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TPH2 gene influences impulsivity

Abstract

Objective Genes are involved in anorexia nervosa (AN) akdyasymptom of different
types of eating disorders (ED), self-induced vomgit{SV). Perfectionism and impulsivity
are possible predisposing personality featuregrCould genetic variation in the
Tryptophan Hydroxylase ZIPH2) gene, previously associated with AN and SV (®pf-t
Landt et al., 2011), explain the overlap between fectionism and impulsivity?
Method Perfectionism and impulsivity scores were comgdretween 324 participants
with ED and 240 controls. Subsequently, the gerstiociation between folPH2 SNPs
and perfectionism/impulsivity was evaluated. Finsa random twin-based control group
(N=512), and secondly within ED participants.

Results ED participants report higher levels of perfeoisin and impulsivity than controls.
The minor alleles oTPH2rs1473473 (OR=1.4%=0.04) and rs1007023 (OR=1.60,
p=0.02) were more frequent in impulsive controlg, &so in impulsive participants with
ED (OR=1.79p=0.05 and OR=1.83=0.02, respectively).

Discussion Genetic variation at thEPH2 gene appeared to affect impulsivity which in turn
might predispose to the ED phenotype.
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Chapter 6

Eating disorders have chronicity and mortality satdnich are among the highest in the
field of psychiatry (Nielsen et al., 1998). The mfasniliar types of eating disorders are
anorexia nervosa (AN) and bulimia nervosa (BN). idegr, the majority of eating disorder
patients (about 60%) do not meet strict DSM-IV diastic criteria for either of these types,
and therefore belong to the eating disorder narotise specified (EDNOS) category
(Fairburn & Bohn, 2005). An important symptom tieashared among the different types
of eating disorders (AN purging type, BN, and EDN@Sself-induced vomiting (SV),
which has been associated with greater clinicadisgvand higher novelty seeking (Dalle
Grave et al., 2009; Reba et al., 2005).

Despite substantial efforts to identify causahpatys for AN and BN, very little is
known about the aetiology of eating disordersohgitudinal and cross-sectional studies,
several risk factors have been proposed, includégg a woman, elevated weight and
shape concerns, negative self-evaluation, diefiagfectionism and possibly impulsivity
(Fairburn et al., 1997; Fairburn et al., 1998; baet al., 2004; Stice, 2002). Population-
based twin studies have yielded moderate to sulisitheritability estimates (8%-83%) for
eating disorders and self-induced vomiting in worualik et al., 2006; Slof-Op 't Landt et
al., 2005; Sullivan et al., 1998a; Wade et al.,81)0

In this paper we explore the hypothesis that pfttie heritability of eating disorders
may be explained by heritable aspects of perfeistomnd impulsivity, which are
consistently associated to AN and /or BN (Cassivo& Ranson, 2005). Both
perfectionism and impulsivity remained presentraféeovering from an eating disorder
(Bastiani et al., 1995; Kaye et al., 1998; Liledfet al., 2000; Srinivasagam et al., 1995;
Wagner et al., 2006). In addition, elevated lewdlgerfectionism were observed in
relatives of individuals with AN and BN (Lilenfelet al., 2000; Woodside et al., 2002).
These findings suggest that perfectionism and isigity may be of potential aetiological
relevance for eating disorders.

The Multidimensional Perfectionism Scale (MPS)ealeped by Frost et al. (Frost et
al., 1990) is one of the most widely used instruraém measure perfectionism. This scale
distinguishes six dimensions of perfectionism,dbee three dimensions were moderate to
substantially heritable (0.29 to 0.42) (Tozzi et 2004). The Dickman Impulsivity
Inventory (DII; (Dickman, 1990) distinguishes twarins of impulsivity (dysfunctional and
functional). This same distinction was observed factor analysis based on the DlIl, the
Eysenck Impulsiveness Questionnaire, and the Bamaulsiveness Scale in a Flemish
population (Bastiaens et al., 2003). For the Déls¢he highest factor loadings and highest
internal consistency was observed. A substantidtatdity of approximately 45% has
been estimated for different impulsivity measutdar(& Bouchard, Jr., 1997; Pedersen et
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al., 1988; Seroczynski et al., 1999). To obtairfeztionism and impulsivity scores in a
large random control group, we have selected termstfrom the Youth Self Report (YSR)
(Levinson, 2005; Verhulst et al., 1997) questiormaio represent these behaviours in the
current study.

Recently we observed an association between phato hydroxylase 2ZTPH2) SNP
rs1473473 and ANpE0.04) as well as ED characterized by $¥Q.03) (Slof-Op 't Landt
et al., 2011). Trend significant associations warserved for TPH2 rs12231356,
rs1007023 and rs4760828<0.09). In a subsequent meta-analysis with twotamhdil
independent case-control populations the assonidtbwveen rs1473473 and both disorders
(AN p=0.009, SWp=0.01) was replicated. THEPH2 gene encodes tryptophan hydroxylase
in the brain (Zill et al., 2007). This enzyme cgsals the formation of 5-
hydroxytrypthophan, which is the first and rateedgtining step in the biosynthesis of the
neurotransmitter serotonin. In individuals with determ recovered AN and BN elevated 5-
hydroxyindoleacetic acid levels in cerebrospinaidiwere detected (Kaye et al., 1991;
Kaye et al., 1998). This is the major metabolits@fotonin in the brain and body and is
thought to reflect extracellular serotonin concatitins. This finding thus could be
indicative of an ‘overactive’ serotonin system atieg disorders, which in turn could be
caused by an increased function of TiRH2 gene. It has been hypothesized that a
disturbance of serotonin activity may create a erdbility for a cluster of symptoms that
are common to both AN and BN, for example perfegtim and impulsivity/control (Bruce
et al., 2005; Kaye et al., 1998; Racine et al. 2@®eiger et al., 2001; Steiger et al., 2004;
Steiger et al., 2005).

In the current study, we investigated whether emariation at th@PH2 gene
explains the overlap between eating disordersegptohism and impulsivity, by
performing three analyses. Firstly, extensive phgsio analyses were conducted to
evaluate the association between the perfectioaisiimpulsivity phenotypes, as
measured by the MPS and DIl, and AN and SV in 3di@pants with eating disorders
from the GenED study and 240 controls without amgalisorder. DNA was not collected
for this control group. Secondly, to study the ilwemnent of theTPH2 gene in
perfectionism and impulsivity items (YSR) in thesabce of disease, foilPH2 SNPs
were evaluated in a second control group consistingndom twin-based controls
(N=512) from the Netherlands Twin Registry (NTRhirGly, for the SNPs that showed an
association with impulsivity or perfectionism irethNTR controls, we tested if this
association was also present within the particpavith eating disorders from the GenED
study for which th&’PH2 genotypes were available (N=267).
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Methods

Participants

This study was approved by the ethics committeédei/U University and by the ethics
committee for mental health instutions in the Nddres (METIGG). All participants (and
if underage, their parents) gave written informedsent. In this study we distinguish three
groups (Table 6.1): 1. participants with eatingdiers from the GenED study, for whom
extensive perfectionism and impulsivity phenoty(d®S, DIl, and YSR) and DNA was
available; 2. controls without an eating disorder, whom extensive perfectionism and
impulsivity phenotypes (MPS and DII) but no DNA wasilable; 3. random twin-based
controls from the NTR, for whom less extensive petibnism and impulsivity phenotypes
(YSR) and DNA was available.

The GenED study.

Female eating disorder patients (N=322) were regmiuthrough 10 specialist eating
disorder units throughout the Netherlands (the Gesttdy). DSM-IV eating disorder
diagnoses were made by experienced clinicians t@sadsemi-structured interview at
intake, and by the self-report eating disorder ération questionnaire (Fairburn & Beglin,
1994). Of the 322 participants, 218 fulfilled maei DSM-1V criteria for AN (excluding
criterion D, amenorrhea). Based on the eating de&sogexamination questionnaire and
assessment interviews, we defined a subgroup tGtipants (n=189) who reported regular
self-induced vomiting (SV). These two groups weaetly overlapping, 85 participants
belonged to both groups, thus the eating disordmrmgwas comprised of 133 independent
participants with AN, and 104 independent partioigawith SV.

DNA was collected for all the participants of 8enED study. Howevel,PH2 SNPs
were only genotyped in part of the participantdweiiting disorders (as can be seen in
Table 6.1). For the genetic analyses in the ealisgrder groupT PH2 genotype data was
available for 267 participants with either AN or SV

Controls
A healthy control group was recruited through atisements in magazines and via internet
websites. The questionnaires collected in the Gesiily were send to 276 women, 252
women returned the questionnaire (response rag®91Twelve women were excluded
because they reported that they had a currentstreading disorder. A total of 240 women
without an eating disorder were used in the cursaudy for phenotypic comparison to
participants with AN and SV. No DNA was collectedrh these participants.
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Netherlands Twin Registry (NTR) controls
The NTR was established in the late 1980s at théMlversity in Amsterdam, the
Netherlands. Data on the multiples (twins or triglend their family members have been
collected every two to three years in longitudisaivey studies (Bartels et al., 2007;
Boomsma et al., 2002). Subsamples of the multigkr® invited to participate in
experimental and laboratory studies and providie A (Boomsma et al., 2006).
Genotype and phenotype data for a total of 512amndnrelated women from the NTR
were analyzed.

Table 6.1 Sample sizes and available phenotypganatype data in the different participating groups

MPS DIl YSR YSR TPH2
Participating Groups Perfectionism Impulsivity Perfectionism Impulsivity genotypes
GenED study
Participants with
eating disorders
(AN and/or SV) 322 315 89 89 267
Controls
Controls without an
eating disorder 240 233 - - -
Netherlands Twin Registry (NTR)
Twin-based controls - - 512 484 512

MPS=Multidimensional Perfectionism Scale, DII= Dic&n Impulsivity Inventory, YSR=Youth Self Report

Measures

Phenotypes
An overview of measurement instruments availabképarticipating groups in this study
is presented in Table 6.1. The Multidimensionaf@sionism Scale (MPS) by Frost (1990)
is a 36-item questionnaire which distinguishesdéimensions of perfectionism: Concern
over Mistakes (the negative reaction to mistakektha tendency to interpret mistakes as
equivalent to failure), Personal Standards (thénggst of high standards and the importance
placed on these standards for self-evaluationgrRal Expectations (the believe that one’s
parents set very high goals), Parental Criticidme {ielieve that one’s parents are overly
critical), Doubt about Actions (the tendency to dbabout the ability to accomplish tasks),
and Organization (the importance and preferencerer and organization). Responses
were given on five point Likert-scales, rangingnfréstrongly disagree’ to ‘strongly agree’.
The coefficients of internal consistency for thetéa scales ranged from 0.77 to 0.93 (Frost
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et al., 1990). In our control group without eatitigorders the internal consistency
coefficients were comparable and ranged from G©7291.

The Dickman Impulsivity Inventory (DIl, Dickman920) is a 23-item questionnaire
with responses in a true/false answer format. iIFfisgsument distinguishes two forms of
impulsivity: Dysfunctional Impulsivity (the tendeyto engage in rapid, error-prone
information processing in situations where thisdsioptimal) and Functional Impulsivity
(the tendency to engage in rapid, error-prone médion processing when such a strategy
is rendered optimal). The coefficient of internahsistency was 0.85 for the DI subscale
and 0.74 for the FI subscale (Dickman, 1990). Inamuntrols without eating disorders the
internal consistency coefficients were 0.75 forEhesubscale and 0.77 for the FI subscale.

The Young Adult Self Report (YASR; Achenbach, 1p8Ad the Youth Self Report
(YSR; Levinson, 2005; Verhulst et al., 1997) quastiaires belong to the Achenbach
System of Empirically Based Assessment (ASEBA, wasgba.org which provides age
adjusted instruments to assess similar facets tedaptive functioning from 1.5 to 90
years. Responses were given on three point scalethe code 0 if the item was not true, 1
for sometimes true, and 2 for often true. For tiieent study two items (item 32: | feel that
I have to be perfect, and item 4X&ct without stopping to think) from the YSR/YASR
guestionnaire were used to measure perfectionishinapulsivity.

For the genetic analyses in the eating disordaugrdata from the YSR perfectionism,
YSR impulsivity, MPS perfectionism and DIl impulg&iw measures were available to test
for association with th& PH2 SNPs.

Genotype measurements
Genomic DNA was isolated from buccal swabs forghdicipants with eating disorders
from the GenED study and for part of the contratsrf the Netherlands Twin Registry
(39%), for the remaining 61% of the genotype cdatggnomic DNA was isolated from
blood samples. Multiplex genotyping assays werégdes using Assay Designer software
(Sequenom, San Diego, CA). SNPs were genotypedasg spectrometry (the
homogeneous MassARRAY system; Sequenom, San D@#oiising standard conditions.
PCR reactions were carried out in a final volum& @il and contained standard reagents
and 2.5 ng of genomic DNA. Genotypes were assitpyaasing Genotyper version 3
software (Sequenom, San Diego, CA).

In a previous study (Slof-Op 't Landt et al., 2D1&nTPH2tagging SNPs were
selected from HapMap Public Release #19. We obdeand replicated an association
between the minor allele 3PH2 SNP rs1473473 and a higher risk for both AN (OR8].
95% CI 1.08-1.57p<0.003) and SV (OR=1.52, 95% CI 1.28-2.p40.006). Furthermore,
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trend significant associations were observed fardladditionallPH2 SNPs in participants
from the GenED study, rs12231356 was associatddAdt (OR=0.59, 95% CI 0.35-1.01,
p<0.05), rs1007023 (OR=1.40, 95% CI 0.98-2)40.06) and rs4760820 (OR=0.80, 95%
Cl 0.62-1.04p<0.09) with SV In the current study, genotypes for these four SN&=
available for 267 participants with eating disosdand 512 controls from the NTR.

Study design

In the current study we investigated whether genedriation at th& PH2 gene explains
the overlap between eating disorders, perfectiomisthimpulsivity, by performing three
analyses. In the phenotypic analyses, we testethehperfectionism and impulsivity, as
measured by the MPS and DIl scales, are differeparticipants with an eating disorder
(AN or SV) from the GenED study compared to cortmithout an eating disorder (see
Table 6.1). In addition to the MPS and DIl scaths, YSR perfectionism and impulsivity
items were obtained in a subset of the participaitts eating disorders (N=89). In these
participants, we tested the overlap between tHerdiit MPS and DIl scales and the YSR
items.

In the genetic analyses, we tested whether thelBt2 SNPs that we found
previously to be associated to eating disordef(8023, rs4760820, rs1473473, and
rs12231356; Slof-Op 't Landt et al., 2011) wereakged to perfectionism or impulsivity,
as measured by the YSR items, in the random twéedb@&ontrol group from the NTR
(N=512).

In the final analyses, we tested whetherTRéi2 SNPs, that were associated with
perfectionism or impulsivity in the NTR controlds@a showed such associations in the
participants with eating disorders from the GenERig. These analyses were performed
for the YSR items, and the MPS and DIl measuretswieae substantially correlated to
these items.

Statistical Analyses
Data from the MPS and DIl scales were tested fomatity. Natural logarithm
transformations were calculated for nonnormallyribsted data. ANOVA's were
performed to calculate the differences betweerp#récipants without eating disorders and
the participants with eating disorders (AN, SV, @mel combined group), and to compare
the two independent eating disorder groups (AN S¥iiwith each other.

The overlap between the YSR perfectionism and Isiyity items and the subscales of
the MPS and DIl in a subset of the participanthwiting disorders (N=89) was evaluated
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by calculating Pearson correlations. The MPS aridlbscales that were correlated (above
0.5) to the YSR perfectionism or impulsivity itenese used in the final genetic analyses.

In the two genetic analyses, Pearson’s Chi-Sgstatestics were calculated to compare
response frequencies of perfectionism and impuysheétween carriers and non-carriers of
the minor allele of th@PH2 SNPs, and between the differ8iH2 genotypes. In the NTR
controls these analyses were performed for the ¥&Rs, whereas the YSR items, the
MPS and the DIl subscales were tested in the fjzatits from the GenED study. All
statistical analyses were performed in SPSS vef®ofSPSS, Chicago, IL).

Results

Phenotypic analyses

The controls without eating disorders (N=240) waneaverage four years older (mean
age=31.7, SD=11.3) than the participants with ANdmage=27.1, SD=9.4), and with SV
(mean age=27.8, SD=9.8). As expected, the BMI vgasfecantly different between the
controls (mean BMI=22.4, SD=3.4) and the partictpanith AN (mean BMI=16.6,
SD=2.9). Within the control group a significantexff for age on the perfectionism scales
Personal Standards and Parental Criticism was wddetherefore the subsequent case-
control analyses were adjusted for age.

As can be seen in Table 6.2, the participants @ating disorders scored significantly
higher on all perfectionism scales and the Dysfonal Impulsivity scale (except for
participants with AN), whereas the score on Fumaidmpulsivity was significantly lower
in participants with eating disordersValues ranging from 0.003 to 5.8 x ¥ Within the
eating disorder group, the participants with ANrscbsignificantly higher than the
participants with SV on the perfectionism scaless&eal Standard$(232)=3.063p<0.01)
and Organizationt(234)=3.882p<0.01). Dysfunctional Impulsivity scores, on thaert
hand, were significantly higher in the participawith SV {(232)=-3.923p<0.01). When
performing nonparametric tests instead of applyiatyral log-transformations identical
results were observed (data not shown).

As expected the participants with eating disordemsed extremely different on the
perfectionism and impulsivity scales compared todbntrols without an eating disorder.
Because the differences between participants wiraAd with SV were minimal, and the
scores in comparison to the controls went in tmeesdirection, the combined AN/SV
group was used in the subsequent genetic analyses.
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Table 6.2. Comparison of MPS and DIl scales betweamirols and independent AN, independent SV, Atlfem
SV combined

Controls AN p SV p AN/ SV p
(N=240) (N=133) (N=104) (N=322)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

MPS:
CM  157(6.2) 30.9(9.0) * 286(9.5 ** 3049  *
PS  17.2(6.0) 26.8(5.7) * 246(7.2) *  26.0(6.5) **
PE 73(34) 95(.1) * 9347 * 9.5 (4.9) ok
pC 54(27) 81(42) * 84(44) *  8.4(4.4) wx
DA 7.2(31) 13.0(4.0) ** 125(4.6) * 131(41 *

o) 195(5.2) 24.4(53) ** 216(5.6) *  23.4(5.6) **
DII:

FI 6.6(2.7) 3.7(28) * 42(28) *  38(28) **
DI 1.8(22) 2328 NS. 3735 * 30(3.2 *

MPS=Multidimensional Perfectionism Scale: CM=Comcever Mistakes; PS=Personal Standards; PE=Parental
Expectations; PC=Parental Criticism; DA=Doubt abctions; O=Organization. Dll=Dickman Impulsivity
Inventory: Fl=Functional Impulsivity; DI=Dysfuncti@l Impulsivity.

! Analyses in PC and PS corrected for age

*p<5x10*

** n<5x109

The two YSR items measuring perfectionism and isipily were also present in a
subset of the eating disorder group (N=89). TalBepBesents the Pearson’s correlations
between the different MPS and DIl scales and thR ¥&ms. For the YSR perfectionism
item the highest correlation was observed withMiRS scales Concern over Mistakes
(r=0.53) and Personal Standards (r=0.51). The lediwa between the YSR impulsivity
item and the Dysfunctional Impulsivity scale of tbd was 0.61.

Table 6.3 Pearson correlations between YSR itedvi?S and DIl scales in participants with eatingpdilers
(N=89)

MPS DIl
YSR-item CM PS PE PC DA ) Fl DI
Perfectionism 0.53* 0.51* 0.01 0.05 0.38* 0.21*
Impulsivity 0.01 0.61*

MPS=Multidimensional Perfectionism Scale: CM=Comcever Mistakes; PS=Personal Standards; PE=Parental
Expectations; PC=Parental Criticism; DA=Doubt abctions; O=Organization. Dll=Dickman Impulsivity
Inventory: FI=Functional Impulsivity; DI=Dysfuncti@l Impulsivity.

** Correlation is significant at the 0.01 level {@{ed)

* Correlation is significant at the 0.05 level @ted)
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Genetic analyses in twin-based controls
The NTR control group had a mean age of 29.3 (SB)lahd a mean BMI of 22.9
(SD=4.1). For the YSR perfectionism response fraqies were 47.7% score 0, 41.6%
score 1, and 9.3% score 2. The response frequeiociee YSR impulsivity item were
45.9% score 0, 49.6% score 1, and 4.5% score 2uBedess than five percent of the
controls reported an impulsivity-score of 2, thep@nses were merged into two answer
categories (absent/present, Impulsivity 1 / 2).

In Table 6.4 the genotype counts and minor affelguencies of the folfPH2 SNPs
are shown per perfectionism category. As a compaitise MAF in participants with AN
and/or SV are also listed in this table.

Table 6.4 Genotype counts and minor allele freqiesn@1AF) for the foulTPH2 SNPs per perfectionism
category within a control sample (as reference NiAEombined AN/SV group are included)
Rs1007023 Rs476820 Rs1473473 Rs12213156

Perfectionism 0  Genotype 11 (n) 200 77 187 203
(N=244) Genotype 12 (n) 34 126 43 39
Genotype 22 (n) 10 37 10 1
MAF 0.11 0.42 0.13 0.08
Perfectionism 1 Genotype 11 (n) 154 72 150 178
(N=213) Genotype 12 (n) 54 101 55 33
Genotype 22 (n) 4 38 5 2
MAF 0.15 0.42 0.16 0.09
Perfectionism 2  Genotype 11 (n) 10 14 43 50
(N=55) Genotype 12 (n) 4 28 11 5
Genotype 22 (n) 1 13 1 0
MAF 0.12 0.49 0.12 0.05
Association Genop 0.02 0.51 0.21 0.61
Allele p 0.26 0.34 0.47 0.35
AN/SV (N=267) MAF 0.15 0.39 0.19 0.06

For rs1007023 a significant difference in genotfrpguency was observed between
the three perfectionism categories. However, redialissociation was observed and the
genotypic effect appeared to be due to a highguirecy of heterozygotes in the ‘middle
perfectionism’ category compared to lower frequesdaf heterozygotes in both the ‘no
perfectionism’ and ‘high perfectionism’ group, aischot considered robust.

For impulsivity (Table 6.5) two SNPs showed a #igant association. Both genotypic
and allelic associations were observed for rs108708e minor allele of this SNP was
more frequent in impulsive controls compared to mopulsive controls (OR=1.60, 95% CI
1.08-2.36p=0.02). Furthermore, the minor allele of rs14734 &3 &lso more frequent in
the impulsive controls (OR=1.49, 95% CI 1.02-2{%0.04) compared to the non-
impulsive controls. The linkage disequilibrium (LBgtween the twdPH2 SNPs was high
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(D'= 0.95, ’=0.74), therefore haplotype analyses with thesesSM#te performed in New
Thesias (http://ecgene.net/genecanvas/uploads/TAES1). The combined haplotype of
the minor alleles was significantly more frequemttie impulsive controls compared to the
non-impulsive controls (OR=1.58, 95% CI 1.05-23%0.03).

Table 6.5 Genotype counts and minor allele freqiesn@®1AF) for the four TPH2 SNPs per impulsivitytegory
within a control sample (as reference MAF in conebi®AN/SV group are included)

Rs1007023 Rs476820 Rs1473473 Rs12213156

Impulsivity 0 Genotype 11 (n) 179 66 172 188
(N=222) Genotype 12 (n) 41 117 42 33
Genotype 22 (n) 2 37 4 1
MAF 0.10 0.43 0.12 0.08
Impulsivity 1 /2  Genotype 11 (n) 195 90 187 221
(N=262) Genotype 12 (n) 54 125 62 39
Genotype 22 (n) 13 43 11 2
MAF 0.15 0.41 0.16 0.08
Association Genop 0.03 0.50 0.13 0.91
Allele p 0.02 0.43 0.04 0.85
AN/SV (N=267) MAF 0.15 0.39 0.19 0.06

Genetic analysis in participants with an eatingadder

The YSR impulsivity item an@PH2 genotypes were available for 79 participants \ith
and/or SV. The reported frequencies for YSR impitisiwere 34.2% score 0, 50.6% score
1, and 15.2% score 2. In accordance with the NTiRrots, the responses on the YSR
impulsivity item were merged into two answer catégm(absent/present, Impulsivity 1 /
2). In the eating disorder group the minor allel€both rs1007023 and rs1473473
appeared to be more frequent in the impulsive gipehts compared to the non-impulsive
participants (14.8% vs 25.0%), although this effidtnot reach significance (OR=1.97,
95% CI 0.80-4.59p=0.14).

In the final analyses, it was evaluated whetheTPH2 SNPs rs1007023 and
rs1473473 were also associated to the Dysfunctiomallsivity scale in the eating
disorder group. The responses on this impulsiibleswere also merged into two answer
categories, 31% of the participants reported tngtisivity was absent whereas 69%
reported that impulsivity was present. The mind¢glas of both rs1007023 and rs1473473
were more frequent in the impulsive participantsipared to the non-impulsive
participants (rs1007023: 10.6% vs 17.5%, OR=1.7% @3 1.01-3.17p=0.05; rs1473473:
13.1% vs 21.6%, OR=1.83, 95% CI 1.08-3.08).02). The combined haplotype of the
minor alleles was significantly more frequent ie impulsive participants with eating
disorders compared to the non-impulsive participé®R=2.12, 95% CI| 1.11-4.04,
p=0.02).
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Because the LD structure among fieH2 SNPs was not independent, adjustingphe
value for the actual number of tests would be gvetringent. An interface developed by
Nyholt (2004;_http://genepi.gimr.edu.au/generaB8dENP SpD); was used to determine
experiment-wide significarg-values for the analyses in the control wome+0(017), and
the ED patientsp<0.041). Thus, the association between impulsiitg rs1007023 in the
control women§=0.018) came close to significance, while the dssion between
rs1473473 and impulsivity in the patienps0.02) remained significant after correction for
multiple testing.

Discussion

In the current study it was shown that perfectionénd impulsivity are related to AN and
SV. Because the hypothesis of the study was bgseal the assumed relation between
these features and eating disorders (Cassin & \arséh, 2005), we first confirmed this
association in a sample consisting of 324 partidipavith eating disorders and 240 controls
without an eating disorder. To study the involvet@iTPH2in perfectionism or
impulsivity in the absence of disease, the relatietween th8 PH2 SNPs and a
perfectionism and impulsivity item was subsequeatigluated in a random twin-based
control group. It was shown that thi@H2 SNP rs1473473 that was associated with a
higher risk of both AN as well as SV previouslydB0Op 't Landt et al., 2011), was
associated with higher impulsivity in the contr@@R =1.49, 95% CI 1.02-2.1=0.04).
In addition, the nearby located rs1007023 showeelvan stronger association with higher
impulsivity (OR=1.60, 95% CI 1.08-2.36570.02). In our previous study, a trend
association was observed between this SNP andcharhiigk of SV, although this
association could not be replicated in two add#laase-control samples. Finally, in the
combined AN/SV group an association between Dysfonal Impulsivity (DIl) andTPH2
rs1007023 (OR=1.79, 95% CI 1.01-3.p#0.05) and rs1473473 (OR=1.83, 95% CI 1.08-
3.08,p=0.02) was observed.

The observed significant difference between piaditts with AN and participants with
SV in the perfectionism scales Personal Standard<aganization, and in the
Dysfunctional Impulsivity scale was in accordandthwhe study by Reba et al. (2005).
They also reported that individuals with eatingoditers who endorse vomiting scored
lower on the Personal Standards and Organizat@iesof the MPS compared to
participants who do not vomit. Furthermore, botlb&et al. (2005) and Dalle Grave et al.
(2009) have shown significantly higher scores antbmperament and Character
Inventory scale Novelty Seeking in individuals wdradorse vomiting compared to those
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without vomiting or purging. Impulsivity is also msured as a subscale of the Novelty
Seeking scale (Cloninger et al., 1993). Whitesids.2001) showed that this Impulsivity
subscale of the Temperament and Character Invelttadg on the same underlying factor
as the Dysfunctional Impulsivity scale, suggestimgt these scales measure the same
underlying construct.

The haplotype analyses revealed that the assmtiagitween impulsivity and the
combined haplotype of rs1007023 and rs1437473 wastronger than the effect observed
for rs1007023 alone in the controls. In the pgptaits with eating disorders however, the
association between the combined haplotype wasg#radhan the effect observed for both
SNPs separately. It appears that the presenceeasdtamy disorder influences the
association betweerPH2 and impulsivity. However, the difference couldoate caused
by the difference in measurement instrument usedpife the considerable correlation
between the YSR impulsivity item and the Dysfuneiblmpulsivity scale, these scales
might not measure the same underlying construabti#er possibility is that both
rs1007023 and rs1437473 are in LD with a third genariant that underlies the
associations with eating disorders and impulsivity.

It is interesting that rs1473473T®H2 SNP associated to both AN and SV (Slof-Op 't
Landt et al., 2011), was linked to impulsivity iadithy controls and individuals with eating
disorders, while the results in Table 6.2 indidhte Dysfunctional Impulsivity scores in
AN did not differ from healthy controls. This mighé explained by the relatively small
sample sizes. The association between AN and Dgséural Impulsivity may have been
small, hence there was insufficient power to detgisteffect.

Impulsivity has been linked to alterations in $enin activity in both non-clinical
populations and in eating disordered groups (Baiad., 2005; Racine et al., 2009; Steiger
et al., 2001, Steiger et al., 2004; Steiger et28105). In addition, trend significant<0.07)
associations were observed between three 3EI2 SNPs (rs1352250, rs10879352, and
rs1487275) and cognitive impulsivity in childrenttvADHD (Oades et al., 2008). There is
substantial LD between these SNPs and rs1007028&4d@3473, D’ ranges from 0.9 to
1.0 and tis between 0.21 and 0.46. Furthermore, genetiatiam at theTPH2 gene have
been associated with suicide attempts (Yoon & KI09; Zhou et al., 2005; Zill et al.,
2004), response inhibition (Stoltenberg et al.,&0behaviors that are linked to
impulsivity (Congdon & Canli, 2008). Indicating thgenetic variation at this locus may
contribute to mental conditions characterized bgutsivity like SV.

The current study has several limitations. Fissth the present study design we could
not test whether the association between impusandTPH2was underlying the
previously reported association between eatingdéss andrPH2 Because YSR
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impulsivity was only measured in a small subsdhefparticipants with eating disorders,
we did not have sufficient power to adjust the pres case-control association analyses
with impulsivity scores. Another approach to detieera causal relation is to evaluate, in a
longitudinal prospective design, whether carridrhe minor alleles of rs1007023 and
rs1473473 who are impulsive will also develop atingadisorder more frequently than
non-carriers or non-impulsive carriers. As menttbabove, there was a difference in
measurement instruments used in the twin-basedatsrfitom the NTR and the
participants with eating disorders from the GenkilRlg. Because we were not able to
collect DNA from the healthy control group usedhe phenotypic analyses, we could not
evaluate whether an association with Dysfunctidmglulsivity was also present in controls
without an eating disorder, which is subject fatlier research. Finally, sample sizes of the
eating disorder groups were modest. Hence, we rhigfe missed associations due to
suboptimal statistical power.

In the present study we have reported that twhepreviously identified
susceptibility SNPs for eating disordersTiAH2 showed an association with impulsivity in
a twin-based control group. Carriers of the mintales of rs1473473 and rs1007023 did
not only have a higher risk for SV and/or AN, bugresalso more prone to higher
impulsivity. Interestingly, these same two SNPsenaso associated with high impulsivity
in individuals with eating disorders. Genetic vtida at theTPH2 gene thus appears to
affect impulsivity which in turn might predisposethe AN and or SV phenotype. In future
studies we hope to explore this link further.
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