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Abstract Genes are involved in eating disorders (EDs)
and self-induced vomiting (SV), a key symptom of dif-
ferent types of EDs. Perfectionism and impulsivity are
potential risk factors for EDs. TPH2 (tryptophan hydrox-
ylase 2) SNP rs1473473 was previously associated with
anorexia nervosa and EDs characterized by SV. Could
perfectionism or impulsivity be underlying the association
between rs1473473 and EDs? Genetic association between
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TPH2 SNP rs1473473 and perfectionism or impulsivity
was first evaluated in a random control group (N = 512).
The associations obtained in this control group were sub-
sequently tested in a group of patients with an ED
(N = 267). The minor allele of rs1473473 (OR = 1.49)
was more frequent in impulsive controls, but also in
impulsive patients with an ED (OR = 1.83). The largest
effect was found in the patients with an ED characterized
by SV (OR = 2.51, p = 0.02). Genetic variation at the
TPH?2 gene appeared to affect impulsivity which, in turn,
might predispose to the SV phenotype.

Keywords Eating disorders - Perfectionism - Impulsivity -
TPH?2 - Association analysis

Introduction

The most familiar and well-described eating disorders (EDs)
are anorexia nervosa (AN) and bulimia nervosa (BN). How-
ever, the majority of ED patients (about 60 %) do not meet
strict Diagnostic and Statistical Manual of Mental Disorders,
4th Edition (DSM-IV(American Psychiatric Association
1994)) diagnostic criteria for either of these types, and there-
fore belong to the ‘ED not otherwise specified’ category
(Fairburn and Bohn 2005). An important symptom that is
common in different types of ED (in about 35 % of AN
patients, and 90 % of BN patients) is self-induced vomiting
(SV), a method to lose body weight or prevent weight gain
(Ben-Tovim et al. 1989; Garner et al. 1993).

In our study (Slof-Op ’t Landt et al. 2011), we observed
a significant association between the minor C-allele of the
TPH2 single nucleotide polymorphism (SNP) rs1473473
and AN as well as EDs characterized by SV. This associ-
ation was subsequently replicated in a meta-analysis with
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two additional independent case-control samples (AN:
odds ratio [OR] = 1.25, 95 % confidence interval [CI]
1.06-1.47, p < 0.01; SV: OR = 1.34, 95 % CI 1.06-1.69,
p < 0.01) (Slof-Op ’t Landt et al. 2011). The TPH2 gene
encodes the enzyme tryptophan hydroxylase in the brain
(Zill et al. 2007), which is involved in the first and rate-
determining step in the biosynthesis of the neurotransmitter
serotonin. We hypothesized that the association acts
through variation in serotonin activity.

Impulsivity, a moderately heritable personality feature,
is consistently associated with decreased serotonin activity
in both non-clinical populations and ED groups (Bruce
et al. 2005; Carver and Miller 2006; Hur and Bouchard
1997; Pedersen et al. 1988; Racine et al. 2009; Seroczynski
et al. 1999; Steiger et al. 2001; Steiger et al. 2005). A
recent review pointed out that impulsivity can differentiate
individuals with an ED from controls (Waxman 2009).
Also after recovery from an ED impulsivity remains higher
in certain groups of recovered women compared to control
women (Wagner et al. 2006). In general, the ED groups
characterized by binge eating (AN binge-purging type, BN)
show more impulsivity than participants with restricting
type AN (Waxman 2009). This link may be explained by
the presence of binge eating alone. Fernandez-Aranda et al.
(2008) found that impulse control disorders were associ-
ated with binge eating within a group of patients with
different types of EDs. However, other studies have found
that the presence of impulsivity in the ‘binge’ EDs is not
solely explained by the symptom of binge eating, but that
purging behaviors appear to be involved as well. Both
binge eating and purging were associated with substance
abuse/dependence in women with AN (Root et al. 2010). In
addition, no difference in impulsivity scores were found
between patients with purging disorders (characterized by
purging in the absence of objective binge eating episodes)
and patients with BN (Brown et al. 2011; Keel et al. 2005).
Two studies even reported that the presence of purging
behavior and not binge eating was associated with impul-
sivity scores and the presence of impulsive behaviors in
AN and/or BN (Favaro et al. 2005; Hoffman et al. 2012).
Possibly the type of purging behavior (for example SV, use
of laxatives or diuretics) that patients use is also important.
Although not controlled for the occurrence of binge eating,
higher scores on the novelty-seeking scale of the temper-
ament and character inventory (Cloninger et al. 1993) were
found in patients with an ED who engage in SV compared
with patients who do not engage in this behavior (Dalle
Grave et al. 2009; Reba et al. 2005). Components of
impulsivity are assessed by this novelty-seeking scale.

Another heritable personality characteristic which is
associated with different types of EDs is perfectionism
(Cassin and von Ranson 2005; Steiger et al. 2004; Tozzi
et al. 2004). High levels of perfectionism seem to be

present before the onset of EDs (Fairburn et al. 1997;
Fairburn et al. 1999; Lilenfeld et al. 2006), and also remain
present after recovery (Achenbach 1991; Bastiani et al.
1995; Lilenfeld et al. 2000; Srinivasagam et al. 1995).
Kaye et al. (1991) was the first to hypothesize that
increased serotonin activity might be associated to core
behaviors of AN, like perfectionism. Steiger et al. (2004)
tested whether compulsive personality traits, including
perfectionism might correspond to elevated serotonin
activity in women with bulimia-spectrum ED. Cluster
analyses based on serotonin functioning among the patients
with BN revealed that two clusters could be defined, one
was characterized by low density of receptor binding sites
and high binding affinity while another was characterized
by high binding with low affinity. The patients in the
second cluster (high density of binding sites) showed ele-
vated levels of perfectionism compared with normal-eater
controls. This result suggests that perfectionism might be
linked to elevated serotonin activity.

These observations raise the question whether TPH2
affects EDs (characterized by SV) via the personality traits
impulsivity and/or perfectionism (Slof-Op ’t Landt et al.
2011). In the current study, we therefore investigated
whether impulsivity and/or perfectionism was underlying
the association between TPH2 SNP rs147373 and EDs (AN
or EDs characterized by SV). Because perfectionism and
impulsivity are associated with EDs, the disease state is
expected to influence the scores on the self-report measures
of perfectionism and impulsivity. Therefore the association
between TPH2 151473473 and perfectionism and/or
impulsivity was first investigated in a population-based
control group of women (N = 512) from the Netherlands
twin registry (NTR). The observed associations within this
control group, were subsequently tested in a group of
patients with an ED (N = 267) from the GenED study
(Slof-Op ’t Landt et al. 2011). The analyses were per-
formed in the total ED group, in patients with restricting-
type AN (N = 87), and in patients with an ED character-
ized by SV (N = 149).

Methods
Participants

This study was approved by the ethics committee of the
VU university and by the ethics committee for mental
health institutions in the Netherlands (METiGG). All par-
ticipants gave written informed consent.

The NTR was established in the late 1980s at the VU
University in Amsterdam, the Netherlands. Data on the
multiples (twins or triplets) and their family members have
been collected every 2-3 years in longitudinal survey
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studies (Bartels et al. 2007; Boomsma et al. 2002; Boomsma
et al. 2006). Subsamples were invited to participate in
experimental and laboratory studies and provide DNA
samples (Boomsma et al. 2006). In the current study, data
for a total of 512 random unrelated women from the NTR
were analyzed. Lifetime prevalence in women ranges
between 0.9-3.5 for different types of EDs (Hudson et al.
2007; Preti et al. 2009). Because of this low prevalence only
a small number of women will be affected in the population.
Therefore the control women were not screened for the
absence or presence of an ED.

At ten specialist ED units throughout the Netherlands,
consecutive patients who were seeking treatment for their
ED were asked to participate in the GenED study. DSM-IV
ED diagnoses were made by experienced clinicians based
on a semi-structured interview (Fairburn and Cooper 1993;
Keller et al. 1987; Kramer 1996) at intake, and by the self-
report eating disorder examination questionnaire (EDEQ)
(Fairburn and Beglin 1994) if diagnosis at intake was not
available. Similar to our previous study (Slof-Op ’t Landt
et al. 2011), a selection of female patients with AN or an
ED characterized by SV was included in the current study.
This group (N = 267) consisted of 182 patients with AN
(87 restricting type, 32 binge-purging type, and 55 purging
without binge eating and 8 binge eating without purging,
respectively), 74 patients with BN and 11 patients with an
ED not otherwise specified. Regular SV (>2 times/month)
was reported by 149 patients (64 AN purging type, 74 BN
and 11 ED not otherwise specified; 102 of these patients
reported objective binge eating, 134 reported either
objective or subjective binge eating).

Measures
Phenotype

The young adult self report (YASR) (Achenbach 1990) and
the youth self report (YSR) (Levinson 2005; Verhulst et al.
1997) questionnaires belong to the Achenbach system of
empirically based assessment (ASEBA, www.aseba.org),
which provides age-adjusted instruments to assess similar
facets of maladaptive functioning from 1.5 to 90 year.
Responses were given on a three-point scale, with the code
0 if the item was not true, 1 for sometimes true, and 2 for
often true. Substantial test-retest reliabilities have been
found for the different subscales of the YSR and YASR,
with r ranging between 0.67 and 0.94 (www.aseba.org). For
the current study, two items (item 32, ‘I feel that I have to
be perfect’; and item 41, ‘I act without stopping to think’)
from the YSR/YASR questionnaire were used to measure
perfectionism and impulsivity. The YASR/YSR items were
available for the complete control group and for a subgroup
of the patients with an ED (N = 79).

@ Springer

The multidimensional perfectionism scale (MPS) by
Frost et al. (1990) is a 36-item questionnaire which dis-
tinguishes six dimensions of perfectionism (concern over
mistakes, personal standards, parental expectations,
parental criticism, doubt about actions, and organization),
and yields a global perfectionism score. Responses were
given on five-point Likert scales, ranging from ‘strongly
disagree’ to ‘strongly agree’. MPS data were available for
the complete ED group from the GenED study.

The Dickman impulsivity inventory (DII) (Dickman
1990) is a 23-item questionnaire with responses in a true/
false answer format. This instrument distinguishes two
forms of impulsivity: dysfunctional impulsivity (the ten-
dency to engage in rapid, error-prone information pro-
cessing in situations where this is non-optimal) and
functional impulsivity (the tendency to engage in rapid,
error-prone information processing when such a strategy is
rendered optimal). In the current study, data for the dys-
functional impulsivity scale were used. Whiteside and
Lynam (2001) showed that this dysfunctional impulsivity
scale loads on the same underlying factor as the impulsivity
subscale of the temperament and character inventory
(Cloninger et al. 1993), suggesting that these scales mea-
sure the same underlying construct. DII data were available
for the complete ED group from the GenED study.

Genotype

Genomic DNA was isolated from buccal swabs (ED group,
40 % of control group) and blood samples (60 % of control
group). Previously, ten TPH2 tagging SNPs were selected
from HapMap and genotyped by mass spectrometry
(homogeneous MassARRAY system; Sequenom, San
Diego, CA, USA) using standard conditions (Middeldorp
et al. 2010; Slof-Op ’t Landt et al. 2011). PCR reactions
were carried out in a final volume of 5 pl and contained
standard reagents and 2.5 ng of genomic DNA. In the
current study, only the genotypes for TPH2 rs1473473,
which was associated with AN and EDs characterized by
SV in our previous study (Slof-Op ’t Landt et al. 2011),
were analyzed.

Statistical analyses

Pearson’s y” statistics were calculated to compare response
frequencies of perfectionism and impulsivity (YSR/YASR)
between control women and the subgroup of patients with
an ED. Within the ED group, response frequencies of the
YSR/YASR items (Pearson’s x2 statistics) and means for
the global perfectionism score (MPS) (analysis of variance)
were compared between patients with restricting-type
AN and patients with an ED characterized by SV. The
nonparametric Mann—Whitney U test was performed to
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compare the dysfunctional impulsivity scale between
patients with restricting-type AN and patients with an ED
characterized by SV.

The minor allele frequency (MAF) of TPH2 rs1473473
was compared between the different YSR/YASR perfec-
tionism and impulsivity categories in the control group by
Pearson’s y° statistics. Nominal significant associations
(» <0.05) between r1s1473473 and perfectionism or
impulsivity, were subsequently tested in the complete ED
sample, the patients with restricting-type AN, and the
patients with an ED characterized by SV.

In case of a significant association between rs1473473
and a personality feature (perfectionism and/or impulsiv-
ity) in both the control group and the ED sample, the three-
step mediation approach as described by Baron and Kenny
(1986) was performed. Logistic regression analyses were
used. First, the personality feature (mediator) is regressed
on 1s1473473 (independent variable). In the second step the
outcome variable EDs (characterized by SV) is regressed
on rs1473473. In the third and final step, the outcome
variable EDs (characterized by SV) is regressed on both
rs1473473 as well as the personality feature. All statistical
analyses were performed in SPSS version 16 (SPSS,
Chicago, IL, USA).

Results

The control women were, on average, 28.7 (range 13-61.6,
SD = 14.8) years old and had a mean body mass index
(BMI) of 22.9 (SD = 4.1) kg/mz. The total ED group was
on average 28.6 (range 16.1-61.3, SD = 9.8) years old and
had a mean BMI of 18.75 (SD = 4.9) kg/m”. The ED
subgroup, consisting of 79 patients for whom data on the
YSR/YASR items as well as the MPS and DII were pres-
ent, was on average 30.1 (range 16.8-61.3, SD = 10.6)
years old and had a mean BMI of 18.1 (SD = 4.6) kg/mz.

Perfectionism

In supplementary Table 1, the response frequencies for the
YSR/YASR perfectionism item and the mean of the global
perfectionism score of the MPS are presented. Within the
ED subgroup, a biserial correlation of 0.4 was observed
between the categorical YSR/YASR perfectionism item
and the global perfectionism score. In the ED subgroup, the
majority of the patients (79.7 %) reported that they often
had the feeling they had to be perfect, while only 10.9 % of
the control women reported this (xz (2) = 203.8,
p < 0.001). Within the subgroup, all the patients with
restricting type AN reported that they often had the feeling
that they had to be perfect compared with 72.2 % of the
group characterized by SV (y? (2) = 5.9, p = 0.05). No

significant differences were observed in the MPS global
perfectionism score between the SV and restricting AN
group, either in the ED subgroup or in the total ED group
(F (1,65) = 2.1, F (1,221) = 0.2 respectively).

Within the control group, no differences were observed
in the MAF of TPH2 rs1473473 for the three YSR/YASR
perfectionism categories, observed MAF were 0.13, 0.16,
and 0.12, respectively.

Impulsivity

In Table 1, the response frequencies for the YSR/YASR
impulsivity item and the mean of the dysfunctional
impulsivity scale of the DII are presented. Within the ED
subgroup, a biserial correlation of 0.7 was observed
between the categorical YSR/YASR impulsivity item and
the dysfunctional impulsivity scale. In the ED subgroup,
15.2 % of the patients reported that they often act impul-
sively compared with 4.5 % of the control group (y*
(2) = 15.4, p < 0.001). Within the ED subgroup, none of
the patients with restricting type AN reported that they
often act impulsively compared with 16.7 % of the SV
group (x> (2) = 9.6, p = 0.01). This difference was also
observed in the dysfunctional impulsivity scale of the DII,
within the ED subgroup the mean scores were 1.6 (median
1.0) for restricting type AN and 3.7 (median 3.0) for
patients with an ED characterized by SV (Mann—Whitney
U = 279.5, p = 0.02). In the total ED group, the scores for
dysfunctional impulsivity were 1.8 (median 1.0) for
restricting type AN and 3.4 (median 2.0) for SV (Mann—
Whitney U = 4349.5, p < 0.001).

Because less than 5 % of the control group reported an
impulsivity score of 2 (Table 1), the responses were
merged into two impulsivity categories (absent/present) for
the genetic analysis. In the top section of Table 2, the MAF
of TPH2 rs1473473 is shown per category for the YSR/
YASR impulsivity item in the control group. The MAF of
rs1473473 was higher in the impulsive controls compared
with the non-impulsive controls (x2 (1) =4.3,0R = 149,
95 % CI 1.02-2.17, p = 0.04). The association between
rs1473473 and impulsivity was subsequently tested in the
ED group.

At the bottom of Table 2, the results from the genetic
analyses in the ED subgroup and the total ED group are
presented. In accordance with the control group, two
impulsivity categories were used (absent/present) based on
the YSR/YASR item in the ED subgroup. To create an
impulsivity measure that was equivalent to YSR/YASR
impulsivity item, the dysfunctional impulsivity scale was
also merged into two categories. Based on the frequencies
of the YSR/YASR item in the ED subgroup (see Table 1:
34.2 % absent vs. 65.8 % present) a cut-off value of 1 was
chosen for the dysfunctional impulsivity scale to create
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Table 1 Response frequencies

on the YSR/YASR impulsivity Group Subsample N Scale Meaq RCSpOIlSt.t
. . (median) frequencies (%)
item and mean and median
scores on the dysfunctional 0 1 2
impulsivity scale for the control
women (YSR/YASR), a Control NTR 512 YSR/YASR impulsivity - 459 496 45
subgroup of patients with an ED women
(YSR/YASR and dysfunctional  gp qyhgroup  Complete 79 YSR/YASR impulsivity - 342 506 152
impulsivity) and the total ED Dvsfunctional i Isivi 33 (3.0
group (dysfunctional ysfunctional impulsivity 3 3.0 = - .
: P (DII)
impulsivity)
Anr 17 YSR/YASR impulsivity - 647 353 0
Dysfunctional impulsivity 1.6 (1.0) - - -
(DII)
SV 54 YSR/YASR impulsivity - 259 574 16.7
Dysfunctional impulsivity 3.7 (3.0) - - -
(DII)
NTR Netherlands twin registry, ED total Complete 267 Dysfunctional impulsivity 2.9 (2.0 - - -
ED eating disorder, ANr group (DIT)
anorexia nervosa restricting Anr 87  Dysfunctional impulsivity 1.8 (1.0) - - -
type, SV self-induced vomiting, (DII)
YSR youth self report, YASR sV 149 Dysfunctional impulsivity 3.4 (2.0) - -
young adult self report, DII (DII)
Dickman impulsivity inventory
Table 2 Allelic association of TPH2 SNP rs1437473 with impulsivity in the control group and patients with an ED
Group Scale N Alleles Impulsivity Impulsivity OR p
absent present 95 % CI)
N MAF N MAF
Control YSR/YASR impulsivity 478 T>C 218 0.12 260 0.16 1.49 0.04
(1.02, 2.17)
ED subgroup YSR/YASR impulsivity 79 T>C 27 0.15 52 0.25 1.92 0.14
(0.80, 4.59)
ED total group Dysfunctional impulsivity (DII) 258 T>C 80 0.13 178 0.22 1.83 0.02
(1.08, 3.08)
Anr Dysfunctional impulsivity (DII) 87 T>C 38 0.13 49 0.20 1.69 0.21
(0.74, 3.87)
SV Dysfunctional impulsivity (DII) 141 T>C 38 0.11 103 0.23 2.51 0.02
(1.13, 5.60)

ED eating disorder, ANr anorexia nervosa restricting type, SV self-induced vomiting, YSR youth self report, YASR young adult self report, DII
Dickman impulsivity inventory, MAF minor allele frequency, OR odds ratio, CI confidence interval

Bold values indicate a nominal significant association with a p-value below 0.05

similar rates in the complete ED group, 31 % were
non-impulsive  (score = 0), 69 % were impulsive
(scores > 0).

Within the ED subgroup, the MAF of rs1473473 was higher
in the impulsive compared with the non-impulsive patients,
albeit not significantly (14.8 vs. 25.0 %, xz (1) =22,
p = 0.14). In the total ED group, the MAF of rs1473473 was
higher in the impulsive compared with the non-impulsive
patients (x> (1) =52, OR = 1.83, 95% CI 1.08-3.08,
p = 0.02). This association could not be found in the patients
with restricting type AN (x* (1) = 1.6, p = 0.21), but was

@ Springer

present in the patients with an ED characterized by SV (y*
(1) =53, 0R =251, 95 % CI 1.13-5.60, p = 0.02).

Mediation

As described by Baron and Kenny (1986), mediation would
be suggested if (1) rs1473473 is significantly associated to
impulsivity, (2) rs1473473 is significantly associated to ED
(characterized by SV), and (3) the association between
rs1473473 and ED (characterized by SV) decreases (or
goes to zero) when impulsivity is entered into the equation.
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Table 3 Mediation analyses
following the three-steps
mediation approach of Baron &

Dependent
variable

Independepent variable B

SE. Wald df p OR (95 % CI)

Kenny to test if YSR/YASR

. . . Eating disorders
impulsivity is a mediator for the

association between rs1473473 Step 1 YSR/YASR Rs1473473 (allele) 045 0.18 6.65 1 0.01 1.57 (1.11, 2.21)
and EDs or EDs characterized impulsivity
by SV Step 2 ED Rs1473473 (allele) 038 0.14 730 1 0.007 1.46(1.11,1.92)
Step2* ED Rs1473473 (allele) 052 022 586 1 0.02 1.68 (1.10, 2.56)
Step 3 ED Rs1473473 (allele) 048 022 482 1 0.03 1.61 (1.05, 2.46)
1

YSR/YASR impulsivity 0.45 0.18  6.21

0.01 1.57 (1.10, 2.24)

Eating disorders characterized by self-induced vomiting

YSR youth self report, YASR

youny adult self roport, £D Step I YSR/YASR  Rs1473473 (allele) 045 018 665 1 001  1.57 (1.11,221)
eating disorder, SV self-induced impulsivity

vomiting, OR odds ratio, Step2 SV Rs1473473 (allele) 038 017 499 1 003 147 (1.05,2.05)
CI confidence interval Step2* SV Rs1473473 (allele) 045 026 309 1 008  1.57(0.95,2.59)
® Logistic regression in the Step3 SV Rs1473473 (allele) 038 026 216 1 014  1.46(0.88,2.43)
sample with YSR/YASR YSR/YASR impulsivity 0.85 023 13.85 1 0.0002 2.35 (1.49, 3.68)

impulsivity data

In Table 3 these three steps are presented for the outcome
variable EDs as well as the outcome variable EDs char-
acterized by SV. Because only a subgroup of the patients
(n = 79) had YSR/YASR impulsivity data, the results of
step 2 (the association between rs1473473 and EDs) are
shown for both the total ED group as well as the subgroup.

In the mediation analyses with outcome variable EDs
impulsivity could not be identified as a mediator. When
entering impulsivity into the equation, the association
between rs1473473 and EDs decreased slightly but
remained significant. In the analyses with EDs character-
ized by SV, the effect of rs1473473 on EDs characterized
by SV decreased from trend-significant to non-significant
after entering impulsivity into the logistic regression
analysis. Impulsivity therefore might be a mediator for the
association between TPH2 rs1473473 and EDs character-
ized by SV.

Discussion

In the current study, we investigated whether the previous
association between TPH2, AN and EDs characterized by SV
(Slof-Op ’t Landt et al. 2011) was explained by differences in
the underlying personality traits perfectionism and impul-
sivity. In a population-based control group, the TPH2 SNP
rs1473473 was significantly associated with higher impul-
sivity (OR = 1.49), which was subsequently confirmed in an
analyses in patients with an ED (OR = 1.83). The associa-
tion in the ED group appeared to be caused especially by the
patients with an ED characterized by SV. In this group,
carriers of the minor allele of rs1473473 had the highest risk
of reporting impulsivity (OR = 2.51). In a final mediation
analyses in the ED subgroup and control women, the effect

of rs1473473 on SV appeared to be mediated by impulsivity.
Given these results, we hypothesize that TPH2 rs1473473 is
associated with a lower activity of the TPH2 gene. As a
consequence, less serotonin will be synthesized in the brain,
leading to a lower serotonin neurotransmission. Lower
serotonin activity is associated with higher impulsivity. High
impulsivity may make people more prone to engage in binge
eating and SV, and in this way predispose them to the
development of an ED (characterized by SV).

Our findings are in line with previous observations, in
both animals and humans, that increased serotonin neuro-
transmission leads to reduced eating behavior, whereas
decreased neurotransmission precedes compulsive or binge
eating (Blundell 1986; Simansky 1996; Steiger 2004).
Furthermore, in EDs, the serotonin system has been found
to be dysregulated; lower levels of serotonin metabolites
were observed in patients with AN, and less functional
activity of the central serotonin system was observed in
patients with AN or BN (Brewerton and Jimerson 1996;
Kaye et al. 2005; Monteleone et al. 2000). Moreover, after
recovery, higher levels of serotonin metabolites have been
found for AN (Kaye et al. 1991). Studies in patients that
recovered from BN showed mixed results with indications
for reduced, normalized, and increased serotonin activity
(Kaye et al. 1998; Kaye et al. 2001; Wolfe et al. 2000).
Impulsivity has been linked to reduced serotonin activity in
non-clinical populations, in clinical psychiatric samples
and in patients with BN (Bruce et al. 2005; Carver and
Miller 2006; Racine et al. 2009; Steiger et al. 2001; Steiger
et al. 2005). Finally, genetic variation at the TPH2 gene has
been associated with cognitive impulsivity (Oades et al.
2008), suicide attempts (Yoon and Kim 2009; Zhou et al.
2005; Zill et al. 2004), and response inhibition (Stoltenberg
et al. 2006), behaviors that are linked to impulsivity
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(Congdon and Canli 2008). Rs1473473 is not in LD with
known TPH?2 mutations (Haavik et al. 2008). TPH2 SNPs
in LD with rs1473473 however, have been associated with
a suicidal mental condition in Finnish men (Zhou et al.
2005), with antidepressant response in depressive patients
(Peters et al. 2004), and with allelic mRNA expression
imbalance in sections of the human pons (Lim et al. 2007).

Despite a previous study that showed an association
between perfectionism and ‘high serotonin reuptake density’
in a subgroup of patients with BN (Steiger et al. 2004), we
could not detect any effect between TPH2 and perfection-
ism. The correlation between YSR/YASR perfectionism and
the MPS global score was moderate (r = 0.41), suggesting
that these scales might not measure the same underlying
trait. So it is possible that other measures of perfectionism
(like the MPS) might still be associated to TPH2. It could
also be that other serotonin genes (Barnes and Sharp 1999)
underlie the ‘high serotonin reuptake density’ instead of
TPH?2. Furthermore, the association between perfectionism
and the serotonin system could be present only in a subgroup
of patients with BN, and thus might not be found in a
population-based sample of women.

To allow genetic association to a consistent impulsivity
and perfectionism trait across our study populations, we
could only use a single item in the control group to assess
impulsivity and perfectionism. This is a drawback because
as a result, we were not able to capture the complete
multidimensional construct of both characteristics. To
allow association to all dimensions of the traits and to
replicate our findings, additional analyses are necessary.
However, since the correlation between the YSR/YASR
impulsivity item and the dysfunctional impulsivity scale
was considerable (0.70), they are probably measuring the
same underlying construct. The dysfunctional impulsivity
scale was found to be part of the impulsivity dimension
‘Lack of Planning’ (Whiteside and Lynam 2001). This
dimension has been associated with BN symptoms in a
study by Fischer et al. (2008). Because the dysfunctional
impulsivity scale had a positively skewed distribution, with
31 % of the patients with an ED scoring 0, the scale could
not be used as a continuous measure in a parametric sta-
tistical test. In accordance with the distribution of the
impulsivity item used in the control group, the dysfunc-
tional impulsivity scale was divided into two categories. In
future studies, we hope to elucidate the association between
impulsivity (as a continuous or ordinal multidimensional
characteristic) and the TPH2 gene further in a larger
sample of patients with an ED.

Whether binge eating, purging or both are associated with
the differences found in impulsivity between subtypes of
EDs (Waxman 2009) is under debate. Since 90 % of our SV
sample reports binge eating, it is possible that the symptom
of binge eating underlies the reported association between
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SV and TPH2 rs1473473. In the current study, only patients
with AN or an ED characterized by SV were selected. Within
this study design it was not possible to properly examine SV
versus binge eating. It is important to disentangle the effect
of these two behaviors in future studies.

Finally, in the present study design, we could only test
whether the association between impulsivity and TPH2 was
underlying the previously reported association between ED
and TPH?2 (Slof-Op ’t Landt et al. 2011) in a small subset
of the patients with an ED. Due to the smaller sample size
of the subset, the association between rs1473473 and SV
only reached trend-significance. Therefore the results from
this mediation analyses should be seen as preliminary, and
replication in a larger study is required. Because impul-
sivity was measured in the acute phase of the ED, it
remains possible that impulsivity is a consequence of rather
than a predisposing feature for the ED. However other
studies have reported that impulse control disorders and
engaging in impulsive behaviors precedes the onset of EDs
in a majority of the patients (62—-80 %) (Fernandez-Aranda
et al. 2008; Nagata et al. 2000).

The etiology of EDs is still largely unknown. Presum-
ably genetic factors, personality features, and environ-
mental influences interact in the development of these
disorders (Jacobi et al. 2004; Stice 2002). Although there
seems to be a shared liability between the different types of
EDs (Bulik et al. 2010; Strober et al. 2000), our results also
indicate the importance of unique influences on different
types of EDs. The TPH2 gene affects impulsivity which in
turn might predispose to the SV phenotype. Further studies
are necessary to determine the direction of causation.

Acknowledgments We would like to thank the patients and control
women for their participation in this study. Participating centers in the
Netherlands were Amarum, Emergis, Psychotherapy Practice H. van
Agteren, Mentrum, Mesos, PsyQ, GGZ Oost-Brabant, Breburggroep,
GGZ Eindhoven. The research leading to these results has received
funding from the European Union’s Seventh Framework Programme
(FP7/2007-2011) under grant agreement no. 259679. The study was
supported by the Netherlands Organization for Scientific Research
NWO/ZonMW (NWO 985-10-002, NWO/SPI 56-464- 14192, NWO
480-04-004, ‘Genetic and Family influences on Adolescent Psycho-
pathology and Wellness’” NWO 463-06-001, ZonMW 911-03-016,
ZonMW 91210020) and the ‘Bridge Award’ (NIMH R56). M. Bartels
was financially supported by a senior fellowship of the
EMGO + institution and by NWO (VENI 451-04-034). C. M. Mid-
deldorp was financially supported by NWO-ZonMw (VENI grant
916-76-125).

References

Achenbach TM (1990) The young adult self report. University of
Vermont, Dept of Psychiatry, Burlington

Achenbach TM (1991) Integrative guide for the 1991 CBCL4/18,
YSR, and TRF profiles. University of Vermont, Department of
Psychiatry, Burlington



Behav Genet (2013) 43:24-33

31

American Psychiatric Association (1994) Diagnostic and statistical
manual of mental disorders, 4th edition, 4th edn. American
Psychiatric Press, Washington

Barnes NM, Sharp T (1999) A review of central 5-HT receptors and
their function. Neuropharmacology 38(8):1083—-1152

Baron RM, Kenny DA (1986) The moderator-mediator variable
distinction in social psychological research: conceptual, strate-
gic, and statistical considerations. J Personal Soc Psychol 51(6):
1173-1182

Bartels M, Van Beijsterveldt CEM, Stroet TM, Hudziak JJ, Boomsma
DI (2007) Young-Netherlands twin register (Y-NTR); A longi-
tudinal multiple informant study of problem behavior. Twin Res
Hum Genet 10(1):3-12

Bastiani AM, Rao R, Weltzin T, Kaye WH (1995) Perfectionism in
anorexia nervosa. Int J Eat Disord 17(2):147-152

Ben-Tovim DI, Subbiah N, Scheutz B, Morton J (1989) Bulimia:
symptoms and syndromes in an urban population. Aust N Z J
Psychiatr 23(1):73-80

Blundell JE (1986) Serotonin manipulations and the structure of
feeding behaviour. Appetite 7(Suppl):39-56

Boomsma DI, Vink JM, van Beijsterveldt TC, de Geus EJ, Beem AL,
Mulder EJ, Derks EM, Riese H, Willemsen GA, Bartels M, van
den Berg M, Kupper NH, Polderman TJ, Posthuma D, Rietveld
MIJ, Stubbe JH, Knol LI, Stroet T, van Baal GC (2002)
Netherlands twin register: a focus on longitudinal research. Twin
Res 5(5):401-406

Boomsma DI, de Geus EJ, Vink JM, Stubbe JH, Distel MA, Hottenga
JJ, Posthuma D, van Beijsterveldt TC, Hudziak JJ, Bartels M,
Willemsen G (2006) Netherlands twin register: from twins to
twin families. Twin Res Hum Genet 9(6):849-857

Brewerton TD, Jimerson DC (1996) Studies of serotonin function in
anorexia nervosa. Psychiatr Res 62(1):31-42

Brown TA, Haedt-Matt AA, Keel PK (2011) Personality pathology in
purging disorder and bulimia nervosa. Int J Eat Disord 44(8):
735-740

Bruce KR, Steiger H, Joober R, Kin NM, Israel M, Young SN (2005)
Association of the promoter polymorphism-1438G/A of the
5-HT2A receptor gene with behavioral impulsiveness and
serotonin function in women with bulimia nervosa. Am J Med
Genet B Neuropsychiatr Genet 137(1):40—44

Bulik CM, Thornton LM, Root TL, Pisetsky EM, Lichtenstein P,
Pedersen NL (2010) Understanding the relation between
anorexia nervosa and bulimia nervosa in a Swedish national
twin sample. Biol Psychiatr 67(1):71-77

Carver CS, Miller CJ (2006) Relations of serotonin function to
personality: current views and a key methodological issue.
Psychiatr Res 144(1):1-15

Cassin SE, von Ranson KM (2005) Personality and eating disorders: a
decade in review. Clin Psychol Rev 25(7):895-916

Cloninger CR, Svrakic DM, Przybeck TR (1993) A psychobiological
model of temperament and character. Arch Gen Psychiatr
50(12):975-990

Congdon E, Canli T (2008) A neurogenetic approach to impulsivity.
J Pers 76(6):1447-1483

Dalle Grave R, Calugi S, Marchesini G (2009) Self-induced vomiting
in eating disorders: associated features and treatment outcome.
Behav Res Ther 47(8):680-684

Dickman SJ (1990) Functional and dysfunctional impulsivity:
personality and cognitive correlates. J Pers Soc Psychol 58(1):
95-102

Fairburn CG, Beglin SJ (1994) Assessment of eating disorders:
interview or self-report questionnaire? Int J Eat Disord 16(4):
363-370

Fairburn CG, Bohn K (2005) Eating disorder NOS (EDNOS): an
example of the troublesome “not otherwise specified” (NOS)
category in DSM-IV. Behav Res Ther 43(6):691-701

Fairburn CG, Cooper Z (1993) The eating disorder examination. In:
Fairburn CG, Wilson GT (eds) Binge eating: nature, assessment
and treatment. The Guilford Press, New York, pp 317-359

Fairburn CG, Welch SL, Doll HA, Davies BA, O’Connor ME (1997)
Risk factors for bulimia nervosa. A community-based case-
control study. Arch Gen Psychiatr 54(6):509-517

Fairburn CG, Cooper Z, Doll HA, Welch SL (1999) Risk factors for
anorexia nervosa: three integrated case-control comparisons.
Arch Gen Psychiatr 56(5):468-476

Favaro A, Zanetti T, Tenconi E, Degortes D, Ronzan A, Veronese A,
Santonastaso P (2005) The relationship between temperament
and impulsive behaviors in eating disordered subjects. Eat
Disord 13(1):61-70

Fernandez-Aranda F, Pinheiro AP, Thornton LM, Berrettini WH,
Crow S, Fichter MM, Halmi KA, Kaplan AS, Keel P, Mitchell J,
Rotondo A, Strober M, Woodside DB, Kaye WH, Bulik CM
(2008) Impulse control disorders in women with eating disor-
ders. Psychiatr Res 157(1-3):147-157

Fischer S, Smith GT, Cyders MA (2008) Another look at impulsivity:
a meta-analytic review comparing specific dispositions to rash
action in their relationship to bulimic symptoms. Clin Psychol
Rev 28(8):1413-1425

Frost RO, Marten P, Lahart C, Rosenblate R (1990) The dimensions
of perfectionism. Cogn Ther Res 14(5):449-468

Garner DM, Garner MV, Rosen LW (1993) Anorexia nervosa
“restricters” who purge: implications for subtyping anorexia
nervosa. Int J Eat Disord 13(2):171-185

Haavik J, Blau N, Thony B (2008) Mutations in human monoamine-
related neurotransmitter pathway genes. Hum Mutat 29(7):891—
902

Hoffman ER, Gagne DA, Thornton LM, Klump KL, Brandt H,
Crawford S, Fichter MM, Halmi KA, Johnson C, Jones I, Kaplan
AS, Mitchell JE, Strober M, Treasure J, Woodside DB, Berrettini
WH, Kaye WH, Bulik CM (2012) Understanding the association
of impulsivity, obsessions, and compulsions with binge eating
and purging behaviours in anorexia nervosa. Eur Eat Disord Rev
20(3):e129-e136

Hudson JI, Hiripi E, Pope HG Jr, Kessler RC (2007) The prevalence
and correlates of eating disorders in the National Comorbidity
Survey Replication. Biol Psychiatr 61(3):348-358

Hur YM, Bouchard TJ Jr (1997) The genetic correlation between
impulsivity and sensation seeking traits. Behav Genet 27(5):
455-463

Jacobi C, Hayward C, de Zwaan M, Kraemer HC, Agras WS (2004)
Coming to terms with risk factors for eating disorders: applica-
tion of risk terminology and suggestions for a general taxonomy.
Psychol Bull 130(1):19-65

Kaye WH, Gwirtsman HE, George DT, Ebert MH (1991) Altered
serotonin activity in anorexia nervosa after long-term weight
restoration. Does elevated cerebrospinal fluid 5-hydroxyindole-
acetic acid level correlate with rigid and obsessive behavior?
Arch Gen Psychiatr 48(6):556-562

Kaye WH, Greeno CG, Moss H, Fernstrom J, Fernstrom M, Lilenfeld
LR, Weltzin TE, Mann JJ (1998) Alterations in serotonin activity
and psychiatric symptoms after recovery from bulimia nervosa.
Arch Gen Psychiatr 55(10):927-935

Kaye WH, Frank GK, Meltzer CC, Price JC, McConaha CW, Crossan
PJ, Klump KL, Rhodes L (2001) Altered serotonin 2A receptor
activity in women who have recovered from bulimia nervosa.
Am J Psychiatr 158(7):1152-1155

Kaye WH, Frank GK, Bailer UF, Henry SE (2005) Neurobiology of
anorexia nervosa: clinical implications of alterations of the
function of serotonin and other neuronal systems. Int J Eat
Disord 37(Suppl):S15-S19

Keel PK, Haedt A, Edler C (2005) Purging disorder: an ominous
variant of bulimia nervosa? Int J Eat Disord 38(3):191-199

@ Springer



32

Behav Genet (2013) 43:24-33

Keller MB, Lavori PW, Friedman B, Nielsen E, Endicott J,
McDonald-Scott P, Andreasen NC (1987) The longitudinal
interval follow-up evaluation. A comprehensive method for
assessing outcome in prospective longitudinal studies. Arch Gen
Psychiatr 44(6):540-548

Kriamer B (1996) Life II based eating disorders interview, LIFE-II-
BEI. Revised version of the LIFE Eat II, adapted from the
German multi center study on eating disorders. Centre for
Psychotherapy Research, Stuttgart, Germany

Levinson DF (2005) Meta-analysis in psychiatric genetics. Curr
Psychiatr Rep 7(2):143-151

Lilenfeld LR, Stein D, Bulik CM, Strober M, Plotnicov K, Pollice C,
Rao R, Merikangas KR, Nagy L, Kaye WH (2000) Personality
traits among currently eating disordered, recovered and never ill
first-degree female relatives of bulimic and control women.
Psychol Med 30(6):1399-1410

Lilenfeld LR, Wonderlich S, Riso LP, Crosby R, Mitchell J (2006)
Eating disorders and personality: a methodological and empirical
review. Clin Psychol Rev 26(3):299-320

Lim JE, Pinsonneault J, Sadee W, Saffen D (2007) Tryptophan
hydroxylase 2 (TPH2) haplotypes predict levels of TPH2 mRNA
expression in human pons. Mol Psychiatr 12(5):491-501

Middeldorp CM, Slof-Op ’t Landt MCT, Medland SE, Van
Beijsterveldt CEM, Bartels M, Willemsen G, Hottenga JJ, de
Geus EJC, Suchiman HED, Neale MC, Slagboom PE, Boomsma
DI (2010) Anxiety and depression in children and adults:influ-
ence of serotonergic and neurotrophic genes? Genes Brain Behav
9:808-816

Monteleone P, Brambilla F, Bortolotti F, Maj M (2000) Serotonergic
dysfunction across the eating disorders: relationship to eating
behaviour, purging behaviour, nutritional status and general
psychopathology. Psychol Med 30(5):1099-1110

Nagata T, Kawarada Y, Kiriike N, Iketani T (2000) Multi-impulsivity
of Japanese patients with eating disorders: primary and second-
ary impulsivity. Psychiatr Res 94(3):239-250

Oades RD, Lasky-Su J, Christiansen H, Faraone SV, Sonuga-Barke
EJ, Banaschewski T, Chen W, Anney RJ, Buitelaar JK, Ebstein
RP, Franke B, Gill M, Miranda A, Roeyers H, Rothenberger A,
Sergeant JA, Steinhausen HC, Taylor EA, Thompson M,
Asherson P (2008) The influence of serotonin and other genes
on impulsive behavioral aggression and cognitive impulsivity in
children with attention-deficit/hyperactivity disorder (ADHD):
findings from a family-based association test (FBAT) analysis.
Behav Brain Funct 4:48

Pedersen NL, Plomin R, McClearn GE, Friberg L (1988) Neuroti-
cism, extraversion, and related traits in adult twins reared apart
and reared together. J Pers Soc Psychol 55(6):950-957

Peters EJ, Slager SL, McGrath PJ, Knowles JA, Hamilton SP (2004)
Investigation of serotonin-related genes in antidepressant
response. Mol Psychiatr 9(9):879-889

Preti A, Girolamo G, Vilagut G, Alonso J, Graaf R, Bruffaerts R,
Demyttenaere K, Pinto-Meza A, Haro JM, Morosini P (2009)
The epidemiology of eating disorders in six European countries:
results of the ESEMeD-WMH project. J Psychiatr Res 43(14):
1125-1132

Racine SE, Culbert KM, Larson CL, Klump KL (2009) The possible
influence of impulsivity and dietary restraint on associations between
serotonin genes and binge eating. J Psychiatr Res 43(16):1278-1286

Reba L, Thornton L, Tozzi F, Klump KL, Brandt H, Crawford S,
Crow S, Fichter MM, Halmi KA, Johnson C, Kaplan AS, Keel P,
LaVia M, Mitchell J, Strober M, Woodside DB, Rotondo A,
Berrettini WH, Kaye WH, Bulik CM (2005) Relationships
between features associated with vomiting in purging-type eating
disorders. Int J Eat Disord 38(4):287-294

Root TL, Pinheiro AP, Thornton L, Strober M, Fernandez-Aranda F,
Brandt H, Crawford S, Fichter MM, Halmi KA, Johnson C,

@ Springer

Kaplan AS, Klump KL, La VM, Mitchell J, Woodside DB,
Rotondo A, Berrettini WH, Kaye WH, Bulik CM (2010)
Substance use disorders in women with anorexia nervosa. Int J
Eat Disord 43(1):14-21

Seroczynski AD, Bergeman CS, Coccaro EF (1999) Etiology of the
impulsivity/aggression relationship: genes or environment? Psy-
chiatr Res 86(1):41-57

Simansky KJ (1996) Serotonergic control of the organization of
feeding and satiety. Behav Brain Res 73(1-2):37-42

Slof-Op ’t Landt MC, Meulenbelt I, Bartels M, Suchiman E,
Middeldorp CM, Houwing-Duistermaat JJ, van Trier J, Onkenh-
out EJ, Vink JM, Van Beijsterveldt CE, Brandys MK, Sanders N,
Zipfel S, Herzog W, Herpertz-Dahlmann B, Klampfl K,
Fleischhaker C, Zeeck A, de Zwaan ZM, Herpertz S, Ehrlich
S, van Elburg AA, Adan RA, Scherag S, Hinney A, Hebebrand J,
Boomsma DI, van Furth EF, Slagboom PE (2011) Association
study in eating disorders: TPH2 associates with anorexia nervosa
and self-induced vomiting. Genes Brain Behav 10(2):236-243

Srinivasagam NM, Kaye WH, Plotnicov KH, Greeno C, Weltzin TE,
Rao R (1995) Persistent perfectionism, symmetry, and exactness
after long-term recovery from anorexia nervosa. Am J Psychiatr
152(11):1630-1634

Steiger H (2004) Eating disorders and the serotonin connection: state,
trait and developmental effects. J Psychiatr Neurosci 29(1):20-29

Steiger H, Young SN, Kin NM, Koerner N, Isracl M, Lageix P, Paris J
(2001) Implications of impulsive and affective symptoms for
serotonin function in bulimia nervosa. Psychol Med 31(1):85-95

Steiger H, Gauvin L, Israel M, Kin NM, Young SN, Roussin J (2004)
Serotonin function, personality-trait variations, and childhood
abuse in women with bulimia-spectrum eating disorders. J Clin
Psychiatr 65(6):830-837

Steiger H, Joober R, Israel M, Young SN, Ng Ying Kin NM, Gauvin
L, Bruce KR, Joncas J, Torkaman-Zehi A (2005) The SHTTLPR
polymorphism, psychopathologic symptoms, and platelet [(3)H-]
paroxetine binding in bulimic syndromes. Int J Eat Disord
37(1):57-60

Stice E (2002) Risk and maintenance factors for eating pathology: a
meta-analytic review. Psychol Bull 128(5):825-848

Stoltenberg SF, Glass JM, Chermack ST, Flynn HA, Li S, Weston
ME, Burmeister M (2006) Possible association between response
inhibition and a variant in the brain-expressed tryptophan
hydroxylase-2 gene. Psychiatr Genet 16(1):35-38

Strober M, Freeman R, Lampert C, Diamond J, Kaye W (2000)
Controlled family study of anorexia nervosa and bulimia
nervosa: evidence of shared liability and transmission of partial
syndromes. Am J Psychiatr 157(3):393-401

Tozzi F, Aggen SH, Neale BM, Anderson CB, Mazzeo SE, Neale
MC, Bulik CM (2004) The structure of perfectionism: a twin
study. Behav Genet 34(5):483—494

Verhulst FC, van Ende J, Koot HM (1997) Handleiding voor de
Youth Self Report. Afdeling Kinder-en Jeugdpsychiatrie, Sophia
Kinderziekenhuis/Academisch Ziekenhuis Rotterdam/Erasmus.
Universiteit Rotterdam, Rotterdam

Wagner A, Barbarich-Marsteller NC, Frank GK, Bailer UF, Won-
derlich SA, Crosby RD, Henry SE, Vogel V, Plotnicov K,
McConaha C, Kaye WH (2006) Personality traits after recovery
from eating disorders: do subtypes differ? Int J Eat Disord
39(4):276-284

Waxman SE (2009) A systematic review of impulsivity in eating
disorders. Eur Eat Disord Rev 17(6):408-425

Whiteside SP, Lynam DR (2001) The five factor model and
impulsivity: using a structural model of personality to under-
stand impulsivity. Pers Individ Differ 30:669-689

Wolfe BE, Metzger ED, Levine JM, Finkelstein DM, Cooper TB,
Jimerson DC (2000) Serotonin function following remission from
bulimia nervosa. Neuropsychopharmacology 22(3):257-263



Behav Genet (2013) 43:24-33

33

Yoon HK, Kim YK (2009) TPH2-703G/T SNP may have important
effect on susceptibility to suicidal behavior in major depression.
Prog Neuropsychopharmacol Biol Psychiatr 33(3):403-409

Zhou Z, Roy A, Lipsky R, Kuchipudi K, Zhu G, Taubman J, Enoch
MA, Virkkunen M, Goldman D (2005) Haplotype-based linkage
of tryptophan hydroxylase 2 to suicide attempt, major depres-
sion, and cerebrospinal fluid 5-hydroxyindoleacetic acid in 4
populations. Arch Gen Psychiatr 62(10):1109-1118

Zill P, Buttner A, Eisenmenger W, Moller HJ, Bondy B, Ackenheil M
(2004) Single nucleotide polymorphism and haplotype analysis
of a novel tryptophan hydroxylase isoform (TPH2) gene in
suicide victims. Biol Psychiatr 56(8):581-586

Zill P, Buttner A, Eisenmenger W, Moller HJ, Ackenheil M, Bondy B
(2007) Analysis of tryptophan hydroxylase I and II mRNA
expression in the human brain: a post-mortem study. J Psychiatr
Res 41(1-2):168-173

@ Springer



	Genetic Variation at the TPH2 Gene Influences Impulsivity in Addition to Eating Disorders
	Abstract
	Introduction
	Methods
	Participants
	Measures
	Phenotype
	Genotype

	Statistical analyses

	Results
	Perfectionism
	Impulsivity
	Mediation

	Discussion
	Acknowledgments
	References


