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Abstract

Introduction. Low functioning variants of SHTTLPR have been associated to an increased risk of
depression in subjects who experienced stressful events, to altered cognitive functioning and
decisional processes, and functional and structural neural patterns. Contrasting evidence is available
up to now in Eating Disorders (ED), and no study has evaluated the polymorphism effect on brain

connectivity according to graph theory in Anorexia Nervosa (AN).

Methods. We recruited up to 735 patients with life-time history of AN or bulimia nervosa (BN)
according to DSM-IV criteria and up to 241 healthy controls (HC) for the assessment of the
association between SHTTLPR polymorphism and ED. We merged our Biobank data from
BIO.Ve.D.A. and meta-analyzed 22 former studies. Patients underwent a structured diagnostic
interview for present or life-time ED, an interview for presence and severity of stressful events,
Edinburgh Handedness Inventory, Wisconsin Card Sorting Test, Trail A making test, Trail B making
test, lowa Gambling Task, Cognitive Bias Task, psychopathology rating scales for ED and general
symptoms. Finally patients with AN and HCs underwent a Magnetic Resonance; their brains’
connectivity integration and segregation measures were then measured with Graph Analysis Toolbox,

according to SHTTLPR polymorpshim.

Results. Our results from a meta-analysis including data from BIO.Ve.D.A. and 22 previous studies,
suggest that SHTTLPR polymorphism does not have a role per se in determing ED onset. However
it may moderate the effect of SEs in increasing the risk of ED onset, and the influence of SEs on ED
severity, anxious, depressive and obsessive symptoms. When we tested both a multiplicative and an
additive model, which is considered to be more representative of a real-world gene by environment
interaction, such a SHTTLPR by SE interaction was not confirmed instead. S allele was associated
with worse performance at Cognitive Bias Task and Trail Making B, and with increased ED
psychopathology, general psychopathology, anxious, depressive, and obsessive symptoms. Finally S
allele was associated with decreased segregation measures at brain connectivity analysis according
to graph theory compared with L allele in AN; this was an opposite association compared with healthy

controls who had higher modularity associated with S allele instead.

Conclusions. SHTTLPR polymorphism does not seem to be a causal factor of ED per se, but it seems
to play a role in moderating the role of stressful events in increasing ED risk. Such a moderation
however did not reflect a gene by environment interaction according to either a multiplicative or
additive model. S allele was associated with higher psychopathology scores, and worse
neuropsychological functions in AN, and with a disrupted segregation measures of brain signal

connectivity compared to HCs.
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1. SHTTLPR POLYMORPHISM IN PSYCHIATRY

Psychiatric disorders pathogenesis is well represented by a multifactorial model, including genetic,
and environmental factors. As regards genetics, increasing body of evidence has focused on
SHTTLPR polymorphism. SHTTLPR is a 5’ regulatory promoter region on chromosome 17 that has
been modelled as being bi-allelic in nature depending on a 44bp deletion or insertion, with the S allele
being low functioning, and the L allele being high functioning (fig. 1) (1). Moreover, a tri-allelic
model has been illustrated, with the Lg (an L allele with Gre placing A in its SNP sequence) allele
functioning equivalent to the S allele(2, 3). This polymorphism has been described having different
distributions in different ethnicities (4), has been studied in several different psychiatric disorders,
and in general population. However contrasting results emerged, which we now focus on, with this
brief introduction about the role of SHTTLPR in psychiatry.

Several historically grounded reasons and more actual scientific evidence support the potential
clinical impact of SHTTLPR polymorphism. The monoaminergic theory of depression which
originated from clinical observations in 1950s and which has then been supported by several pieces
of both clinical and pre-clinical evidence(5), suggests a central role of serotonin in pathogenesis of
major depressive disorder (MDD) (6) together with other monoamines (7). Thus several authors have
focused on the possible role of SHTTLPR polymorphism in MDD. SHTTLPR short allele
homozygosity has been associated with increased risk of depression(8) compared to long allele
homozygosity in females, and the same results have been confirmed in a recent meta-analysis (9)
including 3392 cases and 5093 controls from 23 studies (S allele homozygosity; OR=1.33, 95%CI
1.19-1.48 - S allele presence; OR=1.16, 95%CI 1.08-1.23). Also, S allele has been associated with
earlier MDD onset in a Japanese population(10), and notably long allele has been associated with
faster response to sertraline in elderly patients affected by MDD(11), and better response to
psychotherapy in children with anxiety disorders(12). The same recent meta-analysis mentioned
above has also associated low functioning SHTTLPR polymorphism with an increased risk of alcohol
dependence(9) (S allele homozygosity; OR=1.18, 95%CI 1.01-1.38 - S allele presence; OR=1.26,
95%CI 1.01-1.23). Furtherly widening the spectrum of psychiatric conditions whose risk could be
increased by being an S-allele carrier, also antisocial and borderline personality disorders have been
reported to be more frequent in S allele carriers in low-income countries(13). In patients with Bulimia
Nervosa (BN) symptoms short allele has been associated with novelty(14) and sensation seeking,
insecure attachment(15) and dissocial behavior(16) in presence of life-time physical or sexual abuse.
Also, within patients with BN, harm avoidance has been reported higher in those patients with S allele
compared to those without it(17). Short allele genotype has also been associated with antisocial

behaviors(18) in a meta-analysis of studies including human samples, and with aggressive behaviors



in children as well(19). Moreover, property offending behaviors under the effects of cannabinoids
has been described in African American females who carried SHTTLPR short allele(20). Finally,
higher harm avoidance, alongside with higher scores at Beck Depression Inventory have been
described in young subjects with excessive internet use(21). Beyond diagnostic entities, SHTTLPR
polymorphism has also been associated with dimensional personality and temperament
characteristics in general population. In a community sample S allele has shown higher avoidant
personality scores at International Personality Disorder Examination(22). Moreover, in a sample of
169 healthy females with no psychiatric condition, anxiety, depression, hopelessness, guilt, hostility,
aggression, presence of neurotic symptoms, self-directedness scores, and affective temperaments
carrying a depressive component have been associated with S allele, even after controlling for
age(23). Finally, in 139 Caucasian psychiatrically healthy women, hyperthymic temperament as
measured by TEMPS-A, the least associated with affective disorders(24), was the only temperament

domain which was not associated with S allele(25).

However despite such a body of evidence suggesting a role of low functioning SHTTLPR in severe
psychiatric disorders, several negative results have not confirmed a role of this polymorphism in
mental illness. For example, in Japanese population the association between S allele and increased
depression risk has not been confirmed(10). Beyond depression, considering the wider affective
disorders spectrum, no association has been described in a large European multicenter case-control
study involving 539 unipolar affective disorders, 572 bipolar patients, and 821 control(26).
Additionally, neither a mediator role on response to psychotherapy has been replicated for SHTTLPR,
even if negative results were limited to childhood anxiety disorders(27). Furthermore, beyond
depression and affective disorders, in a meta-analysis we published in World Journal of Biological
Psychiatry in 2016 and that we are presenting in the following chapter of the present final dissertation,
when we accounted for ethnicity related heterogeneity, and for publication bias, neither Eating
Disorders (ED) were associated with the short allele of the promoter of the gene for the serotonin

transporter(28).

Based on such a body of conflicting evidence, we have investigated the role of SHTTLPR in ED as
a risk factors per se, its interaction with stressful events according to a gene by environment model,
its effects on neuropsychological functions within ED, and the possible neural pathways underpinning

such functions in a sample of patients with AN.



1. SHTTLPR POLYMORPHISM IN EATING DISORDERS
(Original manuscript has been published in World J Biol Psychiatry. 2016 Jun;17(4):244-57)
2.1 INTRODUCTION

5-HTTLPR polymorphism is by far the most studied polymorphism in psychiatry, and growing
interest is focusing on its role in eating disorders (ED) as well. SHTTLPR is a 5’ regulatory promoter
region on chromosome 17 that has been modelled as being bi-allelic in nature depending on a 44bp
deletion or insertion, with the S allele being low functioning, and the L allele being high functioning
(fig. 1) (1). Moreover, a tri-allelic model has been proposed,with the Lg (an L allele with Gre placing
A in its SNP sequence) functioning equivalent to the S allele. Low functioning variants of this
triallelic polymorphims have been associated to an increased risk of depression in subjects who
experienced stressful events(8), to altered cognitive functioning(29) and decisional process, and to
precise functional and structural neural patterns. Despite some former meta-analyses suggesting an
association between the short/low functioning SHTTLPR allele (S) and anorexia nervosa (AN),
contrasting evidence is available up to now. Several studies have investigated the relationship
between AN, BN and ED and SHTTLPR. However, only one focused on binge ED, and only two
compared patients affected by AN with an obese sample. These studies have partially been meta-
analysed with literature searches conducted up to July 2008 (30) and October 2009(31). However,
more individual studies have explored this area since then, after 2009 (last search date from previosu

authors).

The aim of this part of the study is to meta-analyze studies that investigated the association between
SHTTLPR polymorphism and ED, merging available data in literature and data from the ‘Biobanca
Veneta per i Disturbi Alimentari’ (BIO.VE.D.A.)

2.2 METHODS

Participants, DNA sampling and analysis. The ‘Biobanca Veneta per i Disturbi Alimentari’
(BIO.VE.D.A.) sample included 735 patients with a lifetime history of AN and/or BN according to
DSM-IV criteria, and 241 HC. Patients were recruited in five Eating Disorder Units of the Veneto
region, Italy. The BIO.VE.D.A. project is funded by the Veneto Region and aims to create a genetic
biobank for ED (30). Inclusion criteria were a life-time diagnosis of AN or BN according to DSM-
IV (32), age >14 years old, patients’ and parental (if less than 18 years old) informed consent. The
study was approved by the local hospital Ethic Committee. Exclusion criteria were organic

comorbidity or major psychiatric comorbidity (bipolar disorder, schizophrenia, major depressive



disorder). After informed consent, all participants underwent a saliva or blood sample. Genomic DNA
was extracted from 200ml of whole peripheral blood, using a High Pure PCR Template Preparation
Kit (Roche Diagnostics GmbH), or from 500ml of saliva using an Oragene DNA/saliva Kit (DNA
Genotek Inc.) according to the manufacturer’s instructions. The 5-HTT promoter region was
amplified from genomic DNA to discriminate between the L- and S-alleles (rs4795541). Primer
sequences were designed wusing Primer 3 software (http:/frodo.wimit.edu/) (forward:
CAACTCCCTGTACCCCTCC T and reverse: GTGCAAGGAGAATGCTGGAG). This reaction
produced a fragment of 297 bp for the long L allele and a fragment of 254 bp for the short S allele. A
total of 200ng of genomic DNA was amplified using 12.5ml of prealiquoted ReddyMix PCR Master
Mix (Thermo Fisher Scientific, Milan, Italy), 10 X DMSO and 0.4mcM of each primer, in a total
volume of 25ml. Cycling conditions were: 1 cycle at 94°C for 4min, followed by 37 cycles at 94°C
for Imin, at 61°C for Imin and at 72°C for 1min. To genotype the rs25531 the amplification was
followed by a restriction digestion. A total of 7ml of PCR product was digested at 37°C for 2h with
5U of Mspl (New England BioLabs, Celbio, Milan, Italy), which recognises the sequence 50-C/CGG-
30. Fragments were separated on acrylamide gel at 10% (45min at 200V). The LA allele produces
fragments of 257 and 39 bp, while the Lg allele produces fragments of 174, 84 and 39 bp.

Search strategy. We conducted an electronic literature search in PubMed from database inception
until 1 April 2015 for studies investigating SHTTLPR biallelic or trialleic genotype or alleles
frequencies in ED, with or without a control group. Controlled vocabulary terms (MeSH) and the
following keywords were used in the search strategy: ((‘‘Anorexia Nervosa’’[Mesh]) OR (‘‘Bulimia
Nervosa’’[Mesh]) OR (‘‘Eating Disorders’’[Mesh]) OR (‘‘Binge-Eating Disorder’’[Mesh]) AND
(serotonin transporter OR SHTTLPR OR 5-HTTLPR)). Reference lists of included articles and those

relevant to the topic were hand-searched for identification of additional potentially relevant articles.

Study selection. Included were only studies that: (1) included patients affected by ED according to
DSM-IV criteria and (2) reported SHTTLPR genotype or allele frequencies in patients affected by
ED, and a control group, if present. Both biallelic and triallelic modelled studies were analysed.
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) criteria (33) were
used for the quality assessment of included studies. Previous reviews and meta-analyses were fulltext

read to identify further studies.

Data extraction and statistical analysis. Two authors independently extracted data from the selected
studies into a standardised Microsoft Excel spreadsheet. Any disagreement was resolved by
consensus. The following information was extracted: (i) study population characteristics (e.g. sample

size, demographics, diagnostic criteria and subtype of AN or BN, comorbidities, medications,



anthropometric data); (ii) biallelic or trialleic genotype or alleles frequencies in patients and controls;
(ii1) quality indicators used for the STROBE assessment; and (iv) Hardy—Weinberg equilibrium
(HWE). Whenever studies had the same authors or affiliation or close publication year, we contacted
authors to verify data were not referring to the same sample. Whenever genotype or allele frequencies
were not available, we contacted authors to ask for unpublished data. Furthermore, we extracted data
from a previous meta-analysis (34), reporting data not available in original papers. We ran the
following comparisons within patients and within controls: (1) triallelic low-functioning genotype
frequency (containing S or Lg) vs. high-functioning genotype (LaLa); (2) biallelic low-functioning
genotype (SS or SL) vs. high-functioning (LL); (3) triallelic low-functioning allele frequency (S and
Lg) vs. high-functioning allele frequency (La); (4) biallelic low-functioning allele frequency (S) vs.
high-functioning allele frequency (L). Additionally, comparing ED, AN and BN patients with the
respective healthy control group, we ran the following comparisons: (5) biallelic low-functioning
genotype frequencies (SS or SL), including recessive model testing for the low-functioning allele; (6)
biallelic low-functioning allele frequencies (S); (7) triallelic low-functioning genotype (containing S
or Lg); and (8) triallelic lowfunctioning allelic frequencies (S and Lg). When an obese sample was
used as a control group(7, 9), we compared it separately to the ED samples. Moreover, we tested also
dominant models for the low-functioning allele in ED, AN and BN vs. HC. Finally we compared the
bi-allelic model vs. triallelic model, reporting differences in frequencies from studies providing both
bi-allelic and triallelic data. Grouping of SS and SL was based on the presumed dominant role of the
S allele of SHTTLPR polymorphism. We meta-analysed comparisons reported in at least two studies,
in order to provide the maximum number of meta-analyzable outcomes. The meta-analysis was
performed using Review Manager(35) Version 5.1 for Windows. When combining studies, the
random effects model (36) was used to account for study heterogeneity. For dichotomous data, odds
ratio (OR) with its 95% confidence interval (CI) was used. Study heterogeneity was measured using
the chi-squared and I-squared statistics, with chi-squared p>0.05 and I-squared>50% indicating
significant heterogeneity (37). If [-squared>50% a sensitivity test was performed, where each study,
one at a time, was excluded from the overall OR calculation to examine if any single study contributed
significantly to the overall result. Furthermore, since there is evidence of different distributions of
SHTTLPR in specific ethnicities, e.g. higher S allele frequencies in Japanese populations compared
to Caucasian populations, we ran a sensitivity analysis with studies including other than Caucasian
populations. Finally, funnel plots were inspected visually to assess the possibility of a publication
bias. We included Bio.Ve.D.A. group data in the meta-analysis. HWE was tested in each study
separately with both chi-squared test and relative excess heterozygosity test (REH) (38). Finally, we



tested the pooled REH from all included studies using a random effect model, which is a more

appropriate tool than the chi-squared test to test HWE in meta-analyses(38).
2.3  RESULTS

Results from this part of the project have been published on World Journal of Biological
Psychiatry(28).

BIO.VE.D.A. Data. The BIO.VE.D.A. sample includes 735 patients affected by ED and 241 HC.
Among ED, 526 were affected by AN lifetime, 341 by BN lifetime. Demographic features, genotype
and allele frequencies are displayed in Table 4. No differences were found in both biand tri-allelic

allele frequencies, or in genotype frequencies, between ED, AN, BN and HCs, or between different

ED:s.

Hardy—Weinberg equilibrium and relative excess heterozygosity test. All included studies were
consistent with HWE and REH (38) according to random effects model; only one study(39) reported

data from a sample with a lower-than-expected I/l frequency.

Included studies. We included BIO.VE.D.A. data and data from 21 studies, according to the flow
chart shown in Figure 2. We excluded one study because it allowed for subclinical participants;
however, this study was included in a previous meta-analysis(31). The main features of the 22
included studies are summarised in Table 1. Altogether, 16 studies compared patients affected by ED
with non-affected controls; six studies did not include a control group. Of the 16 control groups, 12
studies used HCs, two included obese subjects, one underweight subjects one normal eaters, one
healthy sisters (40), and one parents (41). All studies defined ED according to DSM-IV criteria.
Sixteen of the 22 studies used a biallelic model, six also used a triallelic. The quality of the included

studies is available upon request.

Analyses within patients and within controls. Results of the meta-analyses within patients and within
controls are reported in Table 2. Within patients and within controls, low-functioning genotypes were
more frequent than high-functioning ones (ED vs. controls, P<(0.0001). Within patients and within
controls, high-functioning alleles were more frequent than low-functioning ones in the biallelic
model. This result held true even in a leaveone-out sensitivity analysis, which based on funnel plot
inspection excluded Matsushita et al. from the analysis. However, adopting the triallelic model, no
significant difference emerged between low- and highfunctioning allele frequencies. Comparing the
two models, only including studies using both the biallelic compared with the triallelic model

included 9.9% more low-functioning genotype and 13.7% more low-functioning alleles.



Analyses comparing patients vs. controls. All results of the meta-analyses comparing patients with
control groups are reported in Table 3. Low-functioning genotype frequencies in patients groups,
with both biand tri-allelic models, did not differ from control groups (Figure 3). Furthermore, in both
bi- and triallelic models, low-functioning allele frequencies in ED and in BN patients (biallelic only),
were not different from control groups. Low-functioning allele frequencies in AN, in the Biallelic
model, were significantly higher than in control groups (P=0.03). However, we removed one clearly
outlying study (42) from the analysis based on funnel plot inspection, and as the patient group was
more than 3 times smaller than the control group; the result became non-significant (P=0.09) (Figure
4). Finally, we did not find that a dominant model significantly explained the group difference
between AN (P=0.13, after removing Matsushita et al, BN (P=0.85), or ED (P=0.37), vs. HC.

ED patients vs. obese patients. Only two studies compared patients affected by ED with patients
affected by obesity. Low-functioning genotype and allele frequencies were not significantly different

between the two groups (genotype P=0.37; allele P=0.40).
2.4  DISCUSSION

Several lines of evidence show that an abnormal functional activity of the 5-HT system might affect
satiety, anxiety and mood disorders. However, according to our data, SHTTLPR polymorphism did
not appear to have any direct additive effect on the risk of developing ED. Thus, although two
previous meta-analyses(30, 31) reported significant associations between the low-functioning allele
of 5-HTTLPR polymorphism and the risk of having AN, the newly accumulated evidence shows
contrasting evidence about the role of this polymorphism in ED — including AN. Similarly to what
has been observed in other psychiatric disorders (41-44), an additive effect of a single polymorphisms
is not a valid model to explain the pathogenesis of ED. Therefore, studies exploring interactive effects
are needed. In the present study, a comparison between patients vs. controls was performed to re-test
previously investigated associations with updated evidence. Both in the BIO.VE.D.A. data and in our
meta-analysis, we found no significant difference in low-functioning genotype and allele frequencies
between ED and controls. Regarding BN, a previous meta-analysis (14) pointed out that the
relationship between the serotonin transporter gene polymorphism variance and BN was still
controversial. In our meta-analysis, we added not only one more study to the pooled data, but we
added the BIO.VE.D.A. data as well, including evidence from the largest sample published up to
now. Our data confirm, like the previous findings (30), the absence of any difference in the SHTTLPR
polymorphism distribution in ED vs. controls. This finding seems to rule out serotonin transporter
polymorphism as a causal factor per se in the ED pathogenesis. Another unique contribution of this

meta-analysis is the comparison of allele and genotype frequencies between patients with ED and



individuals affected by obesity. This comparison also showed no difference between the two groups,
suggesting no relationship between BMI and SHTTLPR polymorphism, as previously reported in a
psychiatric sample. However, we acknowledge that a meta-analysis including only two studies is very
limited, so more studies are needed in this area. Furthermore, more studies should investigate the link
between serotonin transporter polymorphism and BMI, in both healthy and psychiatrically ill
subjects. We also tried to investigate samples affected by BED in our analysis, but to our knowledge
only one study (43) has investigated serotonin transporter polymorphism in that population,
precluding any meta-analytic assessment. The second part of our analysis was to evaluate the impact
of the triallelic model in comparison to the biallelic model. Since the biallelic model classifies Lg
alleles as high-functioning, which are actually lowfunctioning, a triallelic model is preferred since it
better describes the ‘‘functional’’ distribution of the different alleles and genotypes. To date, only
three studies in six studies used a triallelic model. Finally, our analyses within patients and within
controls add to the available knowledge about the epidemiological distribution of the SHTTLPR
genotype, showing that low-functioning genotypes were significantly more frequent than high-
functioning genotypes in both ED and controls. This finding could be due to the fact that low-
functioning genotypes include two out of three (SS+SL vs. LL in biallelic model) and five out of six
(SS+SLa+SLg+LglLg+tlLgla vs. Lala in triallelic model) possible combinations, respectively.
However, other reasons could also play a role, including pleiotropic effects of the SHTTLPR
polymorphism and unknown advantages of a low-functioning SHTTLPR genotype under certain
conditions. More research in this area is needed to further clarify this finding and its potential
implications. The present study has both strengths and limitations that need to be taken into
consideration when interpreting its results. First, the BIO.VE.D.A. biobank provides the largest
sample of patients affected by ED (compared to a healthy control group) that has been investigated
regarding the polymorphism of the serotonin transporter gene. Furthermore, BIO.VE.D.A. data agree
with the results of the meta-analysis (considering the sensitivity analysis invalidating the association
of the S allele and S or SL genotype with ED compared to controls). Moreover the BIO.VE.D.A.
sample is free from major psychiatric comorbidities (bipolar disorder, schizophrenia, major
depressive disorder), removing the possibility of potential biases due to other major psychiatric
disorders. Table 1 presents data showing how previous studies often did not control for depressive
disorders that are frequently encountered in patients with ED. Thus, authors firmly promote multi-
centric collaborations involving national health services both within and among countries. Second,
with seven additional studies published in the last 6 years since the last meta-analyses, this meta-
analysis increased the sample size from 2,105 to 3,736 patients and from 2,032 to 2,707 controls.

Third with our search we also explored the relationship with BED and obesity, pointing out the need



for more studies in order to build some reliable evidence on the relationship between SHTTLPR,
BED, and obesity. Fourth, we stressed the need for more Asian studies, since compared to Caucasians
the S allele seems more frequent in Asian people, in particular in the Japanese(44, 45). Fifth,
compared to the meta-analysis by Lee and Lin(30), we increased the sample size of BN from 395 to
824 patients, without mixing in sub-clinical samples, as others (31) did. While we agree that a
dimensional investigation is necessary to explain the relationship between symptoms and genes as
proposed by Calati(31), we suggest that specifically designed studies are needed to provide consistent
evidence on this dimensional aspect of ED. Conversely, mixing in minimally symptomatic subjects
with ES is not helpful, adding more noise than clarifying dimensionality aspects. Moreover, our paper
differs from Calati, in that we only metaanalysed studies with comparisons between patients and
control groups, instead of building a virtual control group for studies without concurrently collected
control groups. Finally, our results have been confirmed and cited by a more recent MA focusing on
a different subject, but coming to identical conclusions in a supplementary analysis parallel to its
main object of interest (SHTTLPR and stressful events in ED(46). The main limitations of the present
study were: (1) the lack of studies controlling for comorbid anxiety, mood disorders, and suicidal
behaviour, all possibly associated with SHTTLPR polymorphism(47, 48); (2) few studies included
Asian patients, precluding a better understanding of the relationship between SHTTLPR
polymorphisms and ED in that ethnic group; (3) there were frequent definitions of control groups as
not being affected by ED, without clear exclusion of other organic or psychiatric diseases; (4) there
was a lack of studies to date reporting data using the new diagnostic criteria using DSM-5(49), and
(5) only two studies compared ED with obesity, which renders these results preliminary. In
conclusion, the present meta-analysis did not confirm results from previous single studies
hypothesising an additive major role of SHTTLPR polymorphism for the risk of developing an ED.
However, data provided by the present meta-analysis cannot rule out a possible small additive effect
of 5-HTTLPR (that could be demonstrated only in very large samples), or an interactive effect. Thus,
future studies should be designed to overcome the limitations of available studies, including a better
definition of healthy control groups, the use of triallelic models, assessment of the effects of
psychiatric comorbidity and ethnic differences, as well as providing data about possible
environmental risk factors — such as stressful and traumatic events — that might interact with 5-

HTTLPR polymorphism in increasing the risk for developing an ED.
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Table 4. BIO.VED.A. Group SHTTLPR frequencies in subjects with eating disorders,

Genotype

Allele Frequency

Diagnosis

lala  lalg Lglg  Sha Slg S5 Total’

Age (SD) M, F
Lg La S Tota

AN lifetime 140 (266%) 29 (5.6%) 3 (0.5%) 235 (44.8%) 23 (43%) 96 (182%) 526
BN lifetime 105 (308%) 12 (3.5%) 1(03%) 140 (41.1%) 22 (64%) 61 (17.9%) 341
Healthy controls 61 (253%) 16 (6.6%) 2 (0.8%) 111 (46.1%) 5 (21%) 46 (19.1%) 241
Eating disorders 210 (28.6%) 34 (4.7%) 3 (04%) 322 (438%) 37 (5%) 129 (17.5%) 735

58 (5.6%) 544 (51.7%) 450 (42.7%) 1052 25,01 (8.94) 10, 516
36 (53%) 362 (53%) 284 (41.7%) 682 26,45 (8.36) 16, 325
25 (5.%) 249 (516%) 208 (43.2%) 482 2584 (5.71) 9,232
77 (5.2%) 776 (529%) 617 (41.9%) 1470 2556 (8.97) 22, 713

AN, anorexia nervosa; BN, bulimia nervosa; ED, eating disorder.

*The total number of subjects with eating disorders is smaller than ther sum of subjects with AN and BN, as life-time AN and lfe-time BN was the defining
criterion for subgroup membership, resulting in a subgroup of patients with both life-time AN and ife-time BN.

— 17p13.2
17p12

=17q12

17q21.2
— 1702132

Figure 1. Chromosome 17.



Identification

Included

Lauzurica et al,
2003 from
reference list
screening

Original data
Bio.Ve.D.A.
group, 2015

Records identified through
database search
(n=

61)

Records screened
(n=

61 )

Records excluded based on
title/abstract
n=27)

Full-text articles
assessed for eligibility
(n=35);

Studies included in
quantitative synthesis

Full-text articles excluded
(n=15)
7 No data available

3 No DSM-IV based
diagnosis

2 Not in English
1 Review

1 Same sample of another
included study

1 Included sub-clinical
participants in BN group

(meta-analysis)
(n =20+1+1)

Fig 2. PRISMA flow diagram of study selection process in SHTTLPR and Eating Disorders meta-analysis.

AN Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
BIOVE.D A group 354 526 162 241 23.9% 1.00[0.73,1.39) =t
Castellini_2012 71 113 95 150 9.9% 0.98 [0.59,1.62) =
DiBella_2000 39 56 72 120 5.5% 1.53[0.78, 3.01) =
Ehrlich_2010 53 94 32 58 58% 1.05 [0.54, 2.03] S e
Fumeron_2001 50 67 104 148 59% 1.24 [0.65, 2.39) Sl
Hinney_1997 67 96 69 112 7.5% 1.44[0.81, 2.57) =
Karwautz_2011 71 116 68 108 8.6% 0.93[0.54,1.59) S
Lauzurica 2003 28 36 73 107 3.2% 1.63[0.67, 3.95) =l
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3. STRESSFUL EVENTS AND SHTTLPR IN EATING DISORDERS
3.1 INTRODUCTION

Beyond genetics, environmental factors have a role in all medical conditions, and in particular in
psychiatry where reality perception, interpersonal attitude, impulsivity, avoidance, perseverance,
cognitive performance, behavior, resilience and thought processes can all interact with environment
in a reciprocal way, and determine one individual’s subjective perception of traumatic or non-
traumatic events. Stressful events (SE) have been extensively studied in their role of potentially
determining several psychiatric disorder, and have been associated with major depressive disorder
(MDD)(50, 51), and bipolar disorder (BD) (51) among others. Several hypotheses have been
formulated about the putative mechanism underlying the link between SE and psychiatric disorders.
Among other psychological factors, attachment style has been proposed as a mediator between
traumatic events and development of depression, and has also been proposed as a potential therapeutic
target in the pathogenetic pathway to MDD (52). From a biological perspective, early traumatic
events may influence the onset of both MDD(53) and BD(54) through an epigenetic mechanism,
which in turn may reciprocally interact with the hypothalamic-pituitary-adrenal axis dysregulation

which is known in MDD and BD.

Regardless SE and traumatic events, depression has also been associated with SHTTLPR low
functioning polymorphism (9). Such association has then been tested and confirmed beyond
environmental factors or genetics per se, providing evidence of a gene by environment mechanism
involving SHTTLPR polymorphism and SE as causal factor for affective disorders(55, 56). As
regards Eating Disorders (ED), several pieces of evidence suggest a role of SE in the pathogenesis of
these severe conditions(57, 58). Conversely, the low functioning SHTTLPR S allele does not seem
to be associated with ED, according to the meta-analysis we published in World Journal of Biological
Psychiatry(28), recently confirmed by a systematic review. This latter recent systematic review by
Rozenblat et al (46) additionally focused on ED risk and SHTTLPR by SE interaction. It showed that
two studies found a SHTTLPR by traumatic life events association with disordered eating, but only
one found an association with Anorexia Nervosa (AN) diagnosis (40, 59, 60). Moreover in this latter
study (40) the SHTTLPR by SE association only included risky parenting style as SE, excluding
milder trauma definitions, which could not interact with SHTTLPR polymorphism instead. Furtherly
complicating the big picture, considering only sexual abuse as SE, one study found ED symptoms, as
reated by specific scales, depending on a SHTTLPR by SE interaction, while other authors did not

replicate the same finding (15). In line with the aforementioned systematic review (46) we aimed to



investigate the association of SHTTLPR and SE with ED beyond the two risk factors separately (see

above), testing a gene by environment model on ED similarly to what has been tested in depression.
3.2  METHODS

Sample and Questionnaires. We included 141 controls and 686 patients with life-time diagnosis of
ED. Patients were divided in 181 AN Restricters, 38 AN Purging type, 31 Bulimia Nervosa (BN)
Non Purge, 159 BN Purging type, 277 Eating Disorder Non Otherwise Specified (EDNOS). Patients
have been recruited in 5 Eating Disorders specialized centers in Veneto region in the context of
Bio.Ve.D.A. (Blobanca VEneta per i Disturbi Alimentari) (see above). Inclusion criteria were a life-
time diagnosis of AN, BN, EDNOS according to DSM-IV(32), age older than 14 years old, patients’
and parental (if less than 18 years old) informed consent. Exclusion criteria were comorbidity with
organic or other psychiatric disorders. The presence of stressful events has been investigated in all
participants through a list including partner separation or divorce, study or work related failures, city
moving, environment, social or familiar conflictuality, death of significant others, abortion, violence
or sexual abuse, severe medical sickness. Their date of occurrence and subjective severity scoring
from 1(mild) to 5 (severe) were collected. The DNA sampling has been performed as described
above (Chapter 2).

Statistical analysis. We investigated the association between S-allele and ED or AN or BN using chi-
square test (2), in order to understand if 5-HTTLPR polymorphism had a pathogenetic role by his
own (see above). Gene by environment hypothesis has been preliminarily studied dividing the sample
in patients with and without S allele, through %2 and Mantel-Haenszel; independent variables were
stress before age 12, and SHTTLPR low functioning allele, while dependent variable was the presence
of an ED. The same analysis has been performed considering stress before 18 years instead of 12
years age. In addition, we tried to assess if mild, moderate, and severe SE differently contributed to
ED risk, in both groups with and without S allele, via a logistic regression to test the SHTTLPR by
SE interaction according to the multiplicative model. We tested if S-allele increased perception of
severity of stressful events. Finally we tested a SHTTLPR by SE additive interaction model using the
Relative Excessive Risk due to Interaction (RERI) (61).

3.3 RESULTS.

Participants. Mean BMI of the 117 HC was 21.76 (3.12) Kg/m?, mean age 25.42(5.75) years old;
mean BMI of 686 patients with ED was 19.14 (3.85) Kg/m?, mean age was 24.89 (8.84) years old. In
patients with AN minimum BMI was 15.11 (1.96) Kg/m?, while in BN minimum BMI was 20.12
(3.1) Kg/m?.



Stressful events and SHTTLPR polymorphism. No significant association was found.

Childhood stressful events, and S allele. Our results show an increased risk of both AN (OR=1.84,
95%CI 1.17-2.91, p=0.009) and BN (OR=2.08, 95%CI 1.30-3.35, p=0.002) in subjects experiencing
severe stressful events in childhood, regardless the SHTTLR genotype. Dividing the sample
according to S allele, when the same analyses were run in patients without S allele, no such

association was found, which in turn was confirmed in patients with S allele (tab 5).

Life-time stressful events according to severity, and S allele. Our results show an increased
association of ED, and of AN and BN separately, with lifetime stressful events. The relationship was
significant regardless the SHTTLPR genotype, and also considering patients with or without S allele

separately. More severe stressful events conferred higher risk of ED.

Correlations. Regardless SHTTLPR polymorphism, minimum life-time Body Mass Index (BMI), age
of onset, EDI drive for thinness, body shape concerns, and ineffectiveness, self-esteem, alongside
with obsessive-compulsive, depression and anxiety comorbidity correlated with the number of SE
experience. Age of onset, ineffectiveness, self-esteem, alongside with obsessive-compulsive,
depression and anxiety comorbidity correlated with the number of childhood SE. When considering
patients without S allele, only age of onset, body shape concerns, and ineffectiveness remained
significantly correlated with life-time or childhood SE, while considering those with S allele
minimum life-time BMI, age of onset, EDI drive for thinness, body shape concerns, and
ineffectiveness, self-esteem, alongside with obsessive-compulsive, depression and anxiety

comorbidity remained significant.

SHTTLPR by SE and risk of ED. According to logistic regression the risk of ED according to severity
of stress was less increased in patients with no S allele (f=4.81, 95%CI 1.68-13.74, p=0.003),
compared to those with S allele (f=9.17, 95% CI 4.02-20.89, p<0.001), and the same direction and
magnitude of results were replicated when analyzing separately patients with AN and BN. However

we did not find any SHTTLPR by SE multpicative or addidtive interaction.
3.4  DISCUSSION

Our results add to the available evidence about SHTTLPR by interaction SE model in ED, recently
reported in an important recent systematic review and meta-analysis (46). We found a significant
correlation of specific ED psychopathologic symptoms, such as drive for thinness, body shape
concerns, perceived ineffectiveness, and of obsessive and depressive comorbidity with S allele, in

presence of SEs. Also, wWhile SHTTLPR and milder or single life events are not individually



associated with ED, suffering from childhood SE and more severe SEs increases the ED risk.
Moreover, while having a low functioning allele seems to expose patients who suffered from severe
SE to an increased risk of ED, such an interactioin has not been confirmed according to either the
gene by environment interaction multiplicative or additive model in ED. Such a different results from
the above emntined recent systematic review and MA, could be due to the fact that we included full
diagnoses ED only according to DSM-IV(32), and not only to possibly subclinical subjects. Thus,
while ED symptoms could be linked to a SHTTLPR by SE multiplicative or additive interaction,
possibly in comorbidity with other psychiatric disorders, in particular depressive disorder, ED fout
court do not seem to have such an interaction underpinning its pathogenesis. We nonetheless confirm
that SHTTLPR does not interact with SE according to any additive model, as previously suggested
from Rozenblat(46). This moderates any conclusion about a real gene by environment interaction
involved in the pathogenetic pathway of ED, since the additive interaction model measures, RERI, is
supposed to better explain and to be more sensitive to identifying gene by environment interactions

in biology (additive model) compared with other models.

Beyond any causal inference, these data can be relevant at a patient level. For example, if clinicians
know that a patient is an S-allele carrier, depressive and obsessive comorbid conditions should be
suspected, and patients should be monitored for eventual emerging of such disorders beyond the acute
phase of any ED. Moreover, clinicians should account for those psychopathologic dimensions (drive
for thinness, body shape concerns, ineffectiveness) that could persist even if weight and behavioral
pathological phenomena required for an ED diagnosis are no more formally satisfied. We suggest
that with such an approach, ED relapse, which is a common event in AN and BN, could eventually
be prevented or at least moderated. Also, since comorbid conditions obstacle and make ED more
resistant to classic therapeutic tools, a proper detection of eventual depressive and obsessive
symptomatology should be warranted. Finally, in the context of cognitive-behavioral psychotherapy
or family therapy, if thanks to the SHTTLPR genotyping a therapist since the very beginning of the
treatment suspects dominant specific psychopathologic domain, we suggest better or faster results
could eventually be achieved. However such an effect of the use of SHTTLPR gemotyping in clinical

activity should be investigated with ad hoc designed studies.

Our study has several strength points. First of all the sample size is large and provides reliable and
solid results. Secondly, we assessed SE with a structured interview, minimizing the subjective
component in reporting ESs. Third, we also excluded the possibility to have a biased recall of SE in
low or high functioning SHTTLPR genotypes, since we did not find any association between S allele

frequency and number of SEs. Fourth, we included both full criteria standardized diagnosed ED, and



ED psychopathology measures, such as EDI as well. Finally, our results are at essentially in line with
the more recent and large MA investigating the SHTTLPR by SE interaction model in ED, at least as

regards the absence of an additive interaction.

Several limitations should be mentioned as well. We only included female subjects; however this is
due to gender asymmetric distribution of ED. Secondly, we did not distinguish between restrictive
and purging AN, or between purging or non-purging BN. Also, we did not consider Binge Eating
Disorder at all, since we mainly focused on AN and BN. Finally, our SE related information were
collected with a retrospective design. Even if we tried to minimize it, the retrospective design could

have introduced some recall-biased information.

In conclusion our results suggests that SHTTLPR polymorphism may moderate the effect of SEs in
increasing the risk of ED onset. Moreover the absence of S allele seemed to moderate the influence
of SEs on ED severity, anxious, depressive and obsessive symptoms. However when we tested a
multiplicative interaction, and an additive model, which is considered to be more representative of a

real-world gene by environment interaction, the SHTTLPR by SE interaction was not confirmed.

Any Stressful Event OR IC 95%
Controls (141) S Allele =0 (42) 21,4% (9)
S Allele =1 (99) 20,2% (20)
Eating Disorders (679) S Allele =0 (198) 34,8% (69) 1,96 (p=0,096) 0,89 -4,33
S Allele =1 (481) 34,3% (165) 2,06 (p=0,007) 1,22 -3,49
AN (422) S Allele =0 (112) 36,6% (41) 2,12 (p=0,077) 0,92 - 4,86
S Allele =1 (310) 31,0% (96) 1,77 (p=0,040) 1,03 - 3,06
BN (288) S Allele =0 (87) 31,0% (27) 1,65 (p=0,257) 0,69 - 3,92
S Allele =1 (201) 36,3% (73) 2,25 (p=0,005) 1,28 -3,99

Tab 5. Stressful events and risk of Eating Disorders, according to SHTTLPR polymorphism.



4. NEUROPSYCHOLOGICAL PERFORMANCE AND SHTTLPR IN EATING
DISORDERS

4.1 INTRODUCTION

Several psychiatric disorders, such as major depressive disorder (MDD), bipolar disorder (BD), and
schizophrenia are associated with deficitary cognitive functions. More in particular MDD with
psychotic symptoms has shown a deficit in verbal and visual learning, and executive functions(62),
as depression with melancholic features did(63). Moreover both BD and schizophrenia are associated
with poor cognitive performance, more severly in schizophrenia, and in patients with early onset of
disease, in several domains(64). Patients with Anorexia Nervosa (AN) have shown a lower
performance in several neuropsychological functions compared to healthy controls as well. A wide
range of cognitive functions performance have been questioned in eating disorders (ED); cognitive
flexibility, set-shifting, central coherence and even theory of mind seems to be impaired specifically
in AN(65). In this context we recently showed that patients affected by ED have a lower performance
at Cognitive Bias Task (66) independently from general psychopathology, education, handedness and
ED diagnostic subtypes, compared to age and gender matched subjects without psychiatric condition.
Also, our research group showed that patients with AN had poorer central coherence (defined as the
ability to prioritize the “big picture” instead of small details), and poorer set-shifting (defined as the
ability to update decisions according to environmental updated rules) compared to healthy controls
(HC), and that this defect also involved patients’ unaffected siblings (67), possibly indicating a
cognitive endophenotype of AN. Also patients with bulimia nervosa (BN) appear to have a lower
decision making performance as measured by lowa Gambling Task, but the differences with HCs
were more pronounced in BN group with previous AN (68). Similarly, set-shifting function abilities
measured with Wisconsin Card Sorting Test were lower only in patients affected by both BN and
previous AN, thus suggesting a predominant role of life-time AN on cognitive alterations in ED (68),

rather any ED or rather than BN in particular.

Given the aforementioned body of evidence, and given the fact that cognitive functions has been
interestingly suggested as a phenotype with a strong enetic background in ED (69), several authors
have also investigated the role of SHTTLPR in neuropsychological performance. Among others data
from our group in University of Padua(66) have also shown that SHTTLPR polymorphism impacts
on decision making. In particular, our data showed that patients with low functioning genotypes had
a poorer performance at Cognitive Bias Task, revealing an external context-independent perseverant

decisional process in these subjects.



4.2  METHODS

Participants and genotyping. We included 227 patients with AN and 198 HCs. SHTTLPR
polymorphism genotyping has been previously described. We collected information about the

minimum life-time BMI. All patients were affected by ED, according to DSM-1V (32).

Neuropsychological assessment. Patients were administered with the following tests. Edinburgh
Handedness Inventory (a scale to measure the dominance of a person’s right or left hand in everyday
activities) (70), Wisconsin Card Sorting Test (a test where participants are told to match the cards,
are not told how to match them, but are told if the matching is right or wrong, according to rules that
continue to change - it determines set-shifting abilities), Trail A making test, Trail B making test (for
visuo-spatial abilities and cognitive flexibility — in trail making A the subject is required to connect
a set of 25 numbered dots (1,2,3,4...) as quickly and accurately as possible, in trail making B the
subject has to alternate numbers and letters (1,A,2,B,3,C...)) (71), lowa Gambling Task (attempts to
simulate real-life decision making offering the participant 4 card sets, each associated with different
money gain in the long run; the subject is asked to win as much money as possible), Cognitive Bias
Task (measures how the decision-making is influenced by internal or external information, and how

perseverative it is).

Statistical analyses. We used the t-test for independent samples to determine if performance at the
above mentioned neuropsychological functions differed between patients with low functioning

SHTTLPR S allele and patients without it.
43  RESULTS

Participants. Among patients, 173 had the low functioning genotype, and 54 had the high functioning
one. Minimum life-time BMI was significantly lower in patients with SHTTLPR S allele compared

to those with high functioning genotype (p=0.007)

Trail making test. Trail B making test and the difference between Trail A and trail B making test
performance were significantly impaired in patients with S allele (p=0.009, p=0.046).

Cognitive Bias task. Patients with S allele had a significantly worse performance in CBT, compared
with patients with high functioning genotype. These results are consistent with our results from a

smaller population, previously published (66).

lowa Gambling Task, Wisconsin Card Sorting test, Edinburgh Handedness Inventory. No significant
difference was found according to SHTTLPR polymorphism.



44  DISCUSSION

Our results show that SHTTLPR polymorphism plays a role in neuropsychological functions in
patients with AN, with S allele determining a worse performance in environment dependent decision
making process, and worse cognitive flexibility. Also, our results show how having SHTTLPR S

allele is associated with a life-time lower BMI.

Our positive results regarding cognitive bias task could suggest that a more internally based decisional
process, less linked to external contexts, thus to reality, could play a role in ED pathogenesis and/or
maintenance. Patients affected by both AN and BN often do not seek for help in fact, and in some
severe cases refuse treatment, despite severe comorbid organic life-threatening complications. It
could be argued that even if they understand medical information about the eventually dramatic
prognosis of their condition, they are not allowed to decide according with external inputs, due to the
internally driven perseverative decisional process underpinning their behavior. Thus, due to this
perseverative error and defect of adaptive choices given a set of factual environmental information,
it is possible that patients only engage in any treatment only once more severe status is reached,

included a lower BMI or organic complications.

Moreover, S allele moderating Trail making B test could suggest that patients with the low
functioning polymorphism may have a lower ability to “reset” or change the extremely strict thoughts
that influence their daily behaviors, and may experience far more difficulties in interrupting the ED

cognitive and behavioral loop that mantains the disease.

We also described no influence of SHTTLPR alleles in set shifting and decision making abilities;
while S allele has been described mediating worse decision making in suicide attempters (72) and
cannabis users(73), it may be argued that a peculiar disease specific interaction between genes and
cognitive functions could result in different phenotypes in different diseases. Moreover, differently
from all other psychiatric disorders, Ed and AN in particular are associated with clinically relevant
weight alterations. Hence it could be also argued that a lower BMI in turn moderates
neuropsychological impairment, and that its influence may silent or overcome smaller effects due to
toher factors such as genetic polymorphims; however only longitudinally designed studies could

clarify this eventually bidirectional relation.

These data and others from our group (66)furtherly suggest that SHTTLPR polymorphism, even if
not involved as causal factor per se(28), could play a role in the complex multifactorial maintaining
loop of ED. Having a life-time AN diagnosis was associated with poor Cognitive Bias Task, which

we suggest could increase the risk for less resilient behaviors and ED relapse. We believe that



SHTTLPR genotyping could help clinicians in detecting those subjects with poorly adaptive decision
making since the very first assessment, focusing more on decisional processing rather than other
psychopathologic aspects, which are hardly susceptible of any improvement due to rigidity and
perseverative internally driven behaviors which could maintain EDs, regardless the diagnostic

subtype.



S. BRAIN CONNECTIVITY, SHTTLPR AND ANOREXIA NERVOSA
5.1 INTRODUCTION

Many factors have been associated to anorexia nervosa (AN) pathogenesis, and among these
structural brain alterations as well. A large body of literaure has been published on functional (74)
and structural(75) neuroimaging in AN. Several studies have shown that during acute phase of AN,
both grey matter (GM) and white matter (WM) are decreased in volume, but that this volumetric
reduction encounters a “restitutio ad integrum” after weight recovery. However too few longitudinal
studies included healthy patients suffering from Anorexia Nervosa afterwards, thus it’s still debated
whether structural brain alterations in AN are only linked to malnutrition, dehydration or weight loss,
or if they occur before and determine the weight loss itself. Actually, only few structural studies
considered comorbid diagnoses which could decrease specific brain areas, medications, hydratation
(76), and total intracranial volume; a recent meta-analysis has defined results about structural
alteration in AN as “inconclusive” (77). More solid conclusions have been drawn about functional
magnetic resonance in AN, with emotion and food processing related neural pathways showing some

consistent degree of alteration across studies, in particular in amygdala (74).

Brain connectivity can be considered one of the most complex systems in nature. But, differently
from other systems in nature, brain has a specific structure, with each anatomical region supposedly
linked to a specific function occupying a precise position. Due to the fact that systems in nature often
do not behave according to specific spatial borders (78) thus increasing a system’s complexity, the
brain could reveal as a favorable field to apply complex network model analysis. Briefly, a network
can be defined as a mathematical representation of a real world complex system (79), defined by a
collection of nodes and links between pair of nodes. Links can be thought as connections between
different brain areas, in a large scale approach. They can be either binary/anatomical (white matter
tracts), functional (temporally related activities in different brain regions) (80), or effective (direct or
indirect causal relation between two areas that may be estimated from observed perturbations)(81).
If we apply this model to the brain, the choice of nodes should ideally be well motivated on the base
of solid anatomical or functional a priori criteria, should include the entire brain, and should not
divide it into overlapped regions (82). On the other hand, while binary anatomical connections are
either present or absent, functional and effective connectivity always need to be filtered via a
weighted threshold, necessary to remove noise and other unrelated signals (83). Roughly, nodes and
connections can be studied through three main sets of measure: functional segregation, functional
integration, and small-world brain connectivity. Functional segregation can be defined as the ability

for specialized processing to occur within densely interconnected groups of brain regions (79). Local



efficiency (measure of a network’s tendency to create subgroups of strongly interconnected elements)
and modularity (estimates of how a network includes many links connecting nodes within a module,
and few links among modules) are two indexes of segregation. Global efficiency (topological estimate
of distance between graph’s elements) is a measure of integration. Sigma or “small-worldness” is the
ratio between mean normalized clustering coefficient and mean normalized path, and stands for the

efficiency at which information can be processed.

The aim of this study is to test the effect of SHTTLPR polymorphism on MR acquired brain
connectivity data, in consideration of neuro-cognitive altered functions in AN (see above, chapter 4).
In this context we are also creating a multimodal database containing neuroimaging,

neuropsychological, biological, and genetic data from Bio.Ve.D.A.
5.2  METHODS

Participants and genotyping. A sample of 74 subjects (38 healthy controls (HC), 36 AN) were
scanned with 1.5 Tesla MR. SHTTLPR polymorphism genotyping has been previously described.
Low functioning genotypes were the majority in both HCs (26 out of 38 participants) and in patients
with AN (29 out of 36 participants).

Magnetic resonance. A 1.5 Tesla MR tool was used. The following sequences were acquired: 1) T1
brain scan for high resolution structural brain images , 2) T2/FLAIR to detect eventual structural

lesions, 3) BOLD sequences to analyze functional connections among brain areas.

Network construction: The Graph Analysis Toolbox (GAT) was used to compute network analysis.
We parcellate the brain in 128 cortical and subcortical non-overlapping areas with freesurfer in order
define the network nodes. The coordinates for these regions were determined using the Destrieux
Atlas. To construct a connectivity matrix for each subject, we extracted the regional mean time series
for each node and calculated Pearson correlations between all pairs. Correlations on the diagonal of
the connectivity matrix were set to zero. In order to avoid the possible confounding that may result
from the application of an absolute threshold, we applied a range of proportional thresholds to each
individual association matrix to compare the network topologies across that range. Age and

Edinburgh Handedness Inventory scores are used as covariates.

Network measures: Segregation properties of the network are measured with modularity coefficient

and local efficiency. Modularity is evaluate by subdividing the network into groups of regions that
have maximal within group connections and minimal between-group links. The quantification of

modular structure is optimized with GN algorithm. Local efficiency of a node is the inverse of the



average shortest path connecting all neighbors of that node and represent a measure of the clustering

properties of the network. Integration properties of the network are measured with global efficiency,

computed as the average inverse shortest path length in the network. The Small World property of
the network is computed as the ratio between clustering coefficient and the characteristic path length,
normalized to the corresponding values of a random graph with the same number of nodes, links and

degree of the nodes.
53  RESULTS

Participants characteristics. Mean age of HC was 25.3+6.3 years old, and mean BMI was 19.6+1.6
Kg/m?. Mean age of patients with AN was 26.1+7 2years old, and mean BMI was 15.8+1.8 Kg/m®.

Integration measures. No difference was found about global efficiency in both HC and patients with

AN according to SHTTLPR polymorphism.

Segregation measures. S allele tended to a significant association with higher modularity (p=0.07),
and local efficiency (=0.11) compared with high functioning genotype in HC. On the contrary in
patients with AN, S allele tended to confer a lower modularity (p=0.1) and lower local efficiency

(p=0.1) compared with high functioning genotypes (fig 5, 6, 7).

Small-worldness measures. S allele tended to a significant association with higher sigma (small world
network) (p=0.051), compared with high functioning genotypes. On the contrary in patients with AN,
S allele conferred a lower sigma (p=0.003) compared with high functioning genotype (fig 8).

54  DISCUSSION

Our results suggest that S allele confers a lower segregation in connectivity in patients with AN with
a low functioning genotype, while a higher segregation in HCs on the contrary. Despite preliminary
nature of our data, and the poor available literature focusing on graph theory applied to brain
connectivity of AN, several considerations should be made when discussing our results. First of all it
must be mentioned that despite the small sample size, here we replicate findings from Servaas (84)
and the Groningen group of Neuroimaging group in collaboration with Cambridge Cognition and
Brain Sciences Unit, which recruited 120 women and found a higher segregation in subjects carrying
the SHTTLPR S allele. Authors suggest that in healthy subjects with S allele, poorer cognitive control
subnetworks connections with other brain areas could explain attentional bias (85) and increased
emotional reactivity (86), which in turn could explain some of the associations between SHTTLPR
low functioning genotype and several psychiatric disorders listed in the introduction of this final

dissertation, such as borderline personality disorders, and antisocial behavior.



However our observations seem to suggest a different role of the SHTTLPR genotype in mediating
the functional brain network architecture between AN patients and healthy controls. Such a difference
is of great interest considering the role of serotonin transporter in the regulation of emotional and
behavioural control processes, in executive functioning and in the modulation of cortico-limbic
circuits. Serotoninergic pathways are indeed crucial for the coupling between cognitive and emotional
processes and therefore, on the basis of our data, we can suppose that the hypothesized impaired
balance between bottom up and top down circuits that characterize the neurobiology of AN could be
partially moderated by SHTTLPRpolymorphism. However the cross-sectional nature of our study
doesn’t allow to identify if the SHTTLPR genotype act more on the risk of developing the disorder

or if it exerts a role in combination with the acute features of AN instead though (see limits section).

Beyond AN, while both integration and segregation are necessary for the optimal functioning of a
small-world network (87), modularity has been linked to a better response to cognitive training after
brain injury (88), but to higher impulsivity(89) as well. Moreover while in autism spectrum disorder
the S allele is associated with poorer default mode network connectivity, thus higher segregation, and
in turn poorer social functioning in children and adolescents(90), higher modularity has been
associated with better working memory (91) as well. While such information need to be replicated in
further studies, and more importantly do not match our population of interest (AN), they provide an
example of how the same connectivity alterations can yield positive or negative clinical implications,
depending on the involved areas, the studied outcome, and the population of interest. Alongside with
the whole brain analysis, more specific function-related networks should be a priori set as the object
of interest to investigate integration and segregation in specific neuropsychological alterations or
psychiatric disorders. While ideally integration of separate information coming from highly effective
modules has been described as typical of HC compared with subjects affected by other psychiatric
disorders(92, 93), proper segregation might be necessary for specific neuropsychological tasks
beyond the whole brain degree of integration (91). Thus the lower segregation of the global
connectivity network in AN patients with low functioning genotype is interesting since these patients
show impaired executive functioning and a life time lower BMI. If modular network architecture
provides greater resilience capacities if compared to more integrative functional patterns, and is more
economic from an energetic and a metabolic point of view, we can hypothesize that the capacity to
modulate the functional network in a more clustered fashion can be really important in a disorder
with high energy-saving needs in order to advantageoulsy adapt the emotional, cognitive and
behavioral responses to the environmental needs. The failure of S carriers patients in operating an
effective modular reorganization of the network in the presence of starvation and malnutrition could

underpin a disfunctional unbalance between emotional and cognitive control processing that can lead



to difficulties in adaptive responses selection processes. We can assume that these compensatory
difficulties can partially explain the greater inflexibility that characterizes those patients who show
more resistances to conventional treatment plans and who might be candidates for more
individualized treatment strategies. Thus the lower network segregation in S carriers may be relative
to a reduced compensatory capacity of the functional network in underweight conditions, with relative

worsening of those performances for which a discrete and modular operations is necessary.

Beyond the relevance of our findings in the long process of identification of biological mechanisms
underlying clinical phenotypes in AN, our results may open the way for a deeper insight into the
possible role of brain network analysis in the early screening for AN, or even in the identification of
the at risk subjects. Similarly to what has been suggested in Alzheimer’s disease(94) where peculiar
brain connectivity is described accordingly to the graph theory, magnetic resonance scanning could
be used, in association with SHTTLPR polymorphism for diagnostic or prognostic aims in the future.
Moreover in both Alzheimer’s disease (95) and schizophrenia (96) brain connectivity as measured
accordingly to graph theory, results impaired since pre-clinical or ealry stages of the disease. However
only studies with longitudinal designs will show whether the results we are showing will extend to at
risk subjects, or in other words whether they are a trait disease pre-existing condition or a state under-

weight immanent alteration.

The present study has two main points of strength. First of all it is one of the first studies which
investigates brain connectivity according to the graph theory in AN. Secondly, it also investigates the
role of SHTTLPR polymorphism, following a multimodal research approach which provides far more

information beyond each single research approach per se.

However several limitations should be mentioned as well. The main limitation is the small sample
size, which is due to the pilot nature of the study and its preliminary phase. This limited the statistical
significance of our results, which however had a solid and consistent trend towards an effect of
SHTTLPR on brain connectivity in AN. Secondly, patients were scanned with 1.5 Tesla MR device,
while 3Tesla would have provided data from higher resolution scans. However 1.5 Tesla devices are
still widely used in research. Third, the study had a cross-sectional design; thus any causal or
prognostic consideration was not allowed. Fourth, we only included patients with AN, excluding
those affected by BN. However due to pilot nature of our investigation we chose to focus on the
diagnostic group where more solid evidence was available about neuropsychological functioning, and
this was the AN case. Fifth, we here report the whole brain analysis results; however we also ran the

subnetwork analyses which however did not yield any significant result.



In conclusion, even if SHTTLPR does not seem to play a role in AN onset (28), it does play a role in
its specific neuropsychological functions(66), and this study suggests a neural connectivity substrate

underpinning such alterations.
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Fig 7. Brain connectivity in patients with anorexia nervosa and SHTTLPR low functioning genotype.

Sigma

05

Difference in Sigma

T T T

¥ SvsLL

X Null (mean)
— — Null (upper bound 95% Cl)
— — Null (lower bound 95% CI)

T
e

X X X X X

-0.5

Fig 8. Sigma “small-worldness” and SHTTLPR polymorphism in healthy controls and anorexia

nervosa.

0.3
Density

04

HEALTHY CONTROLS

0.6 — s :
A
0.4 | * Swl
1 X Null (mean)
E 02 — — Null (upper bound 95% ClI)
7 — — Null (lower bound 95% CI) -
=
3 0¥ X X X X X X H—
g i,
o 02 = _
E # —_———
8 =% % ¥
0.4} 4
-0.6{ : - . .
01 0.2 0.3 0.4
Density
ANOREXIA NERVOSA




REFERENCES

1. Heils A, Teufel A, Petri S, Stober G, Riederer P, Bengel D, Lesch KP. Allelic variation of
human serotonin transporter gene expression. J Neurochem. 1996;66:2621-2624.

2. Hu XZ, Lipsky RH, Zhu G, Akhtar LA, Taubman J, Greenberg BD, Xu K, Arnold PD, Richter
MA, Kennedy JL, Murphy DL, Goldman D. Serotonin transporter promoter gain-of-function
genotypes are linked to obsessive-compulsive disorder. Am J Hum Genet. 2006;78:815-826.

3. Zalsman G, Huang YY, Oquendo MA, Burke AK, Hu XZ, Brent DA, Ellis SP, Goldman D,
Mann JJ. Association of a triallelic serotonin transporter gene promoter region (5-HTTLPR)
polymorphism with stressful life events and severity of depression. Am J Psychiatry.
2006;163:1588-1593.

4. Haberstick BC, Smolen A, Williams RB, Bishop GD, Foshee VA, Thornberry TP, Conger R,
Siegler IC, Zhang X, Boardman JD, Frajzyngier Z, Stallings MC, Brent Donnellan M, Halpern CT,
Harris KM. Population frequencies of the Triallelic SHTTLPR in six Ethnicially diverse samples
from North America, Southeast Asia, and Africa. Behav Genet. 2015;45:255-261.

5. Lopez-Munoz F, Alamo C. Monoaminergic neurotransmission: the history of the discovery of
antidepressants from 1950s until today. Curr Pharm Des. 2009;15:1563-1586.

6. Mendels J, Stinnett JL, Burns D, Frazer A. Amine precursors and depression. Arch Gen
Psychiatry. 1975;32:22-30.

7. Schildkraut JJ. The catecholamine hypothesis of affective disorders: a review of supporting
evidence. Am J Psychiatry. 1965;122:509-522.

8. Beaver KM, Vaughn MG, Wright JP, Delisi M. An interaction between perceived stress and
SHTTLPR genotype in the prediction of stable depressive symptomatology. Am J Orthopsychiatry.
2012;82:260-266.

9. Oo KZ, Aung YK, Jenkins MA, Win AK. Associations of SHTTLPR polymorphism with major
depressive disorder and alcohol dependence: A systematic review and meta-analysis. Aust N Z J
Psychiatry. 2016;50:842-857.

10. Watanabe SY, Iga J, Numata S, Umehara H, Nishi A, Kinoshita M, Inoshita M, Ohmori T.
Polymorphism in the promoter of the gene for the serotonin transporter affects the age of onset of
major depressive disorder in the Japanese population. J Affect Disord. 2015;183:156-158.

11. Durham LK, Webb SM, Milos PM, Clary CM, Seymour AB. The serotonin transporter
polymorphism, SHTTLPR, is associated with a faster response time to sertraline in an elderly
population with major depressive disorder. Psychopharmacology (Berl). 2004;174:525-529.

12. Eley TC, Hudson JL, Creswell C, Tropeano M, Lester KJ, Cooper P, Farmer A, Lewis CM,
Lyneham HJ, Rapee RM, Uher R, Zavos HM, Collier DA. Therapygenetics: the SHTTLPR and
response to psychological therapy. Mol Psychiatry. 2012;17:236-237.

13. Lyons-Ruth K, Holmes BM, Sasvari-Szekely M, Ronai Z, Nemoda Z, Pauls D. Serotonin
transporter polymorphism and borderline or antisocial traits among low-income young adults.
Psychiatr Genet. 2007;17:339-343.

14. Thaler L, Groleau P, Joober R, Bruce KR, Israel M, Badawi G, Sycz L, Steiger H. Epistatic
interaction between SHTTLPR and TPH2 polymorphisms predicts novelty seeking in women with
bulimia nervosa spectrum disorders. Psychiatry Res. 2013;208:101-103.

15. Steiger H, Richardson J, Joober R, Gauvin L, Israel M, Bruce KR, Ying Kin NM, Howard H,
Young SN. The SHTTLPR polymorphism, prior maltreatment and dramatic-erratic personality
manifestations in women with bulimic syndromes. J Psychiatry Neurosci. 2007;32:354-362.

16. Steiger H, Richardson J, Joober R, Israel M, Bruce KR, Ng Ying Kin NM, Howard H, Anestin
A, Dandurand C, Gauvin L. Dissocial behavior, the SHTTLPR polymorphism, and maltreatment in
women with bulimic syndromes. Am J Med Genet B Neuropsychiatr Genet. 2008;147B:128-130.



17. Monteleone P, Santonastaso P, Mauri M, Bellodi L, Erzegovesi S, Fuschino A, Favaro A,
Rotondo A, Castaldo E, Maj M. Investigation of the serotonin transporter regulatory region
polymorphism in bulimia nervosa: relationships to harm avoidance, nutritional parameters, and
psychiatric comorbidity. Psychosom Med. 2006;68:99-103.

18. Ficks CA, Waldman ID. Candidate genes for aggression and antisocial behavior: a meta-
analysis of association studies of the SHTTLPR and MAOA-uVNTR. Behav Genet. 2014;44:427-
444.

19. Haberstick BC, Smolen A, Hewitt JK. Family-based association test of the SHTTLPR and
aggressive behavior in a general population sample of children. Biol Psychiatry. 2006;59:836-843.
20. Vaske J, Newsome J, Makarios M, Wright JP, Boutwell BB, Beaver KM. Interaction of
SHTTLPR and marijuana use on property offending. Biodemography Soc Biol. 2009;55:93-102.
21. Lee YS, Han DH, Yang KC, Daniels MA, Na C, Kee BS, Renshaw PF. Depression like
characteristics of SHTTLPR polymorphism and temperament in excessive internet users. J Affect
Disord. 2008;109:165-169.

22. Blom RM, Samuels JF, Riddle MA, Joseph Bienvenu O, Grados MA, Reti IM, Eaton WW,
Liang KY, Nestadt G. Association between a serotonin transporter promoter polymorphism
(SHTTLPR) and personality disorder traits in a community sample. J Psychiatr Res. 2011;45:1153-
1159.

23. Gonda X, Fountoulakis KN, Juhasz G, Rihmer Z, Lazary J, Laszik A, Akiskal HS, Bagdy G.
Association of the s allele of the 5-HTTLPR with neuroticism-related traits and temperaments in a
psychiatrically healthy population. Eur Arch Psychiatry Clin Neurosci. 2009;259:106-113.

24. Solmi M, Zaninotto L, Toffanin T, Veronese N, Lin K, Stubbs B, Fornaro M, Correll CU. A
comparative meta-analysis of TEMPS scores across mood disorder patients, their first-degree
relatives, healthy controls, and other psychiatric disorders. J Affect Disord. 2016;196:32-46.

25. Gonda X, Rihmer Z, Zsombok T, Bagdy G, Akiskal KK, Akiskal HS. The SHTTLPR
polymorphism of the serotonin transporter gene is associated with affective temperaments as
measured by TEMPS-A. J Affect Disord. 2006;91:125-131.

26. Mendlewicz J, Massat I, Souery D, Del-Favero J, Oruc L, Nothen MM, Blackwood D, Muir W,
Battersby S, Lerer B, Segman RH, Kaneva R, Serretti A, Lilli R, Lorenzi C, Jakovljevic M, Ivezic
S, Rietschel M, Milanova V, Van Broeckhoven C. Serotonin transporter SHTTLPR polymorphism
and affective disorders: no evidence of association in a large European multicenter study. Eur J
Hum Genet. 2004;12:377-382.

27. Lester KJ, Roberts S, Keers R, Coleman JR, Breen G, Wong CC, Xu X, Arendt K, Blatter-
Meunier J, Bogels S, Cooper P, Creswell C, Heiervang ER, Herren C, Hogendoorn SM, Hudson JL,
Krause K, Lyneham HJ, McKinnon A, Morris T, Nauta MH, Rapee RM, Rey Y, Schneider S,
Schneider SC, Silverman WK, Smith P, Thastum M, Thirlwall K, Waite P, Wergeland GJ, Eley TC.
Non-replication of the association between SHTTLPR and response to psychological therapy for
child anxiety disorders. Br J Psychiatry. 2016;208:182-188.

28. Solmi M, Gallicchio D, Collantoni E, Correll CU, Clementi M, Pinato C, Forzan M, Cassina
M, Fontana F, Giannunzio V, Piva I, Siani R, Salvo P, Santonastaso P, Tenconi E, Veronese N,
Favaro A. Serotonin transporter gene polymorphism in eating disorders: Data from a new biobank
and META-analysis of previous studies. World J Biol Psychiatry. 2016;17:244-257.

29. Barnett JH, Xu K, Heron J, Goldman D, Jones PB. Cognitive effects of genetic variation in
monoamine neurotransmitter systems: a population-based study of COMT, MAOA, and SHTTLPR.
Am J Med Genet B Neuropsychiatr Genet. 2011;156:158-167.

30. Lee Y, Lin PY. Association between serotonin transporter gene polymorphism and eating
disorders: a meta-analytic study. Int J Eat Disord. 2010;43:498-504.

31. Calati R, De Ronchi D, Bellini M, Serretti A. The S-HTTLPR polymorphism and eating
disorders: a meta-analysis. Int J Eat Disord. 2011;44:191-199.

32. American Psychiatric Association (2000). Diagnostic and statistical manual of mental disorders
(4th ed. TRW, DC: Author.



33. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP, Initiative S.
The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. PLoS Med. 2007;4:¢296.

34. Gorwood P. Eating disorders, serotonin transporter polymorphisms and potential treatment
response. Am J Pharmacogenomics. 2004;4:9-17.

35. Review Manager (RevMan) [Computer program]. Version 5.3. Copenhagen: The Nordic
Cochrane Centre TCC, 2014.

36. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 1986;7:177-188.
37. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses.
BMJ. 2003;327:557-560.

38. Ziegler A, Van Steen K, Wellek S. Investigating Hardy-Weinberg equilibrium in case-control
or cohort studies or meta-analysis. Breast Cancer Res Treat. 2011;128:197-201.

39. DiBella DD, Catalano M, Cavallini MC, Riboldi C, Bellodi L. Serotonin transporter linked
polymorphic region in anorexia nervosa and bulimia nervosa. Mol Psychiatry. 2000;5:233-234.

40. Karwautz AF, Wagner G, Waldherr K, Nader IW, Fernandez-Aranda F, Estivill X, Holliday J,
Collier DA, Treasure JL. Gene-environment interaction in anorexia nervosa: relevance of non-
shared environment and the serotonin transporter gene. Mol Psychiatry. 2011;16:590-592.

41. Urwin RE, Nunn KP. Epistatic interaction between the monoamine oxidase A and serotonin
transporter genes in anorexia nervosa. Eur J Hum Genet. 2005;13:370-375.

42. Matsushita S, Suzuki K, Murayama M, Nishiguchi N, Hishimoto A, Takeda A, Shirakawa O,
Higuchi S. Serotonin transporter regulatory region polymorphism is associated with anorexia
nervosa. Am J Med Genet B Neuropsychiatr Genet. 2004;128B:114-117.

43. Monteleone P, Tortorella A, Castaldo E, Maj M. Association of a functional serotonin
transporter gene polymorphism with binge eating disorder. Am J Med Genet B Neuropsychiatr
Genet. 2006;141B:7-9.

44. Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg BD, Petri S, Benjamin J, Muller CR,
Hamer DH, Murphy DL. Association of anxiety-related traits with a polymorphism in the serotonin
transporter gene regulatory region. Science. 1996;274:1527-1531.

45. Ng CH, Easteal S, Tan S, Schweitzer I, Ho BK, Aziz S. Serotonin transporter polymorphisms
and clinical response to sertraline across ethnicities. Prog Neuropsychopharmacol Biol Psychiatry.
2006;30:953-957.

46. Rozenblat V, Ong D, Fuller-Tyszkiewicz M, Akkermann K, Collier D, Engels RC, Fernandez-
Aranda F, Harro J, Homberg JR, Karwautz A, Kiive E, Klump KL, Larson CL, Racine SE,
Richardson J, Steiger H, Stoltenberg SF, van Strien T, Wagner G, Treasure J, Krug I. A systematic
review and secondary data analysis of the interactions between the serotonin transporter S-HTTLPR
polymorphism and environmental and psychological factors in eating disorders. J Psychiatr Res.
2016;84:62-72.

47. Courtet P, Baud P, Abbar M, Boulenger JP, Castelnau D, Mouthon D, Malafosse A, Buresi C.
Association between violent suicidal behavior and the low activity allele of the serotonin transporter
gene. Mol Psychiatry. 2001;6:338-341.

48. Lin PY, Tsai G. Association between serotonin transporter gene promoter polymorphism and
suicide: results of a meta-analysis. Biol Psychiatry. 2004;55:1023-1030.

49. American Psychiatric Association. (2013). Diagnostic and statistical manual of mental
disorders (5th ed.). Washington DA.

50. Wang Y, Sareen J, Afifi TO, Bolton SL, Johnson EA, Bolton JM. A population-based
longitudinal study of recent stressful life events as risk factors for suicidal behavior in major
depressive disorder. Arch Suicide Res. 2015;19:202-217.

51. Kim HJ, Song W, Park JW. Differences in Trauma Experience Between Patients With Bipolar I
Disorder, Patients With Major Depressive Disorder, and Healthy Controls. J Trauma Dissociation.
2015;16:419-427.



52. Schierholz A, Kruger A, Barenbrugge J, Ehring T. What mediates the link between childhood
maltreatment and depression? The role of emotion dysregulation, attachment, and attributional
style. Eur J Psychotraumatol. 2016;7:32652.

53. Smart C, Strathdee G, Watson S, Murgatroyd C, McAllister-Williams RH. Early life trauma,
depression and the glucocorticoid receptor gene--an epigenetic perspective. Psychol Med.
2015;45:3393-3410.

54. Perroud N, Dayer A, Piguet C, Nallet A, Favre S, Malafosse A, Aubry JM. Childhood
maltreatment and methylation of the glucocorticoid receptor gene NR3C1 in bipolar disorder. Br J
Psychiatry. 2014;204:30-35.

55. Nugent NR, Tyrka AR, Carpenter LL, Price LH. Gene-environment interactions: early life
stress and risk for depressive and anxiety disorders. Psychopharmacology (Berl). 2011;214:175-
196.

56. Wilhelm K, Mitchell PB, Niven H, Finch A, Wedgwood L, Scimone A, Blair IP, Parker G,
Schofield PR. Life events, first depression onset and the serotonin transporter gene. Br J Psychiatry.
2006;188:210-215.

57. Degortes D, Santonastaso P, Zanetti T, Tenconi E, Veronese A, Favaro A. Stressful life events
and binge eating disorder. Eur Eat Disord Rev. 2014;22:378-382.

58. Grilo CM, Pagano ME, Stout RL, Markowitz JC, Ansell EB, Pinto A, Zanarini MC, Yen S,
Skodol AE. Stressful life events predict eating disorder relapse following remission: six-year
prospective outcomes. Int J Eat Disord. 2012;45:185-192.

59. Akkermann K, Kaasik K, Kiive E, Nordquist N, Oreland L, Harro J. The impact of adverse life
events and the serotonin transporter gene promoter polymorphism on the development of eating
disorder symptoms. J Psychiatr Res. 2012;46:38-43.

60. Stoltenberg SF, Anderson C, Nag P, Anagnopoulos C. Association between the serotonin
transporter triallelic genotype and eating problems is moderated by the experience of childhood
trauma in women. Int J Eat Disord. 2012;45:492-500.

61. Zou GY. On the estimation of additive interaction by use of the four-by-two table and beyond.
Am J Epidemiol. 2008;168:212-224.

62. Zaninotto L, Guglielmo R, Calati R, loime L, Camardese G, Janiri L, Bria P, Serretti A.
Cognitive markers of psychotic unipolar depression: a meta-analytic study. J Affect Disord.
2015;174:580-588.

63. Zaninotto L, Solmi M, Veronese N, Guglielmo R, Ioime L, Camardese G, Serretti A. A meta-
analysis of cognitive performance in melancholic versus non-melancholic unipolar depression. J
Affect Disord. 2016;201:15-24.

64. Bortolato B, Miskowiak KW, Kohler CA, Vieta E, Carvalho AF. Cognitive dysfunction in
bipolar disorder and schizophrenia: a systematic review of meta-analyses. Neuropsychiatr Dis
Treat. 2015;11:3111-3125.

65. Bora E, Kose S. Meta-analysis of theory of mind in anorexia nervosa and bulimia nervosa: A
specific Impairment of cognitive perspective taking in anorexia nervosa? Int J Eat Disord.
2016;49:739-740.

66. Tenconi E, Degortes D, Clementi M, Collantoni E, Pinato C, Forzan M, Cassina M,
Santonastaso P, Favaro A. Clinical and genetic correlates of decision making in anorexia nervosa. J
Clin Exp Neuropsychol. 2016;38:327-337.

67. Tenconi E, Santonastaso P, Degortes D, Bosello R, Titton F, Mapelli D, Favaro A. Set-shifting
abilities, central coherence, and handedness in anorexia nervosa patients, their unaffected siblings
and healthy controls: exploring putative endophenotypes. World J Biol Psychiatry. 2010;11:813-
823.

68. Degortes D, Tenconi E, Santonastaso P, Favaro A. Executive Functioning and Visuospatial
Abilities in Bulimia Nervosa with or without a Previous History of Anorexia Nervosa. Eur Eat
Disord Rev. 2016;24:139-146.



69. Kanakam N, Treasure J. A review of cognitive neuropsychiatry in the taxonomy of eating
disorders: state, trait, or genetic? Cogn Neuropsychiatry. 2013;18:83-114.

70. Oldfield RC. The assessment and analysis of handedness: the Edinburgh inventory.
Neuropsychologia. 1971;9:97-113.

71. Gaudino EA, Geisler MW, Squires NK. Construct validity in the Trail Making Test: what
makes Part B harder? J Clin Exp Neuropsychol. 1995;17:529-535.

72. Jollant F, Buresi C, Guillaume S, Jaussent I, Bellivier F, Leboyer M, Castelnau D, Malafosse
A, Courtet P. The influence of four serotonin-related genes on decision-making in suicide
attempters. Am J Med Genet B Neuropsychiatr Genet. 2007;144B:615-624.

73. . NN INVALID CITATION !!! {}.

74. Zhu 'Y, Hu X, Wang J, Chen J, Guo Q, Li C, Enck P. Processing of food, body and emotional
stimuli in anorexia nervosa: a systematic review and meta-analysis of functional magnetic
resonance imaging studies. Eur Eat Disord Rev. 2012;20:439-450.

75. Seitz J, Buhren K, von Polier GG, Heussen N, Herpertz-Dahlmann B, Konrad K.
Morphological changes in the brain of acutely ill and weight-recovered patients with anorexia
nervosa. A meta-analysis and qualitative review. Z Kinder Jugendpsychiatr Psychother. 2014;42:7-
17; quiz 17-18.

76. Streitburger DP, Moller HE, Tittgemeyer M, Hund-Georgiadis M, Schroeter ML, Mueller K.
Investigating structural brain changes of dehydration using voxel-based morphometry. PLoS One.
2012;7:e44195.

77. Van den Eynde F, Suda M, Broadbent H, Guillaume S, Van den Eynde M, Steiger H, Israel M,
Berlim M, Giampietro V, Simmons A, Treasure J, Campbell I, Schmidt U. Structural magnetic
resonance imaging in eating disorders: a systematic review of voxel-based morphometry studies.
Eur Eat Disord Rev. 2012;20:94-105.

78. Strogatz SH. Exploring complex networks. Nature. 2001;410:268-276.

79. Rubinov M, Sporns O. Complex network measures of brain connectivity: uses and
interpretations. Neuroimage. 2010;52:1059-1069.

80. Zhou C, Zemanova L, Zamora G, Hilgetag CC, Kurths J. Hierarchical organization unveiled by
functional connectivity in complex brain networks. Phys Rev Lett. 2006;97:238103.

81. Friston KJ, Harrison L, Penny W. Dynamic causal modelling. Neuroimage. 2003;19:1273-
1302.

82. Bullmore E, Sporns O. Complex brain networks: graph theoretical analysis of structural and
functional systems. Nat Rev Neurosci. 2009;10:186-198.

83. Saramaki J, Kivela M, Onnela JP, Kaski K, Kertesz J. Generalizations of the clustering
coefficient to weighted complex networks. Phys Rev E Stat Nonlin Soft Matter Phys.
2007;75:027105.

84. Servaas MN, Geerligs L, Bastiaansen JA, Renken RJ, Marsman JC, Nolte IM, Ormel J, Aleman
A, Riese H. Associations between genetic risk, functional brain network organization and
neuroticism. Brain Imaging Behav. 2016.

85. Beevers CG, Pacheco J, Clasen P, McGeary JE, Schnyer D. Prefrontal morphology, S-HTTLPR
polymorphism and biased attention for emotional stimuli. Genes Brain Behav. 2010;9:224-233.

86. Hariri AR, Mattay VS, Tessitore A, Kolachana B, Fera F, Goldman D, Egan MF, Weinberger
DR. Serotonin transporter genetic variation and the response of the human amygdala. Science.
2002;297:400-403.

87. Ren S, LiJ, Taya F, deSouza J, Thakor N, Bezerianos A. Dynamic Functional Segregation and
Integration in Human Brain Network During Complex Tasks. IEEE Trans Neural Syst Rehabil Eng.
2016.

88. Arnemann KL, Chen AJ, Novakovic-Agopian T, Gratton C, Nomura EM, D'Esposito M.
Functional brain network modularity predicts response to cognitive training after brain injury.
Neurology. 2015;84:1568-1574.



89. Davis FC, Knodt AR, Sporns O, Lahey BB, Zald DH, Brigidi BD, Hariri AR. Impulsivity and
the modular organization of resting-state neural networks. Cereb Cortex. 2013;23:1444-1452.

90. Wiggins JL, Peltier SJ, Bedoyan JK, Carrasco M, Welsh RC, Martin DM, Lord C, Monk CS.
The impact of serotonin transporter genotype on default network connectivity in children and
adolescents with autism spectrum disorders. Neuroimage Clin. 2012;2:17-24.

91. Stevens AA, Tappon SC, Garg A, Fair DA. Functional brain network modularity captures inter-
and intra-individual variation in working memory capacity. PLoS One. 2012;7:e30468.

92. Collin G, Kahn RS, de Reus MA, Cahn W, van den Heuvel MP. Impaired rich club
connectivity in unaffected siblings of schizophrenia patients. Schizophr Bull. 2014;40:438-448.

93. Collin G, Hulshoff Pol HE, Haijma SV, Cahn W, Kahn RS, van den Heuvel MP. Impaired
cerebellar functional connectivity in schizophrenia patients and their healthy siblings. Front
Psychiatry. 2011;2:73.

94. Khazaee A, Ebrahimzadeh A, Babajani-Feremi A. Identifying patients with Alzheimer's disease
using resting-state fMRI and graph theory. Clin Neurophysiol. 2015;126:2132-2141.

95. Brier MR, Thomas JB, Fagan AM, Hassenstab J, Holtzman DM, Benzinger TL, Morris JC,
Ances BM. Functional connectivity and graph theory in preclinical Alzheimer's disease. Neurobiol
Aging. 2014;35:757-768.

96. Zhang R, Wei Q, Kang Z, Zalesky A, LiM, Xu Y, Li L, Wang J, Zheng L, Wang B, Zhao J,
Zhang J, Huang R. Disrupted brain anatomical connectivity in medication-naive patients with first-
episode schizophrenia. Brain Struct Funct. 2015;220:1145-1159.



