptoms modified by age 25 cluster membership. -2InL =

-2 times log likelihood of datailf = degress of freedom; AIC = Akaike’s information criterion;

X2 = compares the ACE fully unconstrained model and AE submodel. The best-fitting model i
indicated by bold type.
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Table 12

Unstandardized Genetic Parameter Estimates from the Best Fitting GxE inettenee ofyeModerator Models

Model ap ac ay Bayc Bayy

Cross-Sectional Models at Age 17

MEBS Total Score

AE .75 27 g1 -.01 -.26
(.67,.82) (.10,.43) (.59,.82) (-.36,.34) (-.66,.15)

Body Dissatisfaction

AE 75 24 74 -.08 -.18
(.68,.82) (.08,.41) (.63,.85) (-.41,.24) (-.59, .18)

Binge Eating
AE 74 25 56 .16 -.13

(.67,.82) (.09,.41) (.40,.69) (-.24,.54) (-.96,.59)
Compensatory Behavior
AE 74 A7 .28 .23 .63
(.67,.81) (.00,.35) (-.22,.50) (-.13,.57) (.04,1.17)
DSM BN Symptoms
AE .75 .04 .60 .10 -.29
(.67,.82) (-.08,.17) (.44,.72) (-.14,.35) (-.60, .08)

Note. MEBS = Minnesota Eating Behaviors Survey; BN = Bulimia Nervosa, AUD sh&lcUse Disorder. = AUD
symptoms unique genetic path (except for longitudinal models where this estimates behaviors unique genetic path);

a: = common genetic path;, & bulimic behaviors unique genetic path (except for longitudinal models where thnatesti

AUD symptoms unique genetic patfg,: = common genetic moderation effefés,, = unique genetic moderation effect.
Alcohol use disorder symptoms were assessed using DSM-I1I-R critega &7aand DSM-1V criteria at age 25. DSM BN
symptoms were assessed using DSM-1V criteria at both time points.yNiwepercent confidence intervals are in parentheses.
Significant effects are indicated by boldface.
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Table 12 (cont'd)

Model ap ac a Bayc Baxy

Cross-Sectional M odels at Age 25

MEBS Total Score
AE .58 14 74 .06 .09
(.49, .67) (-.04,.31) (.65,.84) (-.24,.37) (-.11,.27)

Binge Eating
AE .58 .06 .62 .10 .16

(.49, .67) (-.11,.23) (.b1,.72) (-.18,.38) (-.06, .36)
Compensatory Behaviors
AE .58 13 .67 .02 -.25
(.49, .67) (-.05,.30) (.56,.76) (-.31,.37) (-1.25,.04)
DSM BN symptoms
AE .59 (.50, .05 53 23 -.16
.67) (-.12,.21) (.40,.64) (-.01,.48) (-.56,.10)

Note. MEBS = Minnesota Eating Behaviors Survey; BN = Bulimia Nervosa, AUD sh&lcUse Disorder. = AUD
symptoms unique genetic path (except for longitudinal models where this estimlatas behaviors unique genetic path);

ac:= common genetic path; & bulimic behaviors unique genetic path (except for longitudinal models where timatest

AUD symptoms unique genetic patBg,: = common genetic moderation effelés,, = unique genetic moderation effect.
Alcohol use disorder symptoms were assessed using DSM-III-R critega &7aand DSM-IV criteria at age 25. DSM BN
symptoms were assessed using DSM-IV criteria at both time points.yNivepercent confidence intervals are in parentheses.
Significant effects are indicated by boldface.
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Table 12 (cont'd)

Model ap ac ay Bayc Bayy

L ongitudinal M odelswith Age 17 Bulimic Behaviors and Age 25 AUD Symptoms

Age 25 Cluster Membership and Age 17 MEBS Total Score

AE 72 A7 33 -.03 51
(.61, .83) (.01, .33) (.17, .47) (-.34, .28) (.24, .73)

Age 25 Cluster Membership and Age 17 Body Dissatisfaction

AE 77 .16 .35 -.01 49
(.66, .87) (.00, .31) (.20, .48) (-.30, .29) (.24, .71)

Age 25 Cluster Membership and Age 17 Weight Preoccupation

AE .64 14 34 -11 53
(51,.76) (-.06,.31) (.19,.47) (-.45, .24) (.28, .74)

Age 25 Cluster Membership and Age 17 Binge Eating

AE .61 .08 .35 .07 48
(.46,.73) (-.14,.29) (.20, .49) (-.31, .45) (.21, .71

Age 25 Cluster Membership and Age 17 Compensatory Behaviors

AE 48 .36 24 -.20 .61
(.26, .64) (.12, .54) (-.03, .42) (-.54, .19) (.36, .85)

Note. MEBS = Minnesota Eating Behaviors Survey; BN = Bulimia Nervosa, AUD stlcUse Disorder. =
symptoms unique genetic path (except for longitudinal models where this estimates behaviors unique genetic path);

a: = common genetic path;, & bulimic behaviors unique genetic path (except for longitudinal models where tmatest

AUD symptoms unique genetic patig,c = common genetic moderation effefés,, = unique genetic moderation effect.
Alcohol use disorder symptoms were assessed using DSM-III-R critega &7aand DSM-1V criteria at age 25. DSM BN
symptoms were assessed using DSM-1V criteria at both time points.yNiwepercent confidence intervals are in parentheses.

Significant effects are indicated by boldface.
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Table 13

Unstandardized Nonshared Environmental Parameter Estimates from the Best Fitfing (88 Presence ofg Moderator Models

Model &% & & Bexc Bexu
Cross-Sectional Models at Age 17
MEBS Total Score
AE .66 -.03 .63 .18 .28
(.61,.71) (-.14,.08) (.56,.72) (-.13,.49) (.03,.50)
Body Dissatisfaction

AE .66 -.03 .62 22 .23
(61,.71) (-.14,.08) (.55,.70) (-.07,.50) (-.01, .46)

Binge Eating

AE .66 .05 .76 -.10 22

(.62,.71) (-.08,.18) (.68,.86) (-.43,.28) (-.25,.51)
Compensatory Behavior
AE .66 .06 .92 -11 -.44
(.62,.71) (-.10,.21) (.83,1.01) (-.38,.21) (-.63,.04)
DSM BN Symptoms
AE .66 .03 71 .10 57
(61,.71) (-.07,.13) (.63,.81) (-.15,.34) (.39,.73)

Note. MEBS = Minnesota Eating Behaviors Survey; BN = Bulimia Nervosa, AUD stlcUse Disorder. &= AUD symptoms
unique nonshared environmental path (except for longitudinal models where thigessbaoianic behaviors unique nonshared

environmental path);.e= common nonshared environmental paths éulimic behaviors unique nonshared environmental path
(except for longitudinal models where this estimates AUD symptoms unique reshgimarronmental patheyc = common

nonshared moderation effefy, = unique nonshared moderation effect. Alcohol use disorder symptoms were assessed using
DSM-III-R criteria at age 17 and DSM-IV criteria at age 25. DSM Bi@ypms were assessed using DSM-1V criteria at both
time points. Ninety-five percent confidence intervals are in parentheggsficant effects are indicated by boldface.
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Table 13 (cont'd)

Model & & & Bexc Bexu
Cross-Sectional Models at Age 25
MEBS Total Score
AE .78 .07 .58 -.10 .10
(.73,.84) (-.038,.17) (51,.65) (-.30,.11) (-.05,.25)

Binge Eating
AE 78 20 67 -.15 A1

(.73,.84) (.09,.31) (.60,.75) (-.35,.06) (-.05,.27)
Compensatory Behavior
AE .78 .09 .63 -.09 40
(.73,.84) (-.01,.20) (.56,.71) (-.34,.15) (.23,.56)

DSM BN symptoms
AE .78 .07 .80 -11 .16
(.73,.84) (-.05,.18) (.73, .88) (-.30, .08) (.03, .29)

Note. MEBS = Minnesota Eating Behaviors Survey; BN = Bulimia Nervosa, AUD stlcUse Disorder. &= AUD symptoms
unique nonshared environmental path (except for longitudinal models where thigessbolanic behaviors unique nonshared

environmental path);.e= common nonshared environmental paths éulimic behaviors unique nonshared environmental path
(except for longitudinal models where this estimates AUD symptoms unique reshgmarronmental patheyc = common

nonshared moderation effefy, = unique nonshared moderation effect. Alcohol use disorder symptoms were assessed using
DSM-III-R criteria at age 17 and DSM-IV criteria at age 25. DSM Bi@pms were assessed using DSM-1V criteria at both
time points. Ninety-five percent confidence intervals are in parentheggsficant effects are indicated by boldface.
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Table 13 (cont'd)

Model & e e Bexc Bexu
L ongitudinal Modelswith Age 17 Bulimic Behaviors and Age 25 AUD Symptoms
Age 25 Cluster Membership and Age 17 MEBS Total Score

AE .65 .10 N -11 -.01
(.58,.74) (-.04,.25) (.70,.84) (-.40,.17) (-.15, .16)

Age 25 Cluster Membership and Age 17 Body Dissatisfaction

AE .64 .09 a7 -.23 -.02
(57,.72) (-.06,.23) (.70,.83) (-.50,.04) (-.16, .15)

Age 25 Cluster Membership and Age 17 Weight Preoccupation

AE 74 .03 .78 .08 -.04
(.67,.84) (-.10,.18) (.71,.84) (-.20,.33) (-.18, .13)

Age 25 Cluster Membership and Age 17 Binge Eating

AE .78 A7 .76 -17 .00
(.70, .88) (.02,.31) (.69,.83) (-.42,.09) (-.14, .17)

Age 25 Cluster Membership and Age 17 Compensatory Behaviors

AE .88 .01 .75 .09 -.01
(.79,.98) (-.11,.14) (.67,.82) (-.13,.29) (-.14, .15)

Note. MEBS = Minnesota Eating Behaviors Survey; BN = Bulimia Nervosa, AUD stlcUse Disorder. &= AUD symptoms
unique nonshared environmental path (except for longitudinal models where thigessbaoianic behaviors unique nonshared

environmental path);.e= common nonshared environmental paths éulimic behaviors unique nonshared environmental path
(except for longitudinal models where this estimates AUD symptoms unique reshgimarronmental patheyc = common

nonshared moderation effefgy, = uniqgue nonshared moderation effect. Alcohol use disorder symptoms were assagsed usi
DSM-III-R criteria at age 17 and DSM-1V criteria at age 25. DSM Bi@pms were assessed using DSM-1V criteria at both
time points. Ninety-five percent confidence intervals are in parentheggsficant effects are indicated by boldface.
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Unique Genetic and Environmental Influences on Age 17
MEBS Total Score by Age 17 Cluster Membership

Unstandardized Variance
Components

Other Clusters Dysregulated

Cluster

Figure 3. Unstandardized variance components of unique genetic (A) and nonshared
environmental (E) influences on age 17 MEBS total score by age 17 cluster nstembe
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Unique Genetic and Environmental Influences on Age 17
DSM BN Symptoms by Age 17 Cluster Membership

Unstandardized Variance
Components

Other Clusters Dysregulated

Cluster

Figure 4. Unstandardized variance components of unique genetic (A) and nonshared
environmental (E) influences on age 17 DSM BN symptoms by age 17 cluster rsleimbe

93



Unique Genetic and Environmental Influences on Age 25
Compensatory Behavior by Age 25 Cluster Membership

Unstandardized Variance
Components

Other Clusters Dysregulated

Cluster

Figure 5. Unstandardized variance components of unique genetic (A) and nonshared
environmental (E) influences on age 25 compensatory behavior by age 25 clustershgmber
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Unique Genetic and Environmental Influences on Age 25
DSM BN Symptoms by Age 25 Cluster Membership

Unstandardized Variance
Components

Other Clusters Dysregulated

Cluster

Figure 6. Unstandardized variance components of unique genetic (A) and nonshared
environmental (E) influences on age 25 DSM BN symptoms by age 25 cluster rsleimbe
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@

ac * Pxc*Cluster
3 ay + PxurCluster
A 4
AUD bulimic
symptoms behaviors
counts

Figure 7. GXE in the Presence gfgModel. a, = genetic effects that are specific to the first
phenotype (i.e., unique) to AUD; & genetic effects that are common between the phenotypes;
a, = genetic effects that are unique to bulimic behaviiyss coefficient representing

moderation between the common path and the modepatpr; coefficient representing
moderation between the unique path and the moderator; Cluster = moderator value (coded as:
Other clusters [0] and Dysregulated [1]). The unstandardized common genagadeflon the

association between bulimic behaviors and AUD symptoms is indicated by the equatit
*Cluster. The shared (C) and nonshared (E) environmental components are not shown.
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